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Trull, Susan J., M.A., June 1988 Botany

Resource Allocation to Prey Capture Tissue in the Aquatic Carnivorous
Plant, Utricularia vulgaris, in Northwestern Montana Waters (226 pp.)

Director: Vicki J. Watson V?VV/

Utricularia vulgaris L. plants were collected in northwestern Montana,
from sites assumed to differ in dissolved inorganic nutrient availability.
Plants were found to vary in their extent of prey capture tissue
(bladders). To test the hypothesis that waters of low nutrient
availabilities induce greater development of prey capture tissue than do
waters of higher nutrient availabilities, U. vulgaris plants were raised
under controlled laboratory conditions.

A common garden experiment was conducted, and U. vulgaris plants were
found to retain site-specific characteristics of bladder production and
other morphological traits. It was concluded that these traits are under
the control of genotype and/or the environment of the turion-forming
plants rather than under the control of the environment under which
turions develop into plants.

Several experiments were conducted in which turions from the same site
were exposed to different concentrations of nutrients and prey. Feeding
regime and nutrient solution strength did not significantly affect
morphological measurements used as indicators of prey capture tissue
development. Duration of dormancy (i.e. length of time before experiments
were bequn) did affect morphological measurements. Development of prey
capture tissue observed in lab-grown plants was primarily explained by
their sites of origin. Plants originating from sites thought to have
lower nutrient levels exhibited more prey capture tissue than did plants
originating from sites thought to be rich in nutrients.
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Chapter One

Introduction

Carnivorous plants have been studied for years, both
as objects of popular curiosity and as subjects for
physiological research, because of the paradox they
represent as "heterotrophic autotrophs" (Liuttge, 1983).
While the plants are now known to absorb nutrients from
captured prey, the necessity of these supplements for
plant survival and reproduction is still a matter of
debate (Liittge, 1983; Sorenson and Jackson, 1968). Some
species are obligate carnivores while others seem to be
facultatively carnivorous (Skutch, 1928), growing
indefinitely without ancillary resources, although
perhaps not as vigorously as with prey inputs, or not to
reproductive stages (Arber, 1920; Dore Swamy and Mohan
Ram, 1971; Sorenson and Jackson, 1968).

The costs and potential benefits of carnivory are
also not clear, and seem to vary with the fertility of

particular habitats (Benzing, 1987). Prey-trapping
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structures are thought to be modified leaves (Juniper,
1986), so that ontogenetic costs of production are
perhaps not high. However, traps are less suitable for
photosynthesis than are leaves, especially the more
advanced trapping mechanisms (Benzing, 1987), so that
a high return in terms of nutrients is necessary to
compensate for the resource outlay.

Resources shunted to trap production may diminish
the pool available for flowering, fruiting, and general
growth (Bloom, Chapin, and Mooney, 1985), but the ability
to supplement inorganic nutrient sources may allow these
plants to survive in areas where non-carnivorous plants
are poor competitors. These areas are most likely to be
those which are limited by nutrients and not by light,
water or some other factor, since the carnivorous habit
can only supplement nutrient supplies (Benzing, 1987).
In short, the costs must be outweighed by the benefits in
areas where carnivorous plant species are common and

populations are large (Benzing, 1987; Heslop—-Harrison,
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1978).

The development of a strategy to mitigate substrate
nutrient paucity raises questions of resource allocation
in these plants: how does a plant divide its resources
between formation of prey capture tissue (PCT) and other
tissues under varying environmental conditions, and how
flexible is this resource allocation?

In a nutrient-poor environment, PCT development
requires no more materials than it does in a nutrient-
rich environment. But, energy costs to obtain these
materials might be greater due to their relative
dilution. However, the benefits of ancillary resources
should be greater in the extreme environment than in an
environment where nutrients are readily available. That
is, both the costs and benefits of trap possession
probably decrease as nutrient availability increases.
Figure 1 shows these cost-benefit relationships, and
suggests that carnivory is only adaptive in habitats with

low to moderate nutrient availabilities. A carnivorous
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Figure 1. Hypothetical Changes in Costs and Benefits of Bladder
Production in Utricularia vulgaris as Nutrient Availabilities
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plant species would be expected to allocate more
resources to PCT development in its nutrient-poor
habitats, and more to non-PCT when growing in nutrient-
rich sites. 1Indeed, Givnish et al. (1984) report that
some carnivoroqs plants produce only non-PCT, or tissue
with reduced carnivorous function, during seasons when
nutrient availability is not the limiting factor to
growth.

My research centered on this allocation question,
with respect to the aquatic carnivorous plant,
Utricularia vulgaris L.: do U. wulgaris plants
growing in waters of low nutrient availability allocate
more of their carbon resources to PCT production
(bladders) than do U. wvulgaris plants growing in
waters of greater nutrient availability? Potential
sources and sinks of energy and materials in
U. wvulgaris are diagrammed in Figure 2.

To investigate the above question, one needs to know

the nutrient and prey levels to which a plant is exposed.
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Figure 2. General Morphology of Utricularia vulgaris Showing Energy and Material Source and Sink
Compartments

Sources: Sinks:

fgg flowers

fruits

stem bladders

primary bladders

secondary bladders bladders*

. . *production, photo-
symbiont N fixers

respiration, maintenance



Since field sampling for nutrient levels is fairly
ambiguous, and for prey levels even less conclusive, due
to patchiness in space and time (Wetzel, 1983), I raised
U. wulgaris under controlled laboratory conditions.

Bladderworts can be raised under controlled
conditions from turions, embryonic plants that arise
vegetatively on the "parent" plant in fall, are dormant
in winter, and develop into mature plants in spring.
Turions are protected by a layer of mucilage, thus
bladders are axenic. The dormancy of turions can be
broken experimentally by high temperatures (Winston and
Gorham, 1979a.)

Because turions already possess bladders, a
preliminary question must be addressed before the above
prediction can be examined, namely, is bladder production
controlled genetically, controlled by the conditions to
which the turion-forming "generation" was exposed, or
controlled by the conditions in which the plant develops

from the turion? Part of my research focused on this
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problem of control of bladder production.

While much work has been done on carnivorous plant
taxonomy, morphology, and trapping physiology, only a few
studies have examined the effects of prey nutrients on
growth in carnivorous plants, and even fewer have
addressed resource allocation (Bosserman, 1983; Luttge,
1983; Pringsheim and Pringsheim, 1962). 1In this study,

I used laboratory and field experimentation to compare
resource allocation to PCT by Utricularia vulgaris
plants under differing prey and nutrient regimes.

My study consisted of three parts:

1. Summer field collections of mature U. wvulgaris

plants to compare morphological characters and extent

of PCT tissue in plants from different sites.

2., A common garden experiment to compare development

of PCT and other tissues in plants grown from turions

collected from two different sites, when these
turions were grown under the same dissolved nutrient

conditions, without prey supplements.
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3. A "diet" experiment to compare the effects of
different dissolved nutrient levels and feeding
regimes on development of PCT and other tissues in
plants grown from turions collected from two
different sites.

These three experiments were designed to examine the
degree of development of PCT under nutrient-poor and
nutrient-rich conditions, i.e. to test my resource
allocation prediction that a greater proportion of
resources are allocated to PCT under nutrient-poor
conditions. The experiments also would show whether
U. vulgaris plants respond to ambient conditions
despite past history. The experiments would not
distinguish whether any influence of past environment
was due to "parental" genotype, to "parental"

developmental environment, or both.
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Chapter Two

Study Organism

Utricularia vulgaris, the greater or common
bladderwort, is an aquatic, floating, rootless,
carnivorous plant (Hitchcock and Cronquist, 1973). It
is a member of the family Lentibulariaceae, which
includes other carnivorous plant genera. The genus
Utricularia holds about 250 species, including other
floating aquatics like U. wvulgaris, semi-terrestrial
and terrestrial forms, and epiphytes. The genus is
thought to have evolved by the Pliocene era (Muller,
1981), and fossil turions of U. wvulgaeris have been
found from the German interglacial period (Jung, 1976).
The chromosome number of U. wvulgaris is n = 18 to 20
(Kondo, 1969).

U. wulgaris is circumboreally distributed in
slow-moving streams, lakes, ponds, boggy areas, and wet
meadows, and is fairly common (Ceska and Bell, 1973;

Meyers and Strickler, 1979; Rossbach, 1939). Its

10
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habitats range from acidic through neutral to alkaline,
and vary in temperature, nutrient availability, light
availability, and associated species (Ceska and Bell,
1973; Rossbach, 1939; this investigation).

The growth form of U. vulgaris is stoloniferous,
with side branches at a distance from the apical
meristem(s). Leaves arise alternately, are highly
dissected and generally two-parted at the base, with a
few teeth on some segments (Ceska and Bell, 1973; Crow
and Hellquist, 1985; Fig. 2.) However, the terms "stem"
and "leaf" are used mainly for convenience since organ
morphology in U. wvulgaris is not readily homologous
with other vascular plants. The vegetative plant has
been suggested to be entirely a root system, a stem
system, or a single, much divided leaf, as well as a stem
and leaf combination (Arber, 1920; Sculthorpe, 1967).

U. wvulgaris grows at branch tips and decays behind,
often fragmenting into several pieces, each of which can

survive and propagate. Indeed, the vegetative
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propagation capablities of U. wvulgaris are incredible:
almost any cell, whether of flower, leaf, stem, or turion
leaf (see below), can become meristematic, dividing to
form a new stem and eventually populating an entire pond
(Arber, 1920; Goebel, 1904 and Gliick, 1906 in Sculthorpe,
1967).

U. wvulgaris also reproduces sexually, through
the formation of yellow, bilaterally symmetric flowers
which are supported on a scape above the water surface
(Hitchcock and Cronquist, 1973). Flowers may be self-
fertilizing (Winston and Gorham, 1979a) or chasmogamous.
Pollen is stephanocolporate (Kapp, 1969; Thanikaimoni,
1966) and fruits are capsules with many small,
endospermless seeds (Ceska and Bell, 1973; Hitchcock,
Cronquist, and Ownbey, 1959).

U. wvulgaris is perennial, overwintering in cold
climates through the formation of turions, or winter buds
(Rossbach, 1939; Sculthorpe, 1967). Turions are clusters

of leaves with condensed internodes that are formed in
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late summer, or when the plant experiences cold, nutrient
or water stress (Maier, 1979; Sculthorpe, 1967). Turions
are covered by coarser leaves, turn brownish when mature,
and possess a thick coating of mucilage. These
structures usually remain attached to the senescing
parental stem (which by autumn is only a tough vascular
strand within a spongy cortical layer, most leaves having
abscised), and are pulled downward by this stem, so that
they overwinter below the ice (Arber, 1920; this
investigation). With further decay of the old plant, the
turions are released and float to the surface. As
temperatures warm in the spring these turions reflex,
green up and elongate into new plants (Winston and
Gorham, 1979a). Turions may fragment and single coarse
leaves may each give rise to several plantlets. Turions
are high in starch and stored materials, and therefore
can withstand drying and freezing well (Maier, 1973;
Winston and Gorham, 1979a).

Utricularia vulgaris has a reduced vascular system,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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consisting mainly of a few, poorly developed tracheids
and small groups of phloem elements. There is an
endodermis, and the cortex has lacunae and some fibrous
ground tissue (Sculthorpe, 1967). It follows the C-3
photosynthetic pathway, and bladders are photosynthetic
(Littge, 1983). Photosynthetic rates are probably low
relative to terrestrial plants (Thai, Haller, and Bowes,
1976).

The common bladderwort captures crustaceans, insect
larvae, fish fry, rotifers and other aquatic organisms,
sometimes including algae and the vascular plant Wolffia,
in small bladders, or utricles, by suction (Botta, 1976;
Hegner, 1925; Roberts, 1972). The utricles are of three
types: stem bladders, occurring in clusters of zero to
five at petiole bases; primary bladders, usually larger,
0.5 to 5 mm long, occurring singly near the principal
bifurcations of each leaflet; and secondary bladders,
smaller, and occurring at distal leaf divisions

(Hitchcock and Cronquist, 1982; Wallace, 1977, 1978;

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



this investigation; Fig. 2). These three types are all
functional and capture prey of different sizes (Wallace,
1977).

Bladders vary in size and number per leaflet, and
are formed while the leaflet is still part of the
bunched, meristematic tip. They seem to arise from both
leaf and stem tissue, but exact homology is under
contention (Arber, 1920; Heywood, 1978). Utricles are
light to bright green when young, sometimes with a
reddish, anthocyanin shading, becoming violet to black
with age and use (Botta, 1976; Lloyd, 1933; this
investigation).

Utricles consist of a thin layer of cells, nearly
transparent, with many two—- and four-armed glands that
secrete digestive enzymes (acid phosphatase, protease,
esterase) and absorb digestive products (Slack, 1979).
Utricles are attached to the stem and the leaflet arms
by short stalks and easily abscise, with age as well as

poor growing conditions, algal infections, and excessive
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movement or handling (Lloyd, 1933; Sorenson and Jackson,
1968; this investigation). Bladders have a trap door
that seals tightly, and two types of hair-like organs,
called antennae and bristles (Darwin, 1897), project from
this area. Antennae are long, branched processes which
may help to guide prey to the traps, or to protect the
tripping mechanism from too large aquatic visitors
(Johnson, 1987; Meyers and Strickler, 1979). Bristles
are non-branched, shorter organs which function as
triggers to open the door, allowing an inrush of water
and prey (Hegner, 1925; Luttge, 1983; Sydenham and
Findlay, 1973). The bladder cells actively transport
chloride anions outward, and sodium and potassium cations
inward, resetting the bladder, and forcing it to assume a
concave shape when ready to fire. There may also be an
electrical, excitatory step in trap firing (Sydenham and
Findlay, 1973).

Prey live for varying periods of time within the

bladders, and are digested gradually (Arber, 1920). Some
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algal species and protozoans not only survive, but grow
and multiply within the utricles. Some of these algae
are cyanophytes, and fix nitrogen which is then released
to the plant (Botta, 1976; Wagner and Mshigeni, 1986).
Some large prey, such as mosquito larvae and fish fry,
are caught by head or tail and ingested in segments
(Hegner, 1925).

Utricularia does not have major economic value,
although it is eaten by a few fish and provides shade
and shelter for them, and is used as fodder for pigs
and cattle (Sculthorpe, 1967). The plants also help
control mosquito larvae populations (Jha, Jha, and
Kumari, 1978; Schwartz, 1974; Skutch, 1928), help
control the spread of schistosomiasis in the Caribbean
by capturing flukes (Gibson and Warren, 1970), and may
help control the spread of radioactive waste (Deksbakh,
1964). U. wulgaris may also have some value as a "green
fertilizer" in rice fields because of the cyanophyte

nitrogen fixers associated with it (Wagner and Mshigeni,
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1986; Woelkering, 1976). U. wvulgaris is occasionally

a nuisance weed in waterways (Heywood, 1978).
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Chapter Three

Literature Review

The phenomenom of carnivory in plants has prompted
investigations into why it might be adaptive, and what
selection pressures might have led to its evolution. The
general consensus is that carnivory fills macro- and
micronutrient needs for plants in low nutrient
environments (Folkerts, 1982; Heslop-Harrison, 1978).
Carnivorous plants seem to have adequate photosynthetic
pigments for securing carbon (Pringsheim and Pringsheim,
1962), and many carnivorous plants have reduced root
systems suggesting prey inputs are compensatory
(Schmucker and Linnemann, 1959, in Aldenius, Carlsson
and Karlsson, 1983).

Heslop-Harrison (1978) reported that nitrogen and
phosphorous are important gains from carnivory, but which
is more important depends on the habitat (Benzing, 1987).
On the other hand, Folkerts (1982) suggested that the

acid nature of many carnivorous plant habitats decreases

19
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micronutrient availability, hence carnivory may give its
greatest benefit in securing these elements. He also
felt that carnivory may only be important when the
habitats are under nutrient stress (e.g. when Gulf Coast
pitcher plant bogs have not been fire-swept in a long

time.)
I. Feeding Experiments

Feeding experiments have been performed on several
species of carnivorous plants, and differing results have
been found. Aldenius et al. (1983) grew Pinguicula
vulgaris L. on local soil and enriched local soil, with
and without insect supplements. They found that both
watering with a complete nutrient solution and addition
of insects caused increased dry weights, increased
numbers and lengths of leaves, and increased nitrogen
and phosphorous tissue concentrations. They concluded
that P. vulgaris was using nitrogen and phosphorous

from the captured insects, as well as some other

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

20



21

substance that helped the roots take up nitrogen,
perhaps iron or molybdate ions. Their experimental
plants came from two sites that differed in nutrient
richness, and the benefits of the insect enhanced diet
were greatest in the plants from the richer site. This
result does not agree with the general hypothesis that
the most benefits of carnivory are realized by plants
from the poorest sites (Chandler and Anderson, 1976;
Givnish et al., 1984; Sorenson and Jackson, 1968).
Aldenius et al. suggested phenological variation between
the two sites might be a confounding variable, but also
noted that, if a prey input increased root uptake of
minerals, then richer soils would lead to better growth.
Karlsson and Carlsson (1984) also worked with
P. wvulgaris, simulating insect capture by applying
blocks of agar containing nitrogen, phosphorous, or
microelements to the leaves. They found that phosporous
blocks induced biomass increases, and concluded that

phosphorous was the most important supplement gained by
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carnivory in the common butterwort. They also reported
that application of nitrogenous agar caused an increase
in root to leaf weight ratios.

For another species of butterwort, Pinguicula
lusitanica L., Harder and Zemlin (1967c) found increased
leaf development, increased chlorophyll, and more flowers
on plants grown on nitrogen—- and phosphorous—-deficient
inorganic media that were given Drosophila, egg yolk, or
ammonium phosphate. Untreated plants did not flower.
Harder and Zemlin (1968) also found that Pinus pollen
given to P. lusitanica leaves caused an increase in
number of leaves and diameter of rosettes, as well as
slowing aging, promoting flowering, and deepening the
plants' green color. Nonetheless, these researchers
(1967c) felt that unambiguous proof for enhancement of
plant development by captured prey inputs had only been
given for Drosera and Utricularia.

Chandler and Anderson (1976) similarly experimented

with species of Drosera, growing plants in sand cultures
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deficient in nitrogen, sulfur, phosphorous, or the micro-
elements, and feeding with Drosophila. Using D. binata
Labill., they found that optimal growth occurred with
insect supplements and a nitrogen-deficient medium, while
added nitrate inhibited growth. Chandler and Anderson
found increased growth in D. whittakeri Planch. when
flies were given to plants lacking root access to any
nutrients or to inorganic sources of nitrogen and sulfur,
but not in plants denied phosphorous or microelements.
However, Drosophila supplementation did cause increased
phosphorous tissue concentrations on phosphorous
deficient and complete media.

For another tuberous species of sundew, Drosera
erythrorhiza Lindl., Pate and Dixon (1978) found
Drosophila to be an effective source of nitrogen and
phosphorous.

Fabian—-Galan and Salageanu (1969) observed
translocation of carbohydrates and amino acids from prey

to the plant in Drosera capensis L., and from prey in
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mature traps to growing points in Aldrovanda vesiculosa
L., but not from young traps.

Christensen (1976) found that Sarracenia flava L.
plants deprived of soil nutrients and prey were fairly
small and showed some chlorosis. Plants grown on poor
soil and fed insects had increased tissue concentrations
of nitrogen and phosphorous, but not of calcium,
magnesium, or potassium. Plants grown with abundant
fertilizer and given insects did not show increased
tissue concentrations relative to plants grown with
fertilizer but not given insects. Christensen
hypothesized that insectivory may interfere with nutrient
uptake when nutrients are abundant.

Hermann, Platt, and von Ende (1987, pers. comm.)
found increases in growth and clone numbers in S. flava
plants that were fed. They did not observe effects
until a year or more had elapsed but suggested the
impacts of withholding prey could be ameliorated by the

underground storage organ this species possesses.
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Plummer and Kethley (1964) observed absorption of
amino acids, peptides, and other nutrients from prey by
leaves of S. flava. They decided that the gains from
carnivory may be greater for immature plants than for
adults.

Roberts and Oosting (1958) reported that various
previous experiments on Dionaea muscipula Ellis were
inconclusive, and found that fed plants in their study
showed more vigorous vegetative growth, but that unfed
plants watered with distilled water did better than unfed
plants watered with an inorganic nutrient solution
(excessive concentrations or wrong proportions of
nutrients were suggested as a possible cause.)

Observers of Utricularia, like those of terrestrial
carnivorous plants, have noted more vigorous growth in
plants which capture prey. Skutch (1928) reported that
putting asparagin, albumen or flesh extract into bladders
with pipettes resulted in increased chlorophyll in

bladder antennae and larger bladders (including "giant"
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bladders in U. wvulgeris that measured 6.2 mm in length).
Also, several adventitious shoots arose from the leaves
bearing treated utricles. Another consequence of the
artificial feeding was formation of two bladders per
stalk and stimulation of leaf apices to form bladders.
Skutch recorded the results of Biisgen's (1888) feeding
trials as well: treated Utricularia vulgaris plants were
longer and developed more leaves than unfed plants, and
in one series of experiments, untreated plants formed
unseasonal turions while fed plants grew well.

One of the classic feeding studies of Utricularia was
undertaken by Pringsheim and Pringsheim (1962). Their
U. exoleta R. Braun plants showed good vegetative growth
in inorganic nutrient solutions but only flowered if
organic compounds were added (peptone and meat extract).
Pringsheim and Pringsheim (1967, in Sorenson and Jackson,
1968) further found peptone and beef extract necessary
for good vegetative growth in U. minor L. and

U. ochroleuca R. Hartman, but could not induce flowering
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with organic additives.

Sorenson and Jackson (1968) experimented with
U. gibba L. in magnesium- and potassium-deficient and
complete media, and fed paramecia to some plants. They
discovered that feeding did not cause a growth increase
in plants in complete media and only caused a small
increase in plants in the magnesium-deficient media.
However, fed plants in their potassium study, in both
complete and incomplete media, did elongate significantly
more than unfed plants. Paramecia treatments also
increased the number of internodes, and allowed formation
of more bladders, but the latter result was confounded
by differing intensities of algal infection which caused
bladder abscission. Sorenson and Jackson's experiments
supplied live prey, so that utricles were activated in
the study, which was not the case in other research
reviewed here.

Dore Swamy and Mohan Ram (1969, 1971) grew U. inflexa

Forsk. axenically and tried adding beef extract, casein
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hydrolysate, peptone, tryptone, and yeast extract. All
of these organic nitrogen sources enhanced vegetative
growth, but depressed flowering, and yeast extract
completely inhibited flowering. Dore Swamy and Mohan Ram
observed flowering with and without glycine in the
medium, and concluded that animal protein is not
necessary for flowering in U. inflexa. They also found
that beef extract, casein, and tryptone delayed bladder
abscission, while high light (6000 lux) promoted bladder
reddening and abscission. Mohan Ram, Harada, and Nitsch
(1972) confirmed that U. inflexa could use nitrate as

its nitrogen source.

Harder (1963), raising U. exoleta in a mineral
nutrient solution and treating some plants with
autoclaved Daphnia infusions, found that untreated
plants became dormant, while supplemented plants
flowered. Peptone extract also induced flowering. He
inferred that natural carnivory is not a strategy for

nutrient assistance, but rather a source for
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reproductive cycle requirements. Harder and Zemlin
(1967a), however, induced flowering in U. stellaris L.
without animal supplements.

Harder (1970a) tried various proportions of nutrient
solution and autoclaved Daphnia (ranging from 18 to 4500
Daphnia per 100 ml of solution) on five species of
Utricularia, and found increases in dry weights of
U. minor, U. exoleta, and U. ochroleuca when 300 or more
Daphnia were administered. Daphnia decoctions induced
flowering in U. exoleta, but no flowering was observed
for U. wvulgaris, U. minor, or U. ochroleuca whether or
not these species were "fed".

Johnson (1987) noted that absorbed nutrients were
rapidly moved to the growing points of Utricularia, and
Coleman, Lollar, and Boyd (1971) found quick movement of
phosphorous from bladders to stems and leaves when
U. inflata Walt. plants were exposed to radioactively
labelled ostracods. They also stated that the

carnivorous absorption pathway is probably more
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important than the foliar absorption route only in
infertile waters.

Harder and Zemlin (1967c) addressed the possibility
of carnivorous plants using carbon from captured prey.
They found that growth in U. stellaris, U. exoleta,

U. minor, U. ochroleuca, and U. wvulgaris was

enhanced by saccharose and glucose, and to a lesser
extent by fructose, maltose and cellobiose. Flowers were
more abundant on plants grown in solutions with added
sugar. These effects were seen in plants grown under
light and dark conditions, but were more apparent in the
light-cultured plants. Harder (1970a) determined that
sugar added to nutrient solutions had a greater effect
on growth and flowering in these five species than did
Daphnia decoctions. Harder and Zemlin (1967b) found
growth promotion by sugar in a non-carnivorous submerged
aquatic, Apogoneton distachius, as well. Harder (1970b)
observed dry weight increases in U. minor plants grown

in an inorganic solution and beef extract when sugar and
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acetate were added. The extent of the increase depended
on concentrations of the sugar and acetate: more acetate
allowed lower sucrose concentration for maximum effect
and vice versa. With sucrose supplementation, he also
recorded growth in plants held in darkness, albeit less
growth than in plants exposed to light.

Similarly, Dore Swamy and Mohan Ram (1969) found that
increased sucrose levels in growth media for U. inflexa
resulted in development of lateral branches by release of
apical dominance, and that higher levels of sucrose
induced morphological change: 6% caused bushy plants
with short internodes, and 8% caused bushy, dark green
plants with small pigmented bladders and reduced
flowering. On the other hand, they (1971) recorded poor
growth in plants grown in darkness on a medium including
sucrose and glycine: small leaves, light green
coloration, and elongated stems. Bladders, however,
were no different from those of light-grown plants.

For Drosera, Chandler and Anderson (1976) determined
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by low level light experimentation that insects were not
an important carbon source.

In summary, the literature on plant feeding research
suggests that carnivorous plants derive nitrogen,
phosphorous, sulfur, and some micronutrients from their
prey, but that the actual nutrient of greatest importance
depends on the species and the environment. Further, the
necessity of ancillary resources for completion of the
life cycle also depends on species and habitat. Lastly,
some carnivorous plants can use the carbon skeletons of
prey, but none have been found to survive without

photosynthesis.
II. Constraints and Confounding Factors

In the literature, there has also been some mention
of constraints on the benefits of carnivory, and of
factors confounding the demarcation of such gains.
Moeller (1978) noted that carbon may be limiting for

Utricularia purpurea Walt., which does not use
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bicarbonate. Thus, experiments which do not provide
sufficient inorganic carbon in a form the experimental
species can use may not find the growth increases
expected from insect dietary additions.

Botta (1976) listed species of cyanophytes that
survive indefinitely in bladders of Utricularia obtusa
Sw., U. platensis Speg., and U. foliosa L., and
Bosserman (1983) mentioned nitrogen fixation by
periphyton associated with U. purpurea, U. juncea Vahl,
and U. inflata. Wagner and Mshigeni (1986) measured
nitrogen fixation by epiphytes and bladder-dwelling algae
of U. inflexa and suggested the process is intensive
enough to give the association potential as a
biofertilizer. They also raised the possibility of
nitrogen contributions to Utricularia by heterotrophic
bacteria. Consequently, Utricularia and other aquatic or
phytotelm (water-holding) carnivorous plants may have a
third nitrogen source.

Rossbach (1939) reported that Utricularia species of
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northern regions which form turions usually develop fewer
flowers than their more southerly conspecifics, and only
infrequently produce fruit. Thus turions may be resource
sinks not considered in feeding experiments. Similarly,
Skutch (1928) explained that the turion food supply may
compensate for prey inputs in recently sprouted plants,
another factor to be considered in analysis of feeding
experiment results. Tubers as nutrient sources and sinks
in Drosera erythrorhiza were noted by Pate and Dixon

(1978).

The photosynthetic contribution of trapping organs
(Hegner, 1925; Littge, 1983) also confounds cost/benefit
analyses.

Lastly, Moeller (1980) discussed the effects of
temperature on growth in U. purpurea, and Maier (1979)
showed effects of light intensity on production in
U. wvulgaris. These and other environmental factors
interact with substrate fertility and prey nutrient

inputs to produce observed growth and development of
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plants.

III. Evolutionary Aspects

Some recent papers have explored models for the
evolution of carnivory and attempted to conduct
cost/benefit analyses. Thompson (1981) compared
insectivory with myrmecophily (ant—-fed plants),
suggesting both nutrient supplementation strategies
evolved in response to similar ecological conditions.
He noted that insectivory is advantageous in moist,
low nutrient habitats, since such species use water
freely in glandular secretion and absorption processes,
while epiphytic myrmecophily is the workable design for
open canopy forest sites where dryness prohibits
insectivory.

Benzing (1986) agreed that ecological factors limit
carnivorous plants to moist, exposed habitats, where
photosynthesis is not limited and costs for secretory

lures and other trapping implementia are not excessive.
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He further stated that myrmecophily is a less costly
strategy and therefore found in more stressful habitats.

Juniper (1986) postulated that the origins of
carnivory are polyphyletic, and present convergence
represents a limited number of techniques to compensate
for habitat sterility. He noted that elements of the
suite of carnivory characters are found in many other
plants, and only in situations where carnivory would be
advantageous did the entire syndrome evolve.

Bloom et al. (1985) applied economic theory to
calculate how plants should develop in order to maximize
growth in their environments, and pointed out the
necessity of considering nutrients and water as currency
as well as carbon--the usual base for analysis. They
deduced that carnivory occurs when stocks of water and
nutrients are imbalanced. Growth in nutrient-poor
environments must be slow, but plants of these habitats
adjust for their supply levels and are less flexible in

allocation patterns than are plants of more fertile
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habitats. Nutrient-starved plants were also predicted to
show less sequestering of resources for sexual
reproduction.

Givnish et al. (1984) suggested the main advantage of
carnivory is increased photosynthesis via mineral
nutrient supplementation allowing increased
photosynthetic rates and/or increased numbers of
photosynthetic units. They hypothesized that
photosynthetic benefits will level out when factors other
than nutrients become limiting. This supports the rule
of thumb mentioned earlier, that prey capture is most
advantageous in the least rich sites. Givnish et al.
concluded that the greatest benefits of carnivory will
accrue to plants in moist, sunny, low nutrient habitats,
while in dry or shaded low nutrient habitats, benefits
will be less and level out sooner.

Benzing (1987) added that carnivory is rare because
capture and absorption of prey is not an economical way

to supplement nutrient uptake in most environments.
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These "generally unfavorable energetics" also prevent

carnivorous plants from being vast, dominant communities.
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Chapter Four

Study Sites

Plants and turions were collected in Flathead and
Lake Counties of Montana. Sites varied in size, water
chemistry, plant species composition, and size and vigor
of Utricularia vulgaris populations. Turions for
laboratory experimentation were collected from three
sites: East Bay of Flathead Lake, McWenneger's Slough,
and Tykeson Pond; plant materials from these as well as
three other sites were examined: Daphnia Pond, Loon
Lake, and "Tykeson's Kettle". Locations of these sites
are shown in Figure 3.

East Bay, Flathead Lake, is a shallow, marshy area
with numerous aquatic plant species including Hippurus
vulgaris L., Myriophyllum spicatum L., Potamogeton Spp..,
Ranunculus sp., Typha latifolia L., Utricularia minor,
and U. vulgaris (nomenclature follows Dorn, 1984).

Water in East Bay is clear beyond the depths at which

Utricularia is found. Flathead Lake is classed as
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Figure 3: Study Site Locations
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East Bay, Flathead
Lake

Lake County

T22N R19W Sec. 5-6

McWenneger's Slough
Flathead County
T28N R20W Sec. 6

Tykeson Pond
Lake County
T26N R19W Sec. 16

Daphnia Pond
Lake County
T26N RI9W Sec. 1

Loon Lake
Lake County
T26N R19W Sec. 10

"Tykeson's Kettle"
Lake County
T26N R19W Sec. 15
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oligo-mesotrophic (Stanford, Stuart, and Ellis, 1983),
but East Bay itself is probably mesotrophic. (This
classification, and the trophic levels for the other
sites, are based on one-time water chemistry
measurements, including conductivity, pH, alkalinity,and
dissolved oxygen, as well as on water color and
hydrophyte species composition.) The substrate is sandy
in open water, silty under Typha stands. U. wvulgaris
is found in several locations within East Bay: among the
Typha stands, in open, shallow water near Typha, and
in windrows with other floating macrophytes and detritus.
U. wvulgaris is not a dominant plant in this site
(cover 5 to 25%), but is found in small patches.
McWenneger's Slough is a large shallow slough, wooded
on the southeast, open to the north and west, which
contains a luxuriant, diverse plant assemblage. Besides
U. minor and U. wvulgaris, species found in the slough
include: Carex spp., Ceratophyllum demersum L., Chara

sp., Elodeanuttallii (Planch.) St. John, Lemna trisulca
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L., L. turionifera L., Myriophyllum spicatum, Nuphar
lutea L., Polygonum amphibium L., Potamogeton spp.,
Sagittaria sp., Scirpus sp., Spirodela polyrhiza (L. )
Schleiden, Typha latifolia and Wolffia columbiana
Karsten.

The summer Secchi disk transparency is 0.5 m, and the
water is meso- to eutrophic. The substrate is coarse
and sandy in some places, a thick silt in others.
U. wvulgaris grows at various depths in the Slough, among
the other macrophytes. Plants are large and healthy,
growing in patches, varying from 25 to 50% cover. Of the
sites described, and others in Lake County that were
visited, McWenneger's Slough is the mother lode for
U. wvulgaris-—plants are by far the largest, longest, and
most vigorous there.

Tykeson Pond is a small, shallow, somewhat dystrophic
pond surrounded by open forest to the south and east and
by iogging roads to the north and west. It is dominated

by Menyanthes trifoliata L., and also hosts Carex spp..
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Lemna turionifera, Nuphar lutea, Phalaris arundinacea L.,
Potamogeton natans L. and other Potamogeton spp.,

Potentilla palustris (L.) Scop., and U. vulgaris. The

water is soft and dark, with a summer Secchi depth of
0.25 m. Sediments are peaty, brown, and coarse.

U. wvulgaris grows densely with 50 to 75% cover.

Daphnia Pond is also small and shallow, a late
successional pond dominated by the emergent plants
Phalaris arundinacea, Scirpus sp., and Typha latifolia.

Other macrophytes in Daphnia Pond include: Ceratophyllum
demersum, Lemna turionifera, Myriophyllum spicatum,
Nuphar lutea, Polygonum amphibium, Potamogeton natans L.
and other Potamogeton spp., and U. wvulgaris. The summer
Secchi depth in the dark, dystrophic water is 0.18 m.
At the steep bank edges, the substrate is gravelly, but
in most areas there is an organic, mucky bottom.

U. wvulgaris seems localized in distribution in
Daphnia Pond, contrary to reports from earlier years

(Sheldon, 1987, pers. commun.). During 1987, U. wvulgaris
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occurred in the south end of the pond, among the Typha
stems and in openings in the emergent stands. Plants

grew singly in the cattails and in small groups in the
openings, with cover increasing from 5 to 25% to 25 to
50% respectively.

Loon Lake is a forested lake with an extensive mat
developing on the northwest side. Aquatic vegetation is
characterized by Carex spp., Chara sp., Elodea canadensis
Michx., Myriophyllum spicatum, Najas flexilis (Willd.)
Rost. and Schmidt, Nuphar lutea, Polygonum amphibium,
Potentilla palustris, Scirpus sp., Typha latifolia and
U. wvulgaris (with U. minor as well, on the mat). The
water is clear to the depths at which U. wulgaris is
found, about 0.80 m, and the lake is mesotrophic. The
substrate is silty and marl is present. U. wvulgaris
grows singly, and is scattered, with a cover ranking of
1 to 5%.

"Tykeson's Kettle" is an unnamed, more or less

mesotrophic, sunken pond in the forest adjacent to
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Tykeson Pond. Much of its surface is covered thickly by
Lemna turionifera; other macrophytes present are Chara

sP., Myriophyllum spicatum, Nuphar lutea, Phalaris

arundinacea, Potamogeton spp., and U. vulgaris. Where

there is no Lemna, the summer Secchi depth is 0.5 m. The
sediments are brown, organic and silty. U. wvulgaris

grows in small patches, 5 to 25% cover.

All sites described, except McWenneger's Slough, have
been created or affected by glacial activity; the Slough
is an artifact of meanders of the Flathead River (Alt and
Hyndman, 1986). All six areas are subject to ice
formation in the winter, and East Bay is also subiject to
major water level fluctuations due to drawdown for
hydroelectric purposes. East Bay further differs from
the other sites in being the only one which is influenced
by water inputs other than ground water and
precipitation, i.e. the others have no inlets or outlets.

Climate is similar for all sites, a "modified North

Pacific Coast type", with one-half the annual
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precipitation falling between May and July (NOAA, 1985).
The mean yearly maximum temperature is 55.8 °F, the
yearly minimum is 33.0 °F. Precipitation averages

15.36 inches per year, excluding an average 50.8 inches
of snow. Annually, about 71 days are clear, 80 partly

cloudy, and 214 cloudy (Kalispell, Montana averages;

NOAA, 1985).
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Chapter Five

Methods and Materials

I. Summer Field Collection

I gathered intact plants of Utricularia vulgaris
at six sites (Fig. 3) in late July and August of 1987,
and transported these samples in local water. Within a
few days of collection, I determined the following for
the sample plants: stem diameter at one representative
point, length of plant or shoot section (some plants were
broken during handling), number of leaves (leaflet pairs)
per plant, and number of primary bladders per leaflet
for at least 13 leaflets on each plant. Although I
counted bladders for the current year's growth of each
plant, with handling, some bladders abscissed.
Consequently, I estimated the potential number of
bladders per leaflet based on a growth pattern discerned
from previous observations. I did not count stem

bladder or secondary bladder positions since their

L7
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presence and number are more variable than those of
primary bladders, and since some of them had abscissed
also.

I computed summary statistics for the variables
measured and for indices computed from them: leaflet
pairs per cm of stem, number of bladders (or positions)
per plant (average bladders per leaflet x two leaflets
per leaf x total leaves) and bladders (or positions) per
cm of stem (total bladders/length). I drew boxplots for
these variables for each site, and conducted a
multivariate analysis of variance (MANOVA).

My data were quite variable and may have violated the
MANOVA assumptions, depending how conservatively one
follows the assumption guidelines (Ott, 1984; Patterson,
1988, pers. comm.). Specifically, the variance was not
common to the different sites, and this inequality was
made worse by the small and unequal sample sizes.
Samples were neither random nor independent. The

assumption of normal distribution for each variable in
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the population was probably adequately met. Because the
assumptions of parametric statistics may not have been
met, I also conducted a nonparametric MANOVA.

Because of the small sample sizes, I could not test
for differences among populations for all variables
measured (Patterson, 1988, pers. comm.). I chose four
variables that would roughly indicate development of PCT
versus other tissues and allow testing of my allocation
hypothesis: bladders per leaflet, per plant and per cm,
and leaflet pairs per cm. In my laboratory experiments,
I used slightly different, more appropriate, indicator
variables for PCT development, but I did not have the
necessary data to compute these indicators in the Summer
Field Collection.

I assumed that dissolved inorganic nutrient levels
regulate allocation of resources to PCT, while
carnivorous nutrient inputs control the amount of growth
within the allocation framework. Plants receiving many

nutrients via the carnivorous pathway might be expected
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to decrease allocation of resources to PCT if overall
(i.e. foliar and carnivorous) nutrient uptake was the
regulating mechanism. However, the limited lifespan of
traps suggests this is not the case. Bladders, for
example, darken and decay with use, and Dionaea leaves
may only catch three insects before becoming inactive
{Slack, 1979).

A plant stimulated by low substrate nutrient
availability to produce many traps will continue to be
stimulated to allocate resources to PCT. The quantity of
nutrients reaped by these traps will affect the amount of
growth the plant can complete, and whether or not it can
flower. Thus, carnivorous plants growing in nutrient-
poor sites which have large populations of potential prey
should exhibit high levels of PCT, but also be large-
sized.

For Utricularia vulgaris, and other aquatic
carnivorous plants, sites with few dissolved nutrients

usually also have low prey populations. Accordingly,
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based on my allocation hypothesis, I expected the
greatest numbers of bladders per cm to occur in plants
collected from the poorest sites. I expected bladders
per plant to be highest in the largest plants, i.e. those
from the richest site. Numbers of leaflet pairs per cm
and bladders per leaflet should be intermediate for
plants from both nutrient-poor and nutrient-rich sites,
since good growth increases numbers of leaflet pairs and
bladders per leaflet, while allocation to PCT does so as
well.

Anomalous sites with low dissolved nutrient levels
but high potential prey populations should produce
U. wvulgaris plants with fairly high values for all four
indices. I did not examine prey availability at any of

the sites.

II. Common Garden Experiment

In October, 1987, I collected Utricularia vulgaris

turions from East Bay and McWenneger's Slough, by
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severing the persistent stem of the summer growth 2-3 cm
from the turion base. I selected plants haphazardly and
took one (occasionally two) turions per plant. I
transported the turions in local water in an insulated
container.

I later rinsed the turions in tap water to remove
algae, detritus, and mucilage, and placed them into
aquaria filled with distilled water (separated by
site). I put the aquaria into a controlled temperature
room {CTR) where turions were exposed to about 450 ft-c
fluorescent and incandescent light (General Electric
light meter type 214) on a 14 hour photoperiod, with the
temperature set for 30 °C. The dormancy-breaking
procedure closely followed Winston and Gorham (197%a).

I added distilled water as needed to keep turions
submerged. Turions from McWenneger's Slough developed
rampant algal coverings which I removed by rubbing and
rinsing.

Due to temperature control difficulties, in one week
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I moved the turions to a growth chamber (Percival model
PT80) set for the same conditions, but with 850 ft-c of
fluorescent and incandescent light.

When sufficient turions had begun to sprout
(approximately 2 weeks after collection), I began the
Common Garden Experiment. I placed nine sprouted turions
from East Bay and nine from McWenneger's Slough into two
trays (33.5 x 26 x 8.5 cm), one for each site, filled
with nutrient solution.

I used Pringsheim and Pringsheim's (1962) nutrient
solution throughout the growing period for this
experiment, diluted to one-half strength to slow algal
growth (Knight, 1987, pers. comm.). The nutrient
solution formula by weight, in distilled water, is:

KNO3 0.02%

(NHy ) oHPOy 0.002%

MgsOy . 7H50 0.001%

CasOy (saturated)2 ml/100

Minor element solution 1 ml/100

Minor element solution:

EDTA 0.02%
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FeSOy.7H,0  0.07%

ZnSOy.7H0 0.001%

MnSOy.1H,0 0.0002%

CuSOy.5H,0 0.0000005%

H3BOy 0.001%

Co(NO3),.6H00.0001%

NajMoOy.2H,0 0.0001%.
Pringsheim and Pringsheim's solution uses MnSOy.4H50;
I substituted MnSOy.1H,0 because it was more readily
available. Approximate pH values for the nutrient
solution were: 6.4 for one-half strength, (Orion
Research Digital Ionalyzer/501), 6.3 for full strength,
and 6.7 for one-tenth strength (the latter strengths were
used in the Diet Experiment, described below).

The turion trays were kept in the CTR, set at 24 °C
during the day, and 18 °C at night, under about 400 ft-c
of fluorescent and incandescent light. I later
transferred the plants to larger containers (53 x 23 x
14 cm).

I started a replicate of this experiment one week

later, when more turions had sprouted, using 14 East Bay

plants and 14 McWenneger's Slough plants in 46 x 24 x 15
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cm aquaria. Complete experimental design is shown in
Figure 4.

Nutrient solution was added whenever needed to
maintain levels, and nutrient solution was changed
completely once in the Replicate 1 aquaria to control
algal growth. ANo prey were offered to plants in this
experiment.

After four weeks of growth I took a series of
measurements on each plant: stem diameter at one
representative point on each branch longer than 3 cm, or
at three points along the stem if single-stemmed; length
for each segment; number of leaflet pairs per segment;
length of ten healthy, mature leaflets; number of
bladders on 15 representative leaflets. Bladders tended
to fall off with algal infection and handling, so I
estimated the potential number of primary bladders per
leaflet as before, again not counting stem or secondary
bladder positions. I recorded wet (blotted) weights for

each plant (Ohaus model B300 electronic digital scale)
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Figure 4. Experimental Design for the Common Garden Experiment

Site of Turion

Collection East Bay McWenneger's Slough
Replicate 1 1
Experiment
ran from
10/28-11/27 9 turions 9 turions
Replicate :

Experiment 2 2
ran from
11/4-12/5 14 turions 14 turions

Modified Pringsheim and Pringsheim (1962) nutrient solution at
one-half strength and no prey for all treatments.

A1l treatments were exposed to summer conditions: 24 ©C day, 18 ©C
night, 14 hour photoperiod, approximately 400 ft-c for four weeks.
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and noted presence or absence of new turions.

I measured each plant in a large white enamel tray,
with the plants in shallow water. Measurement precision
was lowered by the water and by the flimsy nature of the
plants. I dried all plants for about 24 hours at 35 °C
and recorded dfy weights.

I repeated the measurement process for plants in the
second replicate experiment after they had grown for four
weeks.

For both replicate experiments, I calculated summary
statistics by site. I used the variables of the Summer
Field Collection, plus leaflet length and bladders per
gm (total bladders/dry weight). I also drew boxplots
for the variables, for each site and each replicate. I
analyzed the effects of independent variables (collection
site, replicate experiment) on dependent variables
(morphological measurements) using MANOVA, in order to
consider overall variation simultaneously (Patterson,

1988, pers. comm.).
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Since my data base was small, I again chose four key
variables for the MANOVA: 1leaflet length, leaflet pairs
per cm, and bladders per cm and per gm. If developing
turions respond primarily to ambient conditions,
there should be no significant differences between sites
for these variables. However, if developing plants
retain site-specific traits, it would be more difficult
to test PCT predictions. Based on my allocation
hypothesis, I expected plants grown from turions from
sites thought to be low in nutrients to have higher
numbers of bladders per cm and per gm (standardized
measures of PCT development). I also expected these
plants to have intermediate numbers of leaflet pairs per
cm (leaflet pairs per cm can indicate good growth and/or
PCT development) and shorter leaflets (leaflet length
indicates general good growth). I expected turions from
sites thought to be rich in nutrients to grow into
plants with long leaflets, intermediate numbers of

leaflet pairs per cm, and few bladders per cm and per gm.
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Where the MANOVA showed an interaction between
variables, I drew profile plots, using the means for each
site and replicate experiment for the variables in
question. Once again, my data and sample sizes were not
in strict adherence to MANOVA assumptions, so I conducted
nonparametric tests,

I used the categorical variable, presence or absence
of new turions, to further verify the plants' capacity
for response to ambient conditions. Presence or absence
of new turions would also indicate the suitability of the
growing conditions.

For this variable, I computed a chi-square test for
replicate experiments separately and in combination. I
also calculated Cramer's V (same as phi for the combined
replicates), and the contingency coefficient. When the
four treatments were considered separately, 25% of the
cells had expected frequencies less than five, which
makes chi-square accuracy, and that of the related

statistics, borderline. Accordingly, I computed lambda,
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a statistic based on proportional reduction of error

(Noru¥is, 1986).
III. Diet Experiment

In late October, 1987, I collected Utricularia
vulgaris turions from Tykeson Pond and McWenneger's
Slough. Some turions were allowed to germinate in
distilled water under high temperatures, following
methods outlined in the Common Garden Experiment. I
rinsed the rest and refrigerated them at 1-3 °C.

After two weeks, many McWenneger's turions had
sprouted and I began the Diet Experiment. Germination
of Tykeson turions was sporadic and unsuccessful, so
these turions were not used. I placed nine McWenneger's
sprouts in each of six treatment trays (33.5 x 26 x 8.5
cm), dividing turions so that each tray had plants of
approximately equal size and developmental stage.

These trays were Treatments 1-6 in the experimental

design shown in Figure 5. Trays contained about 5 1 of
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Figure 5. Experimental Design for the Diet Experiment, Showing

Treatment Number

Nutrient Solution Strength

full

1
0
7
5
10
9
2
100
8
fall

All trays were exposed to summer conditions:
14 hour photoperiod, approximately 850 ft-c for four weeks,
variety of growth chambers and controlled temperature rooms.

15

21

14

20

13
19

winter

one-tenth

3

10

12

L

11

fall

Experimental Season

18
24

17
23

16

22

winter

61

240C day, 18°C night,

Treatments 5-12 started one week after Treatments 1-4,

Treatments 13-24 started eleven weeks after Treatments 1-L4.

Treatments 13-18 were for turions collected from Tykeson Pond, all

other treatments were for turions collected from McWenneger's Slough.
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one~tenth or full strength concentrations of the nutrient
solution used in the Common Garden Experiment (Pringsheim
and Pringsheim, 1962). One week later, I started
replicate treatments, again using nine McWenneger's
Slough turions per tray. These trays were Treatments
7-12.

I added nutrient solution when needed to Trays 1-12
and fed them weekly, by adding the appropriate number of
Daphnia to each tray and briefly stirring the tray
contents. Plants slated to receive no prey were treated
identically to plants offered prey.

Treatment Trays 1-6 had to be moved several times
from one growth facility to another. In addition, my
initial feeding method (modelled after Sorenson and
Jackson, 1968) proved to be too stressful for the fragile
plants. Hence, I did not use data from plants in these
trays in statistical tests.

Algal growth in all 12 trays was problematic, and

when necessary, I changed nutrient solutions entirely
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and scrubbed trays. I also removed algae by floating
paper towelling on the solution surface and discarding
the towelling with adhered algae. The solution of some
trays was filtered with a fish aquarium system.

After four weeks of growth, I terminated the
experiment and took measurements as I did in the Common
Garden Experiment. I did not weigh individual plants,
but recorded wet and dry weights for each treatment
tray. I divided the tray dry weights by the number of
experimental plants per tray to estimate individual plant
weight, and divided that weight into the tray mean for
bladders per plant to calculate bladders per gm.

Nine weeks after Treatments 7-12 were begun, I
removed McWenneger's Slough and Tykeson Pond turions
from refrigeration and put them under high temperatures
to break dormancy. After about one week, I used these
sprouts for Treatments 13-24 in Figure 5. I used eight
Tykeson sprouts per tray for Treatments 13-18, and nine

McWenneger's sprouts per tray for Treatments 19-24.
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After four weeks, I ended this portion of the experiment
and recorded data as described in the Common Garden
Experiment. I again computed summary statistics and
drew boxplots for the variables.

I used Trays 7-12 and 19-24 to compare differences
in season of turion germination as well as nutrient
solution and feeding treatment differences. I used Trays
13-24 to compare the effects of collection site and
treatments, in effect, a second, more complex common
garden experiment. The four key variables I chose for
MANOVA were the same as for the Common Garden Experiment,
except that I did not use bladders per gm since I did not
have weights for individual plants. 1Instead I used
bladders per leaflet. I ran MANOVA on Treatment Trays
7-24 for the four variables, and on the ranks for these
variables, and plotted profiles using tray means where
interactions between factors were indicated.

For the trays acting as a common garden experiment, I

expected variables to have high, medium, or low values
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as described in the Common Garden Experiment section.

For trays used to examine effects of nutrient
solution strength and feeding regime, I expected turions
grown in one-tenth strength solution to develop as plants
from nutrient-poor sites: short leaflets, intermediate
numbers of bladders per leaflet and leaflet pairs per cm,
and many bladders per cm. For turions grown in full
strength nutrient solution, I expected long leaflets,
intermediate numbers of bladders per leaflet and leaflet
pairs per cm, and few bladders per cm. I expected
increasing prey availability to increase growth, but not
to change the relative extent of the indicator variables,
as explained in the Summer Field Collection section.

I calculated the chi-square statistic for presence or
absence of new turions in Trays 1-24, as well as
Cramer's V and the contingency coefficient. Since a
majority of the cells had expected frequencies less than
five, I also calculated the lambda statistic.

In this study, I intended for light, temperature and
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photoperiod conditions to be identical for all treatment

trays. However, due to the necessity of using several

controlled environment facilities, conditions were not
identical, and the extent of fluctuation varied also.

The variation between treatment conditions confounds

interpretation of experimental results.
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Chapter Six

Results

I. Summer Field Collection

Utricularia vulgaris plants from the six sites had
definite differences in growth forms and size. The
effect of site of origin was significant at p = 0.000 for
each of the four key variables: bladders (or positions)
per leaflet, leaflet pairs per cm, bladders per plant,
and bladders per cm. Summarized results of the
multivariate analysis of variance, and of the MANOVA on
the ranked variables, are shown in Table 1.

Summary statistics for the variables measured are
shown in Tables Al-A3, and boxplots for each variable,
Figures Al-A7, show the extent of variation between and
within sites (Appendix A). The complete MANOVA results

are also given in Appendix A, in Tables A4 and AS.

II. Growth under Laboratory Conditions

67
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The Utricularia vulgaris plants did not grow
particularly well under laboratory conditions. Treatment
trays and aquaria were susceptible to algal infections
(mostly Chlamydomonas and Euglena types), which seemed
to increase fragmentation in the plants. Some trays
developed unidentified fungal and/or rotifer or small
invertebrate scums. Growth periods longer than four
weeks were desirable, but plant health was prohibitive.

Growth forms varied from long, delicate, hair-like
leaves to stunted, flatter, thicker, coarser leaves along
the same stem. Shoots grew from the tips of turion
leaves as well as in one to several directions from the
old stem axis. Plant color varied from light to dark
green, with McWenneger's Slough plants darker than those
from Tykeson Pond and East Bay. McWenneger's plants
were also more massive and more mucilaginous than plants
from the other sites.

Bladders originated on all plants but did not persist

and did not develop to maturity in many cases. The
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degree of algal infection seemed positively correlated to
bladder abscission, as Sorenson and Jackson (1968) noted.

Leaves that had been part of the turions extended and
were clearly distinguishable from newly developed leaves.
These old turion leaves did possess some bladders. The
old turion end of many plants darkened and decayed into
fragile, slimy pieces.

Germination of collected turions was quicker in
January than in November. Plants from all three
collecting locations formed new turions during the

experimental period.
III. Common Garden Experiment

When grown under common conditions, the Utricularia
vulgaris plants from East Bay and McWenneger's Slough
showed differences in morphology similar to those
observed in mature plants collected from the field. For
some of the variables measured, differences seemed to be

increased or reduced relative to differences observed in

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



field-collected plants, but this was not tested
statistically.

Summarized results from parametric and nonparametric
MANOVA on the four key variables (leaflet length,
bladders per cm, leaflet pairs per cm and bladders per
gm) are shown in Table 2. There were no significant
differences between the two replicate experiments for
any of the variables, while the effect of collection site
was significant for all variables in parametric and
nonparametric tests except bladders per ¢cm. In addition,
a significant interaction occurred between the site and
replicate factors, which confounds the magnitude of the
site effect. The interaction was only important (i.e.
intersecting rather than off-parallel profiles) for the
bladders per cm variable. The profile plot for this
interaction is shown in Figure Bl12 (Appendix B).
According to the ranked MANOVA, the interaction was also
fairly important for the variables leaves per cm and

bladders per gm (0.05 < p < 0.10).
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For the one categorical variable measured, presence
or absence of new turions, there was no relationship
between site of origin and development of turions when
replicates for each site were analyzed together. When
the four sets of plants were examined separately, the
chi-square value was significant, and the other
statistics of association supported this. Statistics
for this variable are given in Table 3.

Summary statistics for variables for each site are
given in Tables Bl-B4 (Appendix B). Boxplots for these
variables, Figures Bl1-Bll (Appendix B), display the
extent of variation between sites and between replicates
of the experiment. Tables B5-B10 in Appendix B show the
complete MANOVA results.

The correlation between wet and dry final weights for

each plant was 0.89.
IV. Diet Experiment

In the Diet Experiment, the greatest differences in
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measurements were due to plants originating from
different sites. Like the mature plants collected from
the field, plants grown from turions from Tykeson

Pond were smaller in leaflet length, and had fewer
bladders per lgaflet, but had more leaflet pairs and
bladders per cm than the McWenneger's Slough turions
(bladders per cm was not significantly different in field
plants; Tables Cl1-C3, Figs. C2, C3, C6, C8, Appendix

C). Again the degree of difference between sites seemed
to change for lab-grown plants relative to field-
collected plants.

The site effect was statistically significant, as
summarized parametric and nonparametric MANOVA results
show for Trays 13-18 (Tykeson Pond) and Trays 19-24
(McWenneger's Slough; Table 4). An interaction
occurred between feeding regime and collection site for
these 12 treatment trays, but was only important for the
bladders per cm variable in the full strength solution

treatment. The profile plot for this interaction is
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shown in Figure C9 (Appendix C). For the other three
key variables, all the interaction profiles showed only
slight departures from parallel, as may be seen on the
boxplots (Figs. C2, C3, and C6, Appendix C).

For plants grown from turions collected only from
McWenneger's Slough, bladders per leaflet and per cm
differed significantly between experimental seasons.
Feeding regime and nutrient solution strength did not
have statistically significant effects on any of the
variables used as indicators of growth and PCT
development. Summarized results of parametric and
nonparametric MANOVA for Treatment Trays 7-12 and 19-24
are shown in Table 5.

The experimental season factor interacted with the
feeding regime factor, and with the solution strength
factor. These interactions were important, as the
profile plots show (Figs. C10 and Cll, Appendix C).
Solution strength and feeding regime also interacted

(Fig. C12), more so in the winter than in the fall
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experimental period.

For the categorical variable, presence or absence of
new turions, there was a significant correlation with
season of turion germination. New turions were rarely
formed in the fall, but were common in the winter
treatments. Counts, chi-square and related statistics,
and the lambda value are given in Tables 6 and 7.

Summary statistics for all 24 trays are given in
Tables Cl1-C4, and boxplots for each variable are shown
in Figures Cl1-C8 (Appendix C). Final weights per tray
are shown in Table C5; wet and dry weights correlated

well: r = 0.98.
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Table 1. Significance of Collection Site on Morphological Characters
in U. vulgaris Plants Collected in Summer*

Significance of Univariate F Statistic
Parametric
(Nonparametric)

Variable
Bladders Leaflet Bladders Bladders
per pairs per per
leaflet per cm plant cm
Factor
Collection 0.000 0.000 0.000 0.000
Site (0.000) (0.000) (0.000) (0.000)

#Summary of Tables A4 and A5, Appendix A
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Table 2. Significance of Collection Site, Replicate Experiment, and
the Interaction between These, on Morphological Characters

in U. vulgaris Plants Raised from Turions in a Common Garden
Experiment*

Significance of Univariate F Statistic
Parametric
(Nonparametric)

Variable
Leaflet Leaflet Bladders Bladders
length pairs per per
in cm per cm cm gm
Factor
Collection 0.033 0.001 0.637 0.011
Site (0.023) (0.000) (0.557) (0.020)
Replicate

. Not significant in multivariate analysis
Experiment

Interaction

Site~ 0.813 0.229 0.000 0.238
Replicate (0.761) (0.085) (0.000) (0.066)

*Summary of Tables B5-B10, Appendix B
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Table 3. Influence of Collection Site and Replicate Experiment on
Formation of New Turions by U. vulgaris Plants Raised from
Turions in a Common Garden Experiment

Count

Expected Value

Column %

Pond New Turions

Replicate Absent Present

East Bay

1 _ 11 0
6.5 .5
100% 0%

East Bay

2 2 13
8.8 6.2

13.3% 86.7%

McWenneger's

1 11 0
6.5 4.5
100% 0%

McWenneger's

2 6 8
8.2 5.8

42.9% 57.1%

For replicate experiments separately/together:

Chi-square 26.69/1.70
Degrees of freedom 3/ 1
Significance level 0.00/0.19
Cramer's V (Phi) 0.76/0.18
Contingency coefficient 0.61/0.18
Lambda 0.62/0.00
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Table 4. Significance of Collection Site, Nutrient Solution Strength,
Feeding Regime, and Interactions between these Factors, on
Morphological Characters in U. vulgaris Plants Raised from
Turions in a Diet Experiment®

Significance of Univariate F Statistic
Parametric
(Nonparametric)

Variable
Leaflet Bladders Leaflet Bladders
length per pairs per
in cm leaflet per cm cm

Factor
Collection 0.000 0.000 0.000 0.000
Site (0.000) (0.000) (0.000) (0.000)
Feeding 0.080 0.370 0.002 0.040
Regime (0.177) (0.124) (0.049) (0.096)
Solution s e . . . s
Strength Not significant in multivariate analysis

Interaction

Site- 0.375 0.067 0.031 0.011
Feeding (0.501) (0.184) (0.459) (0.026)
Site-' Not significant in multivariate analysis
Solution

Feedi?g- Not significant in multivariate analysis
Solution

Site~ .
Solution- Not significant in multivariate analysis
Feeding

*Based on Trays 13-24; Summary of Tables C6-C193, Appendix C
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Table 5. Significance of Experimental Season, Nutrient Solution
Strength, Feeding Regime, and Interactions between these
Factors, on Morphological Characters in U. vulgaris Plants
Raised from Turions in a Diet Experiment™

Significance of Univariate F Statistic
Parametric
(Nonparametric)

Variable
Leaflet Bladders Leafiet Bladders
length per pairs per
in cm leaflet per cm cm
Factor
Experimental 0.163 0.000 0.847 0.022
Season (0.135) (0.000) (0.823) (0.051)
Fee?nng Not significant in multivariate analysis
Regime
Solution 0.111 0.055 0.198 0.994
Strength (Not significant in multivariate analysis)

interaction

Season- 0.842 0.001 0.625 0.626
Feeding (0.892) (0.000) (0.538) (0.619)
Season-— 0.720 0.338 0.001 0.030
Solution (0.707) (0.275) (0.000) (0.003)
Feeding- 0.553 0.031 0.266 9.387
Solution (Not significant in multivariate analysis)
Season- )
Solution- Not significant in multivariate analysis
Feeding

*Based on Trays 7-12 and 19-24; Summary of Tables C20-C33, Appendix C
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Table 6. Influence of Nutfient Solution and Feeding Treatments on Formation of New Turions
by U. vulgaris Plants Raised from Turions in a Diet Experiment
Count Tray**
Expected Value*
Column % 1 2 3 4 5 6
New turions
absent 13 9 5 2 9 13
7.8 5.h 4.8 4.2 5.4 7.8
100.0% 100.0% 62.5% 28.6% 100.0 100.0
present 0 0 3 5 0 0
5.2 3.6 3.2 2.8 3.6 5.2
0.0 0.0% 37.5% 71.4% 0.0% 0.0%
7 8 9 10 11 12
absent 10 13 12 9 9 9
6.0 7.8 7.2 5.4 5.4 5.4
100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
present 0 0 0 0 0 0
4.0 5.2 4.8 3.6 3.6 3.6
0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

*Based on no association between new turion formation and treatment tray

**These treatments were conducted during the fall experimental season; complete treatment details are
given in Fig. 5.
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Table 6. Influence of Nutrient Solution and Feeding Treatments on Formation of New Turions
by U. vulgaris Plants Raised from Turions in a Diet Expe(iment(cont'd,)
Count Tray#**
Expected Value %
Column % 13 14 15 16 17 18
New turions
absent 0 0 0 0 0 1
2.4 4.2 3.6 6.0 h,2 4.8
0.0% 0.0% 0.0% 0.0% 0.0% 12.5%
present 4 7 6 10 7 7
1.6 2.8 2.4 4.0 2.8 3.2
100.0% 100.0% 100.0% 100.0% 100.0% 87.5%
19 20 21 22 23 24
absent 6 2 7 7 1 1
4.8 6.6 6.6 7.2 7.2 7.2
75.0% 18.2% 63.6% 58.3% 8.3% 8.3
present 2 9 4 5 11 11
3.2 b4 b4 4.8 4.8 4.8
25.0% 81.8% 36.4% 41.7% 91.7% 91.7%

*Based on no association between new turion formation and treatment tray

**These treatments were conducted during the winter experimental season; complete treatment details are
given in Fig. 5.

18



82
Table 7. Statistics Showing the Association between Formation of New

Turions and Treatments for U. vulgaris Plants Raised from
Turions in a Diet Experiment

Chi-square 167.99
Degrees of freedom 23
Significance level 0.00
Cramer's V 0.86
Contingency coefficient 0.65
Lambda 0.77

*Based on all Trays
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Chapter Seven

Discussion

I. Summer Field Collection

As Tables Al-A3 and Figures Al-A7 (Appendix A) show,
individual variation in plant measurements within sites
was often large; indeed, morphological variation along
individual plants was extensive in all three experiments.
The samples for these measurements were not random or
large, accounting for much of the non-normal distribution
patterns. However, the multiple analysis of variance and
the MANOVA on ranks (Table 1) both show that the pond in
which Utricularia vulgaris plants grew had a
significant effect on their size and development, and on
PCT allocation based on four indices.

However, PCT indices (leaflet length, bladders per
leaflet, leaflet pairs per cm, bladders per cm) were not
significantly different between all sites; sites whose

plants exhibit similar morphologies probably possess
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similar nutrient availabilities. For example, plants
collected from East Bay did not differ significantly from
McWenneger's Slough plants for bladders per leaflet,
bladders per cm, or leaflet pairs per cm. Nutrients are
probably almost as available in the Bay as they are in
the Slough. Bladders per plant did differ between the
two sites—-no doubt a reflection of the greater length of
the Slough plants.

The significant site effect revealed by the MANOVA
is, of course, expected: better conditions induce more
growth than do poor conditions. Not having extensive
water quality data, I cannot definitively rank the six
sites by trophic status. One-time water chemistry
measurements and vascular hydrophyte species composition
(Schuyler, 1987, pers. comm.) suggest that McWenneger's
Slough is by far the richest site. As expected,
McWenneger's plants were the largest and most vigorous,
exhibiting the highest values for bladders per leaflet

and bladders per plant. Having a high number of bladders
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per leaflet can lead to a high number of bladders per
plant, but plants which increase their number of

leaflets per unit length, or dissection of leaflets, also
increase total bladder number.

McWenneger's plants did not have the greatest values
for the other two variables used as indicators of growth
and PCT allocation--leaflet pairs per cm, and bladders
per cm. The higher values for these variables were found
in plants from sites thought to be more nutrient-poor,
based on water chemistry and hydrophyte diversity
(Schuyler, 1987, pers. comm.; Wetzel, 1983). The higher
values indicate a shunt of resources towards PCT, since
increased bladders per cm values are not as linked to
good growth as bladders per plant values are, as
explained in Materials and Methods. Increased leaflet
pairs per cm could also indicate an allocation of
resources towards PCT, but that shunt is confounded by
the other roles of leaflets.

Leaflet pairs per cm and bladders per cm were highest
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at sites thought to be least fertile--Tykeson Pond and
"Tykeson's Kettle". Tykeson Pond is dystrophic, and
nutrients may well be unavailable. "Tykeson's Kettle"
seemed to be mesotrophic, but it may be that the abundant
Lemna plants take up most of the available nutrients

as well as much of the incident 1light.

PCT levels can probably be adjusted in different
ways, by adding leaflet pairs, by adding bladders per
leaflet, or both. Pond chemistry and light availability
may influence which of these strategies plants will
follow, in accordance with allowable strategies dictated
by genotype.

Since high PCT levels can be achieved in several
ways, I cannot differentiate nutrient-rich sites from
nutrient-poor ones based on my limited data. The rich
site plants may not be allocating any extra resources to
PCT, but their growth pattern forms bladders as it forms
leaves. The poor site plants meanwhile may allocate

resources to PCT, sacrificing general growth, resulting
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in small-sized plants with many leaflet pairs per cm and
bladders per leaflet. Increasing the number of leaflets
increases PCT as well as increasing foliar absorption and
photosynthetic capabilities, so the plants may be relying
on more than one strategy for survival. I would expect
that rich site plants which automatically have much PCT
do not depend on carnivorous inputs to the extent that
plants do which specifically allocate resources to PCT
development. To verify this expectation, it would be
necessary to discern whether a given site's plants used
the foliar or carnivorous pathway as the main nutrient
input route, perhaps through the use of labelled
nutrients.

Sources of error in the summer data are many, and
interpretation of the meager results cannot be extensive.
Measurements depended on which part of the plant was
measured, whether in a young area with unextended
internodes, a mature area, or a senescing portion which

had already lost bladders and leaves.
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Moreover, the ponds did not differ solely in nutrient
availabilities, but were of different sizes and depths,
so that temperatures, lengths of ice-free seasons, etc.
varied greatly. For example, Tykeson Pond and East Bay
turions were mature earlier in the fall than were those
of McWenneger's Slough. Certainly plant developmental
stage also varied during the summer. Developmental stage
and length of growing season probably have an effect on
bladder number: the "leaves" of U. wvulgaris may
actually be branching systems (Arber, 1920; Sculthorpe,
1967), and conditions which encourage continued growth
may increase the number of bladders per leaflet.

Nonetheless, trapping capacity and PCT allocation
vary significantly between sites. These could be genetic
differences, with each pond's population an ecotype,
where characteristic genes dominate because of natural
selection, where gene combinations have been fixed by
genetic drift/founder effect, or where each population

is clonal. On the other hand, the differences between
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sites could be entirely environmental. That would mean a
high degree of plasticity, not unusual for aquatic plants
(Sculthorpe, 1967), but unusual for plants adapted for
life in resource-poor environments (Bloom et al., 1985).
Thirdly, and mqst likely, the differences could be due

to an interaction of genetic and environmental factors.
The summer data show that there is a site effect on
resource allocation in U. vulgaris, but do not reveal

the underlying cause.
II. Common Garden Experiment

A common garden experiment allows one to distinguish
between effects of current environment and effects of
genotypes or past environments. Within a common garden,
the Utricularia vulgaris plants grown from turions
from two sites did not grow to similar size, but
retained some of their apparently site-specific traits.
For example, the McWenneger's plants were larger in the

turion stage, and finished the experiment with
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significantly longer leaflets than the East Bay plants.
Bladders per gm and leaflet pairs per cm were also
significantly different between sites in the Common
Garden Experiment. I do not know if the variable
bladders per gm was significantly different among mature
plants collected from East Bay and McWenneger's Slough,
because I have no weight data for the Summer Field
Collection.

Surprisingly, leaflet pairs per cm was not
significantly different between those two sites for
plants collected in the field. Perhaps with more time,
the differences seen in the lab would have disappeared,
as the East Bay plants compensated for their initial
smaller size as turions. On the other hand, differences
between East Bay and McWenneger's Slough plants might
increase with time. If development could be followed
longer, an increasing or decreasing trend in differences
might suggest the relative importance of "parental”

environmental conditions versus current environmental
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conditions in controlling morphological variables like
PCT. The observation of a tendency toward change in the
extent of morphological differences between plants grown
from turions from the two sites suggests plants may
indeed respond to current conditions.

The significant effect of site (MANOVA, Table 2) on
morphology in these plants suggests that natural
variation is not solely due to ambient environmental
factors. Differences could be genetic, although the
extent of variation within treatment cells and that
between replicate experiments for plants grown from
turions from the same site, seems excessive if each
population is ecotypic. Or, differences could have been
pre-set in the turions by the "generation" that formed
the turions. Growing these plants through another
"generation" would discriminate between these
alternatives, since genetic differences would persist
while any "parental" environment effect should disappear

since the new turions would have been formed under the
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common garden conditions. I did not examine the newly
formed turions to any extent, so cannot say if any
differences between Tykeson Pond and McWenneger's Slough
turions seemed likely to persist into the next
"generation".

Turion formation is, in itself, a resource sink.
Variations in the tendency to produce turions, or the
rapidity of formation, could affect other growth in
U. wulgaris. Turion formation is induced by cold,
drought, nutrient or light stresses (Maier, 1973;
Winston and Gorham, 1979a); probably by light or
crowding effects in this case.

As the chi-square and related statistics and the
lambda value show (Table 3), turion formation was not
correlated with collection site, therefore that response
was probably largely controlled by current environmental
conditions in the common garden. As the results of the
separate replicate analysis show, however, turion

formation was correlated with replicate experiment.
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No plants formed new turions in the first replicate. The
difference may be due to more crowded conditions in the
second replicate (more plants, smaller aquaria), or to
other differences in growing conditions.

The plants in the second replicate may have been
more likely to produce turions and go dormant because
they had recently been in the dormant stage. Moreover,
these plants grew from turions which left the dormant
stage less readily than the plants in Replicate 1 (the
quick sprouters). Winston and Gorham (1979a) found that
Utricularia vulgaris turions collected in Alberta,

Canada, when the "parental" plants were senescing, were
in a state of innate dormancy, from which turions
induced to sprout soon reformed turions. The
McWenneger's turions were in this stage when I collected
them; the East Bay and Tykeson turions had probably
passed into the imposed dormancy stage since their
"parental"” stems were dead. Turions induced to sprout

from imposed dormancy did not reform turions in Winston
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and Gorham's study. Their growing conditions were
probably more favorable than mine. Winston and Gorham
(1979b) found dormancy to be hormonally controlled.

U. wvulgaris plants observed in the field at Nimrod
Warm Spring (qutana, Granite County, T12N R15W Sec. 14)
had not formed turions in November, 1987, while plants at
Tykeson Pond, East Bay, and McWenneger's Slough had done
so. The Nimrod plants also did not form turions under
conditions of cold, low light, and low nutrients (tap
water), although they eventually died, but under the same
conditions East Bay, Tykeson, and McWenneger's plants did
form turions. Thus, the species does not seem to have an
endogenous rhythm that dictates turion formation, but
rather responds to various environmental cues in a manner
controlled by its physiological state. Of course, the
Nimrod plants could be a warm spring ecotype, where the
endogenous rhythm has a different setpoint.

In any event, if turions are formed by plants of

differing size and vigor, as was the case for the
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McWenneger's and East Bay plants, those turions will
start the next "generation" with a built-in size
difference. During my experimental period, and perhaps
during the relatively short growing season of many
northwestern Montana bodies of water, this initial
handicap may never be overcome. For example, if a
"parent" plant grows in poor conditions and produces a
tiny turion, that turion, even if placed in optimal
conditions, may never grow as vigorously as another
turion formed under better conditions but placed into a
suboptimal habitat. Several "generations" of turion
formation under good conditions, by plants originating
from different sites, are probably necessary before the
effect of vigorous "parent" plants could definitely be
ruled out.

A lag effect could also be due to preconditioning.
The environment that influences the "parent" plant's
health and indirectly affects the turion also directly

affects the early development of the turion. Bud and
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seed formation are thought to be developmental stages
that are particularly sensitive to preconditioning
(Rowe, 1964). During turion formation and maturation,
environmental conditions may induce changes that affect
later gene expression. Conditions during turion
maturation may also cause changes in growth factor
proportions in the turion, as Gutterman, Thomas, and
Heydecker (1975) found for Lactuca scariola seeds.
Accordingly, even if plants from different sites had
identical genotypes, preconditioning of turions could
cause observable differences in morphology. The turions
I collected were in different stages of maturation at
different sites, as mentioned earlier, so preconditioning
effects would certainly be possible in my experiments.
Furthermore, Utricularia vulgaris turions are not
sexually produced propagules, but rather a perennating
extension of the "parent” plant. Consequently, any
acclimation a U. wvulgaris plant may have undergone

could be retained in the overwintering plant to be
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expressed when dormancy is broken.

Therefore, morphological differences that I observed
between plants from different sites in the Common Garden
Experiment have several, not mutually exclusive,
explanations:

1. Genetic differences, i.e. ecotypes at each site;

2. Differences in "parental" plant vigor and

ability to endow turions ("parental" environment

indirectly affects turion);

3. Differences in the turions' early environments

("parental" environment directly affects turion);

4. Differences in environmental conditions of

"parent" plants, causing acclimation that was not

lost during dieback to the turion phases.

My data do not allow me to determine which explanation,
or what combination of explanations, is correct.
Nonetheless, these data can be examined for agreement
with my hypothesis that plants from poorer waters will

develop more PCT.
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Plants grown from turions from East Bay had more
leaflet pairs per cm and bladders per gm than did plants
grown from turions from McWenneger's Slough. This
suggests that the lab-grown McWenneger's plants do not
need to invest gs much of their carbon supply in PCT.

In the lab experiment, they may have had more nutrients
than the East Bay plants to begin with, because of their
larger turions, and they may have received more nutrients
by foliar absorption through their longer leaflets. In
the field, McWenneger's plants probably get more
nutrients by foliar absorption from the water than they
get from prey. The McWenneger's plants might have
benefitted from developing more PCT under the common
garden conditions (assuming nutrients were less available
in the nutrient solution than in the field), but may not
have done so due to preconditioning and acclimation
effects. Again, following development for several
"generations" in the common garden environment would help

to clarify what is occurring.
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Analyses of representative turions for starch and
nutrient levels, and tissue analyses of experimental
plants would allow comparison of resource allocation
efficiency and success.

The interaction effect between replicate experiment
and collection site for bladders per cm has a number of
possible explanations. The replicates were started one
week apart, had different numbers of plants (9 or 14) in
slightly different-sized aquaria, and had minimally
different growth regimes. A crowding effect,
differences in degree of algal infection, or other
factors could have caused the opposite response levels
of bladders per cm in the second replicate. That other
variables measured were not also affected is perplexing,
but the nonparametric MANOVA (Table 2) does indicate
some interaction (0.05 < p < 0.10) between site and
replicate for the variables leaflet pairs per cm and
bladders per gm. Neither MANOVA shows an interaction for

leaflet length; some morphological characters may be more
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responsive than others to conditions during development
from turion to plant.

The Common Garden Experiment ignored the effect of
prey on Utricularia vulgaris, in order to remove as many
confounding factors as possible. In the field, plants
from one site may respond differently to prey
than plants from another site, especially if such plants
differ in their allocation to PCT, as discussed in
Materials and Methods. Accordingly, my results need to
be field checked, and further experimentation would also
enhance the tentative conclusions that I have drawn.
(Part of the Diet Experiment, however, acts as a common
garden experiment with prey.)

Without information on nutrient saturation levels for
Utricularia vulgaris growth, I cannot say whether the
nutrient solution used is a good, mediocre, or sub-
optimal medium. Hence it is not clear if the plants
were under sufficient nutrient stress to maximize their

production of PCT.
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IITI. Diet Experiment

In the Diet Experiment, plants did not respond to
their treatment conditions in a statistically significant
manner. Observed tendencies suggest plants may respond
minimally to ambient conditions; with longer
experimental periods, this response might increase. That
there were interactions between treatment factors was not
surprising, most organisms respond to a suite of factors
in their environments so that they optimize survival,
growth, development and reproduction. The interactions
make the results harder to interpret; nonetheless,
several trends are apparent.

Plants grown from Tykeson turions had shorter
leaflets than those grown from McWenneger's turions,
when grown under common garden conditions. (I noted
that field-collected Tykeson plants appeared to have
shorter leaflets also, but I have no data to support this
observation.) Leaflet length is related to turion size,

since many leaflets are developed to primordial stages
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when the turion is formed. Having fewer nutrient/energy
reserves in their small turions could also have affected
leaflet length in lab-grown Tykeson plants, since leaves
seem to be indeterminate systems, as mentioned earlier.
The number of bladders (or positions) per leaflet was
less for plants grown from Tykeson Pond turions than for
those from McWenneger's turions grown under the same
conditions, as it was for field-collected plants from the
two sites. Few bladders per leaflet correlates with
having shorter leaflets. However, the difference between
plants from the two sites was not so dramatic for this
variable as for some of the others. This suggests the
lab-grown Tykeson plants may compensate for shorter
leaflets by increasing the degree of dissection of
leaflets, which increases bladder number because primary
bladders generally occur near the points of bifurcation.
Further, field-collected and lab—grown Tykeson
plants had more leaflet pairs per cm than field and lab

McWenneger's plants. This can be another developmental
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strategy to increase trap number, provided that leaflets
are highly dissected, as I noted above. However, the
increase in leaflet number also increases foliar
absorption potential (and the need to do this concurs
with the probab;e nutrient-deficient state of the
organism), and enhances photosynthetic capabilities.

The stimulus for increasing leaflet number is not
discernible from my experiment.

The higher bladders per cm values for lab-grown
Tykeson plants relative to lab-grown McWenneger's plants
suggest that the increase in leaflet pairs per cm was
indeed due to the necessity of increasing nutrient
inputs from carnivory. Perhaps the plants from large
turions made at a rich site (McWenneger's) do not need
the nutrient inputs from carnivory, while the plants from
small turions made at a poor site (Tykeson) do. In the
Summer Field Collection, bladders per cm was not
significantly different between the two sites; with time

the lab difference might have disappeared.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



104

These between site differences seen in the lab
experiments agree with my hypothesis of increased
allocation of resources to PCT in less fertile sites.
Interestingly, Tykeson Pond plants increased the number
of bladders per cm with increasing feeding levels, while
McWenneger's Slough plants did not. This response agrees
with my assumption (see Materials and Methods) that
dissolved nutrient levels regulate PCT allocation, while
prey inputs affect growth. This increase also shows a
response by the plants to ambient conditions.

The data from the Diet Experiment also seem to agree
with my conclusions from the Common Garden Experiment,
that past history of the individual plant and/or the
early environment of the turion play a role in "progeny"
development. Treatments 13-24 acted as a common garden
experiment between plants from more disparate sites.
Again the common conditions did not induce similar growth
or PCT development in turions from different sites, and

significant differences for morphological measurements
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seen in field-collected plants were also found under lab
conditions. Differences in morphology were greater for
this common garden experiment, comparing Tykeson Pond
with McWenneger's Slough, than for the comparison of East
Bay with McWenneger's. Since East Bay seems to be more
similar to McWenneger's Slough in terms of nutrient
availabilies, this result was expected. As I stated in
the Common Garden Experiment section, continued
experimentation, perhaps including genotype studies (e.g.
electrophoresis), would be necessary to determine the
cause of morphological differences between U. vulgaris
plants from different sites.

Looking at plants grown from turions only from
McWenneger's Slough, there was a significant effect of
experimental season on the variables bladders per leaflet
and bladders per cm. Generally there were more bladders
per leaflet in plants grown during the winter. This may
be related to depletion of starch and other reserves in

the turions by the plants while they remained dormant
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(Maier, 1973; Winston and Gorham, 1979a.) Thus the
developing plants would have a greater need to supplement
nitrogen, phosphorous and other minerals by carnivory
than plants grown in the fall from less depleted buds.
In nature, by spring, turion reserves would be very low,
and developing plants in nutrient-poor environments
would probably have to develop more PCT more quickly
than would plants developing from turions held only
until winter and raised under laboratory conditions.

The bladders per cm response also may be related to
turion reserve depletion, but the interaction for this
variable between experimental season and nutrient
solution strength makes explanation difficult.

Nutrient solution strength and feeding regime did
not, by themselves, have significant effects on any of
the morphological measurements analyzed by MANOVA.
Bladders per leaflet, leaflet pairs per cm, and bladders
per cm were affected by interactions of these factor

levels with each other and with experimental season, so
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that main effects cannot be determined. Obviously, the
PCT stimulation process is complicated. An effect of
nutrient solution strength or feeding regime might have
shown if development had been followed for a longer
time, as past fgeneration" influences decreased.

Unlike the other three key variables, leaflet length
for lab-grown plants did not vary significantly with
season, prey or nutrient level. This morpholcgical trait
seems to be tied to the turion, and all turions from the
same site were approximately the same size.

The development of new turions occurred more often
in the winter treatment trays than in the fall ones, and
more often on Tykeson Pond plants than on McWenneger's
Slough ones. This may be explained by the turion
reserve drop over time, so that new plants in the winter
experimental trays were more sensitive to growing
conditions. Tykeson Pond turions were smaller than
McWenneger's turions, so reserve depletion may have been

more serious for them.
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New turion formation was not greatly correlated with
feeding level or nutrient solution strength, although
turion formation did seem to be more common in trays
providing few dissolved nutrients. It may be that none
of the experimental conditions were suitable for good
growth in the plants, but rather were stressful,
inducing reversion to the dormant phase. New turion
formation could also be tied to hormone levels in the
old turion which increase the probability of turion
formation (Winston and Gorham, 1979b) and act to prevent
plant growth during fleeting warm periods in winter.

Using the tray weights to compute bladders per gm
gives data which support my hypothesis: Tykeson plants
had many more bladders per gm than did McWenneger's
plants.

Overall, I think the variable bladders per gm is the
best indicator for development of PCT stimulated by the
need to increase nutrient uptake. High bladders per

leaflet values can be due to good growth, without
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reflecting an increasing reliance on carnivory. Any
increase in trapping capacity due to increased leaflet
pairs per cm is confounded with leaflet roles in
photosynthesis and nutrient absorption. Bladders per
cm values do standardize trapping potential, but do not
show any shunting of resources from general growth to
PCT development. But high bladders per gm values mark
the plant that allocates resources to PCT.

Unfortunately, I have no weight data for the Summer
Field Collection of Utricularia vulgaris, and the
weight data for the Diet Experiment is not for
individual plants. Thus I must mainly interpret
resource allocation in these two experiments using the
less appropriate indices of leaflet pairs per cm,
bladders per leaflet, and bladders per cm.

I did not collect data on the occurrence of stem and
secondary bladders. Yet plants from nutrient deficient
habitats may boost PCT through these traps instead of,

or in addition to, increasing numbers of primary
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bladders. Of course, increasing the number of leaflet
pairs and the degree of leaf dissection, which boosts
primary bladder numbers, would also increase numbers of
stem and secondary bladders.

With regard to the constraints mentioned in the
Literature Review, my experimental conditions probably
were not restrictive. Temperatures were equal to summer
temperatures in Utricularia vulgaris habitats. Light
availability in the lab was at least as great as in the
darker-watered study sites. Carbon dioxide should have
been sufficiently available, since the trays were open
to diffusion, and the nutrient solution was buffered.
Although U. purpurea was found to be unable to use
bicarbonate (Moeller, 1978), U. wulgaris probably
can. Moeller states that the aquatic vascular plants
dependent on free carbon dioxide are usually rosette
plants, which U. vulgaris is not. It is more
similar to Elodea and Ceratophyllum, which do use

bicarbonate (Moeller, 1978).
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However, sources of error in this study were many.
One such source is the problem of not being able to
insure that Daphnia were trapped and digested
rather than dying and adding to the nutrient solution.
My initial feeding method would have taken care of this
problem, but would also have killed the experimental
plants. The loss of bladders and incomplete maturation
of bladders, due to algal growth, handling, and other
laboratory effects, decreases the likelihood that all or
even most of the Daphnia were captured. Bladder
abscission may also be related to nutrient
availabilities: Bloom et al. (1985) noted that leaves
senesce when the carbon budget becomes negative.
Bladders are modified leaves, and the growing conditions
may not have provided a positive budget.

Elimination of variation in temperature and light
regimes would be advantageous, as would be better control
of algal growth. Larger growing containers and a flow-

through nutrient solution system would probably allow
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the experimental period to continue for longer than four
weeks (Knight, 1987, pers. comm). Larger sample sizes
would improve statistical inference. Data defining
nutrient and prey availabilities for each site would
eliminate doubt from my assumptions regarding trophic
status and the mechanism regulating resource allocation
to PCT. Most importantly, related field work is
necessary to validate the conclusions I have drawn.
Nevertheless, overall my data support my research
hypothesis, that Utricularia vulgaris plants grown to
maturity in waters of lower nutrient availabilities
allocate more of their carbon resources to PCT
development than do U. wvulgaris plants in richer
waters (based on water chemistry and hydrophyte
diversity). My data also suggest that ambient conditions
in which turions develop into plants exert little control
over bladder production, at least during initial weeks of
growth. Rather, the plants' genotypes and/or past

environments (of past growing phases as well as turions'’
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early history) seem to exert more control over bladder
production.

Carnivory, as an adaptation, allows plants to
colonize areas they otherwise could not. It is
reasonable that, along with the evolution of carnivory,
came mechanisms to regulate the extent of its use.
Carnivory apparently does not allow plants to adapt to
new conditions very rapidly, which may contribute to the

relative rarity of the carnivorous habit.
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Summary and Conclusions

The following hypothesis was stated for the carnivorous plant

Utricularia vulgaris: plants growing in sites relatively low in

dissolved, inorganic nutrients will exhibit less vigorous growth but
will allocate more resources to prey capture tissue (PCT) than plants
growing in nutrient-rich sites.

Based on collections of mature plants from a series of sites
thought to possess a range of nutrient levels, plants from poorer sites
do exhibit less vigorous growth, while producing more bladders per cm
of stem.

Based on allowing turions from these sites to develop for four
weeks under common garden conditions, plants from poorer sites do
exhibit less vigorous growth while producing more bladders per cm of
stem and per gram of plant.

The common garden experiments also showed that allocation of
resources to PCT appeared to be controlled largely by genotype and/or
the environment under which the turion was formed (the field environment)
rather than the enviromment in which the turion developed into a plant
(the lab environment). Periods of development longer than four weeks
might have reduced {(or increased) differences in plants from
different sites. Following plants over several vegetative ‘'generations'!
in a common garden would be required to determine if genotype or a
lagged environment effect has greatest control over PCT development.

As a consequence of the genetic/lagged environment effect,

experiments exposing the developing turions to different prey levels
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and inorganic nutrient levels for four weeks showed little effect of
these treatments on PCT development/allocation. |f PCT allocation

is not solely genetically controlled, but requires several turion
''generations'' before plants respond to lab conditions, these treatments

may eventually be found to affect PCT allocation.
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Appendix A. Data Summaries, Complete MANOVA Results, and Boxplots for

Utricularia vulgaris Plants Collected in Summer
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Table Al. Data Summaries for Utricularia uulsaris
Plants Collected in Summer.: Stem Diameter,
Plant Lengath, and Leaflet Pairs prer Plant
by Collection Site

Collection Site Stem

Toval lLeaflet
Diameter Lenath Pairs
in mm in cm Frer Plant

TrKkeson
Mean 1.03 9.18 19.33
Std. Deviation .05 2.31 S.28
Minimum 1.00 5.60 12
Maximum 1.10 11.6Q *7
Sample Tiize G B G
Darhnia
Mean .98 18.98 31.75
Std. Deviation .15 6.62 .85
Minimum « 90 10.00 22
Maximum 1.00 25.20 37
Samrle Size 4 4 4
Loen
Mean 1.67 10.03 14.67
Std. Deviation .32 2.72 8.33
Minimum 1.30 7 .50 8
Maximum 1.90 12.90 =4
Samprle Size 3 3 2
East Bavr
Mean 1.17 19.23 Z0.73
Std. Deviation .42 3.36 3.30
Minimum . S0 15.40 i7
Maximum 1.80 23.60 3
Sample Size 4 4 4
Kettle
Mean .92 25.82 G0.60
Std. Deviation .13 S.60 g8.08
Minimunm « 70 18.30 50
Maximum 1.00 33.70 7z
Sample Size S o S
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Table Ail. Pata Summaries for UWUiricularia uulsaris
Plants Collected in Summer.: Stem Diameter,

Plant Lenath, and Leaflet Pairs per Plant by
Collection Site (cont’'d.)

Collection Site Stem Total Leaflet
Diameter Lenath Pairs
in mm in ¢cm per Plant

Mclenneser ‘s

Mean 2.43 40,70 48 .33
Std. Deviation .52 4 .87 7 .31
Minimum 1.80 34.20 38
Maximum 3.00 47 .50 GO
SamrPrle Size 8 G 5
TOTAL

Mean 1.39 21.83 34.39
Std. Deviation .B6 12.33 1i8.14
Minimum .70 5.60 B
Max imum 3.00 47 .30 72
Samerle Size 28 28 28
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Table AZ. Data Summaries for Uiriculacia uulsgsaris

Plants Collected in Summer. Leaflet Pairs rer
cm, Bladders/Positions rPer Leaflet, and
Pladders/Positions per Plant by Collection Site

Collection Site

Leaflet Bladders/ Totrtal
Pairs Positions Eladders/
Fer com Per Leaflet Positions
rer Plant
TrKkeson
Mean .11 8.88 330.78
Std. Deviation .26 2.05 6S9.52
Minimum 1.72 (=) 216
Maximum 2.42 12 4006
Samrle Size G G B
Darhnia
Mean 1.76 7.79 S01.61
Std. Deviation .32 .G7 141.32
Minimum 1.47 7 300
Maximum 2.20 8 500
SampPple Size 4 4 4
l.oon
Mean 1.39 10.73 312.35
Std. Dewviation .4z 1.23 166.38
Minimum 1.07 10 158
Maximum 1.86 12 489
Samele Size 3 3 3
tEast Pav
Mean 1.08 13.20 549,05
Std. Deviation -03 2.20 132.495
Minimum 1.Q8 11 426
Maximum 1.12 16 674
Samrle Size 4 4 4
Kettle
Mean Z2.38 10.67 1301.54
Std. Deviation .23 1.13 283.38
Minimum 2.14 10 992
Maximum 2.73 12 1763
Sample Size S S S
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Table AZ. Data Summaries for Utricularia wvulgaris
Plants Collected in Summer: Leaflet Pairs per
cm., Bladders/Positions pPer Leaflet., and

Pladders/Positions pPevy Plant by Collection Site
(cont‘d.)

Collection Site Leaflet Bladders/ Total
Pairs Positions Bladders/
Fer cm Frer Leaflet Positions

per Plant

McHenneger ‘s

Mean 1.18 15.24 1480.83
Std. Deviation 0B 1.16 294.14
Minimum 1.11 13 1017
Maximum - 20 16 1936
SampPle Size B8 G G
TOTAL

Mean 1.69 11.22 804 .20
Std. Deviation .24 3.02 531.46
Minimum 1.0%5 B 158
Max imaum 2.73 16 1936
Samrle Si:ze z28 28 zZ8
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Table AJ3. Data Summaries for Uiricularia uvwulasaris
Plants Collected in Summer: Pladders/Positions
Pper cm by Collection Site

Collection Site Bladders/
Positions
fer cm

TvyKeson

Mean 36.79
Std. Deviation .59
Minimum z9.63
Max imum 48.42
SampPple Size G

Darhnia

Mean 27.07
Std. Deviation 2.56
Minimum 23.81
Maximum 30.00
Sample Size 4
Loon

Mean 29.635
Std. Deviation 8.42
Minimum 21.05
Maximum 37.87
Samele Sice 3

East Bav

Mean Z2B.BS
Std. Deviatian .56
Minimum 22.31
Max imoum 35.82
Samprle Size 4
Kettle

Mean S0.564
Std. Deviation 22
Minimum 43.38
Maximum S4.22
Sample Size 5

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



131

Table A3. Data Summaries for Utricularia uulsaris
Plants €ollected in Summer. Pladders/Positions
Prer cm by Collection Site (cont‘d.)

Collection Site Bladders/
Positions
PEeTrT Cm

Mcllenneser ‘s

Mean 36.16
Std. Deviation 3.98
Minimum 29.72
Maximum 40.76
Sample Size G
TOTAL

Mean 35.81
Std. Deviation 9.33
Minimum 21.05
Maximum 54.22
SamrPle Size Z8
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Table AS. Noneparametric MANOYVA Showing the Effect of Collection Site on Four
'Yariables (Rladders/Positions per Leaflet, Bladders/Positions per

Plant, Bladders/Positions per cm, Leaflet Pairs per cm) Measured
on Utricularia vylsaris Plants Collected in Summer

Multivariate Tests of Significance (S = 4, M = 0, N = 8 1/2)

Test Name Ualue AppProx. F Hvpoth. DF Evrror DF Sis. of F
Pillais 2.27359 5.79454 20.00 88.00 . Q00
Hotellinas 12.84090 11.23579 20,00 70,00 <000
Wilks Q0986 9.67699 20.00 63.97 D00
Rovs B7018

Univariate F-tests with (S,22) D. F.

Gariable Hyroth. 85 Errar S8 Hvpoth, MS Error MS F Sia. of F
Bladders

Ppay leaflet 1444.30000D 38Z2.700Q0 288.86000 17.39545 16.60549 00
Bladders

fer cm  1240,70000 9S86.30000 248.14000 26.65000 9.31107 000
Bladders

Pe:s plant 1S31.71667 295.28333 306.34333 13.42197 22.82402 « 000
Leaflet

pairs per cm 1501.63333 325.36667 300.32667 14.78939 20.30G89 000
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Appendix B. Data Summaries, Complete MANOVA Results, Boxplots, and

Profile Plots for Utricularia vulgaris Plants Raised from

Turions in a Common Garden Experiment
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Table Pi. Data Summaries for Uirigcularia uulsaris
Plants Raised From Turions in a Common Garden
ExpPeriment. Stem Diameter, Leaflet Lenath and
Plant Lenath by Collection Site and Rerlicate

Site Stem Leaflet Total

Rerlicate Diameter Lenath Lengath
in mm in cm in cm

East Bavy

i

Mean .71 1.96 30.62

Std. Deviation .13 .45 13.12

Minimum « S0 1i.49 7.60

Maximum .88 2.78 51.20

Sample Size 11 11 11

East Bavy
-

o

Mean . 0B 1.71 27.36
Std. Deviation .19 .43 15.13
Minimum «13 1.11 7.20
Maximum .83 2.46 G0.80
Samprle Size i4 iz 14

Mclenneser’s

1

Mean .98 2.29 27 .30
Std. Deviation .17 .46 7.72
Minimum « 70 1.53 13.30
Maximum 1.27 3.10 39.90
Sample Size i¢Q 10 10
MclWenneser ' s

Mean .86 1.94 zZ28.52
Std. Deviation .09 .27 12.43
Minimum « 70 1.58 7.70
Maximum i.00 2.64 S1.10
Sample Size 13 13 13
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Table Bl1. Data Summaries for Utricularia uulsaris
Plants Raised From Turions in a Common Garden
Exreriment: Stem Diameter, Leaflet Lensth and

Plant Lenath by Collection Site and Replicate
(cont d.?}

Site Stem Leaflet Total
Rerlicate Diameter Lenath Lenath
in mm in cm in cm
TOTAL
Mean .78 1.95 Z28.41
Std. Deviation 22 .43 12.33
Minimum .13 1.11 7.20
Maximum .27 3.10 B80.80Q
SampPle Size 48 45 48
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Table BZ. Data Summaries for Utricularia uulsaris
Plants Raised from Turions in a Common Garden
Exreriment: Leaflet Pairs per Plant, Leaflet
Pairs pPer c¢cm, and Bladders/Positions per
lLeaflet by Collection Site and Rcxlicate

Site LeaFlet Leaflet Bladders/
Replicate Pairs Pairs Positions
rer Plant Per cm Pper Leaflet

Fast Bavy

1

Mean 1106.73 3.956 10.16
Std. Deviation 53.84 -47 1.1S5
Minimum 24 2.99 8
Maximum 219 4.31 2
Sample Size 11 11 11
East Bavy

Mean 94.07 3.74 7 .96
Std. Deviation 42 .58 .B6 1.31
Minimum 39 Z2.99 G
Maximum 181 5.42 10
Samprle Size 14 14 14

Mclenne=ser ‘s

1

Mean 71.90 2.6S5 © 11.0S
Std. Deviation ig.8s .33 1.56
Minimum 31 2.25 B
Maximum 97 3.17 i3
Sample Size 10 10 10
Mchenneger ‘s

Mean 81.23 3.09 11.35
Std. Deviation 27.22 .79 1.62
Minimum 28 2.16 8
Maximum 134 4.83 1%
CSample Size 13 1. 13
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Table B2. Data Summaries for Utricularia uulsaris
Plants Raised from Turions in a Common Garden
Experiment.: Leaflet Pairs rper Plant, Leaflet
Pairs eper cm, and Bladders/Positions perv

Leaflet by Collection Site and Rerlicate
(cont "'d.)}

Site Leaflet Leaflet Bladders/
Replicate Pairs Pairs Positions
Ppevr Plant Fer cm per Leaflet
TOTAL
Mean 89.79 3.30 10.03
Std. Deviation 39.65 .78 1.97
Minimum 24 Z2.16 )
Maximum 219 5.42 14
Sample Size 48 48 48
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Table B3. Data Summaries for Utriculacia uulsaris
Plants Raised from Turions in a Common Garden
ExPperiment. Bladders/Positions per Plant.,
Bladders/Positions per cm, and Bladders/
Positions Per 3m by Collection Site and
Replicate

Site Total Bladders/ Bladders/

Rerlicate Bladders/ Positions Positions

Positions Per cm PErT sSm
rer Plant Dry Weisht

East Rav

i

Mean Z2220.30 71.79 10763.85

Std. Deviation 1036.47 7.59 7063.27

Minimum S70 S7.73 3178.18

Maximum 4000 84.47 28790.67

SampPle Size 11 i1 it

East Bavy

Mean 1532.43 59.05 14032.73

Std. Deviation 773.33 14.684 15404 .82

Minimum 437 36.92 4200,00

Maximum 2872 g8.90 S2400.00

Samerle Size 14 i4 14

Mclenneger s

1

Mean 1614.56 58.25 S234.67

Std. Deviation 350.17 B8.61 1415.41

Minimum sSg87 44,13 3005.80

Maximum 253% 68.05 5852 .41

Samprle Size 10 10 10

Mcidennegser ‘s

Mean 1894.08 68.32 7239.24

Std. Deviation 826.77 9.28 1756.15

Minimum BOS S2.40 4471 .88

Maximum 3827 81.20 10999.42

Samrle Size 13 13 13
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Table P3. Data Summaries for Utrigularia uulsaris
Plants Raised fFrom Turions in a Common Garden
ExrPeriment: Pladders/Positions frer Plant,
Bladders/Positions per cm, and Bladders/
Positions rper a2am by Collection Site and
Rerlicate (cont’'d.)

Site Total Eladders/ Bladders/
Rerplicate Pladders/ Positions Positiaons
Positions PET CM PeTrT am
rper Plant Dry Weigsht
TOTAL
Mean 1805.13 64.31 9610,78
Std. Deviation 835.99 11.96 9444 .06
Minimum 437 36.92 3005.80
Maximum 4000 88.90¢ B2400.00
Samrle Size 48 48 48

-4
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Table E4. Pata Summaries for Utricularia wvulsaris
Plants Raised from Turions in a Common Garden
ExrPeriment: Final Wet and Dry Weishts by
Collection Site and Replicate

Site Elotted Final Drvy
Rerlicate Weiaht Weiaht
in 2m in am

East Bavr

1

Mean 2.644 <233
Std. Deviation 1.610 .138
Minimum .39 .08
Maximum 8.13 .46
Sample Size 11 11

East Bav

Mean 1.610 . 193
Std. Deviation 1.199 . 140
Minimum .16 L1
Maximum 4,20 .41
Sample Size is 15

McHWenneaer ‘s

i

Mean 3.837 . 334
Std. Deviation 2.155 . 185
Minimum .BO .10
Maximum 7.37 .69
Sample Size 11 i1

MchWennegser s

~3
-~

Mean 2.8985 . 303
Std. Deviation Z2.100 .182
Minimum 1.11 .09
Maximum 8.66 .82
Sample Size 14 14
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Table B4. Datva Summaries for Utricularia uulsaris
Plants Raised from Turions in & Common Garden
ExrPeriment: Final Wet and Dry Weights by
Collection Site and Rerlicate (cont‘d.)

Site PBlotted Final Drvy
Rerlicate Weight Weiaht
in sSm in am
TOTAL
Mean Z2.666 . 266
Std. Deviation 1.910 162
Minimum 1B LO1
Maximum 8.66 .82
Samrple Size St S1

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



) H H i the H H

Table BS,

Leaflet Pairs prer cm:

Parametric MANOVA Showinas the Effect of Collection Site an Four
Yariables (Leaflet Lensth.

Pladders/Positions

rper cm, Bladders/Positions per 3m) Measured on g. yulaaris Plants
Raised fFrom Turions in a Common Garden Exreriment

Multivariate Tests of Sisnificance (S

= 1, M=1, N = 18 1/2)
Test Name Value Exact F Hvyeoth. DF Error DF Sia.
Pillais . 38487 6.10042 4.00 39.00
Hotellings 52568 8.10042 4,00 39.00
Wilks 1513 6.10042 4.00 39.00
Rovs . 38487
Note.. F statistics are exacy.

Univariate F~tests with (i,42) D. F.
Variable Hvypath. 88§ Error SS Hvpoth., MS Erraor MS
l.eaflet
Lenath . 78372 65.80126 .78372 16193 4.,83974
lLeaflet
Pairs pPer cm S.27800 i68.72252 5.27800 .39816 13.25612
Bladders
per cm 22.83592 4242.31304 22.83592 101.007458 L22608
Bladders
per am 16GZB8G190 975334277 166280190 23229387.6 7.15818

of F

L 001

001
001

F Sis. of F

033

. 001

091
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Table BS.

(Leaflet Length, Leaflet Pairs rer cms

Parametric MANOVA Showina the Effect of Replicate on Four Yariables
Bladders/Positions erer cmy

Bladders/Positions rPer am} Measured on U. vulsarig Plants Raised

From Turions in a Common Garden Exeeriment

Multivariate Tests of Significance (S = 1, M

= =1 , N =18 1/2)
Test Name Value Exact F Hrrpoth. DF Ervor DF Sia. of F
Pillais .15486 1.78G661 4.00 39.00 .151
Hotellings 18324 1.78661 4.00 39.00 .151
Wilks .84%14 1.78661 4,00 39.00 151
Rovs . 15486
Nate.. F statistics are exact.
Univariate F-tests with (1,42) D. F.
Jariable Hyrpoth. 8§S Error SS Hvroth, MS Error MS F
Leaflet
lenath .B6997 B.BO1Z6 .B6997 16193 5.37233
Leaflet
Pairs per cn 22260 16.72252 « 32260 .398186 1.31256
Bladders
FPET Cm 47.868313 4242.31304 47.88313 101.00745 LA7208
Bladders
Pper am 998B20.892 975634277 998820.692 23229337.6 L4300

Sig.

of F

LOZ5

.258

. 496

.837

151
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Table B7. Parametric MANOUA Showins the Effect of the Interaction Between

Collection Site and Rerlicate on Four Variables (Leaflet Lensth;,

Leaflet Pairs per ¢m, Bladders/Positions Per cm, Bladders/Positions

rer sm) Measured on U. vulsgaris Plants Raised from Turions in a
Common Garden Experiment

Myltivariate Tests of Sianificance (S = 1, M =1 , N = 18 {/2}

Test Name

Jalue Exact F Hrvrpoth, DF Error DF Sig. of F
Pillais . 36898 F.70116 4,00 39.00 001
Hotellinas .38473 5.70116 4.00 39.00 001
Wilks .B3102 T.70116 4,00 39.00 L01
Rovs . 368958
Note.. F statistics are exact.
Univariate F-tests with (1,42) D. F.
Variable Hyeoth, 885 Error S5 Hypoth. MS Error MS F Sia, of F
Leaflet
lenath 00914 6.8B0126 00914 .16193 05646 .813
Leaflet
Pairs per cm .99246 16.722582 59248 . 39816 1.48802 «22%
Bladders
per cm 1672.76337 4242.31304 1672.76537 101.00745% 16.56081 » Q00
Bladders
per am 33246863.9 975634277 33248R63.9 23229387.8 1.43124 . 238

7591
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Table BB. Nonrparametric MANOUVA Showins the Effect of Collection Site on Four

Yariables (Leaflet Lenath, Leaflet Pairs per cmr, Bladders/Positions

Per ¢m, Bladders/Positions per am) Ffor u. vulagaris Plants Raised
From Turions in & Common Garden ExPeriment

Multivariate Tests of Sianificance (S =1, M =1, N = 18 1/2)

Test Name Value Exact F Hveoth. DF Error DF Sia. af F
Pillais .53841 11.372758 4,00 39.00 L0000
Hotellinas 1.16644 11.37275 4,00 39.00 000
Wilks 46159 11.37278 4.00 39.00 . 000
Rovs .53841

Note.. F statistics are exact.

Univariate F-tests with (1,42) D, F.

Variable Hyepath., S8S Error SS Hryroth. MS Error MS F Sis. af F
Leaflet

Lenath 883.44107 6679.51827 883.44107 15S9.03615 5.35497 023
feaflet

pairs Fer cm 2B61.97843 5286.78721 2661.97843 125.87589 21.14763 L0000
Bladders

Per cm 46.81903 SG06.92541 46.81903 133.49822 « 35071 .S557
Pladders

per @m 918,268210 B33B.78520 918.268210 155.88536 5.89819 D20

£G1
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Table B9. Nonparametric MANOVA Showing the Effect of Rerlicate on Four
Variables (Leaflet Lenath, Leaflet Pairs per cm, Bladders/Positions

Per cm, Bladders/Positians per gsm) for . vulsaris Plants Raised
from Turions in a Common Garden Experiment

Multivariate Tests of Sianificance (S = 1, M =1 , N = (8 1/2)

A

Test Name

Value Exact F Hvrpoth. DF Errar DF Sia. of F
Pillais « 15388 1.76874 4,00 39.00 .155
Hotellings .18141 1.,76874 4,00 39.00 .155
Wilhks B4G45S 1.76874 3.00 39.00 . 155
Rovs . 1533558
Note.,. F statistics are exact.
Univariate F-tests with (1,42) D, F.
Variable Hyepoth, 88 Error SS Hvroth. MS Error MS F Sia. of F
Leaflet
Lenath 601.74177 6679.51827 G601.74177 159.03615 3.78368 L0858
Leaflet
Ppairs per cm 93.89712 S286.78721 93.89712 125.87589 . 743595 . 393
Bladders
Per cn 93.21797 SBQ0G.92541 93.21797 133.49822 .BA827 .48
Bladders
PET IMm 349,3%138 B538.785320 349.35138 155.68%535 2.24396 142

751
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Table B1Q. Nonrparametric MANOYA Showina the Effect of the Interaction Between

Collection Site and Rerlicate on Four VYariables (Leaflet Lenath,
Leaflet Pairs pPer cm, Pladders/Positions Per cm., Bladders/

Positions per am) for U, vulaaris Plants Raised From Turions in &
Common Garden Exreriment

Multivariate Tests of Sianificance (S = 1, M =1, N = 18 1/2)

Test Name

Valye Exact F Hvepoth. DF Error DF 8is, of F
Pillais . 37786 S.952173 4,00 39.00 D01
Hotellinss .BO736 5.92173 4.00 39.00 .01
Wilks 52214 5.92173 4,00 39.00 001
Rovs .37786

Note.. F statistics are exact.

Univariate F-tests with (1,42 D, F.

tJariable Hrpoth, 88 Evrror 88 Hvepoth., MS Error MS F Sia. of F
fLeaflet

Lenath 14,.88830 6679.51827 14.88B30 159.03515 L9362 . 761
Leaflet

Pairs rFPevr cm 392.13011 S286.78721 2392.13011  125.87589 3.11521 . 085
Bladders

Ppey cm  2647.41644 SGO6.92541 2647.41644 133.498272 19.83110 L0000
Bladders

Fer am 955.75562 GS38.78520 555.79S82  155.68538 3.568974 066

84l
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Fisyre Bi. Boxrlots fFor Utricularia uulsaris Plants Raised from

Turions in a Common Garden Experiment: Stem Diameter bv
Collection Site and Rerlicate
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Figure B12. Profile Plot for the Interaction of Collection Site and
Replicate Experiment on Bladders per cm for U. vulgaris
Plants Raised from Turions in a Common Garden Experiment

Key:
East Bay — — —
McWenneger's Slough

bladders per cm

Replicate
Experiment
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Appendix C. Data Summaries, Complete MANOVA Results, Boxplots, and

Profile Plots for Utricularia vulgaris Plants Raised from

Turions in a Diet Experiment
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Tatrle C1. lData Summaries Tor Ulricularia wvulsaris
Flants Rasised Trom Turions in g8 Diet
Esrerviment? Stem Diametery LeaTlel Lendgthy
and Flant Lendlh by Treatment Tray

Treatment Tray Stem lLeaflet Total
Nizgmeter Length Length
Lev im om i ocm
1
riesan e & 1.95 1695
Stad.e Devieltiorn +11 + 49 15.07
tidrd msm + 76 1.46 630
Fad mom 1.13 2.99 HA4.90
Camrle Size 13 11 13
2
Hean + B85 2.13 16.33
Std. Deviation + 16 + 42 4,35
M nesm v 53 156 ?.30
Marcimam 1.00 272 22.00
Samrle Size @ 8 9
3
Mearn + PO 2.2 13.78
Stde Doviation 06 e 4,60
PLrmamom .84 1+37 ,9'10
Marimum 1.0% . 2.986 20,60
Samele Size 8 ) 8
4
Mean 92 2.42 16.13
Stede Devialbtion .18 « 35 Z.zq
Miriimeam + 60 1.91 ?.20
Marod mitm 1.20 2.94 33.20
Samyle Size 7 é 7
5
Mear + 90 2.19 44,98
Std. DNeviation 12 .?? 16.93
Mirdmoam + 63 }.Bb 18.90
Maximum 1.00 2,91 68,70

Samr-le Sice 9 S <
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Tavle C1. Iata Summaries for Uitricularia wvuldgaris
Flants Raised from Turions in a Diet
Exreriment: Stem Diametery Leaflet Lendthy
and Plarnt Lendgth by Treatment Traw (comt’d.)

Treatment Traw Stem Leaflet Total
Diameter l.erath Length
I mm irc om i Cm
6
Mear +84 1.93 21.60
Stde.e Devialion +17 + 44 @.65
Miredlmuam + 53 1.10 10.20
tared muam 1.03 2+37 44.10
Samrle Sire 13 13 13
7
Hean + 88 1.99 2075
Std. Dleviation 19 o2 19.56
Marcimoeim + H4 1+5% 20.80
Marod mum 1.24 2.40 71.40
Samerle Size 10 10 10
8
e ar + 81 2.00 3222
Stdd. Deviation + 15 .22 12,00
Mirmdmum « 60 1.71 {6.{0
Mastd muam 1.10 D.446 59,50
Samrle Size 13 12 13
4
Mear: + 84 2,09 38,31
Std, lNeviation «13 .% 15.%1
Mircimeam 62 %.b? 146,20
Marimuam 1.02 2.40 63.@2
Samsele Size 12 12 12
10
Mean .71 1.87 37.?3
Strl, TDNeviation .1; e 3b 19.70
Mirmimam e 33 }.44 16.00
Malmam + 84 2.41 &68.60
Samrle Size 4 Q@ Q@
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Table Ci1. Iata Summaries fTor ULkricwlaria vuldaris
Flanmnts Raised from Turions ire 3 Diet
Ewreriment s Stem Diasmetery Leaflet Lendgthe
andg Flant Lendgth by Treastment Trau (comt’d.)

Treatment Trau Sltem lLeaflet Total
Niameler el Lendgth
irm mm i Cm 1h Cm
11
HMearn : + 82 1.87 35.92
Std., Deviation .19 o 2 24,03
Mlard mum 94 1.26 15.00
Marximum 1.19 2.21 79.80
Samrle Size ? ? Q@
12
Mear + 31 2.02 37.47
Stcd, Deviation + 09 e 28 26.96
Mirmonn s 50 1 +65 1%.00
Maod nodm 923 297 101.80
Samrle Size Q e Q@
13
Me s « H0 27 16.53
Std. Neviation .14 22 1;.08
Mirdmoam + 40 + 98 5.90
Mazd moam . + 70 1.48 31.90
Samrle Size 4 4 4
14
Maan 33 1.08 $.97
Std. Deviation o 2 .}9 5.93
Mirimum » 10 .78 q.io
Maximeim 3 1.31 18.50
Samrle Size 7 7 7
15
Mesn +44 1.17 15.58
Std., Deviation .08 .19 g.ll
Mirimonm .33 .?ﬁ qg.?O
Madmam T 1.+.35 25.70
Semrle Size é & A
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Tabhle (C1. Data Summaries fTor Utricularia wvuldaris
Flamtes Raised from Turions in a Diet
Ervreriment? Stem Diametery Leaflet Lendthy
and Flant Lendth by Trestment Tray (cont’d.)

Treatment Trav Gtom Leaflet Total
Liaweter l.ondth Lenglh
i mm in ocm i om
16
Mean «41 1.51 22,70
Sta., TNeviation 22 37 11.15
Mirvimum +13 1.095 12.30
Mareiinim + 70 217 48,90
Samrle Siire 10 10 10
17
e an . 42 1.42 18.10
Stad. DNeviation + 20 «19 11.16
M motm + 10 1.19 7.90
Martd mm b7 1.64 38.50
Samrle Size 7 7 7
18
Mean + 48 1.13 ?.44
Sta, TNeviation e 24 o2 4,19
Mirdmom « 10 + 82 4.?0
Marimum + 80 1.42 16.30
Samerle Sizxe 3 8 8
19
Mean + 20 1.87 19.28
Std. Deviation o 22 .4? 9.20
B NN RN + 80 1.1%5 .?.QO
Mearsod moim 140 2.60 33,80
Gamrle Size £l & 3]
20
e an + 89 1.98 20.?%
Std,. Deviation 13 .3{ 6.55
Ma e et » 70 }.43 11.20
Masimam 1.13 2.44 33.50
Samele Sice 11 11 11
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Table C1. LIata Sumwaries for ULkrvicularia wulsaris
Flants Reised from Turions in a Diet
Experiment? Stem Diameteryr lLLeaflet Lengthy
and Flasnt Length by Treatment Traw (cont‘d.)

Treatment Traw Stem LeafTlet Total
Iiameter Lengtlth Lersgth
LEY im iy om in om
21
Hear ' + 84 1.94 24,74
Std, Heviation .18 ¢ 23 752
Mirmimoom e 63 1.63 15,00
Maoimuam 1.17 D26 36,00
Semrle Sirze 11 11 il
22
HMean 1.0% 1.94 3?.?;
Sted. lDeviation o 2 .1? 15.37
Ma ko meem + 80 1.65 17+f¥0
Ma sl pram 1.33 2.38 68.59
Samele Size 12 12 12
23
Me‘ar' 093 1 094 3303-5
Std. HNevialtion 21 . 38 19.?9
Mirdmem 658 1.3? 14.80
Marimum 1.33 2.57 78.72
Samrle Size 12 12 12
24
Mean « 89 1.?2 25.78
Stad. Deviation .20 .2 12.ﬁ2
Minimum o7 }034 z—.s"'os.?:.
Maximum 1.30 3.32 43.:2
Samrle Size 12 12 12
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Tatrle C2. Data Suwmmaries Tor UbLricularia wvuldgaris
Flants Raised from Turions in a8 lDiet
Exreriment? Leaflet Fairs rer Flanty Leaflet
Faire rer cmy and Bladders/Fositions rer
leaflet by Treatment Tray

Treatment Tray LeafTlet Leaflet Eladders/
Fairs Fairs Fositions
rer Flant FET CMm »er Leaflet
i
Mean 50.15 3.25 11.92
Strd. DNevialbion 3Z%,12 < B1 .95
Mared neaam 21 2.22 11
Maorimum 150 Se20 13
Sasmele Sice 13 13 12
2
Mear 47 .78 2,97 11.2
Steie Deviation 12.44 + 42 1.17
Mirimiim 30 2.31 10
Ma 1 moam 63 2.96 13
amrle Sice 3 4 9@
3
Mean 63+ 25 4,52 10.08
Sted. Nleviation 29,64 51 2.69
Miridmerm 36 2.96 . 8
Maredmesm Q7 S.24 16
Samrle Size 8 8 8
4
Mean &7 .43 4,68 11.19
Std. Deviation 30.467 1.?1 1.65
ML i merm 35 3.?8 .9
Masimum 119 7.59 14
Samrle Size 7 7 7
5
HMeanr 110,00 2.61 11.84
Steg, Deviation 27 .01 e D9 1.09
Mirdmam 69 2.11 13
Mardimam 148 3.61 :
Samrle Size Q <
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Table C2,. Iata Summaries Tor ULlricularia vulgaris
Flants Raised from Turions irm 38 Diet
Exreriment?! Leaflet FPairs rer Flanty Leaflet
Fairs rer cmy and Hladders/Fositions ser
lLeaflet by Treatment Trew (cont’d.,)

Treatment Traw Leaflet lLLeaflet Bladders/
Fairs Fairs Fositions
rer Flant FOr Gl rer lLeaflet
&
Mean 79.31 3.74 ?.41
Std. Heviation 33.86 + 60 1.23
Mirmimuam a6 2.923 8
Maximum 165 4,80 12
Samrle Sice 13 13 13
7
Mean 121.70 2.87 11.24
Std. Deviation 54.33 8 1.18
Mimimenm 99 2.49 10
Marimum 198 326 13
Samrle Size 10 10 10
8
Mean P4,46 2.91 10.44
Std. Deviation 37.97 + 45 1.11
Mirdmusm 43 2.26 8
Marimuam 165 3.72 12
Samele Size 13 13 13
o
Mear 105.92 2.83 11.41
Std. Deviation 38.50 + 28 1,00
Minimum 52 2.32 <
Mastimeam 179 3.29 13
Samrle Size 12 12 2
1¢
Mean 121.78 3.449 Q.94
Std. Deviation 53.01 .Sq 1.46
Maireimam 69 Q.éb Z
Mar i mam 205 4,50 12
Samrle Size o o =

Reproduced with permission of the copyright owner.

Further reproduction prohibited without permission.



176

Table C2. Inata Summaries for Utricwularia vuldaris
Flants Raised from Turiomns in a8 [iet
Expariment? lLeaflet Fairs rer Flanty Leaflet
Fairs ser cmr and Bladders/Fositions rer
l.eaflet by Treatment Trawy (cont’d.)

Treatment Trawu LeaTlet l.Leaflet Bladders/
Fairs Fairs Fositions
rrer Flant Fer cm rer teaflet
11
Mean 112.89 3.35 10.07
Stefe DNeviation 52,32 +48 1.04
Miorimuam 56 2.77 Q@
Mariimm 229 4,13 11
Samrle Size 9 @ Q@
12
Mean 115.89 321 11.46
Sta. Deviation 77,49 e 51 + 21
Mirimom 43 2.51 10
Marimerm 302 4.21 132
Samrle Size 9 b4 Q9
13
Mean 58.00 o 21 8.?0
Std. Ievistion 18.17 1.44 1,39
Mirdmum 35 2.48 8
Marod nmam 79 5.93 10
Samrle Size 4 4 4
14
Mean 47 .14 S.30 P47
Std. Ieviaslion 2.32 1.55 1.07
Mirdmein 27 281 7
Masimum 6% 7.64 12
Samrle Sirce 7 7
15
Meanr 8hH.67 5.98 9.QO
Std. Deviation 37.45 1.0¢ + 87
Mirdmum 36 4.7§ 8
Marimuim 142 7+47 10
Samrle Size é b 6
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Tabhle C2. ata Summaries for Utricularia vuldaris
Flants Raised from Turions in a Diet
Evreariment? Leaflet Fairs rer Flanty Leaflet
Fairs rer cmry and HBlsdders/Fositions rer
lLeaflet by Treatment Travy (cont d.)

Treatment Tray Leaflet leaflet Rladders/
Fairs Fairs Fositions
ver Flant FOPT O Om rer Leaflet
146
Mean @5.90 $ 29 ?.71
Std. DNeviation 4% .89 9 1.33
M i mum 51 3.49 8
Ma i moum 206 5.46 11
Samele Size 10 10 10
17
Mean 83029 4074 9072
Std, Deviation 47 .06 63 67
M men 40 3.96 Q
Mari mum 165 5.9% 11
Samrle Size 7 7 7
18
Mearl 47050 51020 906‘6
St [’@Viatiorl 18,59 1007 + 50
Mimimom i8 3,99 4
Ma i muam 79 6.8? 10
Samrle Size 8 8 a8
i9
Mean 60,63 3.33 12,37
Std., Neviation 24,57 73 1.40
Mirimoam 33 2.23 10
Maximum @2 4,46 14
Samsle Sice g £ 8
20
Meanrn 63.21 3.19 11.51
Std, Deviation 1i8.64 43 1.u;
M3 mam A2 2:.56 4
Masimam A 3.98 11
Samrle Size il 11
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Table C2. LData Summaries for Ubricularia vuldgaris
Flants Raised from Turions in a8 liet
Exreriment: Leaflet Fairs rer Flanty Leaflet
Fairs rer cme and Bladders/Fositions ser
Leaflet by Trestment Traw (cont d.)

Treatmwent Tray Leaftlet Leaflet Blazdders/
Fairs Fairs Fositions
ser Flant FET Cm #er l.eaflet
21
Mean 7T.64 3elD 11.80
Std. DNeviation 16.92 42 1.20
Mirimum 468 2,43 10
Masiimuam 105 3.67 14
Samrle Size 11 11 11
22
Mean QOTSH 2.68 12,34
Stol. DE‘VJBtiCJTI 30,41 + 38 .84
Mirdmeam 50 2.08 11
Maximum 142 3.40 14
Samrle Size 12 12 12
23
Mean 965,17 3+12 11.68
Stad. Deviation 44,38 + 77 1.43
CMindmonn 62 2,45 10
Mascd miam 202 el 4 14
Samele Sizse 12 12 12
24
Mean 78075 24 10.84
Std, Dlieviation 24,02 1.07 .82
Miridmom 50 2.11 s
Ma1nmam 133 éHe 40 12
Samerle Sire 12 12 12

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



179

Tabhle C3. Iats Summaries for Utricularia vuldaris
Flants Raised Trom Turiormrs im a [Diet
Experiment? Bladders/Fositions rer Flant and
Eladders/Fositions rer om by Treatment Tray

Treatment Traw Total Bladders/
Eladders/ Fositions
Fositions Fer om

rer Flant

1

Mo an 1202.72 723.66
Std. Deviation ?28.90 15.62
M3 rcd e 490 50.37
Marod mam 37200 99.46
Samrle Size 12 12
2

Mear 1084.12 &7 .28
Stad. Tleviastion 333,16 13.59
MLirimoam 694 44,92
Maxilmum 1571 89.75
Samrle Sirce Q @
3

Meanr 1329.50 ?21.51
Std. Deviation 755.11 27 .92
Mairrdmum H03 62,40
Mol muam 2703 148.51
Samrle Size 8 8
4

Maan 1543,34 103.24
Std. Deviation 875.29 30,39
Mimimum 649 692,01
Merodmam 33284 151.00
Samele Size 7 7
5

Mean 633,87 6561.01
Strd. leviation 7461 .69 .89
f\v‘jir',ilnl._”'ﬂ ]?48 5007‘?
Marimuum 3651 78.14
Samrle Size ? Q@
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Tahle C3. Data Summaries for Utricwlaria vuldaris
Flants Raised from Turiorns in a lDiet
Exrerimernt? Bladders/Fositions ser Flant and
Bladders/Fositions rer om by Treatment Trau
(corml “ede )

Treatment Traw Total Fladders/
Bladders/ Fositions
Fositions Fer om
rer Flant
é
Mean 14546.91 70.86
Sta. Teviastion 518.19 17.14
Mo d moam 724 446,10
Marimum 2684 113.37
Samrle Size 13 13
7
Mear 2752099 64033
Stod. Deviation 1309.98 He 73
Mirtimoem 1357 49,79
Marximuam 47%4 75.49
Samrle Size 10 10
8
Hean 1984.12 HOQ 5P
Std. Deviation 847 .03 10.20
Mirimum @36 40,70
Maximum 3454 74.99
Samsele Size 13 13
9
Mean 2365.81 64.78
Ste. Deviation 726.63 10,34
Mirrimum 1241 49,46
Mariimum 3723 $0.,38
Samrle Sire 12 12
10
Mearn 2489 .82 H8 . HO
Std. Deviation 1279.76 14,80
Miriimusm P90 40,597
Maselmeam 44647 89.40
Samrle Sirfe b4 Q?
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Tablie C3. lata Summaries for Utricularia wvuldaris
Flamnts Raised {from Turiorns in a Diet
Exreriment?: Bladders/Fositions rer Flant and

Bladders/Fositions rer cm by Treatment Traw
{cont’'d.)

Treatment Trow Total Rladders/
Elacdiders/ Fositions
Fositions =er Cm
ver Flanmt
11
Meanrn 2241.75 67+ 63
Sted. Devistion 1201.81 12.15
Mared mesm 12462 47 62
Marimum 4672 84.12
Samrle Size 9 ¢
i2
Mean 265%.,17 73,45
Sta. lNeviation 1815%.74 11.48
Mirtimeim 1124 BSe27
Mard mam 6926 ?1.44
Samrle Size 9 4
13
Mearn 1030.63 74 .92
Std. Deviation 393,74 30.88
Mirmimum 70% H50.19
Mas i mum 14601 119.44
Samrle Size 4 4
14
Mean ?203.39 ?8.14
Sitcde TNlaviation 300.99 20.71
Mirmimoam %11 56.22
Maoi moim 1361 116.50
Samrle Size 7 7
15
Meanr 1623.13 113,08
Strd. DNeviation 744,549 26,90
Mindimsm 710 83,06
HMayimam 2878 147 .34
Samrle Size & &
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Table C3. Data Summaries for Utricularia vulgaris
Flants raised from Turions in a HNiet
Esireoriment?: Eladders/Fositions ser Flant and
Eladders/Fositions rer cm by Treatment Trayg
(cont’d.)

Trealmenl Traw Toltal Eladadaers/
Eladders/ Fositions
FFositions Fer om
Fer Flant
16
Mean 1200.21 82.34
Std. lleviation 1065.20 7.24
Mirdimom 1081 70.00
e d muam A4477 ?1.56
Samrle Size 10 10
17
Mean 1659.66 P2.26
Std. Neviation 1015.78 14.33
Mirmdimuam &H88 L8 .12
Marimum 3410 115.81
Samrle Sire 7 7
18
Mean ?19.03 100,24
Std. Deviation 379 .38 20.41
Mirdmum 372 7922
Mariimum 1580 135,02
Samrle Size 8 8
19
Mean 1507.52 83.32
Sted, Devistion 661 .33 24.2?
Mirimuam 733 Ad .67
Marod mam 2333 118.92
Samrle Size & 8
20
Mean 1428.,45 72,47
Stf. Nleviation 416,22 16.36
Mireimunm 877 G221
Masodmam 2352 P5H+42
Samrle Size 11 11
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Tabhrle 3. Data Summaries for Utriculania vuldaris
Flants Raised from Turions in a Diet
Erreoriment: Illadders/Fositions rer Flant andg
Eladders/Fosttions ser cm by Trestment Traw
(cont d.)

Traatment Trav

Totlal
Hladders/
Fositions

Rladders/
Fositions

Fer om
“er Flanmt

21

Mean 1788.75 74.00
Stad. Teviation A57 .69 10.07
Mird mam 1107 49,96
Marodmum 2959 86.22
Samrle Size 11 11
22

Fieanrn 2214.6% HEE 55
Sta. LHeviation 679 .81 12.62
ML moem 1353364 48 .79
tfareimum 3332 O0.76
Samele Size 12 12
23

Meanr 2210.07 73.04
Std. DNeviation ?82.60 20.29
Mireimum 1471 50.34
Masimuam 4848 124.61
Samrle Size 12 2
24

Mean 1713.86 71.0%9
Stad. Deviation 575.32 29.25
ML mum 1100 46.4{
M3l mum 3050 160.35
Samele Size 12 12
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Table C4. Iata Summaries fTor Utricularia wvuldearis
Flants Raised from Turions in a [iet
Exreriment? Eladders/Fositions ser gm by
Treatment Trawy

Treatment, Bladders/
Trau Fositions
Fer 4dm

1 7478.05
2 6294 ,89
3 A748.21
4 3662.16
5 7140.01
6 7575.93
7 493,07
8 733,42
@ 10103.10
10 700,60
11 12933.,17
12 11433.75
13 11778.63
14 31618695
15 30433.469
16 33932.32
17 R297808.77
i8 33419.27
19 109643.78
20 10008.25
29 11642.75
2o 8227.95
23 P404.55
24 P222.57
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Taeble C5. nata Summaries for Utricwularia vuldaris
Flants Raised from Turiorns in & Diet
Exreriment? Firngl Wet (Rlotted) ard Dryu
Weishts by Treasatment Traw

Treatwment Traw Elotted Finmal
Weistht Dru Weidght

in dm 1 gm

1 34.66 1.93
2 27.20 1.55
3 38.50 2.24
4 47 .97 2.95
o 96.92 3.32
6 32,12 2.50
7 54,23 2,90
8 44.05 2.65
? 43 .48 2.81
10 34,27 2.31
11 30.43 1.56
12 30.56 2.09
13 22 + 35
14 3.99 e 20
15 4,65 « 32
16 ' 10.61 Y
17 6436 « 39
18 3.5 o 24
19 224,45 1.10
20 24,97 1.57
21 27.16 1.69
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Tatle CS. lata Summaries Tfor Ulricularias vuldaris
Flants Raised from Turioms in a lLiet
Exreriment: Fimal Wel (Hlotted) and Dry
Wetitghts by Trestment Travy (cont’d.)

Treatment Tray Blotted Fimal
Weilight Irgy Weiligsht

L sfm i gm

22 49,09 3.23

23 40 .69 2,82

24 32.38 2¢23
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Tabvle C10.

Multivariate Tests of Sidnificance (8 = 1y M

Test Name

Fillais
Hotellinds
Wilks

Rous

Farametric MANOVA Showing the Effect of the Interaction between
Collection Site and Nutrient Solution Strength on Four Variables
(Leaflet lendgthy Rladders/Fositions rer Leaflets Leaflet Fairs

rer ciwr Bladders/Fositions rer cm) Measured on U. vuldgaris Flants
Raised from Tucions in 8 Diet Fxreriment

= 1 » N = 45 1/2)

Value Esact F Huroth, DF Ervor IF  Sig, of F
s 07830 1.97507 4,00 93.00 + 105
08495 197507 4.00 23,00 + 105
92170 1.97507 4,00 93.00 + 105
07830

Note.., F statistics are

Univariate
Varisble

Leaflet
lensth

Eladders
Fer leaflet

lLeaflet
PHLTS FOT Cm

Rladders
Far om

F-Loests with

Huaralhr, 5%

eract .

(1+96) e F,

Error 9 Hurobth., MS

Error M4

FooSidg., of F

+ 36948 B.11073 ¢ 346948 08449 4,37323 + 039
2.53029  127.22390 2.53029 1., 32525 1.90930 +170
27918 6837827 27918 W 71227 + 39195 133
4092115 371463.1876 40.,92115  387.116%54 + 103571 746

161
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Teble Clé6, Nonearametric MANOVA Showing the Effect of the Intersction between
Collection Site and Feeding Regime orn Four Varisgbles (leaflet
Lensthr Rladders/Fositions rer Leaflety Leaflet FPairs rer Cmy

Eladders/Fositions rer om) Measured on U. vuyldgaris Flants Raised
from Turions in & Diet Exreriment -

Multivariaste Tests of Significarnce (5 = 2y M = 1/2y N

= 4% 1/2
Test Name Value Aeprox.s F Hurabth. IF Error OF Sisg, of F

Fillais e 24095 J+21904 8.00 188,00 002
Hotellinds £ 29838 3.43140 8,00 184.00 001
Willks 76534 Je32837 8.00 186,00 +001
Rous 21114

Note.. F statistic Tor WILK’S Launbhds is ewact,

Uniivariate F-tests with (2vy94) L, F,

Variable Husoth. 5% Evror 88 Huwolth, MS Error MH F Sidg, of F
lLeaflet

lendgth 2784.97734 192209.802 1392,48867 2002.18335 cAPH49 + 501
Bladders

rer leaflet 8110,11988 228949.458 405%,05979 2353,848%2 1.72274 184
lLeaflet

ralirs rer om  3642.39374 222530.110 1821.194687 2318,02197 s 78547 P 459
Bladders

rer o om 24267,0100 307909.463 12133,5050 3207,.39039 3.78298 L0264

L6}
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Table C19. Norrarametric MANOVA Showing the Effect of the Interaction between
Collection Sitey Feeding Redime and Nutrient Solution Strengdth on
Four Variables (Leaflet Lendths Rladders/Fositions rer Leaflety
Leaflet Fairs rer cmy Rladders/Fositions rer cm) Measured on
Us vuldaris Flants Raised from Turions in a Diet Exreriment

Multivariate Tests of Significance (8 = 2, M

2y = /2y N = 45 1/2)
Test Name Valuwe Aprrode F Hysoth, IIF Evvor IF Sid, of F
Fillais 12818 1.60924 8,00 188.00 125
Hotellinds 13731 1+57910 8.00 184.00 +134
Rouys W07618

Note.+. F statistic for WILK’S Lambds is exact.

Univariate F~tests with (2+924) I, F,

Variable Huroth. §8 Error 95 Hyroth., M5 Error MS F Sid, of F
Leaflet

length 245.00191 192209.602 122,50095 2002,1833%5 06118 241
Eladders

rer leaflet 3527.653535 225949.438 1763.82678 2353,848%5 s 74934 JA75
lLeaflet

rairs rer com 10089.5912 222530.110 H042,79560 2318.02197 2.17547 + 119
Rladders

Far om 13400,7155 307909.663 6700.35775 3207 ,39232 2.08904 129

002
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Table C22,

Multivariate Tests of Significance (8 = 1y M

Test Name

Fillais
Hotellings
Wilks

Rous

Note. . F st

Urnivariate

Uariahle

Leaflet
lenglh

Bladders
Fer leaflet

Leaflet

Fairs ser om

Bladders
PO CMm

Farametric MANOVA Showing the Eftect of Nutrient Solution Strendth
cn Four Varisbles (Leaflet Lendthr Bladders/Fositions rer Leafletls
Leaflet Fairs rer cmy Bladders/Fositions rer cm) Measured on

Us vyldaris Flants Raised from Turions in a Diet Exreriment

=1 » N = 55 )

Value Exact F Hurobth, [IOF Error OF Sid. of F

+ 1000646 34311331 4,00 112.00 .018
11119 3411331 4,00 112,00 018
+89994 3.11331 4,00 112.00 +018
+10006

atistics are exact.

F-tests with (1+115) D. F.

Huroth., % Error 85 Huroth, MS Error MS F o Sig, of F

e 22862 10.204612 22862 08875 2576085 111

9.06025 1354.90420 J.06025 1.34699 Je758670 055
$ 56287 38.54304 h237 +33514 147941 + 198
f01279 30241,2424 01279 2862.,96732 + 00005 994

€0z



204

Cc9* £2690* CLLP6'EPE FELOEY LT bEVSTVEOL CLVab6* 9T Wwo 484
sdapoeq

LE9 I ZA VA A QILEL” rigat: POLVLBE CEYLEL” W daad 5418
1214887

100° RPLYSL L HHYLE T ClERbt 6 OCkO6' LT ba9I6* 61 1874€a] a4
sJappeTy

orge AT L4880 18510 E190C 01 E2080° Yypuag

1eT4Ea7

4O *B1Ig 4 GW 40443 GW *UIOHARH 88 J0dd3 G5 *UYLOARH BIQLTIEN

*4 0 (GTE4E) UITM $1539-4 9)ETIRATUN

$08Ma ST BROQUET §,NIM JOJ ITLSTIE3S 4 ¢ *810N

. voroc! SH0Y
(X100 00*vC 00°'8 GLEEY*E A2 XY SYTIM
100 00'céc 00*8 FOLEG S LE60S! SEUTTTO%0H
00’ 00*9ce 008 6189 L BLL0C? STeylty
4 4O *BTG Qi 40443 Al CUI0RRH 4 *HOAAY  BNTep QWEN 159 ]

( G5 = N 4C/T = W 42 = §) QIULITJTUBTS SO $159) 91LTARATITPN

_ PLUBWTABAKT 48T 8 UL SUOTJII  wod
pPAsIRY SHUETd STJEBINA *f] UO padnsea)y (WD Jdd SUH0T3TS04/SHapperq
QWD JAd SUTEY 1OTIROT 4D[S287] 4 SUOTITISOL/SIAPPETH (U3BEUaT
18T74807) SATASTIEN JNO{ UO WIFSY FUIPOSL PUL LOSLHG [84UBNTIOZNT
LBBMYAQ UOTFORI@IUT SUY) JO 10447 Yl BUTMOUS UNONYW DTdjemeded gz atqe)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



205

QOeO ey e B I . = .

0 vecag ' v CELREERE EERLC'BYIT vEVTTEEOE €G4S B9TT WO Jad
sdappelq

100" ~ g N

6V5L9°0T  9I6ER LELLGE POEYEBE  LbHLLG'E Wo da= SJdTed

191437

8EE 0T?C6* GHPVET GrLvatt QERO6PET Ll 1814881 Joad
sdappe [y

ocL? 1/85T - . o

( (/88T 54880 critoe CI908 0% ocb110* Uypual
1914287

40 BTG o - .

A 40 BTG 4 SW JOULF  GE CULI0ARH G6 40adF 5§ UI0ARH BTQRTIRA

AT (RTT4T) URLH Sh509-4 @jeTdeATIufn

*ROEND e GILISIIRYS o *+210N

=y b R 0LEVT® §50)
mmm. 00*C1l 00 ¥ GOT69* b 0neng’ ST im
woo. oo‘mwm 00" 0169V bELTY SSUTT[A10H
' Q0T 00t YOTET* b 0GEw T * STETTT

4 40 *BIg A 40Jdd7 A1 UG OLRH 4 1a8RNMY anTen SN }59]

i)

( 68 = N ¢ T = W 1 = §) DOUBITYIUFTS 40O 5153] 918TIRATLINY

_ AUANTABAKT 1OT € UT SUOTJN L WOl PIstey s A
STAEBINA *f] LD POJINSEIN (WD Jod m:cﬂgﬁmaixmgwrnmﬁm msc_“wazwwwma
1874807 4181487 4od SUOTFTHOL/SIaPPET (YIBEUS] 1914837 amﬁamwpmu
JMo4 WO Y3IBUadLG UOTINTOS JUaTJINN pUe uoseag ﬁmp:@sﬁhmaxa
UDEMIe0 UOTFIRIDIUT. 84} JO 4034437 8Y) BUIMOUS YAONYW uﬁ;auemgmw

‘vcd 91ge}

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



206

(85" LA TA CELPLTETC ERCOBCISE  tCVETVEOE S9V09° €05 o Jdad
sS4ApPe Ty

298 Lyove 1 PILEE" LEGYY? 080508 va868"° Wa Jdad saTed
19174887

1£0°* CLEBLE L6V T HLRBTHB Y OCrOLYET  BTL59°6 largear Ja
SJApPe 1y

£an?’ GLGAG L4880 £8cs0 ClI?08 0T Y9501 Yipuag
181487

4 40 BTy GW JOJY GW *ULO=RAM 88 J0dd G5 *YFOSARKH BIQRIJIEN

t4 1 (BTTAE) UITM 5958%-4 21BTJRATU)

‘qQaeHE ST epauwet S,NTIM 404 DPTISTIRLS o * 870N

, o £1960° SA0Y
MMO. oc.wmw oo.m 691808 LE69G SHTIR

o. 00 CiG 00'8 LBLEOE LIV T mmcﬂﬂﬁmpux
£vo OQ*9c 008 LERL0E 24’279 N meHHﬁL

4 49 *518 A J0dJa ] A1 U048 4 4 HOd A48y ANTEN AWEN 143}

PR - g —— . -
( 55 = N $Z5/7T = W 5 = §) 8IUeITYTURTL 4O 5188]) ALRTJIEATY TN

_ PUDWTLSAHT] OV £ UT SUQTINY WOdJ PpRsTey
GAUET,] STLEETIOA *f] LO RAIRSSIKN (WD 43«4 SUOTLTHO/SIOPHETE WD
49 SUTRH4 ORI 1I[JEDT U3 SUOTITSO/SIIPPETH SYIBEUAT 18T 4R97)
SATARTIEA JNO4 LU0 YIEUSLIG UOTENTOG JUSTIINN PUS SNIEaY BUTDOS 4
LOAMIAY UOTIIRIOGU] 8Y) 40 338447 YT BUTMOUS YADNYW DTJ1auedey ‘6D 9IqelL

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



207

(e T68L4° ERLRG TIT  GOGEB'VOT  YEVT TYEOE SIBL9 600
veg: vOLOT*T PILEEE £OTLE QOLHR HE  SOTWL*
T26° rO6E0 " bEPTETT TT6E0° 0THO6 YGT  YTBLO®
BEG B6TTP 54880 6TH50° ZI90T* 01 50771
4 40 *FI§ 4 SW JOUAT BN CUROARH 85 J0ddT RS YI0AAY

i Jd
54OPPE T

WD Ja3d S18d
192D

1914807 404
ENECINIVE-R

WERAIEY |
1914897

BrUeTLen

A D (GTTAE) YITHM S958%~4 @1RTJ4EATUN

CRORKE ST RpOUET §,NTIIM J04 OTQSTIIELS 4 ¢ 30N

. Erov0r
885 00 vid 008 08L18°* LOVVe”
065" 00*Ced 00°'8 £L518° B840
?85° oo.ﬂmm 00°'8 86418 900

4 40 BTG 4] d0OJ4H A1 *YFOHRH 4 *HODSRY BRTEA

SROY

SATIN
SEUTT 290K
STeTTT

aWeN 159

(G5 = N 43/T = W 47 = §) DIURDLLTUBTG 4O $353] 23BTJEATITNN

JUBWTIBAKT 1T € LT SUOTUNL WOJdY PASTEY SQUR[L STJEHEIDA *[]
WO PAINSEal (WD Jod SUOTITSO4/SJappeTy (Wd 184 m;ﬁmi 1914887
41BTJEBT U4 SUOTFISOJ/SIOPPETY (YIBEUDT 19T48a7) mmﬁsmﬁpmy Jro4 Lo
YIBUaL1S UOTINTOS IUITIINN PUE SWTEaY BUIPOad (USRS ﬁm@:msﬁLwaxq

HBaMaY UOTIILUaIUT 8yl JO 138447 Y} FUIMOUSG YAONYW dTarausdey

*ecd a1qe]

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



208

150° vrT06°E TL6GL GETE TEQ0'8FVET L9E TTGL9E 1£90° B9V
AL 0r050* GLIDB*66TT OT606°GTT  E0T vBOYYE 05606°6TT

000 99910 8T &VOTS 6U98 LLIE RELLY 90L°C69V0E LTS LELLY
GET* BO0LET LEVGT CRRT GTBOT ITHT TUB*BLLV6T 41801 1285
4 40 *BIg 4 SW HOJUF  GW CUROAAH GG JOJLF  §§ *YL0=AH

WO LA
SUIPRE

WY Jdd ST

1814887

1914807 4dd
suappe 1y

Wisuag
1914887

ITUYRTIEN

YA (RTTAT) NATM 5350%-4 @jeraeatun

FROVHO AU SIT)STIELS 4 ¢ 30N

000° 00°'C1] ' coe L

. o.mwm 00t GTVELET BELOD
ooo. 00 9ﬁﬁ Q0¥ NS D WAAN VA4 A
000 QO*CTT 00't SHIVELET eocte:”
4 40 BTG I 40443 41T CUFORBH o RN BN e

EROY
SYTIM
SHEUTLT180H
SIRT{T

AMEN t5a]

(GG = N & T = W 4 = §) DIILITYTUFIS JO 5159] S38TIEATIINY

S ———————————

VUSMTADANTY 10741 8 UT SUMOTJIN] MWOJY DIASTEN S$IUSTd STIRBLINA ‘N
O RRINSEN (M Jad SUQTIISD]/SAappely 1) 1o WLHmm wmﬁyma4
A1BTIEDT] Jad SUOTITSO/SJPReTy 4YlEuaT] Jo1Lea) awﬁnmw;mb Lmom
O UOSEAE [RIUBMTIAANT S0 190447 &U) BUIMOUS YADNUHK uﬁ;swsmgmacoz

*LCT PTael

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



209

ras AW TV
£0L° boEEhLE !
Lv1e LL996 T
£cre teaeIte
4 40 BTG

voc?

L0C?

00c’

4 40 *BI§

( 85

HO PRRJRnSeay (Wd

TL6LL P LETE PIRQ6 LT L9580
GLIP8' 66 LHIH0LTIH

GYOTS AE9E TLIT6°0TEL

P8 TEPCHCREBT WO Jad
SAPPEe Ty
COT vBbE9C TEBIV LEPT
191407
Gl POLEAPP0L PELBCTIIVOT

- =

LEVECE9GE LYLiv6 08V

Pt

GW AOJJT

0o vaid
00 Cid
009l

A 40447

= N ‘&/1

= WAS = 5)

549pHPe 1Y
TVB'BLLVAC 4PEBTP4H0T  YiBuaT
1914e87
S YLOHARKH §§ 1044 GG UYLOARH argeIden

'd U (BTTAT) YITM 53593-4 ajeTURATUN

PRABHD ST ERQUETT 5, NTIM 404 DTLSTILIS 4 * r 10N

8PE20° BHROY
00°8 B6L8L° T 06406° SATTM
008 08481 Crb660t SEUTTTaL0H
00°'8 caees 1 rovso:

SIRT{Td

A0 UA0RAH 4 tHOddAY  anTep AWEN 350)

g

AIURDTYTUBLSE JO $963) 91RTIEAT}INY

JUBWTIBAKRY 49T 8 LT SUOTAN] WOLY PISTEN SQUET] STI8R[NA *

Lo BUTBEBY FUIPDO JO 308447 YY) BUTMOUS YAONUW DT4180818000N

Jad SUOTITSO4/SdappaTy
(1ITJEDT] 4Bd SUOTLRTSOL/SLaNPE T

D ABd SUTE4 19TJE07
AUIEUST] JATJEAT) SATUeTARs N0

‘8C0 91gey

WO Jdd SUTeA

181 48D] dod



210

R e . e m e e -

L84 L5000 TLAGLRETE Ovb 0T Y LU CTLLPE ObvOT* T Wa Jdad
sdappe g

£6c: C9TTT LLT98°648E GEPVELPEE SOT vBYVPC LGAESVCLPGC WY Jd4 suated
1a1jean

0L0° LYEE L GVOLLTAYYPE SOLPT HEBE P0L°L6PV08 L0491°vE88 1914887 Jod
sdaappely

AN COTIR*C LEVAETEPRE PROBY 8L TYB ' LAVLE vLOBY 9CHY  UIARUST
1814807

4 40 *'BLg 4 GW 40447 GW *UYI0IARH 88 J0dLT GG CYp0ARY 8rgeITIEN

AN (GLTET) YITM S958%~4 8jRTIRATUN

*ROEHE BUE SOTISTIELS 4 ¢ 90N

. o 19£40" 5RO
282 00211 00 ¥ BLOLEYT  6£904° ST
£62 * 00"clHI 00t BL9LEYT  09GKO" SHEUTT T80}
£8E 00 TTT 00 b BL9LTT  19E60* S1efTTd
h_ L.O .m...-.mw h:H LO,-;M— .l; on._s.d.nwim»z h_ ....vUM.uvumm p..w_._._”mwb mu.:mwz n_.mlemw.—.

(65 = N 4 1 = W 41 = §) SIUBITITUETIG 40O $153] 81BTIEAT) TN

| FUANTLIAXT 1BT( & UT SUOTUN] WOJY pasiey SIUe(d STIEE[NA * U0
PAANGRDK (WD JB4 SWOTITIS0/SJODReTy () Jad 64184 gmﬁymmJ 41874087
194 SU0TIRTS04/54aPPRTY FYIBEUDT 197J887) SITURTIEA AN04 U0 YIBEUDLIS
HOTRNTOS JUATLINN SO 198447 84U BULMOUS YADNYW DTJrameasduon  *42) a19el

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



211

619 R: LA TLOGL G6TE GUEST TUET L9€*STL498 068bC£B80E
85 vIETY SL198'66TT STLEL'LEVT TOT'bBYVYT OSLTL 9982
000* BET0E*8 GVOTL 6EPT ESTE VHETE 90L'£400F G0R9°884LY
C68 COPTT? LTYEE E9GT ROLVECCOT  TUB*BLLVEE 0TV69°vES

4 40 'BI§ 4 SW 40T GW CUIOARH G LOULE  GE *YI0aRH

W Jd9d
sdappe 1y

W Jdadd SJT8d
1874837

121408 Jad
sdappetyg

TLS:-DLS|
1814297

s1qetde)

*d4 T (STE4Z) MITM $358%-4 d18TdRATUR

*O8ME ST ERQWLT §,NTIM 0L ITISIIEIS 4 ** 30N

gcLae?

ooo“ o0*vee 008 roovo e 0cgvLe
ooo. 0o*cce 008 8 Wbl I 6L66C°
000 00*9cC 00’8 boLCL L viged!

4 40 *FIS 4] 4OJ4d3 A1 CYLO0RRK o tHOdAAY  BNTEA

( G5 = N 4g2/1 = W ¢

PUANTAD040] AT & ;
o _ Lday a1 & JUT SUOTJdn] wod
pasiey SQUBTY STUAREINA *[1 MO PAUNSEOE (WD 1A m:cﬁaﬁwo¢\mgmnvnﬁm

D Jdad SATRY 11407 3814887 Jod SUOTLTSO e
. s S . 48 NE: GLIOT3THO4 /94008 T 4 B
121487 SA[CETIJEA N0 U0 SWTHEAN HUIPRaad PU uoseay ﬁmpinNwm-zw
Uaamnl1ad uoTHIedaull oyl JO oatlld aul} BUITMOUS YAONYW Oﬁgpmsmkmicoz

SAROY
SATTN
SEMT [ [910H
STefltd

aweN 58

- AUEDT Lrile
= 5) QIURITITUS g Jo $158] B8ILTLIRATIINY

*0gd 91vel

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



212

£00° vL150° 5L G6TE
L1506 VEOLL HGATE 4981 LE6BE L9T'CTRLPL 69BTLT4BE W2 1
SdapbeTd
000 °* b6LLL! [ PB*6HIC .
£ 8T RLIPBEHIT F06T EBILY COT HBUEPT P061°CBILY WO 484 sSdTed
» 114887
LLE £110c*1 Q15 e .
'l GPOTL OVP0 SLLOHE CBTIL 0L L6PV0E HLLOETETE 191400 dd4d
S4Bppe [y
0L 081 * Sh6T £9aT : |
1yT LOYOE LG8 Yhvov L98  TVB BLLVe6T bbb Pb C9E WHELAT
1974287
4 40 *BEG 4 B )
Y7 BRY A WIS Y B S UYL OARH 6§85 d04dT 55 CWL0H/H arartTue
b L Qe PTJEA

Al (GTTAT) YITIM S158%—. B1RTJIBATUN

$R08XO BUR SITRSTIRLS 4

m.q...q.—”..qo + omu.cz
wwm. mw.mﬁﬁ 00° b T TR P sytom
. ‘TTT 00 b L6266 S 690 S0
000 00°C1T 00 & Presngy, wm%wm. mmcﬁmwmyoz
‘ T T STOTTT4

4 40 *BIS 0 JOUMT I U0

i1

4 oey antenp BUEN Y50

06 = [ o= 1 3 :
( 68 N ¢ [ = W 47 = §) AIUEITJTUEIG JO S953] 21ETULATITINY

. _ QUBNITIOANT 10T € MI SU0Tdny ! o
— . jue . [dhf WOdY PasTe)y s
smﬁwwwmﬁwwmﬁmmwm wwuzmmmz Aéu a9 m:cﬂgﬁmca\m;m:amﬁm msmﬂmmauwmmwm
Jrog uo zvm:wwwmﬂwwwoa\wwwﬁtwﬁm CUEUST 391485 mmﬁamﬁpmy
LHaaM]aq ccﬁgum;macﬁ.mzwu.e .wwﬂom m:mﬁwadz P eens Hma:msﬂgwaxm
; 4O IDDILT BYY BUTMOUS YAONYW ITJ1auedesuonN  * 180 a1ge)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



213

00Y LETS TLOGL GHTE TLOHB BYOT LIE CTGLYE SUTRL (685 WD Jad
) o SuapRe Ty
00§ LLLTT T LLITH 68T FFE69 008 COL vEYLSE C4HBL 1095 WD 4o sa1e
evo* PBETEE bEOTH 6V 9T .
APOTE 6U 98 TO6YP  TEEE 90L°C69V0E 0B6T'£80LT 1R8] Ja4
GI5 BEHLYS? Teg : ot
364 LTYOTTEDLE CILTT TVLT T¥B*BLLVEE TELVE bEVE  URBUST
4 4o *pI8 4 SW HOMdT G .
SW MOUMT W CUYIOARH GF J0J4E 8§ *YI0LRH PTAETULE N

‘4T (GTTT) UMM 515894 d3eTaeATU]

JIRKE ST epqueTt §,NT1IM 40l DIQSTIR}S 4

9460 L5860 oo
450 * P . . DO SHO)
a0" ooret 008 LIFTL°T  £8£88° By
660° 00+ 927 002 LY6TLOT  G9VTT SEUTTTa}0H

e 00°8 BETOL'T  L9RTT® STel11d
k| @ﬂ *HEIS il H0aa3 A0 YL0HRH 4 CHOdARY  SNTeN aweN 358)

( B0 o= (T = o een mepres ey e -
I N ¢2/71 W 4E = §) OOUBIIJTIUBTE 40 $1S8] IE8TJEATIINW

: _ FUSHTIBANY] JOT] & LT SUQTY !
o mwwmmﬁmmvﬁpmmﬁ:>.w: WO PaJdnSean (W0 483 mceﬁaﬂWMUWmuwmmmwmwmmw
mmﬁﬂmwuw ﬁwqu Hgammwmq 432 SUOTFIS04/5dOPRETH fY3IBUd 18T4EaT)
ot ! A ,m U0 YIEBU@L1E MOTHNT0E JUATLRNN RUe ONTIsay mmﬂnmw-
BQ LUOTRIRIIIUT AYY 40 128443 aU} BUIMOUS YAODNYKW Uwgawamgmacou

'Cgd atqe]

=

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-uoissiwiad Inoyum panqiyosd uononpoudas Jayung “Jaumo ybuAdoo sy Jo uoissiuuad yum psonpolday

Table C33, Nonrarametric MANOVA Showirnt the Effect of Lhe Interaction betuween

Exrerimental Seasorny Feeding Redime and Nutrient Solution Strendth
arn Four Variables (Leaflet lLendthy Bladders/Fositions rser Leaflets
Leaflet Fairs rer cmy Rladders/Fositions rer om) Measured on

Us vuldaris Flants Raised from Turions in & Diet Expreriment

Mirltivariate Tests of Significance (8 = 2y M = 1/2y N = 55 )

Tegst Name Value Arrrod. F Hurothe DF Evror IF Sisg, of F
Fillais 054602 1814048 8.00 226,00 591
Hotellindgs + 05782 80232 8,00 222,00 601
Wilks L 24468 80820 8.00 224,00 596
Rows L0373Y

Note., F statistic for WILK’S Lambhda is exact.

Univariate F-tests with (2+115) . F.

Variable Huyrolh, §5 Error 85 Husobth., M9 Error M5 FoSidg. of F
Leaflet

lendgth 3142.54624 294778.841 1571.27312 25463,29427 161299 + 343
Bladders

rer leaflet 790.98724 304493.706 3I95,29382 2649.5104Y v 14919 18462
Leaflet

Fairs ser om 3924,401946 264484,102 1997.,.20098 2299,846175 846840 A2
Eladders

rer om 2079.301469 367512.367 1039,865084 3195,75971 « 32532 723

hie
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Figure €9. Profile Plot for the Interaction of Collection Site and
Feeding Regime on Bladders per cm for U. vulgaris Plants
Raised from Turions in a Diet Experiment*
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Figure C10. Profile Plot for the Interaction of Experimental Season
and Feeding Regime on Key Variables for U. vulgaris
Plants Raised from Turions in a Diet Experiment¥
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Figure C11. Profile Plot for the Interaction of Experimental Season
and Nutrient Solution Strength on Key Variables for
U. vulgaris Plants Raised from Turions in a Diet Experiment®
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Figure C12. Profile Plot for the Interaction of Feeding Regime and
Nutrient Solution Strength on Key Variables for

u.
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