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Evolution, 40(3), 1986, pp. 471-478

VARIABLE ITEROPARITY AS A LIFE-HISTORY TACTIC IN THE
PITCHER-PLANT MOSQUITO WYEOMYIA SMITHII

WiLLiaM E. BRADSHAW
Department of Biology, University of Oregon, Eugene, OR 97403

Abstract.— Larval density, but not geographic origin (Florida to Ontario), affected female fecundity
among 12 populations of W. smithii, regardless of whether or not they had opportunity to take
blood meals. Neither the degree of iteroparity nor male longevity varied with density or geographic
region of origin, but longevity was greater among southern, potentially blood-feeding females, than
among northern, nonbiting females. Among the southern females, iteroparity, but not fecundity,
increased with opportunity to take blood meals. Specifically, there was no increase in fecundity
among females whose larvae were nutritionally deprived relative to females whose larvae were
well fed. I interpret the retention of hematophagy and facultatively augmented iteroparity in W.
smithii as a means for females developing under predictably impoverished but irregularly oppor-
tunistic conditions to reallocate and temporally diversify their reproductive effort.
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The dichotomy between those organisms
reproducing only once (semelparity) or at
repeated intervals (iteroparity) is deeply
embedded in life-history theory (Cole, 1954;
Stearns, 1976; Giesel, 1976; Wilbur, 1980).
Like fitness, iteroparity and semelparity are
concepts that everyone seems to under-
stand, but the terms are rarely defined quan-
titatively. Fritz et al. (1982) argue that the
temporal pattern of egg maturation and de-
position relative to generation time rather
than calendar time is the appropriate basis
for discriminating semelparity from itero-
parity. Still, the problem comes from defin-
ing how explosively an organism has to pro-
duce its only batch of propagules to be
considered truly semelparous. Kirkendall
and Stenseth (1985) provide a test for sem-
elparity, and, while this test places confi-
dence limits on the definitions of semel-
parity and iteroparity, the definition remains
a dichotomy. As recognized by Moeur and
Istock (1980), intermediate states exist, and
the concept of iteroparity is flexible and var-
ies according to the relative allocation of
reproduction throughout the life of an in-
dividual or population. An individual or
population that lays most of its eggs initially
and then fewer with declining age would
appear less iteroparous than one laying the
same total number of eggs in several uni-
form batches over the same period. In this
paper, 1 treat iteroparity as a continuous
variable apart from the dichotomy between
iteroparity and semelparity, consider vari-

ation in the degree of iteroparity among geo-
graphic populations of a mosquito, and dis-
cuss the manner by which longevity,
fecundity, and iteroparity combine to form
a life-history tactic in this mosquito.

Geographical Ecology of
Wyeomyia smithii (Cogq.)

To examine the role of variable iteropar-
ity in life-history evolution, I consider the
mosquito, Wyeomyia smithii which com-
pletes its juvenile development within the
leaves of the carnivorous purple pitcher
plant, Sarracenia purpurea L. Resources for
W. smithii consist of the decomposing prey
captured by its host leaf. Availability of this
resource limits the biomass of mosquitoes
sustainable within the leaf and determines
whether and how many of the larvae will
pupate and leave the leaf (Bradshaw and
Holzapfel, 1983, 1986). Prey-capture by the
host leaf is not continuous throughout the
lifetime of the leaf (six months to a year or
more); rather, leaves capture the most prey
at 2—-4 weeks of age and prey capture de-
clines exponentially thereafter (Bradshaw,
1983; Bradshaw and Holzapfel, 1983). Re-
sources for W. smithii in the leaves of S.
pururea are thus transitory and dependent
upon the timing of leaf opening. Leaves are
maximally attractive to ovipositing females
immediately upon opening, and attracta-
bility then declines exponentially with age
of the leaf. Oviposition behavior is thus
keyed to the plant’s growth in a way which
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Fic. 1.
this study.

Localities of origin of populations used in

could allow the resulting larvae to develop
at maximal resource influx.

At the southern end of its range, density
of W. smithii (mosquitoes per unit prey cap-
tured by the host leaf) limits development
and pupation success all year, including the
winter while larvae are in diapause. Den-
sity-dependent constraints then abate with
either increasing latitude or altitude (Brad-
shaw and Holzapfel, 1986). Along this lat-
itudinal gradient, all populations are auto-
genous (do not require a blood meal for the
first ovarian cycle). Populations from along
the Gulf Coast or at low elevations in the
Carolinas include females that will take a
blood meal to mature the second and sub-
sequent egg batches but are obligatorily au-
togenous for the first ovarian cycle. All pop-
ulations from higher latitudes and altitudes
produce repeated, small batches, but have
never been known to bite (Bradshaw and
Lounibos, 1977; Bradshaw and Holzapfel,
1983; Bradshaw, 1980; O’Meara and Loun-
ibos, 1981; O’Meara et al., 1981).

An Index of Iteroparity, Ip

To quantify iteroparity, I have modified
Kirkendall and Stenseth’s (1985) 0, = w/«
where a and w are the ages of first and last
reproduction, respectively. §, depends upon
only two offspring, the first and the last, and
ignores the number and timing of those in
between. While the first offspring represents
the maximal rate of propagule production
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achievable by a given individual or popu-
lation under the circumstances, there is no
similar significance ascribable to the last off-
spring produced. Instead of the last propa-
gule, I use a weighted timing of propagule
production so that when the bulk of repro-
duction follows « directly, the index of it-
eroparity (Ip) approaches 1 and when the
bulk of reproduction is delayed, the index
increases from 1:

Ip = xp,)/a (1

where p, is the proportion of total propa-
gules produced by the individual or popu-
lation at age x.

MATERIALS AND METHODS

I examined adult longevity, fecundity, and
iteroparity at four densities among 12 pop-
ulations representing six geographic zones
of two localities each (Fig. 1): 30-31°N;
35°N, low elevation (10-150 m); 35°N, high
elevation (900 m); 40°N; 42.5°N; and 46—
49°N. I chose these zones so that I could
compare the variation of life-history traits
using two-way ANOVAs in which one fac-
tor was density and the other factor was
geographic region of origin with two repli-
cates from separate localities in each cell to
assure independence of observations.

Stock Maintenance.—1 collected all the
populations used in this paper from the
1978-1979 overwintering generation. They
have been maintained in the laboratory for
10 generations or fewer. I maintained stock
colonies in larval diapause in a controlled
temperature room at 21 * 0.5°C on short
days (L:D = 8:16) photoperiod with 30-50
larvae per 150 X 25 mm petri dish in dis-
tilled water. The stock colonies were fed
(freeze-dried brine shrimp and guinea pig
chow) and cleaned once per week. When I
ran stocks through a generation to build up
a population or to initiate an experiment, I
always maintained the adult cage and col-
lected eggs until all adults had died. I then
thinned stocks or removed experimental
animals so that a constant proportion was
derived from each date of oviposition. In
this way, I sought to maintain as much of
the original variability within populations
as possible.

Experimental Regimen.—My basic goal
was to provide quasi-natural but highly con-
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trolled conditions in the laboratory. Unless
otherwise stated, I conducted all experi-
ments in 15 ml distilled water added to
leaves of intact pitcher plantsina 3 X 3 m
controlled-temperature room. To approxi-
mate temperature conditions in nature
(Bradshaw, 1980), I used a Love 105 pro-
gram cam controller to impose a daily sine-
wave thermoperiod from 12-28°C (mean =
21°C). I monitored temperatures within the
room with recording thermistor probe ther-
mometers and placed plants and adult cages
around the periphery so as to avoid the ef-
fect of hot or cold spots within the room.
To approximate the natural prey-capture of
pitcher plants in nature (Bradshaw, 1983;
Bradshaw and Holzapfel, 1984; Fish and
Hall, 1978), I fed the W. smithii in each leaf
25 freeze-dried adults of Drosophila mela-
nogaster on the day the larvae hatched and
the experiment started. I then provided 100
more flies after one week, 50 more after two
weeks, and 25 more after three weeks. Fun-
gal mycelia would usually extend among flies
on the water surface of leaves, especially at
low mosquito densities. Consequently, after
the addition of 100 flies, I examined the
leaves three times per week and gently stirred
the flies with a smooth glass paddle if visible
mycelia were present.

I placed individual plants in polystyrene
terraria (11 x 7 x 10.5 cm) 11 cm below
two 48-W cool-white fluorescent lamps pro-
grammed for LD 17:7 photoperiod which
led the thermoperiod by 3 hr. Three sets of
plant lights plus two overhead 48-W cool-
white fluorescent lamps provided bright
“daytime.” I approximated a transitory twi-
light with 0.5 hr of overhead lighting only,
preceding and following the main photo-
phase. This regimen provided unambigu-
ously long days for all populations over the
range studied (Bradshaw and Lounibos,
1977).

I placed pupae in 100 ml distilled water
in plastic dessert dishes in adult cages lo-
cated in the same room as the plants. Acryl-
ic adult cages measured 30 X 20 X 20 cm
and included: 1) a 10-cm access hole lined
with surgical stockinette and covered by a
hinged, latched acrylic door; 2) a recessed
top, covered with an acrylic lid; 3) a 5-cm
screened hole on the top for raisins; 4) a 0.3-
cm hole in the center of the top for sus-
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pending mice within the cage; and 5) a 0.4-
cm slot at the base of one side to insert and
remove the liner. I lined the cage with two
layers of 20 x 20 cm Whatman 3 MM chro-
matography paper. In addition, I covered
the access slot with a 3 x 20 cm strip of
chromatography paper bent at right angles.
To maintain humidity inside the cages, I
squirted distilled water on the paper liner
and strip every 24-36 hr. During an exper-
iment, I removed and replaced the paper
strip and top liner three times per week.
From the day of first adult eclosion until
the last adult death, I provided one 15-60
ml (volume) freshly cut leaf of S. purpurea
resting in a 70-ml squat glass jar filled with
distilled water.

Experimental Procedures.—To start an
experiment, I removed eggs daily from the
leaf and jar, walls, pupal dish, and paper,
washed them into distilled waterin 150 mm
petri dishes and maintained them in the
thermoperiod room until hatching. On the
day of hatch, I placed experimental cohorts
into plant leaves and fed them according to
the regimen given above. To produce sim-
ilar-sized adult populations at each density,
I used ten leaves at 10 larvae per leaf, five
leaves at 20 larvae per leaf, four leaves at
40 larvae per leaf, and three or four leaves
at 60 larvae per leaf. Starting 22-25 days
after oviposition, I checked for and re-
moved pupae three times per week with a
teflon-tipped sabolt pipette. On the same
days, I 1) scored adult ecdysis by counting
the number of exuviae of each sex in the
pupal dish; 2) removed and counted all eggs
in the leaf and jar or on the walls and paper
liner; and 3) removed, sexed, and counted
all dead adults. I continued to census leaves
for 90 days after oviposition; thereafter, I
continued to monitor adult cages three times
per week until all adults had died. These
procedures permitted quantification of Ip
from Equation (1) and longevity and fecun-
dity defined as:

longevity = days from median eclosion
to median death

fecundity = In[(total number of eggs ovi-
posited)/(total number of
ecdysed females)]

To examine the effects of blood feeding,
I conducted a separate series of experiments

This content downloaded from 128.223.86.31 on Wed, 10 Jul 2013 00:33:16 AM
All use subject to JISTOR Terms and Conditions



http://www.jstor.org/page/info/about/policies/terms.jsp

474

301
—~ 257
"
>
o
(=}
p— 20_
by
>
> 157
c
o
-
104
Q
5- Geo 495%(4]4)
Den | 30 (65)
GxD 0.48 (12 1)
T T T 1
30 35 40 45 50
Latitude

WILLIAM E. BRADSHAW

304
254
20+
154 ¢
10
d
5 4 Geo 111 (13.9)
Den 013 (1.0)
GxD 066 (249)
30 35 40 45 50

of Origin (°N)

Fic. 2. Effects of geographic region and density on longevity of adult females and males. Solid circles represent
the five low-elevation regions; open circles represent the higher-elevation region in North Carolina; lines connect
means (£2 SE) along the latitudinal transect. The table in the lower left corner of each graph shows F-values
for two-way ANOVA of longevity on geographic region (Geo) with d.f. (degrees of freedom) = [5, 24], density
(Den) with d.f. = [3, 24], and their interaction (G x D) and d.f = [15, 24]. Numbers in parentheses indicate
percentage reduction in sums of squares. Means that share the same letter are not significantly different by
Duncan’s Multiple Range Test. All values of F are non-significant (P > 0.05) unless followed by *.

using only the four southernmost popula-
tions and provided them with a blood source
three times per week from the day of first
female ecdysis until the last death.

Preliminary tests consisting of holding an
anesthethized mouse (Mus musculis) in my
hand indicated that W. smithii are equally
attracted to murine and human sources. I
therefore offered blood-fed mosquitoes one
anesthetized mouse for 20 min three times
per week between the 12th and 15th hours
of an 18-hr day to approximate the time of
day (mid to late afternoon) I had been bitten
by W. smithii in the field in north Florida.
As an anesthetic, I used Innovar Vet which,
as an opioid analgesic, maintained periph-
eral circulation and higher skin temperature
than pentobarbital (Nembutal). I suspended
anesthesized mice by their tails from the top
of the cage in the zone of most active adult
flight.

Density and Geography. —To examine the
effects of density and geographic zone on
adult longevity, fecundity, and iteroparity,
Iinitiated cohorts of W. smithii at four den-
sities for each of the 12 localities from which
the original populations were sampled. I did
not provide any opportunity for the result-

ing adults to take blood meals. I analyzed
life-history traits by two-way ANOVASs us-
ing the two localities per geographic zone as
replicates so that, in addition to main ef-
fects, I could test for density X geography
interaction.

Blood Feeding. —To examine the re-
sponse to opportunity for blood feeding, I
initiated cohorts of W. smithii from the four
southernmost localities (two from low ele-
vation in North Carolina; two from north
Florida) at four densities each and provided
the resulting adults with opportunity to take
blood meals throughout their adult life. I
compared fecundity and iteroparity of these
cohorts with cohorts from the same locali-
ties that had been denied an opportunity to
blood-feed. Analysis consisted of two-way
ANOVAs of 32 cohorts: 4 densities X 2
feeding treatments (blood, no blood) x 4
replicates (localities).

RESULTS
Density and Geography
Among males, the ANOVA did not re-
veal any significant effects on longevity at-
tributable to density, geographic region, or
their interaction (Fig. 2). Among females,
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Fic. 3. Effects of A) density and B) geographic region on female fecundity. Solid circles represent the five
low-elevation regions; open circles represent the high-elevation region in North Carolina. Lines connect means
(£ 2 SE) along the latitudinal transect. The table in the lower left corner of (B) shows F-values for two-way
ANOVA of fecundity on geographic region (Geo), density (Den), and their interaction (G x D) with the same
degrees of freedom as in Figure 2. Numbers in parentheses indicate percentage reduction in sum of squares.
Means which share the same letter are not significantly different by Duncan’s Multiple Range Test. Note that
in (B) Duncan’s Multiple Range Test failed to identify a significant difference between any two specific means
even though an effect of geographic region is indicated by the ANOVA. All values of F are nonsignificant (P >
0.05) unless followed by * (P < 0.05) or *** (P < 0.001).

geographic region but not density or its in-
teraction with geographic region affected
longevity (Fig. 2). Adult females from the
two southernmost regions lived longer than
adults from more northern regions or higher
elevations. Thus, geography-dependent
adult longevity is a female-specific trait.

Autogenous fecundity in the absence of
opportunity to take bloodmeals was signif-
icantly affected by geographic region and by
density but not by their interaction (Fig. 3).
Fecundity declined consistently with den-
sity (Fig. 3A), but Duncan’s multiple range
test failed to identify significant differences
between any two geographic regions and
mean fecundity did not exhibit any regular
pattern with respect to latitude or altitude
(Fig. 3B). Iteroparity averaged 1.26 and was
unaffected by geographic region, density or
their interaction (Table 1).

Blood-Feeding

When the four southern populations had
opportunity to take blood meals, their fe-
cundity was still affected by density but was
not increased by opportunity to blood-feed
(Fig. 4A). Iteroparity remained unaffected
by density but increased significantly when
females had opportunity to take blood meals
(Fig. 4B). Female longevity was not affected

by opportunity to take blood meals (Fig.
4C).

DiscuUsSION

Longevity, fecundity, and iteroparity
comprise a life-history tactic in W. smithii.
Southern, biting females live longer than
northern, nonbiting females, even in the ab-
sence of any opportunity to take blood
meals. Southern females thus have greater
potential temporal opportunity for repro-
ductive effort than do northern females.
When provided with a blood source, south-
ern females capitalize upon this opportunity
to increase facultatively the degree of iter-
oparity.

Evolution of W. smithii, based on geo-

TaBLE 1. Effects of density and geographic region on
autogenous iteroparity (Ip). RSS = percentage reduc-
tion in total sum of squares.

Source of Sum of Mean

variation squares daf. square F RSS
Cells 0.3981 15 0.0259 1.71 51.6
Localities 0.0794 5 0.0159 1.05 10.5
Densities 0.1129 3 0.0376 248 15.0
Loc x Den 0.1968 15 0.0131 0.86 26.1
Residual 0.3645 24 0.0152
Total 0.7535 47
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Fic. 4. Effects among southern females of density and opportunity to blood feed on A) fecundity = In(eggs/
female), B) iteroparity (Ip), and C) adult female longevity. Conventions and symbols as in Figure 2-3 except
that in the ANOVA tables: density (Den) has d.f. = 3,24; opportunity to take a blood meal (Bld) has d.f. = 1,24;
their interaction (D x B) has d.f. = 3,24; and, ** (P < 0.01).

graphic, morphological, and physiological
characters (Bradshaw and Lounibos, 1977)
has proceeded from south to north. The
presence of blood-feeding females in south-
ern but not northern populations is consis-
tent with this conclusion. Thus, southern
populations retain blood-feeding while
northern populations, though possessing
morphologically appropriate mouth parts
(Hudson, 1970), have lost the trait. Con-
comitantly, female (but not male) longevity
has declined.

Over geographic distances, W. smithii ex-
perience a latitudinal and altitudinal decline
in the number of mosquitoes per unit prey
captured by a host leaf, concomitantly, den-
sity-dependent age structure of the over-
wintering and vernal populations declines
with increasing latitude or altitude (Brad-
shaw and Holzapfel, 1983, 1986).

In the south (30°N) over a year’s time,
pupation success averages 12%. Both the
probability of a leaf’s producing any pupae
and pupation success in a leaf supporting
pupation are inversely correlated with den-
sity (Bradshaw and Holzapfel, 1986). Mos-
quito larvae experience limiting density
throughout the entire year. In the north
(43°N), Istock et al. (1976) found that the
biomass of larvae in pitcher-plant leaves was
at or near saturation in the spring or fall but
well below saturation levels during the sum-
mer. Thus, in the south there is a continual
excess of adult fecundity above the carrying

capacity of the environment for their off-
spring, while in the north, there are periods
when collective adult survivorship and fe-
cundity are not sufficient to saturate avail-
able resources. W. smithii females select and
oviposit into the most recently opened
leaves, regardless of the number of eggs al-
ready present (Bradshaw, 1983). It is only
after the bulk of mosquito oviposition that
the leaf catches its prey (Bradshaw, 1983;
Bradshaw and Holzapfel, 1983; Fish and
Hall, 1978). These prey constitute the re-
source base of the community and, conse-
quently, determine the density per unit re-
source of mosquitoes in that leaf. Thus,
despite seasonal components to density de-
pendence in both the south (Bradshaw and
Holzapfel, 1983) and the north (Istock et
al., 1976), there is probably a large sto-
chastic element in the degree of density-de-
pendence among leaves. While very little is
known about actual adult demography in
nature, the above observations indicate that
the impact of natural selection on larvae
relative to adults declines with either lati-
tude or altitude.

The decline in adult longevity and loss of
facultative iteroparity in the derived north-
ern populations is consistent with Istock’s
(1967) predictions that when the impact of
selection is greater on the adult than the
larval stage, “selection would favor reduc-
tion or loss of the adult phase.” The reten-
tion and emphasis of facultative iteroparity
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among southern populations is also consis-
tent with strategies proposed for the ex-
ploitation of transient larval opportunities
(Healy, 1974; Bell and Lawton, 1975; Wil-
bur, 1980; Albert, 1983) or the bet-hedging
strategy of Stearns (1976). Yet, consistency
with prevailing theory or with previous
findings does not reveal the function that
facultative iteroparity serves among the
southern population of W. smithii.

Given the geographic pattern of density-
dependent selection and local dynamics of
prey capture by host leaves, blood-feeding
could serve two functions within southern
populations. Among several facultatively
autogenous mosquitoes, adult blood-seek-
ing behavior is inversely proportional to lar-
val nutrition (Kardos, 1959; O’Meara and
Krasnick, 1970; Lea, 1964). Facultative it-
eroparity in W. smithii might provide a
means for larvae developing in nutritionally
impor-erished leaves to allocate all of their
resources to development and rely upon
blood-feeding for reproduction (Lounibos
et al., 1982). Alternatively, females of this
weak-flying species, because of facultative
iteroparity, may be able to exploit new leaves
as they first open (Bradshaw and Holzapfel,
1983; Bradshaw, 1980), thereby gaining the
advantage of ““being the first there” (Elton,
1958; Cole, 1983; Zwolfer, 1979; Mc-
Lachlan and Cantrell, 1980; Livdahl, 1982).
Two arguments now favor the latter inter-
pretation. First, southern females “defer
blood-feeding until after the initial autogen-
ous clutch has been deposited” (O’Meara et
al., 1981). W. smithii is therefore even less
flexible than other facultatively autogenous
species (including its congener, W. vandu-
zeei Dyar and Knab) which lay a reduced,
autogenous batch after a frustrated search
for a blood meal (Corbet, 1967; O’Meara,
1979). Second, opportunity to take a blood
meal results in increased iteroparity but not
increased female fecundity. At the same
time, neither density nor its interaction with
blood feeding affected iteroparity. Even if
blood-feeding had increased fecundity, the
lack of a significant interaction between
blood-feeding and density (Fig. 4A) means
that the effect of blood-feeding on fecundity
is not density-dependent. The functional role
of facultative iteroparity thus provides a
means for females developing under pre-
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dictably impoverished but irregularly op-
portunistic conditions to reallocate and
temporally diversify their reproductive ef-
fort.
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