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THE Bl0N0MtCS 0F Wyeomyía smithii (coQulLLETT), lHr PITCHER PLANT MoSQUIT0

(ot plERR, cuLlclDAE: SABETHINI) .

Several aspects of the biologies of both the mosquîto, llyeomyia smithii,

and its habìtat, Sarracenio- purpur'ea, were investigated. The ì ife cycle of

S. puTpurecr is discussed in detail. A general survey of plants found ín a

Manitoba bog Îs presented.

The leaves of the pitcher plant r¡rhich fornr the sole lrabitat of F/. stnithii

begin growth in late sumfiler, becone dormant through the r,vinter, and emerge

in the spring. The leaves mature by early summer and persist unti I the

foì lowíng summer (lz to l5 months).

The geographic distributìon of,9. purpurea in North Anerica is illustrated.

Records for tlre pìant in northern 14anitoba are ne\^/. 0ther invertebrates

utilizinq the oitcher plant as a habitat în l'lanitoba are Blaesoæipho. fLetcheri

(nl¿rich), Endothenia d.aeclrcarut \irt., Eæyra roLattdíana Grt., the t'¡ater mite

Anoetus gibson| (Nesbitt), and aphid of the genus l4acrosiphum.

Respiration rates and feeding rates of diapausing and non-dÎapausing

'larvae of ll. sntithii were studied. No differences in respiration rates were

detectable between diapausing and non-diapausing larvae; differences were

noted in feeding and the uptake of l37Cs between the tlo groups of larvae.

Diapause occurs in third instar larvae of tlris species, when first instar

ancl early second instar larvae are reared at dai 1y photoperîods of less than

ì4 1/2 to i5 hours I ight. At ìong-day photoperiods ( l6 1/2L:l 1/2D or more),
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development proceeds uni nterrupted. Dlapause îs terminated in thi rd instar

ìarvae by ìong-day photoperiods. Larvae can be held in diapause for several

montlrs at short-day photoperiods (l4t-: l0D or less) , particularìy if the

temperature is lorvered (lO'C). ln field oopuìations at this 1atÎtude,

diapause is terminated about mid-Apri l, aìthough develooment is deìayed

for about a month by suboptimal temperatures. At 50'15'N. Lat., diapause-

inducîng photoperiods (less than l4 l/2L:9 1/20) occur during the first

r,reek in August. Aìl ìarvae hatching af ter this date would diapause in

the thi rd î nstar.

Studies of coìd tolerance and supercooìing in þ/. snithi¿ showed that

the larvae were unable to survive sub-zero temperatures for long periods'

Less than 50% survived urhen held at -5"C for eight weeks. The larvae did

not supercool beìor^l -5oC. Snoi^r cover is shor,vn to be instrumental in the

winter survival of I/. smithii and provides sufficient insuiatîon to prevent

ground temperatures from becoming crîticaì1y low. The average survival of

over\,Jintered larvae was 50%.

0bservations on fie1d populations of þ/, smithii showed that at thís

lati tude only one generation occurs eaclr year. Continuous generations are

possib'le in the laboratory, but in the f ield this species is envÎronmentally

univoltine due to the I imitations of photoperiod and temperature' The

deveìopmentaì period of tr/. smithii is restricted to about two months (June

to August). Development tîmes, seasonal changes, and duration of the various

life stages are discussed and i llustrated. Several aspects of the biology

of each ìife stage is presented. Popuìation transfer from leaves of the

previous year's grovlth to leaves of the current yearrs gror,vth is examined'

tl. smi-L\tíi adults were found to be autogenous and ovarian development

is described and i llustrated. MatÌng behavior of adults, both in the field

and in the laboratory, was found to be simi lar,
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Insectivorous plants represent an interesting point of contact

betlveen the plant and insect ivorlds. ln most instances, the relation-

ship that exists in plant-insect inqui I ines is that both the plant and

the insect benefit or the însect benefits at the expense of the plant.

In rare instances, this relationship is reversed and the plant becomes

the sol e benefactor.

Chapter I

I NTRODUCT I ON

These unusual plants, found in both the 0ld and New i'iorlds, are

capabìe of attracting, trapping, and dÌgestÎng a broad spectrum of

insects and small vertebrates. There are, however, some insects r,vhich

uti I ize the plants as either a food source, di rectìy or indÌ rectìy, or

as a habitat for part or al I of thei r ì ife cycle. One such relationship

is that vrhich exísts betrveen the pitcher plant mosquito, tlyeomyia smít;1úi

(Coq.) and the Purpìe Pitcher Plant, San'raceni'a purpurea L.

ti¿Smithii îs a rather obscure and little understood species which,

as far as is l<nown, inhabits orrìy the leaves of the pitcher pìant, ^9. purpu?ea

(Barr, l95B). Pîtclrer pìants have long attracted attention because of

their carnivorous hat¡ît and a striking dissimilarity to any other plants

found in this country. Although the pitcher plant has been l<norvn for some

J/0 years, having been first publ ished as a sketch by an unl<nown author in

1601, (t-loyd , lgr+2), no mention of I/. smithii appears in the literature until

the beginning of the t\'rentieth century. Since- that time, relativeìy fe,,v

authcrs have oublished on tr/. snithii. 0ne of the rnain reasons for this is



undoubted ì y the

has offered no

vector.

Larvae of trl. smithii and of the clrironomîd, l4etrtocnetnus.knabi (Coq.),

were discovered in the leaves of the pÎtcher plant, s. puTpu"Teû' ' near Kenora,

0ntario in 1968. Several other locations r^rere subsequently located and

investigations were begun in the spring of 1969, with the purpose of

expanding the bionomics of the species involved.

A revier^r of the I iterature showed thât ðs ide f rom the general ized

account of the life history lvorked out by its discoverer, Dr. J. B. Smith,

in 190ì-lgO2, little had been added since that time. Recent literature

stì I I refers to these early lvorks as prîmary sources. Practîcal ly no field

studies had been conducted and even laboratory uiork has been very límited.

Smith (lqOZ) observed that the larvae overwinter, encased in the ice r:f the

nircher leavec- but since that tîme no one has studied the stage (instar)
l/ | Lv,,vl

of overwintering, cold tolerances, survival, or the envi ronmentaì factors

involve¿. No work has been done on cliapause in this species. The nunlber

of generations per year were undetermined, although the species has proved

to be nrultivoltine. In addition, mating, ovìposition, ovarian deveìopnent,

and activity rhythms have received I ittle atte.ntîon. The relationshÌp of

the mosquito to the plant had not been studied. In short, there is still a

ìot of basic biologicaì research which could be done on this species.

Through l4ay , 1969 to January, 1971, a series of f ield studies uias

carried out în 1ahich severai aspects of the bionomics of thÎs species were

examîned. Meteoroìogical records vrere kept r^¡ith the purpose of attempting

to understand some of the clinratic factors relating to l'/. smítVit' and its

habitat. ln turn, this data was related to population fluctuations, winter

fact that thÎs is a non-biting, l^/eak fìyingr species and

threat to man either as a pest species or as a disease



survival, diapause, and act¡vity rhythrrrs.

In conjunction vrith f ield studies, controìled ìaboratory experirnents

were carried out in order to substantiate the field resuìts and to isolate

certain factors reguìating the population in order that the effects couìd

be more clearìy demonstrated.

Because 17. smithii is associated r¿ith 5. Durpurea, it rvas necessary

to lool< at the bioìogy of this r:ìant as well. 0bservations of the life
cycle, habitat, distribution, associated flora and fauna are clealt r^iith in

some detai I as part of this study.



Sect i on A

insectivorous olants, with soecial refere¡ce to the SarracenÎans

and thei r insect inqui I Ìnes,

A revier^r of some of the oertinant literature relatlng to

Chapter 2

L ITERATURE REV I E'w

Throughout the world, from tropicaì swamp to upland marsh, some 450

species of carnivorous rrlants belong Ìng to l! genera, f lourish, uti'l íz-

ing a curious array of devices to attract, câPture, and digest smal l

forms of aninral life. Listings of the families) genus, number of species,

and geographic distribution are given by Lìoyd (lg4z) and by V/herry (1935).

Typically these plants gro'r in soil that is wet and acid, usually deficient

in nitrates and phosphates that the "normalil plent 1 ife requires (Saiamun,

1970; Zahì , ìg64; .lones , l92l; Lìoyd , 1942; Coolce, IBBZ) . Some carnivor-

ous plants ìive above ground, in trees, for exampìe, vlhile others are

actually submerged.

Zahl (lg6l) states rhat the highly specialized leaf of the carnivorous

plants uti l izes three basic methods for capturing food. (l) fne 'rsteel trap"

type which clanps its leaf halves together on its prey. Examples of this

type are Diortrtea muscipluLa., the rtVenus Fly Trapil and the aquatic pìant,

Ald:r,ouana uesiculosa. (z) The I'f ìy paner" type, exemplif Ìed by Drosera,

the 'rSundews", of rvhich there are some !0 species, mire their prey on a

sticky secretion. (3) fne "pit-fal l" tyne in rvhich the prey tumbles into a

cupped pool of liquid consisting of r^rater, bacteria, and digestÎve secretions.



The famil ies Sarraceniaceae ancJ Neoentlraceae are rePresentatives of th

latter tyoe. All three types of tr.aoping methods are found among the

carnivorous genera found in North America.

The famiìy Sarraceniaceae is made up of three genera'- Sav'racerlLaj

Chtysanphora and Helíanphora (\rrherry, 1935). \lhile commonìy referred to

as "pitcher plants'r, they shouìd not be confused with the true pitcher

pìants, the l',lepenthacaea, which have their curious pitchers suspended

f rom the leaves on stall<s (Zahl, 1964). The histology, biology, and

morphoìogy of these plants are dealt rvîth in detail by Lloyd (1942), Darwín

(lSgg), flacfarlane (lBg¡, lBBg), Bower (1889), and by Cooke (lBBz). 0f the

three genera, only Sarraeenia and Chru^annhora occur in'the northern hemi-

sphere. The five species of HeLiomphora are found only in South America

and are not d i scussed here.

The genus Chs"ysarnphora (or DarLíratonia) is monotyn i c, i ts s ing ìe

speci es Darlingtonio, caLifoz,nùca occurs locaì ly in 0regon and Cal ifornia

(Zahl, l96l; Lloyd , lgl¡2; lrrherry, 1935) . lt has been reported in BritÎsh

Columbia, Canada, but the northern I imits of the range are not ktro|lt

(Krajina, l968). Known locally as thetrCobra plantr', ît attains a height

of tr^ro to three feet, and is unique în îts appearance, with ìarge n'roteìy

donnes and fish-like appendages (Lioyd, 1942). Insects are lured to the

opening by a strong odor and once havinç¡ entered, must continue forlvard,

eventuaìly slipping into the plantrs internal pool (Zahl, 196ì; Lloyd, 19\2,

l.{acfarlane, lB92). Unlike Sarracenia, the liquor of Darliru¡l;onia contains

onìy bacteria to absorb the nutrient nratter (Zanl , 1961 , Lloyd, 191t2).

ln the genus Satraceni,a, nine species are recognized, aì'ì of r''rhich

occur in North America (\{herry, 1935). Early records of this genus date

back as far as 1516 (Lloyd, 191+2). Like DarLingtoni.a, the Sarracenians

SIX
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uti I i ze an attractive nectar secretion to lure insects to the opening. 0nce

there, downr^rard pointing hairs direct the vÎctimsr movements to the ìiquid.

The prey loses footing on the smooth conducting inner surface of the pitcher

and drops into the fluid (lJest, 1965; Jones, 1935, Macfarlane, 1893; Cooke,

ì BB4; Ri I ey, I 874) .

Any insect entering the mouth of the pÎtcher stands a good chance of

beconling a victim rather than a visitor. The success of these pitchers as

traps is attested to by the vast array of organisms one finds within the

leaves. WrarT and Brimley (1943) give a detaï led account of trap specÎes

found in the pitcher plants of North Carol Îna. SÌmïlar studies were carried

out bv Sv¡ales (1969) and .Judd (lgSg) on Sarracenia purpLLTea, and by Phiìip

(lgsz) and Goodnight (lg4o) on ^9. fLaua. These studies sho'.red that in

adcl itíon to small frogs, toads, ìÎzards, spiders, slugs, and snaÎls, repre-

sentatives of almost every order of însect can be found in these traps.

The nature of the digestive liquid contained wÌthin the leaves of

these pìants has been tlre subject of much study as has the mode of action

of the enzymes therein. For a more compìete review of this aspect of

Sarraceniaceae physiology, see Plummer (1g66), Lìoyd (lg4Z), Macfarlane

(t493, lBBg) , and Cooke (lBB2).

The reìationship of insects and other organisms to the Sarracenians, is

not, holever, confined to the status of trap and victim. They are, ìike many

other plants, deoendent oir insects f or pol I Înat ion and the f lol'rers are

physiological ìy and structural ly adapted to encourage' if not to enforce,

cross ferti I ization (Jones , 1935, l90B). Among the most frequent visitors

are ants, bees, butterfl ies, moths and pol ìen-eating beetles.

The microhabitat provided by the leaves of the pïtcher plant has been

invaded by severaì species of anîmals which mal<e use of the rich food supply



to be found there. The degree of adaptatîon of these Ìnquiì ines varies but

in some instances, the association.betleen insect and plant, insofar as the

insect is concerned, is obligatory. ln some cases, the organism feeds

di rectly on the pìant, vrhi le in others it feeds on the trapned material.

Tab'le I gives a list of the kno'¡rn recorded insect inquiìines of the Sarra-

ceniaceae. Several species of spiders are knovln to frequent the mouth of

the pîtchers and, in some cases, actual ly utî I ize the pîtcher structure

(Zafrl , 1961 Lìoyd , 1942; Jones, ì935).

S ince the re lat ionsh ip of I/. sntithií to S. "ourpurea is of pr ime concern

in this study, the literature is reviet^red separateìy in Sectïon B.
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Sect i on B

t4. smithzi is a member of a basically tropical group of mosquitoes

knovrn as the Sabethini (Dyar, l92B). Anart from three olcl worìd genera,

this large group is almost exclusiveìy neotropical and al I are basical ly

nlant hreede-rc, ^ uti I ìzïno nleceq where small amounts of water col lect.
ProrrL urueuurJ, u\.¡ rr¿¡r¡:J t,

The genus I,/geomyia is nrimarÎly a South American genus, but its

range is extended to include northeastern U.S.A. and Canada in the case

of W. smithii, and the distrîbution apÐarently coîncides rvith the range

of its host p1ant, ,9. p1lrpurea (\^/herry, 1935; MattingiY, 1962). l',Ì. smil;hii

is unioue among the Sabethini in that the larvae overwinter, encased in tlre

ice-cores of the pitcher pìant Ieaves and can apparently v;i thstand recurrent

periods of freezing and thawing.

The presence of ll" snLithii in pitcher plants t^ias probabìy observed ìong

before it r^¡as recorded. lt seems unlikeìy that a plant with a history lîke

S. puÍ,puï,ea would have insect associates for hundreds of years wÌthout dis-

covery. lt is possible that the larvae l{ere mistaken for some otlrer species.

In 1900, J. Turner Blakeìey brought to the attention of J. B. Smith in iate

November the fact that in the pitcher Þlants at Lahaway, Ner^r Jersey, there

were mosquito larvae. Smith first assumed these to be CuLerc pun(Jens (pipiens),

a species common to the area, whiclr breeds in many areas and overt.iinters as

an adult (Snrith, l90l). Interest was generated vrhen Ìt v¡as found that the

species overr^rintered as larvae, "f rozen" in the ice of the pitchers. Earìy

accounts of the rearing of these larvae and prel in¡inary investigatîons are

A review of the literature Dertaining rc r^tAeqlgjs-Pni!þü-J|et:)-:

I]

given by Smith (l9ol, lg02) and Hovrard (1902).

D. VJ. Coqui I lett subsequentìy revealed that this was a neþJ species, Aedes

sntithii (Coquillett, l90l; Dyar, l90l; Snrith, 1902). By .l904 its accepted



taxonomíc name became t,lyeomyia smithii (Coq.) .

Smith (lgOl) publ ished a review of his research on this species,

including the material from his ea,it ,.r. publications of l90l and 1902.

In this pa¡rer, Smith presents the basic I ife hÎstory as it occurs in the

field. Briefly stated, the I ife history as descrîbed by Smith is as

follows:

"The î nsect overwi nters i n the l arva I stage , freezi ng and thavr-
ing as often as need be during the season. lt Dupates in Iate
May and becomes adu 1 t a rrreek or ten days later. Eggs a re la id
in leaves singìy or in smal I grouDs; fastened to the sides or
floating on the surface. The summer broods nlature in about a

month and there are probabìy three if not four serîes; but the
broods overläp so much that the breeding is practicaì ly contin-
uous. Late in the season the adults select nerv leaves for ovi-
position even if they are yet dry."

Smith found that the number of larvae Þer ¡1 itclrer varied betr^reen 2

and 20 and that tlreir rate of development varîed considerabìy among

individuals. The pupaì period averaged about eight days. The adults do

not take a blood meal and since ferv adults were seen, it t^.,as assumed that

adult activity took place mainly at night.

E. G. Mitchej I (ì905) noticed that in olants col lected ìn South

Carol ina, larvae differed sl ightìy from those described by Dyar (,l90ì).

Mitchell (lgO¡) reported that the specirnents slre exarnÎned had four anal

gills (trvo being small and diff icult to see in alcohol specimens) whereas

those described by Dyar had only tr.ro. lt was this point that later led

Dodge (1947 ) to describe a ne\^/ species.

Olven (.l937) conducted some experinents on tlre tolerance of larvae and

puDae to f reezing. Results indicated that the larvae r'vere kiiled by a

temperature of -14'C if held at that tenrperature for longer than tt'ro hours.

Punae were even more sens i t i ve to l otv tempe ratu re.'"F,-"

Roth ( 1946) shor',red that the three species of I/. uanduzeei Dya r and l(nab,

1?_



t3

írt" mi'tchelli (Theobalcl), and I/. smith'Li (Coquîllett) could be separated by

the femaìe genitalia.

Experiments by Bick and Penn (1947) shorved that fourth instar larvae

of l'/. sntithií \,vere capable of surviving up to 192 hours of experimental

drought. They suggested that thÌs would be important to the survival of

the larvae, since the oÌtcher leaves '¡rouìd be subject to occasional drying.

Dodge (1947) descrîbed a neur species, l'lgeomyia hayneí, f rom the pîtcher

pìants of South Carolina. Having read the oaper by flitchell (ì905) and on

the examination of both 1 iving specimens and specimens kept in alcohol,

Dodge vras conf inced that there r^rere trvo separate species. Dodge suspected

that the range of the two species was limited bv theîr host plants; haynei

being restricted to S. purpurea uerLosd and smithii to S. pu:t'purea. gibbosa.

He states, horvever, that further col lection should be made before the exact

range can be determined.

Fol lowing Dodge's (1g47) description of bl" haynei, southern records of

blyeontyia from pitcher pìants have often been uncriticaì ìy assigned to that

species (example, \'leatherbee and Arnold , 1947, l948) . However, conf irmed

identificatiorrs to support this claim have not been fortlrcoming and a

coììectîon of larvae from pîtcher pìants from North Carol ina, within the

putative range of hagnei, were found to be smíthií (Smith, Ders. comm.).

The distrîbution of the two species therefore remains a moot point but it

seems certain that al I Canadian material is assignable to snithii,

Jenner (t951) r^ras the f irst to denronstrate the photoperiodic control

of ìarval dianause in lr'. smíl;hií. Short photoperiods (less than l5 hours

light/2\ hours) lvas ef fectîve in maintaining the dîapause state while long

photoperiods (greater than l5 hours/21+ hours) promoted pupation.



Haufe (lgSZ), in a study of the mosquitoes of the Goose Bay, Labrador

region, noted tlre presence of tl, smithii, larvae in leaves throughout the

summer and this record represents one of the more northern points of

distribution.

A laboratory culture of !/. sntithíi, was estabìished by Price (19¡g),

permitting the investigation of severaì aspects of the biology. The females

r¡,âFê ârrônênôrc (ovarian clevelonment utithout a blood nreal) for the f ìrstLvYv"vsJ

ovarian cycle and matured an average of 51.5 eggs. The adults did not

requi re carbohydrate food for oogenesis but such suppìements increased

longevity and vigor. 0vipositing females preferred a water surface to

wet fi lter Daper, in contrast to observations of egg-laying under field

conditions (Smittr, 1902). This species vras also colonized by V/allis and

Fremoong-Boadu (1967). Their observation also indicated that eggs I.Jere

laid on the fluid surface rather than at the sides of the containers.

Another reDort by Price (lgSBa) describes a uniquermonsterrembr','o

in l5 of .l570 egSs. Hovrever, it was not considered to be of any ecologicaì

or biolog îcal signif icance.

In a series of studies of the Byron Bog in southvlestern 0ntario,

Judd (1959), correlated the events of the life cycle of both I/. smithii and

,9. purpLlrea.

A study and descrîption of the egg oÍ tl. smithií vras gîven by Barr and

Barr (1969) as well as a revier,v of the studies of the Sabethini eggs. They

also presented eviclence for the eggs being ìaid rvhîle moisture \^/as present.

Swales (lgeg) in a study on troth the victims and inquiline of the

pitcher, S. puypurea) theorîzes on the nossible reasons for the survival

of the larvae in a digesting media. 0ne possibi ì ity is the presence of active

enzyme inhibitor'.,ritlr those organîsms 'rrhich inhabit the pitcher fìuid,

r4
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althouglr no evidence has been forthcoming to support this theory. (lnis

author found that Aedee o.tr'opalpus 
.(Coq.) 

survived and developed without

any aÞparent damage in fi I tered pitcher pìant fluid¡)

Bacter ia is be I ieved to p lay on ìy a m i nor ro le, hor.rever, they shou lcl

also be considered. Enzyme action îs thought to occur fronl lvithin ratlrer

than externaì ly, entering through the various body openings ancl attacl<ing

the drowned insectsrsofter parts fronl the insíde. ln the case of the

f luid habitants, Srvaìes suqqests that nerhaps the epitheìium of the gut

is resistant to the olant enzvmes so that when ingested along rvith food,

they cause no harm. A second possibi I ity suggested that the pl1 of the

i nsect gut rnay neut ra I ize tlre enzyme, render inq i t inact îve.

Some aspects of the cohabitatîon of s" purpuï,ea. by ri. smithií and

M. knabi were looked ar by Buff ington (1970) . Although t/. stntthii and

M. knnbi apoear to be initialì¡, in competition with one anotlrer, the

former is basically a filter feeder, urhile the ìatter browses on the

detritis. Thus they are inhabiting trvo distinct niches. This nîclre

segregation permits cohabitation through differential uti ì ization of the

same food source.

Hudson (lgzo) in an attem't to relate autogeny to mouth parts,

found that morphoìogicaì ìy at least, try'. smithii appeared to be capabìe

of taking a blood nreal. Hor,vever. no lrìoocl fpeding nor host seeking

behavior has been observed.

Smith and Brust (ì971) shovred that overvrintering (aiapausing) ìarvae

d id not surv ive f or more than 60 days r^rhen he ld at a constant temperature

of -5'C. Larvaì diapause \^/äs termînated by ìong-day photoperiods, the

criticaì photoperiod of an 0ntario pooulation being l4 1/2 hours of

I ight per diem. Aìl females vrere auto-',,r-ìous r^rith high fecunclity. Oogenesi



was found to be p recoc i ous I end i ng support

spec ies is non-b lood-suclcing.

to the suDDos i t i on that the

to



Locat i on of Study

The program of research was carried out on four bogs--three in

Manitoba and one in Ontario (f is" l). S. purpurea and I/. smithi.i v,tere

abundant in al I four bogs. The 0ntario location (fig. ì, Area l) was

a lake-edge bog, southeast of Kenora, l7 mî les off Highlay 7.l. Area 2

was in the FIG (field I rradiated Gamma) area, a restrícted zone for

ecological studies and oart of a large bog located on the Atomic Energy

of Canada Ltd. Droperty, four miles north of Manitoba Highway 2ll.

I hiñ1ô_rvrrul/Lv' /

METHODS AND MATERIALS

Area 3 was located at Canada Department of Forestry plot, situated seven

miles east of the junction of Highr"rays 44 and 3li, near Teìford, Manitoba.

Area 4 was a more northern site, located 0.5 miles down the Radio Range

Road,9.5 mî1es north of The Pas, Manitoba. These bogs were selected

because it was hoped that thei r large size would confer a degree of

immunity from disturbances due to proìonged samplÌng programmes.

The bog located in the FIG Area (Pinar^ra Bog) r^ras studied in more

detaì I than the others. A detai led map is presented in Figure 2 as tvel l

as an aerial view in Figure l.

Samnl inq and Fieid 0bservations

Sampìing and field observ¡tions were

reguìar basis during the summers (May to

on an i nfrequent bas i s durr i ng the wi nters

carr ied out on a more or I ess

November) of 1969 and 1970 and

(November to Apri l) 1969-1970
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and 1970-1971. Actual coì lection dates are indicated in the col lection

summary tabìe in Appendix A.

The sampìing techniqure invoìved the selection of leaves and their

contents at random' The plant leaves (pitchers) were removed and placed

in pans together wîth a small âmount of sohagnum. Each pan held between

25 to 35 leaves, and f rom two to four pans \Á/ere collected. l'lot aìl of

the leaves were removed from any given pìant (except in the case tvhere

it was done to determine the average leaf size per plant and the number

of leaves per plant), nor \^/as preference shot^rn for any one area v,/ithin the

bog. ller^r leaves (current yearrs growth) r^lere kept sepârate f rom old ìeaves

(previous year's growth).

In the laboratory at \,/innîpeg, several leaves were selected at rartdom,

the contents of each emptied. and the number and instar of larvae recorded.

0ther records taken íncluded the number of pupae and the sex, number and sex

of the ouÞal exuvia (classed as adults), number of eggs îf present, and the

leaf capacity (rneasured in total ml. of water each leaf was capable of

holding) " (See Apoendix A.) The larvae, pupae, and pupaì exuvia were

preserved în 70"Á alcohol. In some înstances, tlte eggs \^Jere retained for

hatching and the results were recorded after ten days. The contents of

the remaining sample of pitcher leaves were ernptied, pooied, and the larvae

and pur:ae used in exr:eriments or for stock cuìtures.

Field observations v¡ere made of plant develooment, emergence of nev,r

leaves, occurrence of f lo!^Jers, amount of ieaf decay, and of adult mosquito

activîty. These observations were greatly aided by the use of both 35 mm.

and l6 mm. photographic equipment.

V/inter collections for deterrnining winter survîval of larvae were

carried out in much the same manner, except leaves were taken from pre-



determinecJ sites. The plants lrad been staked the previous fall to aid

recovery when blanketed urith snoul. Leaves, with their frozen ice-cores

were transported to the I aboratory i n styrofoarn cool ers. Th i s prevented

thav¡ing whîle in transit, and insulatecl the larvae f ronr unfavourabìy lotv

air temperatures. LeaVes were placed at 5oC to thaw, and the necessary

measurements and counts carried out the fol lor^ring day.

Adult mosquitoes were also found and tal<en in the field during the

summer. Those captured in f I ight r,vere lcept separate f rom those found

resting r^iithin the pitchers. 0nce captured (via aspirator) adults v;ere

pìaced în l" x l" x 6" cages. The cages urere made of acryìic pìastic with

f îne cloth screening on two sides. The cages \^/ere.then rvrapped in moist

rìâner towels fhe-rehv nrotec.f ino the adults from desiccation whìle enroute
l-iol/u¡ J L¡¡v¡ vvl

to the laboratory. There they r,vere counted, sexed, and dissected to

determine the number of eggs and the stage of ovarian development. Presence

of sperm in the spermatheca was also noted.

0bservations rvere made of adult behavîor and mating activity, and

copulation under field condit ions. The behavi or of adults in the fieìd

was I ater compa red wi th that i n the I aboratory. 0bservat i ons were attempted

at various times of the dav to determine r¡rhen adult activity was greatest.

Sex ratios of field populations r^lere determined from pupae reared

f rom samples of larvae collected f rom various 'l ocations.

A continuous daiìy record of the temperature at the level of the

pitcher ìeaves (sphagnum temperature) \^Jas cêrried out from 0ctober l, 1969

to 0ctober ì8, 1970, using tvro Taylor" 7 Day (l l" chart) temperature recorders.

These were mounted in plyvlood boxes set on a staked platform, four feet above

tv

"Tay ìor I nstrument Co. of Canada Ltd. , Toronto, Canada
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the ground, as shov;n in Figures 4 and 5. The microhabitats in which the

two recorders were located were slightly different. 0ne was placed in a

faîrly open area; the other t^/as in the shade, well sheltered by blacl<

spruce and tamarack. A malfunction in one of the Taylor instruments
:l;k

requi red its replacement by a \4eksler"" Type 6MRe with a 6'r chart.

I n addi t i on to ground or p I ant temperatures, records were taken of

ai r temperatures, rainfai I , snowfal 1, snow depth, day ìength (Smithsonian

Meteorologi caì Tables, 1966), di rection of Drevai 1 î ng winds from October,

1969 to october, 197c. A summary of this data is gÎven in Appendix B.

An attemÞt was made to have I,/. smithii oviposit in artif icial con-

tainers ("pitchers") in the fíeld. For thîs purpose, various glass vials

r^rith openings of 2J mm., l6 mm., and l2 mm. (f iS. 6) were used. Some r,vere

set up witlr paper toweling liners on the inside. The vials (with and without

liners) w.." f illed f ron 3/l+ to h/5 full with distil led water. They t4ere

set into the sphagnurn r^rîth about 1/2" of the vial showing above the surface

(f is. 7). These were checked periodically for eggs and larrrae.

ln addition to f ield studies on ll" smithii and assessment of tlre pìant

species present in the Pinawa Bog (Area 2), and thei r distribution was

carried out in the fall of 1969. The method used to determine the spacial

distribution of the plant specîes rvas that of McGinnis (lg¡4). Detai led

observations were conducted on S. puypur¿ea., in an attempt to understand the

life cycle of this plant and its relationsh¡p to the bioìogy and ecology of

W " SMLï171-L .

Since the distribution of 5. pu:rpuoea ís poorly documented, especiaìly

its northern and rvestern lîmits, inquiries were sent to herbaria? museums,

)a )i""\./eksler Instrunlent Corp., Freeport, N.Y., U.S.A.
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universities, botanîsts, and other interested persons in Canada, U.S.A., and

l'lexico in an attempt to substantiate the potentiaì range of thÎs pìant.

This, it r^ias feìt, t^rould give an indícation as to the possible ranç¡e of

I^/. smithíi, of which even less is known.

Laboratory Cu I ture

La rvae '¡le re rea red i n sha I ìow

contaîning aoproN,ìmately ì00 cc. of

larvae was as follows:
r rrr llletramrn h rsn Fooo 'L '

letramtn Flsn rooq E'

G round comme rc i a I doq food

Ground brewe¡rs yeasr " ì0 mg.

Later in the study, 25 ng. of ground turtie food and 2! mg. of ground

dried daphnia were added to the above dîet. The larval media was changed

every two to four days, depending on conditions of the water. Hígh

mortal ity occurred whenever the water became foul. This situation was

probably the results of over-feeding. Aeration was attempted but thi s

did not seem to have any beneficial effects. Pans were washed in tap lvater

(no soaps or detergents were used) and rinsed in disti I led water before

reusing. As experience rvas gained in handl ing of the cul tures, the

d¡et was mixed dry in bulk and used as required. lt ivas \^/etted with

dîstilled r.vater and added to the cuìtures with an eyedrooper, exDerience

dictating the amount served to each pan. The amount offered tvas based on

Dried blood meal

cîrcular (2 cm. x l5 cm.) plastic pans

d ist i I led r¡;ater. The d iet per 100

9Ã mn1) tttY.

ì0 mg.

ìfì mn

Tetral(raf t\r/erke, L/est Germany

10 mg.



the food left from the previous feeding, the mortal ity, and the generaì

overal I appearance of the culture. Thîs method gave high levels of sur-

vival (lOÐ. Adults appeared ìarge and heaìthy, and reproduction did

not appear to suffer.

At each change, pupae, if present, lvere removed and placed in emergence

cages. Sînce no standard rearîng procedure for I,/. smi.thit has been deve'ì oped,

several emergence/mating cages \"/ere tried, and ihe one shor^ln in Figure B

nrovecJ fo he hecf crriter{ haino nf cimnlc cnnc,trrrrfînn e:crr tn m¡ninrrirl-ouuJL Jul Lçu, Uçll¡y v¡ J¡¡"l/ ' 
L¡ uçLlUll, Eo)y LU l¡lollll-rulqLgt

clean, and maintain. The construction of this cage is based on suggestions

by Dr. A. Hudson, Entomological Research Institute,0ttar,ua.

The base of the emergence cage consists of a half gaììon !ce cream

container cut to s ize (about 2 1/2"), ',vith a hoìe in the top for a l+ oz.

wide mouth glass jar. The hole is reinforced around the edge rvith black

tape and the entire inside of the container is sprayed with flat blacl<

paint. The top portion of the cage is a 7r' lanrp chimney, open at both ends

Bìacl< plastic tape is urrapped around the outside (31t+ of the v.ray up) to

reduce the I ight. The top portion ís covered vrith a cloth screen, held

in place \^/ith an elastic band (f ig. 9). Adult diets of either apple,

raisins, cotton soaked in honey, or sugar solution can be placed on this

screen and covered v¡ith a pìastic petrî dish. The insîde of the chimney

has trvo or three strips of masking tape on which the adults can rest, al-

though no preference was shorvn for these areas and aduìts appeared to rest

r^rith equaì east on eîther the gìass or the tape.

zt

The complete top of the cage can be I ifted (including the pupaì jar)

so that observations can be made on pupaì mortaì ity, egg deposition, and

hatching without disturbîng or ìosing the adults. Adults are aìlorved to

emerge, mate and oviposit r,rithin these cages. Newly emerged larvae r^rere

removed every two to four days, and pìaced in the plastic rearing pans.



Dead adults and puoal exuvia rvere also renoved. Live pupae are returned to

the jars in fresh distilled rvater. Approximately 75 to 100 pupae or adults

were kept in each cage. Aclults can eas i ìy b,e transferred f rom cage to cage

with the aid of an aspi rator and the upport portion of the cage (lamp

chimney) can be lif ted for inspection v'iith little or no loss of adults.

Adults are reluctant to f ìy and will do so only tvhen disturbed. \^/hen

disturbed, they fìy upwards înto the top of the chimney.

Stock cultures \¡Jere kept ín constant tentperature 8.0.D. incubators

(Crelab, Model 1212, temperature differential ¿.45)'=(Fig. l0). The

relative humidity fìuctuated, but appeared to be sufficîentìy high to

prevent disiccation of the adults. When open pans of v/ater were present in

the incubators, the humidity was often above 85 to 902. For non-dîapausing

iarvae, cultures were rnaîntained at 27tl"C, t^rith a photoperiod of 1B hours

light/6 hours darÌ<, v,rhich allorved development to proceed unÎnterrupted.

Both f luorescent and incandescent i ight r^ras used with similar results. For

diapausing larvae, or for hoìding diapausing field-collected ìarvae, a

temperature of 20!:loC and a photoperiod regime of l2L: l2D urere used. Under

these conditions, larvae t^rould develop to, but not progress l-'eyond, the

third instar. Field-coìlected diapausing larvae could be maintained at

this temperature and photoperiod for several months. Dianausing larvae

required much less food than non-dîapausing ones.

Photoneriod and Diapause

23

I n conj unct i on w i th the

\^iere carried out in order to

tion in the f ield. A ma.ior

Cl imatic Research EquÎpment Ltd.

fîeld studies, severaì laboratory investigations

study some of the factors effect i ng the popu ì a-

portion of tlris t^rork tvas devoted to determîning

, \,iinnipeg, Manitoba



the control of diapause in thís

maî ntenance, and termî nati on of

as the cont ro I 1 i ng factor .

(i) Induction of diapause

Larvae used in diapause-inductîon experiments vrere taken from laboratory-

reared cultures, maintaîned at 27t1"C/1BL:6n. In order to determine the

dcvelonmenfal stage(s) which resoond to photoperiod and the photoperiod(s)-- r.'

which ïs capable of inducing diapause, the foliotn,ing experiments vrere

^t r r O 
^conoucleo êT z¡r1 L.

ì) Eggs kept at lBL:6D*-larvae reared at various photoperiods.

2) Eggs and fî rst i nstar larvae kept at I BL:6n-- larvae (second and

thi rd instar) reared at varÎous photoperiods.

3) Egg, fi rst and second instar larvae kept at ìBL:6D--subsequent stages

at various photoperiods.

ln preìiminary experinrents, field-collected larvae of unl<nourn age \^/ere

used but the results r^rere not conclusive. Later experiments showed that the

age of the larvae is important in diapause induction, and the age in days

was unknown in field col lections. Subsequent experiments were conducted

rrrî th eggs and larvae tal<en f rorn the laboratory colony kep t at 27ll'C and

l8L:60.

During treatment, larvae rvere reared in 70 x 50 mm. glass crystalizing

dishes containing about 75 n1. of distilled water. Larvae tvere fed the

same diet as the stock cuìtures and the medÎunl rvas changed every tlo to four

days. At each change, the number of larvae, instar, number of pupae and

sex v/ere notecl . Rearing lvas carried out in a t^later bath vrh ich was capabìe

of maÌntaining a pre-set tenrperature withín one-tenth of a degree in the

water bath itself and r^rithin one-half a degree in the rearing dishes.

The water bath was sectioned into six compartments by using one-eighth

species. Investigatíorrs of the induction,

diapause vJere carried out using photoperiod

LA
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inch black rrlastic sheeting, held ín place and made I ight-proof with sponge

rubberweatherstripping.(3/8"x3/16")andmetal-to-rubberhousehold

cement (fiS. l2). These sections extended to withîn 2 l/2" of the bottom

of the bath (at least 3" beìov,r the v/ater surface) . The stainless steel

I ids of the sections were fitted uiîth six volt miniature ìamps and shielded

with a plastic jar (f ig. l3) . Eaclr ìamp was controlled individual ly usîng

a variabìe rheostat and the photoperiods were control led using 24-hour,

clocl< drîven electric tîmers. Temperature of the bath was maintaìned b','

four 250 watt-lì5-125 voìt infra-red lreat ìamps controì1ed by a Micro Set

Thermo Regul"tortt'. A smalì electric agitator circulated the t,vater I\'ithin

the tank, aiding in mai.ntaining the temperature. Tlre construction was

designed to reduce the light leakage to a minimum (0"5 foot candles or

about .0ì%) and appeared to be completely t'darl<" to the human eye. To limit

any charrce of ref lection off the bottom fronl one section to the other, the

water was dyed with foocl colouring. As an additional precaution, a blacl<

musl in cloth was clraped over the top of the bath' The body of the bath

was constructed of coÞper sheeting, insulated on the outside. The entíre

unit r,vas fitted with a floor-length skirt of blacl< plastic (fiS. ll). Each

section held two 7'' x 7" x l" stainìess steel pans. The pans were supported

by styrofoam strips which acted as flotation devices. The water level in

the bath was such that the pans f loated about seven inches belovr the top of

the bath (six inches from the ì ight source), Each pan held three of the

gìass crystaì izing dishes.

All experimental trials r^rere conducted at 25t0.5oC, using the foììor^ring

nhotooer i ods :

+îf i¡ fn ll q AHrectslon Sclen',,,v vv!



Induction of diapause v¡as defined as a fai lure of the larvae to proqress

beyond the third instar stage after 40 days.

1ü) Diapause terminarion

10.01:14.0D
12.01:12.0D
l4.oL:t0.oD
14.5t-: ,9.50

Studies of the ter¡ninatîon of diapause vrere also done. Diapausing

larvae (tf,ir¿ instar), either collected from the f ield or reared in the

15.01: 9.0D
15.51: B.5o
16.01: 8.00
16.51 | 7.5D

laboratory, were exposed to various photoperiods in an attempt to cletermine

which photoperiod terminated diapause, and allor^red develoÞment to continue.

Pre-treatment consisted of holding ìarvae at l2L: l2D and 20"C for ê varîable

periOd of time. Larvae were then nleced at thc s¡ps¡imental Olrotoperiods

at 20'c.

Experiments rvere cêrried out in a variety of light boxes, some rvith

incandescent lighting, others r^iith fluorescent. No effort r¡las made to

analyze the type of ì ighting used or its effects. Larvae were reared (or

held) prior to the experiment in plastic pans as outl ined under culture

methods. DurÎng the experimentaì period larvae were reared în 7O x 50 mm.

glass crystal izing dishes, containing about 75 nl. of disti I led water, plus

larval diet. The medium was changed every two to four days. All staqes

were counted, and the pupae rvere sexed.

17.01 : 7 .00
I B.0L : 6. 00

zo

Records were kept on the number of larvae that molted to the fourth

instar, and the number that pupated. l"1oìting to the fourth instar was con-

s idered to be sufficient evidence of the termi nation of diaDause.



Behav i or of D i aoaus e La rvae

ln the initial rearinqs, it v¡as noted that much more food remained in

those pans containing diapausing larvae than in parrs containing non-diapausing

larvae. Although it is generalìy bel ieved that the larvae of bl, smithii

feeds în the diapause state, i t has not been confí rmed. Therefore the

follor^rîng experiments were conducted to test ìf diapausing larvae feed.

Measurements were made in gut contents using a method developed by

Dadd (lgeg). The ingestion of carbon particles is easi ly determined. Rates

of ingestîon rvere compared in three grounds of larvae: (l) Non-diapausing

thîrd instar reared at lBL:60/27"C; (Z) Diapausing third instar ìarvae

col'lected f rom the f ield (January, l97l) and held at l2L: l2D/20"C; (3)

diapausing third instar reared at l2L:l2D/20"C. Larvae '.vere first starved

for 4B hours in disti ì led water, then placed in rearing pans containing

distil led r,rater to which was added two to three drops of black drawing ink.

0ne hundred larvae of eaclr group were allowed to feed on this suspension

for 25 days whi ìe kept at their respective photoperiods and temperatures.

Larvae were inspected daily for five days, then at 10, 15, 20, and 25 days,

and the presence of carbon in the gut noted. Ingestion rates vrere classi-

f ied as A (up to 1/2 f u1l) , B (1/2 to 3/4 fuìl), and c ß/\ to f ul l) '

To determine if ingestion rates (feeding) differed if larvae were fed

a nutrîtive diet instead of inert material, larvae from each of the three

test groups were starved for 48 hours, then fed on carbon Darticles for four

days, and subsecluently placed in disti I led water containing a few drops of

regular larvael diet. The subsequent repìacement of the carbon partÌcles

in the gut tract by the food particìes was noted. The boundary between the

carbon and the food remained stable and no mixinq of the gut contents occurred.

/. \lrl l-epalrrìar\¡ /
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Larvae were inspected at 3, 6,9,12, and 24 hours after being pìacecl in

the nutri tîve media. The stages of carbon loss (or food uptake) were D

(up to l/2 replacemenr) , E (l/Z to 3/t+ repìacemenr)., and F 3/U to fuìì

rep lacenrent ) .

Feecling rates were aìso compared using radiocesium (l37cr) ìabeled

dog food (Guthrie, 1969). 0ne hundred diapausing rhi rd instar larvae

collected in the field and held for two months at l2L:lZD/20"C, and 100 non-

diapausing third instar larvae reared in the laboratory at IBL:60/27"c v,rere

compared. After a starvation period of 48 hours, ìarvae r^/ere pìaced in

distilìed water rvith the labeled dog food and allowed to feed for a period

of 24 hours. A sampìe o1' 20 larvae were tal<en at each of the f ollowincl

times: l, 3, 6, 12, and 24 hours. The larrzae v¡ere v.iashed four tirnes in

disti ì ìed v;ater, pìaced on aluminum countîng planchets and dried under ínfra-

red ìamps" The ìarvae tn,'ere covered lvith a l: l0 solution of collodion in

acetone, then counted on a l',luc lear/Ch icago Beta Counter. D if f erences i n

counts were interpreted as differences in feedinq rates. Each ìarva was

counted for 30 minutes (3 n l0 minutes).

Since ion exchange can occur through the anal papi llae of mosquito

larvae (see Clements .l963), a prel iminary experiment lvas carried out to see

if differences could be detected betrveen díapausing and non-diapausíng thîrd

instar larvae. Fifty larvae of each group were starved for 48 hours then

placed in nutritive-free ì37c, media and kept at 1BL:60/2J"C, for 4B hours.

A sample of ì0 larvae u,rere talcen from each of the two groups ¿t 3, 6, 12,

24, and 4B hours, and handìed as bel'ore. Differences in counts were inter-

preted as difference in ìonic uotal.,e rates.

/. . \\rr/ Kesptratton

Diaoause is associated with a s ri.lDression of the rate of deveìopment



ò^

and of the metabol ic rate, as measured by oxygen consumption (see Becl< l96B).

Exper iments rnrere conducted to determ ine whether d i f f erences a re detectab le

in the respiration rates of cliapausing and non-diapausing third instar larvae

and rvhether these dif f erences, if any, cou ld be used to determine wl-rether

d î an¡ ttce ha.l oc.r:u r red .g ¡ vHq

Using a Gilson Differentîal Respirometer, groups of

the respirometer flasks along with 5 ml. of dîstilled

l'0H and a C0, absorber" Larvaì groups compared were:

/ì\(ì) Diapausing third instar coìlected in the field

in

5'4

I 2L: I 2D/20"C.

(Z) t'lon-dîapausing third instar collecting in the field and held at

lBLt6D/27"c.

(J) lJon-dìapausing third Ìnstar reared at IBL:60/27"C.

(4) Fourth instar col lected in the field as thi rd instar ìarvae and

reared to fourth i nstar at 1BLt6D/27"C.

(5) Fourth i nstar reared at I BL :6D/27"C 
"

(6) Second i nstar reared at IBL:60/27'C,

The initial triaì ivas run at 20oC, but subsequent trials were carried out

at 25"C in a attempt to ampl ify the differences. Duration of the trials

varied from 7 to 12 hours, and the number of larvae used per flask varied

from 20 to 50. ln each triaì, equaì numbers were used.

r^-.,^^,,^-^ ^ì-^tarvae were p raced

water and I ml. of

0nce the systenl rvas closed to the external atmosphere, the larvae t^rere

al ìovred to equi I ibrate for one hour. Subsequently oxygen consumption rvas

checked hourly. The results are expressed as microl iters of oxygen/larvae/

hour.

and held at

(iii) Survival at low temperatLrre

An experiment vJas carried out to determine how long larrrae could survive
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at various sub-zero temperatures and hor¡r this information u¡as related to the

temperatures to t'rh ich they rvere subjected in the f ie ld.

Larvae (field-collected diapausing ìarvae) were placed în small (3" x 4")

st¡rrefour cartons (lO per carton--20 per temDerature) containing about 25 n1 .

of distilled water. Experiments rr¡ere doncuted at the fol lowing temperatures:

20", l0o, 5o, -1", - 5" , *10o, -15o, -20", and -25"c. In the fi rst trÎal,

larvae \^/ere pre-concl itioned at l0'C for 2 days, at 5oC for / days, and at

-l'C for / days prior to being placed at the sub-zero temperatures. The larvae

rvere then thar,ved and inspected after l2 hours, 24 hours, 2 days, I days, I tleek,

2 weeks, J tveeks, 4 uleelcs, 6 vreeks, 8 weel<s, and l0 weeks. Upon thawing, larvae

v/ere allo',ved to recover for 24 hours before survival was checked.

20" C- - I 2L: 1 2D for 2 months .

I 0oC-- I 2L: I 2D for I month.

5'C--l 2L: I 2D for I month.

Those pìaced at -5o had been kept at -lo for ì day prior

Those pìaced at -10' had been kept at -lo for I day, -5"

o r i or to t reatment .

The above experiment was repeated using a ìonger pre-condÎtîoning period:

Those placed at -ì5' had been kept at *l' for 2 days, -5" for 2 days,

and -10" for 4 davs prior to treatment.

Those placed at -20o had been kept at -lo for 2 days, '5" for 2 days,

*l0o for 2 days, and -15" for I day prîor to treatment.

Those placed at -25o had been kept at -lo for 2 days, -5" for 2 days,

-10' for 2 days, and -20' for ì day Drior to treatment.

A similar comparison \^/as made h,ith non-diapausîng third instar larvae'

except that the experiment t^ras termìnated af ter a period of 4 weeks.

to

for

t rea tmen t .

ì. day ,



I n conjunctîon wi th the exÞeriments on survival at low tentperatures,

comparisons of varîous larval groups were made to determine at what point

freezing of the tissue actuaììy occurs. Six groups of larvae were subjectecl

to decreasîng temperatures and their freezing points noted. Freezing point

of the tissue was determined by attaching an individuaì ìarvae, previousìy

dried for 3 to 5 minutes on bìotting paper, to a bimetal ic thermocouple

using petroì ium jel 1y as an adhesive" The larvae and thermocouple were

immersed înto a cooling bath of ethyì alcohol (ETOH) and dry ice (COr).

The h¡th wac 6¡pr-r-orl a+ i .r-ômñôf atUf e Of -64"C, The rate Of c<-F-, oLçu aL q qe,'pÈrature of -64"C' The rate of .ootinl ,

determîned by three air spaces (f ig. l4: Al , 42, O3) , was B'C and 'l2oC per

minute. The temperature of the larvae was measured by a recording pot-

ieniometer (f i.g l5) . The f reezi ng point ivas determined as the lou¡est

recorded point reached prior to ilpeaking" caused by the heat of crystal-

ization. whîch occurred as the larva tissue fluid froze.

(¡v) SurrercooìÌnq

The following groups of larvae were tested:

(l ) Dîapaus ing thi rd ïnstar--field-col lected and held at l2L: I 2D/20"C

for 3 months.

3l

(Z) Diapausing thi rd instar--field-col lected just prior to the experi-

ment (zglt2/70).

(¡) Diapausing third instar--held at l2L:l2D/20'C for I month, 12L: l2Dl10"C

for 2 months, and l2L: i 2D/5' C for I month.

(4) Non-diapausing third instar--reared at lBLt6D/27"C.

(¡) Second instar--reared at 1BL:60/27"C.

(6) Fourth i nstar--reared at I BL t6D/27"C.

(u) Temperature grorvth threshold

To assess the abi I ity of third instar larvae to develorr at various



temperatures, three groups o.F larvae

( I 8L:6D) at 27" , 20", l5o , l0o , and

periodicaìly and tlre percent molting

were: (l) Laboratory-reared diapaus

20'C; (Z) Field-col lected diapausing

(3) Laboratory- rea red non-d i apaus í ng

2)

were p I aced under I ong-day photoper i od

5'C for !0 days. Larvae were checl<ed

to fourth instar noted. Larval groups

ing third instar, reared at l2L:ì2D and

thi rd instar, heìd at l2L: l2D and 20"C;

third instar, reared at IBL:6D and 27"C.



THt Bl0L0GY 0F Sarracenía purpurea L

/.\\r/ tjescrtptton

Observations of pitcher plants în Manitoba and 0ntario urere begun in

May 1969 and terminated in February 1971. The rrìants are readily distíngu-

ished by a rosette of tubular shaped ìeaves, resembìing pitchers, and vary

in coìour from pale green (in nerv leaves) to dark green with rich reddish-

purpìe veins in mature leaves (fiS. l6). The pitchers attain an average

length of five inches at maturity, and are capable o1'holding variable

amounts of I iquid, depending on the shape (fig. 17). The central cavity

îs cyl îndrical and begins about I to I 1/2" f rom the base, and reaches its

largest diameter about the midpoint of 3/\ along the length of the leaf.

The size of the cylînder then decreases to about half its maximum díameter

near the mouth of the pitcher. The mouth consists of a rollecl collar known

as the nectar rolì. A leaf fìap continues upward and outward for another

inch or more beyond the collar. A keeì or ridge extends from the coìlar to

the basal area on the uppermost side of the pitcher. The outer surface of

the ìeaf has numerous glands and slender hai rs which probably serve to

d i rect p rey toi^ra rd the mou th .

Cha pte.r 4

lnteriorìy, the leaf is complex and can be divîded into distinct zones

^^^^-li^^ +^ ê+FdLç\rlutrry LLr >Lructure and function. The upper zone (l) consists of a f ìap-

I ike appendage (fig. ìB). lt surrounds the mouth of the pitcher on three

sides, forming a funnel. lts surface is covered r^rîth nectar glands and

downward-di rected hai rs or spines. These serve to di rect the prey's movement



toward the mouth of the pitcher. The next zone (Z) has slick, downtvard

pointing ridges and more nectar gìancJs. Zone 3 is highly waxed (cutin)

and very smooth. This surface offers no foothold and the prey faì I into

the f luid below. Tane 4 îs usua'l ly considered the zone of absorotion,

and ís not cutinized. lt has numerous dov.rnward pointing hairs, Zone 5

is the lowest one. lt is a very small zone devoid of hairs and its sur-

face is relatively smooth. lts function is undetermîned. The I íquid held

within the leaves is a dilute solution of proteolytic enzymes and rain

v,/ater. I t is beì ieved that these enzymes are secreted f rom the upper

zones of the leaf . The different zones of the leaf interior p'lay an

important role in the ecology of both ^9. pu:r,puyea and trrz. smíthii. For a

more detai lecl description of the zones and their function, the reader is

referred to Plummer (1966a, b), Lloyd (1942), Macfarlane (lAa9, lB93), and

cool<e (1 BB2) .

Flowers of ^9. purpurea are borne on long, slender, ìeafless stalks.

Tlrey have reddish-purple sepals, conspicuous red peta1s, and an inverted,

umbrel ìa-shaped style. The styìe bear five ribs and the tips of these are

the stigmas (rig. 19, 20).

^lJ+

The seeds are Iiqht brovrn in color and measure 1 1/2 to 2 mm. ìong

and I mm. wide. They are reiativeìy flat with a keeì aìong one side. 0ne

pìant may yÌeld several hundred seeds but fel seeds produce viable plants.

Seed dormancy îs broken by periods of tv/o to three months at 5"C (Mandossian,

I 966) .

The plant is anchored within the sphagnum by strong ascending rhizomes

clothed in the reminants of dead and decaying ìeaves. The plant sends out

thîck f ibrous roots which may reach as far dolvn as lB' ' to the f ree water zone

of the bog (fig. 2l), The roots, as Ìn other carnivorous pìants, are devoid

of mycorrihiza"



Measurements

P i naura and Kenora

varied between I I

(ii) Life Cycle of S. purpurea

Because of the close relationship of the life cycle of þ/. smithií to

that of .9. punpurea, it is necessary to fuìly understand the succession of

events in the ìife cycle of the plant. At the beginning of the study (Nay

ì969) over\À/intering leaves, produced the previous summer, were exarnined.

They are characteristically rnature in appearance, exhib¡ting a darl< green

or reddish-brown color. Dead flower stalks, often u¡ithout any remnants

of the f lourer or seed pod, can be found standing erect at the center of

the encirc'l îng leaves. Most leaves are intact and still hold f luid; others

shorv sorne evidence of decay (f ig. 22). The intact leaves retain a reasonabìy

healthy appearance during May and June, and even into July, but decay is

inevitable. By the end of July, uirtually all of the overwintered pitchers

rot away. Leaf decay beqins at the tip. The flap turns brown and withers.

As decay progresses dorvnlvard, the leaf tissue becomes blacl<ened and gummy,

eventually breaking aivay and reìeasing the f luid held within the leaf . All

that remains is the basal oortion (fig. 23,2\).

New leaves (lg6g) were first observed near the end of May and earìy

June. These began as short green/ reddish blades (fig. 25), which grerv rapidìy

throughout June and July. The first leaves opened during the earìy part of

July and continued to open until early August. I'lev¡ leaves are easiìy dis-

tinguished from those of the previous year by theír color and succuìence.

0ld leaves are dark green v¡ith extensive reddish hue and venation; young leaves

are soft, ì ight to medium green in color and the venation is subdued (fig. 26).

of all the

hnnq t^rerc

to 30 ml.

I eaves of

I l+ | 1nâdô | lântê
\ ¡ uv I v

rvi th a mean

a smal I number of plants from the

^\ . I F^n.\z) . I rìe s I ze oT leaves 7 )Uto )

of l4 to Z0 ìeaves per l-osette.

3E



Frequency percentage of leaf size and

leaf number per roset,te, June 1970

Leaf Size
(ïn ml)

Table 2

0-t0

I l-20

2l-30

3l-40

4r-50

>50

P i nawa
o/
o

otr

35.7

35 "7

I 9.0

rìE

Mean leaf size

{rl

Kenora
OJ

l4ean No. /rosette

tl -

9.8

4t.5

22.0

14.6

4.9

7"3

Mean number of Ieaves/rosette

Greater than 50? Ieaf size =

42

22.67

¡ 4.0

3

4r

2t+ "85

at both sites = 16,6

I l-30 ml

20.5

2



0ld leaves die and decarT by the time the nel leaves mature.

Flowers first apÞear as smal I red buds about the end of May or the

beginning of June. The L-.uds enìarge, and the stalks elongate rapicJìy,

coming into full bloom during the middle of June through to August (fig.

27, 2B).

\r/hen f irst open, the pitcher leaves are eÎther dry or contain no more

than a ferv drops of fluid, possibìy secreted by the pìant. Later, the

leaves are f i I led with derv and rain lvater. Tlre amount of f luid in the

pitchers varies l^rith the local conditîons of rainfall and evaDoration.

Since the plants are overgrown by sphagnum and lrerbacious overgrowth, the

humidity of thei r immediate surroundings is probabìy very high and evapora-

tion can be expected to be minimaì . Plants i^rhich were f ul I of water tvere

experîmentaìly covered to prevent additional rainr'rater f rom entering, yet

allow evaporation to occur. These were still half-full after three weeks

during the month of August, 1969. The level of fluÎd in the leaves was

influenced by exposure to rainfall and evaporation. The pH of the fluid

was Simi ìar to that of the surrounding bog water, remaining at 4.5 to 5.0

through the season.

The leaves' once oDen' enlarge to their fuìl size and hold water

throughout tlre season. Fronl about the middle of September to the end of

0ctober, the leaves are subject to periods of freezing and thawing. These

freezing periods begin as short intervals during the night or earìy mornîng.

Soon pitchers remain frozen except for a few hours each day. Once they are

covered ilith snow, about earìy llovember, they remain f rozen until the snot^r

I . t ^ . r\melts (mto-l\prlt).

During 0ctober 1969, the leaves for the subsequent year had aìready

started the i r g rolth. Later invest igat ions revea ìed that th is g ror,vth comm-

ences as earìy as the middle of August (fig. 29), but the leaves become

37
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dormant, that is, growth is probrably inhibited by environnrental conditions.

Growth starts again in the soring as soon as cl imatic conditions are favor-

able. The flower bud appears to fol lor.r the same oattern and can be found

in the fall by pulling apart the enshrouding leaves at the center (t-ig. 30).

Flovrer buds and leaves brought to the laboratory in December 1970, began to

g row when I ef t at room tenlperatu re and h igh hum id i ty, some reach ing a lmos t

f ul I bloom in three i,veeks (mid-January) . Theref ore, the leaves examined in

the spring of 1969 (overwintered leaves) actuaìly began their gror^rth in the

fall of 1967, rather than in the soring of 1968. The bud and leaflets found

in August 1970,wi l1 mal<e their appeerance in the earìy summer of 1971 and

pers i st through to the summer of 1972.

As Judd (1959) had found, there is a period of 35 to 40 days in which

the leaves of two generations are present (mid-June to mid-July) and in

v¡hich pooulations of inqui lines could exist in leaves of both years and

al lour a transfer of the populations from the old leaves to the leaves of

the current year. Eggs and f irst înstar larvae of þ/. stnt'thii can be found

in new leaves vrithin t\n/o weeks af ter they open' Figure 3ì sunrmarizes the

success i on of events i n thi s groulth cycìe.

/...\(lrr/ Ine naDltaf

tt" t"rr -- (Kenora, Telford, Pînavra, and -l-he Pas, Figure l) in whÎch

this study was carrled out are typîcal of the ntany bogs which occur in the

boreal forest areas in Mani toba and northern 0ntario. Bogs in general begin

with the covering and fi I I ing of shal ìow lakes in progressive stages, unti I

the entire lake is covered. The succession ends in a cìinlax spruce or

deciduous forest. This succession is shown diagramaticalìy in Fígure J2

(af ter Snrith, 1966) .



The bog located southeast of l(enora exhibits the early stages of this

succession (nig. 33). Here, ^9. pLtl'pLft'ea is found in the f ìoating sphagnum

mat rvher e CVwnaed.ap'hne calycuLata (leather leaf ) and Ledun groenLarrlicum

(labrador tea) begin and continues into the bordering Picea rnaríana (black

spruce). A transect from the ìake margín to the black spruce and beyond

this to the birch and poplar stands gives an excellent perspective of the

trend of successÎon as al I stages show in Figure 32, are reoresented.

The Telford, Pinavra, and The Pas bogs are representative of stage E.

The Telford bog appears to be the youngest of the three, as the predomÍnant

tree growth ìs Lariæ Laríciyn (tamarack). The trees are sparce and sma1l,

seldom reaching fifteen feet. The Pinala Bog is somewhat older, having

both tr" Laricirn and P. mariana (f ig. 34). The Pas bog is the oldest, in

terms of pìant succession at least, as the dominant trees are P, maríanrt

(rig. 35). In all three of these bogs, S. purpuvea. can be found grouped

sporadically in cìumps, and frequentìy onìy on sphagnum hummocks (fig. 36).

Factors determining the distribution of ,9. putlpurlea within the bog and the

factors determining Îts absence in many bogs are not known.

A nlore detailed study of the bog in the Pinawa area was conducted in

the f a I I of 1969. The P inawa Bog is located in an area at the r¡restern edge

of the Precambrian Shield, forming a transîtion zone betvieen the Aspen parfl-

land to the r^rest and the conif erous f orests to the east and north. t'Jithin

the study area, a variety of vegetation can be found urith species represent-

ative of both forest types. Specimens of PopuLus tremu\oides, Populus

balsamifera, BettLLa oa¡:yrifera, Quercus l4acrocarpa, Prunus pennsyluanica, and

Prunus uitginiarn can be found in the dryer areas. Thuja occidentaLis, Picea

mariana, Lariæ Lari.cina, and SaLiæ spp. dominate the wetter areas. Figure 37

is an aerial vier.v of the FIG area in the Pinarva Bog and it was appropriately

selected by AECL researclrers, as representatîve of the Aspen and Coniferous
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Forest transition.

Beginning ät the urest sîde, the entrance to the 1000 meter circle

known as FIG and orogress ing east, the predominant species \^/e re BetuLa

popyrifera, Abies balsamea, Pinus banksiana, PopuLus tremuLoides, PopuLus

baLsantfera and Picea gT.auaa (n), foììowed by a transition zone of mainìy

Thuja occidentalis" (a), then into the true bog area (c) of Pi,cea mav"Lana

and Lariæ Laricina, One hundred meter grid lines were cut, transecting

the circle west to east and north to south. Studies of tr/. smithi'L vtere

concentrated in gricls one ancl tr^ro (f ig. 37). Grid three \,vas used soleìy

for determining plant specîes and their abundance (fanle 3). The check

list may not be definitive as the survey was made at only one time during

the year (0ctober). A check list vras not attempted at the Teìford, l(enora,

or The Pas bogs, burt in general the plants recorded f rom the Pinav.ra Bog

were also observed in the other bocl s.

(iu¡ Distrîbution of Plant Soecies

In an attemÐt to understand the spacial distribution of pìant species

within the Pinarva Bog, a study v,ras carried out using a method developed by

McGinnis (1934). This metlrod makes use of the mather¡atical relationship

between the frequency and density of the various species in a plant community.

The main interest here tvas, of course, the distribution of 5. purpuz'ea.

Using a table of precalculated expected densities for any gÎven frequency

percentage, it is possible to determine an expected density (d) for any l<notnrn

frequency. The expected density is then compared with that of the observed

density (0) and the value obtained is an indication of the degree of aggrega-

tion. Generaìly, D/d values greater than 2.0 indicate that the species under

consideration is aggregated. Values less than 1.0 indicate a tendency totvard

t^
4U



A check I ist of the plant species col Teeted

Oetober, ¡969 in the Pinawa bog"

Table 3

Spec ï es

Andyomedn polifolia

BetuLo. gl,anduLosa

Caz,eæ spp.

C hamaedaphne caly cuLata

Drosera rotundifolåa

Eriophoz.un angus'bì, fuLiwn

G aul ther ia p'r o curnb ens

KaLmia poLt)foli.a

Layiæ Laricina

Ledun gz,oenlatzdicun

LycopodiuÌn spp.

Maianthenum canadense

Menyanthes trifoLiata

Picea mariana

S arz,ac enia. puÍpu:r ed

Sphagnun spp,

Vaceiniun oæAeoccus

4t

Common Narne

l{i ld Rosemary

Dwarf Bi neh

Sedges

L eather Leaf

Sundew

C otton Grass

e heeke rbe r ry

Bog Laurel

Tama rack

Labrador Tea

C I ub l'1os ses

Li ly-of-the Val ley

Buck Bean

Black Spruce

Pl teher Piant

Sphagrrum Moss

Bog Cranberry
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regulari ty in dístribution.

were used.

The quadrat size \,vas one meter square, the recommended size f or samp'l ing

herbaceous vegetat i on. A tota I of tlenty quadra ts \n/ere talcen at random lvi th in

the 100 meter grid. The species and total number \dere counted. Actual counts

are given in Appendîx C. Table 4 conrpiìes the fol'lolving: the number of quadrats

in vuhich the various species were found, the totaì number of each specÎes found,

frequency percentages, expected densÌties (d), observed density (O), and the

D/d values" From this data the various species were graded as to their spacial

distribution based on the previously stated cri teria. Figure 3B shows

graphical ly the degree of aggregatíon of the various species.

From the results it can be seen that only one species (f'arir Laz:icivn)

aooroaches the value which l^¡ould indicate random distribution. All other

species appear to be aggregated, V" oïAcoccus" Chamaedaphne" Ledum" and

Maíanthenz.lz shovring the greatest degree of aggregâtîon. Cd.reæ, Betula" Kalmía

Sarracen'La" and Picea tend tol^rard randomness. S. puz'purea and -t. Larícina

show the greatest affinity tolard randomness of distribution.

It uras noticed that 5. Dur2urea did not occur in some areas of the bog

but did in others, viîth no apparent change in associated vegetation. lt was

not unti i later that differences in tree densities were noticed, with 5.

pul.purea. occuring în the areas of ,low tree density and not in areas of high

tree density. In turn, low tree density can be visual ly correlated to drainage

patterns in the bog. Figure 39 diagramatical ìy shows the relationship of

tree density to the drainage pattern in the Pinawa Bog. The drainage way also

shor"rs up on the airial photograph in Figure 37 as a lighter area running north-

north east to south-south i^rest. The three 100 x 100 m. grids sampled are in

thîs area" These drainage v;ays are the wettest areas of the bog, and it is

L2-r)

For the purposes of this study, the same cri terïon
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possïble that the excess moisture limits tree growth. It nay be tlre moisture

or the reduced conrpetition for sunlight that favors the colonization of ,9.

n1 rr'n1t1.eÕ ìn the.se areas.

(u) Geograohical Distributîon of S. pu:t'purea

ln revielving the I iterature, it became aDparent that the presentìy

published maps of the distribution of S, purput,ea in North America were

not satisfactory, Darticularìy rvith respect to the distribution ín Canada.

Neither its western nor its northern I imits were known and rnost publ ications

referred to its range as being from "Florida to Labrador". Figure 40 records

the sites from which S. purpuï,ea have been collected in Canada. The more

northern and western locations are also given a numerical code, The actual

location and reference for eaclr coded location is given in Appendix D. A

neh/ map (f i.g 4l) rt-,ich shows the recorded distributîon of S. pul"purea in

North Anlerica is also presented.

The distribution of 5. pltï,pur1ea may extend as far west as the British

Columb ía/Alberta border, having been reported from Edson and Hinton, Alberta.

The northern dîstribution extends as far as Goose Bay and Indian Harbor, Labrador

(54'30'¡t) in the east to Hart Lake, N.\-/.T. in the west. Thïs latter site is,

^- ..^+ ,,^^^ì 1^-,ted but since collections f rom Lalce Athabasca (59'Ot 'l\t) ared5 ycL, ullL\rrrEU

known, it is I ikely that it does. Scoggan (.l957) reports it from Great Bear

Lake, N.lJ.T. Because present collections in these more renlote regions are

lîmited, the knoivn range wilì probabìy be extended even further north with

subsequent col lections.

The precise rï'ìanner in ¡rhìch S. pul1pu-Tea became established in bogs and

its migration nortllvard is one of the most interestinq studies in post-glaciaì

distribution. Accepted tlreories suggest that: (l) S. purpurea' was in
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ex!stence before the Pleistocene glaciations. l,/¡th the onset of the glacÎers,

S. puz.purea disappeared rapidly, possibly surviving in some refugium. At the

end of the lce Age, it reoccuoied large areas in the wake of the retreating

glaciers. (Z) fnat the present-day form evolved durîng the glaciation on

response to special glacial condi tions from an ancestoral form. Thus, the

present-day distributîon is not pregiacial, but Postglacial (Croizat, 1952).

Some authors recognize two subspecies of ^9" purpurea: S" pu?pu?ea ueno9a.,

which is believed to be a reìic of the ancestoral forma and is sparsely dis-

tributed aìong the coast of southeastern U.S.A. as far north as New Jersey;

and S. puTpurea gibbosa, which extends northward from Neur Jersey, ranging

widely east, west, and north înto Canada. lt is this ìatter subspecies to

which the previous two theories are applicable. Wherry (1935) maps the range

of the two subspecies and discusses the possible migration northward. V/hether

or not two subspecies do exist is stìll a subject of controversy among plant

taxonomi sts.

Postglacial records, based on poìlen samples, have shown that 5. plffpurea

was present in bogs 7,000 years ago (Terasmae, .|968). Because the poìlen of

this sÞecies is small, thin-walled, and delicate, it may not preserve weìl in

bog desposits. In addition, S. purlpuTea. is not a wind pollinated species and

i ts pol len i s not di stri buted over the bog surface.

(v¡ ) Associ ated Fauna

Two insect species are

i ncì ude Metriocneumu-s knabi

The bionomic of M, krnbi is

use the pîtcher plant as ei

have been taken in routine

found breed i ng only i n the p i tcher p lant. These

Coquillet, a chironomid, and try'. smithii (Coquillet) '

g iven by \,/e ins (l gZ I ) . 0ther a rthropods use

ther a rrrimary and occasional habitat. Some that

col'lections are larvae of BLaesoæipha fletcheri



(nl¿rich), Endo'bhenia daeckeana Rrt., Eryra rolandiana Grt., the v,rater rnite

Anoetus gibsoni (t'lesbítt), and anhid of the genus l.lacrosdphum.

The larva of B. fletcherí \^ras coìlected f'rom oitcher nlants at eacfi

col lectÌng site. The eggs are deposîted in the pitchers and the iarvae

feed on the trapped insects. \,/hen f ulì-grourn they leave the pitcher and

pupate in the sphagnum. Although more than one larva may begin development

in each pitcher, it appears that only one Der pitcher deveìops to maturity,

the uleaker one(s) havîng fallen victim to the carnivorous attitude and

superior strength of the survívor. iJhen more than one larva was placed in

a small dish in the laboratory, they r,rere cannibalistic, feeding upon one

another whenever contact was macle, vlith the larger usuaììy surviving.

The larvae of E. Caeckeana have been observed to feed on the flovrers.

and later the ovary of S, ¡:tttpuz,ea. At pupatîon, cocoons are spun among

the refuse at the site of feeding. Infected seed pods tend to remain intact

on the rvitherîng stern rather than releasing their seed and faììing from the

stem. ln the fall of 1969 at The Pas site, 75% of the drîed f lor,rers and

seed pods found remaining on tlreir stems nere înfected r^rith one or more of

these larvae. Infected floì¡Jers degenerate, turn brov/n, and droop from the

stem (f¡g. 4Z). Seed pods bear a small hole where the larvae made their

entrance. Debris (fecus) and silk is evident as r^rell. The normal flower

is shown in Figure 43 as a comparison.

46

Larvae of E. rolandiaT'n hatch f rom eqqs laid on the inner rvalls of the

pitchers. The larvae eat a thread-ì ike groove around the collar of the pitcher

(fig. 44). This causes the upper portion, the flap, to die and the col ìar

curls inward, effectiveìy seal ing the pitcher (fig. 45). The larvae then feed

On the inner 5s¡frro nf tha niteþs¡, reducîng the walls to a paper-thin

skeleton. The adults later escape through tlre l^rall of the pitcher. E. roLandiarrt



r^/ere observed only at the Pínarrra Bog.

The water mite, Atrcetus gibsoni, vias collected f rom pitchers at al I

four study sites. At the Pinar^ia site, one adult femaìe and two nymphs of

Ì,Iacrosiphwn (possibly species llova), Aphididae' vJere col lected.

Li/



PHOTOPER IOD I C I NDUCT ION, MA INTENANCE, AND TF.RM INAT IOI'I

0F DIAPAUSE lN I/. sm.ithii

Photoperiod is knovrn to be one of the major envi ronrnental factors

control ì ing the seasonal cycles of many organisr¡s (Beck ì968). Plants,

vertebrates and invertebrates, are a1ì affected by daily periods of ìíght

and dark, and the annual changes that occur in these periods. Dai 1y cycles

of ìight and dark provide a link betvreen the organisrn and its environment,

through which environmental information is communicated to the ìiving

system.

Several factors have been impl icated i n the control of dïapause in

insects but dayìength has proved to be of greatest importance and has been

the subject of many reviews [Andrewartha (lgSz), Hinton (1953, 1957), Lees

( t955 , i956), Harvey (lg0z), de \,/i lde lgez), Becl< (1963, l968) , and

Dani levski Ì (1965) l.

Photoperiodic control of larval diapause in Ir'. smithii was f irst

demonstrated by Jenner ('l95ì), r^rho showed that development was continuous

when larvae were reared at periods of l5 hours, or more, of light per day,

whereas development stopped in the third instar during periods of l3 1/2

hours of I ight per day or less. Until no\,v, no studies had been carried out

I hâhf ôr q
v,,et,!v' /

on fhe nhofoneriodic induction

no r of the s tage (s ) res pons i ve

A. Characteristics of DíaDause Larvae

Diapause has been

ì965), but it is not a

of

to

diapause, cri tical photoperiodic ranges,

these photooeriodic stimuli in Ir¡. smíthii'

cal ìed ê state of physiological rest (Dani levski Î

comoletelv inactive state. During diapause



physiologicaì functions and changes continue, although at a reduced ìeveì,

progressing in a definite direction, uìtîmateìy resuìting in the capacity

for act i ve deve I onment.

Severa ì genera ì phys io 1og i ca 1 features have been i i nked as responses

to the diaoause state în insects. Among these are lower metabolÌc ìeve1s,

reduced or complete cessation of the feeding processes, lorrr respiration

rates, decrease in total body vJater, and the presence of abundant deposits

of reserve food material. ln additÌon, resistance to desiccation, coìd-

hardiness, supercool ing, and the survival in spite of ice formatÌon within

the body tîssues have been attributed to the ohenomenon of diapause.

ln l,/, smíthií, three physioìogicaì aspects of dîapause were examined:

reqní ration rate^ +^^,ri^^ r-+^- - and cold tolerance. Cold tolerance of.. ---5r lgEulll9 ¡dLg5, urrv vv¡v

bl" sntt,thii is discussed separately in Chapter 6"

Diapausing third instar larvae of l^/. srnithii are visually indisting-

uishable from non-diapausing larvae and separation of field populatÌons

is impossîble without waiting several weel<s to see which will continue

development and which wil I remain in the third instar stage. The larvae

of hnth tvnes ârê e.ruâlìv active when held under the same conditions. TouIf/vJ -- " /

determine the differences, if any, that exist in theír respiratîon rates

(which rvould also give an indication of dif ferences in metabolîc processes)

trials were conducted on the various qroups using a Gi lson Differential

Respi rometer (Chapter 3).

/. \\rl Kesprräfron

4g

Several groups of larvae were compared on the basis of respiration

rates (measured as nlicroìiters /larvae/hour), including diapausing and

non-diapausing third instar (both f ield-collected and laboratory-reared

material), fourth instar, and second instar larvae. The main interest,



5c

however, was the comparison betr^reen the díapausing and non-diapausing groups.

The respiration rates of the various groups are presented in Table 5. The

respi ratîon rates of fourth instar larvae (at 25'C) were higher (l tlZ tîmes)

than those of thi rd instar larvae (either diapausing or non*diapausins).

Respiration rates of second instar larvae did not differ significantly from

those of third instar larvae. \,/hile dif ferences \^/ere expected in the rates

between diapausing and non-diapausing thìrd instar, no significant differences

were detectable.'i A strong correlation \^/as shown, however, bettveen treatment

and storage time and it is possible that holding diapausing third instar larvae

may affect the respi ration rate and obscure the true rates.

/. . \(¡i) l-eeding rates

Smith (lgOl) noted that F/. smithii larvae upon release from the ice

engaged in aoparent feeding. Horvever, observations of laboratory cultures

suggested that diaoausing larvae, although appearing to feed, consumed con-

siderabìy less food than non-diapausing larvae. Investigations were carried

out to determine what differences might exist in feeding rates of diapausing

and non-diapausing third instar larvae.

Visuaì comparisons were carried out fi rst, usîng the method described

in Chapter 3. The rates of ingestion of three groups of larvae were conlpared:

(l) non-diapausing third ínstar reared in the ìaboratory at l8L:6D and 2J"C;

(Z) diapausîng third instar reared in the laboratory at l2L: l2D and 20"C; and

(¡) diapausing thîrd înstar ìarvae collected from the field (coìlected

January 29, l97l) and held at l2L:l2D and 20"C. Advancement of ingested

parricles was classified as A (up to i/2 full), B (l/2 to 3/4 full), and

C 3/tt to full) (f ig. 46) . Rate of ingestion was calculated as the percent

)ï"Results compared using two-\^/ay analysis of variance rvith unequai subsampìes.
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ïn each classification. Prior to treatment the larvae had been starved for

48 hours. Treatment involved placing the larvae in a distilled v,rater and

ink media for a period up to 2! days (fiS. 48). From the results, it can

be seen that both the non-diapausing and diapausing thi rd instar larvae

reared în the laboratory had simi lar ingestion rates and al I ivere completeìy

glutted after tvro days in the China lnk media. Field-collected diapausing

thÌrd instar larvae fed very littìe, and at the end of 2! days, ferv (lìZ)

had reached stage C; 69% sti I ì had not fed at al l. The fact that laboratory-

reared diapausing larvae feed rapidly and field-reared diapausing larvae do

not, may be explained, in part, by the fact that the field coìlection was

made on January 29, after Iarvae had been in diapause for six months and

in the frazen pitcher fluid for three months. Those reared in the laboratory

had not been in diapause for more than one month. These larvae were still

feeding actively, possîbìy to bui ld up food reserves.

A second trîal vJas carried out to see if ingestion rates vlould differ

if larvae u¡ere fed a nutritive diet (standard larval dîet), rather than a

China Ink díet. Larvae lvere first fed (to gut stage B or C) on China Ink

fnr forrr clarrc rhen nlacecl in distilled water with standard larval diet.sq 
/ J ,

These were then checked after 3, 6,9,12, and 24 hours and the repìacement

of the carbon particles urith normaì diet was noted (fis. 47). Figure 4!

shows the percentage of larvae in each gut stage at the varÎous time periods.

The three stages were D (rp to 1/2 renìacement), E (1/2 to 3/4 replacement),

and F ß/\ to full replacement) (rig. 46) . Again there was little dif ference

betr^reen the non-diapausing and laboratory-reared diapausing ìarvae. The

f ield-collected larvae still shou¡ed a slower rate than the other tuto groups'

but the rate vras much higher than that shown in the previous test. This may

be due to the fact that these larvae had been stored at ì21: l2D and 20'C for
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about one month prior to the test, whereas the previous field-col lected

larvae were tested urithin a week of col lection.
1 2'1

Feeding rates were aìso compared using radîocesium ('"Cs) labeled

dog food. Larvae were allov,red to fee.d on the labeled dog food for l, 3,

6, 12, and 24 hours, after a starvation period of 48 hours. The pnoto-

period regime i^ras lBL:6D and the temperature 27'C. The uptake (ingestion

-^+^\rare/ was nreasured in counts per minute on a low level beta counter. The

results are plotted granhical ìy in Figure !0. The mean t standard deviation

counts are given in Appendix E, Table l. Frorn the results, it can be seen

that s i gni fi cant di fferences are detectable wi th i n one hour after the

beginning of the experiment and that whilenon-dianausing larvae showed

rapÎd increases in counts/minute, diapausing larvae shouled no increase at all.

Since mosquito ìarvae are known to regulate their ionic balance through

ion-permîable regions of the body wal I (see Cìemments, 1963), ê prel imi nary

experiment h/as carried out to see îf differences could be noted in diapaus-

ing and non-diapausing thi rd instar larvae reared in nutrient-free medîa

l?7containing only '-'Cs solution and samnles \^/ere taken and counted after 3,

6, 12, 24, and 48 hours. The results are given in Appendix E, Tabìe 2, and

shown in Figure !1. A comparison of the means reveaìed that a significant

difference (P .05) existed betlveen the turo groups up to sîx hours after

treatment r'./as begun. Holvever, at 12,24, and 48 hours, no significant dif-

ferences existed. The rate of increase in counts/minute for the diaoausinq

group increased at a steady rate whi le the non-diapausing group increased

rao i d ìy up to I 2 hou rs , tlren tapered of f .

I nduct i on of D i aoause

Prelîmînary experìments indicated that larvae reared from eggs at



IBL:6D and 25"C would complete development in 25 to 30 days. Larvae reared

at l2L: l2D and 25'C wouìd develop normal ly to third instar, but wouìd pro-

gress no further unti I placed at ìonger photoperiods (l8Lt60). Thi rd

instar larvae" v;hen transferred from IBL:6D to l2L: l2D at 25'C continued

development uni nterrupted" These earìy experinrents suggested that ( I ) the

critical photoperiodic range was between l2 and 1B hours; (Z) a stage prior

to the th i rd i ns ta r \¡/as the stage recept Îve to shorter photoper îods and

thus responsibìe for the expression of diapause in the third instar stage.

In order to determine both the critical photoperiod and the receptive

-*^^^/^\ Íi '^+ cecon.J. and thi rd instar larvae were reared at various5LdVt;\>,/ r I ll5L, ruvvrrvt Lrrr

photoperiods at 25'C and the percentage molting to fourth instar noted.

The methods are outlined in Chapter 3. The sta-qe(s) preceeding the test

crâoê were nre-conditîoned at l8L:6D and 27"C. The results after 5, 10,
"-'- f'

20,30, and 40 days at the varíous photoperiods and for the three different

test groups are shown in Table 6. The percentage moìting to fourth instar

after 40 days at the various plrotoperiods and for the three different

groups are shown in Figure )2. The critical photoperiod range \{as betlveen

l4 l/2 hours to l6 1/2 hours, the incîdence of diapause decreasing with

increasing photoperÌod. At l6 l/2- hours I ight, or more, larval deveìopnent

nror-ccdcd rninterrllnted ren¡rdlecs of the staoe at vlhìch it started. At
F/|vvguvvv,IvYg

l4 l/2 hours light, or less, only ! to l0% of those larvae started at first

instar progressed beyond the third instar stage; of those started as second

instar, 35 to 677, progressed beyond the third instar when reared at photo-

perîods of l4 1/2 hours or less; those begun as tlrird instar progressed

rl,

unî nterrupted regardless of the photoperiod.

Apparentìy first instar larvae and some second instar larvae (possibìy

young seconds) are responsible for monitoring the photoperiodic cues leading
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to the expression of diapause ín the thírd instar.

Larval dÎapause in trr'. smithid is determined by the photoperíod to

which the larval stages have been exposed, Diapause in these experiments

was noted as a faÎ lure to molt to the fourth instar larvaì stage after a

reasonable period of time (40¿ays) at 25"c. r,Ì. smithii exhibits what

Beck (lgeS) refers to as "Type l" incJuction curve (,,long-day response',)

in which relatively ìong daylengths tend to favour contînuous grourth,

wh i le short days favour di apause.

0nce diapause is induced, third instar larvae can be held at short

dayìengths (14 hours or less) for several months, particuìarìy if the

temperature is lotvered. For laboratory cultures, diapausing larvae were

maintained at l2L:l2D and 20oc r^rith onìy a smalì Dercentage (S%) molting

to fourth instar larvae after two months, after r.vhich mortality rises

sharply. \{hen ìarvae rvere held at l2L:l2D at l0oC, the holding time couìd

be doubled (four months) provided the water was changecl periodically to

D revent fou I î nq.

Maintenance of Diapause

Diapause in ìarval Dintera which i s induced by short-day photoperiods

can generalìy be terminated by a long-day photoperiod (Becl< ì968). Terrnina-

tion of diapause in third instar larvae of ll" smithi.i was noted i^rhen the

larvae molted to fourth instar, under long daylengths. Field-col lected

larvae, coìlected af ter the onset of diapause under natural conditions, r^iere

held at 12L: l2D and 20'C for four weeks to ensure that the ìarvae uiere in

diapause. The larvae were then placed at various photoperîods at 20"C and

the percentage mol t ing to fourth instar af ter J0 days rvas noted, Tlre per-

centage moìtîng to fourth instars after !, 10, 20, and 30 days at each photo-

Termination of DiaDause
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period is shown in Table 7. The percentage after 30 days is shown graph-

ical ly in Figure 53. The proportîon of larvae breakîng diaoause increased

with increasing length of day, reaching 100% at a photooeriod of l6L:6D.

Response of diapausing larvae oÍ tl" smLth¿L to ìong-day photoperiods was

rapid, larvae moìting to fourth instar soon (within five clays) after trans-

fer to the non-inductive reqime. l'.lo dîfferences r^¡ere noted in termination

responses between larvae used immediately upon col lection from the field,

after being stored for one month, or between those which had been over-

wintering in the f ield for several months as \^ias also noted by Smith and

Brust (lgZl). A photoperÌod of 0L:24D was as effective in terminating

diapause as were long-day periods. A. atropalpus responds in a similar

manner (Anderson l96B). These results suggest that overwintering l'/. smithii

larvae are capable of progressing to fourth instar at any time, even before

the onset of winter, and require only favourable photoperiods for deveìop-

ment. Since gro\^rth în the fieìd does not begin as soon as the critical

photooeriod is exceeded (before May l), factors other than plrotoperiod

must act to prevent grov,ith in the earìy spring.

F Temperature Growth Threshold

\{hereas photoperiod I imits development in the fal 1, temperature appears

to ì imit development in the spring. To determîne the temÞerature threshold

in þÌ, smithii, th ree g roups of larvae \dere rea red at f ive d i.f f erent temp-

eratures (27" , 20", l5o, l0o, and 5'C) at a ìong-day (non-diapausîng)

photoperîod (ìBL:60). The percentage moìting to fourth înstar at the varíous

+^ñ^^ Í^-LE'rirErdLurs> rur each of the three test groups (laboratory-reared diapausing

third instars; field-collected diapausing third instars; and laboratory-

reared non-diapausing third instars) over a period of 50 days uras noted,

the results being shorvn graphically in Figure !4. The results shorv that in
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instar larvae mol tîng to 4th instar when

photoperiods at 20"C" príor to trials
(or held in the case of field collected

to 3rd insrar at l2L:lZD/20"C

Table 7

0L :24D

4l : zon

Bt:t6n
l2t:l2D
t4l:lon

141t 9%o

I 5L :90

lSrrLzBhD
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l6rzL:7\t

l7L:70
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201 : 4D

z4t-: oo

n
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¡¿{l
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t05
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¡55

1oCI
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40
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0

0
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0

0

o

0

0.9
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0

2.5
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0

n

2"8
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0

6"8
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71.0
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r.9
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both field-collected and laboratory-reared diapausing larvae, growth is

inhibited at a temperature of l5'C and lower. In the case of non-diapausing

larvae growth did occur (very I imited) at 15"C, but not at l0o or !oC.

F.

ln the f ield, I^/. smithii experiences a variety of photoperiods, ranging

f rom B hours ro a maximum of 16 1/2 hours light at Pinav;a (50"15'N-95"50tV/) .

The dayìength cycle is shov¡n in Figure 55, and corresponds to the period

during which o,h"r. meteoroìogical data was recorded. Setting l4 l/2 hours

as the critical photoperiod, diapause is terminated about the middle of

Apri ì and induced about the middle of August. In spring, however, grourth

is inhibited for about a month, unti I the temper:tures (mean dai 1y) rise

above I 5'C (see F i g. 60) .

Natural Photoperiods



lnsects which overwinter in the temperate zone are usualìy able to

withstand moderately ìor^r temperatures f or long periods of t ir¡e. The onìv

mortal ity di rectly attributable to temperature is from f reezing whereas

those insects rhat survive are free of any chî lling injury (salt l96l).
ti. smt-thii is known to overwinter as a third instar larvae in the

ice cores withÎn the pitcher plant, Sanracenia purpurea. llourever, other

than the preìiminary investigations by 0uren (1%7) and smith and Brust

(lgll, in press), the ability of l"/, smithii larvae to survive at ìow temp-

eratures (partícularly sub-zero temperatures) has been ìargeìy ignored.

(i) Survival at Sub-Zero and Lof, l"*p"ß!glg,

C0LD T0LERANCE lN f,/. smithii, LARVAE

Chaoter 6

0bservations of field populations during l96B-69 and 197O-71 indicated

that the greatest mortaìity occurred during winter, with possibly !0% of

the population being kÌ I led by the sub-zero temperatures (see Chapter 7).

To assess the survival of l,/, smíthii larvae at sub-zero temperatures, f ieìd-

coììected diapausing larvae were subjected to various Iou¡ and suÞ-zero

temperatures. Both groups were tested with and v;ithout pre-conditioning and

the survival measured at various intervals after the test was begun (s"u

Mêthndc l'h:nrar ]) . Comparisons \^/ere also made of diapausing and non-dianausing

groups, and pre-conditioned and non-condîtioned groups.

The percent survival of both conditioned and pre-conditioned diaoausing

ìarvae, and non-diapausing larvae at the various temperatures are shor,vn

graplricaìly in Figures !6, 57, and !8. Third instar larvae did not survive
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for more than three weeks at temperatures below *10"C. Constant temperatures

of -5oC resuìted in considerable mortaì ity (60"Á in pre-conditioned larvae

af ter B weeks; 70 to gO% in non-conditionecl larvae after B to l0 vreel<s).

Even a temperature of -1"C caused significant mortaìity (35% in pre-

conditîoned larvae after I weeks: BO% in non-conditioned larvae after B to l0

weelcs)" Pre-conditîoning of the larvae aided in their survivaì, but did not

lower the temperature at urhich they can survive. In non-dîapausing third

instar larvae, mortaìity reached 'l00% r,vithin 2 to 3 days at temperatures

below -l'C. lt is apparent that f,/. smithii possesses no particular abi iÎty

to survive sub-zero tenperatures, except for relatively short periods.

(i i i ) Supercool i nçl of La rvae

Atfpnrntc wêre

before freezinq of

.!^^+^l TL^^^ ,.,LeS Leu. | ile5e wefe

l. Diapausing

to the trîals. (D3)

2" Diapausing

( u¡r)

made to deternli ne the temperatures I arvae cou I d wi thstand

the tissue occurred. Six dîfferent larval groups were

3, Diapausing third instar held at t2L:l2D and 20oC for i month; ì0"C

for 2 months; 5oC for I month. (n¡U)

4. I'Jon-dïapausing third înstar reared at IBL:6D and 27'C. (ND3)

5. Second instar reared at IBL:60 and 27'C. (l l )

6. Fourth instar reared at IBL:6D and 27"C. (lV)

the follor^ring:

third instar held at l2L:l2D and 20oC for 3 months prior

thi rd i nstar col lected di rectly from the field (zgll2/70)

The results are shor^rn in Figure 59, which gives the mean*standard devíation

and frequency percent at 0o to -5o, -5o to -ì0o, -10' to -15o, and -15' to 20"C

for eaclr test group. The indivîduaì supercooling temperatures are given in

Appendix F. Although îndividual larvae supercooìed (or froze) over a wide
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range of tenlr¡et'atures (0"C to as low as -16.0'C), most dicJ not survive

temperatures belot^r -5"C. A comparison of the means sholved no significant
d if f erences in supercool ing temperatures betv,reen the s ix test g roups ,

although laboratory-reared second instar larvae supercooled to lower

temperatures than that of other groups. I'lone of the ìarvae recovered once

they were frozen.

( i i i ) Snow Cover and Survi va I

Since F/. smithi'¿ does not possess any particular ability to supercool

or survive sub-zero temper.?ture for long perioos, snovJ cover rrìust be

instrumental in aiding winter survivaì of the larvae at thís ìatitude.
Dai ly temÞerature records were kept ât pinawa from 0ctober l, 1969 to

0ctober ì8, 1970, which indicated that the ìarvae did not experience temp-

eratures much belovr -6oc (five day average), aìthough air temperatures

approached -32.0'c (f ive day average) . The dif ferences in temperatures \^/ere

êttributed to the insuìating effect of the sno\^/ cover present. Figure 60

gîves the five day mean temperature for both air and sphagnum (at the

level where larvae occur) for ì969 to 1970 and clearly shov,rs tlrat the snow

cover prcvcntc extremes of temper-atures. Snovr dcpths for l!6! to l9l0 al-e

gíven in Figure 6ì. Aìthough no correlation was attempted between snow denth

and temperature, increased snow depth probably maintains the mi ld sphagnum

temperatures as the air temperatures reach their mÍnimum duríng January and

February. Dai ly records are given in Appendix A. In addition to preventing

extremes in temDer¿turcs, snow cover nlaintains a uni [orm temperature. During

the period of snor^r cover, the larvae experience only smaì ì deviations in mean

temperatures (f ig. 6Z). Durîng rvinrer collection (t970 to l97l) (Zg/Xlt/70

and 29/l/71) it was noted that the sphagnum was frozerr only to about 15"

below the surface and that frcc rvater could be found beìor.v this.



Studies of mosqui toes have been concentrated on those species of

medico-veterinary importance and conseguentìy, innocuous species such

as ly'. sn¿th¿¿ have received comparatively I ittle attention. Several

aspects of i ts b i onomi cs are presented here.

4.._ Egg

/' \(i) Descrintion

The chestnut-brown eqq of l/. smithii can be f ound \,vith in the new

leaves of the pitcher plant from about the end of June,/early July

through to the end of September. A detailed description of the egg is

given by Barr and Barr (1969). V/hen fîrst ìaid, the egg is translucent,

but soon darl<ens. The mean size is \44tZ3v in length by 162t6v in width.

As Price (lgSg) found, fertiìe eggs can be readi ly distinguished from

THE B l0N0M I CS 0F llyeomyia smithií, (cOQU ILLETT)

l-hrnfa r 7v|¡vlJ L9| ,

inferti le eggs. In the former, the embryonic features are distînguishable

after about 48 hours, and can be vîewed through the chorion. The eyes, e9g

burster, and some larval hairs of the developinc embryo can be seen (f ig. æ).

The anterior end of the larva is located at the larger end of the egg and

the dorsal surface of the larva lîes aìonq the convev,ed side. The head

occupies the antior one-third of the egg with the thorax and abdomen con-

tained in the renaining two-thi rds. The chorion, itseìf, exhibits fine

chronic detaîl when viewed microscopica'l ly using ref lected light. The

incubation period in the field and laboratory is 2 to ! days with the majority

of eggs hatching after 3 days.



Nervìy-opened ìeaves are Dreferred to the older (overwintered) leaves

as sites of oviposition. Table B shows a conparison between a random

sample of these two groups (¡uly 23, 1969) at the Pinawa Bog, and shows

the number ol' eggs and young larvae (first, second, and thi rd instar)

collected. 0verwintered larvae have molted to fourth instar, pupae' or

adults by this time, so first, second and third ínstar larvae found rvÎthin

the leaves must have been derived from eggs laid in the current year. The

preference ratio for yourg leaves is approximateìy 4:l (faUle B). This

ratio is season-dependent, for later in the season only the current yearrs

ìeaves are used.

Eggs are laîd in leaves which have been open less than 24 hours (t'ig. 6lr)

The leaves open graduaììy to form a pitcher, and deve'l op into a round-mouth

container in about 48 hours. 0nce the opening is large enough to permit

the entry of an adult female, eggs may be laid. \'Jhether or not eggs are

lald in "dry" pÎtchers as noted by Smîth (lgOZ), but refuted by others

(Barr and Barr, ì969; l,{al I is and Frempong-Boadu, 1967) is possibly a matter

of interpretation of the term "dry". l',lewìy opened pitchers v,rith eggs often

contained no more than one or two drops of fluid at the very base of the

pitcher cavity. In all likelihood, this was fluìd secreted by the pìant.

The eggs were not in the fluid at the time of sampl ing, as the fluid rvas in

the narrow base where females could not get to it' The eggs uiere commonìy

found higher up in tlre leaf cavity (zone 4) (nig. 65, 66) , where the

relative humidity is undoubtably high even if no free ivater is present'

The eggs would then be washed down into the lower portions of the leaf by

rain. In olcler ìeaves (those that have been open for severaì days and have

accumulated water) it ïs not possible to determine whÌch eggs were laid on

(ii) Síte of ovipositíon

oo



A comparîson of r¡u¡nbe¡-s of eggs end Tervae found in tu¡o rarrdom

sanrples of pîtcher leavesu (July 23, 1970), Pirrawau Manitoba.

A - leaves that overvJinteredu B - current yeêrts growth.

Leaf Size
(mt )

Table B

A

42

49

42

32

36

3l
4o

41

35

3B

43

52

3o

33

3B

3¡

45

33

Larvae Eggs Total

r4

9

7

2

:
l0

3

o()

l0

5

I

5

I

3

r4

3

l0

3

6

2

I

I

o/

Leaf S i ze
(ml )

t7

t5

9

4

4

3

l0

3

a

¡0

5

I

5

I

3

l4

3

l0

30

34

40

37

37

z4

30

3B

3o

25

2B

35

21

40

42

33

25

t9

t-a rvae Eggs Tota I

l6

6t

t:

6

lÌ
b

21

!I

29

33

55

7

2l

2

l3

)
77

r

l'lean per leaf

IB

74

22

77

6

r6

6

2l

r6

3l

39

74

7

17

33

3B

24
oo

E

¿.

6

l9

6. 9414. B9

17

l2

3B

24

44

29.28!23.36



the water and wlrich were laid on the walls of the pitcher (f¡g. 67)

(iii) Desîccation of esss

,l^*^^^ +^ +l- ^ ^Iuq,,,ayç LU u'o ¡-,,â[tt. Attempts to v;ash the eggs f ree of the leaves also

proved impractícable as the eggs became lodged in the dorvnward pointÎng

spines (see Fig. 66). This may have some survival value if the leaf is

accidentìy bumped or knocked over by a passing animal. As the fluid

ìevel in the leaves încreases, eggs are often held fi rmly in place, re-

maining submerged rather than rising to the surface. Should the pitcher

overflow, eggs would not be washed out. When the t^¡ater level drops, the

^-:-^^ ^'r r^" *"^ eggs to follow the descent of the f luid, rather than5ptile5 dl rrJW Lr¡Ë

becoming stranded and subject to possible desiccation. The spines or hai rs

do not hinder the movement of the eggs downward r^rithin the pitcher. Should

h-+-hin- ^-^". hefore tlre f luid level has risen to where the eggs are, the¡toLçttttrv vu9ur u

emerging larva move dorvnward rather than upward due to the downward direct-

ion of the spines. Because of the high humidity wîthin the plant, it is

unlikeìy that the eggs of l/. stnithíi are subject to any serious desiccation

in the field, unless stranded in the upper portion of the pîtchers. In the

laboratory, almost total mortal ity occurs in eggs which have been desîccated

for 24 hours.

Attempts to locate eggs În pîtchers in the field often resulted in

6B

The number of eggs per pitcher leaf
I ¡ ¿" .\ l- t ¡more (156 were taken from one leaf) (Tabìe

ìeaf at any part i cul ar date i s mi s 1 eadi ng,

through the season and l oca l i ty.
/\(v) Hatchabiìity

(iv¡ Egg population in leaves

By counting the number of larvae and viable eggs (those that hatched

varied from 0 to as many as 100 or

9)" The mean number of eggs per

as egg ìaying is not reguìar



Variation in nean numbers per leaf (caleulated as number

of eggs plus iarvae) in neur leaves on various dates ín

1969'1970 at Pinawao Kenora and Telford

Location Date

Tabïe 9

P í nawa

No. of
Leaves
Samp I ed

23/7/69 B

29/7f69 ¡4

5/8/69 to

\ 4/B/ 69 5

23/B/69 7

Overal I l'1ean

Egg s
+

La rvae

Áq

Mean No.
lndivlduals
per Leaf

rB0

257

167

o¿

227

3/7 /70 16

9/7 /7a 17

tB/7 l7CI t 9

23/7 /70 t 8

29/7 /70 2l

7/8/70 32

t3/B/70 38

20/8/70 33

27/8/70 37

0verall 14ean

22 "5t26 "B
lB.3t2'5.3

l6.7tl4.B
16"tlt9"74

32 "4tz9.7

20.Btzl "9

4. 4t5. 5

l8.ltl4.7
42.t12t.0
29.3!23.h
26.01t6.3

25.1!20.8

20 "3!t u "g
22 "9!20 "4
26"1!22.6

2t+.0'¿20.2

l4ean Leaf
S ize (ml)

l4.7ti0.l
21 .6'slCI "5
t7.or4.l
27.9tll"B

17 .g!5.6

39"0r16.0

33.8*l l.z
3l "6t6.9
27 .6t6 "1

35. Bll I .6
3 I .8t9.5

31 .2t12.6

32.3!12.8



Loca t io¡r

Kenora

Table 9 (continued)

Da te

No. of
Leaves
Samp I ed

t7/7/69
23/7 /69

3o/7 /69

13/8/ 69

22/B/69

29/B/ 69

Egg s
+

La rvae

0l,era I I Mean

5/7 /70

Tel ford 17 /7 /69

21 /7 /69

22/7 /69

29/7 /69
6/Bl 69

| 4/B/ 69

23/B/69

27 /B/69

9

9

il
7

12

1

Hean l.,lo.

lndivïduals
per Leaf

Êc

t03

490

120

316

325

13 "67tl 2" I I

I ì " 4439.5

44. 551¿'0 " 71

t7. r4tì7.10
26.33!t8"55

46 "4314CI.60

21 .21!27 "29

2 " lgt? "56

4.7ltl "74

6.5t7 .92

B"zzt'"54
19 "22!7 .95

10. 86r t0 " 61-r

5.g7tz"zS
l 7. BBt t3 "67

t3.0t10.94

| | "28!9 .73

14.67!13.17

15. l8tl0.68
25.30!30 "66

6 "5!7 "9

15. tgrtB.42

Mean Leaf
Size (ml)

70

l6

II
l0
q

q

a

6

7

35

79

o)

73

173

/o
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t43
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3a "27 !12 "37

27 .t+3t13 .06

27.83! 11.98
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1t /B/70 I 0
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Overal I Mean
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ì B. 00rB " 55

I I .71 12. i4
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t94

253

65

17 "56!7 "92

17.45t7 "BS
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in the laboratory after l0 days), an egg viabi lity of 87'¿ was recorded

throughout the summer at the Pinavra site. 0n some dates the hatchabi ì ity

vras lorv, only 60 to 652, while on other dates 96 to 98% of the eggs hatched.

The hatchability of eggs on various dates at Pina\^/a are shor.¡n in Table 'l0.

B. Larva

The larva of l4' smithii was described by Dyar (i90,l)' The larvae

found in the four study areas did not differ from the description by Dyar

(1901 ) or the description given in Carpenter and LaCasse (1955).

Smal I and translucent by comparison to other mosquito larvae, the

most stril<íng feature that separates l/. smithii larvae from those of other

snecieq - ic the nresence of on'l y +,.,^ -^.1 ^-^i I lae instead Of the uSual four.-..- lrl uJul¡vu vr v¡l | / L\¡/U dllo I llqu ¡ |

These are large and inflated, almost balloon-like, very transparent, and

hiohlv tracheate.d"|¡|y¡|¡/L|9v|

/. \(i) Respiration

Since young larvae rarely come to the surface as early instars, respira-

tion must be ìargely cutaneous. Most other species of mosquito larvae are

surface breathers " W. smithii larvae can remain submerged for many hours

or days. In the laboratory, thi rd instar larvae survived under a fi lm of

oi I for a períod of eight days without any significant mortaì íty. The

possible function of the large tracheated anal papi llae (gi lìs) is one of

respiration. Larvae can often be seen to I ie on their dorsaì side with

the mouth (labral) brushes in constant notion. This creates water currents

which pass dissolved oxygen over the anal papiì1ae. Holever, there ls at

present no evidence in the literature to supPort this.

Oxygen concentration of the medium may also dictate which method of

respi ration is used by the iarvae. Temperature, surface area, fungus and



Hatchabi I ïty of eEgs in a f ield populatïono Plnaura , 197t"

Ëggs recovered f rom the leaves on each sampl ing date u"rere

kept in dïsti lled vuater and the number of ìarvae necorded

after l0 davs.

Table ¡0

No" of
Sampl íng Larvae

Date Col lected Col lected

July 3

g

IB

23

AuE. I 3

20

Sept. l6,r

2ll

0e t. I

l{o " of eggs

53

212

274

772

555

r¡30

869

596

72

Hatched Eggs
After +

I 0 days La rrrae

7t

252

590

227

49

153

B2

39

¡0

Z Eggs fia te h i ng

54

t68

264

ì02

t5

47

2

2

(Eggs plus
larvae) in

piant leaves

70

305

802

I+97

Br¡

708

l2l 2

908

606

No adults seen after this date - first ice found in the pitchers.

N.B. This table does not take into account larval mortal ity. Although
mortal i ty probably occurs, no data is avai ìable. Percent hatch is
calculated on the assumotion of 0 mortal i tv.

78.6

72 "5

58. 3

7l¡ q

96. I
85.0

%"t+

95.9

98. 3



bacteria nray aìl play a role in establishing the oxygen tensíon. Higher

temperatures, and consequently ìoler dissolved oxygen levels, may be one

reason why fourth instar (¿uring June and Juìy) give up their bottom

activity and spend the nrajority of their time at the surface where direct

contact is made with the air. At high temperatures, early înstars also

spend more tìme at the surface. Larvae of al I instars wi ì I rise to the

surface and remain there tvhen the nledium becomes eutrophic.

/..\\r r/ reeolng

t-. -a^"rt "f f eeding are exhibited by the ìarvae of |tr. smil;hii:

filterifeeding and browsing. Fîlter-feeding is typical of many mosquÌto

larvae. These particles are sufficientìy smaì I enough to be ingested and

passed di rectly to the digestive tract without further mastication. Fi lter-

feeders are characterized by long thread-lilce, unserrated la[¡raì brushes,

large maxi 1 lae, and ureakly scelerotized mandibles (Goma , 1966; Pucat, \965).

Both tleddy" and 'rinterfacial" f ilter-feedîng is exhîbited in Ll. smithii

(Bates , 1949; Cìements, 1963). Eddy type fi lter-feeding is carried out

when the larvae are in the inverted position on the bottonl. Rapid move-

ments of the mouth brushes (fig. 6B) produce strong, eddy currents in front

of the larvae. The current is dî rected toward the mouth and the particles

are collected and cornbed out by the maxi llary brushes, then swal lovred,

Interfacîal feeding, lvlrich is done at the surface, is infrequent in ll"

smithii and has only been observed in laboratory cultures. There are no

eddy currents created during interfacial filter-feeding; tlre particìes of

food floating on the surface are drawn in straight lines from all directions,

being drawn first by the mouth brushes, then by the maxi I lary brushes.

Browsing învolves the mastication of soìid materiaì into srnalìer particles

which can be ingestecJ. Browsers have shorter rnouth-brushes (laUral) than

7?



filter-feeders, and the middle ones are at least serrated distally (Goma,

1966). Examination of the labral bruslres of the larvae of ll. smithii

show that not only do the larvae behaviorally exhibit both types of feed-

ing, but that the larvae are also structurai ly equipped for both types

of feeding. Fîgure 69 slrows that both serrated and unserrated thread-

lilce labral brushes are present" The mandibles are not hÎghly scelerotized

and indicate that much of the food or particles îngested do not requi re

further breakdown. There is no behavioral or structural indications of

predatory habits.
/. .. \(rrrJ Uret

The main diet ol ú/. smithii larvae appears to be the decomposed remains

of the trannecl i^-^^+- -^.t +h^ microbiotic fauna and fìora within the fluidur Lttç L I qPPEU rl15cL L> 2 dllu Lllç

of the leaves" Dissoìved nutrients may play a role in the nutrition of the

larvae. lt is possible that the anal papî 1 ìi play a role in the uptake and

bal.ance of inorganic as well as orgânic salts. The decomposing bodies of

the trap¡led insects supply suf f icient nutrients for the deveìopment of rvel l

nourished larvae and adu'lts. TÌ're addition of artificÎal diets to pitchers

in the field polìuted the fluid and produced hìgh mortality. 0verfeeding

of laboratory cuì tures aìso led to fouìing and the deveìopr,rent of f ungaì

grolth on both the uningested food and on the larvae.

The princîpìe storage organ for food reserves is the fat body; a parietal

sheet of cells applied to the epidermis throughout the abdomen and thorax

(Cìements, 1963) . L/ell fed larvae of Þ/. smi'Lhii contain ìarge amounts of

fat globules and are plump and quite translucent. Starved larvae êppear

thin and somerryhat trênsparent. Diapausing thi rd instar larvae appear to

contain considerably more fat reserve than non-diapausing larvae. There

is also an increase in fat boclv in late instar larvae (fourth), and much of

the fat is carried over to the aduìt stage. Most adults have an abundance

tu



of fat when they emerge, but this is rapidly depleted as ovarían develop-

ment P rog resses .

(iv) vo¡ility

commonly used v,rhen alarmed is a surirnming motion, comprised of a ìashing

motion of the r,vhole body, moving the larvae tail f irst through the medium.

This type of movement is uti I ized in both horizontal and vertical dispìace-

ment. A second type is aìso common and is known as gliding. ln þ/. smil;hii

this method is commonìy empìoyed by undisturbed ìarvae and is often êssoc-

iated with feeding. The larvae propeì themselves head first, in a horizontal

pìane, by the movement of the mouth brushes only. A third method exhibited

is not observed in other species. This is a curl íng method in whÌch the

larvae tr,;ist their head and tail together in a rîng-like fashion. ThÎs

method is of ten used to allow the ìarvae to sinl<. to the bottom rapidly. 0n

rare occasions, ìarvae can be observed to take hoìd of smal I air bubbles

in this rîng-like manner and rise to the surface (se. a'lso Smith, 1904).

The larvae of tl. smi.tlúi are most act ive during the Fi rst three Înstars ,

and most of this period is spent belorv the surface of the fluid. During

the fourth înstar, particularly as late fourth, the larvae spend nluch time

at the surface and the most commonly observed movement is sivimming.

\{hereas low temperature (.15'C) inhibit growth, such conditions do not

appear to restrict movement. 0verwintering larvae, when thar,ved f rom the

ice cores, can be see.n to move even before all the ice has melted. Diapaus-

ing thi rd instar larvae exhibit more activity at 5" to l0'C than do non-

diapausing thi rd instars, or second or fourth instar larvae.

tl. sm.ithii larvae are capable of three types of movement. Most

75

W. smithii larvae are negatively phototactîc, orientating to the darker

areas of the rearing Dans or to the recesses of the pitcher leaves. Larvae



at the surface, lvhen disturbed, retreat rapidìy to the darker portions of

the conta i ne r .

l^/" smithii, like all other mosquitoes, goes through four larvaì moìts,

or ecdyses. The thorax and abdomen, lvhich are covered in a thin extensible

cuticle, grow continuousìy throughout the larval period, but the head cap-

sule and respiratory siphon, which are heavi 1y scelerotized, do not. Both

the siphon and head capsule çlrow immediately after ecdyses until the cuticle

hardens. Measurements of head capsuìe grow immediately after ecdyses unti I

the cuticle hardens. Measurements of head capsule widths in mosquitoes are

used as a means of determining the instar of the larvae. These measurements

for each instar fall within a small range and these do not overlap. ln W,

smit|ií, the head capsule measurements of fieìd-col lected larvae are as

fol lows:

(u) DÌfferentiation of instars

/o

This is based on a sample size of n=ì204 collected at various times during

1969 at the Kenora site, Because of the distinct difference of head cao-

sule sizes, the various instars were easi ly separable and identifiable.

(vi) Overwinterinq

Instar I

lnstar ll

lnstar | | I

lnstar lV

I'1. smil;hii exhibîts a true larval diapause,

instar ìarva, encased in the ice cores of the pi

are removed from the pitcher, the larvae can be

in the ìower portion of the core, above the main

debris (rig. 70) as noted by Smith (1902).

.237t.020 mm.

.355t.028 mm.

.615t.042 mm.

.857t. loo nm.

overwi nter i ng as a th i rd

tchers. llhen the cores

seen in a cur'l ed position

body of the collected
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0f l49l larvae col lected on three different occasions during the v¡inter

of 1970-1971, all rrrere third instar except for ten dead fourth and one dead

second instar. That overwintering tal<es pìace in the third instar \^/as

f urther substantiated by col'lectîons tal<en in late fall and earìy spring

at all sites.

Larval mortal ity is possibly highest during the winter (about 50"¿ at

the Pinawa, Telford, and Kenora sites; 65 to 75% at The pas)' The mean

number of ìarvae per leaf taken in the spring and fal I of 1969 and 1970 at

the various sites, is gîven in Table ll. The percent survival of larvae

collected on three occasions at Pinawa during the winter of 1970-1971 and

on two occasions at Prêhora during the winter of l968-1969, are given in

Table 12. Spring collections, if taken late enough wi ll show much higher

survivaì rates as the digestive action of the fluid rapidìy dissolves

those larvae ki lled during the winter. From the results, it would appear

that during the winter the mortal îty is uniform and continuous. The super-

cooìîng temperatures and survival of the larvae at various sub-zero temp-

eratures are discussed in Chapter 6.

(vï ¡) Seasonal abundance in the field

Folìorving the spring thav,i, development of the larvae proceeds to fourth

instar as soon as the temperature will allow. During April and earìy May,

the larvae are subjected to shorter and shorter recurrent periods of freez-

îng. By the end of May, mean temperatures are sufficiently high (above l5'C)

to allow development to proceed uninterrupted (see Chapter 6, Fig. 60). By

the end of May and throughout the month of June, most have rnolted to fourth

înstar. Toward the end of June and early July, the majority have molted to

rhe nrrnal ståoe and some to adults. At thîs same time eggs and first instar

larvae begin to appear în the new leaves rvhich are emerging and opening. The



Mean numbe¡' of larvae per leaf collected in the spring

and fai I of 1969 and 1970 at the varíous sites

Table I I

Yea r Loca t i on

| 969

P i nawa

Kenora

Te I ford

The Pas

/o

Spr I ng

I 970

8. 40

I 7.00

4.75

| "25

P i nawa

Kenora

Te I ford

The Pas

Fal I

r 6.04

28 "35

r0"59

8.7ì

B. 86

t5 "7

2.2t4

r9. 84

B.l6
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Table l2

Z survlval of larvae col lected at two locations durinq the r"¡inter

Da te

% Survival

P i n ar,va

1970-7 |

Kenora:!
r 968-69

Oet. I

Nov. I 0

Dec.29

Jan" 29

Feb. I 5

100

69.0

5&. B

100

82.4

52 "0

* Smi th and Bnr.lst " l97l



occurrence of the adult stage appears to coincide with the opening of the

new leaves. First instar larvae are prevalent throughout July and into

August, whereas second instars predominate to the end of Juiy and ¡nto

August. From the beginning of August, thîrd instars predominate. Some

will molt to fourths, but the percentage is smalì (see Tabìe l3). The

popuìation remains at this stage unti I the fol ìowing spring (fig. 87 to 90)

The duration of each stage is shown dîagramaticaìly in Figure 9ì. These

figures are based on actual collections taken in 1969 and 1970 and are

summarized in Appendix B.

(viii) Number of ç¡enerations per year

ìeaves în late July and August suggests the possibi I îty of two generations

per year. Since the preferred ovipositîon site of adults is neur leaves,

any fourth instar, pupae, or adults found there could have arisen only from

eggs laid that same year. These tlren represent individuals which may have

L^+^L^,1 ^^-1., i^rroLu.su çq¡ ry ,,' the season and developed to third instar (or beyond the

stage that is receptive to diapause-inducing photoperiod) prior to the

onset of limiting environnental conditions (see Chapter !). lt is also

possible that these represent a smaìl percentage of larvae which develop

regardìess of restrictive photoperiod (this occurred in laboratory rearings)

The majority of larvae (glZ) develop to the third instar but no further

unti I the fol lowing spring" Table lJ gives the percentages of the various

Iife stages collected from new leaves on various dates at Pinawa during

1970, From this table, the changes in the popuìation over the season are

evîdent and the accumulation of the third instar shows up weì1. lt can be

seen that only a small percentage (about 32, August 7th collection) of the

population progresses beyond the thi rd instar. These indivíduals could

The presence of fourth instar larvae, pupae, and adults from new

BO



'4 oî various 'life stages În nel leaves * Pinawa 197A

Da te

3/7 /70

9 /7 /70

I B/7 /70

23/7 /70

29/7 /7a

7 lB/lo

| 3/B/7a

20/B/70

27 lB/70

3 /9/7t

10/9/70

16/9/70

24/9/70

| / t0/70

B / t0/70

| 2/ t2/70

Table I 3

Esg

t00

B2 "6

73.6

45.7

t3.3

t7 "3

6"a

2t "6

7"4

sr¡

3.3

6.8

4"3

1.7

2.7

Larva stages

23

17.4

26"1 0.4

37.6 21 .5 \.2

12.4 62"5 l3"l o.B

23"6 45.1 10.7 l"l
¡ 0.9 34. 4 40. B

r0. 2 44.3 27 .a 0 "3

4"3 32"5 55.4 0. I

t4 "3 15.7 70.5

2.5 ll.0 82.8 0.3

t.3 t0.6 Bl.4

o.B 9.9 84.9 o.l

- 7.t4 BB.o

0.1 7"9 B9.t

100

4

BI

Fupa

0.8

2.0

0.7

0. 'l

0.1

Adu I t't

0"2

0.5

1.0

0.1

70

305

802

t+gl

526

802

Bl I

708

967

775

866

l212

908

606

932

236

Pupal exuvia classed as adults.
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contribute a second generation during sonle years. However, the main population

found in the leaves at this latitude is univoltine.

(îx) Growth

Larval grorvth, in general, is dependent on the envÎronmental temperature'

inherent genetic characterÌstics, and the quantity of quality of food. The

abundance and varÎety of fauna trapped by 5. puTpuI'ea should suppìy ample

food for the larvae of lÌ. smithii. No quantitative vrork was carried out,

but the decomposing bodies of the insects caught within the leaves should

supply sufficient proteins, fats, carbohydrates, and organic and inorganic

compounds for larval nutrition.

Growth rates of larvae increase directly with increases in temperature,

and in the f ield the water temDerature in the pìant rnust reach l5'C before

larval growth wîìì occur. Because of the small habitat, the larval environ-

ment is influenced largely by air temperature. Temperature fluctuations

in the plant (in sLrmmer) correspond to those of the air (see Chapter 6,

'FiS" 60, and Appendîx B). ln the winter, temperature fluctuations in the

pìant are small and do not follow those of the air. The threshold tentpera-

ture for development (15"C) is exceeded only during the daytime hours in

the earìy spring and growth to fourth instar proceeds slor,rly. Growth is

more rapid during the summer months (June to August) when water temperature

in the plant can be Jl.l'C for a f i're day mean rvith daily highs of 32.2 to

35.0"C occurri ng occas ional ly. Maximum-Mi nimum Sel f-Reg i sterï ng Thermometers'k

left in the fieldilurinq the summer of 1969 at The Pas and Kenora sites revealed

nraximum temoerature one to tvro inches below the snhagnum of 44.4"C and 51,7"C

respectiveìy. From this, it rvould appear that I/. smitlzii are tolerant of

)( . ^ /nr ..\ | ¡ ôhin ll q. 
^Tayìor Instrument Co. (0hio) In'., v,"v'



high temperatures. Laboratory rearings r^/ere carried out at 20o, 25", 27",

and 30'C wi thout any apparent increase in mortal i ty.

\lhiìe temperature appears to be a limiting factor of larval deveìopment

in the spring, photoperiod is the I imiting factor of larvaì growth in

late surnmer. Field-collected larvae taken from the field at the beginning

of August (August /, 197O), when kept under natural photoperiods, few (<52)

would progress beyond the thîrd instar, even though the temperature was

suitable for grorvth (Z4t3"C). These thi rd instar larvae were in diapause

and r¡rould not progress beyond this stage untiì the photoperiod was increased

above l4 l/2 hours, These larvae were kept in the laboratory (23" to 26"C)

under natural photoperiods from the time of collection (August 7th) unti I

the end of January, 1971. The larvae remained active, but fed little. From

about the beginning of December onward, mortality increased sharpìy. The

cause is unl<nown. The experiment was terminated at the end of January, and

none of the larvae had progressed to the fourth instar. 0ther field-col lected

la rvae were he ld at th î rd i ns ta r at l2L: l2D arrd 20'C f or a per iod of severa I

months, with few progressing to fourth instar. Again there was a sharp risç

i n morta I i ty after th ree months.

Using five-day mean sphagnum temperatures for 1969-1970 and a threshold

temperature of 15"C, the growth period aìlor¡rable temperature is about three

months (end of May to the end of August/early September). lf photoperiod is

also considered (on the basis of a critical photoperiod range of l4 l/2 to

ì6 hours), the gror"¡th period is reduced to about two months (end of l'1ay to

the beginning of August). \{ith a normal generation time of about I l/2 months

in laboratory cul tures, it is lil<ely that I./. smit\ñí can only produce one

qeneration a season at this latitude.

B3



Assessing the rate of development in the field is, of course, difficuìt

but on the basis of the f ield co'l ìection, it is apparent that there is only

one generatíon per year. Development does not proceed at a uniform rate

even under constant condi ti ons of temperature and photoperi od. I n the

ìaboratory, at llL:70 and 2!oC, larval development time varied from 20 to

32 days for 50% to reach the pupaì stage. Mean time spent in each instar

at the above temperature and photoperiod was as follows:

(*) Duration of i nstars

As in other species, the majority of the time spent in the fourth instar

stage (¡4.;%) witn 18.52,22.2%, and 25.9% of the time spent in the first,

second, and third instars respectively. Under dîapause conditions (l2L:l2D

and 20'C) the thi rd instar period is extended by several months. Duration

of diapausing third instar in the field is from about the end of August

to the end of May of the folìowing year, a total of 9 l/2 months.

C. P_upa

VIhen the time of pupation draÌ,vs near, the larvae remain suspended at

the surface, and cease al I unnecessary movement. They become noticeabìy

pìump and increasingly turgid. At the onset of pupation, the larva assunres

a horizontal position at the surface. The larval skin ruptures along the

mid-dorsal I ine oJ' the thorax and the pupa wriggles free" The entire process

takes no longer than ten minutes. No diurnaì cycle of pupaì emergence has

been observed.

I nstar I

Instar I I

lnstar I I I

Insta r lV

B4

5Ll days

A-l-l d:r¡c*- I -

l:-t udy5

Ql-? rl:rrc

The newly emerged pupa is translucent on emergence and gradúally



darkens with age. Prior to the emergence of the adult, many of the adult

characteristics are visible through the oupaì skîn.

Unl ike the pupae of most insects, the pupae of mosqui toes are highìy

moti le, using a pai r of ìarge paddìes at the end of the abdomen for

swimming. W. smithii flexes the abdomen rapidìy when disturbed and this

results in a tumbling action, spirall'ing the pupae downwards. VJhen the

movement stops, the pupae rise to the surface. I f undisturbed, the puppe

will remain motTonless, usuaìly against the side of the pTtcher ìeaf, or

pupal container in the case of laboratory cultures. lt is I ikeìy that

little movement of the pupae occurs in the field, unless disturbed by

rain drops or the passing of an anîmal.

The time spent in the pupal stage is an inverse function of temperature

(Clement, 1963; Bates, 1949). At IBL:6n and 2J"C, the mean pupal period is
/ 

'a6¿l days and agrees vrith that found by Price (lg¡B). In the fieìd, the

pupaì period is much more variable, lasting anywhere from 3 to 20 days (see

also Judd, 1959). Pupae are most prevalent in the field from mid-June to

the end of Juìy, but may be found as ìate as earìy September (fiS. 87 to g1).

Prior to the emergence of the adult, the abdomen of the pupa straightens

and becomes horizontal rvith the water surface. At this time there is l ittle

or no movement, even when disturbed.

D. Adult

(i) Emergence

xtr

0nce the pupal skin has

distends the stomach, forcing

The srvalìowed air disappears

emergence takes about ! to 15

the side of the pïtcher leaf.

split, the adult sr,vallows air, which sìowly

the adult up and out of the pupaì exuvia.

from the stomach withîn 24 hours. Adult

nlinutes and in the field usual ly occurs at

The emerging adult is abìe to move up onto



the side of the Ieaf , just above the water I ine. [.lere it remains for a

variable period of time, probabìy unti I the wings can be extended to their

full size. \../ithin an hour, the adults are capable of flight and usuaìly

move to another ìocation, either within the same leaf, another leaf, or

the surrounding vegetation. Emergence can also occur in "open'r water.

In this case, the emerging aduìt may remain on the water surface until

ready for fl ight or move across the surface to the side of the contaîner

and then up onto the sÌde above the water line.
/..\(ii) Occurrence in the field

Adults can be found in the field from about the end of June, early

Juìy, through to about mid-September, being most prevalent during July and

^,,^,,^+ ^1,,1+^nueurL. nuu,Lr are most active durîng the daylight hours, from about l0:00

to ll:00am, with activity peal<ing in the early afternoon, tlren decreasing

unti I about 6:00 to 7:00pm. Collection times between sunrise and l0:00am,

and /:00pm and sunset resulted in no adults being observed or captured.

Light traps set out overnight în the bog area contained no adult t/. smithit

a ì though other spec i es were t rapped .

/...\(i i i) Adult fl îght behavior

B6

Because of their non-biting habits and reluctance to fìy unless dis-

turbed, adults are not readily observed or captured in the field. A good

portion of the adultrs time is spent resting within the mouth of the

pitcher pìants (fig. 71), usually in zones I and 2, or in the surrounding

vegetation (fig. 72). In fl ight, adults confine their movements to short,

hovering fì ights from one pitcher to the other or into and out of the

vegetation. Adults were never observed to fly above the shrubbery and nrost

excursions were carried out rvithin the undergrowth, rather than the cìear

areas. This nrade caputre difficuìt, and their movenrents were almost



impossibìe to trace except over short dístances.

Adults can also be observed to I'hover" over the mouth of the pitcher

for short periods, sometimes descendi ng do¡n i nto the pi tcher cavi ty,

itself, disappearing from view, then returning to the opening (fig. 73).

They often continue this hovering behavior, moving from pitcher to pitcher,

then disappearing back into the undergrowth (fiS. 74). Some will move in

and out of several pitchers, finalìy comÌng to rest wîthin the mouth of

one of them. 0n several occasions, several adults could be seen hovering

in and out of the same pitcher. Thís flight oattern can be dupìicated in

the laboratory, using artificial pitchers made of glass vials wrapped lvith

black tape, and filled with distiiled water (fig. 75).

Because the sexes of this species are indistinguishable wi thout close

examination- ìt was diff¡cult to tell whether males or females or both

exhibit this behavior. Capture was carried out nith the use of an aspirator

and kept separate on the basis of those captured in fì ight (including hoveríng)

and those caDtured resting in the mouth of pitchers (or nearby shrubbery).

In the laboratory, collections were sexed, females dissected and the number

of folìicle (or egSS), stage of ovarian development, and presence of sperm

in the spermatheca noted.

The results of the collections (259 adults) showed that the sex ratio

of those captured in f I ight was 72,3"/" maìes to 27.7% f emales. 0f those

captured, 80.57, were taken while in flight, with 19.52 taken while rest-

ing. 0n the other hand, \7.7% of the females captured were taken in flight,

whi le 53.37" were caught whi ìe resting in pitchers. Col lections were conducted

on several occasions, to reduce any bias in sex ratio due to different

ö/

emergence time or location.

0f those taken restîng in the pitchers, females predominated, although



there was little difference in the number of fenlales taken in fl ight over

those taken resting. The high ratio of males to females tal<en in f lÎght

suggests that males are more active than females, yet both appear to exhibit

simi lar behavior. The differences în sex ratios and the fl ight behavior

can Dossiblv be linked to three different functions: swarming and/or matîng,

ovi pos i t i on, and food seeki ng.

(la) Sruarming: The capture of high numbers of males over pitchers

raised the question as to the possibi I ity of swarm behavior in this species"

Accordîng to Nielsen and Haeger (1960), "'swarming' is the habit in male

mosquitoes (and other insects) of exhibiting steriotyped flight character-

ized by performance: (l) within nârrow spatial limits; (2) at a certain

hour of the day-night cycle (the díeì), usuaìly at dusk but also at the dav;n

in many species; (3) every day of the life span of the aduìt maìe beyond the

f irst or the first few days; and (4) at certain pìaces used by nlales of

the same species generation after generation. rswarmr is the manifestation

of the habît; usually a number of maìes slarm together but a swarm may

consist of very few or even a singìe indÎvidual."

Appl ication of this def inition to the hovering behavior of F/. smithii,

coupled with the high ratio of males, perhaps favours the possibility of

s\^/arming behavior. (l) The hovering f lights are carried out I'wÎthin narrow

spatiaì I inrits", that is, in and above the pitcher mouths (or vials in the

case of laboratory cuìtures). The open mouth of the pitcher may act as a

swarm marker (see Downes, 1969; Nielsen and Haeger, ì960) . (Z) Hovering

fìights by adults do not appear to be restricted to a particular period of

the day, although the frequency of occurrence appears to be greatìy increased

în the early afternoon, when both light intensity and temperature are greatest.

(3) A'lthough it is not known vrhether or not adults exhibit this behavior every

BB
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day of their adult lífe, it has been observed on every collection date. (4)

The behavior is exhibited only over the open pitcher ìeaves. The flight

behavior has been produced by both singìe adults and by several adults

together. The occurrence of femajes taken în flight over pitchers can be

expìaÌned by the I'act that femaìes as vrell as males may be attracted to

swa rm' ma rke rs ( Downes , 1 958) "

(lb) t¡ating-: Mating may or may not be considered a part of swarming

behavÌor, although mating can occur in swarms. "Copulation in mosquitoes",

reports Bates (lgt+g), "seem almost invariably to be associated with the

'swarmîng' of the males". ln W. smithii, males have been observed to carry

out this hovering fl ight above and near females resting within the pitchers.

The presence of a female, however, did not appear to be necessary for this

exoression of behavior. ln several cases, males attempted to copulate with

the fenlale unsuccessful ly. 0n other occasîons copulation was achieved.

Females have been observed to copulate with more than one male and

on one occasion a singìe femaìe copulated four times within the space of

half an hour. More than one maìe may attempt copulation with a singìe

female at the same time and up to three have been observed" Copulation

has onìy been observed in resting îndividuals in this species; and in the

f ield, only within the mouth of the pitcher ìeaves. Usually it tal<es place

wi th femal es rest i ng i n ol der (mature and/or overwi ntered) I eaves. Mat Ì ng

was observed most frequently at the height of adult activity.

Prior to copulation, the femaie can be found resting either in zone 1

^e 1 L^ -l ,,^uf L, 'Edu up o,'d body projected outward at an angìe (about 30') from the

plane of the surface on which she rests. The maìe approaches from behind,

hovering above and around the female for a variable period of time before

attempting to copuìate. The hovering is so cìose that contact with the female
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may be made, aithough it is not knolvn if thís is part of the mating sequence.

The male then grasps the female f rom behind, rotates until suspended belor^l

the female. At the same time, the genitalÌa are brought into position and

contact is made with the genitalia of the femaìe. The pair may remain in

copulation for l5 to 30 seconds, after whìch the male releases and flys off'

The female usuallv retains her position within the leaf and may be subsequent'ly

mated again. However, if disturbed, the female may fly off either to a

nearby ìeaf or into the undergroldth.

0f a total of 106 females captured, 95% had sperm in one or more of the

three sperrnathecae, regardless of whether they tvere caught in f light, hovering,

or at rest.

(2) 0viposition: Another possible function of the hovering fìight ín

female is the selection of oviposition sites, t4. sm¿th¿¿ are known to

prefer new leaves and these hovering f lights have also been ol''served in and

over new leaves. In leaves in whîch the fluid leveì was high enough to

force f emales to lay their eggs on the water surface, ovipos ition belravior

could be observed. 0vipositing females usually deposited their eggs on the

fluid surface whi le holding onto the side of the leaf, with only the meta-

thoracic legs and possibly the tip of the abdomen touching the surface of

the fluid. In the laboratory, females will oviposit while resting on the

water surface or on the side of the container. Eggs are laid singìy, and

often a serîes of eggs are laid in one place. 0viposition appears to occur

both during the day and night in the ìaboratory. In the field, ê preference

was shown for the earìy afternoon.

ln 1969, several artificial pitchers (glass vîaìs, see Chapter l) rvere

placed in the field in an attempt to see if W" smithií would oviposit in

them. Periodic checks of these vials showed that adults frequent them
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(fig. 76), but they did not oviposit in them. 0ut of l6 vials in the fieìd,

only one ìarva was found.

0viposition in laboratory cultures began 51,l days after emergence and

continued as long as females were present in the colony. Duration of egg

ìaying in any individual femaìe was quite variable although most females

laid their eggs within three days after the eggs matured.

(3) Food seeking: Carbohydrates extend adult I ife but are not necessary

for the maturation of eggs (Price, 1959; Smith and Brust, 1971). At l8L:6D

and 2J"C, adult males lived an average of 2.1!0.6 days when denied sugar

solution, whereas those fed freeìy on sugar solution lived 12,5!4.! days.

Adult females iived longer than maìes, survîving 8.4É0./ days when denîed

sugar solution and 24.9t2.1 days when fed. Severaì carbohydrate sources

have been used in the maintaining of adults of l/" sntítldí, including sugar

solution, honey, raisins, and apples.

In the field, the adults can be observed to actively probe about the

nectar-secreti ng region (zone 1 and 2) of the pitcher leaf. This is

partîcularly true in new ìeaves, în which secretory action is high. The

hovering action exhibîted by adults may also be related to searching for

a nectar source.

Un I i ke other autogenous mosqu itoes , i;/. smithii is p recoc ious and emerges

with the follicles already developed to stage | | la (after Clements, 1963,

¡ -^\page 173). Follicular development begins during the life of the pupa.

Development is completed in about three to four days at 23"C. The time

required to reach the various ovarian stages is given in Tabìe ì4, and sholvn

in Figures 7B to 83. Excellent reviews of follicular deveìopment are given

by Clements (lg6:) and Detinova (1962).

( i u¡ 0var i an devel onment



Development of the fol I i cles generaì ìy progresses uni formly but i n

some cases there is evidence of follicìe reabsorption (rig. 84, 85).

The abundant fat body in adult females at the time of emergence is

rapidly depleted as fol I icìe development proceeds to maturi ty. By the

time the fol I icles reach stage V, most of the fat body has been used.

t'/. smi,thii shows some deveìopment of the penuìtimate (secondary)

follicle. By the tinre the primary follicles have reached stage V, the

penultimate follicles are at stage lla to llb. In a'tew cases, the

developnìent may reach stage llla (fa¡le 14 and Fig. 85). The hormonal

baìance for a second gonotrophic cycìe appears to be present, even though

most of the fat body is utilized ïn the development of the first cycle.

In the limited number of observations made, there does not appear to be

suffîcient reserves for the development of the second cycìe. A1so, in

the laboratory, and perhaps in the field, most adult Females die after

fi rst cycle oviposition, and this may be the i imiting factor.

In f ieìd-caught adults, al I stages of ovarian development \^/ere repres-

ented. There aDpeared to be onìy slîght differences in the deveìopment of

adults caught in fl ight and those taken resting in pitchers. The percent

of follicular development for each of the two groups as vrelI as the com-

bined developmental stages is given in Table 15. Those caught in flight

appear to be s ìightly advanced írr follicular deveìopment.

/\\v/ t-ecuno I ty

o)

per female was 35.0tì!.2 eggs. No significant difference t^ras noted between

resring female (31 .gt23.0, n=56) and femaìes caught in f ìight (lS.Ztl5.B, n=48)

ln a sample of 60 field-caught females, the mean potential fecundity

"C"ì.ulated on the basis of those with stage l l lb development.
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Table I 4

Ovarian development în tlgeornyía srnithii reared at IBL:60/zj'c

l,laximum TÍme Developrnental Stage,k
(¡n rrrs.) prinary Seeondaryt Flean No. ofAfter Emergence n Fol I icìe Fol I icle prinany Foi I îcles

6 2B I I la ra-tb 6t.9 ¡9.6

t2 t6 il ta- f t 0b tb 64.6 22.1

24 26 t ilb tb- il a 3S.S t9"0

4B 32 tVa ila 43,2 Z3.z

72 30 lVb I ta- | Íb 27 .B tS,O

96 3z V ila-ilb 35,926.2
(llra)z

120 l0 V ila-ilb -

142 l0 V ila-ilb -

* After Clemenrs (¡963) pp. 173"

l Penultinrate follfele.
2 One showed Znd fol I icle development beyond stage I lb"



Comparison of
staEes between

% development in the varîous folTicle
females taken resting and those caught

in fl ight, Pinawa 1970

Table l5

Condi tion

Resting

In f light

Comb i ned't

94

l!la

66

46

t45

Developmental Stage

| | la-! | lb lVa"lVb

r0.6

4.3

6"9

lncludes some females where the adult condition v,,as not recorded.

36"4

t 9.6

26.9

2t4.2

143.5

31,7

No Eggs

12. 'l

2¡.8

20.7

16.7

10.9

t3.B



ln a sample of 92 laboratory-reared femaìes, the mean count was 45.\tZ\.Lt

per female. This agreed wel ì rvith the fecundity of 51.5, n=42 reported by

Price (lgSA). The range of eggs found was similar and varied f rom as lor,v

as one to as hÎgh as !8, indicating that high egg productîon is possible

tn w" smLxhLl,

The ratio of males to females in field popuìations at the

sites appeared to be equa1. Larvae col lected in the field as

were reared through to pupae and thei r sex noted. The ratios

give in Table 16.

-E. fopu I at i on Changes

(vi) Sex ratios

v/eekly sômpling of w. snithií populations at pina\^/a, Telford, and

Kenora sites during 1969 and at pinawa during 1970 show that repeated

changes in the population occur at given periods of the year. The occur-

rence (expressed as frequency percent) of the various I ife stages in these

study areas is slrorvn in Figures B7 to 90. \{hen f irst sampled în the early

part of the season, only third instar larvae (overwintered) can be found.

By the end of May, early June, many of the overv¡intered thirds have molted

to fourth instar; a fet^t may have even reached the pupal stage. From mid-

June to mid-Juìy most have progressed to the pupaì stage and to adults. Eggs

begin to show up in the new leaves toward the end of June, foììowed closeìy

by first înstar larvae. First instar larvae are common throughout July,

v;hi'l e second Înstar predominate during August. From ear'l y August, the occur-

rence of thÌ rd instar increases unti l, by the mÌddle or end of September,

onìy thirds can be found. These over\.^/inter until the followîng l'1ay.

(i) rt.nnual life staqe chanqes

95

various study

third instar

Tìê raêrìt å rê



seN ratios of field-col lected larvae (3r¿ instar)

reared to pupae êt IBL:6t/27'c

Location Date n ?, l'lales % Females % Survival

Table l6

Pinawa l4ay 1l/7A ll0 51.9 48.l

May I l/70 54 "7 45 .3

Sept . 5/70 200 52 "6 t+7 "4

Keno¡-e naV 3/70 105 50.0 50.0 9l .4

tlav 3/7A - 54.9 tts 
"1

The Pas l'1ey l3l7o Ì07 52"8 47.2 67 "3

May 13/7CI - 55.6 44.4

Te I ford Aus . 29/7a 2oo 56" I 43 "9

vô

u:.'

98.0

77 .s



The functionaì gro\,vth period of l,z. smithii is relativeìy short, probably

no longer than about t\,vo months, being regulated both by temperature and

photoperiod' The ìongest lîfe stage in tl, smithii uncler f ietd conditions

at this latitude is the thi rd instar, ìasting approxinrateìy ! l/2 months

(fig. 9l). Much of this period is spent encased in the ice cores of the

pitcher leaves (s 1/2 to 6 months, that is, tlre end of October to the end

of April). During the other 3 1/2 to 4 months, the larvae is free and active,

but little or no growth is exhibited (part of May, alì of August, September,

and 0ctober). ln any given year, two generations êre represented; the over-

wintered generation (previous year,s eggs) occurs from spring through to

Juìy in the overv;intered leaves, whî le the current generation can be found

in neur ìeaves from July onward.

(¡i) Duration of life staqes

0nce environmental conditions are suitable, oven{intering third ínstar

larvae molt to fourth instar. Fourth instar larvae can be found in over-

winterecl leaves from about the beginning of June through to the end of July.

Their occurrence in nevr leaves is rare, although a few may be found up to

mid-Seprember (Tab1e l3).

Pupae are present for a short time only. They can be found in both

overwintered and nel leaves (although infrequent in the latter) from about

mid-June throughi to mid-Septemberr â periocJ of about four months. The period

of highest frequency (mode) is the month of July.

Adults occur in the field from about the end of June to the middle of

September, a períod of 3 1/2 months. Theî r appearance coíncides wi th the

opening of new leaves of ,S. plnpur"ea..

Eggs can be found as long as adults

both overwintered and nel leaves, but new

are present. They can be found in

leaves are preferred oviposition sites.



During the period of study, an unanswered question uras whether there

was any relationship bett{een the number of larvae and the size of the leaf.

\,,/hile larvaì populations within leaves may be variable on the basis of

ìeaf size, variation can also be expected to occur with the time of year

in which the sample is taken. During the growth period of Fl, snñthii, it

is d¡fficult to get a reasonable estimate of the possible numbers per ìeaf

as the population is constantly changing. InCividuals are constantly

ìeaving the overwintered ieaves as adults, and beîng added to the new leaves

as eggs. Thus, if samples are taken when the population is static (late

spring or early faìl) a more accurate estirnate can be made. Two samples

were taken from the Pinawa bog during the spring (lO¿l leaves) and fail
(206 leaves) of 1970, The results of these samples indicate that a signifi-
cant I inear relationship exists between the size of the leaf and the number

of larvae contaíned vrithin the leaves. The relationship is expressed

graphically Ìn Figure !2. The sample raken in the fajl of l97O is perhaps

more rePresentatÌve of the relationship as very I ittìe mortal ity had occurred"

ln thp cnrinn câmple, winter mortal ity (5OZ) must also be considered.-"'t '"

1t]'u) Popu ìat ion change f rom old leaves to ner^r leaves

/...\(¡ii) Population size in leaves

qR

During June and Juìy, two generations exist simultaneously. This îs

the time of popuìation transfer in r'¡hich the old habitat (overwintered leaves

whìch wi ll decay by the end of July) is left behind and the new habitat

(current yearrs leaves) ¡s successful ìy inhabited. The total number found in

ol d leaves in spr ing is cons iderab ìy lower than those of the ner^., leaves in f a I I .

This is a result of mortaì ity resuìting from the sub-zero temperatures exper-

ìenced during the winter. Changes in populations at the Pinawa, Teìford, and

l(enora sites for 1969 and at Pinawa during 1970 are shovrn in Figure 93. Similar

trends are shown at aì I locations, with the population ìarger in the fal ì.



The literature reìating to ll. smithii vtas reviewed and found to be

limited in relation to the bionomics of this species. lt was

concluded that this wês because ly'. smithii is a snecies of relativeìy

I i tt le economi c importance.

Chapter B

SUMMARY

¿. The pertinent I i terature relating to insectivorous plants and in

particular, the Sarracenians and thei r insect associates was reviewed

and the general aspects of these pìants presented. A tabular list

of the various species of Sarracenia and thei r insect associates has

also been given.

The life cycle of the Pitcher Plant, ,9. purpurlea was presented" Leaves,

which form the sole habitat of ø. smithí.i, begin to grow in the late

summer, becon'ìe dormant through the winter, and emerge the foìlowing

spring. The leaves mature by the end of June/early July and persist

untiì the follorving summer. Like the leaves, the fìolers begin growth

in late summer, become dormant through the winter, emerge the foìlolving

spring and mature by the end of June/early Juìy. Fluid retention within

the leaves forms the habitat for h/. smithii.

The fìora of four typicaì habitats of .9. purpurea were exômined and found

to be similar. The Pinawa Bog r^ras looked at in greater detail. A check

list ol'the species present and their spatial distribution has been

nresented- A no5Sible relatiOnShio hetrveen frec dens,itv mnict,'-^ -^rl"/¡uru¡rLUv¡ ^ PvJ)tutç tgtdLlult>"ry ueLtvuutt LruÇ uÇtt)tLy, il¡urJLutË, dltu

3.



the occurrence of 5. purplff'ea

Tr.^ ^^^^ -^^L: ^^ II rrÇ yçvy r cprr I va I distribut ion

North Amerîca as a whole, was

ently known distribution both

been i nc I uded .

ç

Fauna, other than f/. smith¿i, associated with 5. purpurea at this

lati tude were col lected and briefly discussed.

7.

-,,^^ ^- + ^.1sJd5 >u9yE)LCu.

of S. pu:Í,purea, both in Canada and in

investigated. Nev¡ maps of its pres-

i n Canada and i n North Amer i can have

Characteristics of dianausinq i:/. smif;hii larvae were examined.

Respiration rates differed between larvaì instars, but no differences

u¡ere detected between diapausing third instar larvae and non-diapausing

thi rd instar larvae. The true diapause respi ration rate may have been

affected by the fact that the diapausing third instar larvae had been

held prior to treatment at l2L:l2D and 20"C for several v;eeks. Had diapausing

larvae been tested di rectly upon col lection, respiratîon rates may have

differed from non-diaoausinq larvae.

Differences in feedîng rates were found between diapausing larvae

col lected in the fîeld, diapausing larvae reared in the laboratory, and

non-diapausing larvae reared in the laboratory. The fîrst group fed

considerably less than the latter tlvo grouÞs. Uptake rates of radio-
1)1. tt)t^ \ rcesium ('-'Cs) rrrere aìso învestigated. Differences betr¡leen diapausing

1 2'7
and non-diaoausîng larvae ('"Cr uptake rates) were detected r''lithîn one

hour when larvae were fed labeìed dog food (lBt-:60 and 27"C). Dífferences

in ionic uptake of l37Cs were notecl betvreen diapausing and non-diapausing

I 37^larvae up to six hours after being pìaced in a nutrîent-free '''Cs media,

100



No siqnificant differences could be detected after six hours.

B. Induction of diapause în l./. smíthíi was found to occur r¡rhen larvae

r^rere reared at l6 hours ìîSht per day or less at 25"C. 0ne hundred

percent inductíon of diapause occurred at ì4 l/2L:9 1/20 per day.

The stages receÞtive to short photoperiods i^rere found to be f irst

instar and ear'l y second instar larvae. Larvae reared to third instar

at a long-day photoperiod (l8l:6D and 27"C), then pìaced at short

photoperiod, contînued development uninterrupted regardìess of the

photoperiods. Above l6 1/2 hours 1 ight per day, ìarval deveìopment

proceeded to the pupal stage regardless of the stage in which it was

started.

v Diapause, once induced, could be maintained in third instar larvae

for several months by holding the larvae at short photoperiod (less

than l4 hours I ight per day at 20"C). Reducing the temperature êt

which diapausing larvae were held increased the holding time.

10. Diapause tvas readi ly terminated by placing larvae under non-diaoause

ohotoperiod (greater than l4 l/2 hours I ight per day). A photoperiod

of 0L:24D at ?ôol :nno:red c'nuel lv offecfiys in terminating diapause.

l0l

11. The plrotoperiod experienced by fieìd populations (Pinawa Bog,50'15'N)

ranged from eight hours on December 2l to a maximum of 16 1/2 hours on

June 2l. In fieìd populations diapause was terminated about mid-Apri ì

and induced about mid-August (based on a criticaì photoperîod of l4 l/2

hours I ight per day) . Spri ng temperatures, however, delayed deveìop-

ment for about a month.



lZ. The temÞerature gro\^/th threshold ìn third instar larvae v¡as 15"C,

beloiv this, little or no growth occurred.

r3. Cold tolerance and supercooì i ng studies revealed that l/. smíthii.

thi rd instar larvae (the overwintering stage) possessed no dÎs-

ti ncti ve abi I i ty to survive sub-zero temperatures ' Less than 50%

survived when held at -5'C for eight weeks. The larvae did not

supercool belorv -5"C.

14. Snow cover was undoubtablv instrumental in the winter survival of

W. smithíi at this latitude. lt provided sufficient insulation to

prevent the larvae from reaching cri tical ly low temperatures, except

for short periods (lZ hours). During 1969'1970 the lowest fÎve-day

mean temperature vJas about -6"C. The insulatÌng effects of the snow

cover also minimized the extremes ln dai ìy ai r temperature changes.

15. Several aspects of the bionomics of h/. smil;hii were investigated.

At this 'latitude on'ìy one generation oer year is possible due to the

restrictions placed on the population by photoperiod (14 l/2 hours

lieht per day) and temperature (15'C). These limit the seasonal

102

development time to about two months (end of May to beginnÎng of August).

\^/inter sur-vival studies Îndicated that only about 502 of the fall

popuìation suryived the winter. Development time of each larval i nstar

and the pupal stage have been presented. Seasonal changes and duration

of various I ife stages were discussed and i I lustrated. Popuìation

transfer from leaves of the nrevious year's growth to leaves of the

current yearrs gro','tth was examined. Several aspects of the biology

of eaclr life staqe were discussed and i llustrated. Adult behavior in



16. 0varian deveìopment was examined and i I lustrated by photomicrographs.

Al I females examined were found to be autoqenous.

the field and i n the laboratory has been compared.
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Meteorological Summary -- Pinawa Bog (50'15'N), 0ctober l, 1969

to October lB, 1970.

The fol lowing comprises a dai ìy summar), of the various meteoroìogical

records kept during the period from 0ctober l, 1969 tllrough to 0ctober 18,

l97O at the Pînawa Bog, Sphagnum temperatures were derived from two

recorders pìaced in the bog during the above period. Ai r temperatures,

rainfaì1, snot^rfall, and prevailing winds data ln/as supplied through the

courtesy of Mr. A" Reimer, Meteoroìogist, A.E.C., Pinawa, Manitoba.

Sunlight, Civil Tlvilight data was taken f rom the Smithsonian l'leteorological

Tables, Smithsonian Misc. Collection ll4. Snorv depth records were derived

from both A. E. C. L. reÞorts and personai records. Temperatures were

recorded in Fahrenheit and later converted to Centigrade as required.
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Recorded l'lonthern and ldestern col lections of sapracenia putpurea L.

Code
f.lo.

¡

¿

North þlest Rlvenu Labrador

Goose Bay, Labnador

Indîan Harbo¡'u Labrador

APPEND ¡ X D

SÍte

4

5

AshuanipI Lake, Labrador

Mistassini Lakeu Quebec

Natïonal Museum of Canada

Un ï vers i ty of ldyom ing ,
Departrnent of Botany

Université Laval
Herbïer Louis-Marïe
(Pn.O. Thesis - t4r. C. Rousseau
Personal Correspondence
L. C ¡ nq-Mars)

Natlonal l4useum of Canada

Uníversïté Laval
Herb i er Lou is-fîar ie
(Pfr"0. Thesis - fir. C, Rousseau
Pensonal eorrespondence
L. Cínq-l'tars)

Jþ1 d"

Th"'11

JD',î,a."

tþ'?.d."

6

7

Reference

Mistassiní Lakeo Quebec

Vieinity of Churchill Falisu
Labrador

Vicínîty of Fort Rupertu
Quebec

Vicïníty of Fort George,
Quebec

"Rock End" Trai I - Smokey
Fal ls near Kapuskasingu
Cochrane District, 0ntario

Lake Al lawapiskat, 0ntanio

127

l0

¡l

Unlversity of Toronto Herbaria



Code
No"

Ì2

APPENDIX D (contTnued)

Fawn River, near þ1ïnk Creeku
Ontario

Site

l3 Bíg Trout Lake, Ontario

l4 Sandy Lake, 0ntario

l5 Near Senia Lake, Ontario

l6 Ameryu on Nelson River,
Man i toba

17 þJest of Oxford House,
l4an i toba

lB Aweme, l4anïtoba
Treesbanku l'lanltoba

Universi ty of Guelph
(Ptr.o. Thesis - D.R" l4oiru l95B
A Floristic survey of the Severn
River Drainage of Northwestern
0ntarïo. University of 14innesota"
Universïty Mlcrofi lmo Ann Arbor,
t4ichigan)

tDLA..

JDLA,"

University of Toronto

National Museum of Canada

Reference

128

l9

20

ÞJindrum Lake, Saskatchewan

Cree Lake, Saskatchewan

21 Lake Athabaska,
lrlorthwest Terri tor ies

Universí ty of Mani toba Herbarîa

Canada Department of Agricultureo
0 t tawa

Natlonal Museum of Canada

National l'luseum of Canada

Canada Department of Agriculture,
0 t tawa
Nat iona I l'luseum of Canada
Universí ty of Saskatchewan

National Museum of Canada
Universi ty of Saskatchewan
Canada Department of Agriculture,
0 t tauJa
Harvard Univers ¡ ty, Gray Herba ri a

Canada Department of Agrlcul ture,
0 t tawa

22 Fort McMurray, Alberta



Code
l'lo. S i te

23 Great Bean Lakeu scoggan, H.J, (lgsn Flora of
llorthwest Territonies I'tanltoba " p3ZB National l"luseunr

of Canada Bu I let in u t{o. | 40

24 Doré Lake, saskatchewan canada Department of Agriculture,
0 t tawa

25 Big Sandy Lakeu Saskatchewan Canada Department of Agriculture,
0 t tawa

APPE¡{D ¡X D (cont ínued)

26 Flin Flon, Manîtoba

27 Nipawin Lake, saskatchewan r.{useum of Natural History
Province of Saskatchewan, Regina

28 Prínce Alberto saskatchewan universlty of saskatchewan

29 Edson, Alberta

Reference

129

UníversÍ ty of Saskatchewan

Natîonal l4useum of Canada

Un i vers
National Museum of Canada

Hoss, E.H" (1967) Flora of
Alberta. Univers i ty of Toronto
Press. pp269-269

ty of l.1a n i toba He rba r i a



Results of 1379*rium uptake by l^lgeomyía smíthíi 3rd Ínstar

larvae when fed I376r labeled dog food at lBLz6o/27'c

D i apause 3rd I ns tar
(fletd reared - held at l2L:l2D/20"C)

APPENDIXE-TABLEI

Time (Hrs.)
after start

I

3

6

l2

24

20

20

20

20

20

Mean
cpm
t

r30

f{on-d i apause Jrd I ns tar
(Laboratory reared - IBL:60/27'Cl

s"D.

l6.Bt3.o7

16.711.9

I 7.8t5. B

17 .7!2.6

t7 "2!t .6

Time (Hrs. )
after s tart

I

?

6

l2

2l+

cpm
l4ean t S"D.

2A

20

20

20

20

29 ,Bt6 "3

37. 436. I
39.9r10"0

37.5rlr.l

32.8!6 "7



Results of 1376*rium uptake by Flyeomyia smithí,i 3rd Instar
larvae reared !n a nutrient-freu l37gs medIa at 1BL26D/27'C

Di apause 3rd I nstar
(f¡etd reared - held ar l2L: I 2D/20"C)

APPENDIXE-Table2

Time (Hrs. )
after start

3

6

l2

24

48

l0

l0

l0

l0

B

cpm
Mean t S.D.

r3r

Non-dlapause 3rd lnstar
(Laboratory reared - IBL:6ù/27"C)

¡4. t2rl.40

t5.79!2.09

I 7.93r3. Bo

22.81!9.23

3 r . 58315.73

Time (Hrs.)
after start

3

6

l2

24

4B

cPm
lilean t S. D.

l0

t0

l0

t0

9

24.04!il.4r

32 "43t12.97

40 "69t27 .94

33.67t 13 .2 t

34.t+5t16 "25
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Figure I, Locat i on of s tudy areas. ( I )

(z) P i nawa, (3) Teì ford, (4)

Actuaì collectîng site shov¡n

Keno ra ,

The Pas 
"

bv *'
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Figure 2. Vegetation on map of pi nawa

Bog and S tudy Area Ì,lo. 2.
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Figure l. Aerial view of

located in the

the FIG area

P i nawa Bog.





Figure 4. Taylor Temperature Recorder,

P i nawa Bog 
"

Figure 5" Location of Temperature probe

for recording of sphagnum

temperatures, Pinawa Bog.
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Figure 6. Glass vials

A. 2J mm.

B. 16 nrn"

C. l2 mm.

used for artificial pitchers

open i ng

open i ng

open ï ng

Figure /. Artificial pitchers

Te I ford Bog .

in the field,





hrgure ö. Adult emergence cage used in

I aborato ry rea r i ng of l{yeomyia

smil;hii.



I It1lat

f rgure o



Figure !. Breakaway view of

cage, illustrating

methods.

adul t emergence

cons t ruct ion



plosfic pefri dish

clof h mesh

149

Iomp chintney
partiolly wropped
with blsck fcrpe

Adult Emergence Coge -W. jgltfij

Figure !

I¡d

4 oz. wide-mouth
gloss jor

t- , ./2 gal.,cecreom corfon
cut fo size-sprayed
f lot block inside



Figure 10. B . 0. D. i ncubator us ed i n I aboratory

rearing of hlyeomyia smithii. Upper

she I f conta i ns adu I t emergence cages .

Lower shelves contain larval rearing

pans . Foi I on the door a í ds ref I ect i on

of light.
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Figure l0



Figure ll" Water bath used in diaÞause

i nducti on experiments.

Figure 12. Top view of water bath, illustrôt¡ng

method of sect i on i ng.

Figure 13. Light apparatus for water bath.
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Figure 14. D í ag ram of cool i

thermocouple, ai

A3) coolant, and

ng bath showing the

- ^L^-L^-^ lntI u'orrugr 5, 1^ t , 42,

the rmos ,

Figure 15. Experimenta I apparatus

cool ing experiments A--

meter; B--thermocoup le

C--insulated wide mouth

used in super-

record i ng potent i o-

and air chamber;

thermos.
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* fo recorder

'Thernocouple

------Ai
------A:

-"----,As
-Dry lce &. 

ElOH
-Wide-mcufh

ïhermos

Fîgure l4

Figure l!



Figure 16. Sarz.aeenia purpunea L. as it occurs

in its natural habitat.

Figure 17, llhole leaf of Sarracenia Duz,puz,ea l.





1ôrrgure lo. Cross section of a Sanracenia putpurea leaf

revealing the five zones: (l) flap-like

appendage bea r í ng sp i nes and necta r g I ands ;

(Z) sl ick, ridged zone which also contaíns

nectar glands; (3) smooth, lvaxed z.one; (4)

absorpt i on zone conta i n i ng ha i rs and absorb_

i ng ce I I s; (5) sma I I , smooth zone devoi d of

hairs or spines, the function of which is

unknown.

Figure l!. Flower of Sarracenia purpu.z,ea L.





Figure 20. Stalks and flower

puzÒpurea. arîsing

of 1 eaves.

of Sa:r,z,acenia

from a rosette





Figure 21. Fibrous root system of Saz'racenia

puz,pwlea.

Figure 22. Overurintered ìeaves in The Pas Bog.





Figure 23 Decay beg i

put"purea L

uri I I cont i

port i on of

nning in the

. W¡l-h tlme

nue downward

the leaf.

I eaf of Sarracenia

the decay nrocess

toward the basal

Figure 24. An almost completely decayed leaf.





Figure 25. Young leaves (see arrorv) begin theír

growth in the soring. Large, dark-veined

leaves are from previous yearrs growth.

Figure 26. Newly opened ìeaves of

Young leaves are a soft

eventua I ly darken (see

with maturity.

S arr ac enia purpur, eq.

, pale green but

I eaf i n backg round)

1.,





Figure 2l 
" Flower buds as they

in the spring.

f i rcf rnnêâr

Fi gure 28. A ful ly mature

heisht of l8 i

uous above the

of the bogs.

fiower may

nches and i s

surroundi ng

^++^:^ -o L Ld l il d

cons p í c-

vegetation





Figure 2!. Young leaves as they appear in

the fal l. Envi ronmental condi tions

will inhibit the gro\^rth at this

stage unti I the fol ìowing spring.





Fi gure J0. The flower bud, ìike the leaves,

begins îts development in ìate

summer prior to its emergence the

following spring. The deveìoping

flower bud can be found by remov-

i ng the ensh roud i ng ì eaúes .





Figure Jl. Successlon of events in the growth cycle

of Sarraceni.a purpurea., Overwî ntered

leaves (a) which emerged the previous year

begin to show signs of decay during June

and by the end of July have degenerated

to the point where they wi lì no longer

hold fìuid. New leaves and flower buds (b)

emerge about the end of May and reach mat-

uri ty by the end of June/mid-Ju1y. These

leaves wi I I persist to the fol lowlng spring.

Next year's leaves (c) begin their growth

about the middle of August but become dormant

as fall approaches. These will emerge and

mature the fol lowing spring. From about mid-

June to mid-July, leaves of the previous year

(u) ancl of the cr-¡rrent year (b) are present.

This is the period of inquîline transfer.

Snow cover is present from early November

through to the end of Apri l.
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Figure 32. Succession of events in the formation of a bog

(after Smi th, ì966) .

A. Shallow lakes or ponds are graduaììy invaded

by submerged, then floating plants. Accumula-

tion of decomposed material raîses the lake

bottom. Solubìe material precipitated by

bacterîal, chemical, or photosynthetic action

forms a soft "false bottomrr.

Reeds, sedges, cotton grass, buckbean and marsh

cinquefoiì grow in the shallows. Sphagnum fills

the open spaces between the plants. Decompos i tion

forms a sedge peat mat which often extends outward

over the water.

f. As the mat thickens cranberry, sweetgale, and bog

rosemary appear, Accumulat ion of decay Ìng sphagnum

forms the bas ic nlaterial of the peat beìow. Increas-

ing dryness allows the leather leaf to invade.

As the mat thickens and rîses, pìants intolerant of

very wet conditîons, ìeather leaf and ìaborador tea,

become dominant. lt ís in this staqe that Sarracenía

D.

putpuz,ea is found.

First tree growth to follow is tamarck, then black

spruce. The sphagnum mass eventually gives way to a

r^lnndrr nor f

E.

The final stage is the

i nvas i on of deci duous

reg i on, con i fers .

forma t i on

fnroct 'ñr

of b lacl< humus and

the more northern
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Figure lJ. The Kenora

exhibiting

zones shown

Bog--a lake

the typ i ca I

in Figure

edge bog

success ion

3Z previous.





^rrrgure J4. The P inalva Bog--representative

of succession Stage E with both

tamarack and black spruce are

the predomi nant r rees .

Figure 35. The Pas Bog--an example of late

stage E w¡th black spruce the

p redom i nan t t ree g rowth .





F i gu re 36. Sarz.acenic¿ purþurea grow ing on

sphagnum hummocks i n The pas Boq.





Figure J/ Aerial view of the FIG ecoìogical

exclusion area, i000 meters in

diameter, located at the edge of

the Pinawa Bog" Transition (b)

from the drier deciduous forest (a)

on the west side to the black spruce--

tamarack(c) of the bog in the east

is clearly visible by the changes in

vegetation structure. Dotted 1 ines

denote the ,l00 meter square area in

whi ch part of thi s study was carri ed

out" Sarv,aceniq. purpurea. leaf samples

were taken from grid areas one and two,

while determìnation of plant species

was conducted in grid area three.

Location of temperature recorders are

noted with "t""





Figure 38. Degree of aggregation of the various

plant species in the Pinawa Bog

based on D/d values: 0-l Regular,

ì-2 Random, greater than 2--

Agg rega ted .

A. Vacci,nium oæAcoccus

B. CLnnaedaphne caLyculata

C. Ledum groenTandi.cum

D. Maíanthenum canadense

E. Eníphoz,un angustifoliun

F. Andromedn poLifoLia

G. Careæ spp.

H. Betula gLandulosa

| . Kalmia poTifctT.i.a

J " Sarracenia puï1pLLrea.

K. Picea maz,íanq

L. Laz,iæ Laric¿nq.
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Figure 3!. Diagramatîc representation of FIG

showing areas of High (H) and Low (L)

tree densitîes. Low tree density

and high numbers of Saz,racenia

purpuyea. are associated with the

higher moisture found in the drain-

age ways of the bog.
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Fi gure 40. Distribution of Sarraceni.q purpuyea.

in Canada. Sources of the recoros

from the western and northern extremities

of the range (numbers | ^ 29) are given

in Appendix D"
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F igure 4l . D î st r i but ion of Say,racenia

pur¿pureq. in North Amerîca.
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Fïgure 42. FIower of Saruaeenia purpunea

infected by the ìarvae of Endothenia

daeckeana Krt,

Figure 43. Normal uninfected flowe r of sarraeenia

purpurea. taken at same t ime of year.





IL
F tgure q'+ Leaf of Sarracenia

the groove in the

made by the larvae

z,olandíarû. Grt,

purpurea showi ng

region of the collar

nf tho mnth F+'.,,, -*aTa.

Figure 45. A.

B"

Leaf wî th groove

Leaf wi th col lar

upper portion has

Norma I I eaf.

in the col lar.

sealed after the

d i ed and wî thered.





Figure lag. I nges t i on s tage of Wuno^y"o sm¿th¿¿

third instar larvae fed on China Ink

A. up to one-half full.

B. one-ha l f to three-ouarters fu I I 
"

C. three-quarters ful I to giutted.

F i gu re {7. Rep I acement s tage of l¡Aeonuia smithií

third instar larvae gìutted on Chîna Ink

then fed nutritîve diet.

D. up to one-half replacement.

t. one-ha I f to three-qua rters rep I acement .

F. three-quarters to ful I replacement.
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Figure 48. I ngest ion rates of three groups

of larvae fed China Ink expressed

as frequency percent against time

i n days.

A. up to one-half full.

B. one-ha 1 f to three'quarters fu I I

C. three-quarters full,to glutted.
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Figure /19. Replacement rates in three larval

groups fi rst gl utted on Chi na I nk

then fed nutri tive diet. Expressed

as frequency percent against time

in hours.

D. up to one-half replacement.

E. one half to three-quarters replacement.

F. three-quarters to ful I replacement.



100

75

50

25

Non-d i apause
(lab)

F1
R

E

a
U

E

N

C
Y

o/
lo

203

t00

75

Dia pause
(fieto¡

TIME (hours)

Figure 4!

Replacement
Stages



Figure 50"
l?7

Uptake of ''' cs by llyeomyia smithíi

third instar Iarvae fed I37c",irt

labeled dog food. Mean * one

standard deviation are plotted.
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Figure 51. Uptake of '''Cs by Wyeomgia smithii

thi rd instar larvae reared in nut-

rient-free medium. Mean + standard

deviation are plotted.
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Figure 52. Percent of larvae molting to fourth

instar after forty days (25"C) at vari-
. ous da i ì y photoper i ods .

A. Egg pretreared at 181:6D at 27"C,

fi rst, second, and thi rd instars

reared at var ious photoper Ìods.

B. Egg and fi rst instar pretreated at

IBL:6D at 27'C, second and third in-

s ta rs rea red a t va r i ous photoper i ods .

C. Egg, first and second instars pre-

treated at I 8L:6D at 21"C, th i rd i n-

star reared at various photoperiods.

Induction of diapause is noted as a

fa i I ure to mol t to fourth i nstar after

forty days.
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Figure !1. Percent of third instar larvae

mol t i ng to fourth i nstar (termi nat-

i ng d i apause) after th Î rty days

(zO"c) at var i ous da i ìy photoper Ìods.



p-
*/

@
-@

f
@ / I I J

N
)

10
 

12
 

14
 

1ó

P
ho

to
ph

as
e 

I 
24

 h
ou

rs

a\ v o^ I c\ \ L ñl P Ø c-

l: 
;

rô
#

Ë
L a) oo

Þ
\¡

r_
t

1) m (- .-
1 L -O



F tgure 54 Percentage of three groups of

instar larvae moìting to four

at various temperatures when

at a non-d i apaus i ng photoper i

third

th instar

rea red

od ( I BL:6D)
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Figure 55. Day length curve (sunl îght or dayl ight

pl us ci vi ì twi I îght) for Pi nawa, Mani toba

(50"15'N - 95"50,\,/) . The critical photo-

periods requi red for termination (T) and

induction (t) of diapause for trlyeomgía

smithii are indicated (14 1/2 hours light

per day).
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F.

F lgure >o" Percent survi va I of non-condi t i oned

diapausing third instar larvae at

various low and sub-zero temperatures

(-lO"C trial not available due to

equ i pment ma ì funct i on) .
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Figure 57. Percent survival of pre-conditioned

diapausing thi rd instar larvae at

various low and sub-zero temperatures.
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Figure !8. Percent survival of non-conditioned.

non-diapaus ing thi rd instar larvae at

various low and sub-zero temperatures.



N
on

-d
ia

pa
us

e 
3r

d 
¡n

st
ar

N
on

-c
on

d 
it 

io
ne

d

f.) *.

5ó
T

 lM
 E

 (
w

ee
ks

)

(-
o \v
f

Ø

co
 

àe



Fígure 59. Compa r i son of s upercool i ng temperatures i n

six different larval groups.

D3--Diapause thi rd i nstar held at 12L:l2D

for three months.

ND3--l'lon-d iapause th i rd instar reared at

I BL:6D at 27"C.

D3F--0iapause thi rd instar, field-col lected

prior to trials (zgtl2/70).

D3H--Diapause thi rd instar held at 12L:12ù

and and 20oC for one month; l0'C for two

months and !'C for one month.

I l--second instar reared at l8L:6D at 27'C.

I V--fourth î ns tar rea red at I 8L:6D at 27"C .

Supercoo'l ing temperature of the larvae were

grouped (0'to -5oc, -5" to -l0oc, -l0o to

-ì5'C, -l5o to -20"C) and expressed as a per-

cent. Mean I one standard deviation for each

group is also given.
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Figure 60. Five day mean temoeratures for

air and sphagnurn (at the ìevel

where the larvae occur) in the

Pinawa Bog 0ctober l, 1969 to

October lB, 1970. The effect of

the snow cover in preventing

sphagnum (and larvaì) temperatures

f rom reach î ng the ext remes the a i r

temperatures reach during the winter

is clearly deomonstrated.
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/aFlgure ol" Snow depth and duration of snow

cover for Pinawa Bog during the

wi nter 1969-1970.
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/^Frgure bz Five day maxîmum, mînimum and mean

temperature experienced by the

Wyeomyia smíthiù ìarvae and pupae

Octo!:er ì, 1969 to 0ctober lB, 1970.

The effect of snow cover in minimîz-

i ng the extremes i n temperature

throughout the winter is cìearly

demons t ra ted .
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2^Frgure bJ. Wyeomyia smithií eggs (xqo) (n)

/h\Inïerrr re egg; \ö/ ïertt re- egg.

Visible though the chorion is the

developing embryo. The head (H)

is located at the blunt end

(anterior) of the egg. The thorax

and abdomen (T, Ab) occupy the

pos te r i or two- th i rds .





Figure 6\. Newìy opened leaf of Sarz,acenia

purpurea (less than 48 hours).

An opening of this size (1/4,')

is suff icient to al low an adult

female to enter.

Figure 65. Cross section of a leaf of Sarracenia

puîpurea i I lustrating the zone in

which eggs were often found. Dark

spots (arrow) are l4yeomyia smithií

eggs.





?ahrgure bb. Eggs of

in thc

four of

Þlgeomyia

-^ï nae nrJlJrrruJ v¡

the ì eaf.

smíthii ìodged

hairs in zone

a-hrgure o/. Eggs of llyeomyia

on the surface of

young Saz,racent a

smithii floating

the fluid in a

purpurea leaf .





/()I lgure ou'. Head of a fourth instar llyeomyi.a

smithii larva showing location of

labral mouth brushes (l-U), maxii lae

(M), mandibles (N"), and esophagus

lrl

rrgure by. Enlargement of the labral mouth

brushes of Wyeomyia smithii, Both

serrated (S) and unserrated (U)

mouth brushes a re oresent.
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Figure 70 Þlyeomyia smithi,i third instar

larva (arror^i) as they occur

encased in the ice cores în

the leaves of Sarracenia

purpurea. Larvae are normaIìy

found in this curled position

just above the detritis of the

ìeaf.
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rrgure /t. llyeomyia smithii adults resting

i n zone one of a new Sarracenía

n1/rn1/71eo leaf . Thîs is where

most aduì ts were found.

tigure J2. A llyeongia

on a smaìl

snithid adu I t

branch.

^ + e ^^ +q L I g) L





Figure 73. An adult l,lyeomyia smithii

(arrow) hoveri ng wi th in

the mouth of a newly

opened Saruaceniq purpurea.

1 anf





r lgure /4. l6 mm. sequence i I ìustrating

the hover i ng f I i ght of an

adult f4ryeomyía smithii over

fhc moufh nf a nitcher ìeaf

in the f ield (Pinawa Bog).

Figure 75. l6 mm. sequence

the duplicatlon

fl ight behavior

lÌyeomyia smithii
| . -.vrât \artlïtcral

the I aboratory.

illustrating

of thîs hover

L., ^^ -J,,1+rry dil duu tL

over g I ass

r\prtcner/ In
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-/F rgure /b. An adult llyeomyia smithii

(arrow) resting in the mouth

of an artÌficial pitcher
f a . r\(g lass vial) at the Telford

Bog"





Figure 77. Complete ovaries of a newly

emerged ( ì2 hours), unfed

f ema I e tlyeomyia smithii.

Fol I icles are uniformly

developed to stage llla-lllb.





Figure /8. Stage l l la fol ì icle of an unfed

femaìe, six hours after emergence.

Oocvte r:vf on'ì esr¡ i s cl ouded rvi th

yo I l< g ranu les , obscu r i ng the oocyte.

Nurse ceìls are stîll visible.

Secondary foì I icle is at Stage la-lb.

Figure 79. Stage llla-ll

female twelve

Yoìl< occupies

Secondary fol

I b fol I i cìe of an unfed

hours after emergence.

half of the foìlicle.

licle is at Stage lb.
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Fi gure 80. Stage I I lb fol I icle of an unfed female

twenty-four hours after emergence. Yol k

occup i es two-th i rds to three-quarters of

the fol I icìe. Secondary fol I icle is at

stage lb-l la.

Figure Bl Stage lVa follìcle of an unfed female

forty-eîght hours after emergence. Yolk

occupies the 9/ l0 of the fol I icle, the

nurse cel 1s only l/10. Fol I icle is begin-

ni ng to elongate. Secondary fol ì icle i s

^+ C+-^^ | t ^dL JLdqt I td.
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Figure 82. Stage lVb fol I icle of an unfed female

seventy-two hours after emergence.

Fol I icle begins to assume the shape

of the mature egg. Secondary fol I i cle

is at Stage lla-llb.

Figure 83, Stage V fol 1 icle of an unfed female

ninety-six hours after emergence.

Fol t icle now has the shape of a

mature egg and the chorion is begin-

ning to fornl. SecondarY follicle

is still at Stage lla-llb.
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Figure 84" Ovary of twenty-four to thi rty-s ix hour

old female. Foì I icles have developed to

Stage | | lb. Reabsorption of some fol I icles

has occurred (arrow) as noted by the ab-

sence or fewer yoìk granules and paler

color.

Figure BB. A single follicle in rvhich the yoll<

granules have been partiaì ly reabsorbed.





Figure 86. Single follicle of a newiy

unfed fernale ( Z4 hours).

follicle is at Stage lllb.

fol I i cle has progressed to

although it is considerably

than a normal llla primary

añãrñ ãAv¡r,v¡ Yuv

Primary

Seconda ry

Stage | | la,

smal ler

follicle.
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Frgure ö/. Seasonaì occurrence of

life stages of llyeomgia

the P i nawa Bog, 1969.

the various

smLth¿i. in
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ô^Frgure öö. Seasonal occurrence of

life stages of tlyeomyia

the P inaita Bog, 1970.

the various

smithii Ì n
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Figure 89. Seasonaì occurrences of

life stages of l^lyeomyia

the Kenora Bog, 1969.

the various

smitVtii in
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F i gure 90. Seasonal occurrence of

life stages of llyeomyia

tho To l fnr/ Rnn l OÁqLrf ç r ç | r v I I JvJ.

the various

smith¿¿ i n
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Figure 91. Annual duration of i ife stages

of \lyeomyia smít;hii"
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Figure g.2. Relationship of leaf popula-

tions to leaf size based on

samp ì es taken i n the spr i ng

and falì of 1970 in the Pinawa

Bog.
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Fígure 93. Annual change in mean number

per leaf from old leaves

(previous year's growth) to

new leaves (current yearrs

g rowth .
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