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Chapter 3

Evolution of Phenology and Demography in the
Pitcher-Plant Mosquito, Wyeomyia smithii

William E. Bradshaw and Christina M. Holzapfel

3.1 Introduction

Life-histories may be separated into groups of traits that covary and function
together, generallyrelating to growth and development, reproduction, dormancy
and migration (Tauber and Tauber 1981; Tauber at al. 1986; Dingle 1986).
Growth, development and reproduction are generally associated with continuous
life-cycles and contribute directly to demographies. Dormancy and migration
generally disrupt or delay continuous life-cycles. Since a genotype's age at first
reproduction and generation time have a large impact on its fitness (Cole 1954;
Lewontin 1965; Steams 1976), developmental or reproductive delays might
initially appear to be maladaptive (but see Murphy 1968; Livdahl 1979; Taylor
1980). Organisms in nature do not, however, live in continuous conditions but
rather in seasonal environments that are punctuated with periods of unfavourable
food, temperature, and/or drought. Dormancyand migration provide "escape in
timeandspace" (Slobodkin 1961) andare thuscrucial to long-term fitness despite
the concomitant life-cycle delays.

In this paper, we are concerned with evolutionary coordination between two
main groups of traits that we define as follows:

Demographic traits are those traits involved with direct development, growth,
survivorship and reproduction.
Phenological traits are those traits involved with migration and dormancy. They
are usuallyinvoked seasonallyby specific direct (temperature, moisture, food) or
indirect (photoperiod) cues (Lees 1955; Danilevskii 1965; Beck 1980, Tauber et
al. 1986; Danks 1987).

We envision the distinction between these two types of traits to be fundamental
to insect life-cycle strategies. Demographic and phenological traits constitute the
major determinants of fitness under favourable and unfavourable conditions,
respectively. No insect life-cycle in a seasonal environment can be complete
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Fig. 3.1. Source of populations considered in this paper. Small circles, localities contributing to
phenological traits; largecircles, localities contributing to demographic traits.

without tactics to deal with both conditions and without the ability to convert
from one to the other. The value of inducible life-cycle conversions is clear:
normal growth, development and reproduction may proceed according to one
strategy while conditions are favourable, diverting to another strategy when
conditions deteriorate or are likely to do so. Since different kinds of selective
force are acting upon each of these two groups of traits, normal growth,
development and reproduction should be free from constraints imposed by
dormancy and migration, i.e. the two groups of traits should be genetically
uncorrelated and free to evolve independently (Dingle et al. 1977; Hegmann and
Dingle 1982; Dingle 1986; Palmer and Dingle 1986; Lande 1982; Taylor1986).

Indices of fitness, such as the finite or instantaneous rates of increase, are
assembled from components and subcomponents. Variation in the underlying
componentsmay be either coordinated or compensatory. Coordinated variation
in causal components results in variation of the composite index of fitness.
Compensatory variationresults in little or novariationof the composite indexbut
may reflect adapted trade-offs among the causalcomponents. In this chapter, we
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address two questions concerning evolution of the pitcher-plant mosquito,
Wyeomyia smithiiy in eastern North America (Fig. 3.1). '

1. Do phonological and demographic traits evolve independently inresponse to
geographical patterns ofclimate and density-dependent development?

2. Is geographical variation in fitness composed of correlated or independent
components and subcomponents?

To answer these questions, we shall examine geographical variation in
phenolo^cal anddemographic traits. These patterns ofvariation reveal how life-
cycle traits have undergone evolutionary divergence during the geographical
radiation of W. smithii; they do not, however, show whether this divergence has
been facilitated, constrainedor unaffected bythe underlying geneticcorrelations.

3.2 Life-Cycle of Wyeomyia smithii

Wyeomyia smithii develops (Fig. 3.2) only in the water-filled leaves of pitcher
plants in eastern North America. ITie eggs are dropped on to the water by
hovering females and hatch directly without any hatching stimulus. Long days
sustain directdevelopment but short days induce a larval diapause in the fourth
instar at southern latitudes (=^36° N) or in the third instar at more northern
latitudes or higher altitudes (Smith and Brust 1971; Evans and Brust 1972;
Bradshaw and Lounibos 1972,1977). Continuous short days maintain diapause.
Larvae respond to photoperiod throughout the winter and into the spring, even
after prolonged chilling in nature, so that photoperiod is also probably respon
sible for the termination of diapause (Evans and Brust 1972; Lounibos and
Bradshaw 1975). In the north, diapausing third instars may terminate diapause
and enter a second, stable fourth instar diapause that acts as a buffer against
unpredictable vernal weather (Lounibos and Bradshaw 1975). Females of all
populations obligatorily lay their first batch of eggs without a blood meal
(Bradshaw and Lounibos 1977). Northern females never take blood meals but
continue to produce repeated, small batches ofeggs; southern females require a
blood meal for theproduction oftheirsecond andsubsequent batches (Bradshaw
and Lounibos 1977; Bradshaw and Holzapfel 1983; Bradshaw 1980; O'Meara and
Lounibos 1981; O'Meara et al. 1981).

Over its range, W. smithii encounters a predictable climatic gradient. In the
south, mild winters are followed by long growing seasons, while further north,
harsher winters are followed by progressively shorter growing seasons. At the
southern end of its range, W. smithii may be able to complete up to five
generations peryearat 30° N(Bradshaw andHolzapfel 1983), declining to twoor,
rarely, three at 42.5° N (Judd 1959; Istock1978; Istock et al. 1976), one to two at
45.5° N (Kingsolver 1979), and only one at 49-54° N (Evans 1971). In the south
(30° N), generations overlap and blend into each other continuously; inthe north
(5^42.5° N) generations are relatively discrete.

Resources for developing larvae consist of prey captured by their host leaf.
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Fig. 3.2. Life-cycleof Wyeomyia smithii.

Although prey rapidly disarticulate in the leaf, the more heavily chitinized head
capsules of victims remain intact and are readily identified as such among the
"gut" contents of leaves. Resources per individual W. smithiiare then measured
as larvae per head capsule of prey captured by the host leaf. Along the Gulf of
Mexico at the southern end of their range, pupation success of W. smithii is
limited by larval density (equals W. smithii per head capsule of prey: Bradshaw
and Holzapfel 1986). Overwintering W. smithii begin to eclose as adults 2 weeks
before the first leaves open and the first summer generation saturates available
leaves;leaves remainsaturated for the durationof the growing season (Bradshaw
andHolzapfel 1986). Density also determines the agestructureof the overwinter
ing population and, subsequently, its pupation success in the spring. Thus,
southern W. smithii saturate their environment year-round, including the winter,
when even diapause does not provide escape in time or space (Bradshaw and
Holzapfel 1986). Density-dependent constraints to development then decrease
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