National Library
of Canada

i+

du Canada
Canadian Theses Service

Ottawa, Canada
K1A ON4

€ANADIAN THESES

NOTICE

The quality ¢f this micrafiche is heavily dependent upon the
quality of the original thesis submifted for microfilming. Every
effort has been made to ensure the highest quality of reproduc-
tion possible. .

If pages are missing, contact the university which granted the
degree,

Some pages may have indistinct print especially if the original
pages were typed with a peor typewriter ribbon or if the univer-
sity sent us an inferior photocopy.

Previously copyrighted materials (journal articles, published
tests, etc.) are not filmed. . --

Reproduction in full or in part of this film is governed by the
Canadian Copyright Act, R.S.C. 1970, ¢. C-30.

THIS DISSERTATION
HAS BEEN MICROFILMED
EXACTLY AS RECEIVED

HL=33% [r.06/06)

Bibliothéque nationale

Services des théses canadiennes

~

THESES CANADIENNES

AVIS

La qualité de cette microfiche dépend grandement de la qualité
de 13 thése soumise au microfimage. Nous avorsTout fail pour
assurer une qualité supérieure de reproduction.

Sl manque des pages, veuillez communiquer avec 'univer-
silé qui a contéré le grade, -

La qualité d'impression de certaines pages peu! laisser &
désirer, surtout si les pages originales ont été dactylographiées
a l'aide d'un ruban usé ou si 'université nous a fait parvenir
une photocopie de qualité inférieure. -

Les documents qui font déja 'objet d'un droit d'auteur (articles
de revue, examens publiés. etc.) ne sonl pas microfilmes.

La reproduction, méme parlietle, de ¢e microtilm est soumise
4 1a Lot canatlienne sur le droit d'auteur, SRC 1970, ¢. C-30.

LA THESE A ETE
MICROFILMEE TELLE QUE
NOUS L'AVONS REGUE

Canada



. DORMANCY AND GERMINATION RESPONSES TO VARIOUS WATER
LEVELS AND THEIR RELATIONSHIP TO SPECIES DISTRIBUTIONS
IN A LAKESHCRE PLANT COMMUNITY

- - Dwayne R.J. Moore

submitted in partial fulfilment of the requirements for the degree
of Master of Science at
University of QOttawa

ttawa, Canada

© Dwavne R.J. Moore, Ottawa. Canada. 1685.



Permission has been granted
to the National Library of
Canada to microfilm this
thesis and to lend or sell
copies of the £ilm.

The author (copyright owner)
has reserved other
publication rights, and
neither- the thesis nor
extensive extracts from it
rmay be printed or otherwise
reproduced without his/her
wrlitten permission.

L'autorisation a eté accordée
4 la Bibliothégue nationale
du Canada de microfilmer
cette thése et de préter ou
de vendre des exemplaires du
film.

L'auteur (titulaire du droit
d'auteur) se réserve les
autres droits de publication;
ni la thése ni de 1longs
extraits de celle-¢i ne
doivent @etre imprimés ou
autrement reprodults sans son
autorisation écrite.

ISBN 0-315-36536-7



@ UNIVERSITE DOTTAWA
| UNIVERSITY OF OTTAWA




o ABSTRACT

Seed dormancy and germination represent critical stages

in the life cycle of a plant'and thé f§ctors that affect

them are important in determining the abundance and

distribution of a species. This study examined how

different water levels, affected both seed” dormancy and

: .. .
germination "in lakeshore plantsT™ The results. were then

related to the adult distributions of theose plants.

. . ' o

. The £irst: part of +this étudy was undertaken: (i) to
dg;ermine the effects. of different moisture cénditions
duéing cold storage on the germination capacity of six
species of laﬁeéhore plants, and (ii) to test whether there
was an interaction bgfﬁeen moisture levels during the
storage period and germination responses t;*a water depth

- “~

gradient. Seeds were stored under five meoisture conditions:
25%, so:yo, 75%, and 100% saturated sand and distilled water.
The seeds were then either plgced in petri-dishes to measure
germination capaciﬁy or sown along a three-level water depth
gradient to determine 1f storage conditions could affect
germination responses to a wateﬁ' depth gradient. It was
fodnd that different moistureiyﬂﬁaonditions during
stratification significantly ‘affected g_the germination
capacity o%$—some species, but had littlé effect on which

water level produced maximum germination. As well, <there

-was no relationship between the moisture level that

stimulated maximal germination in a2 species and the £field

-
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distribution of that species along a water depth gradient.

The objgctives of ‘the second part of th;s study were: (i)
"to determine the germination responses of many lakeshore
species to a water dgpth gradient, (ii) to test whether
these- responses were similar or different among species
(i.e., shared or distinct germination responses), and {iii)-
to test whether germination responses were related to adult
distfibutions.l Germination responses were determined-ﬂﬁ a
greenhouse by sowing‘seeds of twenty-four lakeshore species
aleng an\artificial water depth gradient using two substrate
tvpes (sand and high organic content soil}. Those species
showing significant treatment effects were then tested for
shared or distinct germination responses using Kendall's
coefficient of concordance. On the sénd substrate, species,
had shafed germination responses (n = 5; p = 0.02), while on
the organic substrate, species had distinct germinafion
responses (n = 7; o > 0.50). The‘correlation between mean
depth of‘germination, and the mean depth of occurrences of
adults of the same-spe;ies along a water depth gradient in
the field, was significant (r = '0.81; p = 0.01). This
suggests that seeds do have a germination response to the
water depth gradient and( in the case of distinct
germination responses, germination responses are similar to

~
a¢ult distributions.
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" ABSTRAIT -

La dormance de la graine et sa germination représentgnt
des &tapes critiques dans le cycle vital d'une plante et les
ﬁacteurs affectant ceux-ci sont des déterminants importants
avant un effet sur 1'abondance et -la distribution des
espéces. Cette @etude examine comment dJdifférents niyeaux

d'eau affectent l'un comme l'autre la dormance et la

germination chez les plantes lacustres.

La premiére partie de cette etude £t entreprise: (i)
pour déterminer les effeits qu'ont différentes conditions
d'humidité pendant le stockage au £froid sur la capacité du
germination de six espéces lacustres, et (ii) pour verifier
si il v- a -interaction entre le taux d'humidit@ durant
l'entreposage et la répconse germinative en foncticn de la
profondeur de 1l'eau. Les graines furent mises en reserve
sous cing différentes conditions & humidité dans du sable
sature & 25%, 50%, 75% et 100% d'eau, ainsi cue dans de
l'eau distillée. Les graines furent ensuite piacées ou dans
des boltes de pétri pour mesurer la capacité germinative ou
semées suivant un gradient de profondeur d'eau 2 <rois
niveaux pour déterminer si le traitement de stockage affecte
le mede de germination. 11 £8t  trouvé que différentes
conditions d'humidité pendant la stratification affectent
significativement la .capacité germinative de certaines

espéces mais n'ont gque peu d'effet si le niveau d'eau

produit une germination maximale. De méme il n'y a aucune
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reiétion entre le taux d'bymidité qui stimule une

rd

germination maximale chez une espdce, et le champs de

- ——— -

distribution de cette q;péce- le long d'un gradient de

—— - ) /
profondeur d'eauf/T ‘ ’f\\\\__//

—

Les objectifs de la seconde partie de cette @étude sont:
(i) de décrire la répartition de la germination de plusieurs
espéces lacustres en fonction de la prefondeur de 1'eau,

—

(ii) de <tester si ces répartitions sont semblables ou

différentes (i.e., si les répenses germinatives sont

partagées ou distinctes), et (iii) de -vérifier si ces
répartitions sont similaires 3 la distribution des plantes
adultes.. La réponse germinative £it mesurée en semant, dans
une serre, les graines de vingt-cuatre espéces lacustres sur
deux tyvpes de substrats (du sable ou un sol organique riche)
£frant un gradient de profondeur d'eAu. Les espéces
présentant. des effets de traitement significatifs furent
testées pour la réponse germinative partagée ou distincte en
utilisant 1le test de Kendall sur 1le coefficient de
.concordance. Sur le substrat sablonneux, les espéces ont
une germination partageée (n = 5; p = 0,02), tandis gue sur
ie substrat organigue, les espéces ont une germination
distincte (n = 7; p > 0,50). La corrélation entre 1la
proﬁondeur moyenne de germination, et la profondeur moyenne
de la ‘:équence des plantes matures le long du gradient de
profondeur de l'eau sur le terrain est significative (r =
0;81; » = 0,01). Cela suggére que les jeunes plants

répondent au gradient de profondeur de l'eau et, dans le cas

——



de la réponse germinative distincte, que-les répartitions

germinatives sont similaires 3 la distribution des adultes.-
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PAGE 1
GENEZRAL INTRODUCTION

There is a vast literature indicating a close
relationship between the biology- of juvenile plants and
their establishment success in different habitats (Cook
1979). Grubb (1977) proposed that differentiation among
plant species during the regeneration stage may explain co-
exlstence in species-rich communities. Since most mortality

A
occurs at the regeneration stage in a plant's life cycle
{Harper 1977, Cook 1979), there are likely intense selection
preésures cn seeds to recognize and respond to environmental
factors that can affect the suitability of a site for
germination, establishment, growth and reproduction (Barber
1865, Harper et al. 19861, Sheldon 1974). The purpose ogl
this study is to examine how factors such as ‘storage
conditicens, moisture availability and soil organic content
affect germination of a large number of lakeshore wplant
species. I will then test whether past selection pressures
have been of sufficient intensity <o shape germination

reguirements in relation to adult distributions.

-

The most important environmental factor affecting the
suitability of a site for germination is Tmoisture
availabilty (Coock 187%S). On lakeshores there is a well
defired wvertical moisture availabity (or water depth)
gradient (Hutchinson 1975, Spence 1982). Correlated with
water depth are many other environmental factors such as

-

oxvgen concentration, light intensity and quality,



PAGE 2
temperature fluctuations and duration of subm@rgeénce. (see
Appendix 2)(Hutchinson 1975, Spence 1982) which can all have
a major influence on seed dormancy (Bar'ton 1961, Lang 1965,
Stokes 1965), germination (Angevine and Chabot 1979), and
survival and reproduction of adults. Because so many
environmental factors are correlated with one another on
this gradient, it is ©possible <+to quantify species'
germination response§ﬁand_adult dis:tj.:ibutions in relation to
water depth without the risk of excluding other equally
important factors. As well, previous studies have shown:
(1) that seedling regeneration is important in many wetlands
(see Appendix 1) (Keddy and Reznicek 1982, Salisbury 1570,
van der Valk 1981), and (2) that water levels affect
germination (Barper and Sagar 1953, Keddy and Ellis 1985,
Pemadesa and Lovell 1$75). Therefore, the lakeshore plant
communj;\ty is én ideal experimental system for studying the
relatiéhship between the seedling regeneration stage and the

adult stage of a plant's life cycle.

I\‘I_o‘isture availability not only affects germinaticn but
. can also affect the dormancy condition of & seed. in
Chapte\r 1 of this thesis I investigate how different
moisture conditions during col'd' stordge affects the
germination capacity (j:.e-, percentage of seeds capable of
germination under favourable. conditj;cns; Lang 1965‘) of s'i;c
iakeshore plant species, as well as their germination
responses to a water depth gradient. The relationship

betweert the moisture level that stimulates maximal

-

-3



PAGE 3
germination in a given species and the field distribution of

- ~that species is then examined.

In Chapter 2, species' germination responses to a water
depth gradieﬁf and the relationship between their'responses
and their respective adult distributions are investigated.
This experiment was done on two substrates varving ihf

\

organic content in order to simulate gradients on a sandy

shore (low organic content) and in a sheltered bay (high

e

organic content). This additional factor was included
because substrate organic content varies in the field and
- could affect germination responses to a water depth

gradient.

The experiments measuring the effects of different
moisture levels on seed dormancy and germination were done
in the greenhouse. To determine whether greenhocuse
envirommental conditions paralleled those in nature (see
Diamond 1983, ﬁicks 1964), I measured five environmental
factors both in the greenhouse and at Axe Lake wheTe <the
seeds for this study had been collecte@ and adult
distributions determined. The results of these measurements

are discussed in Appendix 2.

The general discussion at the end of this thesis brings
together the experimental results and considers several

questions that arose during this study.
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CHAPTER 1

GERMINATION OF SIX LAKESHORE PLANT SPECIES:
- EFFECTS QOF DIFFERENT.MOISTURE CONDITIONS DURING

COLD STRATIFICATION

In temperate zone plaﬁt species, thq—‘moét common
requirement for breaking seed dormancy is a period of cold
stratification {i.e., storage "in -a moist medigm at low
temperature) (Crocker and BartonA 19857). This hai been
demonstrated for a wide wvariety of plant species including:
aéuatic plants (Justice 1944), woodland herbs (Baskin and
Baskin 1982, 1984, Threadgill et al. 1981), and shrubs and
trees (Crockér and Barton 1957). The effective range of
temperature during cold stratification for breaking dormancy
is from 0°C to 10°C with the optimal temperature cccurring
from 4°C to 6°C (Stoke§ 1965). Although this has been
established for several decades, the effective range of
meisture conditions duriné cold sitratification i1s unknown.
Few studies have even addressed this question. This is
especially.critical when one considers species that may be
exposed to a breoad range of moisture conditions in their
natural habitat during stratification. For example, many
wetland species have seeas that are dispersed along a water
depth gradient (van der Valk and Davis 1978, van der Valk
1981, Parker and Leck 1985) or are exposed to varying yearly
water levels (Keddy and Reznicek 1982). The.first objective

of this chapter is to determine the optimal and effective
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range of moisture conditions Quring stratification that will

stimulate germination in six species of lakeshore plants.

An impliqit assumption of previous germination studies
(e.g., Keddy and Ellis 1985, Grime et al. 1981, Baskin and
Baskin 1982, 1984) has been that different moisture levels
during cold storage do not affect germination responses.
However, this assumption has never been critically tested.
This point takes on ddd;d significance when many species are
simultanecusly screened for their germination requiremeﬁts
(e.g., Crime et al..1981, Keddy and Constabel 1985). For
such screening, we need to know how dependent the
comparisons are upon prior sicrace treatment. Therefore,
the present study was also designed to test whexher
different moisture levels . during cold storage affect

germination responses to a water depth gradient.

N

.
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- ' METHODS
Seed Collection and Storage
"The seeds of six species (Glvgexia gaﬁadgngig (Michx.}
Trin., Juncus militaris Bigel., Lobelia Dortmanna L.,

Triadenum Fraseri (Sach.) Gl., Viecla lanceolata L. and Xyxis

difformi? Chapman)(noménclature 'follows . Gleason’ and
Cronquisé\(l963), except X. difformis which follows Randall
and Keddy (1983)) were cOIiected at Axe Lake,  Ontarie,
Canada (45°23'N, 79°30'W) from 23 to 25 September 1983.
These species represent both high and low shoreline species
(Keddy 1980). The word seed is used here +to mean a
propagule containing’a single embrvo. Seeds were air-dried
at 20°C for one month before being transferred to plastic
centainers and Xept dry and in darkness at 4°C for 45 days.
This period of cold dry storage parallels natural conditiens -
encountered by seeds before dispersal takes place. This
protocol was used previocusly by Keddy and Ellis (1983) and
Keddy and Constaple (1985). ©Cn 9 December 1983 the seeds
were transferred to nylon bags and placed into one of £five
cold stratification treatments: (1) distilled water, (2)
1QO%_ saturated sand (i.e 7 water table at substrate
surface), (3) 75% saturated sand, (4) 50% saturated sand,
and (5) 25% saturated sand. Percent saturation in the last
three treatments was.calculated as a percentage of the mass

of distilled water added to treatment two. Each treatment

was maintairned in sealed plastic containers (height = 12 cm,
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diameter = 12 cm) wfapped in aluminum foil at.4°c for the
duration of the storage period. The nylon bags with seeds .
were placed in the above containers approximately 6 cm from
the pottém. Persbnal observations suggest that treatments

]

two to five remained un;formly moist throughout the storage

period.
Germination Capacity

Seven thousand five hundred seeds were placed in petri-
dishes over a five-day period (one block per day; a block is
defined as a random arrangement of all possible.treatments
each replicated once (Sokal and Rohlf 1981)1) beginning 11
February 1%85. Therefore, *he seeds had been in cold
storage for at least 429 days. The experiment included five
storage tréatments, siX species and five replicates arranged
in a complete randomized block design with 50 seeds placed
in each dish. Each petri-dish haé two Whatman #4 filter
papers wetted with 7.5 mL distilled water. The dishes were
sealed with petri-dish seals andé placed in the University of

ttawa greenhouse for 28 davs. From 11 to 15 March petri-
dishes were opened (one bf%ck per day) and the sezds that
had germinated (i.e., these having a radicle and}or a green

shoot) were counted.

The data analyses consisted of a two-factor ANOVA
{species, torage treatment) followed by one-factor ANOVAs
for each species. For <*hese analvses, data were arcsine

ot

ransformed and further <ransfermed using log x  when
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necessary to meet the assumption of homogeneity of

—_—

variances.
Germination Responses

This experiment was designed +to +test if different
molsture conditions during cold storage affected where
species germinated on a water depth gradient. The storage
conditions during cold stratification were the same as

previously described.

Thér—water depth gradient included three treatments in
which water levels were maintained above (-lO-cm), at (0O
—-cm), or belew (+10 cm) the suXstrate surface. The substrate
used was topsoil mixed with ééng (loss on ignition- at 500°C
= 3.12%). The gradient was produced in the Un;versity of
Ottawa greenhouse using threé ;&g;iglass agquaria (57.5 x

n/ —
30.5 x 26 cm}. The experiment/consisted of five blocks with

the water leve13‘Q§§igﬁ;;_;t random in each block. Each
plexiglass agquarium was fitted with a tray containing 32
inserts (7 % 6.5 x 6 cm) with their bottoms emoved and sunk
into the substrate one cm below the surface. Two of the

inserts were used to inspect and adjust water levels daily

or twice daily.
//' ——
Twenty-two thousand £five hundred seeds were sown over a

five-day period {one block per day) beginning 26 of June

-

1884, _Therefore; seeds had been in cold storage for at

least 201 days. Fifty seeds of each species were sown in
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each treatment. The seeds were counted out 24 hours priﬁr
to sowiné and stored dry in petri-disheérin the dark at 4°C
until sown. The seeds were then randomly assigned to an
insert, scattered over tﬁe substrate surface,'and covered

with approximately 0.25 cm of substrate. Water levels were

I
-

then raised to the required deﬁth. —

In <this experiment, germination refers to early
recruitment (i.e., germination and éubsequent emergence). A
seed was deemed to have germinated when a green shoot
appeared above the substrate surface (User's definition of
germination; Lang 1S865). Recruited seedlings were counted
and either removed (small seedlings) or clipped bélow the
hypocotyl {large seedlings) weekly. The experiment

continued for six weeks (26 June to 10 August).

To test whether there was a significant storage x depth

interaction term, a two-factor ANOVA (storage treatment,.

depth) was performed for each species that had at least ten

'g

ercent total germination in at least one treatmenﬁ..,ﬁéta
from treatments with no germination were not included in the
analyses because a wviolation 3in the assumpticn of
homogeneity of wariances would have resulted. Data were

arcsine transformed and further transformed using log x when

necessary.

9
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RESULTS r~
Germination Capacity

Mean percent germination after each storage treatment for
. *
eacH/épecies is shown in Figure 1. This fidgure and Table 1

show that storage treatment had a significant effect on the
/ -

germination capacity of Juncus militards, Lobelia Dorimanna

and Viola lanceclata (p < 0.05). Triadenum Fraseri was not

included in the analvses because of insufficient
germination. There was no single storage treatment favoured

by all species. For example, after storage in distilled

—

water, some species (Uiela lanceolata and Glvcexrd
i . N X .
canadensis) achieved maximum germination whareas others
.
(Juncus militaris and Lebelia Dortmanna) exhibited lowest

germination.
Germination Responses

Of the four species that had enough germination to be

included in <the analvses (Glvcexia canadensis, .Juncus

militaris, Lobelia Dortmanna and Viola lanceolata), e;ly

Vicla lanceolata had a significant storage x depth

interaction term (p < 0.05). However, even in this case,
maximsun germination occurred at the same depth regardless of

storage treatment (Figure 2).
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Figqure 1.

PAGE 11
Mean percent germination (+ 95% C.I.) in petri-
dishes after storage for at least 429 days under
five moisture regimes ag-mmé 5 C (n = five
replicates). Eac.-:h p value is £from a one-factor
ANOVA that tested for significant storage
treatment effects. The storage Treatments
included: 25%, 50%, 75%, 10C% water saturated sand

and distilled water (P.W.).

-
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v

Table 1. Two—factor ANOVA table where the variable is percent germination
measured for five lakeshore plant species after storage under
five different moisturc regimes at 4°C for at leazt 329 days.-

-Data were a:cs@ne transiormed.

Source of Variation um of Sguares O.F Mean Sguare e Signifi-
cance Level
Séecies 231435.36 4 5358.84 162.15 <0.001
Storage 1239.74 4 309.94 9.38 <0.001
torage X Specics {045.27 16 252.83 7.65 <0.001
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Mean percent germination pletted against water
depth for Viola lanceolata, comparing the
germination responses after cold stratification
under £five moisture regimes (n = 5). Storage_x'
depth interaction term for two-factor ANOVA.is p =

0.017. ‘ s
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DISCUSSION

Several studies have shown_that seeds stored dry during
-cold storage are incapable of germinating aftefwards. For
instance, Justice (1941, 1944) found that seeds of Polvgonum
amphibium, 2. coccineuh and 2. hvdropipersides did not
germinate after cold storage if stored dry, Dbut did
germinate after storage in meist sand or water. Similarly,
Farmer (1978) .%;;ﬂ& that seeds of Gentiana crinita were
incapable of germinating after dry storage at 3°C, but did
germinate when stored under moist conditions. Therefore, it
is likely that moisture is necessary during cold storage to
break seed dérmapcy {see Steokes 1965). Based on‘my results,

it appears that there is a wide effective meoisture range

during cold stratification for lakeshore plants.

O0f those species that were significantly affected Dby
different moisture conditions during cold stratification
(Figure 1), there was no singlé treatment +that uniformly
produced optimal germination. This dis-not surprising given
that BSarton (1941, 1981) found no relationship between the
amount o©of water absorbed by a seed and its germinability.
- This may be a result of the variable physiclogical effects
meisture has on different seeds during stratification (Lang
1965). In some species, immersing seeds in water leaches
out metabolic¢ inhibitors allowing increased germination
(Koller andé Negbi 1958), whereas in other species, the same

treatment leaches out growth promoters-.- resulting in
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decreased germination (Esashi- et al. 1876, Eyster 1940).

Thus, it is unliikely that an optimal moisture treatment

exists for all species.

One assumption of several studies that examined
germination responses to an environmental gradient (e.g.,
Reddy and Ellis 1¢85, Keddy and Constabel 1¢85) was that
germination responses are unaffected by storage iLreatment.
My results indicate that <this assumption is reasonable,
although more testing is required Zoxr other plant

associations.

. . . . , N T
Moisture level optima within a given species during

stratification appears <+to be unrelated <*to it's adult

éistribution along the water depth -gradient.__ Juncus

militaris and Lobelia Dortmanna had lowest germination after

storage in water (Figure 1), vet the adults of both species

are normally submersed. Conversely, Glvceria canadensis and

Vicola lanceolata had highest germinaticn after storage in

water (Figure 1), wvet <*the adults of both species occur

higher on shorelines.

In conclusion, varying moisture conditions during cold
stratification affected the germination capacity of some
shoreline plant species. There was, however, no optimal
storage treatment for all species. Storage treatment had
little effect on germination responses to different water
depths, nor did 1t bear any relationship to the environment

occupied by adults.

———
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- CHAPTER 2

GERMINATION RESPONSES TO A WATER DEPTH GRADIENT:

THEIR ROLE IN DETERMINING PLANT DISTRIBUTIONS

There are four lifé history stages that control the
abundance and distribution of plants: (i) the distribution
of wviable seéds, (ii). germination, {i11) growth and
mortality after germination, and (iv) procduction of viable
seeds. ZEach of these stages has been studied extensively.
For instance, there 1is a wealth of information on the
compesition and distributicon of seeds in seed banks in such
habitats as salt maﬁ-:shes {Irwin a;ud Riehl 1880), prairie
marshes (van der Valk and Davis 1975, 1978, van der Valk
;?_81), lakeshores (Xeddy and Reznicek 1882), grasslénds
(Major and Pvyott 1§66) and forests (Olmstead and Curtis
1547). Simiiarly, the germination reguirements of a wide
fﬁnge of species in wvariocus habitats have been _studied
(e.g., Crocker and 3Barton 1957, Grime et azl. 1981, Baskin
and Baskin 1874, 1982, 198%). As well, +*he effects of
various events on growth and - reproduction have Dbeen
documented (e.g., competition, Fowler 13981, 1982, Grace and
Wetzel 1981; herbivory, Tiiman 1983; disturbance, Wwhite
1979, Klemow and Raynal 1983, Wilson and Keddﬁ‘ 1985).
However, little is known of the relationships between these
four stages particularly in entire associations of species

(Grubb 1877, but see Harper and White 1974, Ravnal and

Bazzaz 1973). In this chapter, I will test whether there
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has been sufficient selection pressure on species'
germination requirements to maximize the probability that a
given seed will germinate in a habitat where’ it can
succeséfully reproduce. To answer <this gquestion, I will
£est whether germination wvaries aleng a water deptﬁ gradient
and, 1f so, test whether seedling germination responses to
the water depth gradient are correlated with adult
distributions.

If seeds of three hypothetical plant species are sown
aloné—a gradient, there are three possible cutcomes (Figure
3), only one of which is consistent with a posieive
relationship between germination responses  and  adult
distributions: (i) germination of the three species does not
change with water depth (no responses), (ii) the three
species have similar germination responses {shared
responses), cor (iii) the three species have different
germination responses (distinct responses). Combinations of

the above outcomes are also possible but cannot be tested

h

for. If the species exhibit no germination response to

[}

varving ’Egter depths or 1if the species exhibit shared
responses, then it must be concluded that other forces
(e.g., competition, herbivo:y, stress, disturbance) after
the germination stage are present in Qetermining the
abundance and distribution of adul: in this community.

Howewver, in the case of distinct responses where germination

maxima are correlated with adult distributions, it 1is

possible that differences in germination reguirements are
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-sufficient to produce the‘a'dult zopation patterns observed.
on lakeshores. The laﬁter case would also suggest that
species could coexist by partitioning the— environment as
seedlings (Grubb 1977) possibly to reducg intense
competitive interactions (May 1881, Werner 1979, Macirthur
1572, Schoener 1883) or to exploit differing sets of

envircnmental conditions (Cennell 1980).

To determine piant germination responses, seeds of
twenty-four lakeshore plant species were sown along a water
depth gradient and +the germination response of each was
measured. I tested among the three alternatives in Figure 3
on'each of two substrates, to examine the generality of the
observed respanses to the water depth gradient. The
distributions of adults and seedlings along a water depth

—

gradient were then cuantitatively compared.



Tiqure 3.

~

Possible germination responses of three species

PAGE 19

sown along a water depth gradient: (A) Percent
germinaéion of all three species does not change
over the gradient, ({B) All three speciesr share

germination maxima at an intermediate water depth,

and (C) Germination maxima are distinct frem one

N
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METHODS

—

Seed Collection and Stdrage

The seeds of twenty-four species (Table 2) were collected
from Axe Lake, Ontario, Canada (45 ° 23'N, 79 ° 30'W) and an
adjacent bezaver pond from 23 to 25 Septembé; 1983. The word
seed is used to mean a propagule containing a single embrvo.
Seeds were air-dried at 20°C for one month before being
trgnsferred to dry plastic containers which were kept at 4°C
in the dark. From 8 to 14 December 1983 the seeds were

transferred to nylon bags in plastic containers filled with

meist sand (75% by mass water saturated) and were kept in

the dark at &°C.

The Gradient .

The water depth gradient included treatments in which
water levels were above (-20, -10, -5, -2 cm), at (0 ecm), or
below (+2, +5, +10 cm) the substrate surface. This gradient
was created on two substrates: sand (loss on ignition at 500°
C = 0.5%%) and high crganic content (organic) soil (loss on
ignition at 500°C = 3.12%). The gradients were produced in
the University of ttawa greenhouse using eight plastic
containers (56.5 x 37 x 35 cm). The experiment consisted of
five blocks with the water levels randeomly assigned within
each block and each container having both subgfrates. Each

half of the plastic containers was divided into twenty-four

sections (5 x 7 cm) with 0.25 cm thick plexiglass strips and

3
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each container ‘was divided into _two by a 0.5 cm thick
plexiglass insert (37 x 35 cm). The contaipeg; were filled
to a level of 13 cm with either commercially cbtained sand
or organic soil (topseoil mixed with sgnd). Plexiglass
strips were sunk into the substrate to a level of 1.5 cm.

Water levels were adjusted daily or twice daily.
Germination Responses

Ninety-six thousand seeds were planted over a five day
period (one block per day) beginning 4 June 1984. Fifty
seeds of each species were sown in each treatment. The
seeds had been counted out two weeks prior te sowing and had
been stored dry in petri-dishes in the dark at 4°C until
sown. The seeds were then randomly assigned to a sectien,
scattered over the substrate surface, and covered with
approximately 6.25 cm of substrate. Water levels were then
raised +to the recuired depth. On 16 of June 1984 an
aigicide, Cutrine Plus (< 0.2 Cu ppm), was added to the

-

underwater treatmen*s to minimize algal growth.

In this study, germination refers to early recruitment
(i.e., germination and subsegquent emergence) and a seed is.
deemed %to have germinated when~a green shoot appears above
the substrate surface. Recruited seedlings were counted and
either removed (small seedlings) or <clipped below the
hygocotyl {large seedlings) weekly. The experiment
continued for ten weeks (4 of June 1982 to 17 of 2August

1982).



PAGE 22

At the conclusion of this experiment, four environmental
-factars (oxygen concentration, moisture content, organic
content and light intensity) were measured in some or all
treatment replicates. Daily temperature fluctuations in
several treatments had alsc been measured during the

experiment. These measurements are compared with similar

measurements taken at Axe Lake, Ontario in Appendix 2

.

Data Analysis
b

For species that had at least ten percent <total
germination in at least one treatment, a three-factor ANOVA
(water depth, substrate type,. species) was performed to
determine: (i) if there was more germination at some depths
than at others, (ii) i1f substraté tyvpe had an effect on
germinaticn responses, and (iii) if there were differences
among species in their response to the water depth gradient.
For this analysis, percent data were arcsine transformed and
further transformed using log ﬁ to  reduce (but not
eliminate) a problem with the assumptionqof homogeneity of
variances. Friedman's ncn-parametric test (Siegel 1956) was

-~
then performed for each species on eacﬁ/substrate to test
for the ecuality of means among the eight water depihs.

Depths were ranked according to level of germination: the

rankings were done separately for each block.

Those species showing a significant response to water
depth were ‘compared using Kendall's coefficien of

concordance (Siegel 1956). Two tests were done, one for
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each squ::ate. The null hypothesis was that the species'

(5

germination responses (en  each  substrate) were not
concordant {distinct |Tresponses) with the alternative
hypothesis being thiut the responses were concordant (shared

responses) (Siegel 1938). .

~he distributions of sixty-five species. along a water
cdepth gradient at Axe  Lake, Ontario were determined in
December 1979, .Presence/absence of each species was
recorded at 20 relative heights (beginning 0.5 m underwater
and extending to 0.5 m above water) along each of twenty-
five :éansec:s (Recdy 1983). The number of times a species
was fo;nd at a particular depth over the twenty-five
transects was theh calculated for each specles.

A Pearson correlation was performed between tha mean

depth of germination on the experimental depth gradient, an

the mean depth of occurrences o

Iy

adults aleong the water
depinh gradient in the field. Thne correlatiorn included only
those species that showed a significant germination response
L4

T0 water depth in the experiment.



Table 2. The 24 lakeshore species used in this study®.
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Species®®

Family Monocotyvledonae (M)
or Dicotyledonac (D)
Bidens cernua L. teraceae D
Cladium mariscoides (Muhl.) Torr. Cyvperaccac M
Brosera intermedia Havne. Droseraccac D
Dulichium arundinacecun (L.} 3ritt. Cyperaceae - M
Eleccharis palustris {L.} R. and §. Cyperaccac M
Glvceria canadensis {Michx.) Trzin_ Poaceace M
Hvoericum boreale (Britt.) Sickn. Hypericaccac D
Hvoericum ellipticum Hook. Hypericaceae 8
Juncus brevicaudatus (Engelnm.) Fern. Juncaceac “
Juncus canadensis J. Gav. Juncaceac M
Juncus militaris Bigel. Juncaceae M
Lobelia Dortmanna L. Lobeliaceac D
Lvcopus uniflorus Michx. Labiatae o
Mehlenbergia uniflora (Muhl.) Fern. Poaceae M
Mvrica Gale L. Myricaceae D
Rhexia virginica L. Melastcmataceace D
Rhvncosoora fusca (L.) Ait. £. Cvoeraceae M
Sagittaria latifolia L. Alismataceae b .
Scirpus Torrevi Olney. Cvperacecae M
Triadenum Frascri (Sach.) Gl. Hypericaceae 2
Tvoha latifolia L. Typhaceace M
Utricularia cornuta Michx. Lentibulariaceae o
Vieola lanceclata L. Violaceae D
Xvris diffemmis Chapman Yyridaceae ™
* all species are perennials, except B. cernua which 1s.an annual
** nemenclature follows Gleason and Cronguist (1963}, except x. diffourmis
which follows Randall and Keédyniézfgl,/)
e
—
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RESULTS
Statistical Analyses

The three-factor ANOVA (Table 3) indicates that all three
factors and all vossiblie interactions between the factors
except the substrate by depth interaction were significant
{p < C.05). The most important results of this analysis
are: (i) there 1is signi¥icantly inore germination at some
depths than at others, (ii) some épecies have significantly
more germination on’ one of tbe substrates, and (iii) there
are significant differences among species in their response
to the water depth gradient. However; because the
assumption of homogeneity of variances was violated in this
analysis, neon-parametric tests were used in +the remainin

analyses.

Of the ten species analyzed individually with Triedman's
non-parametric test, nine demonstrated a significant
difference {(p < 0.05) in recruitment along the water depth
gradient on one or both substrates (Ficure éi. Therefore
one possible outcome, that of no response to the gradient,

can be rejected.

Because species' germination responses to the water depth
gradient differ between <the two substrates, Xendall's
coefficient of concordance was performed separately for each

substrate to test Zfor shared  or distinct germination

responses. Using only species that had a significant
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response to the water depth gradient in each analysis, . it

was found that species had a. significantly concordant

response on the sand substrate (Kendall's W = 0.48, k = 5,
df = 7, p = 0.02) whereas on the organic substrate species

. \ . R . N .-
did not have a significantly concordant response (Kendall's

W=20.11, k = 7, é¢£ = 7, p > 0.30). Therefore, on the sand
substrate species had a shared germination response with
maximal germination occurring at intermediate water depths

(Figure 4£) while on the organic substrate species had

distinct germination responses. -

There was a significant correlation (r = 0.81, df =6, p

= 0.01) between mean - .depth cf germination and mean depth of
cccurrence of adults. Thus, germination’ responses are

similar to adult distributions (Figure 5). In this

Y

-

analysis, data from both substrates for both adults and

seedlings were combined to increase sample sices.



Figure 4.
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Mean pg:ég;;”;;;mination_ {(n = 5) wersus water
depth for lakeshore plant species which

demonstrated " a significant response to the
gradient, comparing the overall responses on a
sand and an organic substrate (Kendall's

coefficient of concordance).

-~
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.Mean. depth of germination (x 95% C.I.) in <the

greenhouse versus mean depth of adUlt cccurrences

at Axe Lake for seven lzkeshore plant species.

Mean depth of germination was calculated by

~

averaging germination responses Zfrom sand and

organic substrates. r value calculated using

11

Pearson correlaticn. Species %1 is 3idens cernua,

species #2 is Rhexia virvcinica, species %3 1is

Lvcovus uniflorus, species #2& is Viola lanceolata,

species $> 1s Xyris difformis, species #56 is

Lobelia Dortmanna, and species $#7 is Juncus
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N

Tabie 3. Three-factor ANOVA table whege the variable is percent germin-
ation measured for ten lakeshore specles across an eight level
water depth gradient on two substrates (sand and organic).

There were five replicates of each treatment ané the data were

log arcsine transformed.

Source of Variation Sum of Squares D.F. Mean Sguare F ~ Significance

Level
substrate 1.25 1 1fes 1138 <o.00:
Depth 17.05 7 2.44 22.26 <0.001
Species o381 — 9 3.98  36.35  ¢0.001
Substrate x Depth 1.01 7 0.14 1.32 0.239
Substrate x Species §.37 9 | 0.93 §.50 £0.001
Depth x Species 64 .05 63 1.02 9.29 ‘(0.001

Subs. x Depth x Sp. 11.39 63 0.18 1.65 0.002

—
ol
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DISCUSSION

In this study many species failed to germinate regardless
of water depth; this may be because of the hardened seed
cocats or pericarps characteristic of many wetland species

(Scultherpe 1967, Hook 1584, Huitchinson 1975). These
specles may require special pre-treatments (e.g., mechanical

breaking, bacterial activity, drying; Hook 1984, Sculthorpe

- b4 -

[

957) to stimulate germination (i.e., the seeds are in an

B
ps

3

1mate dermancy state; Harper 1877). The moisture regime
during ccld storage may also be important to several species
(Bannister 1976; see Chapter 1) enhancing or retarding

germination.

The Gradient’ _—

If an artificial water depth _gradient was created of
sufficient length to include both very dryv +ireatments and
deep water treaiments, and germination <responses of
xe:ophytes. and hvdrophvtes were _observed, distinct
germination responses would be found. However, the cutcome
is not nearly so obvious along sherter gradients within
particular plant associations. The cuestien of shared or
distinct germination responsgs i1s most relevant to species
that can potentially interact; therefore, I included only
species found between tﬁe shrub and fleoating plan%t zones on
lakeshores. Within this shoreline association, I .found
shared germination responses on +the sand substrate and

distinct germination responses on the organic gradient.
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Germination Responses: Other Studies

Several studies of recruitment along an environmental

-

gradient have alseo found shared germination responses. For
: . —
instdfice, Harper and Benton (1966) found that of twelve
Species sown on a water tension gradient, nine had maximal
germination at the wettest end, two had no response to the
gradien£, and one did not germinate. Similarly, Keddy and

Constabel (1585) sowed eleven wetland plénts along a-
particle size gradient to test Qhether different sized seedsﬂ—*ﬂ
germinated best on substrates with specific particle sizes.
They <found shared responses with maximal germination
occurring on small particle substrates, irrespective of the
seed size sown. Germination tests on “twelve haleophvtic
species on a six-level salinity gradient (ranging from tap
water to 107 NaCl) revealed <that all twelve species had
maximal germination in' tap water, and only one species,
Salicornia stricta, had any germination under extreme saline,
conditions (Chapman 1974). The selective advantages of
shared germination responses have not been investigated.
However, it may be that on stress gradients (e.g., a
salinity gradient), seedlings cannot survive high stress
conditions, and thus seeds germinate only in areas of low
stress or at times of low stress (avoidance strategy,

Angevine and Chabot 1979).

Distinct germination responses on environmental gradients

have also been demonstrated. Keddy and Ellis (1985) found
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that of eleven species from the Ottawa River sown on a water
depth gradient, six had distinct germination responses,
while the other five had no response. Harper and Sagar
{1953) found that three species of Ranunculus +that coexist
in ridge and furrow grassland have distinct gérmination
éeSponses to a moeisture gradient with maximal germination
for R. bulbosus occurring at the dry end, R. acris in the
middle, and R. repmens at +he wet end. In California
deserts, it has been shown on a temperature gradient <hat®
summer annuals have maximal germination at hich
tenperatures, whereas winter annuals have maximal

germination at lower temperatures (Went 19249).

It is not apparent why in some situations plants have
shared responses while in others, plants have distinct

responses. A comparison of which environmental gradient

produce shared or distinct germination responses (Table £)

rh

ails to vield any important generalizations. In fact, <the
same gradient can elicit both shared and distinct responses

in different plant associations (e.¢., moisture gradients).

Similarly, the same plant association can also elicit shdred —

or distinct germigation responses on di:ferent environmental
gradients (e.g., forest agd prairie annuals). Future
research needs to Dbe directed at determining which
environmental gradients or plant associations are likely. t
be characterized by either shared or distinct germinatien

responses and why.

[ty
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Germination Responses and Adult Distributions

"

Figqure 5 shows aa positive relgtionship between
germination maxima and“adult distributions on the water
depth 'gradient: On lakeshores, plantg often occur in
distinct zones perpendicular to the water depth gradiept.
This study indicates that +the recruitment étage may be
important in determining the zonation patterns observed.
Previous discussions of zonation on lakeshores (e.g., Spence
1982, Hutchinson 1975) had not considered the importance of
recrultment. Several other studies that-kave found distinct
germinatieon responses . have also found a positive
relationship Dbetween gerﬁination responses and  adult
d*stributions. The bPbest knewn of these is Harper and
Sagar's .(1953) study which found that the germination

responses of three Ranunculus species on a moisture gradient

.

paralleled theif field distributions in ridge and furrow
grassland. Similarly, Keddy and Ellis (1983) ncted that the
distinct germination responses of six Ottg#é River épecies
were related to adult distributions. In contrast,
Rabinowitz (1978) found that zonﬁtion of £four genera of
mangroves in mangrove swamps could not be attributed to
distinct germination responses because seedlings often

germinat%gg best in zones occupied by adults of cther

mangrove genera.

t is apparent that there is often a relationship between

seedling and adult distributions, although-it varies among
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different h&®itats and different .species. A strong
relationship between these two stages is important because
it indicates that the selection pressures operating at
different times in an individual's life cycle are similar in
their effects. This has two consecquences: (i) a2 minimum
number of seeds will germinate in areas where adults cannot
_surviveT'and {ii) speciles can cé-exist by partitioning their
environment during the germination stage of their lifecycle.

"

et g e



Table 4. A sampling of studies which have examined germination
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responses
of two or more species. along environmental gradients.
radient Plant Association  Germination  References
Moizture Ranunculus spo. Distinct™ Harper and Sager
{1353}
Moizture Successional - Shared Pickett and
Tield spo. Bazzaz (1978)
Moistur Sand Dune Annuals Shared* Pemadasa and
Lovell (1975)
Water Potential Torest and Frairie Shared* Raynal and Bazzacz
Anneals {1973)
Water Tension Range Grasses Shared* Xnipe and Herbal
. (1950)
water Tension Various Herbs Shared* Harpexr and
X Benton (1966)
. . _
Water Depth fiver Shoreline .Distinct Xeddv and Ellis
Herbs . {1985)
Tidal Freshwater Marsh Herbs Distinct*® Garbisch an
Coleman (1978)
b - - 3 - ot
Saltwater Depth** Mangrove spp. Distinct Rabinowitz (1978}
Salinmity Haloohvies Shared* Chapman (1973)
Particle S5i= wetland Hexbs Shared Keddy and

S0il Type.

Teaperature.

Temperature

* p——

Forest
Annuals

and Prairie Distinct*

Shared*

0ld Field spp.

Desert Annuals

" Constakel (1985)

Ravnal and Bazzaz
{1973)

Shontz and
Oosting (1970)

~Went {1949}

* determined by visual
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GENERAL DISCUSSION

Two unresolved cuestions, one £rom ‘each chapter, arose
during. this stﬁdy:'(i) Why was there no relationship between
'preferred' storage conditioﬁs énd the adult-distribution of
a given species, and (ii) Why do lakeshore plant species
have shared germination responses on the sandy substrate?
The rest of this discuséion will deal with these gquestions
7and}suggest possible answers. However, it i35 suggested that
further research is reguired to resolve the above questions.

Two Unresolved Questions

- . " . v R

(1) In Chapter 1 of this <thesis, I reported that there
was no relationship between +the' moisture level dJduring

stratification which stimulated maximal germination in a
species and the adult distribution of that species along a
water depth gradient. Thlis was unexpected, since species’

differences in one stage of a plant's life cycle {(e.g.,

germination recuirements) should be reflected by species'
differences in other life cycle stages (e.g., dispersal in
space, storage <treatment reguirements)(Grubb 1877). It is

possible, in a situation where seeds are dispersed conly to
the habitat in which they are likely %o germinate, that
there has been no selection pressure ©To recognize an

respond . to. different storage conditioﬁs. However, <thi
possibility seems unlikely for two reasons: (i) seeds of

- -

many wetland species are dispersed over a wide portion of

the water depth gradient (Xeddy and Reznicek 1982, Leck and
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Graveline 1979, Parker and Leck 1985), and (ii) in this
study, some species did respond__ to moisture level

gifferences durieg storage.
- -

.Alterﬁatively, natural storage condit}ons in many lakes
may be cuite uniform because of high water levels in the
. fall (personal observations) again precluding any selection
pressure towards specific storage <treatment requiremenﬁs.
However, in this sitﬁaticn all species should have had
maximal germination after storage in distilled water which

was not <the case.

Noﬂ:easonableghypothesis for why there is no relationship
between 'preferred' storage moisture conditions and adult
distributions is known +to this author. Perhaps the
significant effects of storage moisture conditions én'the
germination capacity o©f some species are, in nature,
bicleogically .insignificant. Tigure 1 does indicate that
;reétmenf effects on species' germination ;apacities are

relatively sSmall.  These 'small' differences mav not be

ct

importan in situations where high density dependent

mortality occurs during germination and establishment. In
this situation, there is also not likely to be any selection
towards 'preferred' storage conditions that are related %o

Y

adult distributions.

{2) Several mechanisms could produce shared germination
responses. Fcr example, the seeds may be physiologically

incapadle of germinating and establishing on some portion of
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a gradient. In this case, selection pressures for distinct
germination requirements would Dbe ogtweighed by the
inability of seeds <*o exploif unoccupied habitats, and
shared germination responses would result. This seems most
}ikely on stress gra@ients such as one of increasing
s;linity (see Chapman 187%). waeﬁer, on lakeshores, it is

— ot knowﬁ whether such a siress gradient exists.

T AItsTnatively, all species may germinate over a wide
portion of the gradient. This is most likely in stressed
and/or disturbead habitats vhere selection pressures for
distinct germination regulrements are ouﬁweighed by
selection for wide environmental tolerances such that
species can opportunistically exploit any habitat in which

. there is an openiné; this situation parallels that of weeds
‘ whose germination reguirements are oZten fulfilled in many

-environhents (Baker 1974£). On lakeshores, sandy shores are
characterized by a high degree of stress and disturbance
whereas sheltered bavs (high organic content substrate) are
not. However, before acce?:fhg the results of this study as
evidence of the above scenario, tTwo problems must be
considered. First, species should have wide germination
ranges and little, if any, response to the water depth

radient. Figure 4 indicatesﬁthat 2idens cernua has a very

’ "
strong response to the water depth gradie}pt on the sandy

substrate. Second, to properly assess the likelihood of the
above scenario, one would have +to measure the germination

responses of species typical of sandy shores on a sandy

bl
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—
substrate and repeat the process for species typical of
sheltered bays on an organic substrate. This step could not
be <taken in this study because of the small number of
species that_ had a germination response to the water depth

gradient on the sandy substrate.

Conclusions
(1) The germination capacity of some lakeshore species 1is

-
affected by varying meisture conditions during cold

stratification. There is nb optimum moisture level for
all lakeshore Species ner is there any relationship
between the optimal moisture level for each species and
their respective adult distributioens.

(2) Moisture levels during ceold stratification have little.
effect on where lakeshore species germinate on a water
depth gradient.

{3) Lakeshore species have shared germination responses to a

water depth gradient with a low organic content

substrate.

by

(

) Lakeshore species have distinct germination responses to
a water depth gradient with a high organic coﬁtent
substrate. ‘

(5) Germination responses along the water depth gradient are

correlated with adult distributions. )

(6) These results indicate that lakeshore species can

respond to differences in moisture levels during cold

stratification and germinatien.

(7) By responding to moisture level differences, plants can
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determine where on the water depth gradient germination

will take place.

4
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APPENDIX 1

PLANT SPECIES TOUND

1l

Abundance and Distribution

Cladium mariscoides

rosera intermedia

Dulichium arunéinaceum

Eleocharis sp.

Eriocauleon sepitangulare

Glyceria canadensis

Hvpericum boreale

uncus czanadensis

Lobelia Dortmanna

Lvcozus uniflorus

Mvrica Gale

Panizsum lanucinosum

- 1. . 3 . -
Rexia virginica

Soiraea latifolia

Triadenum Fraseri

Viola lanceolata

Xvris difformis

e
=-Ccoimmen near washline«
-rare

-very common anywhere above waterline?

-infreqguent along washline
-near washline

-nezar washline

-very common anywhere above waterline

-patchy distribution along. washline

-common between waterline and washline

-~occurring in clumps above washline

—common between washline and shrubs
—Commen near washline

—Ccmmen near shrubs on cpen beach
-infreguent along washline

—common between washline and shrubs
-common at washline and above

-very common anywhere above water

-cemmon underwater, uncommon above

R

]

seedlings which couléd not be identified are not included
nighest point on beach subject to wave action; much debris deposited here

‘\\\\_—”‘*_“\

“as determined when lake was calm
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APPENDIX 2

.

A COMPARISON OF FIVE ENVIRONMENTAL FACTORS

AT AXE LAKE AND IN THEE GREENHOUSE

In Chapter 1 and 2, species' germination responses to a
water depth gradient produced in a greenhouse were measured,
and then subsequently related to adult distributions in the
field’ Befofe extrapolating these results to the field, one
must first determine the 'realism' {i.e., the degree to
which conditicons in the greenhouse resemble those in the
field; see Harper 1982) of this experiment, sincé laboratofy
(or greenhouse) experiments often suffer from a failure to
consider important enviropmental factors (Diamond 1983).
Four factors (oxygen concentration, soil moisture content,
soil organic content, and light intensity) were measured in
all treatment replicates (unless otherwise stated) in the
greenhouse and compared to measurements made at Axe Lake,
Cntario. As well, preliminary measurements of daily
temperature fluctuations were taken in two treatments both
at Axe Lake and in the greenhouse. The measurements at Axe
Lake were made on both a sandy beach with low substrate
organic content and in a sheltered bay with relatively high
substrate organic content. Five randomly chosen transects
running perpendicular to the shoreline were set up at both
Axe Lake sites and measurements were taken at each of eight
dﬁter depths (corresponding to the depths used in +the

greenhouse experiment). Measurements or samples (to be
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analyzed later) were taken £from 16 to 19 July 1984 at Axe
.
Lake and from 15 to 20 August 1984 in the éreenhouse. The
data from the oxygen concentation, moisture content' and
light intensity measurements were anaiyzed to test for
significant differences along each water depth gradient on
each substate at each location (one-factor ANOVAs), to‘:est
for significant differences among substrate types at each of
AxXe Lake and in the greenhousé (two-factor ANOVAs), and to
test for differences between the Axe Lake and greenhouse
locations (three~factor ANOVA). Data were log *ransformed
when necessary to meet the assumption of homogeneity of
variances. |
Oxygen'Concent?ation
~
A Model 53 Clark oxvgen elecirode was used to determine
oxXvgen copcentrations in the  water in all underwater (i,é.,
substrate surface below water suriace) tfeatments and the
zero depth treatment. Ten mlL samples were taken just above
the substrate surface with a 10 mL svyringe previously
flushed with N, . This method could not be used for

treatments above water.

Mean underwater oxXvgen concentrations varied

-

significantly between water depths at Axe Lake and in the
.

greenhouse on +the sand substrate (P < 0.005; one-factor

ANOVAS). Figure & indicates- that underwater oxvgen

concentrations were at a minimum at the zero water depth

treatment for both locations on the sand substrate.



Underwater oxygen concentrations were significantly
depressed (p < Q.001]; +two-factor ANOVAs) on the organic
substrate at both Axe Lake and in the gréenhouse (éigure 6.
Tﬁis is expected since eutrophic waters (i.e., high nutrient

status) are generally characterized by increased oxvgen

deficits (Wetzel 1873).

Undarwater oxvgen concentrztions were also signi

(25
[ T8

czntl

<

lower (p < 0.001; three-factor ANOVA) in the greenhouse when

compared to Axe.Lake. . It should be noted, however, that th

1]

assumptioﬁ of homogeneity of variances was violated in this
analysis. Owverall, the results (Ficure 6) indicate that_the
underwater oxvgen concentration gradients are similar in,
shape at both Axe Lake and in the greeQépuse. " If one

includes above water treatments (where oxvgen availability

is greatly increased) the oxvgen concentration gradient in

the greenhouse has a greater range than occurs at Axe Lake.
Soill Moisture Content

Surface soil samples (uzper 1.0 cm) were taken for all

above water (i.e., substrate surface above water surface)
treatments and the zero depth treatment to determine soil

moisture contents. The soil was dried at 110°C for over 48

hours and percent moisture content was calculated.

Mean above water moisture contents varied significantly

- —

(p < 0.001; one-factor ANOVAs) between water depth

treatments in the greenhouse on each substrate. Moisture



PAGE&&Q;)
content méasurements téken from the organic site at Axe
Lake, however, showed a high degree of aSSOEiation Between
moisture content and soil organic;coﬁtent. Since the latter

was cuite variable, moisture content means tended <to have a

large amount of wvariance (Figure 7). Thus, any moisture

«Q

radient that might exist a%t the organic Axe Lake site is
iikely obscured by <the ~wvariable scil organic contants

characteristic of this site.

At both 3ixe Lake and in the greenhouse, soil moisture
content was signiZicantly (p < 0.001; two-factor ANCOVAS)

lower on the sandy substrate than on the more organic -

.

substrate.

There were sicnificant differences between moisture
content at 3Axe Lake and in the greenhouse (p < 0.001;
three-Ffactor ANOVA)Y. It should be no+tad, however, =hat <the
assumption of homogen=ity of variances was violated in the

latter analwvsis. In summary, Figure 7 indicates =ha

moisture contents of the sandé substrate at Both locations
are similar but ' a much more defined gradient is present in
the greenhouse. The moisture content gradients on the

organic substrate are simi

,_.
)

r in rientation at bot

locations but the gradient in the greenhouse is likely more
characteristic of a less productive site than the cne chosen
at Axe LaXe. DMore productive sites would have higher soil

organic c¢ontents and, nence, highe

H

soil moisture contents

than found in the organic substrate used in the greenhouse.
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Soil Organic Content

Ten cm soil cores were taken for all treatments.at both
Axe Lake and in the greenhouse. Secil organic contents were
determined by measuring mass loss on ignition (3500°C, 18

hours) after drying (60°C, 48 hours)(Dean 1972).

Since soil organic content was kept as a constant along

the water depth gradients in the greernhouse, no attempt was

made to test for differences along anv of +the water depth

gradients. Scil organic content in the sandy sybstrate in
the greenhouse (Mean 2 85% C.I. = 0.586 = 0.07%%) was very

close to the soil organic¢ content wvalue on the sandy
shoreline at Axe Lake (Mean % 95% C.I. = 0.784 = 1.7%5%)
although <the iatter was quite wvariable. Soil organic
content iﬁ the organic substrate in the greenhouse'(Mean %
83% C.I. = 3.115 £ 0.471%) was more characteristic of a less
productive site than the one chosen at Axe Lake (Mean % 95%
C.I. =6.011 x 7.712%).

Light K Intensity

Light intensity readings were taken with & light meter
for all treatments both at Axe Lake and in the greenhouse.
All readings were taken on a sunny day between 1300 and 1200

hrs and were made at the substrate surface.

s

At Dboth Axe Lake and in the greenhouse, the light
intensity gradient on the sand substrate was not steen with

only a slight increase occurring from deep water to above
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water. Of these two gradients, only the one at Axe Lake had
significant treatment differences (p < d.OOl; one=-£factor
ANOVASs). The light intgnsity gradients on the organic
substrate at Axe Lake and in the greenhouse increaseé more

rapidly from deep water to above water, although much more

so at Axe Lake (p < 0.001) than in the greenhouse (p < 0.05;

cne~-factor ANOVAs)(Figure 8).
=

There were significant (p < 0.005; two-factor ANOVAs)
differences in light intensity between substrates at both
AXe Lake and in the greenhouse. In both locations, light

intensity was reduced on the organic substrate especially in

deep water.

There were significant (p < 0.001: three-féctor ANOVA)
differences in light intensity beitween the two loca*ions.
Overall, ?igure 8 indicates that on all four water depth
gradients, light intensity increases £from deep water to
above water with this increase being most pronounced on the
organic substrate at Axe Lake. As well, licht intensities
were lower 1in <the greenhouse when compared +to Axe Lake
eﬁbept in the case of deep water treatments on the organic

substrate where the situation was reversed.
Daily Temperature Fluctuations

Daily maximum/minimum temperatures were recorded from 13
June to 11 July 1984 in the greenhouse and frem 16 July to

21 July 1984 at Axe Lake. Daily temperature £luctuations
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were recorded in two treatments: deep water (-20 c¢m) and

above water (+10 cm). At each location, substrate

differences were averaged with one daily recording of each.

In deep water, mean daily temperature fluctuations were

small both in the greenhouse (Mean * 95% C.I. = 6.80 = 2.46°
C; n = 28) and at Axe Lake (Mean =+ €5% C.I. = 4.45 = 3.32°C;

n = 56}). Cenversely, daily temperature fluctuations were
much greater above water both in the qreenhouée (Mean * S5%
C.I. = 16.3 = £.3°C) and at Axe Lake (Mean & 95% C.I. = 12.9
+ 6.7 °C). These preliminary results indicate that
temperature fluctuations are greater above water than below

water at AxéﬁLake and in the greenhouse.

[

Summary

In general, the shape and direction ¢f changes in £five

.
environmental factors along water depth gradients in the
greenhouse and at Axe — Lake were similar, although
differences did occur in the magnitude of these“changes.
The results also indicate that the wéter depth gradient on
the organic substrate in the greenhouse is more

characteristic of an Axe Lake site of intermediate

productivity rather than one of high productivity.

As with anv greenhouse or laboratory study, 'realism' is
invariably lost because field conditions can never be
duplicated (Diamond 1983, Harper 1982). However, greenhouse

studies are, in general, more precise than £field studies
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(Diamond 1983; Harper 1882).  This study opted for more

precision while attaining as much 'realism' as possible.
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Figure 6. A comparison of oxygen concentrations (mg/L)(Mean

-

+ 95% C.I.) along water depth gradients on two

substrates at Axe Lake and in the greenhouse.
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Figure 7. A comparison of soil moisture contents (%) (Mean =
95% C.I.) along water .depth gradients on two

substrates at Axe Lake and in the greenhouse.
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-

gure 8. A comparison of light intensities (lux)(Mean * 95%

c.I.)

-along

water

substrates at Axe Lake and in the greenhouse.
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APPENDIX 3A
Mean percent éerminatibn (n= 5 replicates of 50 seeds each) of 24 lakeshore

species at eight water depths on a2 sandy substrate.

Species ‘ —j/)Depth (em)

-20 =10 -5 =2 0 2 5 10
Bidens cernua 0.8 0.4 2.4 4.0 42.8 26.4 2.0 2.8
Cladium mariscoides 0 0 0 0 C QT 0 0
Drosera intermedia 0 o 0 0 0.8 1.2 0 0
Dulichium arundinaceum 0 0 0.4 0 1.6 1.6 0.4 1.2
Eleocharis palustris 0.8 0.4 0.4 0.8 2.8 2.8 0.4 0.4
.Glvceria canadensis o o] 0.4 1.2 Q.8 2.0 0.8 2.0
Hypericum boreale 0 0.4 o] Q.4 0 o 0 0
nvpericum clliphisem 0 o 9 0 8 G o] 0
Juncus brevicaudatus 0 0.4 0 0.8 0 Q 0 0
Juncus canadensis .8 0 0.8 2.8 2.4 2.8 0.4 o]
Juncus militaris 1.6 0.4 0.4 4.0 1.2 0.8 0.4 o]
Lobelia Dortmanna 16.8 6.0 12.8 18.8. 4.8 10.8 .8 0
Lvcopus uniflorus 33.6 26.4 2.0 10.0 21.2 28.8 20.8 1l4.0
Muhlenbergia uniflora 0 o] 0 0 o] . 0.8 0] 0
Mvrica Gale 0 1.2 0.4 0.8 3.6 3.6 1.0 1.6
Rhexia virginica 3.2 1.2‘ 2.0 2.0 8.4 12.0 8.0 S.2
Rhvncospora fusca 0.4 0 0.4 0 0.8 0 o] 0
Sagittaria latifolia 18.¢ 18.8 19.2 36.8 24.8 3.6 0.4 0
Scirpus Torrevi ., 0 0.4 0 . 0.4 0 0 0 0
Triadenum Frasexi 0 c.8 0 o o] c.8 0 1.2
Tvpha latifolia 9.2 21.2 20.4 32.0 &6 1.6 2.0 0
Utricularia cornuta - 0.8 o 0.8 0 o o] 0 0
Viela lanceoclata 4.0 5.6 a.6 3.2 16.4 21.2 12.8 2.4
Xvris difformis 10.8 8.0 14.0 13.4 £.8 .0 0 0




Mean percent germination (n=

species at eight water depths on an organic substrate.
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APPENDIX 3B -~

5 replicates of 50 seeds
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each) of 24 lakeshore

Species

Depth (cm)
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-
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Bidens cernua-

Cladium mariscoides
Drosera intermedia
Dulichium arundinaceum

Zleocharis palustrig
Glvceria canadensis
Hvpmericum boreale
Hvpericum ellipticum
Juncus brevicaudatus
Juncus canadensis
Juncus militaris
Lobelia Deortmanna
Lvcoous uniflorus
Muhlenbergia uniflora
Myvrica Gale

Rhexia virginica
Rhvneospora fusca
Sagittaria latifolia
Scirpus Torreyi
Triadenu- Fraseri
Tvpha latifelia
Utricularia cornuta
-Viela lanceolata
Xvris difformis
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