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Abstract

Ruppia maritima is a euryhaline hydrophyte found as a cosmopolitan inhabitant of
shallow water habitats. In Chesapeake Bay, Ruppia maritima L. (Potamogetonaceae) and
Zostera marina L. (Zosteraceae) form an important submerged aquatic vetetation
community. Research in Chesapeake Bay has focused primarily on Zostera marina.
Ruppia maritima occurs abundantly in large monospecific stands as well as in mixed
stands with Zostera marina. Recent surveys have shown that natural revegetation in some
areas has occurred and Ruppia maritima was the primary colonizer in the natural
revegetation of some areas.

The objective of this study was to investigate the reproductive biology of Ruppia
maritima including the possible function of seed banks and vegetative and sexual
propagules on the colonization of new habitats, and the plant's ecological impact around
Goodwin Islands, York County, Virginia.

Ruppia maritima rapidly colonized experimental plots that have historically been
mixed beds or have been monospecific beds of Zostera marina because it utilized a
combination of sexual and asexual reproduction. Ruppia maritima colonized plots by
rapid rhizome growth. Seed reserves were probably more important in reestablishing
populations than in "maintenance" of populations. Ruppia produces energy costly Post-
reproductive shoots. These shoots which produce inflorescenses (and then seeds) remain
viable after seeds mature and can detach, disperse, and colonize sites. First year plants

were not found to produce an inflorescence. This is significant in the establishment of



new habitats. If a fledgling population is distressed by poor water quality or sediment
disturbance, the possibility of producing seeds seems to be eliminated unless the plants
have been established for one full growing season. This may explain the ephemeral

nature of some Ruppia populations.



To Sarah

In many regions of the world, Spring brings forth changes that we perceive as signs of
life. Plants and animals come alive with the warming temperatures.

Lakes, streams, and the coastal areas of oceans once again become baskets of life. The
Spring bounty that provides ample nutrients for the new generation of life in a pond has
fascinated me since childhood. A catastrophic storm can create new routes for rivers and
completely erase the coastal habitats that preceded it. These new habitats can be
colonized and become rich and diverse in species in a relatively short period of time;
sometimes in days.

The timing and cues effecting changes that we perceive in living things can be due to a
number of biotic and abiotic events. The criteria that we outline certainly affect our
perception of the causes of an orgainism's life cycle.

Indeed, these and other criteria also strongly influence our perception of what separates
species from one another. No matter what the cues or criteria are, the subtle changes that
affect the biochemical and, hence, the genetic processes of, say, a seed can stimulate it to
germinate at the exact time for it to successfully access its biological niche.
Charles Darwin outlined his hypotheses on the process of natural selection in On The
Orginof Species (Darwin 1859). These hypotheses generated 134 years of scientific,
philosophic, and sociologic exploration into solving the mysteries of , say, why life
comes alive in a pond in New England in Spring. The following is my current

contribution to the journey.
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Preface

Ruppia maritima has received considerable attention in relation to how
temperature and salinity affect its distribution, flowering, and seed germination.
Taxonomic work has been done on populations occurring in different parts of the world
and a number of species of Ruppia have been described. Ruppia maritima has been
placed in either its own family (Ruppiaceae) or with the Potamogetonaceae.

The introduction of this dissertation is organized to provide the reader with
background information on the systematics of Ruppia maritima and how species theory in
Botany is relevant to our knowlege of the taxonomic treatment of Ruppia maritima.

Next, hydrophily (water-mediated pollination) is discussed to show how Ruppia maritima
achieves pollination compared to other aquatic plants. I then describe the plants which
are collectively called seagrasses. Ruppia maritima, while its identity as a seagrass is

disputed, is often found growing with other seagrass species.
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Chapter I: Introduction

Plant Species Concepts

Stuessy (1990) has described the chronology of plant species concepts as
summarized below:
Morphological Species Concept

This is the classical, or Linnaean, species concept and is based on external and
macromorphological characters. This was a very artificial system; however, Linnaeus
introduced the use of flower characters during the 1750s, which was somewhat more
realistic than using only leaf and stem characters.
Biological (Reproductive isolation) Specie nc

This species concept is most widely applied to animals, but is of limited use with
plants. Introduced during the mid 1950s and elaborated until the present time, it is based
on actual or potential isolation among species (Mayr 1954).
Bi mati i n

More recently, the biological species concept has been extended to include the
issue of genetic compatibility gradients. That is, the relative compatibility between
individuals of the same or different population(s). This species concept is more applicable
to plants, especially plants that hybridize.

logi i I

This is similar to the biosystematic species concept in that they both allow degrees
of compatibility. However, the biosytematic species concept is grounded in the structure
or genetics of plants, while the ecological species concept focuses on functional
parameters such as resource use, habitat, and species interactions. Stuessy distinguishes

between ecospecies (closely related and non-interfertile groups, but with different



distributions) and ecotypes (plants with different distributions, but having some degree of
fertility between them).
enetic Species Concept

The genetic species concept can also be described under the realm of phenetics.
Phenetics develops taxonomic groups based on the degree of similarity between
organisms using overall similarity, whether of primitive or derived characters.
Developed during the late 1980s, this species concept makes use of statistics to measure
the differences between species. The genetic characters used include protein analysis,
chloroplast and whole DNA comparisons, and karyotyping.

Evolution i ncept

This is similar to the genetic species concept except that it is concerned with
evolving lineages. Therefore, plants which are clones (vegetative propagules) and
apomictic groups are included.

ladistic Species Concept

The cladistic species concept includes characters from all of the above listed
species concepts and identifies species as lineages of populations with unique
evolutionary trends by identifying groups that share derived characters.

The above species concepts are discussed in detail by Stuessy. The advocates of
one or the other of these concepts perpetuate the lack of integration between internal
(genetic factors) and external (environmental) influences. An effort to synthesize these
concepts has been made by Templeton (1989). Templeton's Cohesion Species Concept
synthesizes information from morphology, [systematics], ecology, genetics, [and
evolution (cladistics)] to crystallize a species concept in which boundaries of minimal
interactions define species. These are quantitative boundaries based on information from
the above categories. Populations of a particular species are included based on their

statistical "tightness". Critics of the cohesion species concept argue that it is not practical



(Endler 1989). At present, I agree that it is not useful to identify species in the field with
the cohesion species concept. But, it really doesn't matter. In the field some system
(usually artificial) is used to identify organisms, but usually not to discern relationships.
The cohesion species concept may prove to be quite useful in that it moves to synthesize
rather than polarize ecological and genetic information. Species concepts are only one
area which is affected by ecological and genetic perspectives. Plant biosystematists have
differences between studies conducted by ecologists and studies conducted by geneticists

due to the hypotheses that they test and the methods used to test those hypotheses.

Plant Biosystematics

Hundreds of reports exist on the ecology of certain aquatic vascular plants. These
mostly include weed genera such as Hydrilla, or species such as the seagrass Zostera
marina . It is not uncommon to find ecological information on the distribution and
classification of such organisms (den Hartog 1977, Helfferich and McRoy 1980, Orth
and Moore 1981). Studies have often described the distribution and abundance of an
organism and discuss some reproductive ecology. Rarely, if ever, do studies on aquatic
vascular plants cover the genetic perspective. Studies conducted on such characteristics
as seed germination have investigated environmental effects such as temperature, light,
salinity, and less often nutrients (Orth and Moore 1983a, Koch and Dawes 1991).
Systematists studying aquatic vascular plants most often investigate morphological or
cytological characteristics such as seed coats, meristems, or flowers (Charlton and
Posluszny 1991, Shaffer-Fehre 1991a, 1991b).

In a recent systematic survey of 140 species of plants that have water-aided
pollination, Philbrick (1991) concluded that although flowering is commonly thought to
be due to environmental factors (temperature and light) there is little variation in

flowering time along a latitudinal gradient worldwide. Philbrick's study elicits some



interesting questions, such as whether it may be possible for an internal genetic clock to
function in anthesis and seed germination. Perhaps flowering occurs regardless of
environmental factors (or in combination with environmental factors), and those that
survive to reproduction pass on that genome. If this is the case with flowering, then it
may also be the case with seed germination.

The taxonomy of aquatic plants has been determined, to a large extent, by
morphological and anatomical data only. Whole revisions of groups are sometimes based
on data which are exclusive of molecular studies (as described above). I use the
following analogy to describe a one-sided approach to a systematic study: birds that nest
on cliffs lay eggs that spin in tight circles, yet we don't base the taxonomy of birds on
their egg morphology!

The biosystematics of some aquatic plants such as Ruppia maritima is confused.
The Najadales (the order in which Ruppia is placed) is treated differently by different
authorities (as is discussed below). Family classification within the order varies. For
example, Ruppia and Potamogeton differ in floral morphology. However, ecologically,
the two genera are very similar, and some systematists argue for placing them in one
family rather than two. The order Najadales is organized by morphological and
cytological characters. Unfortunately, these plants have not been investigated using any
one species concept as a tool for understanding relationships. The morphological species
concept has been applied, but little or no synthesis has occurred. Flowering time and
seed germination in many genera have been attributed to environmental factors
(Verhoeven 1979; Brock 1982a, 1982b). Zostera marina has also been investigated in
relation to its value as an important indicator of water quality (Dennison et al 1992). No
genetic research has been done with these plants to elucidate phylogenetic relationships.

The crucial early step in taking cladistic or phylogenetic approaches to

classification in botany is the assignment of evolutionary polarity (primitive versus



derived) to character states (Stevens 1980). If this is so, then it is equally important to
assign proper value (or weight) to characters as well. More simply, the more diverse a
character set, the lower the margin of error is in a cladistic study, given that proper
polarity is assigned to characters.

In the development of species concepts (and in defining species) the question of
whether environmental conditions control adaptation, or whether mutation and adaptation
occur because of the probability that a genome survives and is inherited by successive
generations, is still pertinent. In plant biosystematics, researchers are engaged with the
concepts and conclusions drawn from both the ecological and genetic schools of thought.
I am inclined to believe that the genome is a priori tb environment, but that
environmental effects (physical and biological) pave the path of adaptation to an extent
that both perspectives should be weaved together in our emergence beyond the

evolutionary synthesis.

An examination of two aquatic orders, the Nymphaeales (Dicotyledonae) and

Najadales (Monocotyledonae)

The Nymphaeales
In ction

“On the first day the flower opens it is in the female stage; the male organs, the
anthers, are closed and point straight upwards, forming a slippery surface. The flowers
are promiscuous -- that is they attract many different visitors and an assortment of bees
and other insects land on the surface formed by the closed stamens and slide down into
the bowl-shaped female part beneath, which contains a thin, sugary liquid in which the
visitors are quickly drowned. Some of the bigger and more agile ones may manage to get

out, but not many" (Bristow 1978). This description of protogeny in Nymphaea citrina



L. (Nymphaeaceae) includes an assortment of descriptive traits which taxonomists refer
to as characters. Taxonomists commonly disagree as to the relative importance of these
characters or whether or not importance should be applied at all (Cronquist 1988). Itis
for certain, however, that taxonomists place value on identifying and classifying
organisms! Cladistic studies have been used by plant taxonomists as an objective means
of estimating the evolutionary history of angiosperms (Meacham 1980).

The Nymphaeales is an order of aquatic dicots containing from two to five
families (Heywood 1985, Cronquist 1988). The order includes organisms that have
completely submerged leaves, floating leaves, and emergent leaves (Sculthorpe 1967).
Some species have both submerged and floating leaves. A comparative study using 15
characters of the Nymphaeales was executed in this study in an attempt to elucidate
relationships among groups of plants in this order. Since the Nymphaeales has been
proposed as a possible link to the Alismatidae of the monocots (Cronquist 1988), an
investigation of the order provides an aquatic cousin in the dicots to the nearly entirely

aquatic Alismatidae.



Characteristics of the Nymphaeales

Cronquist: _ Heywood:
Ceratophyllaceae Nelumbonaceae
Number of genera: 2 Number of genera: 1
Number of species: 2 - 30 Number of species: 2
Nymphaeaceae Nymphaeaceae
Number of genera: 9 Number of genera: 5
Number of species: over 90 Number of species: 80
Barclayaceae

Number of genera: 1
Number of species: 34

Cabombaceae

Number of genera: 2
Number of species: 7

Ceratophyllaceae
Number of genera: 1
Number of species: 2

Fig. 1.1 The families of the Nymphaeales as organized by Cronquist (1988) and
Heywood (1985).

Methods

The characters used in the analysis were chosen from the botanical sources used
in Figure 1.1. Character states were assigned for each character and a data matrix was
then constructed for these character states. The data matrix was used to grapMcaﬁy
display potential relationships between the families. Graphs were produced using

Deltagraph® software on a Macintosh® SE/30 computer. A cladogram was also



constructed using the Hennig 86 program on an LB.M.® computer. Graphical display of

the cladogram was created using Superpaint® software on a Macintosh® SE/30 computer.

Results

The characters used in this study are given in Table 1.1; 15 characters with their

corresponding character states are listed. The data matrix for these character states is

illustrated in Table 1.2.

Table 1.1. Characters and character states employed in the study of the Nymphaeales.

Character Char. 10=plesiomorphic 100=apomorphic
Num. (primitive) (derived)
carpel placement 1 not embedded in large embedded in large receptacle
receptacle
carpels 2 present (1)2-many reduced (1)
energy supply/embryo 3 abundant endosperm abundant perisperm
floral arrangement 4 long-pedunculate sessile
floral sexuality 5 bisexual unisexual
fruit dehiscence 6 dehiscent indehiscent
habit 7 aquatic emergent submerged or floating
integument number 8 bitegmic unitegmic
leaf attachment 9 petiolate sessile
ovule shape 10 anatropous orthotropous
petals 11 present absent
pollen type 12 aperturate inaperturate (uni, bi, or tri)
roots 13 rooted to substrate plants rootless
leaf arrangement 14 alternate opposite or whorled
leaf type 15 broad or blade-like dissected




Table 1.2. Data matrix for the character states. The order is separated into five
families illustrated here as NELU (Nelumbonaceae), NYMP
(Nymphaeaceae), BARC (Barclayaceae), CABO (Cabombaceae), CERA

(Ceratophyllaceae).

Character NELU NYMP BARC CABO CERA
1 100 10 10 10 10
2 10 10 10 10 100
3 10 100 100 100 100
4 10 10 10 10 100
5 10 10 10 10 100
6 100 10 10 100 100
7 10 100 100 100 100
8 10 10 10 10 100
9 10 10 10 10 100
10 10 10 100 10 100
11 10 10 10 10 100
12 100 100 10 10 10
13 10 10 10 10 100
14 10 10 10 10 100
15 10 10 10 100 100

The order is separated into five families following Cronquist’s format. This added more
possible relationships to the analysis as well as providing a more detailed illustration of
the relationships among families of the Nymphaeales.

Figure 1.2 below illustrates basic relationships among the families. The graph is

generated using data from the data matrix in table 1.2.
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Relationships are further elucidated using a contour graphing technique as illustrated in
10

Figure 1.3.
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CERA NYMP BARC CABO NELU

Fig. 1.3. Contour display of data matrix relationships of the Nymphaeales. lighter
areas indicate apomorphic character states for a family.

The data illustrated in Figure 1.3 can be compared to an electrophoretic gel. For each of
the 15 character states, a band will appear if the character state is apomorphic (derived or
advanced). The color shading between character state values is hypothetical. The
shading makes display of the data clearer.

The Ceratophyllaceae stood separate from the other families. In addition, the
Nelumbonaceae appeared different from the rest. A cladogram of these families is

illustrated in Figure 1.4.
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CERA NYMP BARC CABO

NELU

Fig. 1.4. Cladogram of the Nymphaeales. The cladogram was
generated by the Hennig 86 program.

Discussion

Figure 1.4 illustrates a five family cladogram for the Nymphaeales. This scheme
agrees with Cronquist’s key to the five families of the Nymphaeales. The
Nelumbonaceae appears to be the oddest family in this analysis. It does not stand as
unique, but it is not very similar to the other families either. A three family scheme could
be presented for the Nymphaeales where the Cabombaceae, Barclayaceae, and
Nymphaeaceae are lumped into one family. This scheme would be more similar to
Stebbin’s scheme (as seen in Heywood, Figure 1). Figure 1.3 displays the data in a new
and interesting way. The contour graph illustrates character similarities among groups as

clusters and also highlights apomorphies.
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Conclusions
In this study, a number of graphic techniques were used to illustrate relationships

based on one data matrix. These data could be criticized as subjective, as the choice of
the character states was not blind (they were made by me). However, I am confident that
the data show true relationships among at least three families for the Nymphaeales. The
contour graph method illustrates a spatial display of the relationships based on
apomorphic character states. It is an intuitive method to distinguish how families are
related, not just that they are related. It is up to the individual whether or not to create a
five family scheme for this order. Are you a "lumper" or a "splitter"? Either scheme

seems logical to me. Ceratophyllum will continue to float; they need no roots.

The Najadales
Introduction

According to Cronquist (1988) The Alismatidae includes four orders: the
Alismatales, Hydrocharitales, Najadales, and Triuridales. The Triuridales are the most
isolated group. These four orders consist of 16 families and perhaps 500 species
(Cronquist 1988). Whether or not the Nymphaelaes in the Magnoliidae are the closest
link to the Alismatidae and hence a link between dicot and monocot evolution is still up
for debate (Les and Schneider 1993).

Ten families have been placed within the Najadales based primarily on floral
reduction (Cronquist 1988). As an order the plants range from cold-temperate emergents
to tropical marine species. The families can be arranged as follows (from Cronquist
1988):

1. Ovules (1) 2-several in each of the (2) 3-several distinct or proximally connate
carpels; fruits follicular; stamens 6 or more:

2. Aquatic plants with floating leaf-blades or with wholly submersed leaves;
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tepals 1-3 ( 6), sometimes petaloid; inflorescence typically a simple or basally forking
spike, bractless, although the perianth sometimes consists of a single bract-like tepal;
pollen-grains monosulcate, borne in monads........................ 1. Aponogetonaceae

2. Emergent marsh-plants; tepals 6, never petaloid; inflorescence a raceme, each pedicel
subtended by a bract (unique in the order); pollen-grains inaperturate (holoaperturate)
bome in AYads ......ccoevverierieiiirieceecee e 2. Scheuchzeriaceae

1. Ovules solitary in each distinct carpel or in each locule of a compound ovary; fruits
mostly indehiscent or only tardily and irregularly dehiscent, except in the Juncaginaceae;
stamens fewer than 6, except commonly in the Juncaginaceae:

3. Leaves all basal, the plants scapose and with a terminal spike or raceme, commonly
largely EMergent ........cocceeceeviienennteneene e eneenne 3. Juncaginaceae

3. Leaves, or many of them, cauline, sometimes with a floating blade, but not emergent
(sometimes exposed at low tide); inflorescence various:

4. Pollen-grains globose or isobilateral, not thread-like; plants of fresh or alkaline or
brackish water (Ruppiaceae seldom marine):

5. Flowers perfect:

6. Tepals 4; stamens 4; pollen-grains globose; fruiting carpels sessile; ovule
ventromarginal, generally near the base; plants of fresh water. 4. Potamogetonaceae
6. Tepals O; stamens 2; pollen-grains of a unique, isobilateral type; fruiting carpels long-
stipitate; ovule pendulous from the apex; plants chiefly of brackish or alkaline water
............................................................................................... 5. Ruppiaceae

5. Flowers unisexual:

7. Pistil solitary, forming a unilocular ovary surmounted by 2-4 elongate stigmas; ovule

DASAl, BTECE .....cceeniieereerececee ettt e ens 6. Najadaceae
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7. Pistils (1) 3-4 (-9), each with a short or elongate style and stigma; ovule ventral-
apical, pendulous ..........cccceeeiierierrircr e 7. Zannichelliaceae

4. Pollen-grains thread-like, plants marine:

8. Flowers perfect; stamens 3, distinct; gynoecium of a single unicarpellate pistil
............................................................................................... 8. Posidoniaceae

8. Flowers unisexual; stamen solitary or stamens 2 and connate; carpels 2:

9. Gynoecium of 2 separate pistils; stamens 2, united back to back; tanniferous

CELLS PIESENL ....cereeeieeeieieeeeerr e ee e e e seeeneeseeenee 9. Cymodoceaceae

9. Gynoecium of a single unilocular, bicarpellate pistil; stamen solitary; tanniferous cells

WANLNE .....oooieeieeneersetrnirineerserssessseeseassesssssseessesssessnsssressesses 10. Zosteraceae

Character scoring for the Najadales

I developed a character set (Table 1.3) and a data matrix (Table 1.4) for the
Najadales. Most of the characters were presence/absence, but three were multiple-state
characters. Figure 1.5 depicts a contour graph of relationships between the families.
Note that similar shades indicate shared character states between families. This figure

can be utilized as a preliminary indicator for a phenetic analysis.
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