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Abstract

Blissus leucopterus hirtus Montandon (Hemiptera: Blissidae) (hairy chinch bug),
is a pest of turfgrass in Quebec and Atlantic Canada that causes considerable damage to

turf and lawns. This research investigated the influence of environmental heterogeneity

on the phenol hology and host of B. P hirtus. P
of B. leucopterus hirtus in St. John’s, NL displayed the lowest threshold for egg
development and the highest rate of egg development compared with other regions across

the insect’s range, indicati i | influence attri to shorter and cooler

summers in the St. John’s region. This adaptation was also reflected in a more compact
phenology compared to other regions. Cumulative Degree Days and Julian Days were
both effective in predicting the appearance of 2" instars, a critical milestone for pest

managers in conducting appropriately timed pesticide application.

There was no difference in tertiary sex ratio among sites at a local scale, but there
‘was an greater number of males than females in Fall 2004 and 2005 compared to the
sprang, suggesting differential mortality of dispersal. Wing form ratios varied at the local
scale and over time, with an increase in brachypters over two years indicating
increasingly established populations. Differences in habitat at the local and regional scale
were sufficient to produce differences in insect size, with the smallest insect size rankings

in St. John’s, NL, where egg development rates were also most rapid.

Differences in host choice among 1% instars of B. leucopterus hirtus were

observed at the local and regional level, demonstrating flexibility in host choice among



populations. Preference was affected by age of insect, with 1% instars favouring Kentucky
bluegrass, while 5" instars were less discriminant. Tendency for aggregation in later

instars appeared to influence choice. Based on these results, pest managers should be

better able to predict host ion based on insect phenology and ially apply

alternative methods of control such a vacuuming when populations are likely to be found
on specific host plants as a result of either feeding preference or other behaviour

tendencies such as aggregation.

The results of this thesis confirm the influence of environmental heterogeneity on

the phenol hology and host of B. leucopterus hirtus and the

subsequent need for regional ificity in pest along with i ion of

insect age and populations dynamics in host choice research.
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Chapter 1: Introduction

1.1 Context

Implicit in a strategy to protect the natural environment, there is a global

movement to reduce reliance on chemical pesticides. This approach involves reducing

both the amount and frequency of pesticide application while still

control of pest species. Known as ‘Integrated Pest Management® (IPM), this approach
requires a thorough understanding of the ecological facets of insect population strategy
(Norris et al. 2002) so that pest managers can interpret natural features of insect

A and iour, and respond with specifically designed control

measures at appropriate times. One insect of interest, Blissus leucopterus hirtus
Montandon (Hemiptera: Blissidae) (hairy chinch bug) (Fig. 1.1), is a widespread turfgrass
pest in Quebec and Atlantic Canada that causes considerable damage to turf and lawns,
an industry worth approximately 5 billion dollars a year in Canada (AAFC 2005).
Effective management of this pest is aided by knowledge of its ecology, with
geographical specificity in life strategy serving as a cornerstone of integrated control
measures. This research therefore focuses on providing ecologically based information on
key life strategy indicators among local and regional populations to validate the need for

population specific management practices.



FIGURE 1.1. Adult brachypterous Blissus leucopterus hirtus. Copyright © 2008 Tom
Murray. Used with permission. http://www.bugguide.net.

This thesis began as a master’s project, supported by a local landscape
association, with the goal of determining the number of annual cohorts of B. leucopterus
‘hirtus occurring in St. John’s, Newfoundland and Labrador (NL) and the environmental
factors determining success of populations at various locations within the city. Through
this personal observation during this initial research, it appeared that populations of this
insect separated by fewer than 5 km displayed differences in life history, including wing
form ratio and timing of naturally occurring events in the insect’s life cycle. This
immediately raised important questions regarding the validity of ‘one size fits all’

management practices that were being applied in St. John’s, which were based on




phenological research conducted in provinces and states outside of Newfoundland and

Labrador. For example, guides for this insect suggest pesticide application when the
‘majority of B. leucopterus hirtus nymphs are in the 2" and 3" instar (Emmons 2000,
Tashiro 1987) but the calendar date for the occurrence of these key instars in St. John’s
was found to differ from those in other parts of the insect’s distribution, and even
between sites within the city. In New Brunswick (NB) local variation in phenology

among locations within that province was also observed (Wellwood et al. 2002). It has

become clear that further ch ization of these discrepancies is necessary to improve
ecologically based management, particularly the timing and efficacy of pesticide
application. Despite this, for practical purposes, local pest management companies and

other pesticide applicators routinely refer to general calendar dates when planning spray

periods. A locally centered, more envil ly friendly strategy requires
an understanding of the life history variation among and within populations at the local

and regional scale.

1.2 Theoretical Foundation

Searching for an ecological model, on which to base a research program designed

to elucidate these phenological i i ies, led to T. R. E. I d’s ‘habitat as a

templet’ model, which he proposed in his seminal address to the British Entomological
Society in 1977 (Southwood 1977). Although Christer Solbreck presented similar ideas at
a symposium entitled ‘Evolution of escape in space and time' held at the XV International
Congress of Entomology in Washington, DC in August, 1976, the contents of this

symposium were not published until two years later (Solbreck 1978). Southwood was the



first to publish these ideas and, therefore, has received the majority of credit. According

to Southwood’s habitat templet model, an individual ‘chooses’ to engage in behaviour
‘here and now’, ‘here and later’, ‘elsewhere and now’ or ‘elsewhere and later’ in response
to the environmental signals it receives from the habitat in which it finds itself. These
choices are molded through selection of strategies that give optimal reproductive success.
Thus, success in achieving optimal levels of feeding, shelter and survival of offspring
associated with each option should be affected by the favourability of conditions, the
probability of being in a suitable habitat (either ‘now” or ‘later’ and/or ‘here’ or

‘elsewhere’) and the level of uncertainty regarding these favourable environmental

factors over time. This is especially relevant in i and in areas
of seasonality where uncertainty is a dominant factor. Since Southwood first published
the habitat templet model, hundreds of papers have cited this unifying theory connecting

the evolution of life history strategies to habitat characteristics (Statzner et al. 2001).

The ecological implications of Southwood’s habitat templet model are that insects
invest resources according to the most favourable options, based on environmental cues
they receive. For example, if environmental signals alert the insect to a short or
unpredictable period of optimal conditions for growth, growth rates may be accelerated to
ensure completion of development (Danks 2006, Danks 2007). The effects of these life
strategy ‘decisions’ also extend beyond phenology. For instance, the wing morph of an
organism is the consequence of a series of trade-offs in reproductive potential, which
include both dispersal and fecundity, a topic that has been extensively explored and

reviewed elsewhere (Denno et al. 1989, Roff 1994, Zera and Mole 1994, Zera and Denno



1997, Langellotto et al. 2000, Langellotto and Denno 2001, Crnokrak and Roff 2002,
Danks 2006, Danks 2007). If, during development, environmental signals indicate that
conditions ‘here and now” are unsuitable for reproduction, hormonal cues in dimorphic

insects may influence gene ion and promote d p ofa form

for dispersal (Harrison 1980). Descriptions in the literature on B. leucopterus hirtus often
refer to a single population’s dimorphic wing ratio (Leonard 1966, Vittum et al. 1999) but

preliminary observations in St. John’s revealed there was no consistent ratio among local

diverse ical i Because B. leucopterus hirtus has a
dimorphic wing form, the effect of environment on multiple geographic scales on the
fitness and wing form of this insect is of interest within the context of Southwood’s
model, and may provide further insight into the environmental determinants driving wing

form in this species.

The general literature on ecological adaption in insects reveals the potential for
environmental influence on multiple life strategy indicators including phenology,
morphometrics, wing form and host preference, characteristics for which variation has
important implications for developing effective control strategies. Thus, the current use of
generalities in B. leucopterus hirtus life history to develop control strategies across
regions is inaccurate, and may lead to poor management strategies that could be
ineffective and/or lead to overuse of pesticides when the target instar is absent.
Furthermore, previous research on host preference in B. leucopterus hirtus shows little
evidence of development stage being taken into account in a variety of host choice

experiments, despite reference in the literature to shifts in host preference throughout




ontogeny in other species (Stockhoff 1993), and in taxa closely related to B. leucopterus
hirtus (Headlee and Walker 1913). Thus, it became clear that Southwood’s habitat
templet model would serve as an appropriate framework in which to place the variable
life strategy of B. leucopterus hirtus into an ecological and applied context. This thesis
does not aim to test Southwood’s model, but rather to use this well supported ecological
hypothesis as a framework in which to evaluate patterns and variation observed among

populations of B. leucopterus hirtus.
1.3 Current Need and Opportunity for Research

There is a striking lack of ecological knowledge on the variation in phenology,
morphometrics and host choice among populations of B. leucopterus hirtus. There has
been considerable research on turfgrass tolerance to, and pesticide effectiveness on this
insect (Baker et al. 1981, Mathias et al. 1990, Richmond and Shetlar 2000, Yue et al.
2000) and related subspecies (Mize et al. 1980, Ahmad et al. 1984, Negrén and Riley
1985, Mize and Wilde 1986, Mechan and Wilde 1989, Wilde 1997), yet there has been
little effort to synthesize these studies into a more theoretically sound, ecologically

founded management approach.

An assessment of the variation among populations of B. leucopterus hirtus at
multiple geographic scales is a necessary first step in characterizing ecological variation
among populations of this insect so that management can be both effective and

environmentally sound. Moreover, consideration of the potential for plasticity in life

history traits is critical in izing the factors pe ible for the success



of populations so that potential mitigation may be achieved. Lastly, insights into the
ecology of B. leucopterus hirtus may allow researchers to better predict damage and
potential range expansion for this insect that may occur as a result of adaptation,
plasticity and/or newly available habitats as a consequence of climate change. Evidence
of this possibility was a recently published in a study which showed an increase in insect
multivoltism in northern European moth communities between 1993-2006, in correlation
with warmer temperatures (Poyry et al. 2011). Should B. leucopterus hirtus be shown to
possess similar capacity to adapt quickly to both novel and changing habitats, range

expansion can be expected.

The range of climatic conditions across the Canadian distribution of B.
leucopterus hirtus provides an opportunity to explore the effect of climate variation on
the life strategy of this insect. In particular, questions arise as to whether the increase in
damage caused by this pest in St. John’s in the past decade results from adaptations to
this environment, and what population characteristics might explain how it has managed
to respond positively under the environmental conditions present there. The St. John’s
area of Newfoundland is characterized by milder winters and relatively cooler summers

compared to other areas in the insect’s range (Banfield 1983) and provides a distinct

templet in ison to other I areas of the insect’s range. By
focusing on a large cross section of the insect’s Canadian range, and comparing life
strategy of populations of B. leucopterus hirtus at both a local (St. John’s, NL) and

regional (Quebec and Atlantic Canada) scale, it should become clearer to what degree

variation in life strategy is present. Exploring the extent to which B. leucopterus hirtus




conforms to Southwood’s model of habitats serving as life history templets should lead to
a better understanding of the evolutionary selection of traits that have made this insect so

successful.

The present study focused on three life history traits: phenology, morphology and
host choice, in the Quebec and Atlantic Canadian range of B. leucopterus hirtus, with a
more detailed local analysis of populations in St. John’s, Newfoundland. Using

Southwood’s habitat templet model as a k for izing the relationshij

between this insect and its environment at a local and regional level, this research

investigated the influence of envi ity on the morphology
and host preference of B. leucopterus hirtus for the purposes of better informing current
ecologically based management strategies. These strategies rely on phenology, as well as
indicators of fitness and behaviour, to manage this pest. By identifying variation among
key indicators of life strategy, turf managers should now be better able to assess
population fitness, conduct appropriately timed pesticide application, predict pest
migration and plant suitable host vegetation to mitigate pest damage. In the process of
identifying this variation, this research should make a valuable contribution to the field of
ecological entomology by confirming the need for more regionally based IPM,
particularly at northern latitudes, which are potentially subject to dramatic change in

response to climate change.



1.4 Description of Blissus leucopterus hirtus

1.4.1 Taxonomy and Distribution

A.E. Montandon first described Blissus hirtus, as it was then named, in 1893 from
a single specimen collected in Hazelton, Pennsylvania (Montandon 1893). However,
earlier records of specimens collected and identified as Blissus leucopterus from New
York (Fitch 1856, Lintner 1883, van Duzee 1886) and Massachusetts (Fitch 1856) were
most likely Blissus leucopterus hirtus (Leonard 1966). In 1918, Barber relegated Blissus
hirtus to a variety [sic] of the leucopterus complex (Barber 1918), which is now properly

known as a subspecies.

Based on his analysis of morphological characteristics and crossing experiments,

Leonard (1966) firmed hirtus as a subspecies of the » complex. He
identified only small i i between B. leucop '8 )t and
B. leucopterus hirtus and found evidence of i ing. However, he considered

discrepancy in ease of rearing and potential host differences to support separation into

and that these two ies are most likely parapatric in their

distribution.

The following is an excerpt from Leonard (1968) and consists of a key for differentiating

between species of Blissus and subspecies of Blissus leucopterus.




8. General coloration gray; pronotum pruinose, concolorous gray, except dls(al

General coloration pxceous. wnh some gray-pruinosity on head and amenor
lobe of pronotum; posterior lobe, scutellum, and abdomen not gray...... 10

9. Length of abdomen and scutellum less than 3 times width of abdominal tergite
V. ...arenarius arenarius
Length of abdomen and scutellum more than 3 times width of abdominal tergite
...arenarius maritimus

10. Abdominal sternum piceous with setae straw-yellow or yellow

leucopterus hirtus
Abdommal sternum castaneous wnh setae sllver or light straw-

leucopterus leucopterus

yellow.

The general taxonomy of Blissus leucopterus hirtus has changed little since 1966,
with the exception of a higher level revision. In his re-evaluation of the infraorder

P ha (Hemi I ), Henry (1997) d ined the group to be

paraphyletic and created 11 new families including Blissidac, into which B. leucopterus

hirtus was placed. Blissus leucopterus hirtus is considered one of several

making up the leucopterus complex and one of the three or four

on the author) speci ies of ic il (Baker et al. 1981,

Vittum et al. 1999, Anderson et al. 2006).




The current taxonomic classification is as follows:

Class Insecta
Order Hemiptera
Suborder Heteroptera
Superfamily Lygaeoidea
Family Blissidae
Genus Blissus
Species leucopterus

Subspecies hirtus

Considered an insect native to North America (Henry and Froeschner 1988), the
current Canadian range of B. leucopterus hirtus extends from Ontario eastward to

Newfoundland. Within the United States, the range extends as far west as eastern

Minnesota and south into North Virginia. The ical range of Blissus leucop
hirtus partially overlaps the range of Blissus leucopterus leucopterus, but the latter is
considered to be primarily a pest of small grains, sorghum and corn (Negron and Riley
1990, Vittum et al. 1999), while B. leucopterus hirtus is considered a turfgrass pest. For
the purpose of this study, turfgrass refers to those varieties and cultivars of grass

traditionally used on residential lawns and at outdoor sport and game venues.

1.4.2 Damage

Damage by B. leucopterus hirtus is most ofien associated with dense aggregations

of feeding nymphs that create patches of dead grass in lawns and other green areas.
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Further detail ing feeding i and physiology is provided by Anderson et

al. (2006). During periods of high activity, the insect is commonly found in large
numbers around the perimeter of damaged patches. In areas of very high infestation,
entire lawns may be visibly damaged. Feeding is selective on certain grasses, and many
broadleaf species are often unharmed by the insect (Fig. 1.2). Damage is most often
apparent in the late summer during periods of high nymphal activity and when there is
little rainfall. Visible damage appears to be exacerbated by hot, dry weather. While this
may be due to combined stress caused by feeding and lack of water, specific causes of

increased visible damage have not been identified.

FIG 1.2. Area of B. leucopterus hirtus infestation and damage on a residential lawn in
Quebec City, PQ. Photograph by Robyn Auld (2008).



1.4.3 Enemies and Natural Control

Natural enemies of B. leucopterus hirtus include members of the genus Geocoris
Say (Hemiptera: Lygacidae) (big eyed bugs) (Fig. 1.3) and at least seven additional
arthropod predators, including at least one mite (Vittum et al. 1999). Another commonly
observed cause of death in B. leucopterus hirtus is infection by Beauveria bassiana

(Bals.-Criv) Vuill (H; les: C ipi an fungus. Mortality

due to this fungus is increased under warm, wet conditions (Headlee and Walker 1913).
Parasitism by Eumicrosoma benefica Gahan (Hymenoptera: Scelionidae) can also cause

mortality in B. leucopterus hirtus (Mailloux and Streu 1981).

Important agents used in attempts to control B. leucopterus hirtus are species of

phytic fungi (ex. N hodir i (Morgan-J & W. Gams) Glenn,
C.W. Bacon & Hanlin (Hypocreales Clavicioitaceae)) found naturally and inoculated into
turfgrass cultivars. Certain cultivars, including fescues and ryegrasses (but not Kentucky
bluegrasses) may be “enhanced” with fungi that cause toxicity to B. leucopterus hirtus.
At least two studies show individuals of B. leucopterus hirtus are able to distinguish
between endophyte infected and non-infected grasses with most cases resulting in host

avoidance of infected tillers (Carriére et al. 1998, Bourassa et al. 2007).




FIGURE 1.3. Geocoris bullatus feeds on a nymph of B. leucopterus hirtus. Photograph
by Robyn Auld (2006).

1.5 Life History Parameters of Blissus leucopterus hirtus
1.5.1 Phenology

The seasonal life cycle of B. leucopterus hirtus commences with overwintered
adults emerging from sheltered location, including turf tufts and even overturned tables,
in the spring; these are called ‘spring adults’. The temperature at which spring adults
become active is estimated, based on a population in New Jersey, to be 7°C (Mailloux
and Streu 1981). Spring adults mate and produce eggs. The fecundity of females reported
under field conditions varies tremendously from a mean of 6.87 eggs per female
(Mailloux and Streu 1981) to estimates exceeding 400 eggs per female (Potter 1998).
These eggs, which measure less than 1 mm in length (Vittum et al. 1999), are typically
laid in clusters in small crevices within grass and other ground vegetation. In the days

prior to hatching, the eggs turn a deep orange red and the embryo becomes visible
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through the chorion (Luginbill 1922). Blissus leucopterus hirtus is hemi and

has 5 nymphal instars. Nymphal life stages are distingui by both

characteristics (body colour and wing pad development) and head capsule size (Mailloux
and Streu 1981, Fig. 1.4). Adult B. leucopterus hirtus are approximately 3-4 mm in
length and are dimorphic, exhibiting both brachypterous (stunted, short) and
‘macropterous (large) wing forms. Previous research at sites across the insect’s geographic
range has shown populations may be univoltine or bivoltine (Potter 1998). Throughout
the insect’s range, some oviposition, hatching and early instar nymphs often occur late in
the fall but these nymphs do not reach the adult stage before winter. The lack of nymphs
in spring suggests they are unlikely to survive through the winter (Leonard 1966,

Wellwood et al. 2002).

. Egg 1% 2 3rd 4 5th I brachypterous macropterous
1l T
Nymphal instars Adult forms

FIGURE 1.4. Life stages of Blissus leucopterus hirtus, including both the brachypterous
and macropterous adult forms. Adults are approximately 3-4 mm in length. Photograph
modified from H. Niemczyk. Original internet source unknown. Used with permission.



There have been few studies that have attempted to document the complete life
cycle of B. leucopterus hirtus (Mailloux and Streu 1981, Wellwood et al. 2002).
Supplemental information comes from partial studies of this insect’s life cycle (Liu and
McEwen 1979, Sears et al. 1980). Taken together, there is strong evidence that
phenological variation exists among regional localities. Bivoltine populations of B
leucopterus hirtus have been reported from New Jersey (Mailloux and Streu 1981), in
Long Island, New York (Maxwell and MacLeod 1936), Connecticut (Johnson 1941), and
Ohio (Polivka 1963). In Ontario and New Brunswick, populations were described as
univoltine (Liu and McEwen 1979, Wellwood et al. 2002) although in New Brunswick a
second cohort was reported to have initiated but did not complete development. At the
commencement of this study it was not known how the phenology of B. leucopterus

hirtus in St. John’s compared to other regions, which was a main driver for the initial

research in this thesis. The provincial pest iati ized this as a
key piece of information required to adopt management strategies specific to the city, and

eventually the province.
1.5.2 Adult Morphology

Adult size ranges between 3.0 mm and 4.0 mm in length and approximately 1 mm
in width (Vittum et al. 1999). In general, females tend to be larger than males. The sexes

are easily distinguishable by ch istics on the ventral abd; : the male has a

rounded abdomen with a bulbous terminal segment containing the male genitalia, while
the female’s abdomen has a medial ridge with a v-shaped protruding ovipositor. Blissus

leucopterus hirtus exhibits dimorphic wing form, which means that adults display either
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wings (larg ped) or P wings (small/underdeveloped).

Wing form can serve as an important indicator of population dynamics; the degree of
macroptery in an insect population may be directly related to the permanence of the
habitat (Southwood 1962). The expression of wing morph in insects represents a complex
interplay between both environmental and genetic influences, because change can be
induced through either environmental manipulation or artificial selection (Zera and
Tiebel 1988, Fujisaki 1993, West-Eberhard 2003). Little is understood about the factors

that influence wing morphology in B. leucopterus hirtus. Leonard (1966) recorded the

of pters in a single ion of 538 individuals at 63.7%. Mailloux

and Streu (1981) recorded a i of 'y at 50% in

New Jersey. The latter authors also noted that, in many populations, more females than
males were macropterous (Mailloux and Streu 1981). However, they also noted a
declining proportion of macropters with time in single cohorts over the course of one
summer, suggesting dispersal or differential mortality between the sexes and/or wing
forms had occurred. Further investigation is required to determine the true relation

between environmental factors and wing form in B. leucopterus hirtus.
1.5.3 Host Choice

B. leucopterus hirtus is a phytophagous insect that uses piercing and sucking
mouthparts to feed on liquid nutrients from the crowns and stems of primarily cool
season turfgrasses including red fescue, perennial ryegrass, bentgrass and Kentucky
bluegrass (Vittum et al. 1999). Movement between hosts is common, and the closely

related Blissus leucopterus leucopterus has been observed shifting between small grains



and corn hosts throughout the year (Headlee and Walker 1913, Packard 1937, Lamp and
Holtzer 1980). This behavior may be partially influenced by nutritional quality and
availability of hosts as observed in Blissus occiduus, which shifts host vegetation
throughout the year depending on these factors (Eickhoff et al. 2004). In addition to
nutritional quality, architecture of plants has been suggested as a possible determinant of

host choice in Blissus occiduus (Eickhoff et al. 2006).

The ontogeny of B. leucopterus hirtus may also influence optimal host preference
because of the insect’s tendency to aggregate at later instars. The degree of aggregation in
B. leucopterus hirtus increases throughout its life history (Mailloux and Streu 1982) and
towards later instars, high densities of B. leucopterus hirtus are often observed
aggregating in grass tufts (e.g. fescues) more so than in other grass species or cultivars in

close proximity (Slater 1976, Eickhoff et al. 2004). This suggests that as either internal

(physiological) or external i ) itions change, the benefits of aggregation
increase and/or certain cultivars offer iti or i benefits over pi
occupied grasses. to more p: ive grasses in anticipation of less

conditions (‘clsewhere and later’) is a classic example of habitat shaping life history

strategy, as proposed by Southwood (1977).

Although there has been a considerable volume of research on the host preference
and associated plant resistance in related Blissidae (Stuart et al. 1985, Meehan and Wilde
1989) there has been little research on the factors influencing host preferences of B.
leucopterus hirtus. There is a need for improvement of pest management and thus to

characterize the variability of host choice in relation to development stage and local and
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patterns as d by d’s model so that managers can

regional

predict on what food source they will most likely find the majority of a population at a
given point in its phenology. This is a important step for placing previous and future
studies within a geographical context, and from this, into a more ecologically sound plan
for managing this pest.

1.6 Blissus leucopterus hirtus on the Island of Newfoundland and
across its Canadian range

1.6.1 Climate

‘The geographic range of B. leucopterus hirtus populations from Quebec and

Alantic Canada provides a spectrum of

including di

in temperature, rainfall and total precipitation with which to compare life history

parameters. The presence of B. leucoy hirtus in d, the only

of the leucopterus complex found on the island of Newfoundland, presents a valuable

to study habitat-induced lation variation, using Southwood’s habitat
templet model as a theoretical foundation. In St. John's, Newfoundland, the climate is
characterized by milder winters and relatively cooler summers compared to more inland
areas such as Quebec City, PQ and Fredericton, NB (Banfield 1983) (Fig. 1.5). Compared

with the other locations examined in this study, St. John’s also has the highest annual

In addition, is an island and therefore geographically
isolated. While there is transport to and from the island, it is highly probable that inter-
population dispersal between island and mainland populations is lower than among

populations on the Canadian mainland. It is uncertain what, if any, life strategy
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adaptations have been made by this insect to succeed in these conditions.
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FIGURE 1.5 Summary of average Climate Normals 1971-2000 for four weather
stations located in Quebec and Atlantic Canada. Data from National Climate Data and
Information Archive (Retrieved June 9, 2010).
http://www.climate. I gc. i i e.html Date Modified:
2010-03-18.




1.6.2 Comparison among Populations

The fitness of individual populations is assumed to be under selection pressure

created by factors that vary among residential lawns. These factors include vegetation,

predators and itoids, soil iti shading and physical exposure to
weather. These factors are not specifically evaluated in this study, as this research focuses
primarily on identifying differences in life strategies among local populations. Although
each of the sampling sites in this study are characterized by turf hosting populations of B.
leucopterus hirtus, each site is assumed to be unique, as each is influenced by a different
set of environmental pressures because of geographic location, soil type, exposure to sun
and rain, and differing patterns in use. It was the goal of this thesis to determine whether
those environmental influences have been sufficient to promote measurable differences in
key life history traits in B. leucopterus hirtus and to offer some preliminary suggestions

for explaining the differences observed.

Although ‘regional population groups’ are often difficult to define (Srivastava
1999), and often arbitrarily assigned (Caley and Schluter 1997), they are generally
assumed to be influenced through variation in climate and other large scale influences in
space and time (Hillebrand and Blanckner 2002). In designing this research project, it
was assumed that climate at the local scale, within a few kilometer radius, would be less
variable among sites than at a regional scale, defined in this study as sites separated by
100 km or more. Four regional populations were selected: 1. St. John’s, Newfoundland
and Labrador, 2. The Annapolis Valley, Nova Scotia, 3. Fredericton and Saint John, New

Brunswick, and 4. Quebec City, Quebec. (Appendix A). For convenience thereafter in
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this thesis, the four regions were referred to by province within which each of these study

locations occur. This is not meant to imply that environmental conditions conform to
provincial boundaries, but rather, this is a simple convention to identify the clusters of

samples taken which happen to fall within different provinces.
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1.7 Thesis Outline

This thesis explored variation in three measures of life history (phenology,
morphometrics and host choice) to compare variation in life history strategy of B.

leucopterus hirtus populations at a local and regional level in Quebec and Atlantic

Canada, with emphasis on ions in St. John’s, and Labrador. The
purpose of this thesis is to gain an understanding of the geographic variation in B.
leucopterus hirtus biology for the purpose of adding needed geographic and/or population

to ecologically based hes of this pest. By using

Southwood’s habitat templet model for understanding environmentally induced change,
the author hopes to place findings in a sound theoretical framework. This study should
further determine at what scale the impact of environmental variation is manifested
through changes in life history, morphology and host choice. As with all pest species,

truly effective is i through ge of the pest’s capacity to

adapt to new environments and expand into novel habitats, and adapt strategies for
thriving under potential climate change. This study aims at elucidating multiple indicators
of variation among populations at two scales and, in the case of host choice, at multiple

points in the insect’s phenology.

1.7.1 Phenology

Many environmental pressures influence populations through natural selection and

phenotypic plasticity (Gotthard and Nylin 1995, Nylin and Gotthard 1998, West-Eberhard

2003, Nylin et al. 2004, Whitman and ishnan 2009). Envis | infl
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on population dynamics are numerous but often linked, resulting in complex responses
involving a series of fitness tradeoffs. In insects, these complex responses include
changes in voltinism, growth rate, dispersal, diapause and many other measures of life
strategy (Danks 1994, 2006, 2007, Tauber et al. 1986) that lead to adaptations and unique

life histories across geographic and climatically diverse ranges.

Changes in the timing of key life events for the purpose of synchronizing with

host plant pt 3 iod and optimal are observed in

many insects, particularly in seasonal environments (Danks 2006, Danks 2007).
Phenological variation related to environmental conditions has been observed in a large
number of insect Orders, including: Lepidoptera (Leimar 1996, Gotthard 1998, Friberg
and Wiklund 2010), Coleoptera (Ishihara 1998, Sota 1994), Orthoptera (Lopez et al.
2007), Trichoptera (Shama and Robinson 2009), Diptera (Demont and Blanckenhorn
2008, Ragland and Kingsolver 2008), Odonata (de Block and Stoks 2004) Hymenoptera
(Traoré et al. 2006) and Hemiptera (Leslie 1990, Baldwin and Dingle 1986). In an
example with a closely related species, the large milkweed bug, Oncopeltus fasciatus
Dallas (Hemiptera: Lygaeidae), samples were collected from six locations ranging from

tropical islands to mid latitude forests. Among the six locations, the insects were found to

vary among lations in age at first ion, clutch size and rate of egg production
(Leslie 1990). This Hemipteran research has clearly shown the capacity of insects to
adapt their life history under a given environmental regime in order to optimize fitness,
and suggests that variation in the phenology of B. leucopterus hirtus under a variety of

stressors is also possible.
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To quantify local variation in phenology of B. leucopterus hirtus, life history data

were collected from St. John’s, NL over two years. Variation among populations in St.
John’s was evaluated using phenological comparison among ten local sites,

measurements of egg development threshold and rate of development. This data was then

with previ published phenological records from ions in different
locations within the United States and Canada. The results of this work are presented in
Chapter 2: Local and Regional Level Variation in Phenology of Blissus leucopterus

hirtus Montandon (Hemiptera: Blissidae) and evaluated with regard to the need for

regional and/or population specific management strategies.
1.7.2 Morphology
1.7.2.1 Size

Morphometrics was one of the first methods used to detect diversity among
populations within species (Daly 1985). The morphometric characteristics of an

, ion or species can be i within a biologi ical and

evolutionary context to better understand the life strategy and adaptive potential of the

organism. M ics have been parti well hed in insects, which are

easily collected and measured due to their rigid exoskeletons (Daly 1985, Statzner et al.
2001). Since Johan Christian Fabricius first related structures of insects to the insect’s
function in the environment (referenced in Tuxen 1967, Statzner et al. 2001),
morphometrics has proven to be a powerful tool in detecting variation among individuals

of the life strategy

and fons. This y provides a better




and adaptive potential of the organism in the field of ecological and evolutionary
entomology (Daly 1985, Statzner et al. 2001). As an example, size is frequently linked to

growth rate (Nylin and Gotthard 1998) and female fecundity (Hon&k 1993). There is

potential for i ic variation to provide insight into

and ion by insects.

As alluded to above, the relationship between size, growth rate and environmental
conditions is complex and generally involves a series of trade-offs (Danks 2006, Danks
2007). Small size is typically considered a tradeoff for shorter development time and/or
faster growth rate (Nylin and Gotthard 1998) and may be further influenced by factors
including temperature (Sibley and Atkinson 1994) and food supply (Colbo and Porter
1979) and their interactive effects (Colbo and Porter 1981). Therefore, differences in

mean size of insects among populations likely indicate differences in the environmental

to which each ion has and should lead to insight on the
relative fitness of individuals within these populations under a given habitat. Detection of
morphometric variation among populations of B. leucopterus hirtus would confirm

variation in selective forces on individual groups, and provide a foundation for

specific envi i that impact individual size and fitness.

1.7.2.2 Wing Form

The dimorphic wing form found in many insect species is easily distinguishable
and can offer additional insight into adaptive strategies in novel environments (Roff

1986). The most commonly accepted ‘rule of thumb’ for wing form is that short wing,



LAk A P e . i e L

individuals are selected when conditions are optimal in the present location, while long
i wing individuals are generally produced under conditions where it is in the best interest of
i the insect to move elsewhere for either resources or mating opportunities (Harrison 1980).
‘ Previous papers on B. leucopterus hirtus (Mailloux and Streu 1981) speculated that a high
incidence of macropterous wing form reflected environmental pressures promoting
dispersal, but a comprehensive comparison of wing forms among populations of B.
leucopterus hirtus is lacking. Detection of variation in wing morphism ratios among
populations of this insect would indicate a high likelihood that populations are
experiencing different pressures to establish or disperse. Because this thesis examined
populations from a number of local and regionally separated areas, it was expected that
differences in establishment would be reflected through wing form ratios. Being able to
relate wing ratio to density, age of population, host plant quality and site-specific biotic
and abiotic features is the ultimate goal and would further the understanding of this pest’s

ecology.

Using morphometrics as a tool to compare variation among local and regional

populations, Chapter 3: Local and Regional Level Variation in Sex Ratio, Wing Morph

and Mensural Characters in Blissus pterus hirtus Me de if
Blissidae) izes results ing sex and wing ratios among local and regional
Additional were collected to compare morphometric

characters and to determine the level of intra and inter-population differences to identify

the scale at which variation occurs.

27




1.7.3 Host Choice Behaviour

The spatial patterns that govern herbivore-plant host relationships are of great
interest to ecologists and pest managers because of the potential for specialization and
eventual speciation by insects (Gotthard et al. 2004, Nosil et al. 2005). Variation in host
choice as a result of plasticity may eventually lead to the formation of new colonies
(Futuyma and Peterson 1985) and colonization of new hosts may directly influence the
phenology and morphology of herbivore populations as the insect’s life cycle becomes
increasingly synchronized with that of the plant (Vanbergen et al. 2003). Because host
choice (preference in feeding, oviposition sites or basking sites) can influence size,
developmental time and growth rate (Grossmueller and Lederhouse 1985, Nylin and
Gotthard 1998), it is an important indicator in comparison of life strategies among insect
populations. Difference in behaviour among insect populations is a third marker of

variation, along with and ics that may be i as aresult of

specific environmental pressures (Scriber 1994).

Because insects are poikilothermic, their degree of activity is especially dependent
on the external environment. Weather and climate therefore have important implications
for insect behaviour and can also affect the feeding rates and food choice of insects
(Schoonhoven et al. 2005). Host plant selection can also be affected by the insect’s
tendency to optimize body temperature by changing diurnal conditions throughout the

day. For example, the black desert Taeniopoda eques

(Orthoptera: Acrididae), roosts on elevated plant parts on sunny days, causing the

grasshopper to consume certain parts of the plant it would not normally encounter on



cloudy days (Whitman 1987). Another example is the tiger swallowtail butterfly, Papilio

glaucus L. (Lepidoptera: Papilionidae), that oviposits preferentially on the tips of sun-

exposed branches to optimize daily potential (G and [
1985). These examples demonstrate that the prevailing weather patterns in a specific area
may have an important influence on the behaviour of insects with respect to host
selection. Geographical patterns in climate and vegetation may result in variable host
choice at a regional scale as a result of available plant hosts, plant structure and weather

and therefore play an important role in host selection and utilization.

At a smaller scale, previous work on B. leucopterus hirtus shows that this insect is
capable of discriminating among hosts, including cultivars of the same species, even at a
micro-geographic scale (i.e. among tillers (stems of grass)) (Mathias et al. 1990, Carriére
etal. 1998). The ability of these insects to discriminate among infected and non-infected

grasses suggests that variation in host selection can occur not only in a regional context,

but also on a localized scale as a result of i 1 and i plant variation.

of the potential for variation at this scale is essential to the design, interpretation and
application of future host choice studies because of the need to incorporate the potential
for variation among lawns, sports fields and golf courses, where, depending on the care

and maintenance of the turf, the landscape may be quite varied.

While variability in the selection of host as a result of extrinsic determinants (host
availability, quality and weather) is an main component of this research, it is also
important to explore the compounding influence of phenology and group dynamics

(density) on host choice. Life history stage of an insect can affect host choice because of



changing dietary needs throughout ontogeny. For example, as caterpillars of the gypsy

moth, Lymantria dispar L. (Lepidoptera: Lymantriidae) developed from 3" to 6™ instar,

they exhibited increased preference for diet cubes with high lipid concentration in

with d d for cubes with high protein concentration
(Stockhoff 1993). Morphological characteristics related to phenology may also influence
host choice with age. The 1%, 2" and 3" instar nymphs of Oncopeltus fasciatus are unable
to access the seeds of common milkweed, Asclepias syriaca L. (Apocynaceae:
Asclepiadoideae), because their short proboscis is incapable of penetrating the
surrounding pod (Ralph 1976). However, in the same experiment it was found that
feeding in larger groups produced lower mortality on feeding locations other than on
seeds. A potential explanation is increased ingestion efficiency through the mixing of

saliva, making group size an important host choice factor.

Group size is a relevant factor in the host choice of B. leucopterus hirtus because of

variation in population size that may occur as a result of environmental pressures on the

population. For example, under itions of ion stress or ization as a
result of varying habitat conditions, there may be fewer insects participating in group
feeding behaviour. Previous studies in Hemiptera have shown that group size may
influence feeding efficacy and individual mortality (Bongers and Eggermann 1971, Ralph
1976). It is important to identify any variation in host choice that may occur as a result of
lower density under these conditions, so that potential hosts may be identified under a

variety of conditions.



Chapter 4: Host Choice iour of Blissus leucopterus hirtus M

iptera: Blissidae) in Relation to Geographic Distribution, Insect Age and Insect
Group Size reports on the level of variation in host choice behaviour among locally and
regionally separated populations of B. leucopterus hirtus. Studies were conducted using a
series of multi-choice experiments conducted in small arenas. Using similar techniques,
additional experiments explored whether host choice changed with insect age or group

size. The results of this chapter suggested that multiple factors were responsible for host

choice in B. leucopterus hirtus, including ing the need for

context in host choice studies with this insect.

1.8 Summary

Blissus leucopterus hirtus is a well-k and i important pest
species. However, there is little information on its ecology, particularly as it relates to

differences among populations. This research aims to identify potential variation in the

logy and host of B. leucopterus hirtus, at both the local and
regional scale. In the case of host choice, consideration was also be given to life stage and
group size. The results of this research should provide improved information for
ecologically based control strategies that rely on phenology, morphology and host choice
to manage this pest. If this thesis is successful in identifying variation among these key
indicators of life strategy, turf managers should be better able to 1. conduct appropriately
timed pesticide application based on more accurate predictions of 2" instar appearance,
particularly in St. John’s NL, where a two year study should elucidate locally specific

phenological patterns 2. use indicators such as sex ratio, wing morph and size to estimate
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the relative level of establishment, potential for dispersal, and level of fecundity among

populations, and 3. plant suitable host vegetation to mitigate pest damage, as well use

ge of plant and ion to locate and target B. leucopterus hirtus
as part of an integrated management strategy that may use alternate method of control,
including vacuuming. With so little know about the basic biology and ecology of this
serious turfgrass pest, this thesis takes the necessary steps to establish a framework for
environmental influence on this species within the context of Southwood’s habitat

templet model.
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Chapter 2: Local and Regional Level Variation in
Phenology of Blissus leucopterus hirtus
Montandon (Hemiptera: Blissidae)

2.1 Introduction
2.1.1 Phenology and the Environment

Phenology is a life history trait defined as the timing of naturally occurring events
in an organism’s life cycle. Intricate knowledge of insect pest life cycles assists pest

managers in monitoring and predicting key life stages for more precise timing of control

measures. The practice of i ing this ge into envi y
control measures is called Integrated Pest Management (IPM). It is a multi-dimensional
based approach requiring a thorough understanding of insect population strategy and life
history (Norris et al. 2002). Phenology of insects is largely influenced by the natural
environment (Denno and Dingle 1981, Masaki and Wipking 1994, Danks 1994, Nylin

and Gotthard 1998), which exerts selective pressure on insect populations, causing an

adaptive response in which the life cycle is optimized for the prevailing conditions. The
habitat templet model (Southwood 1977) predicts that insects adapt a life history strategy
that accounts for the current and future potential conditions at both the current location
and elsewhere. This may lead to a spectrum of phenological expressions within a single

species.
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The iation between ph ical variation and envi itions has

been recognized within a range of Orders including: Lepidoptera (Leimar 1996, Gotthard
1998, Friberg and Wiklund 2010), Coleoptera (Ishihara 1998, Sota 1994), Orthoptera
(Lopez et al. 2007), Trichoptera (Shama and Robinson 2009), Diptera (Demont and
Blanckenhorn 2008, Ragland and Kingsolver 2008), Odonata (de Block and Stoks 2004),
Hymenoptera (Traoré et al. 2006) and Hemiptera (Leslie 1990). Dominant habitat

including i ipitation and iod are often

linked, resulting in a complex response by an insect that involves a series of tradeoffs in
voltinism, growth rate, dispersal and many other measures of life strategy (Danks 1994,
2006, 2007, Tauber et al. 1986). Because these environmental factors can vary across

hic ranges, k ge and i ion of these di! is an important

of a regi based i pest approach.

2.1.2 Biology and Ecology of Blissus leucopterus hirtus

In part because pest insect species tend to have broad habitat and geographic

distributions (Showers 1981), phenological variation across habitats and ranges is

common. Blissus )t s hirtus N (Hemi; : Blissi (hairy chinch
bug), is a serious turfgrass and crop pest in Quebec and Atlantic Canada, and the
northeastern United States (Leonard 1966, Vittum et al. 1999, Potter 1998). It is widely
distributed in Ontario, Quebec, New Brunswick, Nova Scotia, Prince Edward Island and
also on the island of Newfoundland where, in the past decade, it has become a serious
turfgrass pest. The species was first recorded in Newfoundland by Brown (1949).
Whether its presence on the island is the result of an introduction from the mainland, or

natural dispersal by wind and only recorded due to better faunal surveys conducted by the
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Government of Canada is unknown. However a recent survey, conducted as part of this

study, has shown B. leucop hirtus is widely distril across

(Appendix B).

Despite the economic interest in this insect as a pest of turfgrass, there have been
only a few locally based studies that have documented the complete life history of B.
leucopterus hirtus (Mailloux and Streu 1981, Wellwood et al. 2002). Supplemental
information comes from partial studies of this insect’s life cycle (Liu and McEwen 1979,
Sears et al. 1980). Based on these individual reports, there is strong evidence that
phenological variation exists among populations from various parts of the insect’s range.
Variability in the timing of appearance of instars has been recorded at the regional
(provincial/state) level (Potter 1998) and between communities fewer than 100 km apart
(Wellwood et al. 2002). Bivoltine populations of B. leucopterus hirtus have been
observed in the American states of New Jersey, (Mailloux and Streu 1981), New York
(Maxwell and MacLeod 1936), Connecticut (Johnson 1941) and Ohio (Polivka 1963).
Further north in Ontario, Canada, a univoltine population has also been recorded (Liu and
McEwen 1979). Researchers in New Brunswick reported one complete cohort per year

with a second cohort initiating, but not completing development (Wellwood et al. 2002).

Because of the local nature of each of these studies, there was no attempt to

evaluate the i ip between phenology and hic or climate patterns. From

these studies it is not clear what selection pressures have resulted in reported differences
in life cycle, although the pattern of decreasing voltinism at northern latitudes suggests
temperature and/or photoperiodism, which are generally correlated to these variables,

may be influencing phenology (Tauber and Tauber 1976, Nakai and Takeda 1995, Danks
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2006). There is no evidence of requirement for diapause between B. leucopterus hirtus
cohorts. The number of cohorts produced by the related Southern chinch bug, Blissus
insularis Barber (Hemiptera: Blissidae) varies each year, with a higher number 