POLLINATOR DECEPTION AND PLANT REPRODUCTIVE SUCCESS IN

JACK-IN-THE-PULPIT

A Thesis
Presented to
The College of Graduate and Professional Studies
Department of Biology
Indiana State University

Terre Haute, Indiana

In Partial Fulfillment
of the Requirements for the Degree

Master of Science

by
Joseph L. Pettit

December 2009

© Joseph L. Pettit 2009

Keywords: Arisaema triphyllum, jack-in-the-pulpit, deceptive pollinatioashmoom
flies, thrips



COMMITTEE MEMBERS
Committee Chair: Peter E. Scott, Ph. D.
Associate Professor of Biology
Indiana State University
Committee Member: Steven L. Lima, Ph. D.
Professor of Biology
Indiana State University
Committee Member: William A. Mitchell, Ph. D.
Associate Professor of Biology

Indiana State University



ABSTRACT

| conducted a study of the deceptive pollination system of Jack-in-the-pulpit
(Arisama triphyllum Araceae) in forests of west-central Indiana. | focused on (a)
determining the identities and abundances of insect visitors to spathes, (b)meyaheat
success of female spathes in setting fruit, (c) determining the ralatpogtance of
pollinator visitation and plant size for fruit number, and (d) investigating theidunnat
the female spathe’s lack of an exit hole, which has been hypothesized to improve
pollination success. | found that (a) Jack-in-the-pulpit receives frigitsboth flies and
thrips. Counts of fly corpses from spathes showed the most prevalent fambes
Mycetophilidae and Sciaridae with other nematoceran families and a detwberan
families present as well. Visitation by thrips, determined by visupknt®n of spathes,
was low, involving only 30% of plants. (b) Fifty-seven percent of female piaisuit,
with much variation among sites. (c) Mushroom flies, especially the familie
Mycetophilidae and Sciaridae, were found to be the primary pollinators of J#u#-in
pulpit based on pollen loads, visit rates, and an exclusion experiment. Pollination by
thrips, though possible, probably had only a minor effect. (d) An experiment thatcreat
an exit hole in female spathes yielded no support for the hypothesis that lack wf an ex

hole (the natural condition) improves fruit set.
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CHAPTER 1

POLLINATOR DECEPTION IN JACK-IN-THE-PULPIT: INSECT \BITATION

Introduction
In flowering plants, a common strategy of sexual reproduction is to attract
animals with colorful petals or odors, provide food rewards of nectar or pollen, and
transfer pollen to and from the bodies of visitors. This makes sex possible when plants
are dispersed, enables them to avoid inbreeding, and can greatly enhance/fiemeas
plant succeeds in exporting pollen to many potential mates. Natural selectfandras
the elements of such a strategy in countless plant lineages, alte@ctpatis, rewards,
and dimensions of stamens and pistils to suit a variety of animal visitors. [ypica
despite conflict of interest and costs to both parties, the outcome is mutually iaénefic
(i.e., a mutualism) for both the plant species and its most effective pollinator(s
However, selection has also favored specialized nectar-robbing and other cheating
mechanisms in certain animal species (Inouye, 1980), and traits that dezpiod, and
even Kill pollinators in some plant lineages (Renner, 2005). One such lineage is
subfamily Aroideae of the monocot family Araceae, notably speci@ssdema(ca. 150

species; Gusman and Gusman, 2006)Asman (15 species). The reproductive shoot



consists of a tubular, leaf-like spathe surrounding and hiding from direct view akeole-I
inflorescence (spadix) embedded with numerous tiny unisexual flowers, altbéone

sex or a mixture (monoecious). The tip of the spadix bears an elongated osmophore that
emits odors attractive to small mushroom flies and fungus gnats (fuNieetophilidae

and Sciaridae, Diptera; Vogel and Martens, 2000). Flies are attratidtie spathe

opening near the osmophore and are usually trapped, temporarily or permanently,
depending on genus or species and the plant’'s sexual phase.

Three common deceptive strategies of aroid flowers are as follows:

1. Trap briefly and releaseThere is an exit hole at the bottom of the spathe,
through which an insect departs after entering at the top of the spathe and tumbling down.
The exit is reached with difficulty after contact with anthers and a poalleffpollen
beneath the spadix. The visitor departs loaded with pollen. (@eisagma male
spathes of dioecious species, bisexual spathes of monoecious species)

2. Trap for a day and releasén Arumspecies of Europe and Asia, the bisexual
inflorescence is protogynous (female-first), exposing receptivaléfiorets before the
anthers of male florets dehisce. Upon receiving a visitor (who may cpaijea load),
the inflorescence closes for a day, encouraging deposition of pollen byuidglisty
insect. Male florets then dehisce, depositing pollen on the live insect, and the spathe
opens to release the fly (e.g., Mendez and Diaz, 2001).

3. Trap and kill In all-female inflorescences of maAyisaemaspecies, flies are

permanently trapped because the spathe lacks an exit hole at the baseerifehey



bearing outcross pollen from a male-phAssaema their struggles probably improve
pollen transfer to stigmas (Vogel and Martens, 2000; Nishizawa et al., 2005).

Sexual reproduction in Jack-in-the-pulprisaema triphylluny one of two
Arisaemaspecies in eastern North America, combines strategies 1 and 3. Jaek-in-t
pulpit is sexually dimorphic for presence of an exit hole: male plants have oradege
and rare hermaphrodites do not. Sex expression is fixed only for a given yeareand si
dependent, females being larger (Bierzychudek, 1982). Mushroom flies, a ceitioal s
pollinators for the genus worldwide (Vogel and Martens, 2000), but not the only ones
(see below), are exploited for pollen movement by both sex-phases of lhekpuhpit
and targeted by the osmophore’s odor, which apparently mimics the mushroomeubstrat
on which they feed and breed. Successful pollination requires that an individual fly visit
at least one male and then a female plant. No food or other reward for this behavior
seems to exist, and thus, since death is the outcome for the fly, the system is#te ult
in deceptive pollination.

A very different type of insect, thrips (order Thysanoptera), may also feltasa
a result of their pollen- and leaf-eating habits, at least when plants gneelyléRust,
1980). Heterothrips arisaemaklood was described from “twelve females and two
males, taken at Urbana, lllinois, in flowers of Jack-in-the-pulpit” (Hood, 1908hales
are about 1.25 mm in length, males 0.72 — 0.80 mm. Later work (Rust, 1980; Feller et
al., 2002) has shown the species to be a widespread specialist herbidorteimyllum
present wherever it has been looked for (e.g., lllinois, Indiana, New Jstaggand).

The life cycle involves a phase of pollen-eating and some movement between plnts, a



in and out of spathes (Feller et al., 2002). The tiny flat-bodied thrips can move between
the overlapping folds of a spathe, and thus are neither trapped nor deceived (since they
eat pollen and leaf tissue). Although male jack-in-the-pulpit plants areneaféemale
plants are also visited (Feller et al., 2002), and pollination mainly by thrips &as be
demonstrated in one study (Rust, 1980). There is no indication that jack-in-itehpsl
evolved features to encourage or discourage pollinating behavior by thrips, but few
authors have considered it. Thrips are common pollen- and nectar-eating inbabitant
flowers (Kirk, 1996), but because of their tiny size and presumably limitedity@ie
rarely considered as potential pollinators. However, they are important pookiét
some species (Terry, 2001; Garcia-Fayos and Goldarazena, 2008).

How effective is the separate-sex, lethal-trap system of jadkenpalpit in
achieving sexual reproductive success for individual plants and populations? On the one
hand, one can observe that the species is widespread and fairly common in upland
deciduous forests of eastern North America, occurring from southern Canada (Nova
Scotia to Manitoba) south to the Gulf Coast and southern Florida, and from the Atlantic
seaboard to the eastern parts of Great Plains states. In mosbatepédhee western
border, it is found in most counties (PLANTS profile Aatsaema triphyllum

http://plants.usda.ggv Its conservation status is “globally secure”, and 8 states and 6

provinces have ranked it as “secure” or “apparently secure”, except lamwtwere it is
“imperiled” (Nature Serve, 2009). Thus, populations are maintaining themselves.

However, like many herbaceous forest perennfalsiiphyllumreproduces vegetatively



(by offsets of the underground corm) as well as by seed (Bierzychudek, 198R)e rela
importance of the two modes is little studied.

My focus here is on jack-in-the-pulpit’s ability to produce seeds using a decept
and lethal pollination system. The evolution of deceptive pollination may be favored by
various selective forces, including energy savings from not offering fozatdes
(Renner, 2005); but a cost is likely to be low rates of visitation, since individuéls of t
targeted vector will not tend to enthusiastically re-visit conspecificeitew
Bierzychudek (1981, 1982, 1984) used spectacular resultsAromphyllumto develop
the concept of “pollinator limitation of reproductive effort”, i.e., seed set bamted by
inadequate pollinator service rather than plant resources. In a New York populati
naturally-visited female plants averaged only 1.0 seeds per spathe, whedkas ha
pollinated ones averaged 74.3 seeds (Table 1). Parker (1987) obtained a similar result
lllinois, where naturally pollinated plants had 12 seeds per plant and hand-pollinated ones
73. These are the only two studies to use hand-pollination.

Overall, studies of 9 populations in several states and provinces show a wide
range in measures of seed or fruit set by female plants, both among and within
populations (Table 1). In some studies, pollinators have been collected or quamtified i
some way, but more often they have not been investigated. Further complications
include the fact that fruit set is influenced by the size of female gRizychudek
1982), infestation by an endemic rust (Parker, 1987), and the population sex ratio

(Richardson and Clay 2001).



A number of unresolved issues related\tdriphyllumpollination need
clarification, in light of the highly variable reports of fruit set and pollinatesence.
Do mushroom flies and thrips both typically contribute to pollination, or are thrips
important only in unusually dense populations of jack-in-the-pulpit? When mushroom
flies are involved, how many victims does a female spathe usually attract, andahgw m
are needed to achieve good levels of fruit set? | addressed these issuelyibg jack-
in-the-pulpit pollination in several forest sites in west-central Indieaa Terre Haute, in
Vigo and Clay countiesCase studies of populations throughout the species range seem
like a productive approach. This is the second area in the Midwestern stategacker
in-the-pulpit reproductive success has been studied, the other one being Cook County,
lllinois (Parker, 1987).

| asked the following questions about interactions of Jack-in-the-pulpit and its
potential pollinators, using observational and experimental approaches. Theywa

categories.

Questions reqgarding insect visitation

1. Which insect types visi. triphyllumin forests near Terre Haute, Indiana, and
what are their relative abundances? Does the visitor assemblage initnsmatch that
predicted by previous studies elsewhere in the eastern US? Does the visitlagse
match, in proportional abundance, samples of insects trapped in flight near spathes?

2. Do male and female spathes attract the same insects, in terms of species
composition and relative abundance? Do insects discriminate between male @ed fem

spathes?



3. Which visitor types (fly families, thrips, etc.) carry pollen?

Questions regarding fruit set

4. What is the probability that a female spathe sets one or more fruits? How
effective are different visitor sets: thrips alone, versus thrips and flies?

5. How does plant size affect (a) sexual phase expressed by a plant in a given
year, and (b) probability of fruit set by female spathes?

6. Does the “lethal trap” feature (no exit) of female spathes improve fruit set
relative to having an exit hole?

The questions regarding insect visitation are addressed in the remainder of
Chapter 1, and those related to fruit set in Chapter 2. The Literature Cited,dalles

figures for both chapters are placed at the end of Chapter 2.

INSECT VISITATION TO JACK-IN-THE-PULPIT

Which insect types visi. triphyllumin forests near Terre Haute, Indiana, and
what are their relative abundances? From a global perspective on thé\geaema
(Vogel and Martens, 2000), flies in the families Mycetophilidae and Sciandae a
expected to be the main visitors of most species and populations. This expectation is
based on (a) identification of insect corpses from spathes in wild and cultivated
populations, and (b) the suite of features in male and female spathes that appeger to ta
flies, which attract (osmophore), trap (slick inner walls of spathewdbr escape (exit
hole of males), or permanently trap them (lack of exit in females}thdramore, virtually

all 150Arisaemaspecies occur in mesic forest understories where mycetophilids and



sciarids are common members of the leaf-litter, decomposer food web (Realer et
2004).

Studies ofA. triphyllumitself are mostly in accord with the global perspective,
but relatively few studies of visitors have been made. When contents of female spathe
are examined and identified, Mycetophilidae and Sciaridae are usually found, alhd usua
outnumber other fly taxa and other insects. Robertson (1928), near Carlinville,,lllinois
recorded “twenty specimens belonging to about seven species of Nematdwera” [t
suborder to which Mycetophilidae, Sciaridae, and many other families belongpnaus
Hemipteran. Rust (1980) recorded Mycetophilidae (genera unknown) as the second most
common group of pollinators after thrips; they averaged 0.3 flies per male and 0.9 per
female flower. He also found Collembolans in the pollen. Feller et al. (2002Jleeco
an average of 1.6 flies per female spathe, and listed 10 fly families captuhedinigc
Mycetophilidae and Sciaridae. Finally, Barriault et al. (2009) recordedrfain
groups of insects in spathes: Mycetophilidae, Cecidomyiidae (Diptera), Hrips
arisaemag and Coleoptera. Mycetophilidae were the most common visitors during the
early phase of female spathe receptivity.

AlthoughArisaemés adaptations to mushroom flies seem obvious, the neat story
of deceptive-and-lethal pollination (in which a plant genus exploits an abundant insec
which has not counter-evolved) is complicated by the discovery that thrips may be
important, overlooked pollinators. Althougteterothrips arisaemawas scientifically
described long ago (Hood 1908), it was not until 1980 that its role as a pollinator was

hypothesized. Rust (1980), in Delaware, found more thrips in spathes than fies. Hi



population of flowering jack-in-the-pulpit was dense and fruit set was\adasenainly in
females that were very close to (within 2 meters of) a male spatheasteed that

thrips might pollinate effectively at such a distance, and attributed massdtun this
population to thrips. Feller et al. (2002), in Maryland, clarified the thrips’s¥iéée and
concluded, based on its ubiquity, pollen loads, and movement among male and female
spathes, that it was likely an important pollinator. In fact, Levine and k2004d) refer

to thrips as “the pollinator” at the Maryland site. However, both Rust (1980) and Feller
et al. (2002) recorded Mycetophilidae in spathes; and though they emphasize their
relative rarity (e.g., 0.3 to 0.5 flies/collected spathe, Rust 1980), low ratestatioms

may be typical, yet fairly effective.

Vogel and Martens (2000) also report the frequent occurrence of thrips in spathes
of variousArisaemaspecies, where they were typically observed “swimming in pollen”.
However, they consider thrips of little or no importance as pollinators. After thdgoug
reviewing the literature on visitors Arisaemaspathes, they make the following
pronouncement (p. 81): “From the above data we conclude that mycetophilids and
sciarids are the regular pollinatorsArisaemaover its whole geographic range. There is
no local specificity in terms of gnat species, and the plants are able tovinegiant
assembly of this pollinator type even when they are growing far from theg hom
country.”

In summary, although it is possible that thrips are important only where jack-in-

the-pulpit populations are dense, any study of jack-in-the-pulpit pollination should
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guantify thrips abundance in spathes and attempt to evaluate their contribution to seed
set.

Three approaches have been used to identify both the actual insect visitors to
Arisaemaspathes, and the flying insects available in the understory near the piastts. F
since the spathes collect visitors temporarily or permanently, spathesetiies can be
collected (Rust, 1980). Destructive sampling allows for complete dissectiba spathe
and enumeration of all visitors. Insects can also be removed from spathes il the fie
carefully unrolling the spathe-leaves of females, or by removing cotiigs placed in
the exit holes of males. Such collections are likely to be less complete. $eowwatit
traps (e.g., water-filled bowls, or tanglefoot sticky traps) may be plaemd\risaema
spathes at the same height as spathe openings, to sample “availaldeihBgicts in the
habitat (Hickman et al., 2001; Feller et al., 2003). Finally, thrips can be chizckay
raising the hood of a spathe and inspecting visually (Barriault et al., 2009), althugh t
may miss thrips buried in pollen at the base of a male spathe, especial|yL@803.

Do male and female spathes attract the same insects, in terms of species
composition and relative abundancB@8cause jack-in-the-pulpit populations are
dioecious, with separate male and female individuals, movement of pollinatorsibetwee
plants is essential. Flies are deceived by jack-in-the-pulpit, since nalrewdbtained
from males and death is the usual fate for entering a female. Thrips, on the nther ha
feed on pollen and leaf tissue, and are not trapped when they visit either sex; however,

they probably benefit more from visiting and occupying male plants.
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For flies, the ability to discriminate against either morph, but espeeigdinst
females, would be favored by natural selection as long as it did not impair the fly’
normal use of fungi. Jack-in-the-pulpit is a common understory plant that takesethe li
of a fraction of fungus gnat populations every flowering season. On the one hand, if a fly
visited a male inflorescence first, it might learn from the experience aleddbkely to
visit another male or female, although some obviously do since jack-in-thegerikpit
pollinated. | did not address the question of learning. Alternatively, an innate
discrimination might evolve that led to greater avoidance of females. Yet anothe
possibility is that the larger females produce stronger odors which make dliesikely
to visit them than males.

Almost no data exist quantifying visit rates by flies to male spathest rafiss
are probably too low for direct observation to be productive. To obtain data from males
for comparison with females, | plugged the exit holes of males for a numberspf day
collected these spathes and a set of female spathes open during the samengeriod, a
compared composition of the fly (and other insect) visitor assemblages.

Which visitor types (fly families, thrips, etc.) carry polleR®wer visitors will
only be effective pollinators if they transfer pollen from anthers to stighaplant
species. In most plant species, the structure of the flower or inflores@suits in some
visitors picking up and depositing pollen at higher rates than others, and some visitors
may avoid contact with sexual parts almost completely. | looked at one basarmef
visitor effectiveness ii. triphyllum— the number of pollen grains on bodies of trapped

visitors — and compared the major groups of visitors.
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Methods

Collections of insectsl collected insect visitors from spathes of both sexes at
multiple sites in 2008 and 2009, and also set out water and tanglefoot traps near plants to
sample available insects, including potential visitors.

Collections from spathesCorpses were collected from female spathes in two
years, with some differences in methods and timing. In 2008, samples of spathes were
collected on three dates during the flowering period, cut, bagged, and examined in the
laboratory. The dates were early, middle, or late in the flowering period (30 %and
16 May). In 2009, dead insects were collected only at the end of the flowering season
(11 May) by gently peeling the spathe from the spadix so visitors could be edNeith
forceps. Flies and fly parts were stored in alcohol for later examinakly counts were
determined by finding the maximum number of flies that a sample could contaiour.e. f
wings from one species was said to be two flies unless other evidence walsl@)ail

Male spathes naturally trap only a small proportion of visitors. However, when
the exit hole at the bottom of a male spathe is plugged with cotton, the sanamgeefr
visitors trapped by female spathes can be collected. Male spathes plutgeattian
were used to trap visitors at one site in 2008 and three sites in 2009, with differences
between years. In 2008 males were plugged for as long as plants were reaagtive
collections happened three times during anthesis (April 30, May 5, and May 16). Cotton
was temporarily removed, corpses were collected, and cotton replaced. In 200@eonly f
males were plugged at a time to allow more pollen flow during trapping efforts. At the

end of a one week trapping period, the five spathes were cut and contents werna store
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alcohol. Trapping periods for male spathes happened at three different sitesl @4 Apri
May 2, 7, and 11, 2009; a total of 28 male spathes was collected.

Observations of insects within spathddirips can crawl in and out of spathes, so
collections from spathes typically yield few. Direct observations inteptee spathes in
the field are more productive. These visitors can be seen when the hood ofea femal
spathe is lifted. The two groups of visitors can be distinguished by size and mbveme
(flies are large and frantic movers; thrips are small and usually walkystovihe plant
surface). Naked eye examinations of visitor contents by this method took placé once a
each of four sites during the first two weeks of May. A total of 136 male and 5&fema
spathes were checked for thrips.

Traps. Water-pan traps are a common sampling method for flying insects such as
flies, wasps, and bees (Hickman et al., 2001). Colored bowls (bright yellow and green)
were filled with a mixture of detergent and water (1 tsp. Dawn detepgemfallon of
water). The detergent reduces surface tension causing the insects to drovem.paWva
traps placed along transects where jack-in-the-pulpit was fouredugsed to collect and
document the relative abundance of flies. These traps were set up in three woods in 2008
where they were collected after a 24 hour exposure. The 24-hour period allowed for
capture of crepuscular flies, thought to be visitorArigaemaspp (Vogel and Martens,
2000). Corpses were collected from bowls by first straining bowl contents through a
coffee filter, then placing insects or parts thereof into alcohol, and lated rofrsed, and

mounted on pins for identification.
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In 2009, sticky traps were placed 10 cm away from spathes in woods for 24 hour
periods. Sticky traps consist of a colored (green) piece of card stdch Wiin layer of
tanglefoot®, a sticky spreadable substance good for collecting flies asrdlgihg
insects, applied to the surface. Traps were oriented vertically at spatheldye
attaching the cardstock to a thin piece of wood (lath) imbedded in the ground. After 24
hour exposure cardstock was removed from lath and stored for later insedicatenti

Identification Fly specimens were examined with a dissecting microscope at 45X
power, and identified to family (Mycetophilidae, Sciaridae) or suborder (Neera,
Brachycera) using keys in McAlpine et al. (1981). Specimens areniyeleused in
cabinets in the laboratory of Dr. Peter Scott, and will be preserved in the ISd&éea
University Insect Collection.

Thripsobservations:In 2009 | checked for the presence of thrips by lifting the
hoods of male and female spathes at four sites during the first two weeks of May.
Because naked eye observations are not sufficient to identify fly taxa, theseatibas
are only used for thrips visitation analysis. Observation of thrips is more a ccorata
measure of thrips presence than trapping because thrips are not affetttegbitfall trap
mechanism of jack-in-the-pulpit in the same way that flies are (i.e. grefreely walk
on the surface of the spathe).

Pollen loads | examined pollen loads of visitors found in 17 male spathes at
Kieweg Woods in 2008, between 30 April and 16 May (part of the data set described in
the previous section). | extracted the visitors with forceps from the bottomef ma

spathes, where they were wading in pollen. | stored them in alcohol and later rinsed them
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(in a group, from each plant), dried them, and mounted them individually on a paper
point. Each specimen was identified as fly or thrips, and flies were furtheifietbtd
family (Mycetophilidae, Sciaridae) or suborder. | counted the numbgrsdema
pollen grains on each specimen, using pollen from magaemaflorets as a reference.
Despite the rinsing, some pollen remained on the body bristles of visitors. Four
taxonomic categories of visitors were relatively common in the collectibnsed one-
way ANOVA to compare mean pollen loads of these groups.

| also obtained a partial pollen count from one live mycetophilid fly, which |
captured in an empty vial on 3 May 2009 as it pushed its way through the exit hole of a
male spathe. A picture (40X magnification) of the live fly was taken througssaating
microscope and a partial pollen load was counted from the picture.
Results

Flies caught in spathe3 he insects captured in collected spathes of both sexes
included various fly taxa (Table 2) and an occasional thrips, spider, or beetledwo) s
The two classi@risaemafly families, Mycetophilidae and Sciaridae, were present in
males and females; other nematoceran flies were also present, but vegrén@enost
abundant category. Brachyceran flies were rare.

Relative abundances of the three most common fly categories (Mycetophilidae,
Sciaridae, other Nematocera) differed significantly between male aredefspathest
=8.23,df = 2, P < 0.05). The greatest difference was in the proportion of flies that were

sciarids, which was 0.38 in males and 0.19 in females.
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The total numbers of flies captured in spathes were not large. Summing the
means for each visitor type in Table 2 yields totals of 2.3 - 2.4 flies (all)tppesale
spathe, and 1.1 — 3.4 flies per female spathe. Looking at the frequency distribution of
flies in spathes, 28% of males and 41% of females contained no flies. Only five male
(11%) and one female spathe (2%) had more than five fly corpses, the maximum
numbers being 17 flies in a male and 13 in a female.

Flies caught in traps Water and tanglefoot traps, which sampled insects flying
nearArisaemaspathes, both caught approximately the same spectrum of flies as were
found in spathes, namely Mycetophilidae, Sciaridae, other Nematocera, and (for
tanglefoot traps) Brachycera (Table 2). The traps differed Ansaemaspathes in
having “other Nematocera” as the most abundant category and Mycetophilldastas
abundant. A test comparing proportional abundance of the four taxa of fhesaema
spathes (both sexes combined, including Brachycera as a fourth categorgpar{idth
types combined) was highly significagf (= 132.1, df = 3, P < 0.0001). Thusjsaema
spathes captured a distinctive subset of the available flies in the understory.

Thrips observationsMost spathes contained no thrips when checked visually by
lifting the spathe hood (83% of male spathes, N = 136; 87% of female spathes, N = 52).
Among spathes containing thrips, the median number was 2 (males) or 1 ¢jemdle
maxima of 5 (males) or 7 (females). The mean number of thrips per spatBe3@vésr
males, and 0.37 for females.

Pollen loads All four categories of visitor (three fly taxa and thrips), despite

preservation in alcohol and rinsing, carried at least some pollen grains on theg;, lrodi
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all individuals. Mycetophilids had the most leftover pollen attached to their body,
sciarids the second highest amount, followed by thrips, and finally other flgrsisit

(Figure 1). A one-way ANOVA was significant, indicating that at leastpatien load

mean differed from others (F = 11.19, df = 3, P < 0.05). In a post-hoc contrast of means,
mycetophilids carried significantly more pollen than other visitor groups. i&ci@nd

thrips did not differ significantly in pollen loads. Sciarids did carry more pdilen t

“other flies”, while thrips did not.

The photograph of a live mycetophilid showed 126 grains attached to hairs on the
dorsal thorax. This partial count was higher than the mean value for the rinsed
mycetophilids. The live fly probably carried more pollen on other parts of its body.
Although only a single observation, it shows that a fly leaving a male spatles @arr

good quantity of pollen.

Discussion

Visitor assemblages @&. triphyllum spathes: species compositioRlowering
Jack-in-the-pulpit populations near Terre Haute, Indiana, are primarilgdsisyt flies of
suborder Nematocera, and especially by Mycetophilidae and Sciaridae, the clas
Arisaemavisitors. The flies were found as corpses in female spathes in the fieéd at t
end of the flowering season, as well as in female and male spathes collectexliat va
time points during flowering. This is the typical patternAoisaemaspecies worldwide,
and supports the hypothesis of a deceptive, lethal-trap pollination mechanism targeting

such flies (Vogel and Martens, 2000).



18

Although male and female spathes differed in the relative abundances of
mycetophilid, sciarid, and other nematoceran flies, there was broad ovenagihéhe
sexes. Thus, the system of separate sexes has not led to a serious desaordsitar
assemblages. Co-flowering, occurrence in the same habitat, and sinmaletnagtr
features (odor production) are likely responsible for the broad overlap.

Thrips were also found in a minority of spathes (13-17%). Their presence in both
male and female spathes supports the hypothesis that they may contribute tagoollinat
(Rust, 1980; Feller et al., 2002), but their low frequency does not strongly support it.
However, my observations probably underestimate thrips abundance, since thrips buried
in pollen at the base of the spathe would not be seen on a visual check.

Comparison of visitor assemblage to available flying inse@{ater pans and
tanglefoot traps yielded a similar set of fly taxa, but proportions diffegadfisantly
from spathe captures. Mycetophilid flies were proportionally much more common in
spathes (45% of flies) than in traps (5%), perhaps indicating that they go out efaieir
to visit jack-in-the-pulpit. Sciarid flies, in contrast, occurred in sinplaportions in
spathes (29% of flies) and traps (35%).

Although water and tanglefoot traps were relatively small and were expars
only 24 hours, they caught approximately as many flies as the spathes, whach wer
exposed for one to three weeks. (Water traps caught an average of 2.1 fliegdang
traps 3.7 flies, male spathes 2.3-2.4 flies, and female spathes 1.4-3.4 flieperihhjss
indicates that attraction and capture of flies by jack-in-the-pulpibhepas a rare event

relative to the abundance of nematoceran flies in the habitat.
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Quantities of flies and thrips in spathes — comparison to other stu@ely three
previous studies have quantified the number of flies and/or thrips found per spathe in
triphyllum. Rust (1980) found an average of 0.3 flies per male spathe (with open escape
hole) and 0.5 flies per female. Feller et al. (2002) found no dipterans in male spathes
(with open escape hole) and 1.6 flies per female spathe. Barriault et al. (2009)rfound a
average of 0.4 flies per spathe (male and female spathes pooled, male spathes plugged).
Compared with these values, our average fly totals in 2008-2009 of 2.3 — 2.4 per male
spathe (plugged) and 1.4 — 3.4 per female spathe are high.

Is it likely that such low visit rates would result in effective pollinatiopeegally
since some of the flies captured by females may not have visited a mthlespJntil
well-replicated tests of single-visit effectiveness have been donenibjses question.

Regarding thrips, our values of 0.30 thrips per male spathe and 0.37 per female
spathe are intermediate compared with other reports. Rust (1980) found 10 thrips per
male spathe, but only 0.4 per female spathe. Feller et al. (2002) averaged 4pgkthrips
male spathe, 0.8 thrips per female. Barriault et al. (2009) averaged onlyifsJptr
spathe. The main difference is that Rust (1980) and Feller et al. (2002) found much
higher thrips activity in male spathes.

Pollen loads The fact that all fly and thrips specimens taken from male spathes
had pollen adhering to them, even after rinsing, indicates that male spatteedsac
transferring pollen to all four categories of insect visitors. This is nptising, given
the internal structure of spathes: any insect which descends to the levetisfdiothe

spadix can hardly avoid contacting them, since the space between spadix and spathe wal
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is slim. Assuming that the number of pollen grains on rinsed insect specimgens wa
proportional to the number they carried prior to rinsing, the data suggest that the two
classicArisaemapollinators, mycetophilid and sciarid flies, carry more pollen than thrips
or “other flies”. The difference between mycetophilids and sciarids is notsogpr
because mycetophilids are larger than sciarids, on average (mean thorax length,
mycetophilids: 0.73 6D 0.11 mm, N = 42; sciarids, 0.525D 0.08 mm, N =20). Both

fly taxa were larger than thrips (mean thorax length, 0.8®9©.04 mm, N =8). The
“other flies” had a smaller mean thorax length than sciarids (0.45 @B 3.14 mm,

N=18).

Feller et al. (2002) examined 236 arthropods caught on sticky traps placed near
jack-in-the-pulpit spathes, and counted a total of 252 pollen grains on them. Tke large
percentage of pollen was carried by thrips (53%), the next largest by dgteérien
families (38%). They do not report the number of grains per individual, so pollen-
carrying ability cannot be evaluated independently of insect abundance.

Would the modest pollen loads | recorded (for example, the mycetophilid mean of
74 pollen grains) be sufficient to fertilize female flowers? Since mostidhadil fruits
contain only 1, 2, or 3 seeds, only a few pollen grains might be needed to fertilize a single
flower; however, in flowering plants it is rare for fertilization to occur sslie amount
of deposited pollen is several times greater than the number of ovules. Furéhermor
female spadix contains many (ca. 50) individual flowers, each with severakoviihe

relationship between pollen quantity deposited on stigmas and seed set needs study.
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CHAPTER 2

FRUIT SET AND THE EFFECTS OF PLANT SIZE, DIFFERENT VISITSGRAND
SPATHE MORPHOLOGY
Introduction

In the previous chapter, | addressed questions concerning “who ¥sits”
triphyllum spathes in west-central Indiana. Here | examine fruit set in natural and
experimental situations.

Natural pollination success and plant sizeevels of fruit and seed set in natural
populations ofA. triphyllumvaried widely in previous studies, from very low to moderate
to high (Table 1). Inadequate pollinator service has been demonstrated caiymatic
the two instances where hand-pollination tests were made (Bierzychudek, 119%@2, Pa
1987). An important part of the present study was to evaluate naturally occurring
pollination success (fruit set) in my study area, which | did by monitoppgoaimately
50 female plants at five sites in 2009.

Plant size is an important factor to consider in evaluating pollination success of
females. Jack-in-the-pulpit is a long-lived perennial which photosynthesitresng or
two large leaves for 3 to 6 months per year (barring major herbivory), andbis\a
ground corm or tuber as a perennating organ. This corm grows over the years, and

produces offset buds for vegetative propagation as well as the leaf(s) and (vitnex) ena



22

reproductive shoot. The energy and nutrient reserves of the corm strongly inftaence
annual sex expression. Given the size of the flowering unit (the spathe) andehe larg
mass of fruits and seeds (compared to pollen), it is no surprise that small, medium, and
large plants tend to be non-flowering, male, and female, respectivelyy&eidek

1982, Ewing and Klein 1982, Lovett Doust and Cavers 1982, Clay 1993, Vitt et al., 2003;
Figure 2).

Although there is a threshold corm size for female plants, members of a given
cohort of females vary in size. Such variation might affect attractivemgsdlinators or
resources for fruit development, either of which could affect fruit set. Ighdyhi
productive population, larger females set more fruit than smaller onestt( Dmuest et
al., 1986). In a population with low natural fruit set and inadequate pollinator sewice
relationship was found between size and fruit set, but among hand-pollinated plants a
positive relationship was seen (Bierzychudek, 1982). An easily measutethé&ai
diameter of the main stem at ground level (basal stem diameter), is Haréxndex of
corm size (Clay, 1993). | measured the basal stem diameter of femateguidntlated
it to fruit set measures. | also measured size of male plants, and riexeckdine question
of plant size and sex expression.

Experiment 1Effectiveness of different visitors as pollinatofhere is
disagreement in the literature as to the relative importance of fliebapsl as
pollinators, as discussed in section I. Although mycetophilid and sciarid flieszaty
recognized as the principle pollinatorsfoftriphyllumandArisaemaspecies (Vogel and

Martens, 2000), two authors have made a case for thrips being more important (Rust
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1980; Feller et al., 2002). Both insect types visit spathes of both sexes and carry
Arisaemapollen. Experiments to evaluate their effectiveness on a per-visit basis have not
been done. Of course, such information would need to be combined with good measures
of visitation rate to evaluate relative importance in a given locality.

To shed light on the thrips-versus-flies question, | designed a cagingnesper
One cage type (in theory) excluded flies but not thrips from a female spathethehile
second was large enough for both insects and controlled for the other effecte@f cag
In practice, some flies infiltrated the thrips-only cages, but in low numBetisird
treatment was an uncaged spathe, which would help indicate whether presence of any
cage had a large effect. | predicted that fruit set would differ amorigneets, and that
the order of fruit set would be: uncaged > flies-and-thrips admitted >-tbmigs

Experiment 2: Lack of an escape hole in female spath&sgel and Martens
(2000) detailed many of the spectacular contrivances of diffAregggemaspecies to
pollination by fungus gnats. One such contrivance is the exit hole at the bottaateof m
spathes, which is lacking at the bottom of female spathes. They favor the hypabttesis t
the hole is lacking from female spathe in order to increase the time thas afbund the
florets. If flies have visited a male plant previous to their visit to a fntta increased
time should increase pollen deposition. The circumstantial evidence for the adaptive
lethal trap includes: the regular occurrence of a well-shaped, functionahhnbdes
(and rare hermaphrodites), and its absence in females; the build-up of insecticorpses
female, but not male spathes; and the fact that females have no pollen to disperse.

Alternatively, the closed exit may be a neutral feature, or one that proteciss from



24

herbivory, rather than improving pollination success. | devised an experiment to test
whether the lethal trap increases fruit set.
Methods

Natural pollination success and plant sizeused basal stem diameter as a proxy
for plant size, following Ewing and Klein’s (1982) work Antriphyllumand Clay’s
(1993) work orA. dracontium Other workers have used different measures of plant size,
such as leaf area (Bierzychudek, 1982; Feller et al., 2002; Vitt et al., 2003). Celim siz
probably the best predictor of sex in the present or subsequent year, but can only be
sampled somewhat destructively. However, Vitt et al. (2003) showed basal stem
diameter is an excellent proxy for corm mass.

Five woodswere searched for flowering plants from April 7- May 18, 2009.
Although most inflorescences emerged in April, monitoring continued because of a
second, delayed period of emergence at two of the sites. Plants were ideritifiad wi
colored flag placed in the ground nearby, to which a numbered aluminum tag was
attached; a colored plastic twist-tie was placed around the plant’s main Gigce the
spathe was sufficiently developed, | determined sex by two methods: checking for
presence of an open exit hole for small insect pollinators, located extexntily base of
the spadix; and peering into the open top of the spathe to examine the florets, with aid of
a flashlight when necessary. Florets of females have large greésspttanse of males
are usually reddish or yellow with noticeable pollen. At the same time, basal st

diameter was measured with a digital caliper at ground level, where theterain s
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emerged from the soil. Overall sample sizes for the size-gender studywiereale
and 132 male plants.

Of 75 female plants initially found, 47 were left uncaged and used to measure
natural fruit set and its relationship to size. The others were assignedrig cagi
treatments that affected insect entry (see Experiment 1 below). Mot fgmashes
flowered between April 7 and May 12. Afterwards, fruit set initiation was méted by
feeling the collapsed spathe enveloping the fruiting spadix and scoring itheifa)
fruit expansion, (b) contracting, or (c) no change from its size during floweringodh m
cases this was an easy distinction because not all ovaries expanded ecquizlylypr
because of pollen deposition), so a spadix with an uneven surface, beneath the dried
collapsed spathe hiding it, was said to have expansion occurring. Spathes going through
contraction were usually characterized by a weak stem and often chtdrthedeaf or
peduncle along with a decrease in size of the fruiting spadix.

Plants maturing one or more seed-containing fruits were designatetrap set
fruit, although some were lost to herbivory in late stages of ripening or to ascaleht
as a tree fall. Plants that withered before maturing one or more fruitscoeee 8s no-
fruit-set; this included plants that showed no signs at all of fruit set and dihers t
initially were scored as maturing fruit, but subsequently quickly senesabdppe
aborting some fruits. By mid-July all females could be scored as belaigomg of
these categories. Those with developing fruits had large, green hard fthissstage.

Experiment 1: Effectiveness of different visitors as pollinat@ages were

cylindrical and constructed of PVC material, measuring 36 cm long x 36¢cm wide x 49 cm
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tall. The thrips-only cages were covered with small diameter (1 X 1 mr) nyésh. A
second cage type with large diameter nylon mesh (4 x 4 mm) had holes large femoug
flies (and thrips) to enter (flies-and-thrips treatment). The thiedrtrent was lack of a
cage. | expected presence of a cage to deter both flies and thrips to some bident, w
this last treatment would help assess.

Cages were set up over a female plant between 14 and 24 April 2009 as plants
emerged from the ground. Since flies are known to walk along the ground, thesbottom
of cages were buried with dirt to ensure that the only entrance to cagdsouagh the
mesh. During flowering, cages were removed briefly to measure pterarsil observe
visitors; during fruit development, they were checked once every three weeles Cag
remained on plants up to the point where a fruit stalk fell prostrate (27 July — 1
September), at which point spathes were collected to record fruit sest defiermined
whether spathes matured at least one fruit, or failed to. | also collelcétdvere
apparently fruits, dissected them to determine if they contained seeds, aradezkthe
number of flowers produced to determine fruit to flower ratios. Though ovaries shrank
they could still be counted after collection in August and September, allowirsgicuate
of flower number in April.

To obtain information on insect visits to spathes in the caging treatments and
control, 1 did two things. First, | checked each spathe once during flowsriregrimving
the cage briefly, then lifting the spathe hood to see if flies were praseémount them
with the naked eye aided by a flashlight if necessary (2- 11 May). Tlisdev

observation was not sufficient to differentiate between the families of bigghrips
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could be seen and differentiated readily with the naked eye. Secondly, afteimitpwer
ended and initial fruit set was determined, | unraveled the spathe and collgcted an
corpses of flies that | could find (19 May). | calculated the total fliésctisd per spathe
by taking the maximum value of observed or corpse counts. | then related fly twounts
fruit set data.

Experiment 2: Lack of escape hole in female spathe2008 | tested the
effectiveness of the lethal trap by comparing fruit set in three expgahteeatments of
female spathes. Plants were either surgically altered or left to Ihattap fly visitors
(Figure 3). All treatments were set up on 27 April, by which date only 3 ferhatk
become receptive and no flies had yet been seen inside spathes. The tHe=etlfiexina
were receptive prior to 27 April were placed in the natural pollination tredtme
(treatment 3). Treatment was a manipulation that allowed flies to exit female spathes
by way of a surgical cut, 1-2 mm diameter, in the bottom of the spathe like #peesc
hole of males (exit-hole treatmenfjreatment 2vas manipulated in the same way as
treatment 1 (i.e. an escape hole was cut); however the hole was then plugged with cotton
(control treatment). This served as a control for damage possibly causeadery.
Treatment Ionsisted of no manipulation (natural treatment). Each treatment was
applied to 6 or 7 plants at Hews-Scott woods (original N=20). On 14 July one plant from
the hole-cut treatment was excluded from analysis because of deer herbiydahys B
time other females in this study had senesced naturally and were leflysiana

Fruit set was measured weekly beginning (14 July) with a final count on 27

August when infructescences were collected. Counts of flowers were obtaingd in J
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The number of fruits was obtained by dissecting fruit in the lab; a fruitasted as
such if it contained one or more seeds greater than 2 mm diameter was s¢se¢tthgs
fruit”. In the analysis, fruit set values were compared in two wayst, Fiuits per
flower were compared between treatments, omitting the plant eatenrbyiealy, the
three treatments were compared with a chi-square test using two outiegeries:

“fruit set” (at least one fruit matured), and “no fruit set”.

Results

Natural fruit set and plant sizeQverall, across five study sites, 57.4% of female
plants set at least one fruit, as determined by mid-July counts when frpitss@nt)
were large and green (Table J)his basic measure was quite variable across sites,
ranging from 14.3% to 100% at four sites witl plants. The fruiting plants were fairly
productive, on average; site means ranged from 17.0 to 35.2 fruits per female, with a
grand mean of 22.6 per spathe (Table 3). When zero values were included in
calculations, mean productivity dropped to 11.3 fruits per female.

Between mid-July and fruit maturity and dispersal in late August, 11 of 27
infructescences were lost, primarily to herbivory (Table 3). The herbivasenat
identified, but was likely a mammal (presumably rodent or deer). Typical eeid@nc
this was that, prior to the general ripening period (mid-August onward) antescetice
with numerous exposed green fruits would, on next inspection, be missing all but a few

fruits, along with the axis of the infructescence that supported them. Thesedossot
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reflected in the calculations of fruit set, but they illustrate the probéessciated with a
lengthy fruit maturation period.

Female plant size and probability of fruit sé®poling data from five populations,
female plants setting fruit were not significantly larger, on average thiose that failed
to set fruit { = 1.34, df = 45, P = 0.094; Figure 4). The two fruit set categories showed
much overlap in size, and plants as small as 9.0 mm BSD set fruit. Female pigets ra
in size from 8.2 -19.0 mm BSD, a two-fold difference. A plot of the relationship betwee
basal stem diameter and fruit set (Figure 5) shows, for the pooled sampilee that
smallest plants (€ mm) rarely set fruit and that most fruit set occurred on plants with
spathes of 10-14 mm diameter. Curiously, only two of four plants larger than 14 mm set
fruit. In contrast to the overall pattern, at one site (Whitaker) theredesmmatic
positive relationship between size and fruit set: the four smallest plants seit,nanid
the five largest ones did (Figure 6).

Plant size and genderAt four sites, good numbers of both sexes were measured.
Female plants were significantly larger than males at thesetdiésss were highly
significant in each case (Table 4). In a two-way ANOVA with sethasnain factor and
site as the blocking factor, sex was highly significant §z= 81.8, P = 0.002), site was
not (Fs 3= 0.59), nor was there a significant site*sex interactiof) {fo= 1.42, P =
0.24). Thus, female-phase plants were consistently larger than males (by 2.7 — 4.1 mm),
and mean sizes of each sex varied little among sites.

Experiment 1, testing effectiveness of different visit@Qaging treatments did

have an effect on the proportion of spathes setting one or more fruits. Pooling data from
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four sites, the null hypothesis that the three treatments were from the sameiqopula
was rejected (X= 6.22, df = 2, P < 0.05). Fruit set in the thrips-only treatment was much
lower than in the flies-and-thrips or uncaged treatments (Figure 7a). Howeviuit
set of the thrips-only treatment was not zero (3 of 17 spathes set fruit). sBglgrifruit
set of uncaged plants was lower than in the caged, “flies-and-thrips admittient.

Cages were not completely effective in creating the desired conditionsngDur
brief checks, approximately one-third of the “flies excluded” cages did hty@msent.
This proportion was lower than in the other treatments, so fly visitation was agtii
reduced in the “flies excluded” cage€ € 5.98, df= 2, P= 0.05, Figure 7b). Also, |
could not confirm that thrips entered the cages designed to be “flies excluded, thrips
only”. On the other hand, cages with mesh allowing “flies and thrips” to enter éad fli
present at about the same rate as did the open treatment spathes; so cages didaot see
deter flies.

Experiment 2: Lack of escape hole in female spatiiég three treatments
showed similar distributions of fruit set, namely a mixture of low and high valigpséF
8), and did not differ significantly (Kruskal-Wallis testX0.496, df = 2, P > 0.05; chi-
squared test %= 2.14, df = 2, P > 0.05). Surprisingly, plants with artificial exit holes had
high fruit set in 3 of 6 cases, similar to unmanipulated females with no exits, analontr
with exits plugged with cotton. However, sample sizes were low. Variation irsétui
was extensive, with five plants setting close to zero fruits and eight plahtatiaast

70% fruit set, and few in the middle range.
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Discussion

Natural fruit set and size relationshipatural fruit set oA. triphyllumin west-
central Indiana was moderately successful, compared with previous studilesi()la
Slightly more than half of female spathes matured at least one fruit, aedtba did
produced an average of 23 fruits. The overall average of 11.3 fruits/femalelas smi
that recorded by Rust (1980) and Parker (1987), greater than the lowest values observed
for the species (Bierzychudek 1982, 1984), and substantially lower than records by
Sakamoto (1961), Treiber (1980), Policansky (1981), and Lovett Doust et al. (1986).

Factors likely to affect fruit set include pollinator abundance and effectiwenes
availability of resources to mature fruits, density of conspecifics ¢edpedistance to
male plants), and genetic quality of received pollen. Here | focus on thisviir§actors,
pollinator abundance and resource availability (plant size). Potential pmifiveére not
abundant: flies averaged between 1.1 and 3.4 per female spathe (Table 2); tlerips wer
observed in only 13% of female spathes. However, these low numbers were typical of
Rust’s (1980) study, which had similar fruit set to mine. Higher values have been
observed in otheArisaemaspecies (Vogel and Martens, 2000). Unfortunately, there are
few quantitative data relating fruit set to visitor numbeAinriphyllum

Plant size did not differ significantly between females that set fnditlaose that
failed to do so, except at one site. The overall mean was (non-significantly) foighe
fruit-set plants, as expected. From these mixed results, | conclude thatvisere
probably some effect of resource availability on fruit set, but also a subk{anbbably

greater) effect of inadequate pollinator service. This could be clarifibdrny
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pollination experiments, which in two instances have led to dramatic improvement of
fruit set (Bierzychudek, 1982; Parker, 1987). Careful association of corpse oalecti

(by unraveling spathes without damage at the proper time) with fruit sed,aikarge
sample size, would also be instructive. Finally, comparing fruit set among local
populations that differ in conditions favorable for mushroom flies would be helpful. For
instance, the flies are supposedly most common in dark, damp locations; jack-in-the-
pulpit are present there, and also in drier upland situations.

Experiment 1: Effectiveness of different visitors as pollinatbata in Figure 7a,
taken at face value, support the conclusion that mushroom flies are the primagtqolli
of jack-in-the-pulpit, with thrips delivering a small percentage of pollehe cage
designed to admit flies and thrips had a three-times greater proportion of piandgs se
fruit than the one designed to exclude flies and admit thrips. However, some flies got
into the “thrips-only” cages, although | used a mesh size which has been sudnessful
experiments with other thrips-visited plants (Terry, 2001; Garcia-Fayois and
Goldarazena, 2008). | also do not know whether or not thrips entered either cage type on
a regular basis. Thus, this experiment is inconclusive, except in demonstratingjtthat
set is accomplished by small insects.

Experiment 2: Lack of escape hole in female spatkggening an exit hole in
female spathes was not detrimental to fruit set. This treatment showeilba wide
range of values as the two alternatives, the natural condition of no exit andcallurgi
opened hole plugged with cotton. Each treatment had > 0.5 fruits/flower in three

females. Assuming that flies exited quickly from the spathes with holedatae
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suggests that pollen deposition was often sufficient for good fruit set. Howewnpiesa
size was low, owing partly to plant losses to deer. Although the results agaiirgrithe

experiment needs to be repeated with larger sample sizes.
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Table 1. Fruit and seed production by femfalisaema triphyllumn various populations, incorporating data from Table 4 of Lovett

Doust et al. (1986).

Author(s) State N, spathes Seeds per Range, seeds Fruits per Seeds per
plant (SE) per plant plant fruit (SE)
Sakamoto (1961) Minnesota 12 52.4 65.2 1.6 (0.1)
Rust (1980) Delaware 100 14.4 0-109 9.6 1.5(0.1)
Treiber (1980)
subspeciesiphyllum N. Carolina 78 51.9 33.2 1.6
subspeciestewardsonii ? 21 72.6 39.5 1.8
subspeciepusillum ? 32 28.7 22.4 1.3
Policansky (1981) Mass. 80 51.9 2-230
Bierzychudek (1982) New York
Hand-pollinated 29 74.3 (13.4) 7-300
Naturally pollinated 24 1.0
Bierzychudek (1984) New York 240 5.2
Lovett Doust et al. (1986) Ontario 24 75.1 (5.4) 34-148 60.2 1.2 (0.1)
Parker (1987) lllinois
Hand-pollinated 14 73.0 (12.7)
Naturally pollinateQy 72 12.3 (3.0)

#Original not seen; values from Lovett Doust et al. (1986).

®Parker 1987: values are for healthy female plants, uninfected by rust.
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Table 2. Types of flies collected in (a) male and female spathes of jdle&-pulpit, or (b) in colored water traps or

tanglefoot® traps placed near flowering plants.

Total visitor§ (mean per spathe or trap)

Capture Year (# sites) N Mycetophilidae Sciaridae Other fly, Other fly,
method Nematocera  Brachyceri
Male spathe, 2008 (1) 17 18 (1.06) 14 (0.82) 7 (0.41) -
plugged®

2009 (3) 29 23 (0.79) 26 (0.90) 18 (0.62) 2 (0.07)
Female 2008 (1) 14 26 (1.86) 8 (0.57) 14 (1.00) -
spathé

2009 (4) 35 20 (0.57) 8 (0.23) 7 (0.20) 2 (0.06)
Water trap 2008 (3) 66 4 (0.06) 42 (0.64) 89 (1.35) -
Tanglefoot 2009 (3) 54 13 (0.24) 75 (1.39) 88 (1.63) 25 (0.46)
trap

& Mycetophilidae and Sciaridae are families within the dipteran subordeatileana. “Other fly, Nematocera” refers to
different families within the same suborder which are less important golenaf jack-in-the-pulpit. “Other fly, Brachycera”
refers to phylogenetically advanced flies in the suborder Brachycerd) ai@icnot mushroom-feeders. Thrips were likely all

one specied;leterothrips arisaemae

LE



Table 3. Natural fruit set and spathe survival of female jack-in-the-pulpiggiatis sites in west-central Indiana in 2009.

Spathe survival to at least mid-July, stage of
large green fruits

Fruits/plant, mean $D (N) Spathe survival to late Aug.

Site Female Basal stem % plants Fruiting plants
plants, N diam., mean + with
.a only’ .
SD fruit All plants’ Eaten Lost Survived

Ford 7 11.4 .7 14.3 2.4 (7) 17.0 (1) 0 0 1
Hews-Scott 25 11.325 64.0 10.7+13.9(22) 18.243.8(13) 5 2 9
Kieweg 5 12.013.4 100.0 - -- 4 0 1
Lima 1 9 0.0 - - - - -
Whitaker 9 11.6 4.6 55.5  9.4+11.4(9) 35.244.4(5) 0 0 5
All sites 47 114 9.4 57.4 11.3+15.6 (38) 22.6 45.3(19) 9 2 16

% Includes some plants in which fruit set was confirmed but fruits were not courdetbpisappearance or dispersal.
P Includes only plants for which fruits were counted, including zeros; eight additiamas phatured fruits that disappeared
before counts were made.

¢ Includes only plants for which fruits were counted.

8¢
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Table 4. Mean_(4 SE) basal stem diameter (in mm) of male and female Jack-in-the-

pulpit plants at five sites in Vigo and Clay counties, Indiana, in 2009.

Basal stem diameter (mm)

Site Male Female Students  Prob? Ratio, F:M
Ford 7.7+0.25(41) 10.49.65(16) 4.74 <0.001  1.35
Kieweg 7.3+0.20 (40) 10.2-0.85(15) 4.88 <0001 141
Lima  6.2+0.29(47) 9.0 (1) < . -

Hews-S. 6.00.26 (29) 11.390.45(35) 7.96 <0001 163
Whitaker 7.5 +0.33 (25) 11.60.52(9)  6.56 <0.001 155

All sites  7.1+0.13(182) 10.9 ©.31 (76) 1.54

@Probability that male and female plants were sampled from the same populdtamalof
stem diameters.
P(Mean basal stem diameter of female plants)/(mean basal stem diafmatde plants)

“No test because only one female plant was measured.
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Figure 1 Number of pollen grains found on visitors to 1@lenspathes ¢ack-in-the-
pulpit. Boxes contain the middle 50% of values bars extend to fband 9"

percentiles.Letters indicate whicgroups had similar mean$Sample sizes agiven

below plots.
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size (¥ SE) of each sex class in five studies of #woericanArisaema



Figure 3. One naturand two surgically altered treatmewhich testedvhether the lethal trap feature of femjack-in-the-

pulpits increases fruit set.
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Figure 4 Plants setting fruit did not significantly diffen basal stem diametfrom those

that failed to set fruitt(=1.34, df = 45, P = 0.09:
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Figure 5. Fruit sgber plant compareto basal stem diametarsing data fronfive sites
(N =47 plants Open circles represent plants that prodia positive but unknow

number of fruits.
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Figure 6. Relationship between fruit sper plant andbasal stem diameter for 9 plants

Whitaker Woods.
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Figure 7 a. Thenpportion of female plants setting fruit in two ealgand one uncagt

treatment.
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Figure 8 Fruits per flower for 1Sack-in-the-pulpit spathgdaced in three pollinatio
treatments.
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