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\ ABSTRACT

Field and laboratory'studies ot aspec's of the dispersal ecoiogy of

Solanum dulcamara, a perex{mal species bearing fleshy fruiis, were conducted

near London. OntariE“"’Although there were annual and 1nter-habitat

variations, 51.9% of the dispersant fruits were not ripe. Each fruit type

contained some viable seeds. but germination and seedling emergence wvere
more rapid from ripe truits. Seeds from which the flesh hdd been removed

produced seediings at a faster rate than seeds sown' mthm antgct fruits.
Secd,.s sown within intact fruits were mo.re likely to produce seedlings in
later years. In one such study the bulk of seedlifgs emerged 1n t.t;e second |
r"aghor than first year. Annual qxffterences in the number of Fru:t's. the
probability of dispersal, and the retention period of dispersant fruits at
various stages of development were obsnrved in the field habitats. More
- fruits were set per 1inflorescence early in the _season, 6ut later fruits had .
more flesh” and higher flesh-to-seed dry wexght ratios when ripe. There

- we're-no seass:nal cixfferent;ns in the retention pehod of dispersant fruits.

Seeads from early fruits gu:mmaud more slowly than those.from later fruits,

bxﬁ‘erencos in the attributes of ripe fruits were mostly the results of

- adgustments to -the flesh rather than the seeds., and mter-—habxt,a't

dif ferences may havc been the resuilt of phenotypic plast:cxty. 'I‘he highest

percentage of unripe fruits dispersed i1n the seasonally f‘loodod ar‘d heavity

shaded swamp habitat. The number of buds per inflorescence, the number
of 1ntflorescencls per stem, the probability of fruit-set, and the probability ’

) ot dispersal were generally 19w at the swamp, I"\ownver. Fuxts‘npeﬁid most

- - rapxdly at the more open riverbank, whare the number .of buds pcr_‘

) mflorucance, the number Qf 1 mf‘lornconcu per stem, the percentage fruit-

- ., set and the prbtubxhty of dispersal were-high. Comparable patterns at

* the seasonaily flooded marsh habitat arfd field-egdge cnv:rqnm;nt of the field

" .station habx_f.at. were mtnrmndutnf However values at the mar'h’ tendad

- to. parallel those at the swamp, and the values at the field station
‘ ' ¢

approached those at the riverbank. _ .




ACKNOWLEDGEMEINTS T

I would not have been able to complete this progect with out the

assisstance of many p>eople. To all I am gratefull, but'csplcully to the
foilow)ng:
L

Dr. P.B. Cavers for advice, c'onsultat.xon, encouragement, criticism and

financial support throughout all stages of the project.

Dr. S.E. Weaver for kindly shouldering the consultative and administrative

burdens of supervision during the final months of preparation.

~

Dr.R.C. J\a‘ncey for advice and crmiticism at ail s\.agu.of‘ the progJgect.

v -

Dr. L. Orioc: for comments oﬁ an earlier draft.

Dr. J.B. Phapps and Dr. K.B.Qav_rker for advxce at eirly stages of the gro.jcot.

»

br. R. Bailey and Dr. R.Green for assistance wxfh compute? programing

Dr. J.M. Bowles for consultatian and preparatign of diagrams. '
-~ . .
M. Bough for preparation of diagrams.

-

B. Frick, L. Her‘mamln.: and T. Kassenburg for criticism of the final draft
" of the thasis.

D. waley for .n\vmg., counting, weighing and many trifles.

-

P. Duenk for maintenance of the study areas at the field ‘ltatzon.

]

) . P .
A. Noon for photographs and the preparation of slides. '

L]
v

Dr. R. Gqrdiner for rectifying software problems. -

W



- ~
TABLE OF CONTENTS - -
Q@
, CERTIFICATE OFYEXAMINATION ..... ii
) ABSTRACT ... ... O I I A T e e e oo 11
ACKNOWLEDGEMENTS .. ...... e e ‘v
TABLEOF CONTENTS. .. .. .. ...... ... e e e e ERRER v
i . .
LIST OF FIGURES -------- S T T N T T T S SR T T T R Y LN A L R I O D I I ) x
- _LIST OF TABLESC e ¥ 8 & 9 0 F & ¥ ® 7o L B A ] .l LN I R B I l- LI S B A l. L N R BN N I xllx
LIST OF PLATES., . v vt v v it it e i v et e b v s o n it Cer e e Xiv'
CHAPTER ONE ~ INTRODUCTION, -+« v vetne e e iveenanann .y : 1
£ INtroduction . o iv et nr et bt e o
1.2 The dispersal of fleshy propagules . ... .... . cea e 2
- .1l2l1 .lntroduction LI A e I O D I D D DN N D Y D R D Y Y R R R R T R 3 2
1.2.2 The ecological roles of the flesh and seeds ........ 3
123 Temporal trends in structure, production and
dlsp.r’al : LI ) ; . o 8 ‘l 8 0 2 B ¥ F & v PR AN b 12
1!2!4 Habikt dlfrermces lllll L Y AN B I D R R D DY B TN B R ) * 8 00 15—
1.3 The' biology of Solanum dulcamara L. ..... I 16 .
1.4 Thesis c;r‘an'xzat.xon et S crae e 22
CHAPTER TWO ~ HABITAT DESCE’IP"I‘]ON‘ AND FRUIT CLASSIFICATION 24
CHAFPTER THREE - THE ATTRIBUTES OF INDIVIDUAL FRUITS.....: 43
73II lntréducuon [ ] F? a8 ¥ v 8 00 r e F 8 * 3 3 8 8 N 9 & 8 K s e g - 43
- ’ . 3-2‘ M.thOdS ‘l D x: R ) : I R A T T T S TS U R e e e 0 44
. 3.3 R.mlt’ * & 0 & 0 & F & 8 20 e . ‘. L I I I O R I D I D D N B I B ) 2 9 LI ) e 2 .47
. L. -~
3'3'1 R‘p‘ fr_u‘u LN B T B DN D S I R D D B R D R DN BT RN N RN NN l‘ 4 2 2 v 2 * 0 47
B ,
Y ' )




3'4

~

CHAPTER FOUR - PATTERNS OF FRUIT PRODUCTION AND DISPERSAL

44
4.2

. 4.3

3.3.4.4

— 3.3.4.2 Common garden ...

3.3.2 Persistent ripe frusts . ........

3.3.3 Fruit development . .... e e

Discussion . ... v v v v v

Field habitats . . . ......

3.4.4{ Question 4. Are there seasonal shifts in the

attributes of ripe propagulas, particularly

in flesh toseed Ltrade-offs? . ¢+ vt i e e e

L)

3.4.2 Question 2. Are there habitatl differences

in fruit attributes? .. . v v v et b e i e

-

3.4.3 Question 3. Are seasona!l and habitat differences

expressed more strongly in the seed or fleshy

component?....... e e

3.4,4 Question 4. Do differences in fruit attributes reflact

« e v e

+ 1 0 0 0 0 e

plastic Or DIOtYPIC FeSPONSR?. v v+ v c e v v vt u v s v s v a s

3.4.5 C.;uest.xor_\ 5. What are the differences 1n the attributes

of fruits at various stages of cgovclopm!nt? e e

Introduction . ...+t 0004
mthods [ ] 1] -+ 1 ] L ] . . 1] L] . L] L[] L] L] . . L ] L] 1] [} .
R.su]ts. L] [ ] * LI [ N B BN ) a0 2 [N [ 2 I I B

4,.3.4 The fates of buds and fruits

4.3.1'1

The year effect . ...
4.3.4.2 The season effeg_i‘. .
4.3.4.3 The habitat-effect.. ..
«4.3.4.4 Interactions ......

vi

L R A )

LI IR I I A

~

47

5é

64

64

72

72

73

74
76

n
79

79

e4
84

93
93
96

97



4.3.1,5 Differences between unripe, ripening

“, ‘andrmipefruits . . .. ... ..., e 99

. 4.3.4.6 Differences:n number.......... e -99
* 4.3.2 Rates of ripening and flru1t loss . ............ ... . 106
432414 Theannualeffect ...... ... v 106
4322 Theseasoneffect .............. e \105
4,3.2.3 The habitat effect......... P e 114
4.3.24 The interactions of year,'.'..cason and habitat, 112

s 4.3.25 The differences between unripe, ripening .

- _. and ripe fruits . .. .o o i s i -142
4.4 DISCUSSION .+ o v v v st v v v ot s ammu oot ot s o nsosoansosana " 148

4.4,1 Question i. Are the buds formed earlier in the
T - season more likely to produce fruits than those

formedlat!rlntmsamﬁy..l‘?-..'.........-... - 118

4.4.2 Question 2. Do early fruits ripen and/or disperse

more slowly than later fruats?, . .. . .... v v v v v v, 118

44,3 Question 3. Are fruits at dafferent stages of
development equally likely to disperse, and do
they disperse at the samerate? ..............:. 119

4.4.4 Question 4. po the patterns of development )
and loss differ across the habitats?............. 120

* 445 Question 5. Do the patterns of development -
and loss change from year toyear? ............ . 126
CHAPTER FIVE - GERMINATION AND SEEDLING PERf‘ORMANCE P 128
.' 5.4 Introdhctxon...................................1 128
- 5.2 MELROOS « o\ uv et et e e 129

5-2.1 Fllldlm.r‘gtnc.ltudlll.;............-..-....- ‘ 129




N
' 5.2.2 Greenhouse emergence trials. ..... e e e e 134
¢ 5.2.3 Growth cabinent studies .. .. .. N 132
3.2.4 Analytical Metheds ........ R I 134
53 Results.................. .« e S e e b e e 135
5.3.1 Field emergence........... e 135
.5.3.2 Emergence in the greenhouse. .. . ............... 142
5.3.3 Germination in the growtl;l cabinet . ......... e 148 -
5.4 D1SCUSSION . ... \v v ... 164
. >
) 5.4,1 Question {. What 15 the impath of the intagt
f
propagule upon the patterns of seedling
emergence under field and laboratory conditions?. . 164
5.4.2 Question 2. What s the impact of the stage’
- of development of the propagule on germination
and seedlinNg emergence? . . . ... .. . ., 165
5.4.3 Wuestion 3, Dcas‘the season of the year in
. ' which the fruits are presented affect .
o germination potentials? ........ . i, 147
5.4.4 Question 4. Are thare differences attributable to
the habitat i1n which the seeds were produced?..... * 1467
CHAPTER SIX - SUMMARY ANDCONCLUSION . . . v v i v v v v e e v e v e ns 169
6'1 IntrnductlonUllllllll!lll!ltitlIilollloll.lllil 169
—_ 6.2 The importance.of fruit developmantal stage at dispersal. 170
] . -
6.3 Annualtrend$ .. ......... it ittt . 172
6.4 Scasonaltrends........................‘.......'.. 172
6'5 Habitattrendslll'!"llvlll'.llllIlll!llll!lC'tl 17‘
6.6 Theinteraction of year, season, habitat, and developmental
st.ge.lOQDOI-llllllllllllll!!llll‘l.llllll.lltl 176
¢ viii




6.7 The influence of the intact propagule on seedling

emergence . .. .. e e 177

BIBLIOGRA.PHYI-IIIOI.!lIl llllll LA "'.'ll'..ll.llll‘ll 1?8

& .
. I L I I R N A LI I A ) 195

1X




Figure 3.4a,

Figure 3.1b

Figure 3.2

Figure 3.3a.

Figure 3.3b

Figure 3.4

Figure 3.5

"Figure 3.6
7

Figure 3.7

.

»,

1Y

LIST OF FIGURES

The attributes of ripe fruits from the natur‘al
habitais: seasonal and habitat pattarns --'sng,

mcusurre content, good and bad seed number. ... ... .
<

The atitributes of ripe fruits from the natural

habitats. seasonal and habitat patterns -- individual

~ good seed weight, total seed weight, dry flesh weight,

flesh to seed dry weight ratio. .. ........ e

Principal compenent analys:s of ripe fruit .
attributes.Projectigh of natural habitat dnd harvest

onAxxsfandAx;sII...........................

The attributes of ripe frux"f.s from the common

garden: seasonal and habitat patterns: size, moisture
content, good and bbd seed mumber.. .. ... ...
The attributes of ripe fruits from (.he comn;o_p garden:
seasonal and habitat patterns xqgﬁividdgl good seed
weight, total seed weight, dry flesh we1§ht, flesh-to-

seed dry weight ratio. ... .o o i M e

Principal component analys:s of the attributes of ripe
fruits from the common garden. Projection of habitat

of ®™gin and harveston Axis landAxas IL.. . ... .. ..

Att.r‘lbut.es of early, late and persistent ripe fruits
Fromtheneldbabitats;.........-.

’
Attributes of unripe, ripengfg and ripe fruits
fromtheﬁlldhabitats..........‘.s........;.....

[ . .
Attributes of unripe, ripening and ripe fruits from

Lthe COMMON Earden. . . v oo v vttt st v v oo ens

49

51\

55

63

48

74



Figure 4.1,
Figur.e 4.2,
Figure 4.3
Figure 4.4,

Figure 4.5,

Figure 4.4

Figure 4.7

Fagure 5.4

Figure 5.2a

Figure 5.2b

FI'TH‘Q 5.3

Overall summary of fruit development and dispersal

The ef fecls of year, season and habitat on fruit

ripening rates and the retention period of dispersant

fruits. . . o e i e e e e et e e e e e

The mteract{icns of year and season, year and habitat,

and season and habitat ‘ fruit mpening rates

and the retention period of dispersant fruits. . ... ..
. .

The effects of habitat, stage of development and the

" interactions of year and developmental stage, and

habitat and developmental stage on the retention

periodofdxspersantfruxt.s......................

Cumulative seedling emergence 1nthe greenhouse.
A. Bare seed treatment. B. Intact fruit treatment....

Mean percent germination of seeds from ripe

fruits in the growthcabinet., . . . ... ..+ v

Mean numhber of days to fifty percent of total
N

germination of seeds from ripe fruits in the

growth cabinet..........

Mean percent germination of seed from unripe,

ripeming and ripe fruits.in the growth cabinet. .....

xi

86

88

90

92

110

114

116

144

150

152

155




Figure 5.4

Figlre 5.5

Figure 5.6

Mean number of days to.fifty percent germination

of seeds from unripe, ripen: nd ripe fruits in

the growth cabinet. .. . ... .2, ..... e e e e

g
Mean percent germination at the second harvest of
seeds from unripe, ripening, ripe and desiccated

fruits in the growth cabinet.. . .. .. .. S s e e e

Mean number of days to fifty percent germination
at the second harvest of seeds from unripe, ripening,

ripe and desiccated fruits i1n the growth cabinet... ..

Ay

4 xii

Al

158

160

162




Table 4.4

Tabie 4.2

Table 4.3

Table 4.4.

Table 5.1

Table 5.2

Table 5.3

LIST OF TABLES

» .
Analysis of variance summaries of fruit development

anddispersal. . ............ e e e e

Analysis of variance summaries c(phe numbers of buds

and unripe, ripening, ripe and desiccated fruits

produced per 1NfructeSCenCe.. « « v« v v v v o v s 1 b o 40

Analysis pf variance summary of the numbers of
dispersant unripe, ripemng, ripe arid desiccated

fruits per infructescence......... et e e

‘Analysxs of vanancmes of fryit ripening

rates and the retention period of digpers&nt fruits.. .

Yearly proportion of total seedling imcrgence

1n the field from the bare seed treatments. . . . ......

Yearly proportion of total seedling emergence

in the field from the intact fruit treatments. . . .....

Change in numbers of 1intact fruits producing

emergent seedlings in the greenhouse.. .. .....,...

xiti

?5

102

104

* 108

138

140

1446




Plate 2.1.
Plate 2,2.
Plate 2.3.
Plate 2.4,
PINg 2.5.
Plate 2.6.

Plate 2.7.

LIST

OF PILATES

Themarsh habitat.. . . . .. . vt it e i e et e e s

Theswamp habatat. .................. ... o,

The riverbank habitat. . . . . . v vt ittt s e e et ee v

The field station habatat, .. .. ..................

The common garden at the Labatt Field Station......

Unripe (1), ripenin

A desiccated truit

8 (2 and ripe (3) fruits. . . . .......

xiv

31
33
37

40

42




The author of this thesis has granted The University of Western Ontario a non-exclusive
license to reproduce and distribute copies of this thesis to users of Western Libraries.
Copyright remains with the author.

Electronic theses and dissertations available in The University of Western Ontario’s
institutional repository (Scholarship@Western) are solely for the purpose of private study
and research. They may not be copied or reproduced, except as permitted by copyright
laws, without written authority of the copyright owner. Any commercial use or
publication is strictly prohibited.

The original copyright license attesting to these terms and signed by the author of this
thesis may be found in the original print version of the thesis, held by Western Libraries.

The thesis approval page signed by the examining committee may also be found in the
original print version of the thesis held in Western Libraries.

Please contact Western Libraries for further information:
E-mail: libadmin@uwo.ca

Telephone: (519) 661-2111 Ext. 84796

Web site: http://www.lib.uwo.ca/




CHAPTER ONE
)

THESIS INTROPUCTION |

\
1.i Imntroduction
The dispersal of seeds to habitats suitable for germingtion and seedling

survival 1s crucial to the temporal and spatial persistence of hxgh!x Plant

species (Howe and Smallwood 1982, van der F1jl 1982, Janzen 1374, Stebbins

197¢). N'txgnly does dispersal impart mobility to the species, and thereby
. . o A\ . .
. provide 4scape'from ho.srtﬁ‘! Er,;vxronmen‘.s (Howe and Smallwood 1962, Janzen

‘ 1974) aqé an oppert,@‘i'nt;- yf:\vade receptive habitats (Howe and Smallwood
. N . ‘:{‘ “L‘g\“b,‘ L]
{ 1482, & Smrth: 1975, Livingston {972, Janzen 1971), 1t also facilitates
: 7

nvolunor:’&?"nhange. New genotypes arise from sexually produced seeds.and
new 1nformation can be added to disparate gene pools (Levin and Kerster

1974).

H

In a narro?/ sense, dispersal can be defined as those lctmwhich
result 1n the removal from th.n I'p'a?'mt and lead to the final deposition of .
t.hl propagule. However, the cdsts ‘of dispersal cannot be fully avaluated
unless dispersal is con'mdlr_ed in a broader c,ont.cxt.. Attention must alsq_
be given to thosa fictors that 'I’a;not the production, make-up and
presentation of the propagule and;t;l}gclc fagtors that come into play after

T

depbsition. In an attempt to gain some unci-rstanding of tha rolm"’gi'r."

~

r

dispersal, 1n the broad sense, towards the reproduction of a plant speciug, /"

the dispersal ecology of Solanum dulcamara L. (Solanaceae) was examined

in a series of field and laboratory studies. *




The remainder of this zniroductory chapter 1s divided into thrae

sections, The first consists of a revrew of the exasting knowiedge and theory
concerning the'dxspersal of species hhike S dulcamara that produce fleshy

propagules, that 1stdispersal units having seed(s) at least partially covered

b

in ﬁqlpy, often succulerit Lissues. The emphasis of this revigw will be upon

temperate rather than tropical species. The second section will focus upon

the biglogy of S. dulcamara, esﬁecxally upon the body of information

concerning the production, dgve’lopment and loss of 1ls fleshy barries and

theﬁrmmatxon of 1ts seeds. The third section will serve as an outline

»

to the remaining body of the thesis, ‘

-

.. - . .
1.2 The dispersal of fleshy propagules

(3

’

1.2.4 [ntroauctxon

-

Fleshy propagules vary greatly in their attributes (van der f-’x.jl 1982,
Ridley 1?30), and like all pr'opagulu each rebrcunts & multi-faceted
. v ~ . . .

gp#ipl:omxse to a myriad 'bonimgencus. Amongst these are tiu evolutionary
4 -) L .

lsgfacy of the species, the growth requirements of the plant, interaotions

with ;‘w‘rtdatork a~nd pathogens, the physical and biotic nature of the
regeneratiorhenviroenments and thair Jaccessibility in time and-space (Hererra
1986 19685, Howe 1984, Howe and Smallwood 19682, Stephenson 1981, Grime 1979,

Grubb 1977, Howe and Estabreooke 1977, Stearns 1976, MacArthur and Wilson

1967, Corner 1'964, 1954). In most assessments, however, the hallmark of the
L - v . " .

fleshy propagule, and in some views (Regal 1977, van der Pijl 1982, 1964,-

Corner 1964, 1954) the drwx'ng force behind their evolution, i1s alinkage

with enimals that, while consuming all or a portion of the propagule,




disperse the seeds. This linkage with animals represents the principal theme

in the majority of attempts to model the dispersal ecology of fleshy .

—

propagules.

:rhe greatest ranée in the make-up of tndividual fleshy proagules 1s
found in the tropics where the diversity of plant and animal specfas 1s
often great and where speculxzoc'! plant/frugwor-c interactions have been
described (Terborgh 1986, Janson 1983, Gauthier-Hion et al. 1985, Knight and
Seigfried 1983, Howe and Smaliwood 1982, McKey 1975, Morton 1973, Snow 1971).’
However, few speciali¥ed frugivores exist 1n temperate settings (van der
Pijl 1982), and most animals feed opportumshc&ls}' dn fleshy propagulas lnd.
show strong preferences for other foods, at Jeast durm" p.art Sf the year ot ‘\ '
(Stapanian {986 1982b, Hefrera 1984b, Stiles 1980, Thompson and Willson 1979,

Mdrt_,o_n 1973, Snow 1971), Alt‘hou'h somc.plant spacies may be dispersed By
mammals (Stiles 1980, Staniforth gnd Cavers {977), most tom;i-ratc tress md
shrubs seem to produce and display fleshy propagules c;mducwc to dispersal

by birds (van der P1j] 1982, Thompson and Willson 1979).

-

— . A

1.2.2 ' The ecological roles of the flesh and u'tds. -

N

It 13 common 1n most theoretical treatments to consider the flashy, i

- 3
propagule as comprirsed of two parts: the flesh and the seed(s). Tojether

and seperately, and at dif ferent times, the flesh, which rnprcuﬁts the
package, and the sead(s), which reprasents the regenerative psyload, play -

certain kjy roles, At some stages of development, their qualities may serve )

L4 -

to protect the seeds from predation and pramature disparsal. At othar

tt.I'IS, u‘o‘& dispersal at op'port.unc t.in'\'u and by efficient pathways may

- . -

-
[
-
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be proprbted. Even following deposition, the flesh may co’ﬁtmuc to play
* »

a roiqin seed survival, but ultimately 1t 1s the seed, its nutritive contant

and 'germmatxon pattern, which chanis the course of early Ehvelnpmnnt n -

a new habitat. .
[ ]

During the early phases of development the fleshy propagul.n ‘is
'cbul\llQnIy small'(coloured‘ a cryptic green and capable of maer;g' a
substantial contribution to its carbohydrate requirements (Stephenson 1984,
Bazzaz e_t. al, 1979). In additron, the immature flesh 1s oft.e:\ thin, and boc;ylc
of repuls;ve combinations of tannins, alkalo:ds, and sour acaids, unpalat'ablo
(Herarra 1982b, Stxles,198d. Janzen 19'}7, Corner 1954), These quahtui are
felt to aid 1n thordl_fllection‘ of predators and 'dccay organ;lms and/or 1.'0
postpone ammal-meda'at;ed dispersal until conditions are suitable. The seads,
too, play xniportant, roles during the \narly st:ag.cs of development. h
of the pattern of growth, even the likelihood of abortion, 1s 1nfluenced

by hormone ‘emissions from the developing seeds (Stephenson 1984). Gorchov

(1985) and others (Brewer and Dobson 1969, Brewer gt al. 1969, Dempsey and

e

Boynton 1964, Aalders and Hall 1961) have identified, at an intraspecific
level, positive correiations of seed si1ze and/or number with the final size
of the propagule, ‘he quantity of flesh produced, and the rate of ripening.

Seeds may also play important protective roles at this time. Toxic or

unpalatable compounds, for example, may deter predators or pathogens

(Hnr?i‘rl 1982b , Sanzen 1977 1974 1969, Kear, 1968).

The nead tg protect the propaguls from predators and decay organisms
pirsists through the broccu of ripaning, which in most views precedaes

successful dispersal (Stapanian 1982b, Stiles 1980, Thompson and Willson 1979,

—



Howe ;n'd Estabrooke 1977, Foster 1977, Sherbourne 1%72). Although typically
ocr':u'rr"mg 1n reduc@ quantities, toxic or noxious compounds may still be
presvont in ripe flesh (Herrera 1986 1982b, Janzen 1977, 1974), or the growth
JRRN .
of Sé’cgy organisms may be limited by an unbalanqed complement of nutrients
in the flesh (Herrera 1982b). In most views, the flesh of ripe propagules
‘takes on an additional ecological role: that of prc?motmg seed dispersal
by animals or parucu;ar. sets of animals, Janzen (1977) considered this
provt:onal role to be paramount. In his rather strong terms: ” ..the
. entare adaptw‘e function of the ripe fleshy fruit i1s to get the seeds moved
to particular places (and, on occasion, directly or\mdirectly protnét. the

—

b ]
seeds).”. -

T Amongst the qualities of the propagule which are felt to promote their
‘ dispersal by animals are shifts to more conspicuous colouration (Willson and
]

“Hoppes 1984, Wheelwright and Janson 1985, Gauthier-Hion

1]

t al. 1985, Knight

:and ergfr:ed 1983, Willson and Melampy 1983, Mcermond and DcnsE:w 1983, J
Willson and Thompson 1982, Turcek 1%63) nn;_:! the development of strong
. .o.dours (van der Pijl 1982,IStiles 1980, Corner 1954), both of which may serve
+ todraw ammal_s towards the propagule display. Once anticed to the display,

'qhangcs in the texture and chemical co;pounds of the flesh mly~ make the
% propagule more attractive ad a foodstuff (Herrara 1984, Stephanson 1984,
Stiles 1980). From t.ht plant’s pcr‘spcctivo'! it is an advantage if the
foodstuff of interest is the flesh, sinoce a focus on ths seeds would reduce

No’probabihty of any survaving the encounter. In this context, the role

’
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.moff:bient of 0.813 (p< .0001) between the two variables for 110 speciss of

of the-flesh 1s to serve as a "bribe” payable to animals for the dispersal

-

of the seed which should, preferably, represent unwanted "ballast™ to the

animal.

-

»

In a qualitative sense, the bribe offerred by the fleshy propaguie may
)

be chiefly caloric, since the flesh of most propaguiles, especiali§dn tamperate

envirgnments, appears not to be very nutritious nor to offer a balanced

combination of nutrients (Herrera 1982b). Herreara (1982b) dascribed the

-

' fk;;h'y'component as: ".. typically high in carbohydrates and water, low

to medium i1n lipids, and extremely low 1n protein.”. There is, however,
considerable variation in Lhe\Pquahues of the flesti offered by many

temperate species (Piper 1986b, Stapanian 1986 1982b, Johnson e_t.-g_l_. 1985,

- Herrera 1984b 1982¢c 1981a, Sorensen 1984 1981, Best 1981, Stiles 1980), although

.

many of the differences seem to be 1n the caloric composition --- proportions
[ ]
and quantities of lipids, sugars, starches.

+

Q_danf,xtatwe aspects of the reward offered by the flesh of a propagule
may serve as a better indication of food value (Piper 1986b) and may mask

some of the qualitative dif ferences. This seems aspecially 50 in terms of

.eﬁergy. a factor that 1n Stapanian’s view represants a crucial dispersal

currency. Using data from Johnson et al. (1985), Herrera (1962d), Stapanian
(1982a); Sorensen (1981) and Best (1981), for which both dry flesh weights
and caloric yields were available, I obtained a positive correlation

tcmpcrbtc plants., If the four most deviant gpecies --- QOlea europses and
-

N A
Laurus nobilis with very rich flesh (Herrera 1982d), and Prunus spinosa and

. . . Y - -~
Roga can)na with very poor flesh (Gorensen 19681) --~ were removed from




the anaiys;ls,fhe' coefficient was raised to 0.939 (p{ .0004). There is some
evidence from feeding trials that quantztatwc\aspccts of the reward may
be most important (Piper 1986b, Johnson et al. 1985, Bos—t 19814)., Johnson
et al. (1985), for example, found that the dry weight of.t.he flesh par
propagule gave the best indication of“the feeding preferences of captave

birds. They found, further, that the mass of consumed flesh also served

as a good index of subsequent energy retention.

-

It 1s 1mportant to consider the nature of the bribe offered by the
fleshy component within the architectural context of the intact propagule.

Herrera (1981a), itn particular, demonstrated this. When the quant:itative

and qualitative rewards of the flesh were considered with respect to the
bulk of the seed load, he showed that despite the relatively l‘ow quality
-of the flesh of many temperate species, the reward, given the relatively
small bulk of the seed loéd, could often match that of cer"t.am tropical

propagules with thin coatings of very rich flesh over large seeds.

The r;umbcr. size and structure of the seeds conf;nod within t.’l‘n
propagule are also considered Lo have direct roles in dispersal, affecting
food choice, handling and the likelihood of consumption and !.ran‘sport (Howe
and Smallwood 1982, Herrera 1981a, Stiles 1980, Thompson and Wilison 1979,
Howe and Estabrooke 1977, Mcl&ey 1975). Jordano (1984) found that different
species of birds consumed different p‘ortions of the seed size spectrum of
Rubus ulmifolius, and Soransen (1984) showed that blackbirds preferred
fruiu-wiu;n seads large enough to be regurgitated over f‘ru.iu with small
seeds that would pass through the digestive tract and represent undesirsd

ballut.\S"d size, hardness, and toxicity may also greatly influence the

N\
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abihty of seeds to withstand the rigors of consumption and passage through
the gut (Thompson and Willson 1979, Salomonson 1978, Rick and Bowman 19614,
Krefting and Rowe 1949, McAttee 1947, Swan 1944). In addition, seed size

can affect the rates of passage through the gut (Levey 1984, Sorensen 1984).

Perhaps the most important roles played by the seeds, however, are
fulfilied once the seed has reached a final resting place, and many seed
attributes may be strongly linked with post-dispersal aspects of germination
and seed'lmg establishment. Certainty for many plant species, Lhe
importance of such seed attributes as shape il:ld weight to germination I;ld
seedling survaval are we.ll known(Grime 1979, Harper 1977), Although the
probability of a viable seed from a fleshy propagule reaching a site
conducive to germination and estabhspment has received much theoretical
attention (Herrera 1985; Howe et al. 1985; Howe 12?84; Howe and Smallwood
1982; Stiles 1980; Thcmipson and Willson 1979; McKey 1975; Morton 1973; Smythe
1970), the bulk of information concerning post-dnpcrsallsnd fates is largely

anecdotal or based on field observations ( Backer and Wong 1985; Fleaming

1981; G}yphis t al. 1981; Howe 1984, 1977; Howe and YVande Kerckhove 1979,

Salomonson 1978; McDiarmid et al. 1977; Howe and Primack 1975, Smith 1975;
Rick and Bowman 1961; Sélxsbury 1942, Ridley 1930). A few studies have
focused on the direct impact ot animal ingestion on seed germination under

pontrblled conditions (Salomonson 1978; Staniforth and Cavers 1977, Lamprey
1967, Rick and Bowman 1964; Krefting and Rowe 1949; McAtee 1947, Swank
1944); ot.hp'r works have considered the gcrnﬁxnahon of snds}_érom which
the flesh has been mechanically removed (Howe et al. 1985, Hc.n.u 1981, Howe

and Vande Kerckhove 1979, Livangston 1972, USDA 19\48, Adl\li 1927, It has

arT
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commonly peen concluded that passage through the gut of many animals
improves germination of those seeds that escape destruction, but rarely
has evidence been given that untireated control seeds are not merely dormant
and capable of eventually germinating under a different set of conditions
(Holthuigzen and Sharik 1985). The number of detailed he:ld studies of seed
and seedling fates i1s growing (eg. Holthuijzen et al. 1987, Becker and Wong
1985, Howe et al. 1985, Ashmun and Pitelka 1985, Roberts and Baddrall 1983,

Rust and Roth 1%81 gnd Roberts and Lockett 1977), but the number of species

studxeg:stxll remains small. Particularly uncommon are stud\xes of the impact
of seet.:i' maturity, habitat or seasonality on the performance of t.l.'ne seeds
from fleshy propagules. Holthuijzen.and Sharik (1985) and Pegtel (1985)
are, to rixs.t knowlege, the only ones to have formally contrasted germination
patterns of seeds f“rom fleshy propagules formed 1n different habitats. In
both studies the habitat dxf‘f‘.erte‘nms"were slight. No one has examined

germination trenas for seeds taken from flashy propagulss produced over

the course of a season. e s ®
B

Few cons:dgratxons of the ‘cologmal roles played by the flesh extend
beyond 1ts u‘ﬂ‘luonce on predators, pathogens and dispersers. Thil"bii!
Rersists despite the common observation that large numbers of intact fleshy
propagules may be i1ncidentally detached by animals or dispersed by
inanimate vectors such as wind or rajinfall (Holthuijzen t_t_ al. 1987,

&
Holthuijzen and Sharik 1985, Becker and Wong 1985; Howe et al, 1985, Borowicz

and Stephenson 1985, Courtney and Manzur 1985, Stapanian 1982a;-Ry®ezynski

and Riker 1981, Howe and de Steven 1979, Smith 1975, Smythe 1970, USDA

’

1948). ' Though-many of these propagules may be consumed at ground level

i~
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by animals (Becker and Wong 1985; BoroWwicz and Sfephenson 1985; Courtney
and Mazur 1985, Rybczynskx-an'd Ruc'er 1981), 1t 1s likely that some would
escape, especially 1n areas where d:spe-rsal‘cmncxdes with !.hc seasonal
defoliation of many species, sno;vfall or reduv.;.t.xons in animal actavity. The
subsequent germination and seedling emergence patterns from these intact
pr‘opag‘ules could be directly lﬁfluenced by tr}g présence of the fln;hatlsclf

and differ 1n 1mportant ways from the patterns arising from bare seads

alone.

Of the few studies that have examined the dxrect.. or indirect 1mpact
of the flesh on germination, a few (Lamont 1982a + b, McDiarmid et al. 1977,
Johnsen 1962 USDA 1948) report that germination i1s inhibited or delayed. -
when the seeds arein contact with the flesh. que and Vande Kerckhove

(1979)-found that the flesh of Virola surirnamensis neaded to be removed

for germination to occur and McDiarmid et al. {1977 observed that no

seedlings emerged an the fieid from seeds of Stemmadenia donnel-smithii that

retained their fleshy aril. Johnsen (1962) found that cleanad seeds of

-

3

Juniperus mon;:spermum mixed 1n soil produced seedlings before those

confined within the propagule. Moreover, few seedlings emerged from x'm}\

fruit, and even seeds removed from hut still in ;contact with the flesh

produced lower numbers of seedlings. For commercial and horticultural

purposes the flash need not be removed prior to sowing the seeds of some:

species (USDA 1948). Ashmun and Pitelka (1985 observed field survival of

Claintonia borealis to be lower when the sesds were sown within intact f"r'uit'.l.

’ | ' -
A persistent bras 1n most theoretical interpretations of the disparsal
. o .
of fleshy propagurn is a limitation of the discussion to the dispersal of

-



ripe propagules, parucularly; those that are taken by anmmals. Losses of
immature pr‘opégules have traditionally been given little attention
(Thompson and Willson 1979) and 1n the early model of Howe and Estabrooke
(1977) the losses of immature fruit were explicitly treated as unimportant
to dispersal. Despite an observed preference of avian species for ripe
propagules (Holthuigzen et al 1987, Moermond et al. 1986, Willson and Thompson
1985, Howe and Estabrooke 1977, Foster 1977, Sherbourne 1972), there 1s a
growing body of knowledge suggesting that substantial portions of the
propagule crop may be separated from the parent before ripening
(Holthuijzen et al. 1987, Holthuijzen and Sharik 1985, Becker and Wong 1985,
Howe et al. 1985, Borowicz and Stephenson 1985, Courtney and Manzur 19885,
Stapan;un 1982 a, Rybczynski and Riker 1984, Howe ;nd de Steven 1979, Berg
1975, A:Smx_th 1_975,.Smyt.he 1970, USDA 1948). Some of these losses may even
be attributable to ammals (Mogsnond et al. 1986, Willson and Thompson .1982,
Foster 1977, Sherpourne 1972). Unf¢ ortunaj.ely‘, viability of seeds taken from
immature fleshy propagules has seidom been‘assesud and their possible

contributions to future generauoi:ns."su_ll remains jencrally unknown. The

only detarled studies &f the impact of fruit ripeness upon sead germination

have been those of Fosbter (1977) for Ardisia revoluta i1n Costa Rica, and

Lamont (1982a) for the Australian mistletoe, Amyema preissu. In the former

cas._c. seeds from unripe, r:ppnfng and ripe fruits were capable o;‘ reaching
nmilqr levqis afdgermination, but th! rate of germination increased with
frur{ maturity. In Lamont's study, seeds from immature fruits were not
. cap'ablo of germinating, but the number of seedlings a‘rxsing from seads of

partiaHy ripe-and fully ripo fruil was not significantly different.

-
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1.2.3 Temporal trends in structure, production, and dispersal ) J

Most temperate trees and ;shrubs ripen their fleshy propagules in late
summer and into the fall (Stapanian 1984, Herrera 1984b, 1982a+c, St..:lcs 1980,
Thompson and Willson 1979, Morton 1973, Snow 1971) at a time wnmm
breeding territories of many bird species have broken down and local
populations are swollen with the young of ‘Lhe year and the parapetetic
flux of southbound mxgrants' (Herrera 1982a, Willson and Melampy 1983 Stiles
1980, Thompson and Willson 1979, Mgrion 1973, Snow 1971). In some views,
the feeding priority of birds at this time 1s upon the quick aquisition of
energy reserves for migration afhd winter survival (Stapanmian 1982b, Hcrrn;'a
1982a 1981ib, St:les i980, Thompson and Willson 1979, Mortun 1‘}73). Species
that progduce fleshy propagules early 1n the season may face a nur:nmcally
smavller set of potential dispersers which prefer protein rich mv‘ort,obratu

to meet the demands of rapidly growxrig young (Herrera {982a, Stapanian

1982b, Stiles 1980, Thompson and Willson 1979, Morton 1973

. There is at best equivocal evidence to suggest that the attributes of
fleshy propagules 1n temperate environments shift in concert with seasonal
c{jf!‘eroncu 1n dispersal environments. ln..comparzson to the flash of
propagules produced early :n the growing season, Snow (1971) and Herrera

" (1984b 1982c) found the tflesh of late ripening propagules in Europe to be

*mofe rniurdmg. being denser and more nutritious, and Herrera found it -

to be drier and ricfier 1n lipids. Stiles (1980) reported parallel trends in
eastérn North America, but ident:fied Lwo't.;pu amongst the latar ripaning
propagules: 1) those propagules with particularly rich flesh that if not

quickly dispersed would decay rapidly; 2) those propagules with a lower

12



quality of flesh, less attractive to amimais but alsoc more resistant to decay.
In contrast, Stapanian (1982b) claimed that early propagules had the more
"expensive” flesh, richer in calor;es; especially relative to the seed load,
than‘);e flesh of those propagules ripening later in the season. Others
have/faxled to identafy strc’ng seasonal trends in the attributes of fleshy
propagules. Johnson et al. (1985), for example, found shght increases 1n
the absolute quantities of potassxumAan'd proteins to be the only identifiable
seasonal trends. Piper (198(;b), too, found no consistent seasonal trends

in the morphological and chemical attributes of the fleshy propagules borne

1n an area of Washington State.

Although detailed multi-year studies of fleshy propagule production
and loss are uncommon, there 1s a growxng‘ body of evidence to suggest
that annual variation can be pronotunced i1n terms of both crop size
(Wheelwright 1986, Gonzalez-Espinosa and Quintara-Ascencio 1986, Smythe
19884, ﬁerrera i984b, Stapanian -1982b, Mannasse and Howe 1983, Stephenson
1981, Solomonson an‘d Balda 1977 and rates of ripening (Piper 19846b, Manasse
and Howe 1983, Willson and Thompson 1982, Thompson a%d Willson 1979,

Sherbourne 1972). A pertinent study 1s that of Sherbourne (1972) 1n which

10 steme of Solanum dulcamara produced 176 fruits of which 38% dispersed
/

tn one habitat 1n 1970, but 1n the same habitat in 1974, the crop si1ze was

250 fruits and only 126% dispersed. [n anothar habitat where 100% of the

fruits dispersed 1n both 'yeai-s, dispersal rates differed considerably.

»

According to the mter'spccific obsarvations of Stapanian (1982b), Stilas

-

(1980) and Thompson and Willson (1979) for daciduous forasts of eastern North

America, species producing fleshy propagules barly in the season have slower ‘

RS
-

<»/
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ripenming rates than species haturx;mg their propagules later 1n the season.
The extended ripening period of the early fruits has been viewed as a
possible adaptatign to avoid over-saturation of t.h.e food requiremeants of
the resident populations oé: potential dispersal animals and as a means of
minim2ing losses to decay organisms and predators. Asynchronous ripening
patterns, which could promote visually attractive multi-coioured propagule
displays, have also been viewed as additional adaptive features (Willson and
Hoppes 1986, Wilison and Thompson 1982, Stiles 1982). In contrast, flashy
propagules praoduced later 1n the season were seen as ripeming ovor‘a more
comgresse’d tnterval. This pattern has been consydered a means to maximize
the attraction and availability of ripe propagu}es during the brief periods
in which local bird populations are swollen by fall migrants. Stiles (1980)
argued that "high quality”™ fall fruits should be dispersed more rapidly
than the "low quality” type. The evidence tor seasonal differsnces 1n
dispersal rates 1s mixed. Thompson and Willson (1979 but not Sherbourne
(1972) observed a tendency for a more rapid dispersal rate for later ripening
propagules. Johnson et al, (1985) ;nd Borowicz and Stephenson (1985) cite

species waith dispersal characteristics con'trary to what would be predicted

based on Stiles’ (1980) model. lh Spain, Herrera (1984b) found no correlation:

of propagule loss rates and the season of rlpen'm;.

Intra-specific variation in fipening rates has also been noted. The

bulk of these studies, howaver, havwe concarnad specias which both produca

their flowers and ripen their propggules over a rather narrow portion of )

the season (Gorchov'i‘?es, McDonne}ll et al. 1984, Stapanmian i9B2¢. Willson

and Thompson 1982, Aalders and Hall 1941, Dempsey and Boynton 1964, Brewer

14



et al. 1969). in most cases (Gorchov 1985, Brewer et al. 1969, Dempsey and
Boynton 1964, Aalders and Hall 1961), the asynchr;::ny of ripening was linked
to differences i1n the numbers and sizes of seeds éontamod in a fruit ra—thc.r
than differences 1n the time of fruit 1niliation. However, both Gorchov
(1985) and Willson and Thompson (1982) cite examples of fruits with invariate
seed numbers that ripen fruits asynchronously, and Gorchov refers to
unpui:hshed reports of ripening being delayed by the pre-existence of fully

ripe fruits.

1.2.4 Habitat differences

A commonly observed difference 1n the production of fleshy propagules
atstrxbutable to habitat 1s that the individuals found in open and presumabiy
more favourable environments produce larger crops than those which occupy
' poorer habitats, However, in the bulk of these studies, crop size, per se,
has not been shown to strongly affect the proportion of fruits dispersed
{Davidar and Morton 1984, beer 19963. Dcnsiow et al. 1986, Herrera 1984b,
McDonnell et al. 1984, Stapanian 1982a, Morden-Moore and Willson 1982,
Manasse & Howe 1963, Howe and Vande Kerckhove 1981 1980, Sorensen 1961,
Baird 1980, Howe and de Steven 1979). A few exceptions to f.h’u genaral
pattern have been .not.cd. Jordano (1982), for example, found that coloniss
of Rubus ulmifolius bearing small crops later in the season or growing where
plant densities were low, tended to have a lower probability of dispersal.
In Piper’s (1984a) study, arui"ic‘:ial infructascences with largaer fruit displays

had a higher proportion dispersed when placed at the edge of the forest.

Courtney and Manzur (1985 noted a weak relationship, at bast, betwsen crop

15



s1Ze anac the proportion of truits dispersed, and observed that more biras

—

were atiracted to iarge Qispiays ot fruits. In anctiher work, Howe ang

Vande Kerckhove (1979) reported higher proportional dipsersai tor

[y

individuals with 1ntermediate sized crops.

’r‘ew stquesv‘have reported that dispersal rates 1n open habitats were
greater than those i1n more closed habitats (W:llson and Melampy 1963,
Maorden-Mocre and’ wxllson 1982, Thompson and wxllson 1979, Thompxon and

\
Willson (1979 attmbuted this to differences in the hkehhood pt discovery,

noting dxspers.al rates to be .sxmxlar once a crop was encountered. [n
Morden-MocreAand Wilisen’s (19820) worg(, the ‘dxf‘ferene; \n rates was oniy
intially t‘ast.er: 1in the op;n, but they further noted that ;11 fruits of Lindera
benzoin were ultimately dispersed. This propensziy for taster dicpersal i\n
the gaps may be :artxally related to the tendency for frugivorous birds
to be more ‘commomy encountered 1n gap environments 1n the.fall (Blake

ana Hoppes 198s) and for birds showing a tendency "o forage in gap

environments before venturing to more closed areas (Baird {780).

[N
.

1.3 The biology of Solanum dulcamara L.
o .o

Solanum dulcamara L. 1s a member, of the Solanaceae and 1s Eurasian

tn origin (Gieason 1983), The nature ot i1ts introduction to North America
15 not known but 1t 1s possible that seaveral deliberate introductions have

been made. The berries nave a high alkaloid content (Mathé et al. 1975)

“and the plant 1s reported to have medicinal properties (Salmon 1710). [t

has been cuitivated since at least 1561 (USDA 1948). [t 1s naturalized in

North America and, 'as 1n Eurina, occupies a wide variety of habitats (Pegtel
v
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1985, Osmond 1983, Clough et al. 1983 1979a+b, Gauhl 1979 1976, Horvath et
al. 1977, Alex and Switzer 1976, Mathé et al. 197'5, Muenscher 1944, Salisbury
1964 1952 1942, such as dry, exposed sar{d dunes and riverbanks, fencerows,
‘ woodlot borders, agricultural lands, and deeply shaded, seasonally flooded
marsh and‘swamp lands. The species 1s long .lw'ed Iup to 20 fears: Salisbury
‘ 1942) and 1ts growth form varies from habitat to habitat. In marshy areas
open to t.i'xe sun, 1t may form dense tangles of rather weak stems, whilst

é Lo
1in other habitats (fencerows or riverbanks, for example), its structure may

be shrublike or 1ts stems may clamber vinelike through the surrounding.

vegetatlon or other objects.

Solanum dulcamara produces cymes bearing perfect, self fertile flowers

t might open 1n early June (Beinrich 1976). Although each flower is
meter i1n diameter, their five ppmt_._ad lx’ght’biue tao violet
or, rarely, white Eorollas, 1n conjunction with the five bright yellow connate
anthers, make a rather attraoctive display. The production of flowers s

continuous until the first severe frosts of the fall. -

Soon after pollination, which 1s primarily effected by insects (Liu et
al. 1976, Macior 1974, Knuth 1909, Muller 1883), the berrias bagin to form.
At first green and rather hard, the berries change to an orange colour

and then become red and Juicy upon ripening. Coincident with the colour

.and textural changes during ripeming, Mathé et al. (1975) reported a

reduction in water content and about a 1.8 fold decrease in alkaloid confent.

Some fruits wather and remain attached to the infructescence as hard, dark

-
-

colou-'rcd dessicated fruit. Fruit at all stages of development can be found

’

well into the fall and a few desiccated fruits may last over the winter, -
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The small, rather sott seeds (ca. 1.5 mm xn/d‘iamcur) of S. dulcamara

are light coloured irregular discs reminiscent of tomato seeds (Lycopersicon

esculentum L.). Each seed weighs about ¢ ing (Grime 1979, Saixsbury 1942,
and 1n England, there 1s an average of 38 and a range of 9—63’se¢ds w:th;n
a fruit (Salisbury 1942). Based on a sampling of eight adult (s10) plants,
Salisbury (1942) estimated annual seed production to i‘angr between 40 000
and 70 000 seeds per plant. ear London, Ontario, t.‘r:tse seed yields might
be approached in some habitats, but 1t 1s not uncommon fof fecundity to

be much less, and the number of seeds per fruit can range from one to

49‘th an average of less than 30.seeds (pers.-obs.)

No d'etaxl'ed investigations of the patterns of production, development
anﬁoss\of the fruits of S. dulcamara have been conducted, but n ganaral
terms berries may be lost from the tymes throughout the growing sesason.

Although quite firmly attached to the cyme, some fruits can be removad

by wind or precipitation. In mid-August 1984, fg‘ exampla, a vary seveare

but localized thunder/hail storm knocked to the ground upwards of 90% -

of all thhe fruits Lthat ! was individually monitoring at a common ‘tlrdon
and 1n the field habitats. Other fruits are removed by wildlife. Many
species of birds are known to consu’me the berries (Smith 1975, Martin at
al. 1951, Salisbury 1942, Ridely 1930) as 1s an arrgy of mammals (Stamfort.h
and Cavers 1977, Martin et al. 1951). Birds are touted by some (Salisbury

1942, Ridely 1930) as the major dispersers of viable seeds L0 new hab_itntl,
and the fruiting display matches the general criteria of dipsersal tuned
towards avian vectors (Thompson and Willson 1979, van der Pijl 1982). 1

have observed the following bird speties consuming. the S. dulcamara fruits

=~
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in and aroun.d London Ontdrio: cardinals, robins, white-throated sparrows,
field sparrows and goldfinches. 1 have nevcr-seen immature f.ruzts taken,
and to my knowledge, no reports of animals taking immature or desiccated
fruits have been made. Cardinals ofteq took only bites from the fruit and
portions were sometlunes left behind, but robins tended to pluck and swallow
entire fruits, Viable seeds have been collected from the faeces of chickens
(Be-dford pers. comm.) and from rabbits (Staniforth and Cavers 197). In
August of 1955, 1 collected bird faeces\ from along the fencelines of the
Labatt Field St;txon, a few kilometers north of the U.W.0. campus, and from
the boulder strewn banks of a creek passing throcugh the campus. Of t’he
'35.§‘a.eces collected, 20 yielded S. dulcamara seedlings after being- placed
on the so1l surface of flower pots placed on a green house bench. Boih
of the sites of collectlion were close Lo sources of the fruit, however, so
the frequéncy of seedling occurrence cannot’'be considered to reflect the
feeding praclises of birds 1n general. There i1s also some andencc that
fruits and seeds may be consumed on the ground, as rodents chewed tl?réugh
protnctive fiberglass mesh to obtain intact fruits used as a treatment in
.- a field seediing emergence. study, and slugs ana oth-er invgrtcbrates were
also observed to consume the flesh. The mature fruits can float for some
days 1n still water, and even after saveral monf.hl of submergence most

seeds are sijll viablc (pers, obs.)

| , Most 1nvestigations ‘of S. dulcamara have beasq conducted in Hungary

by researchers primarily interested in the species|as a source of steroid

raw materials for the pharmaceutical industry. Soo 68 as {n: Horvath

hilst Mathé and

it i

et al. 1977), recognized ‘17 taxa on a morphological basis,
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Mathé (1213), distinguished four taxa on the the basis of different alxaloid
contents. Hgqgryvath et al. (1977) found that some morpholegical variations
among ecotypes”, grown under cemmon conditions, were consistent with

those found in the tiefd, but less pronounced. Mathé et al (1975 conciuded

that the chemigal make~up of the piant was independent ot ecoiogical -

effects, and they observed variation in ab—solute* relative terms within

a single taxon when cuttings from the same 1ndividual were grown under

dn‘fer;m.’?:‘cndxtxons.

Gauhi (1979 197s), 1n Germany, examined the photosynthetic response
of S. dulcamar; to varying levels of light intensity and moisture stress
and found sun a.nd shade “ecotypes™ which differed in response. Ferrar

“and Osmond (1984)and Osmond (1983), however, could not find evidence of
an ecotypic geparatxon amongst Gauhl’s clones 1n terms of potential for

photosynthetic-acclimation. Clough et ai, (1983 1980 1°7° a+b), 1n North

America, disputed Gauhl’s findings and argued that responses attributable

t al. (1979a) attemptred to

to pﬁenotypxc plasucnt;\: ®ominated. Clough

investigate the frequency of the "ecotype’” characterrstics within dxfferent

heﬁxtats; only orie of fifteen 1ndividuals i1n a shady environment exhibited

a response similar to the shady type of Gauhl. Gauhl (1976) claimed to

.

have examined 30 morphologically and physiologically distinct "ecotypes”,
but 1n his dwtailed report he examined only five. Mathe gt al. (1977 examined
cuttings taken from a single individuai and Horvath et al. (1977) used

cuttings from only four field specimens. None of these reports have focused

—

om the pat.urn's of fruit production or dispersal.

-

N
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Most reports on the germination of . dulcamara seeds have been based
on controlled laboratory or glasshouse studies of seeds washed free of all
pulp (Pegtel 1985, Roberts and E’oddrell 1983, Roberts and Lockett 1977,
Kosikova 1960, Salisbury 1942, Adams 1927, Mitchel 1%924,). The reporis of
Pegtel (1985), Roberts and Boddrell (1983)‘,—and Roberts and Lockett (1977)
have been the most extensive, and, 1n general, their results agree, Seeds
collected from ripe fruits in the fall andg ':vashed free of the pulp germinatad
best under regimes of alternating temperatures, with germination
approaching 90 ~ 100% after 30 days exposure 1o regimes of 10/25° C, 10/30°
c, 20/30° C (Roberts and Lockett 1977, or 35/25° C (Pegtel 1985), even when
in complete darkness (Pegtel 1985), Cold stratification resulted 1n more
rapid and complete germination over a wader, particularly, cooler, range of
alternating or constant temperatures (Pegtel 1985; Roberts and Lockett 1977,

Grime et ak (1981), however, reported that the germination of freshly
collected S. dulcamara seeds was low (ca. 2%) until a chiling requirement
had befn met, ‘ Pegtel (1985) also noticed some 1ncrease 1n germination levels

and rates following a cool, moist stratification.

In the studies of Roberts and Boddrell (1983) and Roberts and Lockett
(1977, e-uurgencn and germination patterns of S. dulcamara wers examined
unider experimental field conditions. In both studias an average of 49 -
68% of the seads gave rise to seedlings-in the first year; almost all of
the seedlings emerged 1n April, some 1n May and very few afterwards,
regardless of cultivation. Although most of ‘the sudh‘r‘us observed by
Adams (1927) emerged in the spring, a few emerged in the fall. In measic

environments near London, Ontario, most S. dulcamara sesadlings ‘are

v

»
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obseérved in the spring, but 1n seasonally flooded habitats, emergence has

not been observed until the flood waters subside (pers obs.).

Solanum dulcamara i1s a good species for examination of several aspects

concernming the ecoleogical implications of dispersal. Its flowers and fruits
are continuously produce2 vver a large portion of the growing season,
providing an opportunity to investigate seasonal trends 1n propagule make-
up, production and loss, plus germination and seedling emergence. The broad
suite of environmernts 1n which 1t grows prov;das‘a good opportumty to
examine the effects of habitat on dispersal. The ease with which stem
cuttings can be rooted and established within a common garden facilitates
examination of possible trade-offs_between phenotypic plasticicty and

genetic differences 1n propagule production.

-

1.4 Thesis organization

After this introductory chapter there are five others, The first of
these, Chapter 2, provides a description of the four natural habitats in
which field studies were conducted, and of the common garden in which

stem cuttings from specimens in the natural settings were transplanted

and allowed to grow. Also provaded i1n this chapter 1s a briaf description

of the fruit developmental stages referred to throughout the thesis. Chapter
3 18 the first chapter 1n which results will be presentedy and there the
focus 15 upon the morphology of individual propagules harvested at various
stages of d!volop'ment at two points in the growing season of 1985 from

the natural habitats and the common garden. Chapter 4 1s an examination

of the patterns of production, rates of ripening, and the retention periods
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of dxspersant_frun.s in the natural habitats. These field studies were
ini1tiated at an early and late‘pomt in the growing seasons of 1982 and
1985. In Chapter 5, some aspects of germination and qudhng smergence
of sged taken from fruits at various stages of development and at different
points 1n the growing season are described. These studies were variously
conducted under field, growth cabinet and greenhouse conditions. The impact
of the flesh upon seedling emergence 1s another important focus of the
studies 1n this chapter. The aim of Chapter é 1s to provide an overall
review of the various studies and to summarize these i1n terms of theoretical

frameworks concerning the ecoclogical implications of the dispersai, in the

broad sense, of fleshy propagules.

(
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CHAPTER TWO .

. ’ ]
HaBITAT DESCRIPTIONS AND FRUIT

CLASSIFICATION

Preliminary field surveys condgcted near London, Ontario 43° 0™ N,

o

lat,; 81" 16’ W. Long.), :dentified a broad suite of habitats in which

populations of Solanum dulcamara cpﬁld be found. From amongst these, four

quite different habitatls on and near the.mam campus of The Univesity
of Western Ontario were selected for detaxled’study.
..

Two of these habitats iere adjacent and both were seasonally flooded
and had organically rich soils. In the "marsh” habitat, a dense t;ngle
of rather weak stems of S. dulcamara was found (Pl;u 2.1). Adventitious
roots were common and the recogmgon of discrete individuals was
impossible. This habitat was exposed to direct sunlight for most of !.hc
day gnd, tNough bounded by trees and shrubs, there were very few,.good
perching sites near the fruiting displays. The "swamp” habitat bordered

the marsh and shared a similar physiography, but 1t was subjec{ to very

-

heavy shade once the ieaf canopy of Salix nigra Marsh. trees had expanded
in the spring. As at the marsh, the stims of S. dulcamara were weak and

tended to intertwiné and produce adventitiols roots; but the overall density

of stems was lower (Pla{.l 2.2), Again, the stems lhikely represanted poor

perching sites, but the presence of the treas and the abundance of fllll{l-

branches may have offered better access to the fruits here than at the

marsh. Standing water was present at both habitats over most of the fall,

winter and spring. In 1982, 1983, 1984 and 1985, the years in which
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Plate Z.1. The mamsh

—

habaitat.
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Plate 2.2.

The swamp habitat.
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observations were made, the water table fell below the soil suface on the
third week of June, the third week of June, the third week of July and
the second week of June, respectively. Occasionally through the summer
months, rainfall would raise the water table to a height above the so1l

surface and both habitats would be flocoded for a few days.

Phe third habitat, the "riverbank™, consisted of tw;o sections, each
about 100 m 1n length, along the banks of Medway Creek where 1t passad
thrQugh the campus (Plate 2.3). This habitat was exposed to direct sunlhight

for most of the day and 1ts surfac'e was strewn with large boulders and
its soi1l texture was sandy. During high water, the creek might rise by
two or three meters, and portions of the banks would be scoured by the
current. Vegetation was sparse; herbs, shrubs and a few saplings em¥rged
from gaps between thc; boulde;-s. Both sections of this habitat were backed
by tended la'wns_ but woody areas were nearby. The growth form of Solanum
dulcamara was weakly shrublike and discrete clusters of stems were dotted
amongst the bo-ulders, some in areas prone to flooding. Many of the stems
were more sturdy than those of the swamp and marsh habitats, and they
could have represented suitable perching sites. Access to the fruits f‘c—r

birds and/or mammals might also have been promoted by the tendency for

the fruits to be displayed 1n positions close to the boulders.

The fourth habitat was at the University’'s LIBxtt-Field Station where

a

the soil 1s a clay loam (Hawthorn 1973). Scattered clusters of stems of

—

8. dulcamara occurred along the fencelines that bordered the cultivated
fields and pastures of this "field station™ habitat (Plate 2.4). For the most

L 4
part, the stams emerged from a turf of forbs and grasses and grew

-

-

29




Plate 2.3. The riverbank habitat.






Plate 2.4,

-

~r
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The field station habxtét.






" site.

[
intertwined with the fencing material. Most of the stems were subject to
partial shading by other trees and shru-gs distributed along the fence lines.
The fruits were usually formed at a distance of only a few centimeters
From the good perching sites offerred by the fencing materials, even

squirrels and smaller mammals could conceivably have had good access Lo

.

the fruits,

The fifth field study area was a common garden constructed during
June of 1982 on soi1l that had been plowed and cultivated at the fieid station.

The common garden was arranged 1n a rectangular grid comprasad of three

L4

.rows, each 38 m 1n length and spaced three metres apart. At each two
metre 1nterval along a row, a3 transplant site was prepared. At each
. transplant site, a €olumn of steel wire fencing material (mesh size

approximately 15 x 25 ‘cm) was attached-to 8 1.3 m long wooden stake driven

about one quarter of the.wayanto the grdund. The columns of fenoing
. . R 2

material, each about 1.3 m high and 0.45 m 1n diameter, were to provide

AN

support for the growth p'rod‘ixced from stem cuttings transplanted at eath

.

o

L] .
On June first and second, 1982, sections of stems were cut from S,

dulc;amara plan‘ts growing 1in }he four natural habitats. At the field station
and riverbank, all'tiae' clusters gf stems were onumcrnu;l and 15 were selected
at random. A 45-cm long soctidn was cut from the top of a stem randomly
selected from those in a cluster. At the marsh and swamp habitats, where
ducf.tﬁn é.lu'st.c.r‘s of stems could not be identified, a section of stem was
cut at three locations spaced thrn' metres apart along each of five transects

Y

spaced at five metre intervals across the habitat,

-
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In the laboratery, each stem section was cut into three pieces and
these were 1nserted 1nto the potting soil contained 1n a six centimeter
plastic flower pot. All 460 sets of cuttings were treated simlarly, and the

pots were placed on a greenhouse bench under intermittent mist irrigation.

On July 5, the rooted cuttings from each of the collected stems were
transplanted at the common garden. The cuttings derived from a single
stem were planted at one transplant site. Five sels of cuttings from eaoch

L 4

of the natural habitats were randomly assigned to the twenty transplant

sites along each of the rows.

"

 After transplagtation, the soxl around the stems was saturated with
water and the soi1l was maintained at a moist condition until AtGgust 4,
when all but the most vigorous shoot at each transplant site were removed.

Throughout the growing season, the garden was hoed at roughly two week

[y

intervals to check the growth of weeds and any shoots of S. dulcamara

—

that encroached upgn an adjacent blant were redirected to their own collar
of wire mesh. The garden was tended in a sxmil;'nr_ fashion during my abssnce
1n 1983. 1n addition to t'he periodic hoeing, studies concerned with fruit
production were 1nitiated in 1984, Unfortunately, a severe hail storm in
mid-August caused great damage to the plants and the information collected
was of little use. The studies were repeated i1n 1985 (see subssquent

chapters).Plate 2,5 depicts the common garderi in early August of 1985.

Throu;h&ut the thesis four types of fruit will be referred to, and it
1s convenient to define . them at thas point. The first type 1ncluded those

at an early state of development. T-hcsc were known as "unripe” fruits,
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Plate 7.5, The common garden at the Labatt Field Station,






and this class included all fruits that ware green and had a hard flesh.

{m arbitrary l;wer size limit of 5§ mm 1n diameter was set to distinguish
these fruits from flowers which had lost their petals but might ha'vc been
inadequately fertilized or had failed to set fruit for other reasons.
Preliminary examinations éuggested that ovaries that had cxPandod to 5
mm or more did contain developing seeds ahd usually they continued to grow.
Any bud, fl‘éwer, etc.,, failing to reach the si1ze limit was connderedvto be
an abortion. The second developmental stage was distinguished by a change
in colour from green to orange. These fruits were classified as “ripenming”,
and ofteri they were observed in this state at only one or two of the weekly
observations. A f:n‘ther shift 1n colour and a markaed change 1n the texture
of the pulp were the hallmarks of "ripe” fruits. The: colour change was
from orange to red and the flesh became soft and juicy. The fourth stage
of developm'ent that was recognized consisted of desiccated f‘rlnt,s.

Commonly these were comprised of ripe fruits 'that had for some reason dried

and withered on the 1nfructescence, but in some other cases unripe or

ripening fruits could suffer a similar fate. Platesj.é and 2.7.show fruits

at each of these developmental stages.

+
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Plate 24. Unripe (1), ripenming (2) and ripe (3) fruits.
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Plate 2.7. A desiccated fruit.






THIX

CHAPTER 3

3.1 Introduction

*

ATTRIBUTES OF INDIVIDUAL FRUITS

Variation 1n the attributes of fleshy propagules has been considered

to have important 1mplications for seed dispersal, particularly dispersal

mediated by animals which consume the flesh and discard the seeds.

In this

chapter, studies are described that examined the atiributes of the fleshy

propagules produced by Solanum dulcamara in the four natural habitats

and the common garden at an early and at a late point .an the growing

season of {985.

In order to place these patterns within the theoretical

frameworks outlined in the introductory chapter, it 1s necessary {o answer

a number of interrelated questions:

(i) Are there seasonal differences 1n the
attributes of the propagules, particularly i1n
terms of adjustmentis in the flesh versus seed
componenti?

) Are there habitat differences in
propagule attributes?

(3) Are seasonal and/or habitat differences
expressed more strongly in the seed or fleshy
component of the propagule?

(4) Do differences in fruit atiributes
reflect plastic or genetioc responses?

13) Are there differences in the
morphologies of fruits at various stages of
development Lhat might influence potential
dispersabilities? *




3.2 Methods -

On July 23, 1985, ru;e, ripening and unripe fruits with their paedicels
§txll attached were collected 1n the early morming from each of the field
habitats described 1n Chapter 2. This process was repeated the following
day for their common garden counterparts., At tLhe field station and
riverbank habitats, individual clusters of stems were selected at random
from the entire array and, subsequently,*an 1ndividual stem was selected
randomly from within each cluster. [n the marsh and swamp habitats, the
stem nearest a point placed randomly within the tangles of stems was
selected for fruit collection. ¥From each select.ed. stem, @ maximum of three

.ripe, two mapening and two urznpe fruits were coilected, with no more than
two fruits of a given ripeness coming from a single infructescence. This
process was repeated until 30 ripe, 25 ripening and 25 unripe fruits had
been harvested from each habitat. At the same time, 75 infructescanses
bearing young fruit, but no flowers or buds, were selected throughout sach
site and tagged with a short length of yellow knitting yarn. Similarly,
75 inflorescenses bearing buds and, at most, a few flowers ware tagged with
blue yarn. During the second harveft, the yellow strands \vouldlidnnufy
infructescenses which had initiated fruit early in tb? season, and 1L was

hoped that some would have retained sufficient fruit for harvest; the biue

strands would 1dentify infructescences with fruits initiated after the first:

harvest.. A similar program of fruit collection and tagging was conducted

—~——————in the common garden. Ten of the fifteen plants established from cuttings

.
-
N
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taken from each natural habitat werg seliected at random and a single stem
was randomly chosen from each of these. I[f insufficient numbers of fruits

could be taken from the ten, additional plants were selected.

‘The second harvest from both the common garden and field populations
was made on September 7 of the same year, following the same general
procedures as 1n the first harvest. During this later h;rvest, the berries
were collected from tagged infructescenses and an additional ripeness
category was ha_rvesteé, that of fruits formed apd tagged early in the ssason
(yellow yarn) which hac;! not yet been remo&ed from the plant. Thc;c were

Lermed "persistent ripe fruit”,

In the laboratory, during the same day of harvest, ihe fruits of each
ripeness class were pooled by habitat and 20 ripe, 10 ripening and 10 unripe
fruit were randomly selected for further analysis. To minimize loss of fluid,
the pedicel was removed from each fruit just prior {0 measuring the maximum
lengt}? and width with fine scale metal calipers. E;.\ach fruit wa:s weighed
and addo'd to an individually labelled glass vial and plac;’gﬁn a dry;ng
oven at 80° C for 48 hours (as per Allen i974), a point at which weights
were stable. Upon removal from the oven, each vial was capped firmly and
allowed to cool to room Lcmparattxre and the fruit was then removed, weighed
and returned to the vial. Sufficient distilled water to cover the fruit was
added to the vial and the fruit was left to soak for three or four hours
to allow the flesh to soften $0 that it cquld be removed from the seeds
.and discarded. Following their removal from the flesh, which comprised
all non-seed mat.riil, the seeds were thoroughly rin;od to remove any

remaining flesh, and the firmly filled "good™ sesds ware counted and
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separated trom the sort, often discoloured and untiiled "bad”™ seedg which
vere also enumérated. Each lot of good seeds and each 1ot of bad seeds
was wrapped 1ndlvidually 1n aluminum foil, placed in the vial and returned
to the oven. After drying for 48 hours, the vials were cooled 1n a deszccav.or_-
and the total weights of the good and bad seeds were then taken, as were
the 1ndividuai weights of all or up to a maximum c;f four randomly selected
good seeds. From these data i1t was possible 10 calculate values ror the
following fruit attributes: 1). size tlength plus wadth), 2). percent ' moisture
content of the gnt.:re fruit, 3). flesh dry weight, 4, number of good seeds,
5). number of bad seeds, §). mean weight of a good seéd, Mtotal weight

of all seeds (seedload), 8). flesh-to-seed dry weight ratio. Subsequent

analyses would involve these variables.

All data man:ipulations and analyses were conducted within the SAS
(SAS 1985) statistical analysie framework. Factorial analyses ot variance,
using the habitat of collection anq harvest d;te as factors, were conducted
tor the ripe fruits for each of the eight variables. In each case, the
regection probability was set at 0.05. Before examination of the main
factars, the 1nteractions, 1if s.zgmf‘xc:ant.u were exaqmed tor markad

deviations. To meet the assumption of independence between the measan and
variance, all perccnt..agc da.t,a were arcsine square root t.ransforu;ld prwr‘
to analys:s and the counts of good and bad seeds were transformed by

taking the square root of the count value plus one haif (Steel and Torrie
1980). All subsequent comparisons were made with the Scheff¢ multiple
contrast procedure. Separate analyses were performed on the data for ripe

fruit from the common garden. To augment the univariate procedures,

principal component analyses of the correlation matrices of the maght

variables were pertformed on the mean values tor the habitats ahd harvests.




.
Although-unripe, ripeming, and ripe fruits were collected at sach

harvest, 1t 1s l1kely that true developmental sequences were not repreasentad,
as ripe fruits of the early harvest, say, yould have been unrips some weeks
before and the unripe fruits of the same harvest would not have ripened
unt:l some later t.xme.‘ Thus, detailed comparisons of the ampact of fruit
development upon fruit attributes could be unwarranted. However, to
provide some general indication qf the differences due to ripeness, analyses
of variance of the data pooled only 1n terms of ripeness were conducted

for each of the natural and common gar'den d§ta sets.

Sufficient numbers of persistent ripe fruit to warrant analysis could
be collected only 1in the marsh, swamp and field station habitats during
the second harvest. To gain insight into differences between these and
the ripe fruits of the f’st, and SECOled harvests, analyses were performed

-~

on this smaller habitat subset.
3.3 Results

3.3.4 Righ fruit

3.3.1.1. Field habitats

The major contribution to the differences in th; attributes of the
ripe fruit over the four natural populations seemed to arise prﬁnarily from
-the flesh rather than from the seed amponu)t of the fruit (Figure 3.1).
There w.lrl slignificant habitat differences for fruit size, moisture contant

and flesh dry weight. In contrast, there were no significant Rabitat effects
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Figure 3.1a. The attributes of ripe fruits from the natural habitats-
seasonal and habitat patterns. A. Mean values (* one standard deviation)
of size, moisture c@htent, g(éa and bad seed number.
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Figure 3.1b The attributes of ripe fruits from the natural habitats -
ceasonal and habitat patterns. B. Mean values (+ one standard deviation)
of 1ndividual good seed weight, total seed weight, dry flesh wex\ght, flesh
to seed dry weight ratio.

* p(F)<.05 =% p(Fr<.04 **C- p(F<.,004
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in the number of bad or good seeds or i1n total seed we;ght. Although

-

there wal a sagnmificant ‘;ab:tat effect for average good seed wcfght, there
- .

were no s:gmificant pairwise contrasts. Flesh-fo-seed drg;\vught ratios

were also sigmficantly different across the habitats. T

Most of the differences betweer: the hdbitats were.small. fqr example,
=] B

the fruits from the field station habitat were larger (X= 1.63 cm) than those

-

from the two seasonally flooded habitats (marsh %= {.54cm ; SWamp X= 1'.4_9
cm), fruits from hhe mverban.}c w;re intermediate \n size (R-’ 1,56 cm) and
not significantly different froh the values at any other-habitat. "Similarly,
fruits from the marsh and swafmphabxtats contained shightly mone moisture

(marsh X5 79.6%; swamp X= 79.2%) than either the field station. (K= 77.0%)

or riverbank (X= 78.0% ) habzéats. Habitat effect.s: were more pronounced,
- ) ) -~ » . . .
however, for dry flesh weights and the flesh-to-seed dry weight ratios.

Both the field station and riverbank plants produced fruits with heavier

-

flesh (field station X= 49.1 mg; riverbank X= 48,5 mg) thén th'osg_ of exther

<

"the marsh (X= 36.6 mg) 6r the swamp (X= 28.9mg) habxiats,'an'd the flesh

of the marsh habitat was heavier than its swamp cbunt!rpart. Fl'uh—ta-

seed dry weight ratios also varied consxderably, w;—th th! mean bcin[ gr‘caicr )

at the field statlon hab:tat (X' 92) than aL uthcr of t.)"n nasomlly Cloodcd

habitats (marsh %= 1. 27 swamp X= 1,23); the mean of‘ 1.82 for the riverbank

habitat was not signih’cantly different from that of any habitat.. .

Harvest effects also seemed to be mostly attrzbutablc to the floshy

LS
- L)

component of t \gu rxpe fruit (Fxgurc 3.1). Fruits fron t.hc ucond hu'vut

tended to be sli;htly but sigm’ﬁcantly larger (harvest 2 X= 1,59 ¢m; harvest

1 %= 1.53 cm), contairr more water (harvast 2, ?(- 79.1%; harvest i, %= 77.8%)

53,



53

and have heavier dry flesh (harvest 2, X& 42.9 mg; harvest 1, K= 38.5 mg)
than fruits from the first harvest. Thére were no s1gnificant harvest
effects for the number of good se:ds, average weight of & good seed or
total seed weight; however, the fruits of the second harvest did have
significantly fewer bad seeds than those of the first harvest (X= 1.2 versuys
‘ X= 2.4). As with the habitat comparisons the flesh-to-seed dry weight rahés
- were quite q;fferent between harvestis. Tha;of the second harvest (X= 1.?5)
was 1.28 times greatir_t.han that of the first (X= 1.3}), and ?yam this might

be primarily attributable to the flesh component.

There was a significant interaction between harvest date and habatat

~for only two of the variables that showed™a significant main effect, these

-
.

being propagule si1ze and bad seed number. The v_alues in t:hree habitats
‘* showed small 1ntreases i1n prcpagule size in the second harvest, while the .
. value at thg s.wtamp showed a shght decline. The habitat rankings at ca;h
"Harvest were, hl:wever. all consistent with the direction of the habitat
., effect. There was a small increase 1n ‘the number of bad secds. confined in
I’:npe fruits taken from th field station habitat from the first to second

) harvest..' whereas the.number of bad-seeds in fruits from the ot_.hcr habitats

showed consistent declines, with the effect perhaps being most pronounced

for the swamp fruits. .
3 ¢ 't

The multivariate analysis of ripe fruit attributes .supportcd the results

-

* of the univariate analyses. Figure 3.2, shows the prajection of the habitats

, " for each harvest upon the first two axes of a principal component analysis.

The greatest habitat siparat.ion occurred on the first-axis which accountad

for 45% of the Ltotal variance. With increasing values along Che first axis,
~ . o -

. » ’ ’ . .

i




g

ingure 3.2 Principal componént analy-sxs of ripe fruit attributes.
ProJjection of natural habxt;t and harvest on Ax:s ! and Axis I1. Component
loadings: Axas I (45% of variation) -- size (.41), moisture (-.42), number of
good seeds (.07, number of bad seeds (.13;, individual good seed wexgbt €18,
Flesh weight (.44), total seed weight (.45 and flesh-to-seed dry\welght ratio
(.31); Axis Il (22% of variation) k- si1ze (,30), mossture (.34), number of good

4

<
. seeds (-.58), number of bad seeds (-.24), individual good seed weight (.35),

Flesh weight (.22), total seed weight (-.22) and f\]esh-to-seed dry weight ratio
.43)
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the fruit tended to be t‘lesh:er, to have éreater Lotal seed werght, and to
be drx.er. lJarger and to have higher flesh-to-seed weight ratios. The ;‘xeld
station habitat scored highest on this axis, followed by the riverbank, U‘n
marsh am{i(,hnally the swamp habitat. Aside from the case of the marsh
habitat, most of the harvest effects were expressed on the second axis,
which accounted for 22% of the varmiation. From the first to the second
harvest, there was a trend towards increments 1n the filesh-to-seed dry
weight ratio, average good seed weight, dryness and &‘ruxt size and

decreasing numbers of goéd seeds.

3.3.1.2 Common Garden

»”

Fewer signmificant habitat dif ferences were 1dentified amongst Lthe ripe
fruits taken from the common garden (Figure 3.3), There were no significant
differences 1n the number of good or bad seed, fruit size, weight of a good
seed, total seed weight or flesh-to-seed dry werght rat.lo; Shght differences
in moisture content were i1dentified, with the fruits from the riverside
having more moisture than those from the marsh or swamp. The only other
significant habitat effect was for flesh dry weight, when the fruits from

-
the swamp plants had more flesh than those produced hy the riverbank

plants.

There was a sigmificant effect of harvest date on ripe fruit attributes
in the common garden' (Figure 3.3). As with the fruit produced in the natural
populations, those produced.later znltho season at U';c common garden
contained slightly mMore water than those of the earlier harvest (X= 78.8%

versus X= 77.7%). The si1ze of the fruits differed shightly as well, with the

—— . e ——
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Figure 3.3a. The attributes of ripe fruits from the common garden: seasonal
and habitat pat?erns. A. Mean values (+ one standard deviation) of size,

| moisture content, good and bad seed number. \ -

TR p(FICO5 % pFIC01 wes pFIC.004
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Figure 3.3b The attributes of ripe fruits from the common garden: s@asonal
and habitat patterns. B. Mean values (¢ one ctandard deviation) of indyvidual
: - — )
good seed weight, total seed weight, dry flesh weight, flesh to seed dry

weight ratio..

* p(F) .05 ++ p(F1<.014 *#=+ p(FH<.004
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earlhier fruits being somewhat larger than the later ones {X= 1.69 cm versus
X= 1.61 cm). The later fruits also contained fewer good seeds (X= 19.8 versus

%= 24.4) and had higher flesh-to-seed dry weight ratios (X= 2.90 versus X=

1.948).

The interaction components of the analyses proved significant for only
two of the variables that showed a significant ma;n effect (Figure 3.3). Three
of the habitats showed the small decrease 1n propagule size 1n the second
harvest, with only the fruits taken from the plants originating from the
swamp habitat showing an absolute Increase. Habitat rankings in terms
of dry flesh weight seemed {0 be most strongly pronounced amongst the

fruits from the early harvest.

o

F)gt.xre 3.4 shows the proJQ\Ctxon of the habitat ropresenta-twes in the'
common garden for both harvests on the first two principal component axes.
Habitat separations are at best weakly expressed on either axis. Both axes,
ra-ther, separated the harvest effects. The eariy harvest result for each
of the habitat g;oups scored more hzghlly on the first axis, which accounted
for 50% of the total va.riatxon, and the trend towards larger, drier fruits
with lower fruit-to-seed dry weight ratios and more good seeds at the first
harvest was supported by the high component scores for these variables.
The second axa ccounted for 22% of the total \;'ariancc, and, for the most
part, the fruit .m-the sac:md harvest scorad more high.ly on this axis
than tﬁe:r_ first harvlest, coanterparts. Although the average weight of

a goo’d seed and dry flesh weight had high positive scores on this axis,

they had not been sigmficantly distinctive i1n the univariate analyses. The

Pl
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Figure 34 Principal component analysis of the attributes of ripe fruits
from the common garden. Projection of habitat of origin and harvest on

Axis | and Axis [I. Component loadings: Axis [ (50% of variation) == size

(.43),.mo:st;ure (;-.420, number qf good seeds (.46), number of bad seeds (-.17),
xr‘vxdual good seed werght (.02), Flesh weight (.16), total seed weight (.45
and f‘lesh-to-—see§ dry weight ratio -.39); Axis II (24% of variation) -- si1ze
(.06), moisture (.25), number of (u:d’geeds ('-.0?), number of bad seeds (-,21),

individual good seed weight (.61), Flash weight (.58), total seed weight (-.21)

and flesh-to-seed dry weight ratiec (.33)

R -
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>
flesh-to-seed dry weight ratho scored highly on this second axis as well,

again echmr'rg the trend towards higher ratios in the second harves{

obéerved for fruits from the natural populations. . <
3.3.2 Persistent ripe fruit ]

N .
The persistant ripe fruits, which could be ggllected only from the marsh,

swamp and field station populations, differed little from t.he'r;pQ fruitls
collected during the first and second harvests 1n the same habitats (Figure
3.5). They contained slightly less water (X= 78.8%) than the ripe fruits of
the second harvest (X= 79.4%) and cfmtaxned slightly more than those of
the early collection (X= 77.9%). The only other significant difference was
between the fleshbto-seeq dry weight ratio of the ripe fruits of the early
(%= 1,25) and late (X= 1.70) harvests; the rgho for the persistant ripe fruits

.

(X= 1.29) was again intermediate but much closer to that of the early fruits.

IS

3.3.3 Fruit development

—

H

The greatest sepagation amongst the unripe, ripening and ripe frtits
‘Jllected from the na ur'al habit.a‘t:s 4\vas between the ripe apd unripe fruits
(Figure. 3.4); the values for ripeming fruit were generally intermediate. Ripe
(= 78.4%) and ripening (X= 78.7%) fruits contained slightly less water than
the 'um:xpe frunt,.'; (X= 81%), and had fewer bad seeds (ripe X= 1.8; ripsning
X= 2.4; unripe X= 4.9) and heayier good seeds (ripe X= 1.2 mg; ripening K=
1..2 mg; upripe §= 1.1 mg). In contirasti, Lthe unripe fruits had a greater
flesh-to-see. dry weight ratio (¥= 2,17) than the ripe fruits (X= 1.56) but

not the ripening fruits (X= 1.67). The unripe (X= 1.69 cm) and ripening (X=1.64

864



o

Figure 3.5 Mean values (* one standard deviation) of attributes of early,
late and persistent ripe fruits trom the field habitats.

* p(F).08 *+ p(F)<.04 *%% p(F)<.001
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.- Figure 3.6  Mean vaiues (? one standard deviation) of at.t,mbutss of unripe,

_ ripering and ripe frurs£rom the field habitats. ~

- # p(F)<.05 #+ p(F {01 ##x p(F1<.004
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cm) fruits were also shightly larger than the ripe fruits (X=4.56 cm). It '

4
1s not clear as to the factors promoted this difference 1n the ratio as

there were no szgmf:cant’dxf‘ferencét across t,hé ripeness categories i1n terms
of mean dry flesh weight (ripe X= 40.7 mg; ripening 41.1 mg; unripe R- 40.4
mg), total seed weight (ripe §= 31.{ mg; ru‘aem‘ng 30.9 mg; unmp'e X= 27.4 mg)
or the number of good seeds (ripe f(=_24.6; ripening 25.2; \unrxpe X= 23.4),
,However, given the greater number of bad seeds w:thxr'x an unrape fruit and
+»~the lower, but not significantly so, values for total seed weight and the

-

number of good seeds, the hxgh flesh-to-seed dry weight ratio for tihe unripe
fruits might well be a refledtion of the relative immaturity of their seeds

and of the greater variabihity axhongst the fruits 1n this category.

As with thosé collected 1n the natural habitats, ripe fruits ta}‘ccn from
the common garden (Fiagure '3.7) were not as large (X= 1.65) as the riperung
:R= 1.73 cm) and unripe (X= 1,72 em) fruits.. In addition, they were not
significantly drrer (X= 78.2%) than the unripe fruits (X= 78.9%), as were the
ripening fruits (X= 77,3%). There were no significant ripeness effects for
the number of good seeds (ripe X= 22.4; méomr:rg X= 23.7; unripe %=20.3) or

bad seeds (ripe X= 3.2; ripening X= 3.0; unripe X= 4.8), but both the ripe

and ripening fruits had heavier individual good-seed waights (ripe X= 1.4

mg; ripening X= 1.1 nig) and heavier total seed weights (ripe X= 27,2 mg; -

ripening X= 263 mg) than the unripe frut (good seed.- waight %= 1.0 mg;
* - . ’ , ' -
seed load X=.20.1 mg). The mean flesh dry weight of thc ripe fruits (K=

52.3 mg) was npt sxgmhcantiy dxﬂ‘orent from that of‘ the unmpc fruits (K=

47.0 mg) asrwas that he ripening fruxts (X= 57.6 mg). Again, paralleling

the pattern of the r;ati:r_al populations, the unripo fruits had a mean flesh-

J ’ .
. L
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Figure 3.7 Mean values (* one standard deviation) of attributes of unripe,

riperung and ripe fruits from the common garden.

* ptF .05 +» p(F)1C.04 ~+a n(F)<.00t
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to-seed dry weight ratio (X= 3.45) greater than that of the ripe frugts
(X= 2.37) but not greater than that of the ripening fruits (Xs 2.73). Here,
the evidence strongly suggests that-the higher flesh-to-seed dry weight

ratio of the unripe fruits arose largely as a result of ighter good seeds
. 4 *

and lower total seed weight of the unripe fruits,

3.4 Discussion

8 '
3.4.1 Question . Are there seasonal shifts in the attributes of ripe

propagules, particularly in flesh to seed trade-offs?

S .
There were seasonal differences in the make-up of individual ripe fruits

borne by S. dulcamara. Pancula;‘ly stiriking was the increase 1n the amount
of flesh relative to the seeds. Flesh-to-seed dry weight ratios mcrus.cd
by a factor of 1.3 from early to late fruits in the natural habitats, ar':d'
by; a factor of $.5.in the common garden. Thus, the l;ter propagules maght
offer a greater relat"ve _t.‘eward. at least 1n the quantitative sanse, whioh,
1n some views, representis a major cue to the food choices of anmimals (‘Pxpcr

1986b, Johnsen at al. 1985). This trend towards a potentialy more rewarding

flesh later 1n the year conforms to the claims of Herrera (1984b), Snow
’

(1971), and to some extent, Stiles (1980 -- fall hxg-h quality fruits) for species
bearing ripe ﬂ'uhy prop‘agules late 1n the season. In their views a more
rcwardlmg flesh later M the .year.migh:. be an.'advantaln in attracting
the attention of wayward flocks of migrant birds (Willsor~and Melampy 1983,

* Herrera 1982a, Stapanian 1982b), espacially if faced with possible competition

\ 4

Y B L '




from the bulk of species’that ripen fleshy prepegules at this time (Stapaman
1986, Herrera 1984b, 1982a, 1982b, Stiles 1?80.. Thompson and Willson 1979,

Morton 1973, Snow 1971),

=

However, ‘Johnson et al. (198% f‘o;md little seasonal variation in the
propagules produced by the set of species they examined, and Stapanian
(1982) claimed that a‘cdntrary trfend would be expected. In Stapaman’s
view, the more rewarding {lesh, 1n a relative sense, would t;:e produced earlier
in the season 1n order to attract dispersal animals away from the abundant
and preferred invertebrate prey. Stapanian claimed that an additional
consequence of the relatively more rewa_rdmg flesh of early propagules was
that i1t would be particularly prone to damage by insects and decéy if not
. taken quickly. This last observation may also not apply to Solanum
:dulgamara as the fruits did not seem particularly prOne. to damage by; insects

or decay organisms, and ripe fruits may remain attached fon considerable

periods of time (pers obs), so 1t may not be so crucial t.hat'. they bg especially

attr;ctxve early 1n the season. * ‘ -

3.4.2 Questipn 2. Are there habitat differences in fruit attributes?

'T‘he make-up of the ripe fruits varied amongst the ripe fruits produced
in the f“our natural populations. lﬁhile most of the dif ferences were small,
some were cather pronouncnci, especially the dry flesh weights a.?!d fruit-
t'.o-sud"dry ‘weight ratios. Flesh dry weights were lowest for tha ripe fruits
prodt;cod in the seasonally flooded-and h;avily shaded swa’mpﬁ '
growth of S. dulcamara appeared luss vigorous lpers. obs.). The ripe f‘ruit:s

. ¥y
in this environment yielded dry flesh waights only about 59% of those in

tat where

L4
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the field station or riverside habitats, and about 78% of those for the ’r:pe
fruit in the more stongly illuminated marzp. Similarly, the mean flesn-
to-seed dry \ve!‘ght ratios were less 1n the marsh and swamb, being

approximately ¢6% of the mean value for the field station fruits, they were

not significantly less than the mean value at the riverside, although being—-

only about 9% as great.

3.4.3 Question 3. Are seasonal and habitat differences expressed more

strongly 1n the seed or fleshy component?

Most of the dlffereﬁces 1dentified between.the fruits of the two
harvests from the natural populations seemed attributable to the ﬁ.e.sh.v
rather than seed component of the propagule. The ripe fruits from the
saecond harv:est had higher flesh-to-seed dry weight ratios, were 3 bit larger
and had more flesh, despite the\propagules containing siightly more water.
The only difference amongst the variables concerning the seeds alone was

. 2
the small increase 1n the number of bad seeds contained in the later fruits.

The contributions of the flesnh and seed components to the differences
observed between the harvests at the common garden was less clear cut.
There, the fruf¥s available durmg the sgcond harvut ware slightly smalbpr.
contained more water and had fewer good seeds. Although the flesh-to-
saeed dry we‘x'ght. ratio w‘as also huhor‘m the second har,vost.', there were
no significant dn‘h‘ronces in flesh dry vénght., t.o_t.al suq weight, or the
_yngM‘ anindividual good sead. HeTe, as 1n the four ful;j habitats, the

differences 1n fruit make-up observed across the habitats seemed also to

- be primarily restricted to the flesh,




1t adjustments leading to increased fruit-to-seed dry weight ratios

-

indeed rest primarily with the flesh component, the reward offered by the
propagule might be manced, as the fleshy c;mponent. might best indicate
the absolute reward offerred by the propé&ule and be the feature upon
which birds focus directly (Johnson e_t‘a_L 1985,‘ Piper é?ééb). This

enhancement might net accrue throuéh adjustments in thé seeds alone, as

reduction 1n their size or numbers might merely make the propagule seem

smaller. In addition, adgustments to the flesh rather than to the seeds:

might have less reproductive impact, as tﬁe.seeds must yet run the ecological
gauntlet of seed survival, germination and seedling establishment and their
attributes may be additionally tuned in' these respeci.s. In poor

.

environments where the productivity of a species 1s limited (as could be Lthe

~
N~

case 1n the swamp and marsh), it might be an advantage to sacrifice some
of the reward offerred by the flesh rather than reduce the seed load, as
the seed load might still be dispersed by other means or by animals when

the-propagules finaliy become attractive,

a

While suggestive, these results reflect collections made at two harvest
d'at.e‘s'm a -smgle year only. However, the persistant ripe fruits that may
hi.ve been xm_titated qt: an intermediate period of the season possesaed values
for most variables that were intermediate to thoge of Lthe sarly or late
fruits. In addition, the harvest ad.justpurits' observed in the common garden
farther suggjut that the relative contribution o;‘ the .ﬂuh componenti may
not be clear cut. Nevertheless, the conti‘i'b.uuon of thea flesh to

"morphologacal adjustments of individual fruits of S. dulcamara was

. .
substantial and an alternative to the adjustments in fruit morphologies

75



principallarising through shifts in seed sizte and numbers described 1n

other 1ntraspecific studies (Herrera 1981a, Jordanc 1982, Howe and Vande

Kerckhove 1981 1980 1979,

3.4.4 Juestion 4. Do differences in fruit attributes reflect plastic or

" bistypic response?

The '‘attributes of the ripe fruits produced 1n the broag suite of

environments $mbraced py the natural populatioms were more variable thar '

" those produced i1n the common-—garden. For the fruits from the fieid

populations there were significant habitat effects for five variables (fruit
szzé. moisture content, flesh dry weight and flesh-to-seed dry weight ratios),
while 1n fhe common garden there were significant eff‘ec‘t.s at.t.mbut‘a'ble to
source lbocation of the original cuttings for only two (moisture content and-
flesh dry weight). Over the f;ye habitat effects for the fielu populations

there were fourteen-:significant pairwise contrasts, whilst \n the commcn

-

garden there were only three., If the comparison is limited %o moisture
/

content and flesh dry wai1ght, for which sxgmi‘xcant habitat efrects were

observed in both the natural and common g‘arden seitings, there were ten

~ » .
significant pairwise contrasts 1n the former and threean the latter. Given

the greater simtlarity amongst the habitat representatives 1n the common
garden, the differences obsarved amongst the field populduons are probably

linked to phenotypic plasticity rather than to major genetic dif ferences.

 od




'

3.4.5 question 5. What are the difterences in the attributes of fruits at

v -
various stages of development?

Some of the differences 1n the attributes of the fruits at different
stages of development were obvxot;s. like the shift in colour frc?m the green
of the unrzpe‘fruxt.s through the orange of the ripening to t:he rec; of the
ripe fruits, or the shift in texture from the hard flesh of the unripe and
rxp;nxr:g f‘.lesh to the soft, rather juicy flesh of the ripe fruits. But even
in terms of the att.mt;utes measured 1n this study there were 'dszerences.
espec_z_‘aily between the ripe and unripe t‘ruits; with the values for the
m‘pemng fr_uxt.‘s for the most part being intermed:ate. Underspandablv. the
individual unripe fruits were the most variable, since ‘r’nuc'n growth in buik
o::curs over the period that the truits are green. Th.e seeds at this unripe
stage are probabl; the least developed, given the L‘gndehcy for these fruits
to contain fewer and lighter good seeds: and 1t may be this 1mmatur1t:v
which prom)ﬁh"fhe greater flesh-to-seed dry weight ratibs of the u‘nmpejf
fruits. It would not be prudent to interpret the eftects of Qevelopmental
stage observed h'ere at more than a generalized .lwél. smce.tha berries do
nét represent genuine ripening ;tequences. For instance, the ‘ripe fruits
taken at the first harvest were unripe some weeks earhe‘r'.'\vhnst the unripe
fruits taken at the saxne' harvest would not ripen until éo:ne_twegks later.

“

In add:t'mn, only ripe fruit were observed to have been consumed bil birds.

. ¥

Thus, other factors, such as ‘the shifts 1n texture and colour, ‘or the drop

in alkaloid levels described by Mathe"g& al. (1975), or the chcméall alterations

i




of the type typical of many fruit ripening sequences (Herrera {982b Stiles
1980, Thomp=on and W:llson 1979, Janzen 1977, Sherbourne 1972) might be
more important 1n understanding the implications of the stages of propagule

deyelopment to dispersal.
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CHAPTER FOUR

-

PATTERN/S OF FRUIT PRODUCTION AND

DISPERSAL *

- 4.4 Introduction

In Chapter 3, the make-up of i1ndividual propagules of Solanum

- N ’ .
dulcamara was found te be influenced by developmental stage and the season

and habitat in which they were 1mitiated. In this chapter, the variation
PP

amongst the\frun.s forms a backdrop to studies designed to ;nvéétxgate

the spatial and temporal patterns of production, development and lossféi‘
individual fruits. As i1n Chapter Three, seasonal and habitat effects are
wmportani, but as the studies were conducted over two years some aépects

of the annual pattern can also be addressed. In order to place the patterns

of fruit production, development and loss 1nto Lthe theoretical persbe'cﬁves

outlined in the introductory chapter, answers to the following quesﬁons‘

i

were sought: : . /

i. Are buds formed earlier in the season. *
more likely to produce fruits than those
formed later in th! same year?

2. Do early fruxts ripen and/ar disperse -
more slowly than later fruits?

3. Are fruz\s at different stages of
development egqually likely to disperse, and .
do they disperse at the same rate.?

4. Do the patterns of .development and - -
dispersal of fruits differ across the
habitats’ )

5. Do t.hc patterns of production and
dispersal changc from ygar to year?



4.2 Methods
~ . . .

—

~

The phenological progression from ;:ud 18 ;‘run Lg‘dm’;?sal vas
mon‘xtored weekly on sets of ten mfloresceﬁces chosen 1;; each habitat .?t
one early and one late date i1n the growfiﬂg seasons of 19_82 and 1985. The
kselectzqn of the early mfloreséences, ammE;t t.He, fﬁ"st formed in t.ﬁl season,
vas mad® when their numbers were sufficient to permit some choice amcpgs?
them. No inflorescences were selected that had Pro&ﬁced fruits br ‘had more
than two actual blossoms. In 19‘82 the early selecu;n was made 1n th.o la:s,t'
week of Juhe, and 1n 198‘the first selection was made three weeks earlier. )
" The later inflorescences were selected 1n the last week ;f‘ July 1n 1982 and '.
the first week 1n August n 1985 Earher observations had intdicated that
inflorescences in ths bud stage at Lh:s t,xme of year VQre amongst the last
_};’or‘med 1n any sizable number that were still capable of producing rxpn ﬁ'uit.s.
The weekly record of each bud/fruit was madg untxf the ﬁrst week of \J
November 1n 1982 and Lhe second week of}iovember in 198Mt U:ll!l later '
. dajes most of the stems wer*g defoliated and had bq,ln exposed to a hard
frost.‘ Any fruits, buds, etc.,,still retained by the plant had shown little ®

in the way of change for several weeks.
[ ] [ ]

The inflorescencds were selected at each point ip ¥he s-oa‘ in the

.fnllowmg manner. At both_the‘rwerbank and the fx‘ntd station whcru ' _'
Solagum dulcama;-a was distributed n widely spacod clurlters of stms, tcn .

ciusters were sWected randomly from the tosal numbcr, apd a nng]c lum ~
"was.chosen randomly from amon‘st thosa.in th‘n nlcgtod olu.shr untu one B -

bearing a ;uxtablc ’mﬁornccncc vas obltained. If morl tlun oni quitlblo ..

’

inflorucmcn vas borno by the selected stem Che one olotut '.o t.m bottdm
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of the stem was chosen. At the marsh and swamp habitats where the stems

.
of S. dulcamara were'not distributed as discrete clumps, five transects that

traversed each habitat at eight metre intervals were laid down, and two

’

points separated by at leas} a metre were selected randomly along sach. -
iy :

At each point the closest suitable 1ntlorescence within three metres was

chesen. If necessary, add:itional points were selected until all ten separate

inflorescences had been chosen.

Each bud was obse.rved weekly. As‘they grew to a size where they
could be marked without damage,.coloured thread was tied around the pedicel
of each to serve as identification. Eventually all buds thwt produced
blossoms were P\arked. The lengths of thread were clipped short and
eésenhally hidden by the open corollas, so 1t*1s unlikely that the threads

interfered with pollination or s‘trongly influenced the visual impact of the

fruits as they ripened from green through orange to red.

At each time of recording, the phenological progress from bud to floger,
etc., was notéd, and the fruits were classified @s unripe, riperung, ripe and
desiccated. The week 1n which each marked fruit was lost from the
1xfructescence was also recorded. T};ese were considered as dispersed fruit.
In order to get an andication of the numbers of inflorescences that might
be produce‘d by a stem ;n a growing seaso’;w, 15 stems were selected »n ucﬁ
habitat 1n the last week of August, 1985. The stems' were selected following
the general procedures used i1n choosing those for the marking of t.h;
\npdividual buds, except fq;: the requirement that t.hiy have an infloresceance.

-y

For these stems all inflorescences, regardless of their stage of dl_vclopmlht.

were counted,

/ y o
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From the phenological data 1l was poséa'b'le to'determine the fate of
each bud -- whether 1t had produced a fru:it, ripened, dispersed, etc. --
and the number of weeks that fruits remained in a particular state. The
weekly monitoring was \adequase Lo record the main temporal patterns, as
most fruits took several weeks to change state,

The proportion of' buds or fruits that realized particular fates was
~determmed for each‘of Phe ten inflorescences selected at the beginmng
of each period of monitoring. For example, the proportion of unripe fruits
to disperse was defined as the number of unripe fruits that dispersed divided
by the total number of truite that reached this rxpem\ng stage. '}"o;' buds
the transition of i1nterest was the producgtion of frufs, here t'::alled fruy

\

set. For unripe fruits the proportmns‘and numbers to disperse, desiccate,
ripen further, or1 remain as unripe were of-mterest; for ripening fruits
the interest was upon the proportions and numbers to disperse, desiccate,
ripen or remain attached gs unripe {rm-ts; for ripe fruits the possible f:tes
were dispersal, retention or desiccation; and desiccated fruits were either
dispersed or ret.amed until Lh’e end of the momtormg‘. The proportion of
fruits to dxsper"se regardless of ripeness was also calculated as the numbers
of éx;persant fruits produced by an inflorescence dxvxdod‘bg the total
numbers of fruits produced. In terms of temporal trends the numbu\hi)
weeks taken for a fruit to first be recorded as ripe -- ripening rate --

was determined, as was the retention period of those fruits dxsﬁersed when

unripe, ;'xpemng, ripe or desiccated.

82
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V4
All factorial analyses of variance were conducted within the framework

of the general linear models procedure of the SAS statistical package (SAS -

1985). For the most part, the main factors were year ({982, 1985), season
(early, late) and habitat tmarsh, swamp, field station, and riverbank). Because
of differences in the numbers of buds monitored and the varying patterns
and rates of development, the desxgns'wer‘e spmetxmes_ unbalanced, and 1n
a8 few cases a cell contained no record. In -all analgses the critical
probability was 0.05 and the model sum of squares was partitioned with the
type Ill option of the package. Thxs. model was chosen because the
partitioning 1s not order dependent m. the unbalanced case, and because
the main effects are aduusted for their interactions, an aspect considered
by Freund and Little (1981) to be useful when main effects are of importance

even 1n the presence of interactions. In the cases where a cell was ampty

the type 1V sum of squares option was examined, but rarely were there

differences between the two i1n terms of re.ject./xon or acceptance of.

hypotheses, SubsequentT pairwise contrasts within the main factors:followed
the Scheffé opt:on, and again the critical probability was 0.05. All
proportional data were transformed by the arcsine square root of the values
and the integer data was transformed as the square root of the count plus

[y QU
0.5, both transformations suggested by Steel and Torrie (1980).

.
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4.3 Results

- 8

4,3.1 The fates of buds and fruits

The flow diagram presented irs Figure 4.1 represents an overali summary
of the fates of all the buds and, ultimately, fruits identified at both the
early and late dates 1n the growing season and monitored w.eekly in the
four field habitats in 1982 and 1985, At all branch points the width of
each branch corresponds Lo the percentage (values mn parentheses) of
wrdividuals reaching the.-branch point to r:ealr:e a particular fate. For
example,a mean of 49.6% of the 17‘7r'&5h1tored buds set fruit, that is,
flowered, lost/,ff./h;:r petals and showed an 1ncrease 1n the width of theiwr
cvaries to 5 r/nm or more. Of the unripe fruits a mean of 28.6% were inst
from the infructescences without being recorded at a more mature stage
of development. Mdst of the unripe fruits (X= 68.7%) matured to the ripening
stagg, marked by the g,hxf‘t in colour of the still firm flesh frog green
to orange; but ¢ small fraction thh_er;ed,and dried-on the infructescence
and were classified as desxcca.t.td. Other than suggesting changes observad
from the bud stage to the termination nf_t_l:ynonitormg, {here is no tamporal
component to the figure, spatial separation 1s meant for clarity only.

Temporal changes are the subject.of a later section of this chapter.”

I'd

”
The overa&l? sa.:.mrqary 1s then subdivided intg classifications showing

the pattern for each of the two study years (Figﬁnu 4'.2), t.’ht seasonal

differences (Figure 4.3), and the patiern amongst the four habitats (Figure
.
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Figure 4.1, Owverall summary of fruit development and dispersal fates.
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Figure 4.2. - Yearly summaries of fruit development and dispersal fates. ~
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Figure 4.3

(percentage

Seasonal summaries of fruit development and dispersal fates.
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Figure 4.4 Hab'ltat summaries of fruit development and dispersal fates.
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4.4). These represent summaries of the main effects of year, season and‘

L4

habitat as entered into the analyses of variance conducted at each
branching point. Complimenting these 1s Table 4.1 which presents the
. . !

results of these analyses for the main effects and the associated

L]

interactions.

4,3.4.1 The year etfect A
[\ 3

) »
A significant year effect was identified only for the fates of unripe’

fruits énd for the probability of dispersal of fru:t's regardle:ss of
deve‘lopment. On average, 38.0;%. of 4he unripe fruits were lbr;t from 'Lhe-.
infructescences 1n 1985, and 59.3% develobed to the ripening stage. In
contrast, a lower percentage (X= 19.4%) of the uanBe fruits produced in
1982 were dispersed, and 78.1% reached the ripening stage. There wa.s no
significant difference 1n the percentage of unripe fruits t.h&it desiccated,
and no marked unripe fruits were found on the pla.nts at ghe end 7'{‘ the

monitoring periods. A greater percentage of all fruits, regar,dliu of
‘ L Y

ripeness, dispersed 1n 1985 (X= 80.0%) than 1n 1982 (X=70.0%).

4,3.1.2 The season effect

Significant effects attributable to tha season of the year in which

buds were proddced were 1dentified for the proportion of buds to set fruit,
' !
the ioss and retention of ripe and desiccated frmu,’od the dispersal of

-
"fruits regardless of development. A greatzer portion of the buds prasdfit

early 1n the season set fruit (early X= 54.8%; late X= 44.5%). ' Of tha fruits
/ 0

that ripened, a greater proportion of the early ones had dispersad by the
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Table 4.4
dispersal.
& pCUs *+ p (.01 #22 p.001
[ 4
1]
L ]
L 4

Anajycis ot variance summaries of fruit development and




s

a8

Unripe Pruit

Ripening Pruit

*

Effects Fruit Set Dispersed Desiccated Ripening Dispersed Desiccated Retained Ripening
N ._
. -
Year N3l "= NS rr NS NS . NS NS
Season L NS NS NS NS N NS NS
EQUHﬁWH L 3 4 | & TER L 8 8 4 L B & ¢ zm zm .'lﬂ
Year x agon "X NS NS NS NS NS NS NS
Year x Hjabitat NS NS NS NS NS N3 NS ®
Season Habitat NS NS, NS NS NS NS NS NS
Year x ason NS NS - NS NS NS NS NS NS
x Habiyat \ .

Ripe Fruits Desiccated Pruits Ooverall
Effects Dispersed Desiccated Retalined Dispersed Retained Dispersed
Year \ NS NS NS NS NS =
MQWQOJ kxx ZM LB L& 1 L & ¢ L & & ¢
IQUHHWH [ R NS 1 & 8 4 L& P 8 4 RER
Year x Season ® NS xx NS NS =
Year x Habitat NS NS NS NS NS NS
Seagon x Habitat NS NS KX x x ~ xR
Year x Season NS NS x NS " Ns NS

X Habjitat

1. Significance oMF Ratio:

NS =

’

not significant; "p < .05; -

S

p < .0o1; *™*P ¢ .001. :



end of momitoring (early X= 82.9%, late X= 47.3%), as had a greater proportxon'
of the desiccated fruit (early X= 60.3%, iate X= 32.1%). The proportion of
ripe fruits retained at the end of monitoring ( early X= 5.46%; late X=44.6%)
largely echoes the difference observd in terms of ripe fruit loss, although
scme ripe fruit in both cases reached the desiccated stage. The fruits
formed early 1n the season had a higher proport:ion dxspers(r'-.egardless of

development (early X= 87.1%, late X=61.8%).

4,3.1.3 The habitat effect

Sigmfxcant differences amongst the marsh, swamp, field .st.atxon and
riverbank habitats were 1dentified for the proportion of buds that set
fruits, the proportions of urtipe fruits to disperse or mature to _t:r;e ripening
stage, the proportion of riperung fruits to dxsperse or ripen, the ‘proportzon
of desiccated fruits "dxspersmg, and for the proportion of fruit dispersing
regardless of development. A greater percentage of buds produced fruits
in the riverbank habitat (%= 62,3%) than 1n the swamp (X= 36.1%); fruit

production at the marsh (X= 51.4%) and field station (X= 48.8%) was

intermediate. The mean percentage of unripe fruit dispersed at the swamp

(X= 46,8%) was greater than the percentage dispersed at the fiald station
(X= 19.0%) and the marsh (X= 13.6%), as was the value at the riverbank (X=
36.8%) different from that at the marsh. The percentage of unripe fruit
to reach the ripening stage v.:as highest for the marsh habitit (X= 83.2%),
greater than found for the riverside (X= 61.9%) and swamp (X= 47.9%) habitats.

The percentage of unripe fruit to reach the ripening stage was also higher

at the fiald station habital (X= 79.8%) than at the swamp habitat. The

L
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vercentage ct ripening truit to disperse at the riverbank (8= 30.2%) was
greater than the percentage at the marsh (X=6.0%), swamp tX= 4.3%) or field
station (L13,2%). The percentage of ripening fruit to reach the ripe stage
at v\he riverbank (X= 54.9%) also differed from the the values at the other
ha‘ﬁ/xtats (marsn 90.3%. swamp 32.7%, field station 83.8%), aithough ;ome
ripening fruit remained attachea at the end of the monitoring or gesiccated.
A greater percentage of ripe fruit disperced at the riverside (X3 ée.a:'.)
than at the marsh (X= 58.6%) or field station (= £0./%). and the mean of
-68.4% at the sw was 1ntermediate. However, 3 greater proportion of
the ripe fruits remained attached to the infructescences at the end of
monitoring at the field station (X= 40.5%) and march (X=28.6%) than at the
rx*."er;bar\.k (X= 5,7%); again the value at the swamp (X= 18.7%) was intermed:iate
and not significantly different from any other. The percent dispersal of
desiccated fruits at the riverbank (X=81.5%) w-as greater than that in the
swamp (X= 33.3%) ar marech (X= 21.9%) but not from the mtermedxate_ value
at the field station (X=40.0%). Overall, the proportion of fruits to dispérse
at the riverbank (X=92.3%) was greater than at the fxgld station (X= 62.7%)
ot marsh (X= 66.1%) habitats; at the swamp the value was mtepmedxate 1=

76.4%.

4.3.1.4 Interactions

The 1nteraction of year and season was a sx'gmﬁcam. compocnent of
the analyses of variance models for the proportion of buds to set fruits,
the dispersal and retention of ripe fruits, and dispersal regardless of

development. The seasonal differences 1n fruit set may have rested mostiy

-




. -

with the difference observed i1n 1985 when a mean of 56.7% of the sarly
buds set fruit and a mean of 36.1% of the later buds set fruit, as the 1982

differences were slight (early %= 52.8%; late X= 53.0%). , Neither the maln

effects concerning the proportions of ripe fruit to disperse or be retlinek{

were confounded, but the season effect may have been more pronounced 1n
1985. Simiiarly the seasonal effect may have been more pronounced i1n 1985

for the propértzon of fruits dispersing regardless of dispersal.
o

At

An examxénatxon of the rankings classed at the levels of the other

-

significant interactions -- habitat w:th'yéar for the maturation of ripeming
7‘.. T ‘_\'

fruits to rjpe fruitsfseasonality ;.vxt.h habitat upon the probability of ripe
. - \ . r— .

fruit retention, and the dispersalﬁ das:c?at.ed fruits or fruits regardless
18

of ripeness, plus ‘LhQ, hree way mtmm’/of ylar, hab:tat and seasonality

——

upon the retentxon cf rxpt }"ruxt -- gid not suggest. that the relevant main
‘Q‘}_-—-
effects were confounded. ]n each mstance the }‘ankmgs'\url consistant

with the main trends. Just in terms of rankings, however, the following
are of some note- a) xntr,a'seasonal variation seemed especially pronounced
in the field station habitat 1n 1985, as all tpe ripe fruit produced from
the early buds dispersed whxhls't. none of thos'o"bor.ne later 1n 1985 had been
dispersed by the end of the m.omtormg; b) none of the ripe fruit produced
from the early buds 1n any habitatan 1.985 remained attached at the ona

.of the monitoring; ¢c) all of the ﬂpe fruit fram the later buds i1n the

rwcoban'k dispersed in 1985 whilst none of thiu' cquntlrparts were lost

a

—

at the field station. For the 12 cells recognizabie at the level of the three
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way tnteraction, however, relatively l fruits were considered 1n some cases.

In 1985 at the field station, for example, theré were only might ripe fruits
L 4

produced from the 85 buds monitored later 1n Lthe season.

- . 4

4.3.1.5 Differences between unr;pe;mgemng and ripe fruils

-
-

—

When the prioport:on of fruits to disperse was analysed with the stage
of developn;ent. as an additional factor, all the main effects wire significant.
The trend attributable to‘ year’, season and habitat, however, closeiy
paralleﬁeg! those observed f'or the consxderau.o' of dispersal regardl._u of

development. All four develop’ﬁi_ﬁl\al categories dif fered significantly .l‘éom
. . '.

each other, ranking from a mean of 45.9% for ripe fruits through 45.9%
for desiccated fruits and 28.6% for unripe fruibs Lo 14d% for ripening fruits.

The 1nteraction of season with habitat and the i1nteraction of developmental

-

. ' . - 7
stage with habitat weresignificant. However any exceptions to the main

effects were as earjfer _desgr:bed'm the sections desling with the !{hcts
of season and habitat upon the~dispersal patterns observed for each -

- »

developmental class., & . . )
z X . . : :
4.3.1.6 Diffprences in number. K i .
.* ,5 !
d‘ﬂgurbs 4.1 to 4.4 give an Mpression of d:ffercncn 1in the numbers
B \ *

of" bpcis and fruits to reach certain stagu, as {he number of buds
D

-

'. xndw:dually monitored 1n each case 1s pnuntcd and the proportional scale

of branch widths 1s also consistent with number. But to comphmcnt this,

analyses of Q.'ht numbers of buds produced per 1nflorescence, and the numbers
»

of unripe, ripening, ripe and ddnccaud fruits were also made. The rasults




of these analyses, with year, season and habitat as factors, are presented
in Table 4.2, The‘year effect was significant only for the numbers of
r%p'emng and ripe fruits produced. In both cases the numbers borne on
the infructescences of 1982 were greater ( ripening: 1982 X=4.8, 1985ﬁ= 3.4;
ripe 1982 X= 4.?, 1985 X=2.4), The oniy instance of a signrficant season
effect was for the greater number of buds to set fruits on the early

tnfructescences (X= 6.5) than on iater ones (X= 4.7). There were habitat

. dzNere.n'ces for all the variables except the numbers of desiccated fruits

produced. In terms of the number of buds and fruits the riverbank stood
out from ail the other habitats (buds; riverbank Xz 13.9, marsh X= 10.4, f1eld

station X= 10.1, swamp X= 10.0; number of fruits: riverbank X= 8.5 field station

X=5.1, marsh X= 5.1, swamp X=3.8). It was Lthe swamp habitat, however tHat

stood out from all the others in terms of the numbers of ripening and ripe

fruits (ripening swamp X=2.0, field station X= 4.4, marsh X= 4.3, riverbank

X= 5.4, ripe: swamp: R= 1.7, field station R=3.4, riverbank R=3.9, marsh K=.

3:9). Although there was a sjgnificant interaction of year with seas_c’m for

the numbers of fruil set, the rankings were consistent dver the two years,

L]

but the seasonal efféét may ‘have been more pronzi.mced 1n 1985, Th: only,

other sigmficant interaction for which a main effect,.was also significant

-

was that of season and habitat for the number of buds, but in all cases
the value for the riverbank remained haghest i1n rarik, a separation b’erhaps

more pronounced amongst the later fruits.

The numbers of fruts dispersed per infructescence also varied between

the years, within the s’ofason’ and amonést the habitats (Table 4.3). Fewer

“

unrips and more npelfr.m'ts were dispersed in 1982 (unripe X= 1.0, ripe X=2.5)

-
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Table 4.2 Analysis of variance summaries of the numbers of buds and
unripe, ripening, ripe and desiccated fruits produced per infructescence.
. ) )
* p(.05 ++ {04 *xe 0,001
A ) .
"\ (
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é , \
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Effects '. "~ ‘Buds Fruits
- . Unripe Ripening Ripe Degiccated
Year ' : nNsl NS e xRx NS
Season NS = NS NS NS
hd . Iy
Habitat o 0 xR % xR RN RN NS
.
Year x Seasen * =% NS NS NS
Year x Habitat NS NS NS NS ‘' Ns
Season x Habitat ' x NS NS NS . NS
Year x Season x Habitat NS NS NS NS NS
®
1. Significance of F Ratio: NS = Not significant; *p < .05;
**p < .01; ™***p < .o01. \4
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Table 4.3 Analysis of vartance summary of the numbers of dispersant
* unmnNpe, riperRIng, ripe and desiccated fruits per infructescence.
. ¢
*pdUS T #apd.04 #ax p(.004
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Effects Dispersant Fruits
- _ Unripe Ripening Ripe Desiccated
Year 2anl NS ' x NS
Season *xx falad ol NS
Habitat XXX g TRR 1 & & 1 Ns
Year x Season rxx NS NS ' NS
Year x Habitat NS NS NS NS
>

Season x Habitat NS x NS ]

Year x Season X Havitat NS NS NS NS

1significance of Ratio: NS = p a .05; *p < .05; *"p < .01;

XX

p < .001



than in 1985 (‘unrxpe K= 1.9, rxpmi.?'). More early-formed unripe (rarly
X= 2.0, late X= 1.0), mipening (early X=U.B; late X=0.4) and ripe (early X=2.7;
late X= 1.5 fruits were Adzspersed per 1nfructescence. More unripe fruits
were lost from the mfru'c:escences at the riverbank (X= 2.8) than from those
at the swamp <>'<:1.7), field station (X= 0.9) or marsh X= (.4), and from the
swamp than the marsh. The number of riperuing fruits to disperse was also
highest at the riverbank (X= 1.3), a value greater than at any other hab:tat
(field station X= 0.6; marsh X= 0.3; swamp X= 0.2), More ripe fruits were
dispersed from the 1nfructescences at the riverbank (X= 3.5) than at either
the field station (X= 1.6) or swamp = 1.0) but not the marsh X= 2.3). There
was a significant interaction of year and Season in terms of the number
of unripe fruit to dxspe,r;se, and an exam:ination of the rankings evident
at this ievel suggested that the seasonal difference was largely confined
to 1985 when a mean of 2.9 early unripe fruits dispersed and a mean of
0.9 late fruits dispersed per infructescence; seasonal differences seemed
unh’kel& for unripe fruit in 1982 (early X= 1.0; late X= 1.0). The only oi.her
significant interaction was that of season with habitat for the numbers
of dispersant ripening fr’un,s. I'n this case, the habitat rankings were

consistent for both the early and late fruits, and the riversal of the

seasonal ranking at the swamp represented the only exception Lo seasonal

trends within the habitats, however.

. The number of inflorescences borne by individual stems differed from

habitat to habitat. Such production was lowest in the two seasonally
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flooded habitats (marsh X= 0.5, swamp X= 0.3). Significantly more
inflorescences were produged on the stems 1n the field station and river

bank (field station X= 1.9, riverbank X= 3.1)

4.3.2 Rates of ripening and fruit loss

Table 4.4 summarizes the results of the factorial analyses of variances
performed on ripening rates and the retention period of dispersant fruits
across the two years, the early and late inflorescences and the four natural
habitats. Figure 4.5 presents the data when broken down actording to the
main effects. To varying exten.ts, the main eff:ects significantly affected

the period of riperning and the retention time of dispersant fruit.

4.3.2.1 The ar}nual effect

—~

]

The fruitg produced 1n 1985 ripened more quickly (X= 5.0 weeks) than
those borne i1n 1982 (X= 5.3 weeks), and, similarly, {he dispersant ripe frunf
were retained for a shorter period 1n 1985 (X= ZTS\weeks) in contrast to
1982_ (X= 3.4 weeks)., The yearly rankings were similar for those fruits lost
at the unripe or r1';|semng. stages, but the year effeclt was insignificant
for the unripa fruits, and the difference was shight and insagnificant on

the basis of the Scheffé contrast Fo‘r the ripening fruits.

.
4322 The season effect -

The only incidents of a significant difference between the early and
late formed fruits concernad the period of ripening and the retention time

of the dispersant ripeming fruit. The fruit formed eariier in Lthe season
K . ' -~

——
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Table 4.4, Analysis of variance summaries of fruit ripeming rates and the
retention period of dispersant fruits, <

#= p(.05 2 pC.0M &% p.004



~

L]

]

Effects Ripening Retention Period of stggrsad{ Fruits

Rate Unraipe Ripening Ripe Desiccated
*
Year zxxl NS . * xxn NS
Season . == % — NS NS NS NS
Habitat =z =xx NS xR NS
Year x Season ®®R NS ® x ol NS

" .
Year x Habitat NS NS b = NS
[ ] - .

Season x Habaitat = NS NS TR X NS

NS NS XEx xxx NS

Year x Seison x Habitat

I

1. Si1gnificance of F Ratio: NS

LI

P < .001l1.

1]

=

P> .05; *p < .05; *"*p ¢ .01;
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Figure 4.5. The effects of year, seasan and habitat on fruit ripening rates

and the retention pericd ot dispersant fruits. Mean values * one standard

v
deviation.
* p(F<.08 =% p(FI<.01 zee p(FI<.0014 .
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ripened more qu.xckly (X= 4.8 weeks) than did thoss formed later 1n the season’
(%= 5.6 weeks), and all ot the early fruits lost at the ripening stage were
retained for no more than one week, while their later counterparts remained

attached for a mean of 1.2 weeks prior to dispersal.

4.3.2.3 The habitat effect

‘ A significant habitat effect was i1dentified i1n ail cases save the
retention period of those desiccated fruits that dispersed. Ripening was
slower 1n the marsh (X= 5.5 weeks) and swamp K= 5.7 weeks) habitats than
at the field station (X= 5.2) or riverbank (X=4.7 weeks), as was the ripenung
rate at the field station d.xfferent. from that at the rxverbank.. The unripe
fruit dispersed 1n the swamp habitat (X= "’:4 weeks) were lost mare quickly
than those at the riverbank (X= 3.6) pr fieid station (X= 4.4 weeks); the
vaiue for the marsh (X= 3.3 weeks) was intermediate and not significantly
different from any other. Although there was a sigmificant habitat effect
for the retention time of dispersant ripening fruit, there were ng sxgpu‘x,c-:ant
Scheffe pairwise contrasts; and 1t can be noted that none of the dispersant
ripening fruit 1n the marsh or swamp habitats were ret.am'cd for more than
a week., The ripe fruit that dispersed over the course of t;tonltorxng were

retained for shorter periods in the field station (X= 1.9 weeks) anc‘i'rwcrbank

(X= 2.0 weeks) than yn either the swamp (X= 3.3 weeks) or marsh (K= 4.9

weeks), and those 1n the swamp were attached for a shorter periocd than

those 1n the marsh.
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4.3.2.4 The interactions of year, season and habhitat

in 3 number of cases the pairwise interactions of year, season, and
habitat were significant in teﬁns of ripening rates and the retention period
of dispersant fruits (Figure 44} For the most part, however, th.e
‘\nteractions were a matter of degree rather than conf.radxci;lon. of

particular note might be the more pronounced seasonal differences 1n 1982,

the pronounced seasonal effect 1n the retention ot dispersant ripe fruits

at the swamp, the minimal seasonal effect on retention of d:spersar‘ ripe
fruits at the marshy and the change i1n rank at the swamp from the second
longest retention of dispersant ripe fruits formed early in the season to
the shortest retention period for later formed ripe fruits. An examination

p
of the t2 cell rankings present at the level of the interaction of year,

season and habitat 1n terms of the retention of dispersant ripening and
ripe fruits suggested, at best, minimal contradiction beyond the trends

observed for the main effects and paxréd interactions.

4.3.2.5 The differences between unripe, mpemng‘and ripe fruits

e

Figure 4,7 depicts the significant main effects and pairwise
- .

itrteractions evident when‘thc retention times of dupcrsint fruits were

examined with the stage of development as an additional factor. The overall

period of retention of truits dispersed at the marsh habitat was greater
(X= 4.2 weeks) than at the others (swamp X= 2.6 weaks; field station X= 2.4
weelks; riverbank Xx 2.4), Dispersant unrips fruits were retainad longcr:

(X= 3.3 weeks) than those of any other ripeness (n‘pcmng X= 1.1 weeks; ripe

X= 2.9 weeks; desiccated X= 2.4 weeks), ‘and the retention period of dispersant
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Figure 4.& The interactions of year and season, year and habitat, and
ceason and habitat on fruit ripening rates and the retention period of

dispersant fruits. The mean values * one standard deviation are shown.
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Figure 4.7 The eftects of habitat, stage of development and the
anteractions of year and developmental stage, and habitat and developmental
stage on the retention pericd of dispersant fruits. The mean values * one

standard Heviation are shown.
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ripening fruits was ‘shor‘ter: than all others. The rankings according to
ripenass were consistent over thh years, but the yearly trend, insignificant
W0 this case, towards a short:er retention t;xrne 1n_1985 was countered only
1n the case of the dispersant desxcc;_ted fruits which showed a shiftn
ranking suggestive of a longer retentionin 1985. An examination of the .
n;ture of the sigmificant mte‘ra‘ctwn of habitat and ripeness suggests that
the significamt main effects were not confounded to a magor degree. The
exceptions stood with the marsh habitat where the ranking of the unripe
fruits suggested a shorter rather than longer retenﬂxon period than that
for the ripe fruits, and with the swamp habitat where the rankings of\

{
the ripening and ripe fruits was similarly reversed. The interaction of

-

habitat, year and season was also significant in the analysis ot variance,

-~

but the only ranking exception to the significant habitat effect was in
1982 when the later formed fruits at the riverbank had a retention pertod
ranking longer rather than sh;rter than for those dispersed at the marsh,
Neither were the significant habitat and ripeness t,r;ends contradicted 1n
a majgor way when the-rankings v‘zert examm.ed at the scale of L'he s:gnxtic;nt
interaction of year:', season, habitat and ripeness. [t 1s notabie, however,
that no des:cca’n‘d fruits %ere dispersed from th later formed
infructescences 1n {982 at the swamp and field station, nor 1n 1985 at the
.marsh and field station. Similarly, no ripeming fruits were dispersed from
the swamp 1n 1985, nor fro; amongst those originating from the later set

fruit 1n 1985 at the marsh: In addition, no ripe f"run,s were dispersed from

those formed later in 1985 at‘the field station.

>



4.4 Discussion

—

4.4.1 Question 1. Are the buds formed earlier 1n the season more likely

to produce fruits than those formed later in the same year?

Although the number of buds on the early and late inflorescences did
not differ significantly, the early ones were more likely to produce fruit.
This greater number of fruits produced by the early buds echoed a pattern
noted for many plant species (Stephenson 1981} that commonly produce the
early flowers lower on a stem or 1nflorescence 1n a position perhaps better
abie to tap resources moving up the stem. In Chapter 3, though, 1t was
found that the ripe fruits produced later :n the season were a bit bigger,
had more flesh and higher flesh-to-seed dry wé;ght ratios. So rather than
being a reflection of possible resource lxm/fgt\q\r)s, a reduction in the
numbers of fr‘.mts borne on the later inf ct.escenc.;es may represent a means
of producing relatively more rewardmg fruits at a time when the bulk of
species produce their fleshy propagules (Stapanian 1986, Herrera 1984b, Stiles
1980, Thompson and Willson 1979, Morton 1973, Snow 1971) and the compet:ition

for dispersers might be greatest (Herrera 1981b, Stiles 1980, Thompson and

Willson 1979).

4.4.2 Question . Do early fruits ripen and/or disperse more siowly than

later fruits?

On an intraspecific level the faster ripeming rate of early fruits
observed’in this study contradict the predictions of Stapanian (1982), Stiles

(1980) and Thompson and Willson (1979) that species which produce their

v

118



—

rflesny propagules early 1n the season in eastern North America should have
slower ripening rates than those species that mature their propagules later
in the year. In addition to ripening more quickly the early fruits of Solanum
dulcamara were more likely to disperse, especially 1t they reached the ripe
or desiccated stage of development, and greater numbers of these early
fruits dispersed. In contrast to the observation of several species by
Thompson and Willson (1979 of a greater dispersal rate for species with
iate forming fruits, there was no difference i1n the period of reteption of

dispersant unripe, ripening or ripe fruits borne early or late :n the season

by Soianum duicamara. In this sense the pattern for S. dulcamara matched

that described by Sherbourne (1972) and Herrera (1984b) who were unable

to recognize a seasonal trend i1n dispersal rates. The relatively greater

reward of the later propagules, then, may play a rolein maintainming the

levels of dispersal in the face of potentially increased competition for

dispersal agents with the bulk of plant species producing fleshy propagules

at this time (Herrera 1981b, Stiles 1980).

4,4.3 Question 3. Are fruits at different stages of development equaily

likely to disperse and do they disperse a't. the same rate?

Unripe, ripening, ripe and desiccated truits were all dispersed from
the infructescences observed in this study, but the probabilrty of dispersal
and the retention period of dispersant fruits varied with the stage of

development. The ripening stage was the most ephemerai and fruits at this

~
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X
stage were the least likely tp disperse, but t‘hose that did were retained
for the shortest period. Dispersant unripe fruits were retained for a longer
period than any other type, and although they were not as likely to disperse
as ripe or desiccated fruits, they were never-the-less lost 1n substantial
numbers. Desiccated fru:ts had the second highest probabxhiy of dispersal
and those that dispersed were retained for longer than the dispersant
ripening fruits ‘and shorter than the dispersant unripe fruits. The
percentage of ripe fruits to disperse was highest. of all and the retention
period of dispersant ripe fruit was also longer than that for the npemné

fruit and shorter than that of the unripe fruits.

G:ven that considerable proportions of the immature fruits of Soclanum

dulcamara and other species (Heolthuijzen %f_. . 1987, Moermond Ef'.f.l‘. 1984,

Willson and Thompson 1982, Foster 1977, S;ze ourne 1972) may be lost from

the parent and that thg seeds from 1mmature fleshy propagules of some
specles can ger:mtnate (Foster 1977, Lamont 1982a), 1t seems rash to dismiss
immature propagules from modeis concerning, the productxo’and dispersal

of species bearing fleshy propagules, as was the case for the assessment

by Howe and Estabrcooke (2977)., The loss of xmmatt.xre fruits of S. dulcamara

must be considered as potentially valid dispersal episodes unless they are

known to contain no viable seeds.

4.4.4 Question 4. Do the patterns of development and loss differ across

the habitats?

Differences amongst the habitats 1n terms of the patterns of fruit

production and dispersal were mére fraquently encountered than differences
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due to year or season. Inferpretation of these patterns 1s more difficult,
however,as each habitat differed remai‘kably from the others :n terms of

physical and biotic, characteristics. Each habitat will be discussed

seperately below.

In general terms the production and dispersal of fruits was miﬁt
efficient at the riverbank where there was mué tree or ground cover and
S. dulcamara tended to have a'shrubhge structure haghly visible among}st
the strewn boulders. The number of btéds borne on the inflorescences at
the riverbank were greater than the numbegs found on those in any other
habitat, and the percentage of those to set frux-ts was highest 1n rank
but differed sxgnxhcaxitly only from the percentage setting fruits i1n the

swamp. As a consequence more f{ruits were formed There. The fruits at

>

the riverbank also ripened more guickly and the prq:abzhty of overall -~

dispersal was also higher than at any other habitat. Because of the greater
numbers of fruits borne 6n the infructescences, the greater probability of
dispersal regardless of ripeness, and the consistently high percentage of
fruits dispersed at the various stages of development, greater numbers of
unripe, mipening and ripe fruits were lost at the riverbank than elsewhera.
As a further consequence of the high percentage of f"r'uxu disparsed i1n
this habitat the i1ni1tial difference 1n the numbers of fruits diminished with
time and 1n terms of the numbers of ru:-)emng' and ripe fruits the riverbank
differred significantly only from the swamp. The riverbank dxci not stand
out 'from the others i1n terms of the retention periods of dispersant fruits,

however, as i1ts values 1n this regara ‘wene usually intermediate and often

significantly different from only the 1&93; extreme value. The make-up of

.l
x‘,
\
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the ripe propagules dispersed 1n this habitat may have contributed to the
dispersal patterns, as they contained more flesh and would perhaps be more
rewarding than those in the r:arsh and swamp. In addition, more
inflorescences and hkely‘more fruits per stem were found here than in the

marsh or swamp.

At the field station where the stems of S. dulcamara clambered through
the mesh of the tencelines at various locations, the patterns of fruit
dgvelopment and dipsersal did not stand out 1n any magor ways from those
in the other habitats. The percentageg_ and number of buds/fruits realizing
various f‘aﬂg;s, and the retention period of dispersant fruits were for the

-

‘most part mt.ermedzat,n(‘»%the few instances where the value for the field
(S ) - ¢

g Wt n S

station was extreme m‘r‘:ﬁ’k‘: 1t rarely differed significantly from any other
value. Arguably the fruits 1n this habitat were the most accessible to birds,
given the abundance of perch sites offered by the fences, but there was
at best a weak overall tendecy for dispersant fruits to be retained for

shorter -periods. Ho\iover, the retention period of ripe fruits was lowest

L
r 4

in rank and significantly dafferent from the values for the marsh and
swamp-. As with the rlverbenk fruits, the make-up of the individual
propagules may have contributed to some of the differences observed betwaeen
the field station andithe other habitats, particularly with the marsh and
swamp. The dry f‘lesrim weight and flesh-to-seed dry weight ratios for ripe

fruits were greater at the field station than at the marsh or swamp, and

-

stems al the field station produced more 1nflorescancas.

—~

. T

o
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The overall productivity of S. dulcamara was probably lowest at the
swamp which was flooded for.much of the year, often remaining so_until
after the tree leaves had expand;d and created a very shady envirocnment.
in terms of the number of 1nflorescences produced’per stem this habitat
ranked the lowest and diftered signiticantly from the values at the
riverbank and the field station. The ru;e propagules from the swamp also
had less tlesh than those 1n any other habitat and the flesh—-to-seed dry
weight ratio was lowver than at the riverbank or field sta\txon. The numbers
of buds, the percentage ot these to set fruit and the numbers of fruits
produced ranked lowest at the swamp but erffered significantly gnly from
the values for the riverbank. Fewer fruits reached the ripening or ripe
stage at the swamp than in any other habitat, and the numbers of ripening
and ripe fruits to disperse were also lowest 1n rank bui significantly
different only from the riverbank values. l:he percentage of unru;o fruits
to disperse at the swamp was the highest in rank and significantly different
from the values in the,marsh.and field station. Although fewer fruits
reached the ripe stage of development at tﬁe swa.mp. the proportion of thase
to disperse did not differ significantly from the proportion in any other
habitat, and 1n terms of dispersal regardless of ripeness the percentage
dispersed at the swamp was second highesi{ 1n rank but not significantly
different than the values at the marsh or field station. Overall the
retention of dispserant fruits at L.he swamp differed significantly only from
the marsh, but the unripe dispersant fruits were retained for a shorter
and dispersant ripe fruit for a longer period tha.n at the ravarbank or

field station. ’
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Although the marsh habitat was flcoded much of the year, i1t was
unshaded for most of the day, and its organic so1l supporied a dense tangle
of rather weak stems of S. dulcamara. Ailthough trees bounde® this habitat,
there were few suitable perch bsnes that would offer access to the fruits
and the stems themselves were likely too weak to provide good support for
most birds. As with the sv.'émp. the numbers of 1nflorescences per stem
and the amount of flesh per ripe propagule were less here than at the
riverbank or field station. This _habxtat stood out from the r;st, however,

»
in terms of the efficiency of producing ripe fruits, since the proportion

- 3
of unripe fruits to disperse 1n this habitat was the lowest and dif fered
significantly flrom the values at the swamp and field station. Also, the
proportion of ripehing fruit to reach the ripe phase was highest :n rank,
significantly so, from all save the proportion at the field station. In
addition, the &babxnty of eipe fruit dispersing was amongst the lowest
n t.m; habitat, pt;t\m each case the value Ehf'flred sigmficantly only from
the riverbank. The marsh habitat really stood out from the other habitats
in terms of the retention per.'md dof dispersant ripe fruits and fruats
rsgardless of rxpen.ess. In both cases, the rettntxon.xod was greatest
at the marsh and significantly differerit from the the values at the other

habitats. The longer retention of dispersant fruits might be a partial

reflection of an inaccessability of the fruits in this habitat.

In general terms there were some pronounced differences betwesn the
habitats 1n terms of the patterns of the devalopment and dispersal of the

-fleshy propagules of Solanum dulcamarg, but 1t 1s difficult to place these

within the context of other investigstions. As in the majority of other-

.

124



[ L4

)

internabitat investigations (see section 1.2.4), fewer fruils were producea
and ripened 1n closed habitats, here represented by the swamp. which was
probably the least productive of the four habitats examined. Contrary to
some cbéervatwns concerning the proportions of fruits tc disperse (see

section 1.2.4), 1t does not appear that the proportion of fruits dispersed

from Solanum dulcamara remains consitgnt with crop sice, at_ ieast betwveen

the habitats. The case-of dispersal in the swamp 1s pertinent to tMs. Fewer
inflorescences and Fru'-x)t.s were pQroduced by the stems i1n this habitat ana
fewer fruits reached the ripeming or ripe stage, yet the overall proportion
of t‘r}nts. to disperse was seconrd highest and d:r‘fer:d sigrnificantiy from

only the mberbank where fruits were more numerous. This ranking was also

mamtamed'for the proportion of ripe fruits to disperse, the stage é:",?lch
- - » 4,

b '*“

most studxes\fwxs_(}{owe and Smallwood 1982, Thompson arf Willson 1979,
Howe-andlEstabrooke 1977, At g,he other extreme, the riverbank, where
the stems produced more xﬁflorescences than at the marsh or swamp and
the 1nf‘19rescences produced more fruits than at any other habitat, a much
greatgr‘ overall pro;:;ortlon of fruits dispersed. In addition, the retention
periods of dispersant fruits also varied amongst the habitats. In tontrast

to the observations of Willson and Melampy (1983), Morden-Moore and Willson

(1982) and Thompson and Willscon (1979), the retention time of truits produced

.1n the "closed™ habitat represented by the swamp did not difter for ripe

fruits or for fruits regardless of development from the vaiues cbserved
in the more "open” riverside and field station habitats. Furthermore, in

terms of the retention period of unripe dispersant fruits, those at the swamp

~
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wvere retained for the shortest interval. Aithough the marsh hakitat, nike
*he riverbank, cculd be considered open, the retentiorn times of J:spersant

fru1ts was iocngest there,

The observations concerning the patterns of production ana :i0ss
soutiined 1n the preceding paragraph were not put forth as derin:tive.
Certainiy, to properly evaluate the size of the crops produced under the
various conditions some more elaborate means ot enumeration would be
required, as fruits were continuously being formed and dispersed. It was
not my i1ntention to suggest that the fruits of the various developmental
stages that are disperced from the plant do so by the same pathways or
have simiiar 1mplications tor the subsequent performance of seeds and

seedlings. Indee’d, all of the observations made of bird behavicur around

—

- -
Solanum dulcamara 1ndicated that only ripe fruits were ccocnsumed.

-

-—

Mevertheless, unripe, ripening and desiccated fruits were 105”'”0”’ '.he','
‘infructescences and these may have contained viable se‘sgds ‘x;mh quitp
different germination properties than the seeds from r‘l\pe\x'\riglf.s. At -
present little 1s known about the germination characteristics of the seeds
of immature fleshy propagules from any species, and the 1mpiications of
the dispersal of immature fruits i1s also poorly understood (Thompson and

Willson 1979). s

4.4.5 Guestion S. Do the patterns of production and loss change trom year

to year?
Some of the patterns of production and dispersal of the fruits varied -
’

besween the two years. The fruits of 1985 ripened more quickly and the




dispersant fruits, especiaily the dispersant ripe fruits, were retained for
a shorter period than in 1982, despite the numbers of ripening and ripe
fruits actually being hagher in 1982, Greater numbers of unripe andﬂf‘ewer
numbers of ripe fruits dispersed :n 1985, and the proportion or fruits
dispersing regardless of ripeness, but especially the proportion of unripe

fruits to disperse, was greater in 1985.

In so'me cases there were significant 1nteractrions between the effects
of year, season, habitat and/or stage of development. Although the
m'_eract‘.xons were usually a;atter of degree rather than contradiction, some
of the noted exceptions indicate that strong pronouncements based on singie
yvear records, or which embrace only a very narrow suite of environments,
or which concern propagules 1nitiated only at a certain paint in the seascon

tn which they are produced, should Pe regarded as tenuous. This may be

especially so with a species like Solanum dulcamara that produces ripe
- :

propagules over such-a long portion of the growing season.

-
.
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CHAPTER 5
GERMINATION AND SEEDLING EMERGENCEE

5.4 Imntroduction

B

In Chapter 3, wvhich concerned -the make-up of individual propagules,
1t was found that most unripe, ripening and ripe fruits ggptained seeds
that were filled and firm to the touch an encie, were considered as ”good”'
seeds. In Chapte.r‘ 4, where patterns of propagule production, development
and loss were examined, it w:s found that substantial proportions of unripe,
ripening, ripe and, desiccated froits were lost from the 1nfructescences.
Depending upon t.h’e Amode of dispersal,‘the seeds may or may not remain
encapsuled an the flesh after commg;to rest. In order Lo' consider such
losses as pc:ssible dispersal episodes, it 1s re'q‘uxsxte that the propagules
contain seeds capable of germination. However, it 1s also important that
examinations extend beyond mere viability as factors that alter the
germination rates of seeds or. affect seedling emergence can also have great
impact on the contributions that a seed cohort might make to future -
generahor)s (Cavers 1983). The f_oc_us of the field and laboratory studies
described in this chapter 1s on some of -these factors and their impact upon
germination arfd seediing emergance. The questions of i1nterast for this
chapter are as follows: P | ]

(1). What 15 the influence of ‘the intact
propagule upon thg pattepsfs of seedling -

emergence under various field and
laboratory conditions?
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(2). What 1s the impact of the stage of

development of the propagule on germination
and seedling emergence?

(3). Do fruits initiated early 1n the season
contain seeds with different germination
potentials than those in fruits imtiated
later 1n the season?

(4), Are there differences in germination or

seedling emergence attributable to the
habitat in which the seeds were produced?

5.2 Methods

L

5.2.4 Field emergence studies

The fieid emergence studies were coriducted. at.the field station, marsh
and swamp hgbitats, Becgause of the covering of la-ge boulders and a high

Mevel of nearby pedestrian traffic no studies were conducted at the
~

-

riverbank. .

.

fn all the studies, seeds or whole fruits were placed on the soi1l surface
in cylinders which had been-pounded into the. ground. ‘Each cyci.mdcr was
cul from a length of plastic sewer pipe and measured 10 cm 1n length with
an internal diameter of 7.5 cm. Aside from the disturbance caused by the
insertion of the cylinders, the ground cover was left undisturbed, save that
herbaceaous vegnt.at.w’n within the cylinder-was clipped enough to allow thc/.\
placement of .a covering of fiberglass window screening across the top of
tecﬁ cylinder., It was u;tcndud that the screening would deter predators
and block input of other seeds.

- g ‘
In 1981, a set of two cylinders, spaced 30;cnr apart, was inserted at

" each of 35 locations, spaced at five metre intervals, along the fence line

*



at the field station. Ripe fruits were collected from 1ndividuals graowing
naturally at that habitat in early October. The collection was pooled and
divided 1n two. One group of .frunt.s was squashed over screens and the
flesh was rinsed free with water. The seeds were allowed tc dry 'at room
temperature and then were counted i1nto lots of 100 gnd s.t.ored in a cold
room (4° C., as were the 1ntact fruits., Within three days of harvest one
lot of 100 seeds was sprinkled 1nto one of the pair of cylinders at each
location. Twenty fruits randomly seiected from the bulk collection of intact

fruit were added to the second cylinder of each pair.

In 1982, 1dentical plastic cylinders were inserted and protected a.s in
1981. At the field station 18 locations spaced 10 m apart along the 1984
transect were used. At both the marsh and the swamp habitats a

rectangular grid of 20 cylinder locations was created, such tha} there was
10 m between each of the five rows and each of the four locations within
a row was separated by five metres. At each cylindér location a set of

. ’
three cylinders was inserted, one for each of the seed and fruit treatments

" and an additional cylinder receiving no inputs and acting as a control,

~
|
Again lots of 100 soeéis freshly extracted from ripe fruits collected i1n early

N

October at the field station were used, but only 10 intact fruits were added
to Lhe’cylmdcrs receiving the whole fruit treatment. In the fall of 1983

an array of.cylinders and treatments fdontical to that of 1982 was created

at the field station.

. eumng April, Moy and June of 1982, 1983, 1984 and 1785, the mesh was

ramoved from each cylinder at about 10 day intervals and the emergent

sendlings of S. dulcamara were counted, carefully pulled from the soil and
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discarded. The streens were replaced, those which had been damaged were
noted and data from these cylinders were not 1nc1uded}.:\l.ater analyses.
Observations later 1n the season were less frequently made, usually every

two weeks. [No attempts were made to ;nonxtor the cyiinders at the marsh

or swamp habitats during the period of flooding.

-

5.2.2 Greenhouse emergence itrials

*

Greenhouse emergence trials imtiated in August of 1981 were designed
to investigate the i1pfluence of fruit development and burial upon the
patterns of seedling emergence arising from bare seeds and seeds confined

within intact fruit. . ¢

During the first wveek of August 1981, unripe, ripening and ripe fruits

were collected along the tenceline at thé field station. Fruit bearing stems

-
- v

were selected at random with the proviso that there be at least five metf'c's.

rd

between stems. No more than a single fruit of each developmental stage
was taken from-an l.h,Qoresené:e'and no more than three fruits of esach type
were selected per stem.’ 'fhe procedure was repeated 'unhl 80 fruits of each
type had been collected. In thelaboratory Lh‘e fruits were pooled by ripeness
and 50 of each type were randomly selicted for treatments requiring intact
. . .
fruit. The remaiming fruits were crushed pvcr' wire mesh screens and rinsed
with water until the flesh had been rjemoved from the seeds. The intaot

fruits and the rinsed seeds (after drying for several hours at room

temperature) were stored overnight m glass petr: plates at 4°c.

—
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The follc_:wnng day, 60 plastic flower pots, each 10 cm 1n diameter, were
filled to within 2 cm of the top with the standard potting soil mixture
used 1n the Plant Sciences Department (cmposition 8 parts lIcam, 4 parts
sand, 2 parts peat, and trace eiements). For each developmental class, five
intact fruits were placed 1n each of five flower pots. Each fruit was marked
with a small plastic stake, and so1l was added to the pot until the fruits
were buried to a depth of approxﬁﬁate]y 0.5 cm. Additional soil was added
to another 15 pots until they were f®led to the same level as those contammé
the buried fruits. The i1ntact fruits added to these pots were positioned

on the sotl surface and, again, each of the five pots assigned to one of

the three ripenes’s classes received five 1ndividually marked fruits. The’

treatments using bare seeds were similar to those using 1ntact fruits, but
in each case, 100 seeds were sprinkled evenly over the sc:! surface. During
each of the seven weekly observations the emergent seedlings were counted

and carefully removed, and 1ndividual records were made for each berry

1n the treatments using intact ﬁruit. After 10 weeks the experiment was

. -
terminated.

5.2.3 Growth cabinet studles

)
e

The growth cabinet studies of seed germinat;xon patterns wm;e designed
to investigate the impact of berry development, seasonality and hab:ta‘t
under controlled conditions. Fruit collections were mad'e in each of the
four field habitats at two periods during the summer of 1985. The first
harvest was conducted during the thlr‘d week of July and the second was

conducted during the second week of September. ) .
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During each harvest, unripe, ripening, and ripe fruits were coliected.
During the second harvest, .an additional category of fruit comprised of
berries that had desiccated on theﬂxn{‘ructecence was collected. The berries
were collected from single 1nfructescences borne on stems separated by at
least five metres. No more than three fruits of each development class
were t:aken from an inflorescence, and the process_was repeated untal 20
unripe, ripening and desiccated fruits, a_nd 25 ripe fruits had been taken
within each habitat., This imbalance was somewhat reflective of the relative
abundance of each class, but, more 1importantly, allowed a more expanded
view o'f the germination of seeds t.a-ken from ripe fruits, the class that

preliminary 1nvestigations had suggested was most fr?uently dispersed.
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In the laboratory the fruits of each developmental class were pooled,
crushed and rinsed with water over screens to separ;ate the flesh from the
seeds, Fifty seeds were placed 1n each glass petr: dishes on a double layer
of filter paper (Wh_atman N‘o. 2) and moistened with distilled water. Six
piates were prepared for each of the unripe, ripening and desiccated classas
and ten plates for the ripe class. The plates were placed randomly on
shelvés 1n a growth cabinet oi’f"emng a w‘arm (25°C) illuminated period of
14 hours alternating with with a ten hour dark period when a temperature
of ibDC wae maintained. The filter papers were kept moist with distilled
water and seeds were remove;i and enumerated as their radicles emerged.
Observations were made daily for 21 days and less frequently afterwvards

until 70 days had passed and-‘the study was terminated. At that time all

seeds had germinated or rotted. .



5.2.4 Analytical Methods

All the experimental designs were fixed effecis analysis of variance
models and were performed using procedures offerred t'fy the SAS statistical
package (SAS 1985). When warranted, pairwise contasts were made using
the Scheffé multiple contrast optien. All proportxo.nal data were arc~sine

square root transformed prior to analysis,and in each case the rejection

probabxl:ty was 0.05.

The data f‘rom the field emergence trials are presented in terms of
proportions of total emergence, since the numbers of seeds contaand within
each 1ntact fruit could not be determined without damaging the berry.
Examination of 30 intact fruits selec;.ec.;l— randomly from the bulk collection
taken 1n 1981 at the field station habitat did reveal an average of about

30 seeds per fruit, however, and some comparison of estimated seedling

production rates could be made.

As the number of seeds added to each flower pot used i1n the bare
seed treatments of the greenhouse emergence study was known, 1t \v'as
possible to determine the proportion of seeds producing seedlings. Factdrial

analyses of variance were conducted for each census date. The analyses

for the census dates of the 1ntact fruit treatments of this study were’

performed on seedling frequencies only, bkcause the numbers of seeds wathin

an intact fruit could not be pre-determined and most had broken apart

by the end of the investigation

In the growth cabinet study, an analysis of the effects of habitat

and harvest date on the germination of seeds from ripe fruit was conducted.
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Germination data from the seeds of unripe and ripening fruits were added

1N a separate analysis where ripeness became a factor additional to harvest

date and habitat. As desiccated fruits were avallable 1n sufficient numbers

to warrant collection only during the second harvest, a third analysis was .

conducted for the second harvest data, with desiccated fruits representing
) +
an additional develpmental stage.

The general shape of the cumulative germination patterns observed

in the growth cabinets for each combination of developmental stage, harvest

and habitat factors were.similar except for apparent differences 1n the -

total proportions of seeds germirfating and the rates of germination. It
was decided tc;'focus upon these discrepancies and two dependent variables

were selected for analysis total percent germination and the number of

days required tor 50% of the g'ermmat.mns to oacur.
5.3 Results

5.3.1 Fieid emergence -

In the studies conducted i1n the field station habitat, seedling emergence
was mostly restricted to the spring months, regf_rdless of vhetﬁ"cr bare
seeds or intact fruit had been sown. By the end of May in any year most
seedlings had emerge;:i, although a very few new seedlings arose as late
as mid-August. At the.marsh and swamp habitats the pattern was different,
In both habitats no seed;xngs emerged until the fload waters subsided. This
occurred in the third week of June in 19683 and the third week of July

"in 1984, The majority of seedlings then arose over the naxt thru' w.nks,
’



136

but the occasional one could be found as late as mid-October. No seedlings

of S. dulcamara were ever found 1n the control cylxnder§ of any study.

General summaries of the yearly patierns of emergence_for each sthdy
are presented :n Table 5.1 for the seed treatment and Table 5.2 for the

. fruit treatment. Also given :n the tables 1s the proportion of seeds to
— . > .
produ@gm&rgent seedlings cover the entire study. For the fruit treatment

total seed number was estimated on the basis of the mearf value of 30 seeds

per fruit determined from a subsample of ripe fruits taken in 1981 at the

. field station habitat.

The vast magority of seedh.‘gs to e;xxerge from the bare seed treatmgnt
of the tield studies did so 1n the first year foliowing sowing. The lowest
mean first year percentage of total emerg e occured 1n the 1981 field
stat;on study (89%), a value significantly lower than all others. In the
second year the percentage emergence‘ in the '1981 field station study aga:n
deviated s1gnificantly fro.m the rest, but 1n this case its value was greater.
The only seedlings to emerge ;n a third year of Observation were also found

in that study.

<

-

N\
The percentage of bare seeds to produce seedlings aiso varied amongst
the studies. The percentage of bare seeds producing sesdlings at the field
statian varied from 46.1% for seed sown i1n 1981 to 46.8% for bare seeds

sown tn 1983. The percentags of seedlings arising from bare seeds sown

in 1982 at the .field station was greajer than at either {the marsh or swamp

habitats. ) o

’ : -
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Table 5.4 Yearly proportion of total seedling emergence 1n the fieid from

the bare seed treatments.



A. Bare

1

seed treatment

.

Study

Year Labatt 81 82 83 Marsh 82 Swamp 82

0.8911 a2 0.983 b 0.967 b 1.000 b 0.999 b
one '

0.1173 0.032 0.058 0.000 0.005

0.101 a 0.017 b 0.033 b 0.000 0.001 b
Two

0.115 0.032 0.058 0.000 0.005

0.00U8 a 0.000 a --- 0.000 0.000 a
Three

0.000 0.000 - .- 0.000 0.000

0.000 --- --- --- ---
Four

@

7.000 --- --- --- ---
Proportlon‘of seeds to produce seedlings

0.6691 a? 0.613 ab 0.468 ab 0.374 0.458 ¢

0.1623 0.163 ¢.214 0.250 0.248

t
1. Mean value.
2. Values fcllowed by same letters within the same rows are not .

significantly different (p < .05).

3. Standard devaiation,.
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Table 5.2 Yearly proportion of Ltotal seedling emergence 1n the field from

the intact fruit treatments.




B. Intact fruit treatment

Study

Year Labatt 81 82 83 Marsh 82 Swamp 82

0.3171 a2 1910 0.873 be 1.000 ¢ ©.988 ¢
Pne

0.3593 .161 0.209 0.000 0.052

0.594 a .09%0 0.127 b 0.000 ¢ 0.012 ¢
Two

0.348 .161 0.209 0.000 0.052

0.008 a . 000 --- 0.000 a 0.000 a
Three _

0.120 . 000 --- 0.000 0.000

0.011 -- --- .- ---
Four

0.033 -- .- --- .-
Proportion of seeds to produce seedlings‘

0.4251 a2 0.355 a 0.436 a 0.462 a 0.554 a

0.1823 0.166 0.158 0.151 0.268

1. Mean value.

2. Values followed by same lettere within the same rows are not
significantly different (p < .05).

3. Standard deviation.

4, vhlues based one estimate of a mean of 30 seeds per fruit.
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The emergence patterns for the whole fruit treatments in the swamp
and marsh studies closely paralleied the bare seed results, with the g'reat.
magority ot seediings emerging 1n the first year. Similarly, the emergence
patterns of the 1982 and 1983 field station studies echoed those of their
bare seed count.e'rpart,s. In the 1981 field station study, however, more

seedlings emerged from i1ntact fruits during the second year after sowing

than during the first year.

~

Based on the estimate of 30 seeds per fruit, the emer'gence success
of the 1ntact fruit treatments could be estimated. Although mean values
ranged from 35.5% for the 1982 field station study to 55.4% in the swamp
study, the differences were not significant. Because of the inconsistent
effects of the treatments across the studies and the estimation required
for the 1ntact fruit treatments, only very general observations can be made
between them. There did notl appear Lo be maygor dittferences between
seedling Aproductzon from bare seeds or intact fruits at the marsh or swamp
or field station i1n 1983, but more seedlings arose from bard seeds than from

-

fruits 1n the 1981 and 1982 studies at the field station.

As mentioned earlier, the results presented above refer only to those
cylinders for which the screen coverings were und:magna, as 1t was
impossible to evaluate the subsequgnt. loss of seeds or rfruit. By far the
greatest source of damage was rodents, as evidenced by the holes grnawvea
through the the mgsh screening and the deposits of faeces. Rodent damage,

which was restricted to the fruit treatment over the first winters at the

field station, accounted for a loss of 18 of the 35 cylinders in the 1981

study, four of the 18 cylinders of the 1982 study, and one of the 18 set

14




out in 1983, Additiona: small numbers of cyiinders were jost through frost
heaving or breakage ot the elastic bands securing the screening. Tnere

was no evidence of losses to rodents at the marsh or swamp habitats.

5.3.2 Emer"gence 1in the greenhouse

Figure 5.1a depicts the cumulative emergence patterns tor seedlings
arising from bare seed in the greenhouse emergence study for each ripeness
stag\e and depth of burial. For each census date there was a significant
ripeness gf‘fecr.. After cne week the ripe seeds had produced significantly
more seedlings than either the ripening or’unmpe seeds, From 'Lhen onwards
the proportion of seediings pr:oduced by unripe seeds was iess than the
others. By the final census date mean emergence was 50.5% for unripe seeds
and 74,9% and 84.5% for rxpe/m.ng and ripe seeds, respectively. From th=
second week onwards, seeds which had been buried y~1elded more seedlings,

and by the last census date a mean of 79.8% of the burze{seeds had producea

seedlings, 1n contrast to 65.7% of the surface sown seeds.

Figure 5.ib depicis the mean cumulative frequencias of seediing
emergence for those 1ntact fruits eventually producing seedlings. In
contrast to the bare seeds, emergence was delayed from intact fruits; very
few had produced seedlings by the third week and the first significant
factor eftfects were not evident until week four. At that time the mean
number of seedlings to emerge trom ripe fruits was 9.6, compared to 4.7
for the ripening and 0.4 for the unripe. 3V the sixth week the ripe fruits
- had produced significantly more seedlings than only iht unnpé fruits, and

at week 10 there was no significant ripeness effect. Al observations from
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Figure 5.1 Cumulative ceedling emergence inthe greenhouse. A, Bare seed

treatment. B.Intact fruit treatment.
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Table 5.3 Change in numbers of intact fruits producing emergent seedlings

1n the greenhouse.




Number of days after sowing

Treatment R1peness 14 21 28 3s 42 63 70
Uunraipe 0 (o] 3 4 4 5 13
n = 2%

Surface Ripening o] 1 9 10 10 11 l8
n = 2%
Ripe ) o 8 13 15 16 17
n= 25

’
unripe 6] 1 L 9 14 16 17
n = 25

Buried Ripening o} 0} 0 10 i5 16 iz
n = 25

, Ripe 1 1- 15 21 21 21 21
n - 2%

“
x2 0. 2.0 21.8 14.2 12.3 10.6 1.9
N XXX ® =
*P < .05; . 001
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the sixth week onwards those fruits which had been buried produced
sigmificantly more emergent seedlings. At week 10 there was a mean of
16.9 seedlings per buried fruit and a mean of 9.6‘ for those sown on the
surface. The‘1nteract10n of developmental stage and bur:al on seedling
emergence seemed to enhance rather than confound the main effects. At
weeks four and five, much of the mt.eract.xjon might have been attributable

to the relatively low percent emergence from the buried ripening and unripe

fruits. By week six the high percent emergénce trom buried ripa fruits

and the low percent emergence <rom surface sown unripe fruits may have

contributed most to the interaction.

Not all fruits produced seedlings during the 10 weeks of observation,
and the number of fruits with emergent seedh.ngs changed with time (Table
5.3), By the end of the investigation, however, the number of fr‘mts

producing seedlings did not differ signifrcantly across the treatment

ries. The greatest departures from expected values were consistently
found for the surface sown unripe fruits and the buried ripe fruits,
pecially du'r_xng the middle portions of the study when a particularly low
number of the surface sown unripe fruits agd particularly hagh number

of buried ripe fruits had produced seedlings.

Not all fruits produced seedlings during the 10 weeks of c‘:ibnrvat.:on,
and the number of fruiis with emergent seedlings changed with time (Table
5.3), By t_he end of the investigation, however, the number of: ;‘ruxts
producing seedlings did not d:’f:fnr ngmhc.antly across the troatﬁunt

chtegm"'us. The grnafnst departures from expected values werae consistently

found for the surface sown unripe fruils and the buried ripe fruits,

147

(%4



148

especially during the middle portions of the study when a particularly lg_w

-

number of the surface sown unrype fruits and particularly high number

of buried ripe fruits had produced seedlings.

®

5.3.3 Germinationin the growth cabinet

Displayed i1n Figure 5.2a+b are block diagrams depicting the prc}uon
of seeds germinating and the number of days to 50% germination for the
seeds removed from ripe fruits. ln each case the results are summarized
for the main eH‘e_cts ot harvest and habitat, plus the interaction between
the two. [In all cases total germination exceeded 92% and the only

IS

significant effect on total germination was that of harvest date, when the

the mean of 95.3% for the first harv@st. In terms of the number of.days

~

mean germination of 97.4% for the seco harvest vag slightly Higher than \

to 50% germination the effects of harvest and habitat were both sign:ificant.

The greater 1mpact was that of the date of harvest when the period to
50% germination was 3.6 days sooner for seads collected at the later date.

-

The differences amongst the habitats were less. The only significant
pairwise contrast was between Lthe seeds fro;n the marsh habitat with the
greatest mean, 12.4 days, and the seeds of the swamp habitat which took
an average of only 11 days to achieve 50% germination. Although the
harvest with habitat interaction was significant the impacts of the main
effects were litlle perturbed, as the seeds from each habitat tended to
germinate more quickly when collected during the seacond harvest and

differences between habitats for esach harvest were few. It seems that the

effect of harvest date was least proﬁounccd for seads taken at the .
. .

23



-

Jigure 5.0a Mean values (;-one standard deviation) for percent germination

of seeds from ripe frults 1n the growth cabinet. .
v - : ) .

€ p(F) .05 ¢ p(FIC.01  s#x p(F)¢.001 S
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Figure 5.2b Mean values (* one standard deviation) of the number of days
~ o i‘xfty'percent of totai germination of seeds from ripe truits in the growth

cabinet.

= p(F .05 =+ p(FI<.01 &% p(F.004
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riverbank habitat and most pronounced for seeds harvested at the field

\

station. -

Figure 5.3 displays block diagrams showing the proportions of seeds
germinating during the course of the growth cabinet germination st;xdy
after 1nclusion of the data from unripe and ripeming fruits. [n addition

Ltﬁ?ummarxnng the main effects Figure 5.3 provides diagrams depicting the
" results for the habitats and harvests of each ripeness class. The effect
of truit ripeness had the greatest impact on total percent germination,
the differences were sxgnxf;cant across all ripeness categories. A mean
of 68.3% of the unripe seeds germinated, the mean value for ripening seeds
was 95.9% and that for ripe seeds was 96.4%. The effect of harvest date
was not significant but that of habitat was. The mean for the marsh
habitat, 93.7%, was great;r than all others, and the mean for the field
st.at.x::m seeds, 91.5%, exceeded that of the riverbank seeds which had a mean
percent germination of 85% over all developmental categories. All pairwise
interactions and the three way i1nteraction bet;!en ripeness, date of harveast
and habitat of ori1gin were significant, but an examination of the results
broken down by‘ habitat and harvest for each ripeness class suggested that -
much of the interaction wagattributable to the pcrforma\nb! of sﬁds taken
from unripe fruits. Overall, the germination percentage for unripe seeds
was less than for the others, but this Lrlend was partially enhanced for
seeds taken from the swamp hgbxtat: during the first harvest and for u_cdl

from the riverbdnk taken during the second. It can be noted that, as

a whole, fruit development begins later in the heavily shaded swamp habitat

and ends later at the raverbank (pers., obs.);'and 1t is possible that the



Figure 5.3 Mean values (2 one standard deviglion) of percent germination

of seed from unripe, riperung and ripe fruits i1n the growth cabinet.

A)
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unripe fruits 1n both instances might have been particularly immatyre.

Figure 5.4 presents block diagrams as 1n Fagure 5.3, but 1n this case
the summaries are for the number of days to achieve 50% germination. An\/
three main effects were signmificant. Each rxpeness.. class was distinct from
the others, with the rate i1ncreasing with fruit maturity. As was the case
when the seeds from ripe fruit were considered alone, the seeds taken during
the second harvest germinated faster, by .some 2.8 days. The habitat
differences were also small, with the seeds of the marsh habitat germinating
more slowly than all others. The interaction between ripeness and harvest
might have arisen because of the weaker trend for the less mature fruxt,;
particularly the unripe fruits. The other significant interaction was that \
of harvest‘ and habitat, but like the previous case, the second harvest seeds
gérmmated at least as fast or faster than those from the first harvest.
The trends of the main effects were gentrally supported at tha level of
the three way mt.é’Factzc;n, but theywere least pronounced amongst the unripe

seeds, and within each developmental class i1t appeared that seeds from the

riverbank habitat were ieast affected by the date of harvest.

-

The overall effects observed for the ripeness and habitat were
maintained when the results for seeds from desiccated fruit (taken only
dﬁmng the second harvest) were analy.scd‘in conjunction with the sscond
harvest data from the other fruit categories (Figures 5.5 and 5.6). Again
there was noldxfhrence in mean total percent germ:ination of saeds from
ripening (95%) and ripe fruits (97.4%) but fewer seads (49%) from unripe fruits
germinated. The mean total germination for the seads from desiccated fruits

i85.7%) was ‘mur:nedxa'.e. Across all the ripeness classes the habitat effect



-
Figure 5.4 Mean values (¥ one standard deviation) of the number of days

to fifty percent germination of seeds from unripe, ripening and ripe fruits
in the growth cabinet.

* p(F)<.05 =% p(F<.01 e p(F<.004
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[
© Figure 5.5 Mean values (* one standard deviation) of percent germination
at the second harvest of seeds from unripe, ripening, ripe and desiccated

fruits in the growth cabinet.

* p(F)<.05 = p(F<.01 *** p(FI<.001 )
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Figure 5.5 Mean values (* one standard deviation) of the number ot days

to f1fty percent germination at the second harvest of seeds from unripe,

-
-
-

riperming, ripe-‘and desiccated fruits in the growth cabinet.

* PFIC.OS =+ p(IC.OL  =#% p(F)<.004
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on total percent germination was sigmficant but the differences were smail:

The mean values of 91.8%, 91.2% and 89.8% for the marsh, swamp and field

(4

station habitats, respectively, did not differ sigmficantly, butl all were '

greater than the result for the rxverbank\habltat. (80.3%). This deflection
of the riverbank results was likely the result of the very low percent
ger/nﬂhatxon observed in this habitat for seeds from unripe fruit, 39.7%, ahd
this finding probably represents the major contribution to the signxﬁc‘ant

ripeness with habitat interaction.

Germination rates differed an;ongst all ripeness classes i1n the sec':éﬁd
Y ,_ ~
minated most

o

harvest results. The seeds from the desiccated fruits ger
\‘

, , i
quickly, reaching 50% after a mean of 9.0 days, Seeds from ripe fruits took

~

an average of 9.9 day‘s and those from ripening and‘unrxlpe fruits took means
of 11.9 and 15.9 days, ;‘espectwely. Differences attributable to the. co]lcctx.on
habitats were again small." The méan of 13 days for the riverbank habitat
seeas was greater than all others; the mean f“or_ the ;narsh babitat (11.%
days) was g‘reatér tHan the mean Q-f 10.3 days obta:ned for the ‘fx-eld ‘station
seeds. The values for the f';e]d station and swamp (10.9 days) we’ro not
significantly gili‘ferjﬁrﬁ.: Rowever, Although‘ the ripeness with habitat

L} .
interaction was sigmficant 1n this analysis, the rankings of the ripeness

patterns for each habitat \.verje‘cansxst.ent. withh the main affect, as were

the habitat ranRings, 1n the main. The effect of mbeﬁass was most sirongly

pronounced for the swamp seéds, with means ranging from 17 days for seeds
»

from unripe fruit to a mean of 7.5 days for the seeds fromp the desiccated

fruit:s.

3

I




2 5.4 Discussion

C em -
Mechanisms which alter the dormancy of seeds or delay the emergence

of seediings can have great impact on the patterns of germination, seedling

emergence and, uitimately, the survivai of new plants arising from a coh;:art,

of ‘seeds (Cavers 1983). i1 the studies reported here the temporal patterns

3

R Y; germination and séedlmg emergencg of Sclanum dulcamara are infiuenced

. L]
by a number of factors, namely, the presence of the intact fru'xt., propagule

ripeneds, marvest date, and habitat.

5.4.4 Question i{. ‘What 1s the impact of theintact prbpaguie upon the
~ L] . ] - M
patterns of seedlirig emer génce under varuous field and laboratory .-

.
- ~

-

conditions? - :

2
n

The m&st d'ré'rhauc impact observed was that of the fruit flesh, more

precisely -thesintgcy fruit, on seedling emergence. When bare seeds of

Solarnium dulcamgra were scéf.tered on the surface of the soil or, as done

by Roberts and Boddrell (1983),,Robe-rt.s and Lockett (1977) and Adams (1927),

-

incorporated with soi1l mixtures and and placed outside for the winter, the
great maJoi-u.y of seedlings emerged in t.he f‘ol‘lowxng growing season. My
studus recapxtu.lat.?_uwose obsarvatxons but also showcd that some bare

seeds can produte seedlings 1n subsequent years. The effects were quite

different and mare variable when xnlact. fruit.s were added to tfu. field

- L] 3
- -

cylinders. In particular, the proportions of thgseedlings to emerge in later
years was highar for the intact fruit treatment. The nfost dramatic
contrast was observed in the 1981 field station study when the majority

N =

_of' dN the seegdlings emerged in the second. rather than first year, and some

o I . S .

> -

o v N
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seedlings emerged as late as Four'years after sowing. In this fashion the

contribution of a given year’s cohort of seeds to future seedhné pools might
‘ .

be extended over a number of years rather than Reing restricted to

essentialy the following growing season.

[y

~

In the greenhouse, seedling emergence from i1ntact frant was also

-

delayed relative to the bare seed treatment. Moreover, emergence from the
L

1ntact fruits was staggered aqver a mucf:r longer period as new fruits
contributed seedlings over the course of the study. Such a staggering of

emergence may have occurred 1n the field emergence studies as well, but
' . ® .

1t was not possible to monitor individual fruits in the field. If such were

the case, however, new seedlings could emerge at various times during a

single growing season and not be restricted to the environmental conditions '

of only a small portipn of the growing season. .

—

Too little data exists to assess the generality of the effects of intact '
propagules on seedling emergence over the array of species producing fleshy
propag;xles. However, such effects may be especially important for those
species like S dulbamqra which don’t have strongly dormant seeds, 'becauu
a8 cohort of seeds would be able .Lo sampie a' suite of .utabluhmcnt

environments exxgtmg over a number of years or over the course of a single

season.

542 Question 2, What is the impact of the stage of development of\tho

propagule on germination and seedhng emergence?

-

The timing of ..ued'hn‘g emergence was also affected by the stage of

v »

.

] .
] . ~
-
[ - v
- .
- ¢
el . .
‘. .
. .
.
» *
a
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' 4

devgopment of the fruits. In the middle period of the gr‘eenh.ouse emergence
trials the numbers of fruits to ha.ve produced emergent seedlings varied
amongst Lthe ripeness t':ategomes. During this period a low number of surface
sown unripe fruits produced seedlings and’a high number of buried ripe
fruits produced emergent seedlings. In the growth cabinet studies seeds
from fruits at all stages of development were capable of germination,
although those from the less mature fruits germinated more slowly, a‘nd seeds

from unripe or desiccated fruits were less likely to germinate.

For S. dulcaxﬁ’ara, Ardisia revoluta (Foster 1977), and Amyema prejssii

®amont 1982 a), at least, fruits which are los't from the parent while not
fully ripe need not be considered as lost in terms .of their ability to. prodruce
seeJlings. Whilst 1mmatlure seeds may produce fewer seedlings, the results
of the greenhouse gnd growth cabinet studies with S. dulcamara show that
the numbers can still be substantial. In addition, the slower rate of
germination of :immmture seeds might serve to spread germination over a

greater portion of a growing season, or possibly over more than one year,

The greenhouse seedling emergence trials also included & treatment
in which seeds and intact fruits were buried to a depth of about 0.5 cm.
As a result of burial the chances of producing a seedling were increased.

It is not uncommon for similarly buried seeds, faced with an environment

less sensitive to fluxes of lightt, temperature and mbisturn availability, to

-

prodyce mo" seedlings than t.hos.o~ sprinkled on the soil surface (Harper

1971, but tho’grnnhouso trials described here stand, to the bast of my

knowledge, as the first detailed accounts of Lha,effects of burial on seadling

-

emergence from intact fleshy pmopagules.

N

»
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5.4.3 Question 3. Does the season of the year 1n which {he fruits are

presented affect germination potentials®

The date of harves;. also affected seed germination rates. During the
growth chamber studies, the seeds fram all frut types t;!ken in the second
harvest g‘ermmated atl a faster rate than their counterparts from the ﬁrs.t
harvest, e;-:vecxany 1f the _f‘ruxt.s were ripe when collected. Although the
magnitude of the.harvest effects observed 1n the favourable germination
environment cy' the growth c'hgmber were small, the effect mmght stil]l be
important 1n ihe ;‘1eld. A greater dormancy of seeds produced and dxspe_rscd
earhier 1n the y.ear might dgcr:ase the likelihood of germination before the
onset of winter. Those seeds dispersed later tn the season might notl need
to be as dormant, since they would more likely encounter environments where
ambient conditjons do not promote germination. While suggtst.wo,‘;t.ho
harvest effect needs further 1nvestigation to be well undorsb.oc:d,. as the

seeds were harvested twice only and the germination stud;es were restricted

to growth cabinet conditions,

5.4.4 Question 4. ‘Are there differences attributable to the habitat in which

-

- the seeds were produced?

- P

-

Although the seeds from the marsh habitat tended to germinate slightly
A &l

faster and in greater numbers than those from other habitats, the m_ﬂucncc

-

of the field habitats' seemed to Wsmall over all. The major exceptions

- to this were the unusually low percentage gcéminct:xon found for unripe

fruits taken from the swamp habitat during the first harvest and from

.the riverbanl during the second. There,was also some indication that the

-
.

» * . -
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seeds produced at the riverbank were less responsive to the harvest effects.

PeL*I (1985) also found littie effect, :f any, on the ger.'mmat.xon of seeds

of S. dulcamara taken from a selection of habitats in Eurbpe.

The results of these studies ;dd 1nsx£ht"s to our know_'ledge of the
ecojogy of fleshy propagules. Particularly important 1s the extension of
the ecological roles played by the fle;r»h to post-d-:'spersal pattcrps' of
seedling emergence. Although varying froh year to year and from_habxt.a‘t
to habitat, it can 1n generab be said that seedling emergence was delayed
when seeds were confined within the intact fruits of .S.olanum dulcamara.

[ . » '
The stage of development, too, may play an important post-dispersal role.

Unripe, ripening, ripg and desiccated fruits all contained seeds capable of
: )

germma-hon, but mr:re seed§ germinated and at faster rates when the fruits

were more mature. . Even during a single seasc;n of fruit production there

can arise different potentials for germination, .as,:.h.c seeds harvested earlier

1n the season were slower {o germinate than those collected later. For

' _S_‘s; dulcamara, at least, the habitats from which seeds are taken play o_nly

, p ) .
a minor role i1n subsequent patterns of germination.

168




(14

CHAPTER SIX

S‘UMMAF\’Y AND CONCLUSION

6.4 Introduction

A var:et'..y of am{ual, seasonal and habn;at patterns in the production,
dispersal and structure pf the fleshy propagules produced by some plant
species have been described i the literature (see Chapter one). The
theoretical 1nterzratations of th:se patterns have concentrated c'm
xmplxca;tlons for ;xspe:sal mediated by animals, and particularly upon the
dispersal of ripe propagules. In this respect, Lthe t.fadxtmnal view 1s that
the Heshs} component of the ripe propagule provides a nutritive rewvard
to animals\ and serves as a "bribe™ payed for the r.!moval of seads and
their subsequent d&os:txon. If Lthe deposited seed 15 viable and restis N‘:I
an environment conducive to germination and 'subanuent growth, dispersal

-
.has been successful and the plant, in return, has received 1ts reward.

.

* Relatively lLittle attention has been given to the potentially valid dispersal
) episodes ‘represented by the loss of unripe, ripening or desiccated propajul;s
ﬂrom‘ the mfrucuscenc_e, or to the mph&ahohs of dx’s;:crnl by inip:mau
" means. Seed germination and ~sudlir'ag emergence patterns have also receivad
- little 1n the way of detailed study. The germination 'poun'tuls of seeds
found in non-ripe rru;ts and the impact of the inu.ct propagule on seedling <«

emergence have been particularly neglected.

\ 4

v . ) “ .
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In this thesis, examinations were made of aspects of the dispersal

¢ * !

L Y
ecology of Solanum dulcamara, a perenmal species that produces fleshy

berries throughout most of the growing season i1n a disparate array of
habitatls near London, Ontario. The traditional focus on ripe propagules
waswan important theme to the investigations, but the view was widened
to include a consideration of the possible dispersal implications of fruits
lost f‘rou; the 1nfructescence at other stages of UYevelopment and the
implhications of dispersal of intact fruits. To varying extents, anm.ial,

seasonal and habitat variations were examined. The following subsections

[ -
present the key findings of the investigations.

6.2 The importance of fruit developmental stage at dispersal. .

Alth;augh' non-ripe fruits of S. dulcamara generally contained more
unfilled "bad® s'ee.ds and exhibited greater Oariabxlit;y 1n the weights of
individual good seeds, they did contain wiable seeds. Overall, 48.3% of the
seeds from unripe fruits, 95.9% of the seeds from ripening frui}s', 96.4% of
the see:ds f'rom ripe frqlts anq 85.7% oL{he seeds from desiccated fruits
germinatef m'the__ growth c.hamber. This pattern {vas echoed 1n the
greenﬁouse, where 56.8% of the seed from unripe fruits, 76.9% of the s‘ccds
from ripening fruits and 84.5% of the seeds from r:ipe fruits produced
seedlings. Co'nu.qucntly, any losses of unribc; ripcnin:‘ ér desiccated fruits
from aﬁ .x_nfruct.uccnce should be considered p‘otentialy valid dispersal

£

-
episodes rn1;h¢r than deficits to the dispersal budget. -




’»

The dispersa: of non-ripe frullts was important i1n a gquantitative sense.

In fact slightliy more than 50% of the rruits were not ripe when dispersac:

1
33.5% were unripe, 13.0% were mipening and 5..% were desxccate?f Aithough
Lod

the nature or the dispersal pathways, be they animate or inammate, for
[}
each r‘ruﬂ type was not determined, 1t was likely that there were differences

given the great variation in fruit colour, texture and structure. in addition
\

only r{pe fruits were observed to be consumed by amimals. An important
cutcome of different dispersal pathways would be a widening of the range

of potential estaRlishment habitats that coyld be reached by the seeds.

The potential contributions of each fruit type to seed dispersa. variea

“from habitat to habitat. In the swamp, tor exampie, where ‘ne productivity

—

ot 8. duicamara might have been the lowest, a high percentage of unripe
rd

fruits dispersed, and those unripe fruits that did disperse were retained
L
<
_for relatively short.periods only. . Since unripe fruits contained viable seeds,

their loss from an 1nfructescence wculd represent more than a culiing of

excess fruits and would 1ndicate some possible regenerative return from

thvestments already made towards their development.

The dispersal 1mplications cz non-ripe fruits included a temporal

component. The losses of fruits at different stages of dcvel.opment'. exter.ded
the.;;emod during which fruits were dispersed Erom an infructascence: unripe
fruits would be dispersed before those fruits that wc-:)ul;:l unidergo further
development before dx?g{':al. The generally slower ratasg of gdrmmaiwn
and s;cdlmg emergence from unripe and rxponing seads u;ould'also broaden

a

the spectrum of astablishment conditions faced by a cohort of seeds, even

- -

within a single environment.
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6.3 ' Annual trends.

Considerable annual variation in the patterns of production and loss
~ have been described for many species, and annual variation was a component

of several of the studies described here, namely, the weekly study of bud

[y

and fruit fates and the seedling emergence trials conductgg in the field
.
habrtats. In terms of the numbers of buds and fruils produced by the

marke<1nﬁorescences, the only significant difference between 1982 ané ‘1985

was the greater numbers of ripening and‘ipe’ fruits produced in 1982.
Alt}houg.h a greater percentage of the 1985 fruits dxsper‘sed. much of the
d:f;‘er'ence. may have been attiributable to the numerically and
;.)roportxonately greater logses of uriru‘ae fruits. Fruits ripened ;nora quickly
1n 1985, and dispersant fruits, espec:aliy 1if ripe, were retained for shorter
lengths c’)f time. In addition, there were some rather pronounced yearly

differences 1n the patterns of seedlaing emergence from the intact fruit

treatment of the field emergence trials.

-

(;.4 - Seasonal trends.

‘Sealor;hl diffc'reni:es in the™attributes of fllshy—propagglu and in the
patterns of their pﬁ;.-:ductxon a.n'd dxspgf*sal have receivad a great d_ca] of
attention, and a'number of, bften conflicting, theoretical lpbdoll have bean
d.vcioped;- Some studies 1n temperate environments have identified seasonal
d;rurenc;s ‘i'n the ditributes o?‘ the fleshy propagules pt:oduccd by spacies

bearing ripe propagules early in the season versus the ripe prqpa'ulcs'
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produced later 1n the seasongby other species. Similar contradictions in

-

cbservation and theory concern the patterns of fruit production and

dispersal rates. .

-

Given the lack of congruence amongst the observations and

mterpretatxons of seasonal differences in the patterns of fleshy propagule

production and dispersal, 1t 15 not surprising that the patterns observed

A

' for Solanum dulcamara conform and conflict with aspects of them all. It

é

may also be inappropriate to expect a species like S. dulcamaré_ that
produces ripe fruits continuously throughout much of the growing season
A ]

to conform very closely with models based on a sequence’of spécxes producing

ripe propagules over relatively short time periods.

»

A\ti-ade—of‘f‘ in fruit numbers and qualities may have led to seasonal
differences 1n the Iefﬁcxency\.of seed production and dxspcrsa}. Seed
production may have t;een more efficient early 1n the season. Although the
seedloads of the early .formed ripe fruits were sﬁmlar to those of Lthe later
formed ripe fruits in terms of numb'::s' apd weights, the early fruits had

~ -

less flesh and lower flesh-to-seed dry weight ratios. In addttion, more

fruits, and hence more seeds, were produced on the infructescencas forfad .

early 1n the year, despite a lick of seasonal difference in the numbers
of buds found 0:1 the inflérescnnces. Seed pr“oductmn later in the season
may have been less efficient. Fewer fruits were set, and those that ripanad
had more flesh ‘and higher flesh-to-setd dry weight ratios than the l;lrly

fruits. The production of such potendsally more rewarding fruits did not,

) however, lead to an increase in dispersal rates. It is possible t.'hat\

;dJustmants to the fleshy component, with a possible sagrifice in overall
. R -
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seed production, were sufficient only to maintain the rate of dispersal at
v -

a time when 1nterspecific competition for dispersal agents might be greatest.

The ripe fruits formed 1n the common garden later in the season also had

higher H.esh-t.o.-seed dry weight rat:os. that the early fruits. However it

appeared that adjustments 1n both the flesh and seed components effected

the change.
[ =

The destruction of fruits that, 1n some theoretical views, may arise
1f ripe fruits are not quickly dispersed or 1f ripening rates of early fruits

are too rap:id, was notl observed for Solanum dulcamara. The early fruits

actually ripened more quickly. than the later fruits and rarely was there
v

evidence of damage to the fruits by insects or decay. —

N
If the slower rates of germmat:an observed in the growth cabinet for

¥ -

seeds from fruits (especially if ripe) formed early in the season would occur

in thé field, fewer seedlings might emerge at a time when the grdwth of

other plants would be near .the seasonal maximum and when there might
° - .
be limited opportunity for seedlings to grow to a stage capable of surviving
——r

the winter. Seeds dispersed later 1n the season, in contrast, would be less

174

likely ‘to encounter conditions conducive to germination, and the late seeds -

-

may be more reliant on a supprassion of germnation by the anvironmental

conditions of fall and winter.

$.5 Habitat trends.

.
.

MaJjor differences in the atiributes of the ripe prop‘a‘guln (mostly
’ . . ‘
confined to the flashy component) might -reflect dif'f‘lr_'nncu in the

. \

G
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productivity of Solanum dulcamara across the set of field habitats and a

greater fitness component of the seed rather than flesh component of the
propagule. The number of buds per i1nfiorescence, the number of
xnf‘lorescence.plper sviem, and the probability of fruit set were lowest 1n the
swamp where the shady ‘and seasonally flooded conditions may have besn
the least favourable to the productivity of the species. In comparison, the
greater numbers of 1nflorescences per stem, the higher numbers of buds
per 1nflorescence and the high percentages of buds producmg.f‘ru:ts
suggested that the environments at the riverbank and, to some extent, the
field station were more favourable to the productivity of S. dulcamara.

In addition, the fruits rlpen.ed more q.uxf:klhy at the riverbank, and a greater
percentage of fruits dxsper:sed t.her.e than at any other hab:itat. Although

the individual ripe propagules at the swamp and marsh, 1n contrast to those

at the riverbank and field station, might have offered less absoclute and

relative reward Lo animals, given the adjustment to the flesh rather than .

“the seed component, their seeds, upon which fitness more directly rests,

-

might still be ‘wpersed by inammate vectors o™y animals al a later date

when alternative food supphes dwindle.

The differences in the attributes of ih‘e ripe propagules produced in
the marsh, swamp, field station or riverbank habitats were likely the result
of p.henﬂotypic plasticity rather than pron.ounced genetic diﬂ"crcnou
arhongst the natural populations. In contrast to the fruits from the natural
habitats, the ripe fruits from the commr:m garden showed rlla:voly few
dif ferences that could be associated with the habitats from wl"uch the stem

J .
cuttings originated. - N
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Oniy shght habitat differences 1n the germmat:on patt.efns of seeds

extracted From the various types of fruits were observed 1n the growth
cabinet studies. [t 1s difficult to assess whether such small dzﬂ‘erences
could be considered adaptive. Certaihly, more studies, aspecm‘uy in the field,
would have to be conducted before better insights could be gained. The
low overall percent germination of the seeds fr;om the riverbank and the

similarly low percent germination of the swamp seeds may have largely bezsn

a reflection of the seeds from unripe fruits., Seeds from unripe fruits taken

early in the season at the swampl, where fruit development seemed to begir;
earhier 1n the year (pers. obs.), and seeds from unripe fruits collgct.ed in
the sétcond harvest at the’rwerbaﬁnl;, where new fruits were being inlt;ated
rel\atwely late 1n the season (pers. obs.), may have been particularly

immature and, as a consequence, less likely to germinate,

6.6 Thg int.eractxons of year, season, habitat and dévelopmental stag_.

Although the studies were designed to focus on the main effects of

' year, season, habitat and developmental stage, yateractions amongst them

£

were 1dentified in some 'analys{es. When the data were broken down Jjointly

te the level of the interacting factors, it appeared that the interactions

were usually a matter of degree rather _t.han contradiction. In most cases
the rankings were consistently maintained. There weare some notable
exceptions, however, that suggested that strong theoretical pronouncements

should not be based on single year records, or on observations from only

a small suite of occuppied habitats, or from recoirds which concern

p.ropagules pi*oauccd during only a portion of {he period thatl{ a species

t .
. ’
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produces fruits. This may be ‘esp‘emany so for a8 perennial species lilep

.
s\l

. - ®
Solanum dulcamara that occurs in such a wide variety of habitats and which

Tike Solanum dulcamara that do not .f.-oduce seads

1mtiates and ripens propagules over a large portion of the growing season.

~

LY . oL~

Dispersal of fruits b 1nanimate means 1s likely to result 1n seeds

6.7 The influence of the intact propagule on seedling emergence. .o

remaining 1n 1ntact fruits. Despite reports of intact propagules baing lost
from many plant species, very little attention has been given to the possible

influence of 1intact fruits upon patterns ‘f germination and seedling

emerger:nce. My st‘\dxe.s Suggest'thét whether or not seeds remain-in the intact

propagule has important implications to the population dymawmics of S. -
dulcamara. In the seedling emergence studies conducted i1n the field Lthe
-_— < . . - .

chance of seedling emer%ence in future years was increased 1f intact fruits;-

L

rather thﬂ\ bare seeds were scattered over the ground surface. In the’

-

moét striking example, the 1981 trial conducted at theg f:’elg station, the ‘e,

bulk of the seedllngs‘qctually emerged 1n the second rather than the. first:
year after saowing. Seec‘mg emergence from jntact fruit 1n the greenhouse

studies was also delayed relatfve to the bare seed treatments. Moreover,

fay .

emergence from intact fruits was staggered over a much longer period as
- [l - LY

. hew fruits contributed seedlings throughout the course of the studies. THase

esults suggest that a cohort of seeds,-when confined to mtaét fruits, \vou.ld ¥

be able t4 sample a wid®r range of establishment settings existing ov.cr

a number of years or over 4he course of a single g'row[\i saason. For }pcou} "

hat are in themselvas

strongly dormant, such effects might bc'particula/rly‘imporllnt. i "
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