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Abstract
Life history traits of colonizing populations of thé‘
-European corn.borer in Alberta were compared to traits of
vpopulations in the centre of the species' range. Not only
were dxfferences observed in these traits between Alberta
populatlons and those in Towa, but dxfferences were even
observed between two populat1ons of 0. nublilalis in
nlberta. Adaptations were compared in terms of phenology,
physiology, and behaviour of both larvae and adults. I
. concluded that a peripheral population of a colonizing
species, such as O. nubilalis; adapts to new environments
primarlly by changes in lifeihistory traits.

Although phenology studies indicated that 0. nubiflalis
is mainly univoltine in Alberta, populations in the South
Saskatchewan River valley pupated and emerged three to slx
days earlier than those on the plains. In 1%?3, flight peaks
occurred on 8 July in the valley and on 14 July on the
plains Valley borers had a partial second generatiom
(flight peak— 30 August), which plains borers did not have.
Mean pupal ‘mass was 51gn1f1cantly less for ‘plains h
populatlons than valley populations. Transplant exper1ments '
demonstrated thaé these differences reflected both |
.env1ronmenta1 and genét1c 1nfluences.'

Observed dlgrerences 1n phenology were controlled by
-adaptatloa of phy51olog1cal tra1ts.‘A1berta corn borer
developmental thresholds for postd1apause pupat1on (12, 8 C)
fourth‘(15.3 C) and fifth (14.1_C)‘1nstars, were higher than

I v h
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those (10°C) of Iowa borers. Higher temperature thfeshol&s
delayea development in Alberta populations, reducing ‘
midsummer pupation. Selet¢tion for univoltinism was
appargntiy less intense for valley populations, partly

because they developed faster than plains populations during

some life stages. Also, lower and upper thresholds for the

fifth instar were less fqr valley populations (11.9°C,
30.0°C) than for plains'JSpulations (14.0°C, 32.%°C). Valiéy
moths laid significantly mofe eggs than did pléi s moths
(559 vs. 267 egés/femaie) over a longer 4i
5.1 days) at 15°C/29°C. Upper thresholds fqr botﬁ

oviposition raté and optimum egg viability weré less for
plains borers (25°C, 22°C) than for valley borers (27°C, .
27°C). Analysis in terms of feproductive'cost theory
suggests that fecundity and lifespan are plastic phenotypes |,
in the corn borer, that change rapidly in response to
differing envi‘ron:hehts. | |

,.'Habitat selection by larvae and adults was aiéo‘adapted

to Alberta condikiohs; Larvée first dispersed to leaves,
ligules, sheaths, ears and"téSsel-buds;udepending‘upon e
whéiher the feeding'gite was filled with other larvae, and
upon plant growth stageyaﬁ hatching. This opportunistic
behaviour cdﬁtrastsrwith thatvéf Iowa borers,"which feed
A’mainly at Specéfich§ites{ Aiberpa borers only entered the
stalk after"thefsecond';nsfét, and diet of early- and
late-instar larvaé differed. 84% of larvae left the‘driginal

! 3

hostfplant, and inter-plant dispetsal was greater along corn

vi .



rows than hetween them. More moths were caught in pheromone
traps, and more eggs were found, in centres of Alberta

fieids than at field borders. Because of the semi-arid

climate in Alberta, dense ;Eédsf@ere absent in field

borders, so mqths'did not aggrﬁg?te there, as they do in
Towa.

Climgtic extremes in Alberta were associated with
greater lar§al mortality than were biotic factors. Total
larggl mortality (64%) was less than in Iowa (90%), which
suggests‘why Albeftadcorn borer populatiens have increaéed

since their introduction.

vii : o 4
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'Sohengen personal communidation).

: the southeastern United States (Showers 1981). Host plant

1. Infroduction

-

. The European corn borer (ECB) is one of the most

’sefious insect pests of corn., Yield losses for hybrid and

sweet corn are about 3% and 8% per borer per “stalk,
réspectively (Martin et al. 1976). The ECB also causes
serious losses 1in éorghum, ﬁotatoes,.peppers and tomatoes.
The insecf has a widé host range, having been found on more
than 200 wild p}ants (Hodgson 1928). ’ |
The original host plant of';hé ECB in Europe was wild
hemp. With the introduction of cultivated corn in Europe,
the ECB abandog;ed hemp in preference for corn kBabcoék and
Vancev1929). The insect was introduced to North America in
1917, ﬁe§f Boston, as a reéult of importing broom corn fgom
Hungafyﬁ%ﬁd Italy (Wressel 1960). The ECB was reported .in
Ontario 1in 1920;‘and in Manitoba and Saskatchewan in 1949
(Wressél 1953); A small infestation in southeastern Alberta
was eradicated in 1956, but a sﬁbsequeht inféstatidh was not
noted until 1980, by which time it had spread. beyond control

(Lllly and Harper 1982) Since 1980 the corn ‘borer 'has

expanded its range from Medjcine Hat to Letbb(zage (U.

‘The corn borer's successful colon1zat1on of North ’

~ America is due partly to it's great plasticity wlth respect~'

towlife history traits. Most ECB populations have one

generation per year in Canada but populations of the same -
e : : -

' o Y .
sp¥cies may go through up to four generations per year 1n



—

<

adaptability is an advantage in areas where several
generations occur. In North Carolina, first~generation ECB
feed on potatoes, while later generations infest corn

(Anderson et al.°1982).

ECB life history has béen studied mainly in the.contekt
of\finQing means to control it. However, becauselghg ECB 1is
a colonizing species with é‘high degree oé pheno piév

~plasticity in life history traits, it is an ideal s bﬁect

'_for testing cu;rent~ecological theories. Phenotypic |
plasticity occurs when a given genotype produces several
different?phenotypes (Parsons 1983). Life hisfory characters
examined in this thesis include fecundity, body size,
lifespan, diépadse, beha?iour, developmental.raée and
temperature thresholds for development. Similar to other
phenotypic characters, they are subjéct to sélection

/pressure and evolution (Taylor 1981, Gill et al. 1983,
Parsbns 1983). Selection favours those individuals
appropriately timing their life history with events in the
envi;onment'(Taylor {981). Until recently however, life .
history trait; have not been studied in an evolutionary
context. ) QNS

ECB populations in Alberta are situated on the extreme
vnorth-veStfborner of the épecies' North Americén rangewb‘
'Bgcause thése populations weré only recently intrpdhééd,
this represents‘an unique opportunity to observe adaptatiops

. ‘ . N T . > - ' ‘
of ECB life history in new environments. Therefore one goal .

of this research was to compare life history traits of



Alberta ECB to those of ECB in eastern North Amefica. 1
)expected to observe’differences not only in developmental
rates and thresholds, but also‘in habitat selection by
1atvae and adults. A similar objectiye, which arose after I
observed the phenology of Alberta ECB, was to compare
differences in traits between two geographical populations
of the ECB in Alberta. Differences were observed not only in
the above-mentioned traits, but also in larval behaviour
patterns between the two Alberta populations. I have
designated thgse groups as "populatloﬁs" only, in accordance
with Beck and Apple (1961). Thus, both directions of study
have provided evidence for microevolution of life history

traits in Alberta ECB. L

The chapters of this thesis have been arranged to

emphasize the general theme that the ECB is cabable of
adapting life-history traits when-it colonizes new
enyironments.'ChepterJLI descr;bes and explores the basis of
the phenclogical battern-in the EéB it Alberta. The
phenologlcal dlfferences exaglned between valley d&nd plalns,
populatlons lay ‘the groundwork for the chapters that follov
Chapters III. and v aSSess phy51olog1cal adaptatxons fe?‘_
larvae and adults respectively, that are part of the bg::s% ¥'

,\h

for the ¢ -fved phenology 1 expected Alberta ECB to hdve if

‘nlower tbtesholds for development than ECB from the Un1te&~ #;4
States, thus enabling Alberta populat1ons to complete EER R
vdevelopment within the short growing season in this area.

Chapters V and VI discuss adaptat1ons‘of the.larvae and

-



adults respectively, to the Alberta environment. Chapter V
descrxbes ECB- larval dispersal 1mmed1ately after hatch1ng,
w%}thln microhabitats in the corn plant and between corn
plants.‘In'Chqpter VI, I test the hypothesis that relative -
abundance qf-adults and eggs would be greater‘in centres. of
fields than along field borders, because environmental
conditions at field borders are incompatible with .
requirements for survival of adults and4eggs. In Chapter
vIil, %actors affecting ECB mortality are categorized, andrﬁb
ueed to construct a life-table. Part of this chapter deals

with the selective factors that maintain the observed

behavioural patterns.. A further objective was to determine

S 1)

if and why a population increase is occurring. The thesis is

summarized, and general conclusions drawn, in Chapter VIII.



4
Bibliograpﬁ{

.

Anderson, T.E., G.G. Kennedy and R.E. Stinner. 1982.
Temperature-dependent models of European corn. borer
(Lepidoptera:Pyralidae) development in North Carolina.
Environ. Entomol. 11:1145-1150. ‘

Babcock, K.W., and A.M. Vance. 1929. The corn borer 'in
central Europe. A review of the investigations from 1924
to 1927. U.S. Dep. Agric. Tech. Bull. 135. 54 pp.

Beck, S.D. and J.W. Apple. 1961, Effects of temperature and
photoperiod on voltinism of geographical populations of

the European corn borer, Pyrausta nubilalis. J. Econ.
Entomol. 54:550-558.

o

/ D.E., K.A. Berven and B.A. Mock. 1983. The
environmental component of evolutionary biology. pp.
1-36 in King, C.E. and Dawson, P.S. (Eds.), Population

biology: rfetrospect and prospect. Columbia University
Press, New York. 235 pp.

odgson,. B.E. The host plants of the European corn borer in
New England. U.S, Dep. Agric. Tech. Bull. 77. 63.pp..:
/ ) )
Lylly, C.E. and A.M. Harper. 1982. Status of the European
corn borer in Alberta. pp. 12-13 jn Sear, L.J.L,
Kgogman, K.K. and Atkinson, T.G. (Eds.), Research

Highlights-1981. Agriculture Canada Researth Stn.,
Lethbridge, Alta. 86 pp.

Martin, J.H., W.H. Leonard: and D.L., Stamp. 1976. Principles
1of field crop produgtion. MacMillan Publ. Co., New York.
1118 .pp. { o :

Parsons, P.A. 1983. The evolttfonary biology of colonizing.
species. Cambridge .University Press, Cambridge. 262 pp.

Showers, W.B. 1981, Geographic vagiation of the diapause
response in the European corn borer. pp. 97-111-/n
' Denno, R.F. and H. Dingle (Eds.), Insect life history
patterns: habitat and geographic variation.
. Springer-Verlag, N.Y. 225 pp. * ' oo
Taylor, F. 1981. Ecology and evolution of physiological time
. in insects. Am. Nat. 117:1-23, =, . -

¢

Wressel, H.B. 1953, The European cOrhgbétér, Pyrausta

5



hA

nubilalis .(Hbn.) (Lepidoptera: Pyralididae), in Canada:
a review. Proc. Entomol. Soc. Ont. 84:45-47.

Wressel, H.B. 1960. The history and development of the
European corn borer, Ostrinia nubilalis ¢ '
(Hbn.) (Lepidoptera: Pyraustidae) as an economic pest in
Ontario. Proc. Entomol. Soc. Ont. 91:240-247.



S
II. PHENOLOGY' IN SOUTHERN ALBERTA

A. Introductioﬂ

‘The European corn borer (ECB) has successfully
colonized‘ésch of eastern and central North America since
its introduction to the continent in 1914 (Showers‘1§é1)‘. A
partial‘exp;anation for the success of the corn borer is its
adaptive-pléstici;y which permits colonizing populations to

.modify food habit{s and voltinism to suit local corngditions.
. . = B : / -
Moﬁf than one generation may occur in areas with an

extended growing season. Bivoltigé populations of the ECB
\have been found iolQoebec (McLeod et al. 1979),
south—weotern Ontario (McLeod 1976) and sometimes in
Manitoba and Sagkatchewan (Lilly and Harpe% 1982L. Furtheo ;
#outh, populations of 0. nubilalis are multivoltine (Showers
1981), often us1ng several agricultural crops as hosts
during success;ve generations (Anderson et al _1982)
Voltioism'is controlled. by the\ﬁiapause responsé, whichi
varies in ECB popuiations (Showérs 1981), The 1n1t1at10n and-
malntenance of dlapause is influenced by both 1ntr1nsxc
(genetic strain and sex) and extr1n51c (ma1nlyftemperaturell
and photoperiod) factors (Tauber ana Tauoeg 1973).

In Aloerta, mature fifth instér-latvae of ECB
bverwinﬁer within corn debris. Pupation fofiows'in the
'.Spring and moth emergence-occur§ in earlY‘éummeffk?he,first'

- e . ———— —— = - -

1A version of thzs .chapter has been accepted (pendzng o
revision) for: publlcat1on. Lee, D. A., and Spence J.R. - 1986.
Can Entomol . " , ,



éénfestaridn'pflthe indect :1n Alberta was eiagicated in 19561
%gﬁﬁk subseguetrt fnfestatlon ‘first ,noted in 1980, _hasg | new

;g% 4expan2ed out of control. ;Q che co;n érow1ng reglbn arq%nd
{ 5§;d1§1ne Hat’ (Lxllf and»Harper 1982), at th%,northwestern

-'fWSSﬁeﬁe of the Norgh Amerlcan range of 0. nubllalls :

»

A} A

,

1 undertook ‘this study to 1ncrease understandzng of

AY

i i
: 4
%%§QCesses involved in the success of an exemplary colon321ng

| ¢
pecxes Ia thxs chapter I a1m to‘descrlbe the phenology of
.t 3
téghECB in Alberta apd to discuss experlments to determine
tﬁe nature of phenologlcaﬁ differences noted between two

s

populat;ons. ¢ ¢ ‘
'y E S . . ﬁ
B < 6
'B. Materials and Mathods | -
e ' I”A. - L B 4 .
o o - 0 o
Field Studies of Phenology , ¢
s \\ . | .
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Pupatlon dﬁd Emergence ‘ .

'In 1983, dlapau51ng corn borer larvae é@re dissected

"from corn stalks periodically throuyghout May and June.
Larvae wvere collected from two sources (Table 11-2, Fig.

1—1) a.field (site 1) near the city 6f Medicine Hat in the

South Saskatchewan River valley (valley), aaﬂ?ﬁ,om the

’

plains (51te 4) 16 km south of the river (Plafﬁs)

Indav1dual larvae from each source were placed in separate

[

,Petﬁg d1shes 9 cm in diameter (3-5 larvae/dish), with

moistened filter paper to provide free water‘requiredpfor

The dishes were held in a screened:

pupation (Beck 1967).



 cage lqcateé on the Medicine Hat College grounds. A

con't ihuous temperatuﬁ?}?écorder (Weathertronicse Hi-Q
Hygrothermograph ModelpSOZO) was placed inside the cage.
Every one to four days, npmbers of larvae pupating and
‘emerging wére noted. As a check on accuracy of data‘from the
cage, pupation and emergence (defined as the percentage of
empty’pupal cases(found inside stalks) were also monitored
by sampling the field in the river valiey.

| In 1984 cofn borér populations were mucﬁ higher than in
ﬁhe.prévious year, and so phenology of plains and valley
borers was monitored solely by périodic field sampling. Corn
stalk pieces were collected at one to five day intervals and
dissected .the same .day in the laboratory to determine
numbers of diapausing larvae, pépae, and empty pupal cases
(range=20-136 borers collected/interval/site; median=50, no.

sgmples=23).

Flight Patterns '
In 1983 and 1584 emergence data were comp;red with *
light trap catches. Flight acﬁivity'was monitored with
standard New Jersey light traps,.set up in several locations
(Fig. II-1) spanning the elevation gradient between valley
(2175 m) "and plains (2490 m). In ;983 two valley sites were
_ monito;ed, and the results are presgnted as the average of
the two traps. Moths were killed upén collection by a
dichlorvos strip suépénded in the middle of the jar. Traps

rwe}e checked évery one or two days. The second flight was

monitored with only one trap in the valley in 1983, and a

.
a
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trap in poth valley and‘plains in 1984,

Physiological Time Measurement

Degree-day (DD) accumulations were computed by a sine
wave approximation method (Gilﬁert‘et al. 1976). A threshold
for development of 12.8°C was used for postdiapause pupation
and 11.2°C for postdiapause emergeﬂce (see Chapter‘Ifl),

with March 1 as the beginning day.

Reciprocal Transplantétion

In March 1984 diapausing larvae were collected from
field corn 1n the Saskatchewaé River Valley, and on the
plains 20 km south (Fig. I11-1). Field corn stalks from a
siqgle source (Plains) were split, live larvae were inserted
(3 to 4 larvae/stalk), and the stalks were then taped back
together. Fifty larvae from the valle§ were placed in stalks
'in a screen . cage on the plains. Stalks containing 50 plains
larvae were likewisé placed in a screen cage in tﬁe valley.
As a control, 50 similarly treated plains larvae were placed
in a screen cage on the plains, and 50 valley larvae Qere
similarly;placéd in the valley. In-late May 1984\larvae were
transferred to Petri dishes with moistened filter paper
discs, and tﬂen examined dally for pupat1on. Cumulatlve
pergg;t pupatlon and wet pupal mass in each of the four
i cages was recorded.
Contihuous temperatdre recorders (Péadboéy;Ryan

Instruments, Model J) were set up within one of the screen

cages at each site. M1n1mum and max1mum ‘temperatures were

[}



11

compared between sites from June to August during both 1983
and 1984. Unfortunately temperature daté from both sites are
not available fot March to June for these yeérs. However, in
order to compare temperatdre regimes between valley and

"plains, temperature data were collected from February to

July 1985.

Field Est imates Qf Postdiapause Growth

Larvae fromvthe plains and valley were dissected from
stalks of field corn and weighed live on 5 April, 5 June, 10
" June and AS June 1984 witﬁ a Mettler PC440 balance |
(accuracy=20.001 g). Additional valley and plains larvae
collected June 15 were ovenfaried at GO;C for 120 hours,
then weighed. Plains and valley pupae collected from the

field at the end of June were also weighed.
C. Results
Field Studies of Phenology

Pupation and Emergence

I observed differences in phenology between corn borer
populations occurring §n the valley and the plains in @oth
1983 and 1984. The date fbf 50% pupation for valley bérers'
was 21 June in both 1983 and 1984, while for plains borers
, it was 25-27 June (Fig. II-2). DaZes for 50% emergence were

8-9 July an8 13-14 July for valley and plains populatiohs

fespectively (Fig, II1-3). Patterns of-pupation and emergence

3 v
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were similar betwe;;\}ears for both valley and plains
bopulations. Although valley populations began pupating 11
days later in 1984 than in the previous year, the pupation
rate in 1984 was accelerated go that 90% pupation was
achieved earlier. This same pattern occurred for emergence
in the valley.-
- To aséess the significance of these phenological
differences a X2 test of independence was pe;formed on the
1984 bupation data, for the four sampling dates on which .
both populations were sampled. Results (Table II-1) show
that differences were significant. |

Differences in timing of pupation between valley or
plains envirpnments wére consistent among fields within
either environment. Samples taken in différent fields over a
three-year period on June 16-20 showed sigpificant
differences between valley and plains sites\(Table 17—2).
Differences between envirépménts did ﬁot apparently depend
on whether sweet or field corn was sampledf

Both pupation (in 1985) and emergence (in 1983 ané
1984) were compared betwéen,populétions in relation to
physiological time. 1985 DD data was used to examine spring
‘pupation. 430 DD were recorded at the vélley site; from
March 1 until June 21, when 50% puﬁation of valley ECB
occurred. d%{y_331 Db‘were ;éqpired for plains borers to
_ achieve‘median pupafion (on June 25). A base threshold of
12.8°C was used for both these computations (see Chapter

I11). Thus valley ECB required more DD to attain median '
& ) B L B : . <,
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pupation than did plains ECB, éven tgbugh median pupation of
valley borers was earlier when measured in calendar time.

"When physiological time was uséd to compare cumulative
" percent emergeﬁce for 1983 and 1984, both plains and valley
bo;ers had approximately eguivalent distributions (Fig.
11-4). A common base threshold of 11.2°C was used (see
‘Chabter II&), and DD accumulation began from the calendar
date when median pupation occurred. An average 164 DD were
accumulated to mean emergence (Fig. II1-4), for both ’
populaticns. .

' Although both sexes began and completed emergence at
the same time in 1983, 27.4% more maies than females emerged
during the first half *f the emergence period (Fig. I1I-5).
Caffrey and Worthley (1927) haQe also noted changes in the
sex ratio of ECB err the progression of the adult flight
period. Sex ratio at emergence was nearly equal. For valley
borers fhe ratiovwés 1.007 (females/maies, n=303), while- for
plains borers it was 0.739 (n=40). A goodness of fit test
performed on this da;a‘showed that observed fredﬁencies did
not vary significantly from the expected equal frequencies

(valley: X2=0.003, df=1, P<0.001; plains: X2=0.90, df=1,
P<0.001). |



Flight Pat terns

The first flight extended from late June to 5-10 August
(Figs. 11-6A,B,C). In 1983 peaks of flight activity recorded
by light traps coincided with times when ﬁedian emeréence
was observed in both environments (Fig. II-6). In 1984
flight peaks- occurred on 12 July in the valley, and from }

n

‘w15-?1 July at the intermeaiate site. At this latter site an
additional flight peak was observed from 27-30 Julyi Because
dates for 50% emergence were the same in 1984 as they were
in 1983, peak flight times did not coincide with days of
median emergence in 1984. -

The late and bimodal flight patte;h in 1984 was

correlated with leng periods of low qightly'temperatures
during the emergence perioé. The spoﬁtaneous take—;ff by an
individﬁal insect depends upon a specific temperature
threshold (Johnson 1969, pg. 258). Stirrett (1938)
correlated’ temperature at sunset and ECB moth fllght The
lowest temperature ae which ECB moths flew was 13,.3° c
(Stirrett 1938). Rather than relating flight of Alberta
moths to temperature et sunset, f"plotted minimum déiiy“
temperature (MDT) against daily frap,catghes KFig.'II-7)“
according to the method given By gohﬁson'(196§). Flight was
unlikely when MDT feal below 11. 5°C (?ig 11-7). Flight was
delayed at:the valley 51te because MDT averaged 9.3°C
(range=7.5-11 1°C) from 7-12 July. Temperatures at the

'1ntermed1ate 51te were low from 7-14 July (average

temp.=9 2°C; range=5 8-12.8° C) A second period of low
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catches _occurred at the intermediate site when MDT plunged
to anbaverage 9.2°C (range=5.8-13.0°C) from 21-26 July.

}ﬁ_1983 a second generation flight occurred in the
valle& from 22 August to 14 September, with the peak flight
falldng on 28 August (Fig. II1-6). The ratio of second
generation adults‘trapped to first generation adults trapped
was 1.5,‘suggesting that the size of the'second flight was
greater than the first flight. Field counts of pupation
‘conducted at the end of August 1983 showed a mddsummer
pupation rate of ca. 7% (n=28) for valley ECB and 2% (n=156)
for plains ECB. I!n 1984, light trap catches indicated a much
smaller second generation than the previous year (Fig.

' 11-6). Field counts showed an equivalent pupation rate of
0.5% for both valley and plains ECB (n=17dd. | '
Reciprocal Transplantat1on

Differences in patterns of cumulative percent pupatlon
were observed between valley and plains controls (Fig.
I;?B). Valley.borers began pupating‘earlﬁer,vand injtially
" at a higher rate than plains borers. Reciprocally |
transplanted larvae tended to follow the same pattern of
. pupation as the controls in the environment»they were
. transferred to. |

When means of pupat1on dates were compared valley
controls showed the lowest Julxan date (180. 6) plains
controls had the highest date (183.2), while the transplant

% .
samples'exhibited:intermedlate pupation dates (181.6 plains
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A

ECB in valley, 181.9 valley ECB on plains). This pattern -is
similar to that shown by mean pupal weights (see next
paragraph). However, because of the nigh variance nnd fairly
close sample means, two-way ANOVA revealed no significant
effects of either place of origin or transplant environment
(P>0:2 for both main effects and interaction). Wnen plains:
and valley controls were compared alone by one-way ANOVA,
narginally significant differences were observed (F=3.69;
df=1,62; P=0.059).

Both transplant environment and site of origin had

- . S |

significant effects on.mean’net pupal mass, but their
interaction was not significant (Table 11-3B). Valley borers
plaéed in the valley had highest mean pupal weights, and
plains bnrers placed on the plains had lowest weights (Table
11-3A) ./ Borers from the two reciprocal transplant
experimenté had mean pupal wéights that were close to each
other, and that were intermediate in value betweep’the mean
masses of the two controls.

In general, the valley environment receives more heat -
-units than does the‘plains environment. Mean‘maximum

F

temperatures at the valley site (mean=22.5:9.67°C) for the
months of March to May 1985 were significantly‘higher
(t=-3.86, df;i83, P=0.00Q2) than temperatures on the plains
'(mean=17;318.83°c). Mean minimum temperatures_fo; the months
of Jnne through Angnst'1984 were significantly lower

(t=-4.90, "df=167, P=0.0001) at the plains site

(mean=9.7+3.07°C) than at the valley site

~



(mean=12.3+3.75°C) .

Field Estimates of Postdiapause Growth

Both plains and valley larvae increased in wet mass
equally by 20% from 5 April to S.June. Mean larval weights
of the two populations were not significantly different on
those datee (Table 11-4). Just prior to pupation however,
mean larvaltmass of valley borers increased significantly,
wh%le mass.of plain§ larvae did not. Between 5-10 June
valley larvae increased their wet mass by an additional 11% "
(t=-2,17, df=99, P=0.032), while the wet mass of plains
iarvae showed no significant change (t=-0:.13, df=97,
P=0.90). Samples of pupae taken from the field at the end of
" June also showed significant”weigﬁt differences between
valley and plains borers (Table 11-4).

Dried valley larvae weighed an average 29% more than
dried plains larvae (Table 1I-4). Assuming equal water
content of valley and‘plains borers in April, this result
suggests ‘that greater mean mass of valley borers was not due
to simply greater water intake, but rather to the

accumulation of body material.
D. Discussiop:

Field Studies of Phenology L
| Significanf diffefences in phehology begﬁeen plains and

valley populations of ECB that were initially observed in
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fields counts and by light trap catches in 1983 were
confirmed by a reciprocal transplant experiment in 1984.
Differences in pupation and emergence between environments
were consistent among fields and corn variety within either

environment; Therefore, I argue that these differences are

rela{ed to differences between valley and plains

-

environments. .

1983 '‘was the first year in which a second generation of
ECB has been reported for Alberta. The larger size of the
second flight compared to the first flight is not unusual.
In other areas where two generations occur, the seéond‘
flfg?t is usually the largest (Oloumi—Sadgghi 1973). The
lack of any appreciable second generation in 1984 was °
undoubtably due tolz>e lateness of the first flight.

The unusual pattern of first flight observed in 1984-
probably,reflééts low nightly temperaturés. This is an
important parameter to consider when planning control
measures for ECB in Alberta. Researé%ers working in more

temperate climates (such as McLeod 1981) have assumed with

\V,Au(aif accuracy that light trap catches correspond to

,\

~‘€Mergence. Southeastern Alberta however is a semi-desert

environment, where wide temperature fluctuations from high
daily temperatures (ca. 40°C) to low nightly temperatures

(ca. 5°C) often occur during the'emergénce period./Therefofe

‘night temperatures during the flight period are commonly

below the required minimum for pro}onged periods..Since

flight peaks in Alberta may differ from emergence peaks,

¢
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predicting flight peaks using only DD accumulations may be
lnaccurate.

Another important component -off ECB population dynamics
1s the migration of moths from heavily infested fields to
other fields (Leroux et al. 1963). This'-migration period,
also differs from the median emergence period, and it is
difficult \to predict. Therefore individualhgrowers may best
protect their crops by monitoring péak.flight time in their

own fields with pheromone traps.

Reciprocél Traﬁsplantation

The burpose of the reciproca; transplant.experiment wag
to assess differences between valley énd plains ECB with
respect to diapause termination and pubal mass. Differences
“in mean pupal masé between plains and valley borers were
more striking ;han variation in time to diapause
termination. Variation in body mass is a character that has
been noted for its plasticity in many species (Smith-Gill
1983). Shapiro (1984) noged that such plasticity of yiﬂg
phefiotypes or polypﬁenism is very common among Lepidoptera.

Plasticity 1s shown by a part1cular genotype when it's
phenotyplc expression is altered by environmental influences.
(Smith-Gill 1983). It is likely that Alberta ECB populations
are exhibiting a particular type of plasticity:termed
"phenotypic moduiation", whereby they respond to a variable
eﬁ;ironment bk.modulating their phenbtypic expression

(smith-Gill 1983).
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A variable environmént clearly exists in the Medicine
Hat area. We have shown that the valley environment receives
‘siggaficantly higher mean temperatures than does the plains
environment. In the laboratory, larval body mass of growing
ECB increases witﬁ"increésing temperature (Bgck‘d983).

»

Diapause in the ECB also depends upon a temperéture-specific
threshold (Beck 1982). The transplant expe:iment supports

‘ Beck's findings that temperaturé exegts an influence upon
ECB larval mass and diapause terminétion.'?heﬂotypic
modulation of these traits by temperature is probably
universal within ectotherms {Smith-Gill 1983).

One questioh of concern is whether the observed,
patterns in life hisiory traits have a genetic basis as
well, andlare therefore subject t6 natural selection. When
plains and valley ;trains éf ECB were grown under constant -
ﬁempe}atu;es, significant differences in pre- and ) “
post~diapause larval development were observed (Lee and
Spence, in preparatioh). Re;ﬁﬁts of our transplant
experiments also suggest a genetic basis for phenology
differences in the ECB. Furthermore, McLeod (19785h Reed ef'.
a7.1(1981), and Stengel and Schubert (1982) have
demonstrated that diapause traits aré\heritable,in'fhe ECB
‘according to a pattern consi§tént with that~of'a'ma1e
sex*linkedjﬁystem. The;efyre I argue that"these traits are
‘subject to nétural.selection in Albeftaupobulétions.!The
~actual extent of hé:itébility §f;la;val traits is however

unknown, and would need to -be estimated by 'a traditional

-
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half-sib analysis (Falconer 1981). Such tests performed. on
other species (Berven anthill.1983) have indicated that.
environment plays‘a much larger role than does heredfty in
the phenotypic variation of body sizevand metamorphosis.
Berven et al. (1979) have presented a model of clinal
variation to explain'thevadaptive significance of natural
variation in life history traits. Our work with the ECB
supports this model, which depicts'a "cline” as‘a continuous
trend in & phenotype over an environmental gradient with -
several sampling locations. When samples from the two
extreme ends of’the cline are transplanted to ‘each sampling

locatlon (as was done in the transplant experlments) the

’experlmental phenotypes can show no induced variation and

thus be entlre‘y genetic, or they can conform exactly to the
natural cllne, indicating complete env1ronmental 1nductxon
A third outcome, that both genetlc "and env1ronmental -
influences ‘operate over the cline, was shown by ECB

populations over the elevetion gradient at Medicine Hat.

-

Alberta populations exhibited “cogradient variation” (Berven

et al. 1979) in whlch the transplanted genotypeF retalned a

\

portion of their or1glnal phenotype. It mlght be argued that

phenotyplc.modulation occurred.essentlally dur1ng

pre*diapause development (i. e..during larval groétn) and

therefore results are entlrely phenotyplc. Undoubtably body:\
mass of grow1ng larvae is temperature dependent (Beck 1983),
so some phenotyp1c modulatxon of body mass llkely occurs

between Albena populat1ons dur1ng larval growth However,_

A .
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there were no significant differences between populations in
larval grOwth rate durxng the active feeding stages (see
Chapter III) Furthermore, phenotypic modulation du&éﬂg
pre-diapause development vould not explain why larvae
transplanted in spriné 1984 showed characteristics

‘intermediate between valley and plains bogers dur ing

post-diapause development.

-

;_Festdiapause feeding

u,;igggred ca. 160 more DD to pupate in the sprlng than did

Both the reciprocal transplaht experiment, "and Sprlng
measurements of wet and dry larval mass clearly demonstrated
that valley bo;ers gained more mass on average than did
plains borers The mean 1ncreasg in wet and dry larval
welghts of valley borers in ghe late sprlng suggests that
vaﬁley larvae actlvely fed (June 5-10) during post-diapause
de;elopment This implies that there are behavioural as well
.as physi;zggical differences between the two populations,
Normally, all ECB larvae feed briefly in the spring before .
pupatxng, to cut an emergence tunnel and hole in the stalk .
(USDA. 1967). However I do not know of any prev1ous record

of increases in mass resulting from _spring feeding. I 5P

The hypothesis that valley larvae enter a post- dlapause

" feeding perlod is supported by the fact that valley larvae

lains larvae whereas dlfferences in development time .
between stra1ns from pupatlon to emergence were not

#

szgnzf%&ant ‘ S : v o

+
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Further support comes from the observation in spring

.

1983 that 2.1% (N=328) of all valley borers sampled isa—the
field molted to another insta;. Since fourth instar larvae
cannot survive the winter (Nordi? et al. 1984), clearly
fifth instar larvae moulted to form a sixth instar. I also
observed 16.3% of valley larvae form six.instars when rearedl
at constant 17° and 20° under a long-day (pupation-inducing)
photoperiod in the laboratory. All of.these sixth instar
larvae went into diapause (see Chapter fIL). Although othe®s
have alsd‘found that ECB can moult during diapause to form
six instars .(e.g. Spencer 1923), they have not suggested
that newly formed sixth i&%tar larvae continue to feed in
the spring. .

Further experimentaﬁibn is needed to prove that mass
gain 1s actually caused by post-diépauseAfeeding. I did not
record the dry weights of larvae in the fall or early
spring. Neither did 1 detefmine the nutritional value of
dried corn stalké. Furthermore, phbtoperiod can override the
temperature response, to prevent spring pupation when
d%ylengths a}e too sﬁoft (Mcleod f963)l When I reared
diapausing larvae gndgr L:D:216f8 (photophasé:scotophase) at
constant temperatures, valley ECB ﬁupated earliér than
plains ECB (see Chapter I1I1), indicating that the delayed
pupation obser?ed_in field,pppulatiqns of valley ECB did not
occur in the laborato;y. Thus some environmental cue that
was present in the field but not in the laboratory affected
the pupation rate of valley ECB.

-
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Life History Strategies
I believe that variation in diapause 1s a significant

part of the life history strategy of ECB which increases
fitness in uncertain environments. In Alberta, at the
north-western edge of its range, univoltinism is the corn
borer's safest strategy. Any second éeneraﬁion larvae would
likely be unable to mature before the onset of winte; in
most years, and would thus die.

| The diapause response, which determines voltinism, is
either suppressed or validated during the fifth instar
(Mutchmo; 1959; Beck and Hanec 1960). This depends upon a
'critical photoperiod’' .which varies as to ecotype (Beck and
Apple 1961; McLeod 1978). In the warmer valley environment,
sometimes enough heat units aré received for a preportion of
first-generation larvae to grow to tﬁe final instar before
the critical photoperiod arrives. These larvae pupate and
form a partial second generation. If this second generationb
survives, then population growth would obviously be éreater

than if only a single generation were produced. However, all

of the second generation larvae died in 1983 because there

‘were hot enough degree-days for them to grow into mature

larvae. It would appear that bi&o;tinism should be selected
against in the valley strain, |

In another study.(see’Chapter IV), 1 have shown éhat
valley females laid s1gn1f1cant1y more eggs (559) than did
pla1ns females (267) when reared at a varlable temperature

P

regime of 15°/29°C. Fecundity was significantly correlated
: ] S
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with pupal mass. 1 believe that because valley females
weighed more on average than did plains females, they had
greater fat resources to lay more eggs. In a similar study,
Gill et al. (1983) found that fecundity diffefences between
popuiationé of Rana sylvatiba were due to differences in
female body size.

1 speculate fﬁat the additional spring feeding by
valley larvae affected their subsequent life history in two
different ways. Firstly, it postponed development iong
enough to prevent most valley ECB from pupating in July.
Secondly, wvalley females were,‘on average,.more fecu;d.
Although a poftion of the valley&population was lost due to
second generation deaths, this was'more than cgmpensated by
the greater fecundity of valley females.

From these results I speculate that behavioural traits
(pdétdlapause feeding), physiological traits (ga1n in mass)
and reproductive traits (inc;eased fecundity) may all be
modified when the ECB invadés newﬁenvironhents that select

for alterations in life history patterns.



Table II-1. Differences in % pupation between valley and .
~plains populations for selected dates. P refers to results
ot X2 test for. independence. Sample size is shown in
brackets. ‘

Sampling Envir- . % of % of X2 P
Date onment Pupae * Larvae df=1
15/6,/84 Plains(50) 10.0  90.0 58.51 <0.005
' valley(45)  28.9 71.1
18/6/84  Plains(127) 22.0 78.0  118.45 <0.005
Valley(58) 48.3 51.7
26/6/84 Plains(54)  59.3 40.7  137.38 . <0.005
\ Valley(103) 94.2 5.8
29/6/84 Plains(73)  72.6 27.4 67.06 ~  <0.005

Valley(40)  95.0 5.0
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Table I1-2. Differences in % pupation between valley and
plains populations over a 3-year period. Differences between
populations were significant at P=0.001 (t test for small
sample sizes: df=4, t=22.7). A pooled estimate of the
variance was used in the analysis. For location of Sites,
see Fig. I1-1,

Site Loca- Corn Date, -Sample % Pup- Overall Mean
no. tion Type Sampled Size - ation *+S.D. ‘

1 Valley , sweet 16/6/83 55 49,1

2 valley field 17/6/84 62 45.2 46.621.77

3 wvalley field 17/6/85 11 45.5

4 Plains field 20/6/83 56 23.2

5 Plains field 18/6/84 127 22.1 22.610.46

5 Plains field 18/6/85 40 22.5
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Table I1-3. Analysis of wet mass of ECB pupae observed in
transplant experiments. :

a. Mean pupal mass for each treatment.

Origin of Rearing Sample *Q§n Standard
Stock Location Size wet Mmass deviation
(mg)
Vailey Valley 22 112.50 21.858
Plains Valley 22 99.68 14.519
Valley Plains 29 '95.28 19.705
Plains Plains 35 85.00 19,787

b. Results of a two-way ANOVA on pupal mass.

-

Source SS dar F P

Origin . '3440.028 1 9.258 0.003
Environment 6581.209 1 17.712 0.001,
Interaction 41.980 1 0.113  0.737
Residual 38644.066 '164

Total ' 49168.630 - 107




Table II-4. Field measurements of mass of fifth instar
and pupae reflecting differences in postdiapause
between plains and valley populations of ECB. P
to results of t tests carried out on samples from
and valley for each respective date.

larvae
growth
refers
plains

29

Valley

Date or Source of $ample Mean mass Standard P
stage insects size (grams) deviation
- a. measurements of wet mass
April 5 Plains 22 0.105 0.0222 0.46
Valley 17, 0.096. 0.0257 ~\
June 5 Plains 48 0.121 0.0261 0.56
Valley 40 0.124 0.0251
June 10 Plains 50 0.121 0.0245 0,01
Valley 60 0.135 0.0253
June 15 . Plains 42 0.120 0.0201 0.06
Valley 32 0.1;1 0.0273
- PUPAE Plains 64 0.085  0.0224 0.01
Valley 68 0.100 0.0230
b. ‘measurements of dry.mass
LARVAE Plains 40 0.035 0.0078 0.001
20 0.046 0.0074 :
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I11. DEVELOPMENTAL ADAPTATION IN THE IMMATURE STAGES

A. Introduction -

Different populations of the European corn borer(%ECB)
_‘vary in eheir fate of development when subjected to
equivalent temperature conditions. Arbuthnot (1944) found
that under controlled temperatures, larvae of bivoltine
popqi@tions grew more rapidly than did those of univoltine
~popu1at10Qs Beck and Apple (1961) observed differences in
degree-da (DD) reguired to attain pupation among
popQLa{{:i: sampled "from ten different-locations in eastern
north America, when reared at 26°C in the dark. McLeod
(1976, 1978) found Fhat two populations in Ontario differed
significantly in the'length ofetime required to terminate‘
diapause. Similar differences in rate.of;post-dlapause
development were oeserved between two populations in Quebec
(McLeod et al. 1979). Stengel and Schubert_(1982) noted
differences'iﬁ larval growtﬁ rates between tw& populations
of the ECB in France. All of the above- mentloned authors
llkew1se noted dlfferences in photoperiod sensitivity (/.e.
dlapause induction)- between the populations of corn borers
they stud1ed |

It 1s41mpottaht to consider such regionél diffefences
when devising population models based upon phys1olog1cal
“time (Gllbert et al. 1976). Once the,number of DD required
to commence a particular ineect life stage is known, the

‘Julian date for the occurrence of that life stage can be

41
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predictea by accumulating DD based upon at¢tual field
temperature; for any given year. Regional differences in
characteristics of growth and development also seem to be
subject to natural selection (Taylor 1981); Although rates -
of ECB development and developmental thresholds have been
measured by several authors (Caffrey and Worthley 1927;
Matteson and Decker 1965: and Andersoh et al. 1982a, 1982b,
Beck 1983), adaptive'explan;tioﬁs for differences noted

among populations have not been considered. ~

In a pre%ious study (see Chapter %Z?& distinct />'

phenological differences were observed between newly
established populations of ECB in the S. Saskatchewan River
valley, and those on the cooler plains 16 km south. Results
suégested that phenologiéal differences.had both
environmental and genetic components and I:hypothesized that
there were §ignificant differences in growth‘charaéteristics
of the two populations. The aim of this study was to
dgtérmine the developmental_threshqlds and rates of
development for all life stages of the ECB from populations
in southern Alberta. Because’Alberta populations are at the:
nortﬁwgst extréme of the thé present North American_range of
/

Ostrinia nubilalis (50°N, 111°W), I expected them to differ |

'considerably from populations in the United States.

L3
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B. Materials and Methods

a 3
O
General Methods
The effect of temperatu;e on egg development,
pre-diapause deveiopmént (i.e. growth of larval instars and

midsummer pupation), and post-diapause development (/.e.
terminat&on of diapause angd spring emergence) was studied in
the laborafory for Alberta populations of the ECB. All
~experiments were run under a long-day photoperiod
(L:D::16:8), and at several conetant (£1.0°C) temperatures
in Precisione (model 818) incubators. Illumination provided
by two "cool daylight" fluorescent bulbs auéraged ca. 8.5
hectolux,

Pre-diapause aevelopment was examined at constant
temperatures of 17°C,‘20°C{ 24fC, 30°c, 32.5°C, and 38°C. :No
variable temperatures were used, because Matteson and Decker .
(1965), anderson et al. (1982a), and Beck (1983) all found
no significant differences in developmental rate.of larvae
upen using either constant or variable temperatures. Studies
of post—diapauee developmental rate were cohduéted at
cinstaué temperatures of 17°C, 22°c, 26°C, 30°C, 32°C and
35°C. ECB eggxdevelopmént'rate was studied at constant
' temperatures of 176C 20°C, 22°C 255C 27°C, 30°Cland 32°C.

For studies of £9g and post- dlapause development, one
var1able temperature (15°c/29°C; average temperature-ZZ C)
was also used to more closely s1mulate field cond1t1ons. For
th1s reg1me, a 12:12h::thermophase: cryophase was used with.
: . 3 "

5
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the thermophase ocurring during the photophase, The N
temperature cycles produced by these incubators were of the
sqdare—wave type, and temperature transitions were complete
within 30 minutes. *
Larvae were reared on artificial diet (BioServ Inc.,
Frenchtown, N.J.). To prevent bactegiai and fungal

infection, rearing containers were socaked in bleach before

use, and 1nstruments and benchtops were rinsed with
w

~

disinfectant (Hinks and Byefs 1974)3
Egg Development

ECB egg masses were cbllected from at least 10 female
and 10 male moths placed in clear acrylic cylinders (30 cm
high by 8 cm in diam.). Iﬁsidee of the cylinders were iiged
with wax paper, and the open ends were covered with
screening held secure by rubber bande. To maximize

| fecundity, drinking water was provided Cc*ﬁ Kira et al.

1969) by placing each cylinder on top ef'a(fetri dish boteom

containing.a 10% sugef solution with a cotton wfckn |

extendlng from the solutlon into the cyllnder. A relative

hum1d1ty (RH) of ca. 95% was ma1nta1ned by placing the

- cylinders inside a sealed plastic bag.

Egg maesee freshly laid over a 4-hour period were cut
from the wax paper 1nserts._Most eggs are laid in the dark

-‘(Barber,1925) ‘and -therefore eggs were. removgz under red

light 4 hours after the start of the scotophase and 4 hours

later,'at,the.start of the photophase. Red light invisable
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to the moths (Webster and Carde ®82) was obtained by using
a Kodak red filter #92, which screened out a%l wavelengths
below 620 nm. |

, Eggs cut out from the inserts were placed in Petri
dishes (diam. 9 cm) with 5-10 egg masses per dish. Pegri
dish lids had a fine mesh screening to permi; air exchange,

A\
Petri dishes were separated by spacers, and stacked inside a

one litre dessicator that contained a saturated salt )
(KH,PO,) solution to»ﬁaintain RH at ca. 96% (Winston and
Bates 1960). |

Individual eggs were monitored daily for hatching. Eggs
were counted in the blackhead stage. Larvae hatching in each
Petri dish were also counted. To prevent larvae from
escaping, petroleum jelly was applied‘to the upper edge of
the Petri dish. After all larvae had hatched, numbers of
infertile eggs)mgead.blaokhead eggs‘and cannibalized eggs

r .

were counted.
:Pre—diapause Larval and Pupal Development ' .
Wifhiﬁ 12 hours of hatching, larvae were transferred
into Qi?nsparent 7-dram vials containing a 1/2-cm of medium,
poured over a 2-cm wide strip of plastic. The plastic strip
provided an interface with the medium, where the larvae
,begah to feed. Guthrie et aj. (1971) achigved the same
effect by scratching tE;_surface of'the mediuh.uTo prevent
iarvai éscape and permit rapid.temperatufe equilibration,

the top of each vial was cove:ed!with‘fine-mesh'nyldn



) . | | . |
screening, held By anxe{astic\bahd.

Vials(;ef& placed upside down on'a screen platform
above a water~filled dish. This apparatus was placed inside
a translucent 2-litre container (height 10 cm; diam. 26 cm),
covered with a glass plate. The space between the plate and
the container lip permitted adequate air entry while |
maintaining a high RH (ca. 95%) inside the vials.

The medium was changed every 2-4 days because larval
feeding declined once 1t becamé "stale”. 1 suspected that
gut bacteria were the méin cause of medium deterioratién.f
Although Guthrie et al. (1971) added aureomycin to the
medium to control bacteria, I felt this chemical might-
affect developmental time, so I did not use it. As well,
preliminary triats showed that even with aureomyéin added
the medium became stale after 4-5 days. | |

Larvae were monitored twice daily (0900h and 1700h).
%ifth instar larvae were monitored for two distinct phases.
At the beginning of this instar, larvae actively feed and
gro@. Afte;wards, they prepare physiologically for pupation_
during aVQUiesceﬁt fprepupél ﬁﬁase". This phése begins when
larvae cease feeding, start to wander‘and spin a | |
“hiberﬁaéulum (Beck 6982). We recorded the prepupal pﬁasel
separately to watch for possible.differencgs in development
rate between valley and plains ECB. o

At 17°C the percéntage of. larvae eﬁtering diapaﬁse was

noted for both populations., I had previbust observed that

at lower temperatures some slower developing larvae

\
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completed §£x instars instead of five, and the number of
sueh larvae were noted at 17°C and 20°C.
Post-diapaﬁse Deveiopment ¢

Diapause was induced in larvae by rearing under short
days (L:D::12%12) at 30°C (e:g. McLeod 1878). Larvae used
for diapause induction came from'stock colonies maintained
at L:D::16:8 and 30°C. Larvae which had not pupated after
ca. 30 days were assumed to. be in diapause, and were
transferred to individual storage chambers made by gluing
light diffuser strip (with 2-cm by 2-cm cells) onto a clear
acrylic sheet. Polyester fabric was wrapped tightly around
containers to inhibit larvae from moving out of the cells.
Storage containers were stacked.befween spacers inside a

plastic bag. A dish of water inside the sealed bag provided

a RH of c&: 70% (cf. Davis 1983) necessary for survival.

. _ 3
Larvae were held in a controlled-temperature chamber at 4°C

for at least 90 days to ensure completion of diapause (Beck
1967). |

| After completion of diépause, larvae wefe placed
individually into 7-dram vials‘centain}ng seribs of
moistened felt end blotting'paper. The felt was remoistened
every two days to provide larvae with the free water

essentlal for post d1apause development (Beck 1967). Vials

‘we:e covered with screening, and placed in containers as in

the pre-diapause experiment. Insects were checked daily for

pﬁﬁ%@ion and adult emergence,

4 .
t

),1/\
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Data Analysis

Reciprocals of the developmental times at various
constant temperatures express the proportion oé’development
completed per\gay at each temperature. These developmental
rate values were regressed on temperatpre (T) for each
developmental stage for both plains and valley population;.

The X-intercepts resulting from extrapolaeions of the
development curves are the lowe; developmental thresholds
Tt ) at which measurable growth ceases-(Gilbert et al.
1976) Standard errors of t, temperatures were calculated -
according to Campbell et al - (1974). The upper developmental
threshold (Tm) is the temperature at and above which the
rate of development begins to decrease (Zalom et al.:1983).
Both types of grpwth thresholds were compared emong stages
and between lhe two-Alberta populations, as well as between
Alberta and United Statec populations. The npmber of DD
above the t,, required for eompletion of dedelopment,(k),
..was determined by peking the reciprpcai of the élope of the
lineer regression line (Campbell“et‘él; 19%4). These were
compared to data.gathe;ed‘in field‘phenelogy studies (see
Chapter II). N |

Valley-and plaihs‘ECB were compared for differehces,in
‘development‘rate during each life stage. CovariancesanaIYSis :
-was uséﬁ to compare regre551on lires of development ratel
'plotted ‘against temperature. Fof a few stages, values for
‘,the hnghest and lowest temperatures were not 1nc1uded

_because they 'did not fit the stra;ght L1ne through the'other
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~ .
points. These rejected values reflected the approach of ‘
' E oS
either Tm or t,
C. Results.
Development Rate 5

Egg Devéelopment

When rate of egg development was regressed on
temperature, dlfferences were observed between regression
lines for valley and plains populations‘(Table II1-1). For
egg development I found both significant differences in
slope and adj usted mean development rate (Table 111-2), with
eggs from vall populatlons (rate=0.1924) develop1ng faster
than those from plalﬁs populations (rate=0. 1907) Because'
the intersection of the two regression llnes occurred at ca.
14°C (Flg III—1)‘ 1 conclude that valley ECB eggs developed
faster over all temperatures above 14°C. The Pegre551on
equatlons the r?, and K values for egg development (and forf
all other developmental stages) are llsted in Table III—1 | .
Regre551on expla1ned 40~90% (medlan 76%) of the varlance 1n %i;
'these data sets, 1nd1cat1ng reasonable f1ts to the lxnear ‘ 'f'

.

model, Mean development tlmes w1th standard errors,

"‘development rates, sample sizes and survxvorsh1p at ‘each

temperature are glven in Appendxx 1 for egg development (and

i

for all other developmental stages)
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Pne—diapquée Development
Differences in development rate for the fi;st four

larval instars were not significant kP=O.24)°between the two
Alberta populations,. so the data were pooled for analysis.
ﬁForrthe first, second and third instars, and for
pre-diapause ‘pupation, there was a linear relationship
bethen development rate and temperature from 17°C to the
Tm (Figs. 11112 and IIl-4). For the fOurth and fifth 1nstars
'hb/ever, the ;eloc1ty line curved between 17°C and 20° C,
indicati g the approach of-t, (Figs. I1I11-3 and I11-4).

? Differenees in pre-diapause development rate between
Alberta ECB populations occurred only during the brepupal

ph fe of thejfifth inst;regplains borers took 13% longer to
comp>1ete development in thisﬁge than did valley borers

evelopment rate was

The adjusted mean for. prepupall
significantly less for plains ECB (0.437) than for valley
ECB (0.523,*Table 111-2). Slopes of the regre551on L$nes

were the same for .the two populatlons (Table III- 2)

1nd1catigg that*valley ECB developed faster during the

o
“~

pnepupallphase'over_ali temperatures.
A | Dufing the énterval~from the start of the fifth f;staé
.Aﬁhtil the beéipning of the brebupal period (i.e. the active
feeding phase), there were no sighifi;ant differencegy, ‘
(Regression fot equal means: F:6.32f daf=282, P=0 73) in
development rate between populat1ons. When both phases of
;.the flfth .instar were combined and the complete f1fth 1nstar

”

examlned for development rate, 51gn1£1cant dlfferences

*
)
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between populatiehs were found again. While the slopes of
the regression lines for the two populations were equal
(Table 111-2), the adjusted mean for fifth instar
development rate for plains ECB (0.439) was significantly
less than that for valley ECB (0.159, Table I11I-2). Thus
valley ECB developed faster than plains ECB durlng‘the
Lomplete fifth instar over the entire temperature range.
When the two populet1ons were compared during
pre-diapause pupation, valley ECB developed only maradhally

faster than plains ECB (Regression for equal means: F=3.34,

df=284, P=0.07), and thus data were pooled. XL\\\\;//

Postdiapause Development

Rate of development for spring pupation was linearly

»

related to tempereture between 17°C and 30°C (Fig.'III-S).
.Siénificant dffferences in adjestea ﬁeans ef the regression
lines were foun between valley (meaﬁ=0.621) and plains
(mean= O/U//5 popuﬂatlons (Table II1-2). Slopes of the th
regreeggon.llnes wegf equal (Table 111-2).

1

Development from the end of spring pupation until

°

emergence was analyzed separately. Rate of emergence was

equal for both valley and plains populatxons (regression for

equal means? df=436; F=0.091; P=0.76). Regression (Table

\

111-1) was linear betweeﬁ 17°C and 32°C (Fig. I111-5). The
" emergence rate wee then examined‘separately as to sex. The
adjuéted meen fo:-regreesion of emergehce rate was

significantly less for male moths'(0.094)fthan it was for
’temales (Otioq; Tgble.III-Z)..Slbpes of the regression Hinee L

=
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were egual (Table III—Z;.

Constant vs. Variable,Tempenatures

No significant differences were observed in ECB
posxfdiapause‘or egg development when reared at a constant
22°C or when reared at a variable temperature regime of
15/29°C (mean temp.=22°C). However, insé%ts at the constant
regime showed higher varfability in development rate. Mean
development rate fér post-diapause pupation was similar
(t=-0.58, df=115, P=0.56) at 22°C-(0.032+0.0178) to that at
15/29°C (0.031+0.0255). However( coehficients of variation
(Cvf~for the two tempgfatures\were 55.8 and 8.4
respectively. The higher CV at constant temperatures 1is
prdbaply because ECB'in the field are exposed to vafiable
temperatures, not constant temperatures. For post—diépause
emergence, development rates were 0.022+0.0099 for 22°C, and
0.02240.0047 for 15/29°C (t=-.11, df=114,P=O.92); CV's were
44.0 and 21.2 respectively. Similarly for egg development,
.the CV was larger at 22°C (11.1) than at 15/299C (6.8).
© Development rates for the two temperatures were»nearly‘equal

(0.172 and 0.170 respectively for valley populations).

)
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Temperature Thresholds o

Lower Témpefatune Thresholds

The t, for Alberta ECB were compared with th%esholds
for populations from the United States (Table 111-3),.
Unfortunately development thresholds could not be compared
statistically between Alberta and United States populaﬁions,
bécause previous studies did not present measures of
variance. The two ECB populations in Alberta were also
compared. Where there_were no significan£ differences in the
threshold temperatures between p;ains and valley
populations, a single pooled estimate‘is presented.

. For the egg stage, plaihé borers had a lower t, (9.5°C)
than did valley borers (10.8°C, Table I111-3). Differences . .
were significant at P=0.005 (Weighted ANOVA: X2=83.2, dF=1).'
Both Alberta populations»ﬁad much lowér eég t, than did
United,States Ecﬁ\populations (14.1-14.8°C).,
A weighfed ANOVA test demonstrated'signifiéaéa
~differences ;n.the base thresholds of the five larval
instars (X2=95.5, df=4, P=0.005) of Alberta ECB. The t, of
th; second instar (lp;2°C; Table II1I-3) was less thaﬁ that
of the first ‘instar (11.5°C). This was similar to Illinois
ECB (Table III-3). The fourth and fifth (plains) instars of
. Alberta ECB haé much higher t, than the three previous
instars. This trend wasinof observed in United Stétes ECB.
populations (Table I111-3). In fact, the foﬁrth instar had

the highest t, (15.3°C) of all instars for Alberta ECB,
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w&ile it had the lowest t, (6.7°C) for Wisconsin ECB:(Table
111-3). The t. for the combined larval stages of Alberta ECB
(13.2°C; calculated by linear regression) was much highef
than that reported for United States ECB (9.8 to 11.1°C,
Table 111-3). The-t, of Alberta ECB for prediapause pupation
(12.2°C) was similar to the thresholds (12.5 to 13.0°C)
reported for United States ECB (Table II11-3).

for Alberta ECB, significant differences were found
between the t,'s of val%égdand plains populations (Weighted
ANOVA: X2=3.99,”df=1, P=0.05) during the fifth instar.
Marginally significant differences were observed between the
to's of the two 'separate phases of the fifth instar
(Weighted ANOVA: X5=3.55,3df=1, P=0.06). During the interval
{:om theqbeginning of the fifth instar to fhe pfepupal )
ﬂpériod, the t, was higher (15.6°C) than it was during the
prepupal period (Table 111-3). . |

Although a higher development threshold was observed én
Albéftagﬂﬁggfor post-diapause pupation’(12.8°C)‘than for the
interval ffom'pupation to spring'emergence (11.2°C, Table
III-B); differences were‘oniy'maréinailyfsignificant

(Weighted ANOVA: X2=3.35, df=1, P=0.07).

Upper Temperature Thnesholdé e | | v - '
| As with Unifed S£a£es ECB (Matteéon and Decker 196%),
the Tm fb? Alberta ECB occured at 32.5°C for most stages.
However, a higher threshold of 35°C was recorded-for-th;
first and third instars:(ﬁig. 111—2f of-Aibérta'populétiohs.

During the fourth and fifth instars, the Tm for the valley
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population was lower (30°C) than that for the plaiqf
population (32.5°C) of Alberta ECB (see Appendix 1). A Tm of
only 30°C'was also observed for both Alberta populations
during post-diapause pupation..For the egg stage, the Tm for ,
Alberta ECB (32°C) was greater than that recorded by

Métteson and Decker (1965, 27°C) or Caffrey and Worthley

(1927, 30.8°C).

gurvivorship
Under most temperature fegimes‘survivorship to the next

stage ranged from 90-100% (see Appendix 1), First instar
larvae experiched higher mortalities at 17°C and 20°C (75%
;urvived). At 35°C postdiapause larvae (19%),‘prediapause
pupae (77%) and postdiapause pupae (40%) showed ﬁoor
survival. At 32°C only 69% of postdiapause pﬁpae_surv%yed.

| “Survivorship of eggs was monitored at 22°C and 32°C.
4.5:6.30% of eggs at 22°C were infertile, 7.2+9.65% died '
during\the blaékhead.stage, and 1.611.77%‘died from A
cannibal&sm\(N=2§ samples, 10,513 eggs). At 32°C( 4.9+3.55%

of all eggs were infertile, 7.6:8.68% died as blackhead edgs

- and 3.0£3.56% were cannibalized (N=9 samples, 2,285 eggs).
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Diapause Differences Between Populations

16.3% of valley larvae reared at 17°C and 20°C molted
five times to form a sixth instar. All of these larvae went
intokdiaéause, but failed to pypate when transferred to 30°C
for 30 days. All plains larvae molted four times to form the
normal five instars.

Sixth-instar larvae were excluded from the ggneral data
analisis,'and their‘developmental times calculated
separately (Table II1I-4). When compared with fifth-instar
valley larvae (Table III-4), sixth instar larvae took
significantly longer to completerdgzgzgp ent during the

second, third, and fourth ‘instars.

Differences in the percentage of fiormal fifth-instar

larvae enfering diapause were oﬁgegved between populations.
At 17°C, 67.9% of plains‘larVae entered diapause (N=81),
while only 11.7% of valley larvae went into diabause (N=60) .
Differences were hot observed between populations:at higher
temperatures.

¢ »

D. Discussion

Degreé-days and'Develépmént_

Surprisiﬁgiy few studiés Have been céﬁdﬁcted to
jdétermine thé érowth thresholds for differenf‘populations of
the ECB, despjte'thé well-known‘vériability of this species
with respect to de?elopment rate. Published versions ?fq

previous studies do not report data for all life stages of



57

1 ]

the ECB. Following Jarvis and Brindley (1965, most
researchers have assumed that a lower’growth threshold of
10°C is adequate for prediction purposes for all populations
and fo; all life stages of the ECB. This assumption is
clearly erroneous for Alberta populations.
‘ A reason for using‘DD‘is to brovide better predictions
than are possible by relying upon calendar dates. Because DD-
are cumulative, small differences in t,‘caﬁ.fesult'in very
large differences in the number éf.DD talculated for a given
life stage. We have shown not only ;hat Alberta éCB
generally have a higher t, gﬁip do pther—ECB populations for
most life stages, but alsthhaE the thresholds fé% the -
different life stages of Alberta ECB differ significahtl
?gpm each ot;er. J

The value of K for post-diapause pupation of plains
ECB, as calculated from laboratory studies (307 DD), was
;compa;able to that'célculétga from field daté.(351 DD,

3 >

.t=12.8°C, see Chapter 11). That the latter vﬁlue‘was

‘slightly larger than the former may be due £o a slight delay¢

.in pupation -in thé field because of inaaequate'rainfall.

Free water is essential for termination of d%apause (Beck

1967) . o |

S The'valug of K for'postrdiapaug; pupatiog of Qalley

\ ECB; as calculated in thislsﬁpdi (272 bD), was muchiless

' tHan that calculated from field data'(490,DD, see Chabtef

fI). THis-inéonsistencj may‘result in part becauég valley

ia?vae seemed thehte%‘a pdst-digpauge féedingiperiod in the
&

—, -
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field (see Chapter I1I), which delayed pupation.

Post-diapause growth charatteristics are strongly
influenced by diapause intensity (McLeod 1978). Because a
greater proportion of plains borers entered diapause at-17°C
‘than did valley ECB, I suggest, that the two populations may
~have different critical temperéture thresholds for diapause
induction (e.g. Beck 1982,1983). This threshoid must be
between 17°C and 30°C, because when reared at 30°C under a
diapause-inducing photoperiod (12:12::L:D), the same
proportion of.valley larvae entered diabause (86.1%, n=230
larvae) as did plaihs larvae (86.7%, n=211).

The formation of eix instars by some ECB larvae is.not
unusual. A variable number of instars ﬂas been reported for
many insects, and can result from several different causes
(Goettel and Philogene 1979X{-Poss{bly for a proggrtien of
Alberta valley ECB, the combined effect of low temperatures

. with a growth-inducing photoperiod caused some larve to

moult, an extra time.

Evolutionary Significaﬁce of(Develoﬁment Rate in’ECB

The relat1onsh1p between\the rate of development and
temperature can be divided 1ntq three ranges (Campbell et
| al. 1974). wlthln the middle rapge there is a stralght l1ne
relatlonsh1p between develqpment rate and temperature. On
exther 51de of thls m1dd1e rangé excessxvely low or high

temperatures destroy this 11near1ty Hovever, development at

low temperatures is usually negligible. Also, field



conditions lie almost exclusively in the-middle rénge.
Therefore' the threshold temperature'to (extrapolated from .
the development rate curve) and the developmental time K areg
fairly accurate pérameters for use in predictive models for
many species (Campbell et al. 1974).

Recently much effort'has been expended in devising
non-linear models fbr‘insect development (e.g. Wagner et al.
1984), Use o% non-linear models in warm climates undoubtably
bffers beﬁ;er pfediction than do straight-line models. This
i's mainiy becausé insects fre;uently experience temperatures
higher than the Tm, so development rate slows down. In
Alberta however, only a negligible amount of development
time occurs at temperatures higﬁeg than Tm. Also, because
?!t correlation coefficients ?o; most of our data were high,
1t ié unlikely that a non-linear model would significaﬁtly
improve the "fit" bf the data. Furthermore, Gilbert et al.
(1976) favé bointed out that the ektra accuracy gained from
psiqg non-1inear models is rarely importént when models are
applied to field situations. |

Insect deveidpment rate thefefofé can be modelled by

tRE following*eqﬁatioh given. by Taylor (1981):

R(t) = rm exp{-1/2 [(F-Tm)/Ta]2 } ;
where: R(t) is thg"instaﬁtaﬁeous development ‘rate (/.e.
'proportioﬁpof-development cbmpleted/day) at a given
temperature, 7; rm is the haximum§g!telopment rate; Tm is

. ' : *® . ]
the temperature at which rm is attained; and Ta is the rate

o~ B
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at which R(t) falls away from Pm'(i.e. the slope of the
regression line). Ta is dependent upon t., the lower
temperatufe threshold. Taylor (1981) proposed that the
parameters measuring physiological time (specifically: rm,
Tm, Ta and t,) are life history traits that can vary‘through
natural selection. These types of life history traits have
not been studied well in an adaptive evolutionary conte*t.

Our results show that plains and valley populations of ECB-

in Alberta exhibited different developmental life history

strategies from each other, and from other. ECB populations
i
in general. !
" Because second generation larvae have a low probability

of maturing before the onset of winter in Alberta, selection

for univoltinism should be intense. Temperature—dependent

. ‘ L
larval growth is linked to the.suppression of diapause;

because if larvae enter the fifth instar before a critical
photoperiod occurs, then_larQae will pupate (Mutéﬂmor 1859;
Beck ana.Hanec 1960). The critigcal photoperiod for Alberta
ECB,i15.0;15.5 hours of d&ylighf,_océﬁrs from 20-30-Juiy
(unpublishéd data). A higher t, for spring pupation (12.8°Cf
aelays‘development of Albéfta ECB so thét the\chance of

midsummer pupation is reduced. An additional advantage of a
2 - o .

‘high t, is the lessened risk of late spring frosts killing

borers that have;brbken diapause. That females emerged

~slightly earlier in the spring than males has also been

‘reported for other insect species (Baker and Miller 1978).

]
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The t, for the fourth and f}fth (plains) instars were
signlficantly higher for Alberta ECB than for ECB examined
in the United States. As well, ehellower point of the
straiéht velocity line was much higher (20°C) for these
instars in AlEerta ECB than it was (15.6°C) for thase of
United States ECB (Matteson and Decker 1965). Again, the
higher t, delays development and ensures_that most Alberta
ECB will enter diapause. ¢

Survival of Alberta ECB eggs is increased‘by having a

lower t, (ca. 10°C) than other ECB. Because eggs are

exposed, they can be more susceptible than other stages to -

destruction by adverse climate and natural enemies. A lower

t, reduces development time in the egg_stage, which is

particularly important because of lower mean temperatures in

Alberta than ECB would encouﬁter elsewhere. éince~1 can thus

expect ECB populations whlch inhabit cooler environments to
have a lower t, for egg development, it is not surprising
that ECB\on the Coeler plains had a lower t;_than those ECB
1n the warsmer valley env1ronment . ‘ B |

The proportlon of larval 11£e spent in the flfggglqagar

lx,also varys among ECB- populatlons. Wh11e IlllﬂOlS larvae

‘spent 40. 6% of their.larval lives in the flfth 1nstar

- (Matteson and Decker 1965) the figure was 38.0% for Alberta

plains ECB and of y 36.3% for-valley ECB. These d1fferences
are llkely ‘'because the prepupal perlod appears to be h1ghly

suscept1ble to natural ‘Selection. Bes1des having a

-significantly §horter’prepupal periodAand lower.;.;.valley



bore;s also fiad a lower Tm during the fourth and fifth
instars (30°C) than did plains borefs (32.5°C). If Tm is
lower, then more of the temperature regime that the iosect
experiences falls under portions of the R(t) curve that are
| near to Tm, and so‘developmeotvproceeds more rapidly (Tayl%f
198 ). Since the fifth instar is one of the  longest life
stages, a lower Tm for this stage further reduced
development time for valley ECB.

The above discussion suggests that selection for
univoltioism is not as intense within valley populations as
it is within plains ECB. The effect of faster development of

~velley ECB during the fifth instar is that a lerger

proportion of larvae mature before the arrival of the

critical phetoperiod, and thus will puoate. This_explains;
th I observed a lafger peftial second generation in valley
populations in 1983 than I saw for .plains ECB~(see\Chapter
I1). The marginally faster\develophent during‘pre—diapause
pdpetion of valley ECB also.reduces development time for the
: second generation. These data support the hypotheszs that
phenologlcal differences between populatlons were due et ‘
'least in part to dlfferences in growth character1st1cs.

My observatlons of: Alberta populatlons of the ECB can
. be. compared with those descrlbed for other species.
Geog:aph1cal populatxons of European cherry fruit flzes

4' iaijand Mlller 1978) and several aph1d speczes (Campbell

:k‘f1974) that 1nhabated warmer areas generally requlred

more DD to complete development (1 e., K) than dld those in

4
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cooler areas. In contrast, I found that populations' in the

PO

- warmer valley environment needed less DD to complete

development than did those on the cooler\plains.

It has been shown that pea aphid (éa%pbell et al.
(1974), lacewing (Tauber and Tauber 1978), and mosouito
(Trimble and Lund 19é3lrpjpulations inhabiting warmer |
cllmatesdﬁave a higher t, than do those living rg cooler;
climates. This resembles the trend I observed with ECB eggs
but is an opposite trend to that wh1ch 1 found w1th ECB
larvae. Campbell et al. (1974) also SUmmar1zed data show1ng '
that the t. for P. Papae decreases wlth successive larval
instars. Spence et al. (1980) showed a similar trend for the
egg-and first four larval stages of‘éeveral partially
bivoltine Gerris species. In contrast, the general trend for
Alberta ECB 1s that of higher t, valuesiylth successiye
larval 1nstars. Clearly, ‘trends in variation of t. depepd
upon the the life hlstory strategy employed by a partxcular
1nsect spec1es. I believe that Alberta gCB larvae
demonstrate trends oppos1te to the examples c1ted because of
selectlon for unlvoltlnxsm 1? | o '%§ |

It is 51gn151cant that, dlst1nct dxveroehces in |

phys:ologzcal tlme rameters have developed between plams‘

'and valley populatlons of the ECB w1th1n a very short t1me

:perlod (ca. five years) ’Natural select1on for developmental.

characters has been observed to- occur 1n other specxes

,fw1th1n short time spans (Stearns 1983) My data for the ECB'

support Taylor s content:on (1981) that physxologzcal txme SE
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parameters are real, definable characteéristics of organisms,

- e . . . - ' .
and are sensitive to adaptation and microeveolution,
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Table 111-2. Covariance analyses. (A) Between plains and
valley populations of Alberta ECB for various life stages.

8 [

Life . Regression of Egual Adjusted Means
Stage af MS ' F ) P
Egg regression: 2 0.0872 114.21 0.0001
eqg. means: o 0.0112 14.47 0.0001
eg. slopes: 1 0.1631 . 213.82 0.0001
error: 21653 0.0008 '
Pre- regression: 2 0.2292- 3.70 0.026
pupal eg. means: 1 0.3525 5.68. 0.018
Per- eg. slopes: 1 0.1059 1.71 0.19
iod error: 232 0.0619
Fifth regression: 2 0.0195 10.04 0.0001
Instar eg. means: 1 0.0191 19.81 0.0001
! eq. slopes: 1 0.0003 0.32 0.57
t ‘error: 258 .0.0010 :
Post- regression: - 2 0.0012 4.12 0.017
dia- eqg. means: 1 0.0019 6.48 0.0113
pause eg. slopes: ' 1 0.0005 1.76 0.19
9 0.0003 - '

Pupation errqr: 35

N “Yoe
)7
‘.

(B) . Comparison between male and female spring emergence.

: - -

Pupa- regression: "2 - 0.0020 3;28 0.039

tion .  eqg. means: -1 0.0034  5.56 0.019
to eqg. slopes: 1 0.0006 - 1.00 0.32

‘Emergence . error: 380 0.0006




Table 111-3. Straight line

for various ECB populations.

developmental thresholds $S.D.
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Stage - Mas-

SO emergence

I1lin- Wiscon- Alberta*
sachu ois? sin?
setts'
1. Egg 14.83 14.06 - P: 9.51+0.128
V:10.78+£0.055
2. 1st Instar - 12,1 .5 11.541+0,343
3.'2nd Instar to- 11.3 1.7 10.1920.391
4. 3rd Instar - 12.2 11.7 11.92+0.046
5. 4th Instar - - 10.5 6.7 15.3220.414
6. 5th Instar - 10.8 - P:14.04+0.877 .
‘ : ' V:11.86+20.639
7. 5th Instar to - - 16.58+0.637
prepupal period ,
8. Prepupal period , - - 13.2621.058
9..All larval 9.8 11.1 10.9 13.25+0.478
stages
.10. Pupae : 13.0 12.5 - 12.2120.577
11. Postdiapause ‘ . :
_ pupation ' - - - 12.79+0.707
12. Postdiapause
pupation - - - . 11.15+0.541

"Caffrey & ﬁorthley"1927

*Matteson & Decker. 1965 (valués obtéined.by'liﬁear

regression of data,given)

3Beck 1983

- *‘Lee,. Chapter 3 o o s
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Table I11I-4. » Development of sixth-instar larvae over the
first five instars. A t-test is used to compare

differences in the length of time to complete each instar,
between sixth-instar larvae and normal fifth-imstar valley "
larvae. :

Ins- Temp- Mean Stan- Mean Sam-
tar ‘era- Dev- dard., Dev- ple .
ture elop Devi- elop Size t-TEST .
(°c) ment ation ment - (N) t a.f. P
Time . Rate
(days) (1/days)

—

First 17 - 8.83 .512 0.1163 8 -0.35 71 0.73
20 5.58 0.779 0.1823 16 -0.89 84 0.38

¢

Sec- 17 10.13 .246- 0.1002 8 .-7.65 70 0.001
ond 20 +5.58 0.430 0.1801 16 -9.30 84 0.001

—

Third 17 20.42 .4.713 0.0513 8 . -19.6 67 0.001
* 20 18.22 4.181 0.0576 13 -11.2 79 0.001

Fourth 17 12.25 1.488 0.0827 8 -8.81 66 0.001
20 1246  4.132° 0,0890 11 -6.45 76 0.00!

Fifth 17 19.10 4.063 0.0548 7' -1.44 58 0.158 .
20 15.36 .4.273 0.0699 11 -2.80 .20 0.011
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IV. REPRODUCTIVE PATTERNS

A, Introduction

Reproductive variables are life history characteristics
that are subject to natural selection (Stearns 1976, Snell
- and King 1977). Organisms can reépond to gradients in the
environmeNt by phenotypic adaptafion>of reproductive .
variables (Gill et al. 1983). .In many insects\fbr example
- pupal mass is inversely proportional o the temperature
under which the larva develops (Jones ;;?al. 1982). Mean
body mass, which is-a good predictor of potential fécundity
(Gilbert 1984), Qaries'for populations exposed to different
natural env?rpnments (Gill et al. 1983).

In a previous study (see-ChépterﬂII), 1 reported

distinct differences in phenology and larval growth

“o

characteristics Eetween European corn borers (ECB)
established in the S. séskatchewa;—Rivgr vallej,'and those -
on ‘the cooler plzins 16 km soulh. These differences evolved
within several years, §iﬁce the ECB only became established
in Albértalin 1980 (Lilly and Harper 1982). 1 hyéqthesized
that variétion in larval and pupal mass would be correiated
with dlfferences in fecundity and longevity. between the two
populatlons. In thls study I show that the generally heav1er
valley-ECB females liay more eggs over a longer periocd of
time than do plains females, and I offer an explanation for

the ‘evolution of these differences’in terms of reproductive
: . p

. cost theory {(Snell and King 1976, Bell 1980).

3

R 18
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The coﬁtept of-repraQUctive cost 1s fundamentalkto life
pistory theory @fell and King 1977, éelll1§80), and'mas.
been demonstrated experimentally fer fish species (Schaffer
and Elaon 1975, Leggett and Carscadden 19f§) and rotifers
(Snell aniDKing 1977) ¢ Thie theory, which etates that
res‘ources directea towards reproduction ﬁedueel those
availaple for.growth and maintenance, has received little
experimental support from work on 1nsect species. In the
present study I examine this trade-off between reproductlon
and future survival in the ECB, a semelparous (/.e.
"big—ban@"'reproductioh) species.

Many studies of réprdductive patterns in insects have;
focused on management of pest.popuLations (eg. Greenféé}d
" and Karandinoe 1976, Bari‘and Lange 1980, Masom and Mack
1984). Such stuaieg quantify lengths of the reprpductive
(REP), pre—reproduttive (éRE) and post- reproduct1ve (POST)
periods, at d1fferent temperatures. The present study is the
first attempt to obtaln thls data for populations of the p
ECB. Previous studxes (Caffrey and Worthley 1928, Huber et
al. 1928) have only measured the lengths of these periods in
outdoor insectaries. This stuay also cOmpares the effect of
fluctuat1ng temperatures vs. constant temperatures upon‘ECB
reproduction and survival. |

The present Study'however goes peyond a simple.
description of changes in ECB reproductlve characterlstles
thh temperature. Other proximate ob)ectlves were to study

the adaptation of reproduct1ve variables in ECB populations,

hY
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to examineé&?%_repreductive stfategies di%fer between the
sexes, anggﬁﬁ relate observed reproductive ateerns to
reproductive cogt theory. §> .

s

B. Materials and Methods
f ’
|

Experimental Procedure

Adult ECB lifespan and reproductive vaniab}es were
examined by monitoring moths at constant (11 0°C)
temperatues of 20°¢, 22° C,\25 c, 27°c, and 32°C, in
Precisione (model 818)‘incubators.‘incubetors were

illuminated by two "cool daylight” fluorescent bulbs

(intensity= ca. 8.5 hectolux), .and maintained under a

s

'long-da} photoperiod (L:D::16:8). ’ R

.BeCause Sparks (1963) stated that a cycling temperature
is necessary to ensure adeguate mating, a variable
temperature regime of 15°C/29°C (average_temperaturee22°C)
Qas used tovcoppare_resuits’aith those obtained from addits

exposed to a constant 22°C. An additional cycling ‘ .
- s

‘temperature of 10°C/24°C (average temperature=17°C) was used

to determine if egg-laying would decline wheb the

temperature durlng half the lifetime of ECB adults was below

':‘~the lower development threshold (see-end of section for

explanat1on of th1s threshold) In each case the amplztude
of the tempq;ature fluctuation was 14° C, wh1ch was
representative of field temperatures during,matiﬁg season.

For the fluctuating regimes, 'a 12:12h::theCmophase:cryophase -

“ 4



was used, with tme thermophase occurring:-during the A
photophase. The temperature cyclés produceé by Fhese |
incubators were of the square-wave type, amd temperature
transitions were complete within 30 minutes.

Moths from both valley and plains popﬁlations.were
tested at each constant temperature. Because of personnel
and time constraints, only a small sample size (from 4-14
females, Téble 1V-3) could be useq for each population at
each temperatufef To compare popuiagions, la{dZ%fSample
sizes were used at a variéble température of 15°C/29°C. Only
valley borers were used at the 10°C/24°C regime. - .

Adults uséd in the experiments vere obtéined from
diapéusing larvae dissected from stalkéJih spring 1984,
Field samples rather than laboratory stocks were used so
that results obta1ned m1ght better represent the
reproductive potential of adults in the field. Larvae and
pupae were placed in Petri dishes (5 EgB/diéh) with
moistenéd Cottqn, and shipped in'éevéralvbatcmes from’ﬁhe‘
field sites (near Medicine Hat) to the laporatery ith
Edmonton. Upon arrival they were weighed, thentplaced .
‘1nd1v1dually in 7 dram vials containing m01stened blotter
paper, and were monltored dally for emergence.

Newly emerged females were 1ndrvidually placed with two
male moths in separate oviposition chambers. Chambers were
inverted one llter opaque plast1c contalners (height 13 cm,

qdlameter 6 cm) with a1rtxght llds (Fig. I1V-1), A constant

relative humidity (RH) of ca. 96%‘was ma1ntained by,usé of a
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saturated salt (KH,PO,) solution (Winston and Bates 1960). A
felt wick (cf. Kira 1969) was used to transmit a 10% sugar
solution from a small dish (diémeter=4cm) to the ﬁoth;. The

wick was-fitted through a slot in the wire mesh insert, so

that when the container bottom was inverted over and onto
- .q +

its 1id, then the wick became dipped into the solution (Fig..

.

Iv-1). .

6viposi;ion chamb;rs were' checked daily for egdg masses,
which wefe'deposited on wax paper that lined the contaig:fél
Egg masses were cut out from wax papers, after moths had “
been tranéférred to a new,container. Eggs wvere plagéd in‘w
Pet;i dishes_(diamete;=9cmf wﬁth.s to 10 egg/mé§sg§ per
‘Gish. Each Petri dish was labelled as to date and the female
which the eggs came from. Petri dishes were stacked insiae
:—onefliter'déssicators having a RH 6f 96%. Air exchange was
facilitated by placing'spaéérs between dishes; Sna by 3;' ‘
d}ametef h;ies cut- in Petri dish lids, which w;feqcovg é
with fing mesh. - | ' o
‘ Fecundity fér éach female was deterhined‘by cpﬂ%;@ng
individual eggs in the blackhead stage. Larvae hatching .in
each Petri dish were also counted. To prevént'thg escape of
laévae, petréleum jelly.wésuapplied'to the upper edgé.pf_the
‘Petri dish. infert@le and dead eégs.wére counted:after'all
1ar§ae hﬁé hafched. lb | |

' For'egery female tﬁe wet pupal maSS)'time of eméfééncer

date of first reproduction, date of last neptoduction,’éhd

date of death was recorded./Dateé of emergence and death.

/

7 ' - -
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_wete also recorded'for males ~To ensure adequate mating, the .

~

‘two males from each ov1p051t10n chamber were rotated among

the females Thus eacé female was exposed to many different

maies, and the possibility of 1mpotency affecting the

results was ellminated Each male was colour -coded with a

- dot of Testor'sw enamel on the thorax, so that male

longevity could be monitored. To decrease moth activity and
'\.I

prevent their escape during transfer operations, moths were

i

cooled in their chambers at 4°C for five minutes Transfer

*

operations were also conducted inside a Im x 1m acrylic

enclosure, so that moths.could easily be retrieved if

\

escapes ‘occurred.

Data Collected

ghformation was collected for each temperdture regime
N

L

Tx

to determine the total number of eggs produced/fema&e in her-

life (fecundity); the mean number of eggs produced/day of

reproductive life (oviposition rate)‘ the distribution of .

i

egg laying over time; the percentage of total eggs produced

onAthe first day cof maturity and on the 1ast‘day_o§ life;
the lengths of PRE, REP, and POST;‘ang;the lifespan of‘both
males and females. | | ' |
g BotHémating*and oviposition occur durl g the scotophase
(Barberh1925) For calculation purposes the|reproductive
period 1ncluded all nights in which egg masses were laid,

while the prereproductive period was measured as the number

of nights from emergence up to the start of the reproductive f

\
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period. Reproductive output was measured only in terms of

fertile eggs. Infertile eggs;/and those females which laid

only infertile EQgs were not included in counts.

| - N\
Growth Thresholds ' : -

Lower developmental thresholds (t,) for each stage were
’%stablished by linear regression of rec1¥rocals of
development time on temperature (T) and Solving the
resulting equations for the X;interCept (C}lbert et al.
1§76) The number of DD above the t,, reqﬁired for
completlon of development (K), was determined by taking the

r-rec1propal ‘of the slope-of the lineer reeressfon line

- (Campbell et al. 1974). Standard errers of t, temperatures

were. calculated according to Campbeil et al. (1974). The

upper developmental threshold (Tm) Le the temperature at and -

bove which the rate of developmeént begins to decrease
v(Za;om et al. 1983) was also determlned.ABoth types of
growth thresholds were compared among stages and‘between the

twoﬁAlberta populations by weigﬁted analysis of variance.

. C. Results

i Dafferences Between Populatloes,
| No 51gn1f1cant differences: were found at 15°/29 C

between plains and valley populat1ons w1th respect to male
and female longev1ty, PRE and POST’ (Table 1v-1), |

\ . 1

Consequently population samples for these variables vere

4



pocled for furthé}\gQii::;j;V\ R ,
; Significant differences were found,hoyeverlbetween the

~ two stocks wiih respect to REP and fecundity (Table IV-1).
K 4

On average valley females laid about twice as many eggs as

did élains females, and valley females laid eggs over a

lohger time span (Table I'V-1).
For some of the variables examined, population
variances were significantly different betWeen ECB stocks

(Table IV-1). V 'iaﬁce in valley populatfons‘was much

greater rhanvin plains ECB for female lifespan, PRE, REP,
and for fecundity. For these variables, a Mann-Whitney .
U—Test was used‘td compare differences berween populations

~

(Table IV-1). Mean developmental times with standard errors,
and derelopmental'rates_for all reproductJQe variables are ‘
given in see Appendix 2.
.<Differences ﬁetween TemperaturevRegimes. w.f’f)

- Longevity of ECB under a cycling temperature regiﬁe of
15°/29°(mean ;emp.=‘22°C) was significantly greater than at
a constant 22°C (Table_IV—Z) for both males (26% greater)
and females (46% greater) Females lived“slightly longer
than males. .. o | - | |

_  No 51gn1f1cant dlfferences between the two temperature
regxmes were obse;ved for any other reproduct1ve variable,
~Inequa11ty of.varlances led to the use of non—parametrlc
testsffor somevvariables (Tab;e’IV-Z).rFor all variables

related to lifeepan (i.e. PRE, REP, and POST), mean duration ,

)
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"Ii

of the per:od was slxghtly greater at varxable temperatures
than at constant temperatures (Table IV—Z)"hsuggestlng that
| ignificant ditferenoes in overall longevity were not
oncentratdd in any partlcular phase Only plains borers
‘were uiFd to compare dlfferences between temperature regimes.
for the varlables REP and fecundlty, becaUSe these varlables
dlffered between plaxns and valley stocks (see below) and
sample size was 1nsuf£1c1ent_to support separate ahalysis

for'valley moths..

Development and Temperature

“Lifespan |
Malesland females differed 'in longeﬁlty patterns with.
respect to. Tmt For males there was“a linear relationship
between development rate and temperature from 17° C to 32°
(Fig. IV 2), fwhlle for females the Tm occurred at 25°C.
Females _ 11ved longer than males, espec1a]ﬂy at lower.

f

temperatures..At 10° /24 C (mean temp.—17 c), female‘ECB

surv1ved an average 32, 2 days, wh1le males l1ved only 15 9
days. At 25°C, females lzved 7. 6 days and males l1ved 7 3
~days (seé-Appendlx‘z) “The est1mated t° for 11fespan did ‘not
. differ 51gn1f1cant1y (Welghted ANOVA “df=1, X2=0. 89, P=0. 30)
_between females (14 6+1 54 C) and males (12 21, 90 C). K,
which 1s an- 1nd1rect measure of the slope of the regress1on,

was nearly eqUal between sexes. ‘Mean female lifespan waé

71.7£12,74 DD, while the K for ale 11fespan wds 70. 619 78

~a



PRE, POST, and REP -

Development rate was determlned'for each of the three
periods assoeiated with female lifespan. Rate for PRE was
linearly related to temperature from 17°C to 27° C (Fig.
IV-3). Mean development time was recorded as 7.7 days at

~ 17°C-and 2.3 days at 27°C (see Appendix 2).
Temperature and 1/PO§T wvere linearly related (Fig.
1v-3) from 17°C (development t1me 6.0 days) to 25°C
'(tlme—1 0 days, see Appendzx 2) _The calculated thresholds
t. for POST and PRE were 11 .6+4.04°C and 14.6%2.79°C
» respectively. .The number of DD above the threshold t, (i.e.
- K) were computed as .9+4,36 DD and 20. 3+5.45 DD for POST
: and PRE respeéf&vely )

. Although I -had observed significant differences in;RE§‘
between‘vallev and plains ECB at 15°}29°C, when their
development rate curve5~were‘regressed on tempe}ature, no
51gn1f1cant differences were moted (comparison of adjusted
means: MS-O 8364 df=2, 44; F-1.09 P=0. 30) - The aq@usted

| ‘mean for plaxns ECB was' 0 5010 578, and. for valley BCB was
0.4210.566. Therefore development tlmes .and rates'may be ‘
pooled (see Appendlx 2) for the two populations. Thé
development rate curve. was lznear between 20° C and 32°C

1

(Fig.’ IV 4) Mean development t1me was ‘highest at 17°C (17, 7

.days) and lowest at_ 2 C (1 6 days) K wag estimated as

'kn15 Bx2, 56 DD and t{ was estlmated as 18 811 46°C.
*\Q leterences 1n ty/between the three varzaﬁles related to

e
VAN

-4
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lifespan (PRE, POST, REP) were sighifjcant at P=0.05

(Weighted ANOVA: df=1, X2=3,99).

Fecundity and Oviposxtlon Rate
A negat1ve linear relatlonsh1p betweenw?ecundzty .and
temperature occurred over’;he_range of temperatures tested
(Fig. IV—S)Q'Fecundity was greatest at 17°C and ldvear‘at

32°C. Analysis of covariance demonstrated 51gn1f1cant

- ?

dlfferences between the regressxon lines of plalns and

. valley ECB (comparlson of adgusted meane° MS- 65 X 10

df 2,70; F-4 04; -P—O 02) “The adjusted mean for plains ECB

(279+40.4 eggs/female) wa§ slgnlflcantly less théﬂ that for

valley ECB. (41Z+29 5 eggs/female). ~
The effect of. these-dlfferencee was'clearly-showh:ine

‘the rate ofﬁov1p051t10n (Flg IV 6), wh1ch is’ s1mply

fecund1ty/REP No 51gn1f1cant dlfferences were observed

between populatlons from 20° to - 25°C (Flg. IV-6). Atk21<ff'<w"r

however, ov1p081t10n rate was 51gn1f1cantly less (T=- 10}
df:lO/’P- 011) for plalns ECB than for valley ECB. Thus
valley ECB had a hlgher Tm than d1d plaxns ECB {or
Ogapos1t1on rate. The regress1on of ov1p051t10n rate on .
temperature showed a linear relatlonshlp from 17°C to the Tm? |
/(Flg. 1V-4), with a t, of f1. 5:4. 93°C. f‘j | '-a, ;
., Valley ECB also had a h1gher optlmum range (25*27 c)
for laying viable eggs than4d1d plains ECB (22 c), when

reared’uhder'éonStant'temperétures‘KTable Iv=-3). Under these'

opt1mum temperatures 89% of valley ECB and 83% of pla1ns ECB'
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jlaid viaole eggs Egg viability'increased for’valley ECB

iwhen sub)ected to the varlable temperature (95% viable eggs)

Q .
as compared tQ when placed at a constant: temperature of 22°C

(60% viable eggs, ?able 1v-3). Thghtemperature at which the
laying of viable eggs would'theoretiCally cease ’

(34.111.7i°c)‘was approximately‘equal for both populations.
AVerage'oviposition/female/daf foriconstant temperatures is
’ glven in Table IV- 4,‘and for ‘variable temperatures is glven

=™,

in Table Iv-5.

-

S

Patterhs;of Reproduction'and Life;pan

To ekplain &hf a;considerable amount of variation was

"observed for some reproductlve variables, partlal )
correlat1ons beﬁween&selected varlables were examlned
;Strong_gegat1ve correlatlons bbtween 11fespan and percentage
‘eof total eggs la1d on elther the f1rst or last day of life.
"{Tab;eAIV-ﬁ) indicate that 1nd1v1duals which ov1pos;ted»
,_heauiiy'duriug'these periodsfhad a shorter life. Shortflived
'females alsoiprodUced less offspringy'since the'correlation
'between fecund1ty and llfespan was p051t1ve (Table Iv- 6).

‘l0v1poszt1on rate was negatlvely correlated w1th lifespan

;(Table IV-G) suggest1ng that those females that roduce"
A.many offspr;ng over a. short period do . not 11ve lo. | |
well REP was p051t1ve1y correlated wfth fecundlty (partlaI
correlat1on=0 816 P<0. 01) ‘whlle ov1p051t10n rate was not '
'j(Table IV-G) Together these observ3t1ons suggest that the

rlarge number of. offsprlng assoc1ated w1th long-l1ved

2
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individuals is mainly achieved by reproducing at a ‘low rate -
1% . DTS

over many:aéevclasses. Short-lived individuals, in contrast,
reoroduced at a high rate over.fewiage claéSesw with“lesa L
' tbtalyfecundity. - o | |

Wet pupal mass of fema;es was related to their
subeequent reproductive pattern..Both fecundity,and lifespan
were positivély associated withvpupa;.mass'(Table IV—G)Z
sug;esting'that heavier females live longerdand produce more
offspring. The percentage of total eggs laid on eitner tﬁe‘
first or last day of life was negatively associated with
pupal mass (Table 1IV-5), whach suggests that llghter females
concentrated their oviposition in iewer age’ classes
k Reproductive effort is best measured 1nesexually

1

‘reproduc1ng spec1es by comparlng average survxval and

fecundlty in groups of genetlcally diverse 1nd1v1duals (Bell-

1980). Consequently reproduct1ve cost was determlned for

valley ECB at 22 C by plott1ng surv1val agalnSt ov1p051t10n _

rate (Fig. IV 7) The data was best descrlbed (F2=0 77'

_ df=1, 22) by a quadratlc equat1on (Y-14 605+0 000017x’) that S

is convex downward (Fxg 1v-7). Thus, as .dally fecundlty
)

'11ncreases, surv1va1 diminishes rapldly at first, but does 50 :

‘mqre slowly as dally fecund1ty becomes very great. A tangent
to th1s ltne at the equ111br1um po1nt (Flg. Iv -7) is ,ﬂ
descr1bed by the regress1on equatlon Y-20 959 0 10798

_(P2 O 67 df-1 22) The equ1l1b£1um poznt, where surv:val

‘cost lS balanced by fecund;ty, occurred where l1fespan was "

. . Y
. ca. 10 ﬁays, and ov1pos1t1on rate was ca. 75 eggs pe' day

Nt

~e



“D; Discussion

( s
- v f ” .S.’ .
Differences Observed - v N
_ " ot
Differences Between Populations

We found significant differences between valley and

‘blains ECB with respect to REP at 15°/29° C, and with respect

4

to fecund1ty over all temperatures. Partlal correlations
demonstrated that females with hlgher wet pupal mass
generally lived longer and gave birth to more offspr1ng We
also‘fpundrln another;etudy (see Chapter II) that valley
larvae ueighed signlflcantly more in the spring tnan did
plains larvae. These differences resulted mainlv from -
environmental (i.e. témperature) differences between sites.
Beécayse I used pupae from the field, and because valley

Borers welghed .more on average than d1d pla1ns berers (see

7

Shapter 1), valley females had greater fat resources to lay

3
i

more‘eggs.- S
Whlle_ilfferences in REP and fecundlty were correlated

“
¢

wzth pupal mass,,othér dlfferences between the two

. ¥ )

populatlons were not Plaifhs ECB ha&’a lower Tm than valley

<ECB for bdth oviposition rate and optimum’ egg v1ab111ty, and

thxs is llkely related to phy51ologxcal dlfferences between

the two populat;ons. We have also found that p1a1ns -ECB have
L 2N

‘,,( a loweg Tm for ﬁhe fourth and f1fth larVal 1nstars (see-

b

Chapter 1), and have»exﬁlaxned these: dlfferendes in terms .,

R 9

of evolutlon qf physndlog1ca1 tame rmrameters as proposed by .

L 7‘ ) ) | /j -
. : * - ° . 5
8 : ’ L E
T a8 . a- I . L S -
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Taylor (1981).

Differences Between kegimes
Diffgrences in development time between fluctuating and
constant temperatures, such as I observed with male and
female longevity, have been documented for”many insects
(Hagstrpm and Hagsﬁnpm 1970, Hagstrum and Leach 1973).
Although 1 cannot cénfirm Spark's assertion (1963) that
matjng frequency increases under fluctuating temperature
regimes, 1 did note that the number of valley females laying
viable eggs increasedvby 35%. Loughner (1971) found that ECB
mating success ranged from 56-75% under a fluctuating |
temperéture of 18.55[29.49C. With the system of adulg
rotation that I used, successful mating was higher (80’95%
of all females laid viable eggs) under a similar temperature
" regime (15°/29°C).; | |
' zDevelppmental }aﬁe was not adversely>affected“when“'
,_ moths we;e exposed \to a the:heperi;g_with a cryophase (10°C)
‘.ngb;}the t,. Values';ti10°/24°c for mostlréprodﬁctive
vafiaBles,git the. straight line.£hrou§; the other points on
the developﬁent rate curve (Figs.xz,B). The only éxceptién
was for REP, because the t, (18:é°Q)'wa§ actually hiéher
than thexmegn'tgmperétureg(17°c) of the régimev(Fig. IV-4);
Yeargéﬁ (1980) é;so°féhnd?thét sucéeséful'development.bf

Telenomus podisi occurred at 14°/22°C, when the cryophase

\ » .

was below the‘t,.'A. Yo .
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Reproductive Traits : "- 5.
1 6..,;—" . . h 2\f '
Sia ~

Longev ity and Ovipqsition .
| Results for ECB development differed in some respects
from studies of other insects. Mack and Backman (1984) ang
Mason and M;ck (1984), who studied that lesser cornsfalk‘
borer and the soybean loopef respectively, found that female
‘longevity decreased linearly with temperature. Fgmale ECB
uljfespan in contrast decreased with temperature in a
non-linear fashion, forming a typical 'J-shaped' curve. The
»éuthors cited above also observed that total
-fécunditYAfemale increased with temperature in a non-linear
-manper. For the ECB fecundity/femaie decreased linearly with
temperature. |
Similar to insects studied by Greenfield and Karandinos
(1976), Bari and Lahge'(1980), and Mason and Mack (1984),
daily egg productiqn in the ECB at lower temperatures was
Aess than that.at higher temperatures, but extendéd for a
longer‘dprqtion. As well, femperature apparently affected
rate of oogenesis in ECB, because the rate of oviposition
"changed with tehperature (Fig. IV—65. With some Lepidopteta
(Greenfield and Rarahdinos 1976), oogenesis is not completed
by the end of the pupa}_stage, but continues during adult
 life;'and is thérefore affected by temperéture; This
probably applies to the ECB as well, Ifrihis is the case,
then highe; témpergtures would increase oogenesis fate and

subsequent oviposition rate.

s
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'ﬁReprod&ctive Strategies of the Sexes

- The fact that adult female ECB live longer than males
raises guestions about life history stategies. Would it not
be more adbéntageous fgrlpolygamous male.moths-to have long

lifespans, to enhance their reproductive success? Because

\
A
v

reproductive success in male insects is proportional to the
\numbér of fsmales mated (Wade and Arnold 1980), this
guestion id bound to that of optimal timing of hale
eglosion. Males which emerge close to the peak for the
population clearly have greater potential reproductive
success, becausenmore feﬁales §re available (Fagerstrom and
 Wiklund 1982). ECB populations conform to the optimization
model proposed by Fagerstrom and Wiklund (1982), whereby
males emerge slightly before females, and the eclosion
period is about egual for both sexes (see Chapter I1). I
suggest that selection for male ECB reproductive success is
"based mainly upon selection for optimal timiﬁg of eclosionl
and not upon longevity. Female reproductive success however

‘p‘ends_ upon several factors (Fagerst.ro_m and Wiklund 1982),

one of which is reduced moréality both before and Furing
oviposition. Mortality of feﬁéle ECB .is veryblow élring
thesérperiods (Tables 4 and 5)[-sug§estihg that maximum
reﬁfoductive §qccess is aéhievea by extended longevity.
These data sugéest that differenceé in male and feha1e

lifespans arese in reéponse to selection for different

reproductive strategies in each séx.
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Reproduct ive Cost

The two types of reproductive patterns 1 have observed,
f.e. that of noncgntrated reprodhction in a few age classes
vs. that of low-level reproduction over a long time period;
can be explained in terms of resonrce limitation theory
(Snell  and King 1977). Individuals which ovipdsit at a high
rate limit ;heir resources available‘for growtn and |
maintenance, and therefore die early.

In reproductive cost theory, semeLpafity may evolve
either through selection toward a stable eguilibrium or
selection away from an unsﬂeble equilinrium‘(Bell 1980)". The
laFter route occurs when thé graph of fecundity on survijval
is convex downward, as was obsérvéd for valley ECB (Figq.
IV—?); This suggests tha?'selection away from an unstable

equilibrium is chrelatedeith evolution of semelparity in
Existence of an‘unstable equilibfium'between present .
fecundity and future survival in Alberta ECB may explain why
natural selection for differences in fecundity and REP
occurred within ﬁive yeafs‘between valley énd plains
populations. Since fhere.aré no forces aéting to stabilize
the equilibrium, the environmentél differen%es could rgpidiy"

be reflected aé differences in fecundity and longevity

 between ECB populations.

)
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Table IV-1. Comparison of valley and plains ECB
populations', with respect to reproductive variables,

~at & fluctuating temperature of 15°C/29°Cy

96

Test for,

_jb;eét Mann-

Cv=49.6

\

Vari- Mean *S.D.
able (and CV Equal for dif-  Whitney
o for some Vari- ferences U-test’
cases)? ances in Means T !

Male V=11.8+5.21 F=1.26 =-1.30

Life- P= 9.9+4,65 P=0.32 P= 0.21

'span df=30,18 df=48 .

Female V=14.116.11; F=6.72 rTQHJGB

Life- CvV=43.4 P=0.008 - P=n.s.’

span P=11.122.36; df=20,7 df=27

‘ Cv=21. 3. '

PRE V=2.922.74; F=5.91 =~1.17
Cv=94.5 P=0.011 - P=n.s.
P=2.9+1.13: df=20,7 df=27

) CV=39.0

REP V=9, 1+4,66; -l¥=3.55 T=2.10
Cv=51.2 P=0.046 - P=<0.05
P=5.1+2.,47; df=20,7 T df=27
Cv=48.4 ,

POST V=2.243.40 F=1.18 T=0.58
P=3.1+3.14 P=0.44 P=0.51 -

. df=20,7 df=27 ‘

Fecun- = V=559+252.,5; F=3.66 S T=2.73

dity . Cv=45.2 ~ P=0.,044 - P=<0,05
P=267+132.5; df=20,7 : df=27 :

'V refers to valley populations; P refers to plaiﬂéir
populations.” PRE refers to Prereproductive Period;

. ~REP refers 'to Reproductive Period; and

Postreproductive Period,

POST refers to

5 e



- *CV refers to coefficient of wvariation.
o ' B

>Test statistic is compared to & signific
of 5%; n.s.=not significant.

ance level
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Table 1V-2. Reproductive variables of Alberta ECB
populations compared at a constant temperature of 22°C
and at a variable temperature' of 15°C/29°C.
Vari- Mean *S.D. Test for T-test Mann-
able (and CV Equal for dif- Whitney
for some Vari= ferences:  U-test
cases) ances in Means ‘ ,
Male F=11.125.05; F=1.85 T=4.38
Life- CV=45.5 4 p=0.032 - P<0.0%
span C=8.843.70; df=47,33 df=80
Cv=42.0
Female #F=13.3¢5.46; F=5.38 . . T=2.26
Life- Cv=41.1 P=0.014 - P=<0.05
span C=9.122.36; af=28,7 df=35
Cv=25.9 .
- F=2.9+2.38; F=5.04 T=0.34
PRE Cv=82.1 P=1,017 - P=n.s.
C=2.4#1.06; df=28,7 df=35
Cv=44.,2
REP F=5.122.48 F=1,11 T=0.37 -
(plains) C=4.612.61 P=0.423- P=0,72 <=
: dfg4,7 df=11
© F=2,4%3,30; F=13,87 ; T=0.42
POST  Cv=137.5 P=0,001 - P=n.s.
- C=1,310.89; df=28,7 df=35
2, Cv=68.5
Fecun- * F=267%132.5 F=1.86. T=-0.13 - :
dity- C=278+180.7 P=0,22 P= 0,90 -
(pléins)_ \ df=4,7 df=11 o

'F refers to fluctuatxng temperature regxme, C refers to_
constant temperature regime;

I“V-

other abbrevxations as




Table IV-3. Percentage of females tested which
oviposited, and the percentage which laid wiable eggs.

99

Percentage of

Temper - Percentage of ~

ature Females Females Laying Sample

Regime Ovipositing Viable Eggs Size

Valley Plains Valley Plains Val. Plns.
? .

10/24 75 . - 75 - "4 -
20 80 80 40 60 5 5
22 80 100 60 83 5 6
15/29 95 90 95 80 21 10
25 88 78 88 44 8 - 9
27. 100 100 89 50 9 8
32 75 64 33 50 12 14
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Table IV-5. ‘Survi§orship and fertility table for the
ECB, for variable temperatures. Abbreviations as in Table
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Iv-4.
10/24°C 15/28°C
‘ Adult Lx Mx Lx Mx
Age v Y P
(days) "
0 1.0 - 1.0 4+ -
2 1.0 - 1.0 21‘ -
3 1.0 - 1.0 28 15
4 1.0 - 1.0 28 28
) 1.0 - 0.95 30 24
6 1.0 - 0.91 34 27
7 1.0 - ©0.86 28 22
8 1.0 26 0.81 27 10
9 1.0 23 0.76 14 11
10 1.0 18 = 0.76 21 4
1M . 1.0 24 0.76 13 1
12 1.0 29 0.71 13 -
13 1.0 19 0.67 7 -
- 14 1.0 14 0.62 4 -
15 1.0 24 0.52 3 -
16 1.0 32 0.43 3 -
17 1.0 28 0.29 1 -
18 1.0 3 0.19 .9 -
19 1.0 17 0.14 .3 -
20 1.0 0 - -
21 1.0 17
22 0.83 14
23 0.83- 11
24 0.83 3 »
25 0.83 7
26 0.83 3
27 ~0.83 2 .
28 0.83 4




Table IV-6. Partial correlation coefficients of
reproductive variables with pupal weéight, oviposition
rate and lifespan of female ECB (linear effects

of the‘'remaining variables have been removed).
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-~ - .
L T
Fi;»ﬂ‘ Life- Eggs Laid Eggs Laid
dixy span - on First on Last -
R
_ Day, as % Day, as %
' of Total - of Total
v T . :
Wet Pupal 0.225 - 0.267 ©o=0.191 -0.232
Mass P<.05 . P<05 not sig. P<.05S
Ovipos- 0.088 ~0.280 0.894 0.125
Jition not sig. - P<.05 P<.01 ‘not sig.
"Rate
Lifespan 0.992 . - -0.327 -0.346
pP<.01 : : P<.01 P<.01

o
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PLASTIC CONTAINER
' FUNCTIONS AS
OVIPOSITION CHAMBER :

FELT WICK

MOTH OVIPOS|TS: ON
WAX PAPER INSIDE CHAMBER

RE SCREEN FITS SNUGLY
INTO PLASTIC CONTAINER

WIRE MESH PLATFORM
 SMALL OISH FILLED .
WITH HONEY SOLUTION

PEYRI DISH BOTTOM: FILLED

CONTAINER LIDfwr_ WITH SALT - SOLUTION

Figure IV-1, Diagram of oviposition chamber used for
experiments, cut away to expose-the interior.

°
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Figure IV-2. Rate of development (% development/day) for . ‘
adult male and female longevity of: Alberta ECB. Interpolated'
- values are represented by dashed lines. , '
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V. LARVAL DISPERSAL AND FORAGING PATTERNS

v

A. Introduction

Thé study of insect dispersal and habitat selection has
often been considered a trivial exercise, until recently
(Stinner et al. 1983). However, it is now realized that
fefchtdve cqnfrol of an insect pag& depends upoh accurate
knowledge of if's feeding habits and diSpersai\patterns. The
European éorn borer (ECB) is a good case in poinﬁ. Growing
/lérvae can at;ack all parts of the corn plant, éépehding
upon plant growth stage (Hﬁdon et al. 1982). Interplant
dispérsal of mature larvae in the fall is a strategy fér
overwinter su;vival of ECB (Barber 1924, Worthley‘1927,
Hodgson 1928, Huber et al. 1928). Information gaiged by
‘ monitoriﬁg movement of larvae tﬁroughout the plant (Caffrey
and Worthleyl1927, Crawford and Spencer 1928,'Huber et al.
1928, Patch 1943) has been applied to the developme&f of
‘corn.and'sOrghum”vafieties'that are resistant to leafland
-sheath_feéding by corn borers (Guthrie et al. 1860, 1970,
1971, 1984). |

-Several aspeéts‘of ECB dispe:sai however have been
‘inadequately described or quantified. Informatiqn_about
movement pafterns of newly hatched lérvae is lacking.
.Several questions are addressed by the.present study. What .
types of dispersal routes. are £ollowed,‘ahd‘are some routes
_prefgffg& over otherS?TDo‘newly-hatched larvae drop from

leaves solely to aveid predators, or is this also a

‘13 ‘ ’ ‘o.



dispersal tactic? What microhabitats are colonized by
early-instar larvae, and how guickly does this colonization
occur? Why do go many early-instar larvae die (see Chapter
VIiIi)? Because early—instér mortality is a major component of
ECB lifetable analysis, an understanding of how this
ﬁorta;ity OQ?%fs is importaﬁt.

Larval selection of microhabitats within the corn plant
(i.e. intraplant dispersal) has not yet beeh described as té
larval stage, but only as the percentage of larvae found in
a particular location, in relation to the number of days
growth from a,specif}ed starting date (Hubér et al.. 1928,
Patch 1943, Guthrie et al. 1984f. Results may not apply to
other regions, because Qf.differenceg in larval and/or corn
growth rate. Therefore, in this study, habitat selgction by
different larval instars is related to specific plant growth
stages.‘Because insecticide applicaiion is ineffective once
larvae have bored into the stalk (Clement et al. 1981), it
is importan£ to determine whicﬁ insfa: begins boring.

Finally, inférp;ant dispe}sal needs to be effectively’
measured. In ;hi; study,‘ﬁhe‘pattern of interplant dispersal
at a given egg density has been detérmihed in a cornfield. I
also hypothesized that survival of larvae which dispersed
across corh‘rows would be less :héh that for larvae which
dispersed between rows. |

To summarize all aspect§ of ECB dispersal, 1
con;tructed a flow diagram, which may be useful in modelling

(cf. Stinner et al. 1983) ECB larval dispersal.



115

B. Methods and Materials

.

-~

Corn Plant Phenology
The distinguishable stages of growth in a corn plant
have been defined by Barber (1943) and the Alberta Corn
Committee (1982). Those stages relevant to this study are‘
thé pre-whorl (1-5 leaves fully opén),early whorl (6 leaves
open), mid-whorl (8 leaves open; tassel enclosed in whorl),
late Qhorl (tassel visible in whorl cup),‘early green tassel
(10 leaves open; tzgfel tip above whorl; ear buds formihg),
mid-green tassel (tassel és a clump of folded branches), |
late green tassel (12 leaves open; tassel unfurled), early
silk (14 leaves open; silks emerg{ngl anthers‘dehiscing),
mid-silk (maximum pollen shedding), %Sd late silk {silks
dried at t{bs, anthers gone) stages. :

e~ \\
Dispersal Rfter Hatching
Field Tni{ls

‘Field tria

Bl

were conducted to determine dispersal

4

routes chosen by newly-hatched larvae, and their speed of
|

movement Larvae were o

-

paper by laboratory reared

tained fr%; egg masses laid on wax
"moths. Masses were

. 1ncubatea at 26°C until the blackhead stage, ‘then placed at
16°C and checked da11y for hatch1ng. When a few larvae had /
hafched, egg masses were t;anspbrtea in é cooler to the

field plot. Whén egg masses, were removgd.from the cod;ef.

5t
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most larvae began hatching immediatély.

Three or four larvae were brushed onto the underside of
aﬂcorn leaf, 15 to 20 cm from the ligule. Mean distance from
naturally-laid egg masses to the ligule is 18.4 cm (see
Chapter VI). Larvae were placed only 6nrleaves in the
midsection (lea{ nos. 5-9) of the plant. The.dispersal route
of each larva was charted until it entered the ligule or
fell off the leaf. Care was taken not tO'dislurb larvae
during observation. The experiment was r;plicated 34 times
(a total of 105 larvae were observe33 over eight windless

days. During trials sweet corn was in the mid-silk to late

silk stages. Mean temperature during trials was 27.5%4.44°C.

Laboratory trials L

Dispersal of newly~ha£cheé larvae was moni;ofed on
artificial corn plan;s, to investigs;e why larvae drcpfﬁfom
‘leavss/ causes of larval mortality, and rate"of
colonizstion One meter high plant stems were made from
dowellng (diameter=2-cm), and painted white. Stems were
nailed to a' 0.37 m? square plysbod bass, which wss also
painted white. Leaves were cut ffom 4jmil clear polyethylene‘
to the approximaté dimensions (see Appendii 3) of corn
leaves.. Plhstic leaves were made r1gld by interweaving wire
down the midrib. The end of the:wire was wouna‘around the
stem to attach the leaf.

Blackhead egg masses were plnned to the mlddle (at 13%3
cm from the llgule) of the ninth leaf (45:2 eggs/plant),»on \

b4

the underszde._Przor to egg placement, art1f1c1a1 medlum
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(BioServ, Frenchtown,‘N.J.) was poured into the leaf ligules
and tassel. Tangle:trape was placed around thgroerimeter of
the stem base and plant stand. Use of artif}cial,plants was

fadvantageous because all dispersing larvae could be seen
against the whitevwood,'and thro;gh the plastie leaves,
witﬁout disturbing the plant. Larvae dropplng to the plant
base were caught in-Taogle-trapo, and counted.

_First~instar larval mortality and dispersal toAfood
sites was monitored at - 3-hour intervals for 7.5%0.25
degree-days (DD). DD calculations were based upon a lower
threshold of 11.5°C (see Chapter 1I1I). Eight replicates were
used in a controlled temperature chamber at - 1]11 C and 98+2%
relative hum1d1ty (RH). To simulate field cond1t10ns, trlals
vere repeated under a fluctuating temperatur;’ |
(range-16°-23 C, mean=19.5°C) and hum1d1tx/?range 44%~66%
RH). At the end of each trial, food sites and leaf surfaces

% -

were carefully examined for larvae.

-‘lntraplant'Dispersal

N Progress of larval dispersal . throughout individual corn‘
| plants was monltored in the field in 1983 and 1984. Wax
" papers conta1n1ng blackhead egg masses (ca. 40 eggs/plant)
..werebstapled*to the oqdersides'oi_eorn'leares at mia—plant:
level. Larvae genersllylhétchedfwlthiﬁ a few hours. Each
plant*was'taggéd»as:toedete of egg placemeht and the number
of eggs placed (tz'eggSlQ In 1983“egg$1were5placed on field

-1eorn'at'ca;‘3-day intervals from July 13 to Aug. 8, while in
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1984 eggs were placed on sweet corn at 5-day intervals from
July 5 to Aug 9. | | |

Treatment éroups (those plants which received eggs all
on the same day) were separated from each other by plastlc
sheeting barriers coated with.Tandle-trapo on top, to
prevent dispersal between treatments. Every 5 days“after eqq.
placément, two plants from each treatment group were cut at
" the roots, put in plastic bags and transported to the
laboratory, where they were carefully dissected._Larvae were
noted as to instar (based upon head capsule width) and
location witbin)each corn plant.

Two methods were used to prevent larval escape from
plots and to prevent natural infestation.‘In 1983 the plot
was enclosed by a meter-high 6-mil plas(ic fence,"coated ,
with Tangle-trape at Ehe bottom._The plot was located at the
periphery of\the corn;bofer infestation, so that cﬂances of.,
| natural egg-laying were unlikely..In.1984 tbefplot Qaif:;§ln
enclosed by a plastic fence. However above the plast1c was
another meter of scroenlng, and the enclosure top was also
screened Temperature, hum1d1ty and ralnfall vere recorded
contlnuously at m1d plant level w1th1n the f1eld plots. Both
; plots were 1rrlgated

‘ Larval development was descrlbed as to 1nstar,'and as -
to the number of DD from egg- placement DD were accumulated
uszng a’ computer program based upon a sine- wave model
(Gilbert et al. 1976).. Calculations were based upon lower

development - thresholds of 11.5° C 10,2° C,’lJ;Q C,_15.3fC)5

-
< ?
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anéd 1i.8°C for the first, second, third, fourth, and fifth
&

instars nespettively (see Chapter 111).

Inter-plant Dispersal

0 Larval dispersal between corn plants was examined in

s -

j98§ by erecting a series of screen cages around groups of
corn plants, and artificially infesting the centre plant
"iﬁh 6022 eggs. Six replicates of cages along a single row (
<<;t;corn contained 9 plants each, while eachépf six cages
across five rows contained five-plants (one/plant/row). To
sihplate actual dispersal ovegfa*large area, four cages of
QB‘glants'(Q plants/row X.S‘rows) were erected, with‘the
cent;e plant again infested'with 6022 eggs. The plots of
field corn were planted_accérding to standard practise, with
) 76.2 cm hetween rows; and Ca.‘15 smhbetween plantsAwithin a’
” row, | ” |
| To determine how dlspersal occurs, in three cageS*(of‘9
plants/cage;'all leaves were tied to the corn’ stalks SO
that larval dlspersal from the centre plant could onlygpccd}
-%y ground whlle in three other cages plast1c‘traps were
3‘used to prevent dlspersal by ground These traps were

o
rcular in shape, similar to a cross- sectloned donut.

l;—~+’?fOUgh cﬁame’te; was six cm, and diameter of the hollow core
was 12 gb Each trap was pos1t10ned over the centr% plant
ahd dug into the ground so the that edges of the trap
tréugh were level wlth the ground at the plant base. %gls

trap, whlch completely enc1rcled the plant base, was filled
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with glycol, and examined for larvae on 27 August.

To prevent larvae from dispersing outside of cages/
they yere-enclos;d by a meter-high plasticAfence'Withg\
Tangle-trape spread aloné the bottom. The top portion of
cages wés sqreened. Egg masses were placed'from 11-14,
August, after moths had ceased flying. Plants were checked o
for naturally-laid eggs énd larvae before plagement of egg
‘ma;ses. ' :

To determine numbers and locafibns of larvae that
successfully dispersed from the‘cgnffe plant, wax papers
were checked for'eggs that‘did not hatch. For each cage,
numbers of eggs or larvae thus accounted for were tallied.
The d1fference between this figure and the number of eqggs
placed on the plant, (j.e. those unaccount?d for), was
~assumed to reprééent those first or second instar larvae
that died dﬁring dispersa}: from weather, pathogens‘or
predators. This ‘assumption is reasonable because dead
instars above the second are-uynlikely to_disintegrafe over a
long t1me span, and therefore can readily be observed upon
dlssectlon of stalks. Plants inside smaller cages were

dissected for larvae on 27*August, while plants inside

larger cages were examined 28 September.
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C. Results
Dispersal After Hatching

Movement Patterns

~Seven dié?inct patterns of‘movgment by newly hatched
larvae were identified from field trials (Fig. V-1). Three
of these routes accounted for. 74.2% of éll travel (Table
vV-1), whereby larvae travelled down the midvein to the
ligule on either the upper or lower leaf surfaces, or moved
along the leaf edge. Larvae travellino by these routes
feached the ligule in less time then larvae travelling by
other routes (Table V-1). :

The majority of larvae (71.4%) travelled to-the upper

leaf surface during a portion of their route. When larvae

were first placed on the leaf, the initial direction of

movement was also mainly upwardAQQG.Z%). 34.3% of larvae
initidil§ moved basally towards the ligule, 19.0% moved
distally towards the leaf tip, while 15.2% initiated a
circling pattern. Once larvae reached the upper leaf
surface, they invariably travel{ed élong the depression
formed by ﬁhe midvein, in afdownwa:d direction., If larvae -
entered this depression where the leaf drooped down'towérdg

the tip, then they usually followed the midvein to the leaf

-

“tip, and dropped off.
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Larval Drop

The percentage of larvae falling off the leaf by means
of a silken thread was related to the type of travel. Larval
drop increased as the amount‘df time spent on the leaf eége :
increased. While those larvae that remained on the lower
leaf (route 2) had the lowest rete of felling (3.7%); larvae
that moved to the upper surface had higher drop rates (route
1=10%, route 7=14.3%). Drop rates. for larvae which either
remained on the leaf edge or repeatedly crossed it had stili
higher drop retes (route 3=33.3%, route 6=42.9%). 100% of.
larvae that travelled to the leaf tip (routes 4 and 5) fell
off the leaf. A total of 24.8% of all larvae dropped off the
leaf in field trials. In iaboratory trials, the percentage
of larvae which dropped to the ground (instead of to a lower
leaf) was similar: (t=-1.33, df=14, P=0.20)’for boeh constant

(11.926.73%) and veriable (17.4£9.51%) regimes.

Mortal ity .

Newly—hetched larvae were observed dying dering{
dispersaIAin laboratory triélsfby dropping t6 the ground "
(see prev1ous sectlon) by éessicatiné (variable regime), or
by drownlng when they entered water droplets on leaves
(constant regime). Morta@xty of flrst instar larvae d1d not

‘differ 51gn1f1cantly (t= d 59 df=14, P=0.56) between

,constant- (41.915.54%) anc vaymable (36.2£22.40%) reglmes.

However, 51gn1f1cantly m e larvae (t=2. 78, ~df=14 P=0. 01)

were ‘found dead on leaves uh er the constant hum1d1ty regime

L]

(22 4+21,13%) than under the\ arxable regime (1.3%+2,94%).
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_This was likely because drowned larvae remained on the leaf,

whereas dessicated'larvae disintegrated. Despite precautions
to.ob5erve_the fate of all larvae, 12.9%#8.73% of all larvae
toat'hatched,under a constant regime and 20.8%20.64% of
larvae at a variable regime were missiug at the end of the

trials. These larvae were presumed dead, and included in the

mortality counts.,
Intraplant Dispersal

Lanval Distribution and Colonlzatlon Rate

\ Distribution of newly-hatched larvae along nodes of

“artificial corn'plants (Fig. V-2) was signiiicantly

different between temperature and humidity regimes (Rank-aum
Test: F=3.69; df=205,223; P<0.05). After 7.5 DD, most larvae
(56% at a constant RH and 38% at a variable RH) were still
within the ninth ligule (whzch was the closest llgule to
where egga had been placed). Of those larvae that moved to
other ligules, a_greater°percentage (53% to.78%) were found
in food 51tes above the nlnth llgule, even though there were

¥

less food 51tes above the nlnth ligule than below it.

<

Fleld trlals showed that frequency distribution of
larvae along corn plant nodes was similar for‘the first four
instars (Fig. V—3A) inoicatiog that . colonization was |
completed in the early 1nstars. For these four instars, most

larvae (17.0+£3.16% of all larvae) were found on the f1fth

)

node..Sllghtly more larvae were found above the sixth node

\J
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than below it, and a large proportion of the total were
fgund in the tassel during the first and second‘insnars.
Distribution of fifth-instar laévae along the plant varied’
over time (fig} V-3B). Larvae moved towards the base of the
plant between 300 and 500 DD. C |

The colonization rate for each plant nod% (i.e.
(occupied/non-occupied+occupied)x100) was simfﬁar to the
larval distribution along the plant (Fig. V—3A)t Almost all
tassels examined had been colonized by early instar larvae.
Colonization of nodes (including leaves, ligules and ear$)

*varied. Nodes in the centre of the plant were highly

colonized, while those near the extremites were not.

Microhabitat Selection

| Distribution of larvae within microhabitats in a corn
plant varied depending upon larval development. First-instaf
larvae wege f;irly evenly distribu;ed'among the tassgl budg,
ligules, sheaths, and ear buds (Fig. V-2A, 1984 data only).
Throughout the.seéond and third instars, the proportion of
larvaeﬂin the téssei buas decreased (?igSy V-4B,C). During
the.third instar, larvae began feeding in the st;lk, while
- numbers of larvae in the ligule ‘and sheath'drdpped (Fig.~
.V-4C). Larvae stopped feeding in the ligule and sheath’
~during the fourth instar, and thé proportion of lérvae in
they¢obé and stalk increased (Fjé. V-4D). The-percentége’of
larvae in stalks continued to increase during the fifth

4

instar (Fig. V-4E), with’a‘corfesponding decline in larvae
‘ o @ ‘
found -in cobs. Numbers of larvae found in the leaves and

’
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tassel were low and constant during the four£h and fifth
instars. Larvae in the tassel were feeding in the pith, ot
" in tassel buds. Larvae found in leaves were in the prepupal
stage, seeking a refuge for metamorphosis.

The proportion of larvae in the ears and téssel
appeared to fluctuate between'SO and 280 DD. Larval
aistribution data depended upon whether‘egg masses were
placed either before or after the formation of ear buds (in
the eary green taséel stage). When eggé‘were placed before
ear buds appeared (Fig. V-5A, 1983 and 1984 déta),vthen
1§rva§ fed in tassel buds, ligules,'sheaths‘énd leaves.
‘However,‘when égg masses were placed after ‘ear buds had
fofmed, then avlarge pféporfion of young larvae moved to and

fed on these ears (Fig.:V—SB).

Inter-plant Dispersal

Larvae d}spersed,equally well in cagés whére leaves
were tiéd‘(éith no trapsd, or in cages with a trap around
the centre plant (leaves not tied). The percentage of larvae
Jfound on‘plénts other than the centre plant was equal
Lt=0.51; dF=4, P;0.63) for cages with cofn leaves fied
(60.0:7r10%) and for cages with trapsk(63.1£7.29%).~Larva1

i

survival was not significantly different (t=-0;27, df=4,

>

P=0.80) for cages with corn leaves~tigd (39.6£9.42%) and for

’cages with traps (37.1£13.10%).

o

Only two larvae (instars two and four) were captured in

.glyéol traps. Fo;\larngg ;p/evade the Eraps, they would have

7
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to crawl along a leaf and drop to the ground by a silken
thread. Obviously, most larvae crawled further along a leaf
than the 12 cm diameter of the .trap, before they dropped.
| Significant differences in larval survival were |
observed between cages placed along rows and cages placed
‘between ;ows. Larval survival in cages along corn rows was
38.3+10.29%, while larval survival in cages across rows of
corn (23.48+10.16%) was much lower (t=2.51, df=10, P=0.03).
The amount of dispersal was equal fof bath groups of cages,
because numbers of larvae remaining ln the centre stalk were
not significantly different between groups (t=0.53, df=10,
P=0.61). 7.822.99 larvae (48% of all larvaei@gund) were
found in centre plants of cages along rows, wallé 6.8+3.55
larvae (60% of‘all larvae found) were found in centre plants
of cages across rows. |

For dispersal.in cages along qush‘larval dehsity per
corn plaat decreased exponentially as the distance of travel °
"from the centre plani increased (Fig. V—6). The polYnomial
régression equation descrlblng th1s relat1onsh1p accounted
for 63.7% of the total var1at1on. Larvdl counts in the large
cages confirmed this diapefsal trend (Fig. V-7). Most larvae
moved along the centre row to infest new plan;s. By the end
’vof September 1984, 83. 7+2.18% of all larvae/%ad left the
6riginal plahi khere eggs were placed, to disperse to new

plants.
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D. Discussion

Pyke et al. {1977) have defined three levels of insect
foraging in the environment: the habitat, the patch (i.é.
the microhabitat), and the food item. A 'patch' is a
"spacial subunit of the foraging area in which aggregations
of food items oceur" (Hassel and Southwood 1978). A species’
foraging pattern evolves by natural selection, which acts to
minimize survival risks and to maximize nutrient gain from
feeding (Hassel and Southwood 1978). Therefore, my
examination of ECB foraging petterns focused ‘on patch

selection, and on survival risks during dispersal.

Dispersal After Hatcﬂing _
: - .

Movement Patterns

My stedies of 'ECB larval dispe;eal do not entirely
supportlthe,statement by Huber et al. (1928) that ECB larvae
are negatively geotropic. Although most larvae began
.Crawling upward to the upper leaf surface, they then
travelied aownward to reach the ligu1e (Fig. V-1). Possibly
larvae are not actually negat1vely geotrop1c, but rather are
p091t1vely hellotroplc.

Because larvee are positively'thigmotropic'(Huber et

al. 1928) they preferred travel routes that led through

}=_lds or depre551ons in leaf t1ssue, such as convoluted leaf
;Z' Q

:edges and the mldveln. Larvae qu1ckly travelled to the

: llgule to hide (Table V-1) without stopplng to feed on the
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o

I
leaf. This short exposure time on plant surfaces may explain
4 "

why predation of ECB larvae (see Chapter VII) was low.

Larval Drop

The iarge percentage (24.8%) of newly hatched larvae
which dropped off leaves during field trials, and the high
proportion of larval drop in laboratory trials, suggests
that this behaviour is a dispersal strategy in the ECB;
~Since artificial leaves in the labo;atory were absolutely
motionless, clearly lar?al drop was not due to leaf
disturbance.

Is dropping.off a leaf a sﬁccessful strategy for larval
survival? Because larvae are negatively geotrqphic, they do
ﬁot usualiy crawl down&ard. Dropping off leaves is thé only
means of dispersing to lower portions of the plant. In
-laboratory trials, numérous larvae were observed hanging
from %eaves. A large pfoportiqn of these newly;hatched'

larvae dropped to the ground instead of to a lower leaf,

Only '48.6+28.06% (N=174 larvae, 16 artificial plants) of all"

larvae that dropped actually landed on a lover leaf. Those
larvae which fall to the ground®n the field would almost

certainly die, since it is unlikely that small larvae could

rd

-

crawl back to safety.
| Thi;Awandering-béhaviour of first-instar larvae may be

advantageous_becadse‘gf changes in the spatial-temporal

distribution of resources on the corn plaﬁt; Corn grows

rapidly, and a new patch (such .as ear ‘buds) ‘may become

available to larvae within days. Because early-instar larvae
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have a great range of food items, some of which are
preferred (see next section), exploratory behaviour may

improve foraging efficiency.

Mortal fty E

Q

My observations of larval mortalit{ dy{ing dispgrsal iﬁ
laboratory trials confirmed field obse?gations of Huber et
‘al. (1928) that newly hatched larvae arz very susceptible to
.drowning and dessicatioﬂ. In field trials, average mortality
ove; all larval instars was 64.2% (see Chapter VII).

Laboratory results suggest that most of this mortality

(39.0+18.85%) occurred within the first 7.5 DD of ‘hatching.’

Japa
L
AR
" 5 -~

Intra-plant Dispersal

Larval Distribution and Colonization Rate
Observations of ECE dispersal suggesﬁ that
newly-hatched larvae first disperse fo food soufces that are
_Elosest to the leaf where eggs were laid, and ;hét they only
dispersg to other food‘items when populations exceed tﬁe
avaiiablebfood supply. For example, in laboratory trials
antificial.medium remainj‘yinlgoga'cpﬁdiﬁion at a huhidity
fegime'of 88% RH, and lafval density ih the ninth node was
hiéh‘TfﬁtS). Under the v;}iable,humidity regime, however,
medium begén tg dry out and larval density in the ninth node

dropped to 8.1, because of larval dispersal to other nodes

(Fig. V-2).
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Ac;ording to foréging theory (Pyke et al. 1977),_th€
attractiveness of a resource decreases as dispersal distance
increases, because of increased danger from bredators. Thus
larval density per node should decrease in proportion to the
distance separating that node ffom the egg mass.ALaboratory
(Fig. Vv-2) and field data (Fig. V-3A) éid show that the
preferred patches.wére those closest to‘whe;e'eggs were
deposited, since larval densities wére‘highest in these
sites. Because ECB moths lay most egg masses on‘&he sixth
(Huber et al. 1928) or seventh leaves (see Chapter VI), it
is reasonable to expect the mid-section of the corn plant to
be the most hfghly;colonized.

However, field trials demonstréted a 92% colonizatipn
rate of the tassel, which is at the extremigy of the plant,
in compérison to lower‘colonization rates of the.podes below
it. Clearly the tassel buds are a food item that is'
preferred over the nodes of the upper leaves. Prbtected from
predators and insecticides within the tassel buds, the
larvae remained.theré until thé,thigd instar, at which tihe
Lhey burrowed'in£o the stalk (Fig. V-4C). ,

Distribution of firét- to fourth-instar larvae also
aepended upon the qrowth stage .of the corn plaﬁt."Whén éggs'
were plaéed.before cqb formation;Amany larvaeafed in tassel
buds (Figm V-5A). However,‘wheh‘gggsjwere placed after cob
formation, over twice as many léfvae'nere seen in cobs thén

in ‘the tassel (Fig, V-5B), pfissibly becausé larvae:

encountered cobs before tassel buds while ‘wandering. Beard | -

il
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LNy
and Turner (1942) also bbserved that although both tassel
Y

and ear buds were\very attract1ve to ECB larvae,
attractiveness of tassel buds dropped sharply in the late
green whorl stage. Mf stuéies showed that numbers of
early-instar larvae in,ghe tassel decreased dramatically
after 188 DD (Fig. V-5A), when pollen shedding“began.
Observed larval distributions were likely maintained by
territoriality. Feeding territorities are established when
larvae spin webs around the food item (Huber et al. 1928).
Once feeding territories were esta?llshed ECB larvae
usually remained there until the thlrd 1$srar when they
then bored into the stalk. When eggs were placed before cob
o

formation (Fig' V—SA) larval density OV cobs remained low
S

duéﬁng the early instars, even though this resodsfe was

A

A

underutilized. : . \ ‘ o

K

'Micnohabitat‘Selectioh ' \\\ , —— -
Resggrce utlllzat1on graphs (Flgs. V-4A- E) demoostrated
F Y
that different larval -instars fed in d1fferent \
§

Y

microhabitatsT'First and second instars did not feed in %
stalks, and fourth and fifth instars did not feed in tassel
buds and liqules, Early 1nstar larvae fed o. a w1der range
of food items than did the later 1n£3ars. Foraging behaV\our
of early instar larvae was opportun1st1c (Rosenzweiqg
«5981) because they fed in all avallable mlcrohabxtats.
Although the leaves were ‘less utllxzed than other habltats,

this was likely due to lateness of plantlng dates in

- Alberta. In Iowa, flrst generatlon ECB larvae begln feed1ng
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- e
mainly on leaves (Guthrle et al. 1960).

The cob was the only habltat shared by all instars.
Ho;ever, different instars fed in different areas within the
cob. Fourth and‘fifth instars fed in the core and in
kernels, while early-;nstar larvae fed on the soft inner
leaves and silks., |

Differences in hegitat choice were likely because diets
of early and late-instar larvae were different. Early-instar
larvae feed on pollen»(Guthrie et al..1969), on plant parts
with high‘concentrat@ons'of embryonic or dividing tissue,

- such as in leaves, tassel or ear buds, or in ligules and
sheaths, where elongation of leaves and‘stems occurs. These

[4

soft tissues are easily masticated} and they are rich:in i
amino agids.and nitrogen, which favour insect,survival
(Kimmins 1971). Late-instar larvae feed in staik.pith.and in
cobs, whirh haVex;argejamountS of.roughageiand glucose.
’ ‘ !

Interplant D1spersa1

Mature dlapau51ng larvae dlspersed towards the base of
”u}stalks and roots (Flg V-3B), where w1ntbr snowcover lessens-
Ilnjury from freezlng (see Chapter VII) Dlapause 51tes for :",
the ECB, as w1th most 1nsects, are dlfferent from feedlng

4

51tes (Southwood 1978) In Alberta. many larvae even

- .

overwlnter underground in the roots (see Chapter VII) Huber*

et al. (1928) found 60%-90% of all larvae to be below 61 cm L
.1n stalks by October. Dlspersal behav;our is: l1kely 443
'trlggered’l(Hassel and ‘Southwood 1978) by<changxng,

i ! - - ! : .’ .

i
+ .
v
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photoperiod.

» " Lower larval survival rates (89% lower) in cages across
rows of corn than in cages along fows suggests that
predators such. as ground beetles and spiders prey upon
lafvae_which disperse over ground. Previous regerences to
spredatory ground beetles (Sparks et a7.‘1966) ahd spjder;
(Bq;ber 1926) have not measured their influence on larval
survival.

4

Mature larvae disperse during.the night for distances
o . . . !

~up to six metres (Barber 1924) . Migfa{ion also occurs
(Hassel and Southwood 1978) when larvae leavé the corn
habitat to overwinter in bordering‘vegetation (Barber 1924).

In Alberta, larvae dispersing from a partially plowed corn

field overwintered in Showy Sunflower (Hel ianthus annuus

-

¢

L.). T
., Model for ECB Larval Dispersal
ECB ‘larval d1spersal is summarlzed by a flow diagram

(Fig. V‘8) The first major dlspersal decision occurs just
'afteruhatching, when the larva searches £ST a hiding plage
to "satisfy it's troﬁisms‘ (Huber ét al,-19283f A second
dispergal choicerccu;s aé.larvae define their territories
§n differént patches ﬁithin the corn plant. F¥nally, laryae
v'dzsperSe ‘within the corn habltat, or migrate outs1de it,
vhen dxapauae begins. For non= diapausing generat1ons, mature
larvae sp1n a hzbernaculum w1th1n a protected spot, in the

VU ]

stalk,4§.cob,.or on a nearby leaf. I suggest that these
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three critical paths in the dispersal process have adaptive
value, which minimize survival risk§‘gnd maximize nutrient

gain from feeding.
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ROUTE 1
ROUTE2 _ - _
ROUTE 3

LIGULE

ROUTES
ROUTE &

SHEATN ——

‘ _
Figure V-1 Movement patterns of newly hatched larvae, For
descnptwn of routes, see Table V-1,
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7% DISTRIBUTION
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Figure V- 2 Frequency dlstrlbutlon of flrst instar larvae

along food sites (nodes) of artificial corn plants during .
laboratory trials, after 7. 5 degree-days (DD)
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Figure V-3A. Frequency distribution of first to = =
fourth-instar larvae (left-hand side of graph), plotted for
each node of corn plants dissected in 1984 field trials. The
colonization rate per corn plant node (right-hand side of
graph) is also plotted. Abbreviations: N=sample size;
P=#plants; L=#larvae. o : : '
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. " Fiqure V-3B., Frequency distribution of fifth-instar larvae,
Y- plotted for each node of corn plants dissected in 1984 field
\ \jEFiaIé:‘Degree-daxs (DD) were calculated using a lower
threshold of 11.9°C. : : : .,
f ) . )
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eggs, were placed.: Data taken- for cages alang rows.
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VI. MOTH DENSITY AND OVIPOSITION PATTERNS

A. Introduction

Pl

Adult European corn borer (ECB) moths are known to

aggregate in patches of dense vegetation. Showers et al.

(1976) reported that most sexual activity occurs up to 100m

from the nearest cornfield, in.areas/oj, se foxtailgrass..

DeRozari et él. (1977) found that the presepce of free'water
in the form of dew or rain-is a prerequisife for sexual
activity, and that high amounts of Qew‘ dense foxtailgrass
contributed to the aggregation of ECB moths in these "action
sites"QvTreatment of dense grasses bordering cornfields with‘
carbaryl 51gn1f1cant1y reduced ECB egg laylng within the
cornfield (Showers et al. 1980).

‘Climatic co ditions and native vegetation in

southeastern berta, where the ECB has recently become

ed (Lllly and Harper 1982) dlffer c0ns1derably

from Iowa’ where studies of moth.. aggregatlon have been

eStabli

conduct d. While southeastern AIberta has'a dry steppe

“climate -of lowa Ls that of hum1d and warm

summers (Muller ’982 after C Troll and K H Paffen).

cllmate, t

: Vegetation also differs between the two regxoqs.
Southeastern Alberta is: dom1nated by perennlal grasses,
1nterspersed 1th low annual or root- perenn1al plants. Iowa
is w1th1n the grassland-deciduous forest tran51tlon zone

(L1v1ngston and Shreve 1921),

153 "
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4

Because Alberta ECB moths inhabit a diffefént natural
enyironment than do those in Iowa, IAhypothesized that
action sites and areas of oviposition within corn fields
would also differ. Monitoring of moths and oviposition
Sampliﬁg demoﬁstrated greater moth density and ovipesition
in tHe centre of Alberta corn‘fields, rather than near the
 edges. ' 7

o

B. Materials and Methods

ECB Moth Density K
Pobulatioh density of male moths was monitored with
. . N '
commercial pheromone traps -(Pherocone 1-C traps by Zoecon

Cé:p.) containing a 97%(Z2)+3%(E) mixture of

w . b

11-tétradecedylacetate, which was impregnated in a rubber
7~ : % :

dispensor cap“(alsaisupplied by Zoecon Corp{j. ECB
pbpulatiéns in the_hid—westérn United States possess
pheromones of this isomer ratio (klun ét'all 1975), and
Alberta populatfons élso ha;e this,ppsroméne type (D.L.:
Stfuble, personal cémmunicatioh). Préiiminary trials (see
Appendix 4) indicated fhat maximum trap capturesuwere

< obtained b§ placing the_diépénsor in.thetstiCky glue (as
reéommended by.fletchertﬂowell'1283), and by changing both

. the dispensor and frap eveiy 2-4 days (as recommehded by

© McLeod and Starratt 1978).
‘Two types of trials were used to examine differences in
moth captures between the edges and the centre of corn

TN e~
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fields. In 1983, eight traps were set up in a grid pattern
at the corner of a silage corn field (Fig; VI-1A). Four
traps located along the field edges were spaced 100m apant.
Four traps inside the field were 100m aqart from each other,
and at least 100m away from the field edges. One of the -
field edges was bordered by alfalfa, and the other was
" bordered by summerfallow. Both traps and disperisors were
replaced every 2-4 days from July 17 to Aug. 10. Adult males
captured were counted every 2 days Traps were hung just
below crod hezght from cross-braces attached to wooden
- posts. The braces were moved‘up‘the posts as the corn g;ew.
| In 1984 traps were plaeed'gn field corn alon@ two \
separate test lines that ran in a north-south direction. Ten
traps wereﬂplaced 40m apart along a service road to the
prOt in the fleld centre. The trap close to the edge of the
field was ca. 150m inside the fleld Ten traps 51m11ar1y
were positioned along the edge of the field, 500m east of
the service fdad. The field was bordered by’native grasses.
Evefy three dajs captured moths were counted and all traps
were replaced. Three tfaps at the edge werellater excluded
from the dataSet because the: p1vot did not 1rr1gate there
- and the corn plants died.

!

‘Td'egam;ne,moth abundance in habitats within the centre

of corn fields; traps were set up in 1984 for ai4—day ﬁe;iod

in a separate field, in stands of dense corn, in thin.stands
of corn, and in ‘areas of thick green foxtall (Setania

~viridis) wqeds. Traps vere placed ca. 30m apart, close to a

’

~

<
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service. road leading to the pivot in the field centré‘
For't;ials conducted in 1984, live females were used ;s
well as pheroTone.dispensors. A newly’emerged vifgin female
was placedeinside a small screen cage (5cm X 3cm x 2cm)
whiFh was then placed in the sticky glue in the centre of a
Pherocone trap. The cage contained a food dispensor with 10%
sugarpéolution. Live female;yor pheromone dispensors were
randomly .allocated to tfap sites.
' Density of both male and female ECB moths'wi;hin
da time-fes&ing sites was moni:ored in 1964 (between 0700
apd 1300 MST) by the flush bar technigue (Sapp{ngton and’
Showers 1983a,b), wheréby vegétation wésAdisturbed with a
Im-long bar, causing moths to fly énd thus be counted.
Counts were taken during ovipgsition éampling (sée below),
"and.were recorded as pumbers‘of moths flushed per 100 corn
pIanté'while walking between two rbws.) |
bvfﬁosition i : ' . ~
Egg—la&ihg'wés monitored iﬁ 1984, on a Héé:fgy 1nfested\.
’quértér—section within 1 km of the field where pheromone
tréps were located The fleld was divided into six zones
runnlng east~west two .on the out51de edges of the field,
two in the centre and two 1ntermed{ygg\zones (F19.1V1-1B).
. Each zone Qas 176 rows of ‘Hrn in Q1dtﬁ, and about one third
°,0f the size of.the field in lenéth Only té;}Een "tiot
of the field was. sampled ghbecause corn plants 1n the corners

were 1mﬁS§erlshed due to lack of water from ‘the p1vot

~
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irrigation sysﬁem. Egg sampling procedure ensured random
allocation of effort_among rows and among p}ants with#h a
.row. On each ggﬁplngiday three rows were sampled from each
zone, and 30 plants were sampléﬁ from each row. At each of
tﬁe ten randomly-chosen sampling sites per zone, nine pIanté
per sampling site were chet¢ked for egg masses: 3 adjacent
plgnts in the sample row, and 3 adjacent plapts in each row
on either side of the sample row,. Ali‘leaves and stems of
corn plants were Qirefully examined. A total of five samples
were taken,.aboqt every 5 days from 11 July to 14 August.
Each sampling'site was rated (be&ore.the samplé was taken) -
comparatively as to corn densify and weediness, on a scale
of 1-5. Sites in the field with healthy plants showing the
greatest height a®d development received tée highest corn
depsity rafing’of five. Similarly, highe} weediness rétings

were given tbo sites with weeds of greater height and density

—

-

relative té other sites in the field.
Egg masées fohné,yere described as to their pdsition‘on
the leaf (tbp or bottom sUrfagé), and to tﬁéir relative.
position onitﬁe plaﬁﬁ; Tﬁe number of eggs per ;ield-laidg
mass was.éompared'fo eqgg mass sizg for a laboratory colony

reared at room temperature (20°C).

. C. RESULTS e
'Pherompﬁe‘traps in the field centre_captured
significantly more moths than did thosé placed near field

edges, in both 1983 and 1984 (Table VI-1). For 1983, the two
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eraps placed on the border with summerfallow were not
included®in the dataset, because no moths were cgught 3n4
these traps. Within the field centre in 1984, trap captures
also varied significantly between difgfrent habitats (Table
VI-1). Greatest captures were recorded in_traps placed in
weeds (mainly Setaria sp.). |

Number; of moths flushed and egg masses found also
AQaried significantly betveen zones (Table VI-1), with
' p:ogfeééively more eggs and restinyg moths found from the
edge £o the centre zoees Numbers of egg masses per sample
51te 1ncreased exponent1ally w1th corn den51ty (Fig. VvI- 2).

fy
The polynomial reg;esslon equagzon_descr1b1ng this
;elationship accounted ior 44% of the variation in
egg-laying patterns.'The correlation between corn stand -
denszty and ov1p051t10n was posat1ve and 51gn1f1cant

(r=0.637; df-1 178, P<0.01). The llnear regre551on.

8

describing the relatibhship between wee&iness and
f6viposition (éig.‘VI—é) explained only.17% of the'
variaﬁility-in egg-lafing (r=-0.412; df=1,178; PO, 01) Copﬁ
stand den51ty angd x’!dlness were negatlvely correlated |
(p=-o<§73 df=1,178; P<D 01). «

) Eggs sampled on 19 and 21 July 1984 vere found oﬁ
leaves 3-13 (n=90 egg masses) More eggs were found on the
seventh leaf than on any other, and. 95% of alf'eggs vere
' found,on leaves 5—9;~The mean distance(frOm-ihe egg mass to
the whorl was 18.41io.05“cm_ (ran“ge=1.3-'"4‘5-.7 cm,~.n=9o'_‘_ S

masses). Only 4.410.66% of all egg‘masées (n=4 sample dates,
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319 plants) were found on the top surface of leaves.
1.55.23% of‘all eggs (n=5 samples, 347 plants) were laid

on tiller leaves rather than on leaves from the main stalk.
2.32£1.70% of all eggs were found with another egg mass on
the same 1eaf, and 10.5+3.54% of masses were found with one.
or more egg masses on the same plant (n=5 samples, 347

‘ plants). The meananomber of eggs in a_field-laid mass
(19.3210.68, n=136 egg masses) was similar tovthe~mean

““number of eggs/mass in laboratory-laid eggs (21.6+13.49,

- . . ,
"n=71; see Chapter IV). - A . N

s
. 'D. Discussion
Pheromone trap trials demonstrated that ECB males were
more abundant in the centre of corn fields than at f1eld
borders. This same trend occurred_for both male and female
“aduits resting during the day, and for female'oviposftion
w:thln the corn field. As Sappington and Showers (1983a)
have pointed out howeVer, a major requ1rement in “
1nterpret1ng data is to separate the effects of populatlon '\\\

abundance and act1v1ty To accurately deflne ECB moth

K ISR - s
ivity would require nlghtly monltor1ng of both males and
oy he

£ at several 51tes w1th1n a cornf1eld (cf. Sapplngton

. and Showers 1983).

Although I have not used these methods, I ‘argue. that’

K}

for ECB populatzons in the Alberta. env1ronment“ populatlon

——

abundance is a strong indicatol of actual f11ght activity.

¥

Southern Alberta,>w1th a semx-desert env1ronment has few

¢
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patches of natural vegetation outside the corriijeld (within
100m) that are tall enough (67.5-117.5 ¢m) and dense enough
(coveringA45% of surface,:and over 5 m wide) to provide hign “
humidity and retain free water which the adults reqmiren
(Showers et al. 1976,)1980; deRozari etwél.197?, Sappington
and Snowers 1983b). Corn, on the other hand, is a crop wlth
high evapotranspiration of ca. 500mm/season (Alberta Corn
Committee '1982), Moreover, infestation of cornfieldggwitnl
Setaria weeds is a' common problen'in southern Alberta. In.
addltion many Alberta farmers leave crop margins fallow to
prevent grasshopper infestations.’ Waterwa%f are often” '

& )
concrete-lined, which preyents water lossgand subseguent
weed growth. fherefore I propose that most Alberta ECB'moths
~aggregate inﬂ"action sites“ within the cornfield This - |

L
contentlon 1s supported by pheromone traéﬁcounts which show

..that within a cornfleld h1 hest numbers of males were found 7
in'weeds and in dense stands of corn (Table %@-1) Showers -
et al. (1980) found i'h1gh correlat;on between dayt1me'
ﬂpopulatlon den51t1es of . adult ECB in Setaria weeds and ECB
egg masses. lald in nearby corn.. k'

| Because ECB ov1p051t;on data has not. prev1ously been
‘collected accordlng to zones wzthln a f1eld egg laylng
patterns of Alberta ECB could not be compared in this
nrespect wlth those elsewhere. However, the percentage of
eggs laid on upper 1eaf surfaces was 51m11ar to that (6 3%)
noted by Stlrrett (1933) My results vere also szmzlar to ”'

those of Huber et al. (1928), who found that most eggs were. o
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. : ' L .
~laid close to the sixth leaf. The strong positive

correlation between corn stand density and egg masses found

v

~ ~suggests that female ECB selectively ov%fosit'in dense,

» -

_healthy corn stands Everett-et al. (1958) have~also noted
that infestation levels were related to corn maturity at té@
s t1me of ECB flxght It is not surprlslng that cornvstand

den51ty vwas negat:very correlated w1th weed den51ty, because
J
corn stands with mor@ weeds are ngt able to .compete -as

-

effeetlvely for nutrlents, and are thus l1kely to be less

-

healthy ;han weedﬁfree stands.

i

These resuyﬁs suggest that more/effectxve management of

‘ECB in Alberta wouId be obtalned by spraylng for earnly
o
_instar larvae Althln the field (Clement et al 1981), than

I

by spraying fbr moths along the freld edges. . L,

. o s .
/ . . LR TR
/ - -

‘ . . .
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‘ Flgure vi-1. Schemat1c dxagrams explaxnxng des1gn of
experiments. (a. )pheromone trap grid for sampling ECB moth

numbers in 1983, "(b. )quarter section of field corn that was -

sampled for ECB ov1p051t10n in 1984, showing the : .,
part1t10n1ng of the field into six zones. _ '
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VII. MORTALITY FACTORS

A. Introduction /
The affect of hortality factors on ECB survival has’
been determined for flgld populations in eastern North
Amerlca (rev1ewed by Barber 1926, Hudon and Leroux 1961,
Chlang and Hodson l972 and Brindley et al. 1976), ahd a.life
table(fOr the ECB has heen-constructed (Leroux et al. 1963).
Results of these studles suggest that natural enem1es‘ |
usually play a minor role in regulatlon of populatlon levels
of the ECB, d&nd that weather extremes can serlously reduce
populations durlng larval dlapause, during adult flight, and-
during growth of 1mmature larvae, ‘
An 1nfestat1on of ECB.was first discovered in Alberta
"1n 1980 (Lllly and Harper 1982), and it' s populat1on size
has 1ncreased dramatlcally since then. To determine the
gcauses of‘populatlon increase, I examined morta11ty durxng
all life stages of Alberta Ecquihﬂthe field. I hypothesized
that hortality rates of ECB in Alberta would be lower than
~those in, other reglons, because of lower mortal1ty rates “of i

early 1nstar larvae, and lower rates of parasitism and
3

predatxon. 1 also examln &d. tHe effect of ab1ot1c £actors

.

ugoh mortallty of developlng eggs and larvae,‘and upOn

4

¢

dlapau51ng larvae in the fleld ,

: i
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B. Methods and Materials

Sprxng Mortalxty
Factors affecting morta11ty (except predatlon) in
sgring,1983 and 1984 were monitored by dissectjng diapausing
-lgkvee from corn %talks at various locations around Medicine

Hat (see Chapter II). Larvae were'placed in Petri dishes (4

larvae/dlsh) lined with mo1st filter paper to prov1de free

moisture for pupation (Beck 196?). In 1983, 150 larvae were

.

also repositioned‘in their stalk tunnels, and the stalks
.. ¢ ‘
taped together. Both treatments vere placed in an outdoor

" screen cage. When fungi were found on déad borers the
fungal species were isolated and ;dentlfled.lparasgtojds

fdund‘emerging from pupge were identified, .and percent
parasitism reco;ded. |

ot
Mortality During Deyelopyent From Biotic Factors

* B - P ) - : T

St . . i A .
. (. e

38

Egg Panasitlsm

d wt

ECB egg masses randomly. collect@d (see Chapter V1) from
é heav1ly 1nfested fleld corn plot (Legal Descr.: 11—6-1852,

near Med1c1ne Hat) from 19 July to 5 August 1984 were

4

,_exam;ned for paras1t1sm Corn leaf cut- outs contalnlng egg

.masses vere placed in Petr1 dishes (10\egg«masses/d1sh)
‘inside a sealed plastlc bag at 25°5"Egg masses were

gmonltored da1ly for larval hatchlng and’ emergence of

o

parasxtoxds.“

v
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Larval Predation
The influence of natural enemies on larval mortality
was studied by comparing ECB survival in completely screened

cages to survival in open cages. In am experiment similar, to

that of Sparks et al. (1966), each of three gompletely

‘enclosed cages (1m X 'm X 1.5m high) were placed over ca. 12

a

corn plants when artificial infestation occurred, at the end

o

of July 1984.iCages were completely enclosed with nylon
‘' L4

screehing.(6.7‘meshes/lineal cm), except for the first 0.5m

.
above the ground, ‘which was covered with 6-mil clear
o

polyethylene Top edges of this sheeting were coated with ™

b one . o : . b
Iangle trape, to prevknt larval escape. Cages were spaced at

least 10 m apart'in“a‘field of silage corn, which' was in the
centre of the'Alberta pCB;ranée. \

~Wax.papers_containing blackhead egg masses were stapled -
to the undersdes of leaves (ca. 45 eggs/plant), on 30 July.
‘Each plant was tagged as to”the.sampleAsizeb(r? eggs).

Planks ‘were checked for naturally-laid eqq masses.and.

larvae, andlfor predators, prlor to placement of egg In \
late Augustfplants inside, the cages were dlssected the
wax papers collected. Numbers of surv1v1ng larvae gnd' ggs -

that failed to hatch were noted for eacb plant..
v

" On the same day, eggs were s;mllarly placed 1n the

three control cages, wﬂgch were‘made w1th both an 1nner and_

’ outer'}game; spaced O.Sm“apart. The 1nner‘frame was‘lm X Im:

o X 1.5m hlgh Screened port1ons of the cage alternated

. v ‘ .
= between the inner and oucer frames. Thus plants in tbese
c ‘ ) . ‘-l""
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double-framed cages were exposed to physxcalvcond1tzons
”sxmilar to those of plants in the'regu;ar cages, yet they
were accessible to predators (Sparks ©t al. 1966). Because
-the test was EOnducted’when,few s any ECB moths were
flyiné, natural infestation of the open cages was very
,unlikel§. | |

Predation intensity was calculated using Sparks's
‘-gbrmula (1966); where predation intensity=(ECB survival in

eldsed cages)—(ECB'survival in open cages)x 100/(ECB
surVival inlclbsez cages)) .

To further observe ‘the effect of predators on ECB '
survaal 18 adult coctgnellds (speczes 1nclyded Ade;ig
bipunctata, Cocc:nella;novemnotata, and Hlppodamla N
ConvePgens) were pfaced into each of three completely »
‘f:enclosed cages on 1 August Sparks et al. (1966) have noted
‘that coccinelids. are the main 1nsect predators of ECB

: larvae;_Cpcc1nellds were collected‘ln the field up to a week

prior to placement, and stored.at 10°C until needed.

: . /""‘"\""\\.\1 o
Ab1ot1c Mortalzty/D ing Develophent I

To test the effect of relatlve hum1d1ty (RH) on egg
survival, newly‘lald egg masses were placed in dessxcators
(Winston and Bates 1960) at: 75% RH. (us1ng NaCl saturated
salts) .at 53%'RH kusiné Mg(NO ), 6H, 0 saturated salts) and
at 32. 5% RH. (us1ng MgCl,.GH o saturated salts) De551cators
i”Were one-litre 1nVerted-plast1cvconta1mers (see Chapter IV),

" with the saltﬁsqlutibn placed in a dish on the containenf‘
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“lid. Pet;iﬂ%ishes (wlth scieened lids) containing.s-a egg
massesfﬁish were stacked a50ve'the salt solution between
spacers. Treatmen;s were placed in Precisione incubators at
22tl°C and 27:féC. All eggs in a Petri dish were taken as.a

‘ i

*’”51ngle sample, Egg masses were monitored dazly for hatch1ng

e )

Infprdt)&ggs were excluded from ounts

q‘- Egg and)larval mortallty in the fzeld was examined
durlng f983 and 1984, and related to weather conditions.
durlng the growth per1od Egg masses laxd dn ‘wax paper by
| laboratory reared females vere placed at 26°C in Petr1

dlshés with m01stened filter paper, untrl they readged the

blackhead stage They were then stapled to the under51des of
corn leaves at mld plant level. Larvae generally hatched

“within a few hours. 30 to 50 €ggs were placed gn each corn

plant, thch was tagged as to date and sample size (:2’

‘eggs). In 1983 eggs were placed at ca. 3-day 1ntervals on

f;eld corn from July 13 to Aug 8 whlle in 1984 eggs were

:plaged at 5-day }ntervals on sweetlcorn'frompJuly 10 to Aug,i.

- -

o Treatment groups (those plants wh1ch received eggslall
,gon the same day) were separated by plastfc sheetlng barr1ers
”coated w1th Tangle—trapo on Eop~ Two methods were useJ to

prevent larval escape’ from the plot area and‘to prevent egg‘
dflay1ng by w}ld adults. In 1983 av 1; -m hlgh 6- m11 p&astlc

Ience was erected around the plot wh1ch was located at the -
'.perxphery of the corn borer 1nfestat1on where chanczs “of ﬁ
ﬂnatural_lnﬁestat;on vere unlzkelx In 1984 the plot vas ;‘t

; o /!

. yor - . L .
oAy P 3 . . A
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'

enclosed on the top and sides by a 2-m high‘fcreen cage,
"with 1-m high plastic encircling. the cage bottom. In both =
years a layer of Tangle-trape was applied to the plastlc to
\‘prevent larval escape; Temperature, humxd:ty and rainfall
were recorded contlnuously at mid- plant level The 1983 plot

‘was 1rrlgated regularly by pivot, but the 1984 plot was

» r

irrigated only twice by flooding. -

“ p“

About every five days after egg placement, two plants

‘from each treatment group were cut at the roots and

L ' o .- ‘ . . @
transported to the laboratory in plastic. bags. Plants wkre

disSected and both 1iue and dead larvee noted as*tq~§ustar

" {based@ upon head capsule.uidth). Wax papers were checked tor
’deéd'eégs.'For each corn piant the'nuuber of eggs:and laruae
ftbéS»sccounted for were tallied. The difference between

. total larvae found and theﬂnumber of eggs that hatched (i.e.
v o ' .

‘those unaccounted for) was assumed to represent first or
second instarglaryae that died. This assumption is
7reasonablé because dead larvae’abbve'the'second instar were

: unl1ke1y to dlsintegrate over the test period, and therejore‘

, could readlly be observed ‘ . o I

N - -.'.'."' : ’
S e et «

. @g
W1ntar Mcttalxty of Dxapaus:ng Larvae,

The effect of . freez1ng temperatures on dlapau51ng
%

larvae in stalks on the ground surface-was examlned by '
plac1ng 1nfested stalks gathered 25 August 1983 at ground
level in a screen cage. Stalks vwere dxssected the follow1ng f,

* spring, and numbers of dead larvae counted



»

under Ten stalks vere samplé% at six randomly selected

‘Life, Table
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. o ’ o . .
Simi.ar information was obtained for larvae within
stalks on the ground of a heavxly 1nfested quarter sect:on

of field corn. Plowlng operations in fall*1983 had- falled to
/ £ e .

bury all stalks. Corn debris on the ground surface was

sampledrfor.larvae in June 1984.-Twenty\3—m’ quadrat saméles
#i‘:g randomly taken at-each of ‘*19 samplin% sites eVenly
distributed along a dlagonal transect of the field. -All COrn
debris was: collected and bagged as to sampling site, taken

[

to the laboratory, and dissected for ECB."

The~ relatlo;shlp tetween w1nter mortal1ty and larval
locatlon within the stalk was examlned in §br1ng 1985 1n the ‘
same fleld which had been harvested but not yet plowed

; (S ™
pomnts in’ “the field. Stalks‘were spl:t open zn the f1eld
and larval pos1t1on noted as to 1nternode. Mortal1ty of

&
larvae w1th1n oobs was. deteémlned in another plot Teft

unharvested

~

Mortal1ty "data gathered in the fleld was supplemented

&

by some . !aboratory data, to constfuct a 11fe table for

; Alberta ECB Thls laboratory data 1) luded egg mortallty dua

to hatch1ng fa1lure and 1nfert111ty (see Cha”ter III)

non=- perform1ng females (see Chapter IV), and larval death

: due to droppxng from leaves (see Chapter v).\1n1t1al egg

'dens1ty (# eggs/100 plants) was determ1ned by samplxng for

.eggs from 11 July to 14 AugUSt 1984{~on the quarter sectxon
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&
4

oﬂxééeidicprn meﬁtioned brevioasly. Every 621.6 days,corz////
plants weré\randomly hohitored (sée Chaptet V1) for /
newly;laidv(in thé "whitehead" stage5 egg masses. Because
‘eggs in the field hatch within four to seven days (Hudon et
al. 1982), almost all egg masses counted per sample date
were newly- laid since previous sampling. Total egg dens1ty
over the season was determ1ned by summing egg den51t1es over
all‘sample dates. L
Unexplained ldsses in the aault stage were assumed to
be either from ;dult migration or erW loss in repraductivé
potential. This was estimated by comparing actual egg
density in the field to an estimat?ﬂof the potent£a1 egg
dsnsﬁty.'Potential egg density (#eggs/plant) was calculated
by estimating numbers of emérged females in spring 1984,
multiplying this figure py;the fecundity per female as
determined in the laboratofy (Chapter 1V), and.di?iding by

[

plant-density. - ‘ v T

SO

C. Results

Sprxng Mortality i o ) .
| Mortal1ty of ECB placed inside Petri dzsheS‘(n-412) in
-spr;ng 1983 totalled 6.1% as d;apaus1ng larvae and 10.4% as .
pupae. ‘Most larvae'died as they were pupatihg, and formed
larval -pupal - 1ntermed1ates. 4% of ECB lh:vae placed 1nsxde

|
‘taped stalks ‘were found dead, and 6% could not be located.
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Fungi isolated from dead ECB-inside taped stqlfé were

identified as Penicillium, Phoma, Rhizopus, Paecilomyces,

Fusar ium, Mucor, é}?7ndrqcaﬁpon, Cladosporium, Alternaria
| and Geomyces pannorus. All sbeciés.ére common in the f?eld
(L. Sigler, personal communication).

'Thrée species from the,family Ichnu;monidae ﬁperged
from ECB'pdbae in the sp;iﬁg. Tﬁichioﬂbtds sp. caused. 1.0%
mortaliiy-in'1983 (n;303 ECB pﬁpae) and_O.é% mortality in
1984 (n=518). A single specimen of Phygadeuont inae sp.
(n=256 ECB pupae) was found in 1983,. and an individual
Phaeogenes sp. (n=518) in 1984. A parasitoid from the family
Braconidae, Meteorus sp., causéd 0f7%‘mo;tality in 1983
(n=150) and 0.2% mortality in 1984 (n=518). Only one
parasitoid from the family Tachinidae was found in 1983
(n=412 ECB pupae), but could not be identified further.
Sample sizes q:e'different because sampling occurred in
different years or in differené locations. An unidentified

" cutworm feeding in close association with ECB was heavily

-

parasitized by Cotesia laeviceps (Ash)., but none Qere

observed emerging from ECB larvae.

Predation

 Percent farval mortality in sc:gened cages
. .(65.5£18.29%) ‘was not significantly diffefeqs(t=0.73,}-
'dF=64, P=0.47) from that in open cages (62.1119.98%),
 Predation intensity (Sparkév1966) was calculated as 5.2%.

Mean mortality of ECB iﬁ_cages with introduced preaators'

N



¢

. with increasing RH at both of ‘the temperaturea tested (Table-

~

°

.data)r However in late July and August egg mortalitzesrwere'

177

(6-1.8+8.

treatmen%ﬁﬁ

41%gfa%vae were recovered from screened cages, 272

was similar to mortalities for the other two

iarvae from open gages, and- 579 larvae_from ;;ges with

introduced predators. However, differences in larval

’

, .recovery 'rates between treatments were due to differences in

égg mortalities. Highest mean egg mortality (47:4136,38%),/
highest variance, and lowest toefﬁicienr of variation (i6.8)
were recorded for the screened cages. Lower means and
varlances,.and higher coefflcxents of variation (CV) were
recorded for open cages (22. 4+26 72%, CV=119 3) and for

cages with introduced predators (9.7+14.42%, CV=148,7).

—
Egg Mortality

. . . s A .
In the laboratory, egg survival increased significantly

VIiIi-1). For a given RH, egg survival was lower at 22°C fnan
at.27°Ct ?or‘example, survival at 35% RH was\ls.gx;at 22°C
and 51.6% at 27°C. (t=2.8, !df;le P=0. 01). Lower surv1va1 at
the lower temperature may be due to longer exposure time to-

low hum1d1t1es. Surv1val values -did not 1nc1ude egqg

mortality from 1nfert111y or cannibalism, because neither of

these would be affected by :Fan§€g<in RH.

In the f1eld egqg mortallty due to dess1¢atxon wasa.low
~

and constant (10.0%4. 75%, n-G sample dates) durlng mid- July
(Fig. VII-1)p vhen peak egg layxng occurred (unpub11shed

LR

(j

Py
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usually much higher, and more variable. Maximum temperatures
during this-‘period were high, and mean RH fairly low (Figs.
VI1-2A and V-3B). No egg parasitoids emerged from the 270

egg masses collected in the field on six different days. .

e

) f
Mortality of Developing Larvae

During larval growth; very low mortalities were
recorded for the third instar (0 85+2.69%, n=144 stalks
‘sampled), fourth instar (0.35%1. 34% n=61) a&é/jifth instar ’
(0.79+2.72%, n=103). B |

Because 98% ofgall-lar;aTMﬁBrtality occurred during the
first and secqﬁd/lnstars any change in early instar
mortallty wouid greatly affect total larval survival.
Therefore early instar mortality was pfot ed against time
for both 1983 and 1984, and related_to wepther data (Figs.
ViI—z and v-3). In 1983, early instar'mortality was loweat
(55-67%) trom 25-29 July (Fig. VII-2B). During.thie period.
maximum temperatures were not excessxwe (25-32°C), mean RH
was average (53- 67%) and rainfall was low (3.2 mm).
Mortallty was highest (79-91%) during 13-21 July,uwheq
rainfall was great (total of 70 mm) and RH was high T
(60 77%). For moit of this t1me the mean dewp01nt |

'temperature was above the minimum temperature (Fig. ViI?ZA).
Th1s s1gn1f1es that 11tt1e evaporat1on occurred so that
,ra1nwater remaxned in the ligules. Many small 1arvae likely
drowned, since they are very suscept1ble to'water on the

’ piaht (Painter'and Fitch 1924). A peridd'of high*mortality

e
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K68—77%) also occurred from 4-7 August, when max imum
temperatures were high (39-44°C) and mean RH was low
(37-58%).

uring 1984, larval mortality increased over the season

from a Yow of 45% on 10 Jdly to a high of 72% of 4 August
(Fig.4VII-3B); This pattern was associated with graddally
increasing moisture stress (Fig. VII-3A), caused by a»severe
drought. Corn. plants sampled ih 1é84 were not irrigated

fregularlf‘

Winter Mortalxty of Diapausing Larvae
Mortallty of larvae in stalks at ground level was. 13 5%
(n=37 ECB) durlng 1983/84. Mortality of larvae found within
surface debris in spring 1984 was 21.7%11, 81% (n=19. sxtes,
766 ECB). Density of live ECB was 1.579 borers/m?. Net. -
‘weight of corn debris was 2.0%0.85 kg/m?. |

Mortality of larvae in relation to looation~within

stalks varied greatly, from 0% mortality in the roots t
100%'mortelity in locations higher than the fourthinzﬁrnode'
(Fig. VII—4). An 88%Fincrease in the mortality rate occurred
at the snowline (Fig. VII- 4) between the firet and secoﬁd s
1nternodes. One or more larvae were found 1n the roots or ‘
first 1nternode in 83% of all stalks sampled Up to five
Vlarvae were found together 1n»a single root »Larval den51ty
1n the root (1 610.96 lafvae, n=72) was h:gher than that in

| any other internode (mean;l 3£0.51 larvae, n-72) 49, 5% of

all larvae were found below the snow11ne Morta11ty of
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larvae within unharvested cobs was 62.5% (n=166ECB).
Lx/e Table oo
A lifetable (Table VII- 2) for Alberta ECB showed

generation survival as being 2.46%. The trend Lgdex (Ix for
eggs of the new generétion expressed as a‘ratlo of the Ol@{l
was 3.28. Highest mortalities occurred during the‘firsr, j_
1nstar, from overwinter frosts and from miération

- Unexpla1ned adult losses (mlgratlon and loss 1n
‘reproductive potentlal) were calculated as follows. The area

.of the irrigaredAcorn in the test plot was measured (by «
\./>pacin§) as 501,l60m’. Since live larval density in spring
1984 was 1.579 ECB/m?, the total number of surviving'ECB was
v582x10‘ ‘in the test plot. With larval mortality of 12.1%
and pup%g mortallty of 10.4% (Table VII- 2), the popularion
was further reduced to 1.246x10¢, With a 50% seX‘fbriQ (see
. Chapter 11), and ﬁith 20% female incompetency (Table VII-2),

. 498, 400 competent females emerged. Assuming there are /

A2 .
‘ca.v3 84x10"plants per quarter section (Alberta Corn
Committee‘1982), 267‘v1able,eggs laid per female (see

Chapter IV), and 21.6 eggs per mass . (see Chapter VI), the

potentzal 1nfestat1on level was 160. s egg. masses/100 plants.

The aetaal infestation levelfWas only 55.57 magSes/100
plants (or 1200.2 eggs/10b plents), signifyin 'a ‘loss of
72.0%. - -

Ak
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D. Discussion

Factors Assotriated With Low Mortalitiesi . -
Mortality-factors which show only small fluctuations in;
death rate over'time are aiso thése which have little impact
on overall ECB mortalityd(LerOUX et al. 1963). Such factors
for the ECB in Alberta include'para;itish and predati
infertility, dessication and dislodgement; mortality

third, fourth and fifth instars; and 1ncompetence of

" moths to lay viable eggs.
W1nter mortality. of diapausing 1&Lyae under snow cover
SEege..

(.«u.i

and spring/ggrtagity of larvae and pupae were elso small in
1983 and- 1984.. Stirrett (1930) observed that winter
,mortality of larvae at ground level ranged from 0 to 14.3%.

I noted 13.5% mortality in 1983’ and 21.7% in 1984. The
latter figure likely included some larvae killed‘dur1ng
harvesting and cultivation. The high eurvival rate of lervae
in the ploudhed'field showshthat‘cultivation is not‘an
effective control measure unless all debris féyboried.uﬂuberh'
iet al. (1928) observed that only 6- 10% of’ larvae are g

‘ directly killed by crushing from tractor’ wheels,»and Caffrey
" and Worthley (1927) showed that. many shallow buried 1arvae
"burrow back to the surface and reenter corn debris. .
Mortality of diapau51ng larvae (4% to 6 1%) and pupae
: (10 4%) .in the screen cage was only slightly greater than

,that observed under laboratory conditions (3. 5% for larvae, ) v

'8‘8% for pupae, Appendix 2). Hudon and Chiang (1977)
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gimilarly reported 10% pupal mortaiity in the field.
1 believe the 6% of larvaeée missing from the screen cage S
were killed #f ants. I observed ants continually walking

dver stalks, and I once ®aw them dragging away a larva. Ants

can'destroy many ECB larvae in both spring and;fq}l (Caesar

<

1925). Other preoators active during t ons were

seagulls, which were observed searching™for insects “fn corn - !

[

debris. Although:the effect of vertebrat predation on ECB

hortalﬁty in/;?hgrte.is_unknown,_Graziano (1979) recorded
25 9% mortality from avxan predators in North Dakota The
effectiveness of bird predatlon depends.. however upon low
amounts of oorn debris for the larvae to hide in (Huber et

al. 1928).

Some of the fungi I found on ECB cadavers may be ;

moderately pathogenic. In pathogenicity tests (Brooks ahq
Raun 1%965) Fusarium was moderately pathogenlc to ECB, ehile
Penicfl]lum Rhizopus and Paeczlomyces were weakly
pathogenlo or Saprophyt1c. |
 ' Total pupél;parasitism was 2.3% in 1983 and 0.6% in

'_1984.‘C1early ECB are-only minor‘hosts for,ghese natiQe
peresitoids.lceffre;-and WOrthley“(1927)'reporred ECB |
parasxt1zed by the'nat1ve spec1es Meteorus onostegei
‘(V1er ), qu'by an introduced spec1es Phaeogenes planifnons
(Wesm ). To my knowledgé the other Ichneumon1d Spec1es 1
.found have not prev1ously been reported paras1t1zlng ECB. . —_

Pargs;t;sm of BECB in Alberta was lower than iﬁgx\in mqst

sites examined in Ontario by Wressel (1973), in Cdnneticut

- - . :
[ )
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‘ &
by andreadis (1982), or in Delaware by Roming et al. (1985).

Egg mortality in the fie&ﬁ%during mid~July (10%, Fig.

AVII-T) waiasimilar to that observed -in the laboratory by

~

Hudon an@vChiangl(10%h‘1977) and myself (11.7%, see Chapter
111). Letoux et al..(1963) observed 77-90% egg Ratching in
the fielg{=The laboréto;y trials showing increasing egg
dessication at iowef hnmidities.suppoft the work of HuSer et
al. (1§28), who observed that ECB eggs ere susceptible to
dessication in the field:

Differences in'egg mortalities between treetments in
the predatlon experlment were likely due to an art1fact
Eqggs used in screened ‘and in open cages were held at 10°C in
the blackhead stage for up to five days beforé placement,,
becenSe laboratory-reared moths could not ﬁroduce enough
eggs in a single day. Eggb used for caées'with introduced
éredators were held at 10°C ﬁer only_one‘or two days.

1

The coccinelids deliberat introduced into cages may

_not have fed'on ECB larvae because there was an abundant -

supply of their preferred pkey, aphids? Aphids were not

~ apparent at time of egg placgment, but their large numbers

-~
were observed upon completion of the experiment. Ceged

‘coccinelids seemed. to thrive, because several were still

élive after 25 deys. Their search behaviour was'concentrated'

in the tassels, where aph1ds feed. Because the ECB larvae

Y

entered the leaf l1gules in the centre of the plant, it is.

p0551b1e that cocc1nel1ds would rarely encounter ECB larvae.,

/
In another study (see Chapter v) I found that BCB larvae

-t

~a
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spent ittle time feeding on the leaves, but quickly

dispersed into the ligules.

Factors Associated With Hiéh Mortalities

Annual mortality ratea are oftZ; large, but fluctuate
greatly for ECB adults, early-instar larvae, and for —
overwintering larvae‘above the snowline (Leroux et al. 196§,
Chiahg and Hodson 1972). These mortalities ang difficult to'
predict,‘sdnce they greatly depend upon abiotic (i.e.
weather) factors. For example, Stirrett (1930) noted that
annual larval mortailty above the snow11?e var1eo w1dely
(0-100%). The high larval mortalities I observed in
internodes above the 'snowline (Fig 4) may have been cébsed
by sudden prolonged frosts in early September 1984

- The 72. 0% morta11t¥,due to adult dispersal and loss in
reproduct1ve potentgal“(Table 2) was similar to thet—93.6%)
nOted.by Leroux et al. (l963), eho observed that migration
'of adults aocounted’for‘7é% of“population variance, by far -
the largest factor. Dispersal of ECB'within the infestation
area in Alberta 1s w1despread and all corn stands afg
11kely to be affected yearly. | ’-'-i.

The only other stud1es Whlch defxne ‘moth dlspersal
those of Hudon and Leroux (1961) and Leroux - et al. (1963),
~do not expla1n hov this dlspersal was. measured The critidal
'assumptxon underly1ng d1spersal calculat1ons for Alberta ECB‘

was. that fecund1ty and longev1ty rates determlned under

laboratory condztlons (see Chapter IV) are the same 1n the

.~
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' fleld This 'is unllkely Barlow (1971) noted that ‘rainfall
is a key factor 1n ECB populatlon dynamlcs, snnce maximum
longev1ty of adults and fecundity is atta}ned‘yhen 25-76 mm
rain/day is réc!ived.\ Semi,—/'a/rid S.E. Alberta receives much
less rainfall® than this-{ca. 25 mm/week) via irriggtion
‘SAlbgrta Corn Qoﬁmittee 1982).'Therefore actgai moth
dispersal is probably leésrthan 72%, the differénée being
due to a loss reproductlve potent1a1 “

Variation in mortallty of early 1nstar larvae (45%- 91%)
was related to seasonal weather patterns. Showers et al.
,v(197é) have showaﬁhat 81‘93%lof'va:iation 'in 'ECB iarval
.mogtality is nefétedfté hot temperatures, moisture stress
and evaporatlon. The very low morta11t1es of third, fourth

and f1fth 1nstar larvae durlng growth are not unusual.

Painter andIFlcht (1924) slmllarly-observed~only 3-4%
/S ' ) ‘ »

mortaTity/of mid-sized larvae and 0.3-3% mortality of mature-

larvae./ : . ‘ o -
t . : .
Most ECB larvae are in the f1rst and second 1nstars

durlhg the last week in July (unpublished data) Dur1ng th1s

perzod mean mortal1ty for 1983 and 1984 was 62 214.18% (n-6 >

’sample dates) When subsequent mortallty of later 1nstars ns"

,/1ncluded total larval morta11ty is only 64. 2% Th1s is’

lower than mortalltxes for ECB 1n other areas. Caesar (1925’

f1926) found overall larval mortal1ty ranged from 79- 97%, and“

Marshall (1926) documented morta11ty as 78-87%. Huber et al

e

(ﬂ928) noted mortality :as 82 92%, while Ch1ang and .Hodson

(1972)-observed 67-79% mortality. Lover.larval‘mqrtalitles o
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in‘Alberta may .be due to lower predatjbn and parasitism,~and
because only non-resistant varieties of corn can be grown.
Chiang and Hodson (197%5 determinzg thar?ﬁCB survival was
's1gn1f1cantly higher on susceptlble corn varieties, and
Guthrie et al. (1960) reported 95% early instar larval
mortality of f1rst-generat10n ECB pn resistant inbred
hybrids. . . ‘

“The low mortality ratestduringfmost life stages of
Alberta ECB suggests that populations are increasing.‘This
was coaflrmed by the trend index :(3.28), wﬁich indicates r
"that the populatlon 1ncreased ovetr three tlmes in one year.
This figure is twice as high Js4thar (1.70)  obtained by-
Leroux et al. (1963) for ECB id Quebec. Not included in this
1ndex is morta11ty due to farm1ng operat1ons, which could
'have a major impact upon ECB survival. Further studies are,
_needed to determlne if this trend can be ma1nta1ned over

several years, and how the trend 1ndex varies as to

locality.
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Table VII-1.- Effec. of humidity on survival of ECB eggs.,
Ttreatments were’comparéaiby Analysis of Variance, ¥
RH=relative humidity; SD=standard ‘deviation. -
& :
Tempera- ~ Treat- Sample Mean % s - F P
“ture(°C) - ment Size Survival . ‘ ‘
- 35% RH 7 15.7  “19.68
22 55% RH 6 57.2 18.75 . 26.2 <0.001
75% RH 7 84.0 14.68
* .) N . »
' 1
35% RH 13 51.6-.  30.67 _ - _
27 55% RH 1 71.6 28.20  7.64 <0.002
75% RH 7

99.4 1.47.
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Figure V-1. Egg mortality in the field, for 1983 and 1984.
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Figdre V-2, Relation between weather factor's.in 1983 (Fi‘g,.

2a) and early-instar larval mortality (Fig. 2b).
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VIIIl. General Discussion -

-

- For a colonizing species to become established in a new
locality, 1t must be adaptable and "generalist" (Rosenweig

1981) in nature. Colénization.is defined as "the

-

establishment of a population of a species in a geegraphical

or ecological space not occupied by that species™ (Lewontin

¢

1965).

New localities at the edge of a species' range, such as

=

in Alberta for 0. nubilalis, are often called "ecologically &

marginal habitats", in which fphysical stresses tend to..be
o
both variable and extreme, so that resceurces tend to be

unpredictable and short-lived" (Parsons 1983). THe Alberta
climate imposes physical restraints upon the ECB which are
asso6ciated with observed phenology, phy51ologlcal and

behavioural characterlstlcs. Also, mertality patterns in-

&

Alberta are different from.those of ECB in the centre of

it's North American range, Slgn1f1cant dlfferences were also

observed in some llfé hzstory traits between plains a@@ * ,
Qﬁ\a ‘ +
valley populat:ons of Alberta ECB. These differences qsn bs {}

'as adaptat1ons to Alberta condrtzons by -

1nterpre’

" <

5?colonlz1ng Populat1ons of 0. nubllalis. Sk ?;;

research upon measur.'emen\vbs\.,°~

|

V_of phenotyplc variation. The next step 1n character

In thlS study I focused my
analy51s, which is beyond the scope of this study, would be
a detalled measurement of genotypzc var1at10n by
quantltatlve genetics (Falconer 1981, Parsons 1983). A

Waddington~(1965).has explained, "the naturallselecgion

- i97
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which éuidesﬁgvolutionary change acts primarily on
phenotypes, and only secondarily on genotypes. Therefore,
a#& agents which alter or limit phenbtypés,.e.g.,
physiclogical adaptations, developmental canalization, efc.ﬁ
maﬁ\béve evolutionary consequences”". Therefore, I limited my
‘research on genofypic variation to demonstrations that e
héredity was_partially responﬁible for observed phenotypic
traits.

Studies of ECB life history traits in eastern North
America gave been complicated by the presence of th
different stfgins éf 0. nubilalis, which coexist and
somet imes inie;ma;e.fThese strainé are dis;inguished by
separate pherompne‘isomers. Each strain also has different
diapause and developmental characteristics, yhich have been
shpwnvtd be inherited tr?its (McLeod 1978, Reed et al.v

1981). Of cburse,>geogr§phical poﬁulations of each.strain
also differ in diapause andndevelopmenﬁ tralts (Apple and
 Beck 1961), whiéh éohplicates matﬂeré greatly. ‘

In Alberté; there is defisétély only one strain, which

has a pheromone composed of 978(Z):3%(E)

11ftetradéncyla¢égggei(D.L.'Strubble, personal ’
communicatioh). The closest source of the other strain
"(Ontario) cannot be seriously considered as afpossible

&

source ‘for introductibn‘of-the pest to Alberta,fsinde the
ECB is a quarantine species. Thereforé,the'obsefded
differences between valley and plains ECB are those of

.different populations only. Some critics, However, may argue
. . ) i ,

.-



199 -

that differenceé in life history traits for the two Alberta
populations are due to two separete infestations. This is,
unlikely. Everrs}oce the first infestation was discovered in
a single field in the Medicine Hat area, corn fields'have‘
been carefully surveyed (Lilly and Harper‘}982).'The annual
spread of the species, averaéing‘12 km., is indicative that
the initial infestation arose from a single point sozrce.
According to Parsons (1983#1 analyees of life history
adaptatlon should proceed by (1) comparatlve studles of
'Avarlatlon of several well-chosen traits, (2) the
establlshment of adapt1ve roles of these traits, (3) the
demonstration of genet1cmchanges under. varying env1ronments,
and (4) the experimental demonstratlon of whether the
outcomes represent adeguate solutions to an adaptive
chellenge. Adaptation of ECB'life historf traits to Alberta
conditions can be summarized by considering these'four steps
with respect t6 those braits io which differences between
ECB populatlons were observed | |
Phenologlcal dlfferences were noted between plalns
populatlons, vhich were- un1volt13e, and valley ECB, which
had a part1a1 second generat10n in 1983 Mean pupat1on and
emergence was five to seven days earl1er for valley borers
than for pla1ns borers in both 1983 and 1984 A tranSplant
»exper1ment in 1984 demonstrated that phenologzcal

.dlfferences were patterned in accordance w1th a model of

. cogradient cllnal varlatlon (Gill et al. 1983), in wh1ch

" both heredity and the environment played a role. The-’
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- adaptive significance of these differences in phénology was
demonstrated by examining the underlying physiological and
.behavioural differences between the tyohAlberta populations,
Physiological traits studied included-liryal and adult
development rate, temperature thresholds for development,
and fecundity. When both Alberta populations were grown
under controlled tempefatures, significant differences were
observed in these traits for some life stages, thus
confirming the existence of é genetic influence, that was
initially observed in the transplant experihent; Profound
differences were seen during the fifth larval instar, when§
plains ECB developed much_slower than valley ECB or ECB from
the United States. De;elopment thresholds were higber for
plains ECB than for valley ECB-in this stage. Both these_~
traits slowed*down growth -in olains ECB. Contrary to my
expectstions (see Chapter I), development thresholds for
larsal instars of Alberta ECB were generally much highet R
. than those bf ECB from the central States; This trend |
suggests that ECB adapt to cooler climates by'selection for
uﬁivoltinlsm. | | ' '
' Because valley ECB developmental traits were |
1ntermed1ate between those of plalns ‘ECB and those of Un;ted
_ States populatxons, ev1dently select1on for un1volt1n1sm is.
not as intense w1th1n valley populgt1ons as 1t 1s thh1n
lplaxns ECB Parsons-(1983) observed that »any new and

extreme genetxc tomb1nat1on is l1kely ‘to have lower overall

'f1tness as measured by v1ab1l1ty, fecundzty, and hence, r" .,'
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The. net raorodoctive rate, o, ls important in determining
the natutal rate of increase (rm), which is often used as a
measure of the relatlve "fitness" of a species (Andrewartha
and Birch v954). At an optimum temperature of 15°/29°C,;
plains ECB did indeed nave lower egg viability (80%) and
A fecund}ty (267 eggs/femalexlthan did valley ECB (95 -
viabilf%y, 559 eggs/female). This result again suggaSts that'
genetic selection ls occurring in plains ECB. |
3 Lower fecundity in plains ECB was correlated with lower
‘pupal weight. Body- size and ovariole’® number aveiknown to
vary both with stemperature and altitude for Drosophfla‘
me]anogasfeh (Parsons 1983, pg. 45). Thavtransplant
\ experinent 1 conducted im 1984 showed that'bo%p
env1ronmental and genetlc 1nflyences affected ECB body mass.
Studles in spring 1984 also suggested that differences in
body mass between populations were related,to dxfferences in-
larval feeding EehaVi0urw'Wet'larval weight'of‘valléy borers
were not 51gn1f1cantly d1fferent from those of pla1n5 borers
durlng April and May, but dur1ng early June valley ECB 4
larval mass lnc:eased significantly. This suggests that
"_;valley ECB'entared avpost;diapansetfeeding périod 'which
plalns larvae did not. This post d1apause feed1ng perzod |
| delayed pupatlon, thus ensur1ng that most of the populatxon
remalned unzvolt1ne. | " _4 | |
Larval dlspersal stud1es indicated that feedlng

behav1our of early 1nstar Alberta ECB larvae 1s.less

canallzed than that of ECB 1n the Unlted States. In Iowa."

.-
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he leaves and Lg f@e tassel buds. Né&ly ha;thed "\

Q?nd generaﬂ!on Borers feed pr1mar1y\1n ‘the sheaths and" on
pmllen (Guthrie et %l 1960’J969 1970) . Alberta 'ECB larvae

ra

‘5‘ more opportunlstlc . and wlll feed onWyhatever resource

“g?crohabltat of the corn pbant thatqls ava;lable Corn

L g

v&paet1esvgrownr1m Alberta achleve rapid growth therefore -

A"‘

i
durqnq the exténded E€B o¥1p051t10n and hatching perlod (up
k! N
to one month long), newly-hatched larvae may be ekposed to
. it ,

corh in various grpwtb stages. Greatgr hostﬁplant‘
hetepogene§ty thus” necess1tates greater behav1oura1
.'adaptabllxty for larval ;Urv1val Studies of food - ”
prefepences'of Callosobrucpus Tacglatus;larvge s@ggest Qh}t
éoidni:ing populations can ﬁaké immediate behayidural
J\adjﬁséméni?_of‘too& preferences andlforaggng.tzkgniques
,(quserman'aﬁd‘Fﬁﬁiyma 1981). |
Poﬁulation sampling of adults in the f);ld also
‘Suggests.that'adult ECB in Alberta"mate and rest in
ﬁiffFrént hébit;t sites than do those in- the United States.
Iowa'ECB moths mate and rest in“aétion sites"?bf dense
foxt;1lgrass outsxde ‘the cornfleld but Alb gg moths choose
' such sites. thhxn thg centre of the cornf1eld probably '
because ok the lack of dense vegetat1on out51de the
‘co:nfleld.‘The-exgended egg-laying per1od spreads the r1sk"
(dgé-Boe} 1968)ffot Albérta\ECB, SO that sudden adverse
‘ cliﬁatic,cegéiﬁgéps affect only-a’small‘propoftion of the

<

total bopulation; N
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Because Alberta has such a short érow1ng season
compared to other areas within the ECB range, the low
population levels of predators and éaéasites that were
.obsérved are unlikely to increase suEficiently over a season
to have much affect upon ECB mortality and Pm.‘ECB larval
supvivalvis also faanred in Alberta becénse resiétant corn
‘varieties cannot be grown in this climate, Harsh Albertn
wint§r§ do not appear to increase larval mortality any more
than in other areas, because many dlapausxng larvaé disperse
to the base of corn stalks in fall, where they are insulated
by winter snowcover.

The BCB w1ll contlnue to be a major economic pest of
sweet corn in‘Alberta, because population levgls will be
ma}nnnined in field corn, wnerelpésticides cannoét be used
economically }o-control the pest. Regional population levels
will be influenced mostly by abiotic factors, because biotic
control agents are’ﬁimited, and,necause farminé practises
(cultural controls) will changé little in response to the
pest problem.

Parsons (1983) has p01nted out that because the
organzsm itself is the unit of naturaﬂ selectlon, a

a
comprehensive understanding of the adaptive process cannot
be obtéined by stndging a&singleAphenotypic trait. The ECB

is a good example of how adaptive processes for

phénological physiological, and behavioural phenotypes are,v

1nterrelated 1n a species that is colon1zlng nev and

marginal habitats.
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IX. Appendix 1: Development Data for Immature Stages

‘Mean number of days, standard deviation (SD),
developmental rate and survivorship for various stages
of Alberta strains of Ostrinia nubilalis

.at constant temperatures.

Stage Str- Temp~ Sam- Mean SD Mean Survi-
ain’ era- ple Devel- Devel- orship
ture Size opment opment (%)
(°c) (N) Time w Rate :
(days): (1/days)
Eqg P17 455 14.16 0.917 0.0709 (is
20 55 7.38 1.009 0.1374 com-
22 . 2940 5.81 0.603 0.1743 bined
25 202 5.34 0,738 0.1901 Dbelow)
27 276 4.64 0.692 0.2220 -
30 79 4.00 0.160 . 0.2500 -5
| 32 1122 3.45 0.538  0.2969 - -
\Y 17 2261 13.39 1.184 0.0755 -
20 . 1746  6.82 0.389 0.1471 -
22 5802 5.90 0.346 0.1701 87
25 1769 4.96 . 0.240 0.2020 -
27 1732 4.05 0.540 0.2513 -
300 ° 1153 3.77. 0.542 0.2709 -
) 32 2065 3.34 0.511 0.3066 85
First c 17 149 8.14 2.315 0.1305 75
Instar 20 111 ~5.57 "~ 0.730 0.1822 76
: 24 107 3.80 - 0.382 0.2652 89
30 73 - 2,26,  0.321 0.4503 S1
32.5 95 2.15 0.423 0.4817 | 92
v : 35, - 78 1.95 0.102 0.5245 98
- Sec- . C 17 148 6.78 _ 1.087 0.1511 99
ond 20 110. 4.49 0.735 '0.2282 99
Instar 24 106 .. 2,99 0.403 '0.3480 99
' 30 73. 2.26  0.404 0.4591 100
32.5 90 - 1.96. 0.307 0.5244 99
: : 35 77 2.12.  0.275 0.4793 99
‘Thifd - C 17 142 - 6.84 .0.967 0.1494 .96
Instar 20 . 107 . 5.66 2.916 0.1945 97
24 70 3,23 0.418 0.3141 100
30 72 2.26 -0.751 0.4675 99
32.5 .128 1,91 0.677 0.5744° 100
5. 717 1.67 0.265 0.6160 100
Four;p C 17 141 7.62 1.648. 0.1370 ~ 99

- Instar 20 : 106 - 7.26 ‘1,696 0.1423 99
| 206 | |
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0.817
0.753
4.411
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1.425
0.980
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2.425
2.137
2.262
2.753
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1.046
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0.572
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2.404
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4.556
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populations; M=males; F=females.

pause 26 55 31.26  14.552 0.0428 74
Pupa- 30 61 19.53 6.786 0.0570 90
"tion 32 31 20.29 5.557 X0.0541 81

35 7 16.86 3.078 0.0614 19

- 17 45 68.44 14.062 0.0153 96
22 40 32.40 8.326 0.0327 92
u26 25 23.56 10.369 40.0528 86
'30 44 18.41 7.228 0.0620 88
32 37 21.70 5.076 0.0492 88
35 - - - - -

Post- 17 50 30.90 3.151 0.0327 (is

dia- 22 48 11.75 2.943 0.0932 com-

pause 26 48 9.17 1.589 " 0.1129 bined

Emer- | 30 29 8.07 2.017 0.1304 below):

gence 32 13 7.15 0.555 0.1404 -
35 - - ) - - -
17 32 29.38 2.697 0.0343 90
22 64 11.19 1.745 0.0917p 92
26 47 8.64 1.051 0.1174 ‘90
30 42 7.19 1.435 0.1451 87
32 11 6.82 1.251 0.1503 70
35 2 8.50 1.500 0.1177 40

' P=plains ECB; V=valley EbB; C=combined Alberta
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X1. Appendix 3: Artificial Leaf Measurements

Leaf ¢ Length(cm) Width(cm)
1 10 3.0
2 20 3.5
3 * 30 4.0
4 ‘ 35 5.0
5 40 6.0
6 45 7.0
7 50 7.5
8 50 8.0
9 . 50 7.5
10 45 7.0
11 ‘ 40 6.0
12 30 5.0
13 25 4.5

3.0

14 10
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XI1. . Appendix 4:

Results of Trap Efficiency Trials

kY
Treatment
Pheromone Pheromone Pheromone
Dispensor Dispensor sus- Dispensor in

in Sticky Glue;
both Dispensor
& Trap changed

pended in Trap;

both Dispensor
& Trap changed

Sticky Glue;
neither trap
nor Dispensor

every 2-4 days every 2-4 days changed
(A)Total | )
Captures 13 \\> 4 6 -

. (B)# Times

Traps : 3 5 5
Checked
Mean 4.3 a 0.8 b - 1.2 b
(A)/(B)

Drtferences in letters indicate dlfferences in treatments
at P=0.05, using the paired difference test for small

sample sizes,
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