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AssrRAcr

Urbanization in Winnipeg has been associated with both a loss of forest cover and

a change in the species composition of the remaining forest communities. This thesis is

an affempt to discover the role seed dispersal plays in the decline and recovery of riparian

forests.

Seed traps were located in four riparian forests to study seed rain patterns.

Although urban and rural forests had an equivalent number of seeds and species

deposited per trap, urbanization was associated with a shift from native to exotic species,

notably with the introduction of Rhamnus cathartica and Arctium mínus. No understorey

species emigrated from the forest patches, suggesting that migration of non-woody

species out of forest fragments may be extremely limited. Taraxacum fficinale

dispersed further into rural forests; however, the smaller urban forests may be more

heavily affected by immigration due to their greater edge- to-area ratios.

Patch-level seed rain studies were supplemented by landscape-level population

genetic studies. Individuals of Anemone canadensis, Laportea canadensis, Trillium

cernuum and Viola pubescens were submitted to inter-simple sequence repeat

microsatellite primers to determine isolation-associated genetic differentiation. Although

no such patterns were identified, the relative lack of information about long-distance

dispersal in fragmented landscapes suggests strongly that genetic approaches may be

vitally important to increase our understanding of the effects of fragmentation.

Ecological changes associated with urbanizationmay provide unique stresses to

species relying on ants to disperse their seeds. In heavily disturbed urban forests, there



was a loss of both vertical and horizontal habitat heterogeneity and a concomitant loss in

ant species diversity. Rural forests had a greater vertical and horizontal habitat

heterogeneity than urban forests, and also had a greater number of ant species. Despite

the loss of ant species in urban forests, the removal rate of Viola pubescens seeds actually

increased, which may be a result of the foraging behaviour of the remaining species.

The relatively limited dispersal evidenced from isolated forest fragments suggests

that active planting of propagules may be necessary to maintain native species diversity

as distance from extant forest increases. An introduction experiment was undertaken in

an abandoned agricultural field and two neighbouring, historically grazed. forest patches.

That the seed rain, seed bank, and aboveground vegetation at these sites were all

depauperate and similar to one another indicates that, if left to natural processes, little

vegetation change would occur in the future. The introduction of native species was

hampered by the dominance of competitive exotic species. The introduction of shade and

leaf litter mulch concurrently with planting suppressed exotic species and increased

success of planted species.
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Chapter 1. General inhoduction

Chapter 1 GnNnn¿.L rNTRoDUcrroN

Riparian, or river-bottom, forests are an important and biota-rich component of

prairie landscapes. Despite their relatively small size in a prairie landscape, they are

more biodiverse, and more productive than upland areas (Thompson and Hansen, 2001).

Additionally, these serpentine forest corridors are often the only forest cover in prairie

regions. As such, they play extremely important roles as corridors for wildlife (e.g.

Malanson, 1993; Tabacchi et al., 1998; Thompson and Hansen, 2001). Riparian forests

also play an extremely important role in human dominated landscapes as recreation and

greenspace (Airola and Buchholz, 1984; Miller and Hobbs ,2002).

Despite their importance, riparian forests in the Canadian prairies are under

extreme land use pressure (Bird, 1961). Since the settlement of Winnipeg, a significant

loss in forest cover has occurred (Arrowsmith, 1819; Linnett Geomatics lnternational

Inc.,1994). Concomitant with this loss in forest cover, is an urban-associated change in

the composition of the remaining forest communities. Riparian forests in Winnipeg tend

to be lacking much of the plant diversity typically found in riparian forests in rural

landscapes. Species that do remain tend to be exotic, woody, and dispersed by animals.

A similar decline in diversity in soil seed banks suggests that the capacityof these forests

to regenerate naturally may be hampered (Moffatt, 2002).

This decline in urban forests is not going unnoticed. Partnerships between several

levels of government, non-government and community-based organizations have been

developed to manage, conserve, and restore these habitats. The amount of remaining

habitat within the City has been identified, and the state of those remaining patches is

Effects ofurbanization on seed

dispersal in riparian forests B.A. Thompson,2003



Chapter 1. General introduction

being described as part of an ongoing project (Cowan, 1993;Harnson and Kunec, 1995).

Additional management-based projects include control of the exotic Rhamnus cathartica

(V/ill, 2000), and planting of native species (e.g. Fabbri and Jurkow,1997; Thompson,

2003). Ecologists with the City of Winnipeg and the University of Manitoba have

identified trends in forest composition and integrity (e.g. Waters and Shay, 1995; Moffatt,

2002); however, relatively less is known about the role of seed dispersal in affecting

forest community composition.

Sruny AREA AND oBJEcTIvES

The study area is in southeastern Manitoba, along the Assiniboine River, in the

vicinity of Winnipeg, within the Lake Manitoba Plain ecoregion (Fig. 1.1).

The Lake Manitoba Plain is the transitional area between the Boreal Forest to the

north and the Aspen Parkland to the south and west. Vegetation in this ecoregion was

historically rough fescue and tall-grass prairie dominated by big bluestem (Andropogon

gerardi), prairie cord grass (Spartina pectinata) and switch grass (Panícum virgatum).

Tree groves contained bur oak (Quercus macrocarpa) and trembling aspen (Populus

tremuloides) with floodplain forests charcctenzed by Manitoba maple (Acer negundo),

American elm (Ulmus americana), and green ash (Fraxinus pennsylvanica) (Looman and

Best, 197 9 ; Ecological Stratification Working Group, 199 5).

Effects ofurbanization on seed

dispersal in riparian forests B.A. Thompson,2003





Chapter 1. General introduction

This ecoregion exists in the basin of glacial Lake Agassiz, and the soil is

predominately lacushine and alluvial deposits. The lower and wetter areas, which

developed into the Red, Assiniboine, La Salle and Seine Rivers, received high inputs of

alluvial deposits and developed a Blackearth Soil type. This soil is thick, fine textured

clay, and rich in organic matter (Ehrlich et a1.,1953).

Average annual temperature in Winnipeg is 2.6 0C, with average daily temperatures

ranging from 19.5 0C in J.tly to -17.8 
0C in January. Average annual precipitation is

5I3.7 mm with 110.6 mm of that arriving as snowfall

(www.msc .ec. gc.cal climate/climate_normals).

European settlement of the area began in the early 1800's in the region along the Red

River in present day Winnipeg. The flood plain areas were among the f,rrst to be settled,

leading to a relatively rapid decrease in forest cover (Warkentin and Ruggles, 1970). As

well, settlement lead to a decrease in the number of buffalo in the area, andeventually to

flood and fire control; effectively removing the competing pressures which developed

this distinctive landscape (Bird, 1961). Currently the landscape is dominated by

agriculture, primarily of wheat (Triticum aestivum) and canola (Brassica napus) and by

the urban centres Winnipeg (pop. 600 000), Portage la Prairie (pop. 23 000) and Brandon

(pop. 3 9 000) (www. communityprofiles.mb.ca).

Current riparian forests in this system can be classified as belonging to one of three

'types': urban, suburban or rural. Rural forests (e.g. Beaudry Provincial Park) are the

largest, and most biodiverse of the three types, and are dominated by species such as

green ash(Fraxinus pennsylvanica), veiny meadow-rue (Thalicnum venulosum) and,hog

Effects ofurbanization on seed
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Chapter 1. General introduction

peanut (Amphicarpa bracteata). Urban forests (e.g. Munson Parþ have been surrounded

by human land use for the longest time, and are heavily disturbed. They exhibit a lack of

overall plant species richness, and a relatively high component of exotic species, both in

the above ground vegetation and the seed bank. Tlpical exotic species within urban

forests include European buckthorn (Rhamnus cathartica), coÍrmon caragana (Caragana

arborescens), and bittersweet (Solanum dulcamara). Suburban forests (e.g. Assiniboine

Park) tend to be slightly larger than urban forests, and have more plant species, including

natives, in both the above ground and the seed bank. Due to Winnipeg's constant growth

however, suburban forests are facing fairly large stresses (Moffatt ,2002).

The overall objective of this thesis is to assess the role of seed dispersal as a

mechanism of decline and recovery in riparian forests associated with urban land use.

More specifically, I wish to:

Ð review the existing scientific literature on dispersal of organisms across

fragmented landscapes;

ii) describe the effects of surrounding land use on seed rain patterns within isolated

riparian forests;

iii) describe the long-term and cumulative impacts of urbanization among populations

of both effective and non-effective dispersers by examining genetic differentiation

in riparian forests along the Assiniboine River;

iv) describe the impacts of urbanizationon the species composition, and seed

dispersal by the myrmecochorous ant guild;

v) investigate to what degree seed dispersal disrupted by urbanizationmay be

augmented by active restoration.

Effects ofurbanization on seed
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Chapter 2 LrrnnanuRn REvrEw

Riparian ecosystems are those existing at the interface between terrestrial and aquatic

systems. Riparian vegetation plays an important role in processes such as nutrient

buffering, stabilizing riverbank sediment and acts as habitat for wildlife (e.g. Cordes et

a1.,1997). In western Canada, they tend to make up a small proportion of the total

landscape, yet be proportionally more productive and biodiverse than the rest of the

landscape (e.g. Thompson and Hansen, 2001). Due to settlement patterns in the

Canadian west, these nearshore areas were among the first to be converted to agricultural

or urban land use (Warkentin and Ruggles, 1970).

There are a number of rivers in Winnipe gthatprovide interesting opportunities for

ecological study. The forest along one of these, the Assiniboine, \ryas left relatively

untouched during the early days of Winnipeg's settlement. Little quantitative history

exists from the days before European settlement, but some of the early Europeans in the

area have left us with descriptions of this river and its forest. John Tanner, an American

who lived with the Anishnabe reports, ca. 1800, that:

the banlçs of the river on both sides, are covered wíth poplar and white oak, and
some otlter trees which grow to considerable size. The prairies, ltowever, are
notfar distant, and sometimes come tnto the ímmediate bank of the river
(Warkentin,1964).

When H.Y. Hind explored the area in the mid-l800's, he reported that "the river banks

are heavily timbered, and sustain trees of very large dimensions" and that "the timber on

the banks of the Assiniboine is perhaps not so heavy as on Red River, nevertheless some

very fine oak and elm, with some white wood and poplar of extraordinary dimensions,

were seen near the Prairie Portage" (Hind, 185S).

It was perhaps the fact that the Assiniboine \ryas less heavily timbered that saved

Effects ofurbanization on seed
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Chapter 2. Literature review

it, as development tended to focus on the banks of the Red where fuel and building

materials were more readily available. An early map of the Red River settlement shows

extensive riparian forests along all of the rivers and streams within the current city limits.

Moreover, the forest along the south bank of the Assiniboine seemed to be the widest

(Fig. 2.1) (Arrowsmith, 1819). Forty years later however, regional forest cover has been

drastically reduced. The banks of the Red had become a patchwork of cultivated land and

forest, yet the forest along the Assiniboine remained essentially continuous. There was

some clearing in the vicinity of the forks of the Red and Assiniboine, but nevertheless,

forest extended out to St James, unintemrpted despite some building construction

(McPhillips,l874; Sinclair and McPhillips, 1875). A topographic map of the area west

of Winnipeg created in I9l7 showed continuous forest from Sturgeon creek west,

becoming more dense west of Headingly (Office of the Surveyor General, l92l).

In the 1940s, the federal govemment began taking periodical aerial photos of the

area, allowing easier study of changes in forest cover. These depict a thin, but

continuous, stretch of riparian forest between the mouth of the Assiniboine and present-

day Munson Park on Wellington Cresent. In the suburban areas between Munson Park

and Assiniboine Park the forest \¡/as no longer continuous, although much forest cover

remained (Government of Canada, 1948). By 1959 forest cover had substantially

reduced in the urban core. This decline was associated with the development of

buildings, roads and bridges (Government of Canada, 1959). Although urban forest

cover continued to decline, the greatest change occurred west of Assiniboine Park. As

subdivisions continued to grow here, much of the riparian forest cover was removed

(Govemment of Canada,1972). Land use in the vicinity of the Assiniboine River is

presently dominated by urban and agricultural land use, any remaining forest fragments

are small and isolated (Fig. 2.2) (PFRA,1,994; Linnet Geomatics, 199S).

Effects ofurbanization on seed
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Chapter 2. Literature review

RrpanraN FoRESTS

EvorurtoN rN A PRAIRIE LANDSCAPE

The landscape that eventually developed after the recession of glacial Lake

Agassiz ca. 9000 years ago was a mosaic of grassland, aspen parkland and riparian forest

(e.9. Löve, 1959; Shay, 1984). The structure of this mosaic was defined largely by fire

frequency; grass fires would periodically burn the area, removing most tree species and

allowing grasses and forbs to thrive (e.g. Bird, 196l; Anderson, 1990). Fire frequency in

Manitoba's landscape was in part determined by climate, soil type, and bison activity, but

on a finer scale, the structure of the landscape mosaic was defined by the location of

rivers (e.9. Anderson, 1990). Rivers provide soil saturation (e.g. Tabacchi et al., 1998),

topographical variation (e.g. Malanson, 1993) and firebreaks (e.g. Anderson, 1990),

which would have intemrpted the course of grass fires and provided fire resistance to

near-shore areas.

Major prairie rivers in the province, including the Pembina, the Assiniboine, and

the Souris are now smaller than the meltwater rivers which preceded them. Flowing in

these over-sized riverbeds promotes seasonal flooding during spring snowmelt (e.g.

Löve, 1959; Lockery,1984). This flooding created a series of stresses of its own,

allowing the development of a unique plant community within riparian forests (e.g.

Brown et al., 1997).

Rperuex FoREST STRUCTITRE

Plant communities along any river reach are affected by their location in the

drainage network, the valley morphology and their proximity to the river (e.g. Pabst and

Spies, 1999). Some authors have argued that factors acting at the level of the drainage

basin are more important than those acting at smaller spatial scales. Larger scale factors

include basin area, relief, and drainage density. These processes play arole in def,rning

Effects ofurbanization on seed
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Chapter 2. Liter afix e review

plant communities by influencing flooding frequency and volume (e.g. Baker, 1939).

At the forest patch level, community structure is affected by elevation, stream

order, stream gradient, sediment load, substrate diversity, and distance from the river (e.g.

Baker, 1989; Cordes et al., 1997; Brown et al., t997;Pabst and Spies,1999).

Precipitation and temperature tend to increase and decrease with elevation respectively,

while valley orientation affects the amount of incident solar radiation (e.g. Bendix, 1994).

For example, higher elevation streams in Alberta tend to have poplar stands (Populus

tremuloides), which succeeded to a balsam poplar (Populus balsamifera) - white spruce

(Picea glauca) forest, while lower elevation streams tend to cottonwood (Populus

deltoides) (Cordes et al., 1997).

Within this large-scale longitudinal gradient is a smaller scale transverse (i.e.

across the river valley) gradient (e.g. Bendix,1994). Forces acting across this transverse

gradient include flood severity and substrate texture. Along the Assiniboine River there

is a clear gradient in forest t¡4pe correlated with distance from the river. Extremely wet

areas are dominated by peach leafed willow (Salix amygaloides) and cottonwood (P.

deltoides), developing over time into a Manitoba maple (Acer negundo) and green ash

(Fraxinus pennsylvanica) community. As distance from the river increases and soil

conditions become drier, American elm (Ulmus americana) becomes more typical. In

even drier regions the forest grades into one dominated by basswood (Tilia americana)

and bur oak (Quercus macrocarpa) (e.g. Shay, 1996; Moffatt et al., submitted). In

Illinois, moisture levels appear to be strongly associated with riparian community

composition. Drier forests tend to willow and cottonwood forests, eventually succeeding

to Manitoba maple, ash and American elm. Wetter forests tend to a more diverse shrub

ecosystem, succeeding to either elm-ash or oak ecosystems as drainage improves (Hosner

and Minckler, 1963).

The combination of the longitudinal and transverse forces creates a plant
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conrmunity mosaic that is extremely spatially complex (e.g. Bendix,1994). Effects of

fragmentation may not only remove forest patches, but may in certain cases alter the

functions underlying this spatial complexity (e.g. Bendix,1994).

Rperu¡^N FoREST DYNAMICS

As riparian forests are formed by the interactions between periodic burning of

upland prairies and periodic flooding of floodplain rivers, they are extremely dynamic

systems. Flooding plays an important role in litter removal as well as seed dispersal and

sediment transport. Hydrochorous seeds, which are dispersed s¡mchronously with spring

floods, exhibit dispersal advantages over non-hydrochorous seeds (e.g. Cordes et al.,

1997). Floodwater recession also plays an important role in determining plant

community success; rapid recession of floodwaters has been found to be detrimental to

seedling survival (e.g. Cordes et al., 1997). Flooding also affects soil chemistry;

sedimentation alters soil grain size, which, in turn, alters the rate of nutrient cycling and

the water holding capacity of the soil. These changes may in turn affect the rate of

sedimentation in the forest. The anaerobic condition in the soil that is associated with

flooding increases the rates of reduction of micronutrients such as manganate, iron, and

sulphate. The switch to aerobic conditions following flood recession speeds up the rate

of organic matter decomposition and soil nutrient cycling, favouring plant growth (e.g.

Tabacchi et al., 1998).

Spatial heterogeneity affects riparian forest dynamics as well. A relatively rapid

river flowing through easily erodable material will become a meandering river when the

capacity of the water to carry sediment is surpassed (e.g. Friedkin, 1945). Meandering

rivers can be divided into three zones: the erosional, the transitional, and the depositional.

A positive angle of attack on the riverbank allows the creation of an erosional zone (e.g.

Friedkin, 1945). This zone is defined by a net erosion of soil, is typically deeper than
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Riparian forests remain close to the banks of water bodies, and as such are highly

linear ecosystems. As linear forests in grassland-dominated landscapes, they can play

extremely important roles as habitat corridors. ln western North America, as much as

70o/o of the vertebrate fauna will use riparian corridors in some way during their lifecycle

(I.{aiman et al., L993). Riparian forests play an extremely important habitat role for the

majority of birds in Montana and terrestrial animals in Oregon (Thompson and Hansen,

2001). The list of organisms using riparian forests as corridors include trees (e.g.

Malanson, 1993), birds, plants dispersed by birds (e.g. Tabacchi et al.,1997), amphibians

and small mammals (e.g. de Lima and Gascon, 1999).
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LaNnscAPE MoSAICS AND ECoLoGIcAL PRoCESSES

Habitat fragmentation is one of the largest challenges facing conservation

biology. Fragmentation of landscapes, such as in the riparian forest along the

Assiniboine, alters ecological processes. The major mechanisms affecting ecological

processes are edge effect, reduction in size ofextant forest patches and patch isolation

(e.g. Saunders et al., 1991).

Encn EFFECT

Edge effect is "the result of the interaction between two adjacent ecosystems,

when the two are separated by an abrupt transition" (Murcia, 1995). These effects can be

abiotic, biotic, or from indirect biotic affects.

Abiotic effects include changes in sunlight, temperature, moisture, and wind

intensity (e.g. Saunders et al,l99I; Fraver, 1994; Murcia,1995). Removing native

plants and replacing them with cultivated species (i.e. fragmentation), increases the

amount of solar radiation reaching the ground during the day, increases albedo, and

increases re-radiation at night (e.g. Saunders et al., l99I). As a consequence of increased

solar radiation, gtound temperatures in cultivated areas tend to be higher and have greater

diurnal fluctuations than forests (e.g. Murcia,1995). Changes in temperature,

compounded by changes in plant cover, alter the moisture regime of a forest. Removal of

broad leafed vegetation alters the rate of rainfall interception, changes the pathways that

moisture enters the soil, changes root depth, and reduces evapotranspiration, all of which

contribute to altering the hydrological cycle (e.g. Saunders et a1., 1991). Increased wind

may result in direct physical damage to the vegetation and increased desiccation.

Physical damage can include wind-thrown trees or wind pruning (e.g. Saunders et al.,

1ee1).
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Many plants at forest edges will be atthe limits of their physiological tolerance,

which may lead to differences in the plant community (e.g. Murcia, 1995). Composition

also differs because phenological requirements are affected by changes in abiotic

conditions; for example, the need for high temperatures and sunlight during germination,

and the differences in timing of incident sunlight as a result of edge effect (e.g. Young

and Mitchell,1994). Differences in plant communities generally include greater tree

stem density, richness in common species and exotics and fewer rare species (e.9. Ranney

ef al.,1981; Brothers, 1993; Fraver, 1994; Murcia, 1995). In eastern North America the

differences between forest interior and edge are greater than the differences between

primary and secondary growth forest (e.g. Witney and Runkle, 1981). Abiotic

differences at forest edges promote these differences in biotic conditions, which, in turn,

will promote further differences in abiotic conditions. This system is a self-perpetuating

one and evidence of edge effect can last for up to fifty years (e.g. Matlack, 1994a).

Indirect biological effects can include changes in the ground-dwelling

invertebrates following increases in litter cover, which, in turn, can lead to increases in

insectivorous birds nesting near the edge (e.9. Murcia, 1995), or an increase in nest

density, due to increasing habitat availability (e.g. V/iens, 1997a). Similar edge-

associated habitat conditions may affect animal seed dispersal vectors (e.g. Stamps et al.,

te87).

Three general classes ofedge have been suggested: cantilevered, canopy dripline,

and advancing (Murcia,1995). Cantilevered edges are maintained at their point of

creation, and overhang the surrounding land use matrix. Canopy driplines are maintained

at the outer edge of the canopy trees. These edges have a dense understorey, but no

exposed trees. Advancing edges are those edges that are charactenzed by dense

vegetation that declines in height between the point of edge creation and the point of edge

maintenance (Ranney et a1.,1981). Edge effects are also modified by edge orientation,
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which determines the amount of exposure to sunlight and wind, and physiognomy, which

determines the depth to which edge effect penetrates (e.g. Murcia,1995).

ln addition to the effectiveness of the respective dispersal mechanisms, dispersal

of seeds across an edge between ecosystems is determined by edge permeability and the

edge-to-area ratio of the forest. At low permeability (i.e. an edge that is difficult to

cross), the "hardness" of the edge restricts dispersal. At higher permeability, species are

more able to pass the edge, and the edge-to-area ratio determines the rate of seed flow

between the two ecosystems (e.g. Stamps et al., 1987). More seeds migrate across

disturbed, or 'permeable' edges in New York forests than across edges that remained

intact. Seeds which are able to cross this impermeable edge also tend to penetrate further

into the forest, resulting in a larger 'seed shadow' within the forest (Cadenasso and

Pickett,2001).

Percn szp

The smaller a forest remnant is, the greater the edge effect will be. Larger patches

also tend to have a greater diversity of habitat heterogeneity and tend to have larger

populations of remnant species (e.g. Saunders et al., 1991). At the time of isolation,

fragments temporarily become extremely species rich as individuals flee to the remaining

patch to use it as a refugium (i.e. species packing). As the changes brought about by

fragmentation start to take effect however some of these species will be lost (i.e. species

relaxation) (e.g. Saunders et al., 1991).

ln southern Ontario, smaller forests had significantly lower floristic diversity and

native species richness (Burke and Nol, 1998). In terms of animals, the relationship

between patch size and diversity depends more on habitat selectivity and grain size than

any other landscape characteristic. Squirrels and chipmunks tend to be more sensitive to

patch size and isolation than other small mammals such as coyotes and racoons (e.g.
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Wauters et al., 1994; Rosenblatt et al., 1999). The nest density of vulnerable bird species

such as tanagers (Piranga spp.) are negatively affected by both decreasing patch size and

increasing patch isolation (Rosenberg et al., 1999).

ln some cases, fragmentation can actually increase an animal's home range size.

Foraging for food requires that tawny owls (Srrlx aluco L.), for example, increase their

range size as food habitat declines (Redpath, 1995). Some species, however, respond

negatively to fragmentation. Radio tagged fox squirrels (Sciurus niger L.) exhibited a

positive relationship between home range size and woodland size (Sheperd and Swihart,

1995), suggesting that forest fragmentation simply restricts the movements of this

species.

lsoleuo¡l

The ability of a species to colonize isolated habitat depends to some extent on

species' dispersal ability, and the distance between similar habitat remnants. In the case

of plants, relatively vagile species, including those that are wind or vertebrate dispersed,

are more likely to arrive at isolated patches than gravity or ant dispersed species. In

isolated wetlands in Denmark, less isolated ponds had a higher species density of

vascular plants than more isolated ponds (Møller and Rørdam, 1985). In a similar study

of forest plants in a fragmented landscape in Poland, more isolated forests were less

species rich than clustered forest fragments (Dzwonko and Loster, 1989). Likewise,

more isolated forest patches in the Great Plains seem to exhibit lower seed input than less

isolated forest patches (Ranney and Johnson,1977). In the case of animal species, the

effects of isolation are more dependent upon a species' behavioural adaptation to

traversing the intervening land use matrix than it is upon the vagility of that species (e.g.

Saunders ef al.,1991; Bowman et a1.,2002).

Regardless of dispersal mechanism, seeds exhibit a characteristic leptokurtic

Effects ofurbanization on seed

dispersal in riparian forests l9 B.A. Thompson,2003



Chapter 2. Liter atw e review

dispersal curve, representing the fact that fewer seeds are deposited as distance increases

from the seed source (e.g. Nathan and Muller-Landau, 2000). Therefore as distance

increases from forest edges into the surrounding landuse matrix, both the number of

species and the number of individuals of each species dispersed decreases (e.g. Willson

and Crome, 1 9 8 9 ; Martinez-G arza and G onzáiez-Montagut, 1 999).

Colonization ability and changes in population size may have genetic

consequences in fragmented landscapes. Genetic diversity within a population is a

function of migration and mutation. If fragmentation alters migration, it will also alter

genetic diversity. Fragmentation that leads to isolation will tend to cause an increase in

among-population diversity compared to within-population diversity (e.g. Ouborg et al.,

1999). Conversely, fragmentation that allows recolonization from neighbouring patches

tends to cause an increase in both within and among population diversity (e.g. Whitlock

and McCauley, 1990).

There are two major genetic diversity models applicable to landscape dynamics.

In the "migrant pool model" propagules are chosen at random from a regional population,

in the'þropagule model" migrants are drawn from a single, large population. In reality,

these models are extremes on a continuum of real-world colonization situations. The

migrant pool model allows for complete mixing of populations in a landscape, resulting

in an increase in among-population diversity as new habitat is colonized. When migrants

move into inhabited patches they may actually decrease among-population genetic

diversity if either the extant population is relatively large or the number of migrants is

relatively small. If isolated, uninhabited patches are colonized from one large population,

overall genetic diversity will increase relative to the static case with no migration (e.g.

Wade and McCauley, 1988; Whitlock and McCauley, 1990).

In fragmented sugar maple populations in Ontario, there is no evidence of a

decrease in genetic diversity. Eight fragments, more than 100 years old, and separated by
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several kilometres had no decrease in genetic diversity even though as a whole, the

patches studied had fewer alleles in total than the control sites. This was attributed to the

long lifespan of sugar maple, and the large remnant populations in the patches (Young et

a1.,1993). In a similar study, with similar results, Foré et al (1992) suggested that high

within population genetic diversity was a result of the greater post-fragmentation gene

flow due to sugar maple's ability to take advantage of increased wind in the surrounding

land use matrix for seed dispersal. Young et al (1993) suggested that gene flow might be

contributed to the ability of sugar maple pollen to travel great distances.

Riparian understorey species do exhibit some genetic responses to fragmentation.

The degree of genetic differentiation in Hibiscus moscheutos L is related to the distance

between the population and the tidal stream. Hibiscus moscheutos is hydrochorous; the

further the population is from the dispersal vector (the tidal stream) the greater the

differentiation is, or in other words, an aÍea connected by periodic flooding is

structurally, but not functionally, isolated (Kudoh and Whigman,1997).

In a meta-analysis of the genetic consequences of landscape fragmentation,

Young et al (1996) discovered a trend they called the threshold effect. While there was a

relationship for all the species in the literature between population size and genetic

diversity, there was a stronger relationship for allelic richness; the alleles that are lost are

those that were present in low frequencies. Similarly, there is a relationship between

population isolation and genetic diversity. Small remnant populations relatively close to

larger populations will exhibit no obvious reductions in genetic diversity, while

populations that are more removed were more genetically depauperate. Young et al.

(1996) argued that this is evidence of 'fragmentation thresholds', below which effects on

genetic diversity are not encountered, but above which they were. Evidence for this

threshold effect was found in the comparison of one tree, and three herbaceous species,

and the authors suggested that the size of the isolation threshold depended, at least in

Effects ofurbanization on seed

dispersal in riparian forests 2t B.A. Thompson,2003



Chapter 2. Literature review

part, on the dispersal mechanisms of the species affected by isolation.
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DTSpnRSAL ACRoSS FRAGMENTED LAIIDSCAPES

Isla¡ro BrocEocRAPFrY

One of the earliest predictive models for the dispersal of organisms was the

Theory of Island Biogeography (MacArthur and Wilson, 1967). MacArthur and'Wilson

were interested in studying the ability of species to colonize uninhabited islands. They

postulated that species number on any given island is a function of island size and

distance from the mainland. The premise is that species richness is a result of

colonization and extinction; more distant islands will be colonized by new species more

slowly, and species will be more likely to become extinct on smaller islands. An

empirical study following this theory was done on a number of mangrove islands off the

coast of Florida (Simberloff and'Wilson, 1969). These islands were defaunated of

invertebrates, and then the rate of recolonization from the mainland was monitored. Not

only did the results concur with the model's predictions, but also within one year of

pesticide treatment the islands had re-established their original levels of species richness

and composition.

For decades, this theory was used in conservation design and in guiding our

understanding of the spatial relationships of species richness (Hanski and Simberloff

1997). Many researchers took these results from oceanic islands and applied them to

terreshial landscape mosaics. This application has been criticized because MacArthur

and Wilson were studying islands, dispersal to an island is in a very real sense limited by

the impenetrable boundary between islands. Forest fragments, and other mainland

ecosystems, are not actual islands; a species' ability to disperse to these patches is based

on the structure of the intermediary landscape. Secondly, McArthur and'Wilson were

discussing a static system; they were interested in the number of species able to colonize

islands, not the relative rates of colonization of species of interest. Thirdly, they were

assuming a purely one-way migration, i.e. island species were not colonizing the
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mainland. Levins'metapopulatibn model followed the work of McArthur and'Wilson

and dealt with these issues. This model has the potential to be a more accurate

description of species dispersal between habitat patches (Hanski and Simberloff,1997).

Cresslcer METAPoPULATIoN THEoRy

Classical metapopulation theory describes a system of habitat patches, linked by

low levels of migration, which allows the reestablishment of extirpated populations

(Hanski and Gyllenberg, 1993). This system is termed a metapopvlation as dispersal

linkages between these small populations link them in such a way that they increase the

ability of the larger, regional population to persist. The basic requirements of a classical

metapopulation are that: habitat patches are of equal area and isolation, local populations

in the metapopulation have entirely independent dynamics, and the exchange rate of

individuals among or patches is so low that migration does not affect local population

dynamics (Hanski and Simberloff, 1997).

It has been argued that the Theory of Island Biogeography is simply a specialized

case of a metapopulation. The MacArthur and Wilson model is simply a multi-species

island-mainland description of Levins' general model. In fact, both are simplifications of

real-world situations, being extremes on a continuum ofpatch size. If differences in

patch size are allowed for example, classic metapopulation theory begins to resemble

core-satellite theory (Hanski and Gyllenberg, 1993).

According to core-satellite theory, the probability of local extinction of a species

is ofßet by its dispersal ability. In other words, species that are poor competitors enhance

their survival through increased dispersal. Thus any species will be either present in most

patches or in only a small fraction of patches (Hanski, 1982). Including an analysis of

patch quality to this theory (e.g. Punttila,1996), suggests that higher quality habitat

patches will be the first to be colonized, andmarginal habitat colonized later. Species, or
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individuals, with lower competitive abilities would be forced to occupy these lower

quality habitat patches. Much like the source-sink theory, high quality core sites will act

as a source of propagules for the lower quality satellite patches.

Lnr¿rrattoNs To METApop[TLATIoN THEoRy

Metapopulation theory began as a purely mathematical theory (Hanski, 1997) and

its early empirical fieldwork focused on butterfly and amphibian populations (e.g.

Thomas and Hanski, 1997; Harrison and Taylor, 1997). It f,rts well with organisms of this

t1pe, species that are small, vagile, and live in well-defined habitats (e.g. Eriksson, 1996).

Plants do not necessarily fit these conditions, and provide special difficulties when

speaking of metapopulations. Their relatively long lifespans and their persistence in the

seed bank allow them to be relatively resistant to extinction, while their relatively

restricted dispersal abilities (when compared to butterflies' for example) and often-

sporadic recruitment restricts their ability to colonize empty habitat patches (e.g.

Eriksson, 1996; Husband and Barrett,1996; Hooftman et al., 1999). Indeed it has been

suggested that plant life history characteristics make them good candidates for either the

source-sink model (wherein populations in low quality habitat patches are kept from

extinction due to constant immigration from a nearby source population), or the core-

satellite theory mentioned above (Hooftman et al., 1999).

Empirical studies of plants do not necessarily meet the requirements of classical

metapopulations. A data set of riverdune grassland plant species in the Netherlands was

studied to determine which dispersal model they fit (Ouborg, 1993). Total species

number had only a slight relationship with patch isolation; more important were factors

such as patch area and within patch heterogeneity. Isolation became a factor in several

cases when individual species were studied separately using a metapopulation model,

suggesting that at least some plant species exhibit metapopulation characteristics.
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Scheiner and Rey-Benayas (1997) undertook a study of landscapes to determine if plants

distributed among sites met the distribution curves suggested by metapopulation theory.

Metapopulation theory predicts that species distributions will fit a bimodal curve (Hanski

and Gyllenberg,1993), but these researchers found that this condition was not met.

Instead, these plants fit the unimodal curve suggested by niche theory. These authors

suggested that the following critical assumptions of classical metapopulation theory were

violated in these landscapes: connectedness allowing for dispersal and homogenous

environment among habitat patches.

Despite its critical limitations, metapopulation theory has become almost

hegemonic in reserve design and description of species distributions across landscapes

(Hanski and Simberloff, 1997). Traditionally this is conceptually a single species theory,

when applied to suites of species it begins to breakdown. Different species have differing

abilities for dispersal, altering their metapopulation dynamics and population extinction

rates (e.g. Ouborg, 1993). Three major issues generally not discussed in classical

metapopulation theory are the genetic consequences of extinction and recolonization as

outlined above, the effect of varying patch quality, and the heterogeneous nature of the

landscape between patches.

ln general, metapopulation theory is based on a number of isolated homogenous

patches. In some cases the effects of variation in patch size are discussed (Harrison,

1991; Hanski and Gyllenberg,1993), but only rarely is environmental heterogeneity

among patches discussed. Perry and Gonzalez-Andujar (1993) created a mathematical

metapopulation model that explicitly dealt with seed survival rate, seed dormancy,

competition, dispersal ability, spatial and temporal habitat heterogeneity and stochastic

local extinctions. For dispersal-limited species, high temporal heterogeneity increased

the rate of extinction. However, they defined heterogeneity simply in terms of density-

dependent intraspecific competition. Similarly, neither habitat occupancy, nor turn over,
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of the butterfly Speyeria nokomis Edwards were well modelled by a classic

metapopulation model. Instead, including an analysis of habitat heterogeneity in terms of

food and host availability as well as levels of human disturbance gave more accurate

measurements of population dynamics. Generally speaking, high quality habitat (in

terms of the density of food and larval host species) increased colonization and survival

while human disturbance of habitat decreased it (Fleishman et al., 2002).

Landscape heterogeneity potentially plays a role as important as that of habitat

heterogeneity (e.g. Andrén, 1994; V/iens,1997a; Harrison and Bruna, 1999; Fahrig,

2002). As fragmentation increases, dispersing individuals spend more time in the matrix

between habitat patches, increasing the importance of the matrix. Changing the

character, or quality, of the matrix, will affect the survival of dispersing individuals and

the probability of inter-patch dispersal, and therefore regional populations as a whole

(Wiens, I997a; Fahrig, 2002). Increasing fragmentation also increases the amount of

edge habitat in a landscape, and therefore increases the importance of edge effect. As

edge density increases, edge-associated mortality rates and the probability of a species

crossing edges becomes increasingly important in dispersal andmetapopulation

persistence (Wiens, 1997a). The more spatially explicit approach employed in landscape

ecology accounts for greater levels of heterogeneity. Unlike the binary patch-matrix

models in island biogeography or metapopulations, landscape ecology defines a

landscape as a heterogeneous mosaic. This mosaic is made up of patches of varying

habitat quality, bounded by edges and ecotones differently permeable to the movement of

organisms (Wiens, 1991b).
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EPTncTs oF DIFFERING DISPERSAL ABILITIES

Five general classes of seed dispersal exist for plants: anemochory (wind-

dispersed), endozoochory (carried internally by animals), epizoochory (carried externally

by animals), myrmecochory (carried by ants), barochory (gravity dispersed), and

autochory (explosive) (van der Pljl,1972). Very generally speaking, anemochores can

disperse for kilometres (e.g. van der Pijl,1972), although dispersal distance is affected by

both wind speed and plant height (e.g. Johnson et al., 1981). Vertebrate dispersal

distance (epizoochores and endozoochores) is a function of both species composition, and

their likelihood to travel throughout the landscape matrix (e.g. Johnson et a1., 1981),

although these seeds tend not to travel as far as wind dispersed seeds (e.g. Willson,

1993). Both ofthese factors are altered by landscape structure as described above.

Random dispersers such as anemochores will produce a greater number of seeds per

generation than will directed dispersers, particularly myrmecochores. Myrmecochores

make up for a more limited dispersal ability and fewer seeds by having evolved a system

of non-random dispersal (van der Pijl, 1972). Possible reasons for plants to have

evolved myrmecochory include avoidance by predators, reduction of interspecific

competition for the regeneration niche, increased dispersal distance, and deposition in an

ideal microsite (Beattie, 1985). Advantages of dispersal to ant nests include increases in

soil temperature, greater organic matter, availability of macronutrients, decreases in soil

bulk density, and a more neutral pH associated with nests (e.g. Petal, 1978; Beattie, 1985)

In a study in southem Poland, Dzwonko and Loster (1992) studied the processes

leading to a loss in species richness in isolated forests. They surveyed the vascular plant

species in27 isolated second-growth forest fragments, defined their dispersal mechanism

following van der Plil (1912), and regressed coverage by each dispersal mechanism

against a number of landscape-based metrics. They found that species that were

endozoochores or hovering or flying anemochores \Ã/ere the best colonizers of secondary

forest patches, and that they were significantly more successful at colonizing than heavy
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anemochores, mymecochores and barochores. Interestingly, in this case they found that

forest area was the only factor influencing species richness; more isolated forests which

were less able to be colonized by myrmecochores were not less species rich than less

isolated forests of a comparable size.

In a similar study in southern Ontario, Mclachlan andBazely (2001) also found

relationships between dispersal mechanism, and the ability of species to colonize habitat

patches after 35 years. Their study was a comparison of restored forest patches in Point

Pelee National Park with nearby reference sites. They also surveyed the vascular flora

within these forest patches and defined their dispersal mechanism following van der Pijl

(1972). Although forest patches had similar species diversity to reference sites, several

species of the dispersal limited myrmecochores had not colonized after 35 years. These

authors suggested that for these extremely dispersal-limited species to be re-introduced to

habitat patches, human intervention would be necessary.

Recent attention has been focused on the potential role of ecological restoration in

conserving extremely vulnerable species such as these in fragmented landscapes (e.g.

Buckley et a1.,2002; Honnay et a1.,2002a). Studies involving decommissioned mines

(Ash et a1., 1994),lowland tropical forests (Aide and cavelier, 1994) and North

American riparian forests (Sweeney et a1.,2002) have shown success when ecological

restoration is used as a tool to overcome dispersal related limitations. However, even

woody species may not be able to colonize open habitat in extremely degraded

conditions. In Oregon, some heavily degraded riparian areas need to be manually planted

before a native forest community can become established (Mclvor and Starr, 2001).
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ETTncTS oF URBANIZATIoN oN SEED DISPERSAL

Erppcrs oF URBANIZATToN oN M¡rRMECocHoRy

Forest edges have been found to have different ant community compositions than

forest interiors, possibly due to edge-associated changes in forest litter depth, light,

microclimate, and understorey productivity. In addition, forest fragments have reduced

ant species richness and nest density (e.g. Puntilla,1996; Carvalho and Vasconcelos,

1999). Disturbance within forest fragments, caused by grazing, will also lead to a

decrease in ant species diversity and possibly ant species richness as well (e.g.

Abensperg-Traun et a1., 1996). Disturbance in fact has a greater impact than the

fragmentation itself (e.g. Abensperg-Traun et al., 1996). It has been suggested that

changes in ant community composition may be a result of differing competitive

advantages among species. Polygynous species may form large colonies and more than

one nest which will cooperate in foraging and protecting food habitat. These polygynous

species tend to favour larger, higher quality forests, while monogynous species tend to be

relegated to smaller forest fragments. This may be an example of core-satellite species

distribution resulting from competitive advantages (Punttila, I99 6).

In addition to fragmentation, changes in habitat quality brought about by

urbanization may have implications for the structure of the ant community. In a study of

the native ant communities in California, Suarez et al. (1998) found that urbanization had

a significant effect on ant community composition. In comparisons between 40 sage

scrub forest fragments in and around San Diego, they found a number of landscape level

factors that correlated with the richness of the native ant community. Native ant

community composition was most strongly affected by the number of non-native ant

competitors, primarily the Argentine ant (Linepithema humile Mayr), as well as forest

size, and the number of years since isolation. Forests surrounded by urban land use were

also found to be much more susceptible to invasion by exotic ants. Invasion of habitatby
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Argentine ants seems to have implications for seed dispersal as well. Although L. humile

do collect seeds, their relatively small size seems to reduce, or even eliminate, the

dispersal of larger myrmecochorus seeds such as that of the tree poppy (Dendromecon

rigida Benth.) (Camey et al., 2002).

Myrmecochorous plants attract ants to their seeds by the presence of a lipid rich

body called an elaiosome. Seed dispersing ants are attracted to this lipid-rich body, and

take it back to the nest for food, removing the seed at the same time (Beattie, 1985).

Elaiosomes are stored in ant nests to facilitate fermentation (van der Pijl, 1972), and

typically form the diet of the larvae (Petal, 1978). However, in disturbed ecosystems,

ants tended to remove the elaiosome from the seed before returning to the nest (Andersen

and Morrison, 1998). These ants may have been stressed for nutrition, and were not

behaviourally f,rt to fulfrl their role as food harvesters for their colony. This would

suggest then, that disturbed ecosystems that are lacking in ant food would be more likely

to have restricted seed dispersal.

Eppecrs oF uRBANrzATroN oN FoREST coMMUNrrrES

The effects of urbanization on plant communities on Staten Island were studied

using species lists dating back to 1879 (Robinson et a1.,1994). Over that time,

urbanization was associated with a 40Yo decline in native species, an increase in non-

native species, and a decline in abundance of the remaining native species. These results

did not appear to be habitat specific, perhaps a factor of the large population on Staten

Island spreading across all habitat types. Herbaceous species tended to be more

vulnerable than woody plants, perhaps due to differences in lifespan.

Hoehne (1981) studied the impacts of urbanization on forests in Wisconsin by

studying plant species composition of forest fragments along an urban-rural gradient

around Milwaukee. She found that trails and campfire areas adversely affected forest
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patches in and near the city. These forests had higher plant species diversity than

undisturbed forest patches as a result ofincreases in grassy and exotic species. In

severely impacted areas, species richness dropped to lower levels. She also found that

native herbaceous species have decreased in frequency and abundance in urban forest

patches when compared to records from the 1950s. The most significant changes in

species composition were due to the substantial number of extirpations such as wild

geranium (Geranium maculatum L), jack-in-the-pulpit (Arisaema niphyllumL),

enchanter's nightshade (Circaea quadrisulcataMaxim), Solomon's seal (Smílacina

racemosa Desf.) and goldenrods (Solidago spp). Chokecherry, which appears to be

relatively tolerant of urbanization, has increased in abundance in many of the forests.

Tun cesB rN WINNTPEc

Using this concept of urban-rural gradients, Moffatt (2002) studied the impacts of

urbanization in Winnipeg on forest fragments along the Assiniboine. He selected 25

forest fragments between the urban core and the surrounding rural land use and found

that urban and suburban forests were significantly different from one another and from

forest fragments in other land use matrices. The most disturbed forests in this gradient

were those that were surrounded by more thanT5o/o urban land use. These forests were

species-poor and tended to be dominated by "urban loving" species, including several

which were not found in non-urban forests. Suburban forests were intermediate in

disturbance and had more "urban sensitive" species than did the urban forests. Generally

speaking, these intermediate forests had more interior habitat than did urban forests. In

comparison, rural forests were both more species rich and species diverse. There was

more variation between these forests in terms of vegetation cover, though they had

significantly fewer exotic species than either urban or suburban forests.

Moffatt (2002) found differences in the plant community in the three disturbance
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classes related to lifeform, phenology and seed dispersal. The three groups were

significantly different in their cover of spring ephemerals, with the lowest relative cover

in urban forests. Urban sites also had a significantly greater cover of annual graminoids

and biennial forbs. The least disturbed sites also had a signiflrcantly greater mean cover

of anemochores and tended towards a greater mean cover of barochores. Only three

species of myrmecochores were identified within this system, but they were not reported

in urban forests.

Seed banks within urban forests were more depauperate than those of rural

reference forests (Moffatt and Mclachlan, 2003). Seeds that remained in urban

fragments were primarily exotic, and showed very little similarity to the composition of

the aboveground vegetation. This suggests that left unmanaged, these forests will

continue to decline (Moffatt, 2002).
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Chapter 3 Tnn EFFECTS oF rrRBANrzATroN oN sEED RArN rN
RIPARIAN FOREST FRAGMENTS

INTnOnUCTIoN
Landscape fragmentation, and the corresponding loss and isolation of habitat, has

long been a concern in the preservation of biodiversity (e.g. MacArthur and Wilson,

1967;Hat'ksi, 1982; Noss and cooperrider, rgg4; Fahrig, 2001). Rates of species loss

within fragmented landscapes are, in part, a function of landscape structure, edge density,

and resulting migration rates (Wiens et al., 1985; Fahrig, 2002). Species with different

dispersal mechanisms or behaviours respond in different ways to fragmentation, leading

to changes in population densities in isolated habitats (Bowman et al., 2002). In the case

of plant communities, plants that disperse by wind (anemochores) or animals (epi- or

endo-zoochores) are relatively unaffected by fragmentation. Species that have relatively

limited dispersal, such as gravity (barochore), explosive (autochore) or ant dispersed

(myrmecochore), are often limited, or even extirpated, in fragmented landscapes (e.g.

Dzwonko and Loster,1992: Mclachlan andBazely,200I;HoIl,2002a; Moffatt et al.,

submitted).

The extent to which a species will move across boundaries between adjacent

patches in a landscape is determined by the probability of encountering an edge, and the

probability that the edge will be crossed (Wiens, 1992), in other words, a function of

edge-to-area ratio of the landscape patch and the permeability of the edge (Stamps et al.,

1987). As forest edges become disturbed, dispersal rates and distances of exotic species

into forest fragments increases (Cadenasso and Pickett,200l). Thus, the edges of

disturbed forest fragments in agricultural landscapes often exhibit increased densities of
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ruderal and perennial exotic species normally associated with agricultural use (e.g. Burke

and Nol, 1998; Meiners and Pickett, 1999; Honnay et a1., 2002b).

Although much of the edge effect research has been focused on the impacts of

surrounding land use on extant habitat, less is known about the emigration ofplant

species out of these patches. In studies of fragmented tropical forests in Puerto Rico

suggest that the dispersal distances of seeds into adjacent fields may be limited to as little

as ten meters (Aide and Cavalier,1994). Typically, seed rain becomes less dense and

diverse as distance from the source population increases (e.g. Aide and Cavalier,1994;

Nathan and Muller-Landau, 2000; Wijdeven and Kuzee, 2000;Zimmerman et al., 2000).

Although seed rain becomes more diffuse as distance from extant habitat increases,

relatively uncoÍtmon long-distance dispersal events are important for colonization events

and, ultimately, for structuring regional or "meta" populations (e.g. whitlock and

McCauley, 1990; Bullock and Clarke, 2000).

Population genetics is a powerful tool for modelling seed dispersal over larger

temporal or spatial scales, and for estimating the rate of these uncommon occurrences.

Molecular marker-based population studies can be conducted to make inferences on the

movement of species across heterogeneous landscapes over larger time periods than are

possible with conventional ecological approaches (e.g. OuborgetaI.,l999; Sork et al.,

1999; Nathan and Muller-Landau, 2000). Studies of this type allow for estimation of

dispersal rates (e.g. Loxterman et al., 1998; Jordano and Godoy, 2000) and even dispersal

vectors (e.g. Kudoh and Wigham,1997; Godoy and Jordano, 2001).

A number of molecular markers have been employed in studies of this sort,

including allozymes (e.g. Foré et a1.,1992;Young et al., 1993; Kudoh and'Wigham,
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1997), randomly amplified polymorphic DNA (e.g. Jordano and Godoy, 2000;Bouzat,

2001), simple sequence repeats (e.g. Colevatti et a1.,2001; Godoy and Jordano,200l;

Stow et a1.,2001), and inter-simple sequence repeats (e.g. Tsumura et al.,1996;

McCauley and Ballard,2002; Smith et al., 2002). Much of the early work on population

genetics used allozymes, and mathematical models were created to infer migration rates

based on banding patterns of these co-dominant markers (e.g. Wright,1940). More

recently however, use of microsatellites has increased (Jarne and Lagoda,1996). As co-

dominant markers, the mathematical models developed for allozymes can be effectively

applied to microsatellite simple sequence repeats (SSRs). Their greater sensitivity to

changes in DNA structure makes them more attractive for intraspecific studies,

particularly in studies with restricted geographic range (Ouborg et al., 1999).

Unfortunately SSRs require knowledge of the genome of the species studied in order to

develop specific primers. These data are often unavailable for species with no

established commercial or social value (Bornet and Branchard, 2001). A similar

technology, the dominant inter-simple sequence repeats (ISSRs), are.arbitrarily chosen

microsatellite markers, and require no knowledge of genomic structure. These markers

are relatively efficient, provide reproducible results, and show promise as tools for

exploratory population genetic studies (e.g. Tsumura et al., 1996; Bornet and Branchard,

2001). Furthermore, ISSR markers have been used successfully in intrapopulation

studies of wild species, where they have identified higher levels of genetic diversity than

allozyme markers (e.g. Wolfe eI al, 1998; Esselman et a1.,1999).

In this study, I will i) determine the species composition of the seed rain within

isolated riparian forests and their adjacent landscape patches, ii) describe the effects of
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slrrounding rural and urban land use on resultant seed rain patterns, and iii) conduct an

exploratory analysis of the potential use of population genetics in describing dispersal

patterns in four coÍtmon understorey species.

Mnrnons

Srrg tocerroN
This study was conducted in eight riparian forest fragments along the Assiniboine

River near winnipeg(49046' N, 9709' w) (Fig 3.1). These forests are dominated by

Fraxinus pennsylvanica Marsh, Quercus macrocarpø Michx, and Acer negundo L.

Understorey species include Rhus radicans L, Aralia nudicaulis L, Matteuccia

struthiopteris L, Laportea canadensís L, and Thalictrum venulosumTrel.

In each of the forest patches, three individuals of each of the anemochorous

Anemone canadensis L and L. canqdens¿s and the myrmecochorous Trillíum cernuumL

and Viola pubescens Ait were collected for subsequent genetic analysis (n:96).

Distances among plants within each species were as great as possible, and none were

collected within 15m of each other. The role of the river as a corridor for seed dispersal

was studied by comparing six riverine forests with t'wo forests that occurred on non-

flooding oxbows isolated from the river by several meters.
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SBBo RAIN

Pattems of seed rain were studied in two urban (i.e., Osborne and Munson) and

two rural reference (i.e., Beaudry and Sair) riparian forest patches, these selected from

the original eight forest sites (Fig. 3.1). Three line transects were established at each site,

perpendicular to the forest edge, extending 124 m into the forest and the adjacent

landscape patch. The forest transects had been previously used by Moffatt et al

(submitted) to describe the aboveground plant community and seed bank within these

forest patches. Transects were randomly located at least 20 m apart and 50 m distant

from any parallel forest edge. If the forest edge was greater than250 m in length, it was

divided into three subsections of equal width and one transect randomly located within

each subsection. The zero point of each transect was defined as the point of edge

maintenance, or treated as a canopy drip line edge (sensu Ranney et a1.,1981) and

marked.

Two 2 x 1 m quadrats were situated 15 and 60 m from each forest edge along

each transect extending into the adjacent landscape patch. One of the three transects was

randomly selected for an additional third quadrat at these same distance intervals (n:I4).

Early flowering species were identified in June 2003, and the aboveground species

composition of all herbs and woody plants less than 0.5 m in height recorded as per cent

cover in July 2003. Equivalent data for the forest fragments were collected by Moffatt et

al (submitted) in 1999.

The density of plant species at the edge at the point of edge maintenance \Ã/as

determined using a modified line-intercept method (Strong, 1966) to measure the density

of stems and branches of shrubs in two dimensions . A 2 x 2 m area was created at the
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zero point on each transect, with line-intercepts conducted on the vertical and the

horizontal densities. ln addition, the tree closest to each transect, and its two nearest

neighbours were selected, their height was measured using aRaga clinometer, and the

number of branches extending from each trunk counted. The mean vertical branch

density was calculated by dividing the total number of branches by the total height.

Seed traps were placed along each transect at half-metre intervals for the first four

metres from the forest edge, one-metre intervals for the next eight metres, two metre

intervals for the next 16 m, four metre intervals for the next32 m, and at eight-metre

intervals for the remaining 64 min either direction from the forest edge (n:960). Seed

traps were sand filled pots (10 cm diameter), the lip of each placed 5 mm below ground

level. Traps were established in August 2001 and removed in August 2002.

Seed traps were visually searched with a dissecting microscope (Leica MS5) at

6.3x magnification and all seeds were counted and identified using Montgomery Q977),

Davis (1993) and the collection in the University of Manitoba herbarium (WIN). All

collected fruits were soaked in water for 24 hours, dissected, and all seeds identified and

counted. To ensure that no seeds had been overlooked, a subset (n : l0) oftraps that had

already been searched were placed in the greenhouse to determine if any seedlings

emerged. Sand samples were spread across 9.5 x 12 cm pots to an average depth of 2 cm

on a 6 cm depth of sterile growth medium (Sunshine Mix 4). Pots were randomlyplaced

in a greenhouse for 10 weeks and seedling emergence monitored. Control pots that

contained only sterile growth medium were evenly distributed around the flats to detect

potential greenhouse contaminants.
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DNA EXTRACTIoN

The protocol for extraction of DNA was modified from Grube et al. (1995).

Approximately I cm2 of leaf tissue was manually ground in 500pL of extraction buffer

(100mM Tris-HCl pH 8.0, 10 mM EDTA, 2% sDS). After grinding, 140pL of 5M Nacl

and 70pL 10% CTAB were added and the sample was incubated at 65 0C for I hour.

After incubation, an equal volume of Chloroform Iodide (24:I) was added, the sample

was centrifuged at 5000 rpm for 10 minutes and the supernatant transferred to a new tube.

The chloroform extraction was repeated. DNA was precipitated by the addition of 0.2

volumes of 5M NaCl and 2.5 volumes of 100% ethanol. The mixture was centrifuged at

13000 rpm after standing at room temp for 5 minutes. The pellet was washed with cold

80% ethanol, dried and resuspended in 5O¡rL of sterile distilled water.

PCR CoNDITIoNS

Sixteen microsatellite primers, selected from a 1O0-primer kit (UBC Nucleic Acid

- Protein Service Unit, primer set #9; Table 3.1) were used for amplification. Ninety-six

samples from four plant species were screened against 26 ISSR primers. ISSR primers

were chosen arbitrarily from the set of 100, with preference given to primers with the

same annealing temperatures. To optimize the reaction, several polymerase chain

reaction (PCR) parameters were tested, including DNA concentration (approximately 0.5,

5, 50 ng), number of PCR cycles (30, 35,40), magnesium source (MgCl2, MgSOa), and

with or without an initial 5-minute extension time at the beginning of the PCR cycle. The
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optimum annealing temperature for each primer \¡/as detetmined from a minimum of

three temperatures.

ISSR amplifications were performed in a20¡tL volume containing between 0.5

and 5 ng template DNA, PCR buffer (20 mM Tris-HCl pH 8.4, 50mM KCI), 0.2 mM of

each dNTP, 1.5 mM MgSOa, 0.45 mM ISSR primer and 0.8 units Taq (lnvitrogen,

Burlington ON). Samples were amplified using PCR in a Techne Genius thermocycler

(Fisher Scientific). The PCR cycle consisted of 5 minutes at 95 0C followed by template

denaturing at940C for 45 seconds, primer arurealing for 45 seconds (Table 3.1), and

primer extension for 2 minutes at72 0C. PCR product was submitted to electrophoresis

on a 1 .l%o agarose gel at 120V and resulting bands were manually scored.

Sixteen primers presented clear banding patters, but low levels of intraspecific

variation. All samples of Z. canadensis and V. pubescens (n:26 and 19 respectively)

were annealed with four primers which presented clear bands to determine the potential

of arbitrarily chosen ISSR primers to describe gene flow in this landscape.
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Table 3.1 Microsatellite primers successfully used in ISSR reaction withAnemone
canadensis, Laportea canadensis, Trillium cernuum and Viola pubescens. Bold primers
were screened against all samples of L. canadezsis and V. pubescens.

CAC ACA CAC ACA CAC AG
CTC TCT CTC TCT CTC TG

GAG AGA GAG AGA GAG AYG
TGT GTG TGT GTG TGT GRC
TCT CTC TCT CTC TCT CG

ACA CAC ACA CAC ACA CG
TGT GTG TGT GTG TGT GC
TGT GTG TGT GTG TGT GA
TGT GTG TGT GTG TGT GA

GTG TGT GTG TGT GTG TYC
GTG TGT GTG TGT GTG GTG TYG

ACA CAC ACA CAC ACA CT
TGT GTG TGT GTG TGT GRT
TGT GTG TGT GTG TGT GRA
GTG TGT GTG TGT GTG TA

TGT GTG TGT GTG TGT GRC

Microsatellite primer

Optimal
annealing

temperature

Ccl
47

47

47

47

47

47

47

47

47

5l
45

49

47

47

45

51
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Dare ANALYSIS

Differences in seed deposition occurring among forest patches were described

using correspondence analysis (cA) (ter Braak and Smilauer, 1997). The cA is a

multivariate analysis tool that displays relationships between sites and species along

orthogonal axes of variation. Any species occurring in fewer than4 traps were removed

prior to analysis to reduce the impact of uncommon species. Data were log-transformed

and rare species were down-weighted prior to analysis.

Two-factor analysis of variance (ANOVA) was used to analyse the effects of

surrounding land use and patch type on total number of seeds, number of species, and

density of each functional group and species. Functional groups that were used included

origin (native or exotic), habitat (forest or non-forest), lifeform (tree, shrub or

herbaceous) and seed dispersal type (anemochore, barochore, endozoochore, or

epizoochore). Trees were defined as species having potential maximum growth ) 3 m,

sh¡ubs as woody plants having potential maximum growth ( 3 m, and herbaceous were

defined as non-\Moody plants. All data were log transformed prior to analysis in order to

meet the assumptions of the ANOVA model (Zar,1974). A sequential Bonfenoni

adjustment was applied to the results of the ANOVAs to avoid a group-wide tlpe I error

(Rice, 1989). Two-factor ANOVA was further used to describe effects of land use and

distance on the proportion of the total density of seeds deposited in two randomly

selected pots in each eight-meter transect segment attributable to each functional type and

species. All data were arcsin transformed prior to analysis in order to meet the
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assumptions of the ANovA model (Z,a41974). Raw data is presented with

accompanying standard error values.

The extent of genetic differentiation between populations was studied using Nei's

index of genetic distance (Nei and Li,1919). A test of the hypothesis of no difference

among populations was obtained by permuting genotypes among populations. Resulting

p-values represent the proportion of permutations leading to higher index values. The

relationship between geographic and genetic distance among populations was described

using a Mantel test (Mantel,1967). Mantel tests identi$r conelations between data

matrices, and are often used to measure spatial autocorrelation in data. All genetic

analysis was done using Arlequin v2 (Schneider et al., 2000).

Rrcsur-rs
In total,3839 seeds were collected, with an average of 6.1 (+/- 0.7) seeds and 1.13

(+/- 0.04) species collected in each trap, corresponding to an average of 780 +l- g0

seeds/m2. Although a total of 51 species were collected, the 10 most common species

(i.e., A. negundo, Arctium minus Bemh, Bromus inermís Leyss, Carex cristatella Bntt,

Cirsium arvense scop, F. pennsylvanica, Poa pratensis L, e. macrocarpa, Rhamnus

cathartica L and Taraxacum officínale Weber) accounted for 88% of the collected seeds

(Table 3.2). Of the seeds collected,69%o were non-native,l5%o were woody, and,55o/o

anemochorous.
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Table 3.2 Total number of seeds collected of the ten most common species. These
species account for 88% of all seeds collected from seed rain. Dispersal guild is
ANE:anemochore, EPl:epizoochore, END:endozoochore, BAR:barochore. Rank
reflects their relative dominance in the total seed rain.

Acer negundo

Arctium minus

Bromus inermis

Carex cristatella
Cirsium arvense

Fraxinus p ennsylvanica

Poa pratensis

Quercus macrocarpa

Rhamnus cathartica
Taraxacum officinale

Total collected Oriein
108

342

t97
619

307

143

r12
79

81

t40s

N
E

E

N
E

N
E

N
E
E

Dispersal Rural rank Urban rank
ANE
EPI

END
BAR
ANE
ANE
END
END
END
ANE

7

J

2

4

5

6

8

1

8

1

7

J

20

10

11

4

2
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There was an equivalent (Fr,z: 0.29,p:0.6201) number of seeds and an

equivalent (Fr,z : 0.21,p:0.6723) number of species when seed rain for urban and rural

forests was compared. However, when origin was examined, significantly more native

seeds and species (p<0.0001 and p: 0.0007 respectively) occurred in rural forests than in

other patches, whereas significantly more exotic seeds and species (p: 0.0372;p:

0.0094, respectively) occurred in the patches adjacent to rural forests (Table 3.3).

There were substantial differences in species composition among the four forest

patches when seed rain was examined (Fig 3.2.). When CA was conducted, axes I

through 4 accounte d for 37 .9o/o of the variance in the species data, with axes I , 2, 3, and 4

accounting lor Il .6%o, I0 .Iyo, 9%o and 7 .2o/o of the variance, respectively. Axis I

separated Osborne and Munson from the rural forests. Axis 2 was positively associated

with Munson, and was charactenzedby the native Osmorhiza depauperatø Phil. and Q.

macrocarpa and by the exotic R. catharticø. Axis 3 was positively associated with

Osborne and was charactenzed by the native A. negundo and the exotics A. minus, C.

arvense and T. fficinale. The two rural forests separated along axis 4, and Beaudry was

associated with the hydrophilic, shade tolerant C. cristatella, F. pennsylvanica and (Jlmus

americana L, whereas Sair was associated with open canopy-species including Rosa

acicularis Lindl, Q. macrocarpa, Crataegus chrysocarpa Ashe and Prunus spp. The four

adjacent landscape patches were all negatively associated with axis 1 and positively

associated with axis 3, similar to Osborne. These patches were charactenzedby B.

inermis, C. arvensis, P. pratens¿s and T. fficinale.
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Although no clear urban I rural hends are apparent in the composition of seed

species deposited, when distance along transects was treated categorically, there was a

significant (p : 0.0482) increase in the proportion of forest-associated species as distance

into the forests increased, and a concomitant significant @:0.0072) decrease in the

proportion of non-forest species (Table 3.4, Fig. 3.4). As well, the proportion of

herbaceous seeds significantly O <0.0001) decreased as distance into the forest

increased, with a concomitant significant (p : 0.0003) increase in the proportion of tree

seeds deposited (Table 3.4, Fig. 3.5).

Of those seeds exiting forests, anemochores dispersed the greatest distances. Two

of the wind-dispersed tree species in this landscape, A. negundo and,F. pennsylvanica,

dispersed the greatest distances, yet both experienced relatively rapid attenuation of

deposition. Acer negundo was deposited as much as 38 m outside of the forest (Fig

3.3C), while F. pennsylvanica was not deposited more than 3 m from the forest. There

was a significantly (p : 0.0038) greater proportion of F. pennsylvaníca within rural

forests than urban, and no exhibited dispersal from urban forests (Table 3.3). Conversely

there was no signif,rcant difference in the proportion of A. negundo seeds deposited in

urban or rural forests, and no significant difference in the proportion of A. negundo seeds

exiting the forest.
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Table 3.3 Response of seed rain diversity and density, including density of several
coÍrmon species, to land use and patch type based on a two factor Analysis of Variance
of average number of seeds per trap.

seed density

species richness

native richness

exotic richness

forest species

non-forest species

anemochores

endozoochores

Acer negundo

Bromus inermis

Cirsium arvense

Fraxinus pennsylvanic a

Poa pratensis

Quercus macrocarpa
Taraxacum fficinale

Species Land use Patch type I¿nd use * patch type Full model p-value

ns

ns
**t(

NS

*rt rf

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

ns
t<*

**

Significance levels: ns:non significant, ** p<0.01, x*t p<0.001.

{<*

NS

NS

NS

NS

NS

ns

NS

ns
**

NS

ns

ns

NS

NS

ns

ns

NS

NS

NS

NS

ns

NS

ns

ns

0.7347

0.s085

0.0029

0.0198

0.0011

0.0334

0.2438

0.0934

0.7736

0.0778

0.7t23
0.0555

0.2198

0.2704

0.0218
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Table 3.4 Response of seed rain diversity and density, including density of several
common species, to land use and distance, treated as a categorical variable, based on a
two factor Analysis of Variance

native richness

exotic richness

forest species

non-forest species

anemochores

endozoochores

Acer negundo

Bromus inermis

Cirsium arvense

F r axinus p ennsy lv ani c a

Poa pratensis

Quercus macrocarpa

Taraxacum fficinale

Species [¿nd use
{<* *

**< *

***

Distance

tc*

ns

ns

NS

ns

NS

NS

ns

NS

,F

***
**{<

*rl.*

** {<

NS

NS

*

ns

NS

**<

NS

ns
**

Significance levels: ns=ton significant, * p<0.05, ** p<0.01, t** p<0.001.

Land use x distance
{<**

l. {. rk

t<

{< i<

NS

ns
*

Full model p-value

<0.001

<0.001

<0.001

<0.001

0.3808

0.778

0.0185

0.0683

0.3414

0.0069

0.6843

0.8301

0.0086

NS

NS

ns

NS

NS

NS
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Similarly, dispersal into the forest from adjacent landscape patches was

dominated by anemochores. However, there was a significant (p : 0.0011) decrease in

the proportion of non-forest wind dispersed species as distance into the forest increased

(Table 3.4). Wind dispersed seeds entering the forest, such as T. fficinale (Fig 3.3K)

and C. arvense (Fig 3.3F) were rapidly attenuated across the forest edge. Taraxacum

fficínale, the most cofftmon seed species overall, was deposited heavily outside the edge

of rural forests, and dispersed into the forests as much as 30 m. Taraxacum fficinale,

and a number of other species, were collectedg2 m within Beaudry forest (Fig. 3.3);

these collections were associated with a hail. A significantly (p : 0.0166) greater

proportion of T. fficinale seeds was deposited in rural areas (Table 3.3), and dispersed to

a significantly (tz : 10.63, p :0.0087) greater distance than in urban forests. Similarly,

C. arvense was deposited heavily outside the edge of all forests, dispersing up to 32 m

into rural forests, but less than 5 m meters into urban forests. Likewise, the two most

commonly deposited grass species, B. inerm¿s and P. pratensís, had restricted dispersal

into forests. Despite having relatively even distribution within surrounding landscape

patches, neither species was deposited more than 10 m in any of the forests (Figs 3E, 3H)

Dispersal was even more limited for non-anemochorous species. Significantly (p

: 0.0003) more epizoochorous species were deposited in forests than in the adjacent

landscape patches (Table 3.3). The most commonly collected epizoochorc, A. minus,was

only collected in urban forests. Although an exotic species, it was deposited most

commonly within the forests. Most seeds of this species were deposited 10 m within the

forest edge. The most common endozoochorous native trees, such as Q. macrocarpa and
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T. americana, were largely restricted to forest deposition. Most seeds of Q. macrocarpa

(Fig 3.3I) were deposited within 50 m of the forest edge, with only one deposited more

than2 m outside of the forest. Seeds of the non-native endozoochore, -R. cathartica (Fig

3.3J) were deposited in a similar fashion to Q. macrocarpa, with the majority 20 m

within the forest edge in urban forests. Rhamnus catltartica seeds were deposited one

meter into the adjacent patch, likely due to shrub overhang.

Deposition of forest and non-forest seeds overlapped within a zone extending as

much as 30 m on either side of the forest edges. In addition, the unique habitat in this

area was associated with a greater proportion of species such as the drupe-bearing C.

chrysocarpa, Prunus virginiana L and Symphoricarpos occídentalís Hook as well as the

epizoochorous l. mínus.

The development of these seed rich ecotones, and the rapid attenuation of seeds

outside of these areas suggest that the presence of forest edges play a significant role in

seed flux. The patches adjacent to each of the four forests, and their resultant ecotones,

were quite different from one another (Fig. 3.6). The rural forests were sunounded by

agricultural land - in the case of Sair, unmanaged land charactenzed by B. inermis, C.

arvense and Medicago sativaL, and in the case of Beaudry periodically mowed grassland

charactenzed by B. inermis, P. pratense, T. fficinale andTrifolium pratense L with a

restored tall grass prairie 100 m from the forest. Munson was perhaps a typical urban

forest, surrounded by manicured lawn, residences and asphalt, while Osborne was

contiguous to an abandoned lot, which was experiencing regeneration of A. negundo,

Populus deltoides Michx and U. americana. Despite differences in ecotone, the edges of

the four forests did not exhibit significantly different stem or branch density (Table 3.5).
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Table 3.5 Edge structure in two forest fragments in each of two land use classes. Edge
structure is defined in terms of avera-ge canopy height, number of branches per meter of
height, and total stem density in 1 m2. Data are reported as mean (standard ãnor).

Canopy Vertical
height branch
(m) density (/m)

rural
urban

8 (r) 3.e (0.4) 0.01 (0.005)

7.7 (0.7) 3.7 (0.s) 0.02 (0.02)

Total stem

density (/m2)
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Despite the rapid attenuation of dispersal of native species across forest edges,

scaling up ftom the patch level to the landscape level did not reveal the expected genetic

patterns associated with habitat isolation. In fact, little differentiation by the four model

species in eight forest patches in this landscape was exhibited in ISSR fingerprints. Each

of the selected primers created two to five polymorphic bands ranging in size from 400 to

700 b.p. in all of the species (Fig. 3.7). Average genetic distance between samples

ranged from 0.278 to 0.889 in L. canadensís and 0 to 2.00 in V. pubescens, cor-Íesponding

to a loss of one band in Il%o and37%o of the samples respectively.

Differences in banding patterns that were exhibited within species were not

correlated with either distance or separation from the river. Correlations between spatial

and genetic distance were not significant in the case of either L. canadenszs (Mantel r: -

0.287,p:09a! or V. pubescens (Mantel r: 0.18, p:0.266). In fact, the probability of

population differentiation derived from genetic distances is highly non-significant

(p:0.00) for both of these species.
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ry41

A.

Figure 3.7 Nuclear DNA of two forest understorey plant species, Laportea canadensis
(A), and Viola pubescens (B), submitted to microsatellite ISSR primers. PCR products
were resolved on l.lYo agarose gel electrophoresis. Origin of template DNA samples is
indicated above the lanes. Beaudry, Rural5 and Sair are rural forests; Oxbow is collected
from a forested oxbow; Assin P and Munsun are urban forests. 100 bp DNA ladders are
in the rightmost and leftmost lanes of both gels.

B.
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DrscussroN
Despite the growing concern in landscape fragmentation and large-scale

conservation, little is known empirically about the dispersal of organisms in fragmented

landscapes (Harrison and Bruna, 1999). The responses of plant dispersal guilds to habitat

isolation have been detailed in a number of studies, but these studies employ correlative

measures based on established vegetation, rather than directly measuring the dispersal of

seeds (e.g. Dzwonko and Loster,1992; Matlack, 1994b; Mclachlan andBazely,200l).

Additionally, relatively little is known about how changes in land use in the surrounding

landscape affects dispersal (Wiens, I997b; Harrison and Bruna, 1999). Although land

use affected patterns in seed rain in this study, finer scale patch level influences appeared

to be even more important.

Patterns of seed dispersal chaructenzing urban forests were very different from

those of rural forests. Native species such as C. cristatella, C. chrysocarpa, S.

occídentalis and Prunus spp, were not found in urban forests, while non-native species

including A. minus and,R. catltartica, were relatively common in Osborne and Munson,

respectively. Additionally, there were proportionally fewer native seeds, and

proportionally more exotic species deposited in these urban forests.

Overall, the species composition of seed rain in rural forests was more alike than

that of urban forests' rain. Similarly, the soil seed bank and established vegetation of

these rural forests exhibit less variation than that of urban forests (Moffatt et a1.,

submitted; Moffatt and Mclachlan, 2003). Larger within-class variation observed for

urban forests was likely associated with the correspondingly greater complexity of the

surrounding landscape. Urban landscapes are far from homogeneous, consisting of lawns,
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roads, sidewalks, and a variety of buildings, whereas those in rural landscapes comprise

relatively larger patches of agricultural fields, planted to one of a very few crop species.

The zones of greatest diversity in this study were associated with the boundary

between forest and surrounding land use patches, and tended to occur within 30 m of the

forest edge. These ecotones develop where species associated with fields and species

associated with forests overlap, and tend to have relatively high diversity (e.g. Merriam

and Wegney 1992). For example, the greatest overall diversity of plant species in a

forest/field region in New Jersey was within azoîe approximately 40 m from forest

edges into adjacent fields (Meiners et al., 1999). This build-up of species in the ecotone

may provide stability to adjacent forest ecosystems, by protecting against edge-related

changes in microclimate, and plant mortality (e.g. Wiens et a1.,1985; Saunders et al.,

1991; Murcia, 1995). However, many of the early studies on the effects of fragmentation

on plant community composition (e.9. Brothers and Springarn,1992; Fraver, 1994) were

focused on remnant forest fragments, thus underrepresented this ecotone.

In addition to the overlap in seed deposition occurring at the ecotone, distinctive

microhabitats are found within the ecotone (e.g. Risser, 1995). Fruit-producing trees and

shrubs tend to occur at forest edges or gaps (Thompson and Willson,1978), and, in this

study, included Amelanchíer alniþlia Nutt, C. chrysocarpa, S. occídentalis, and Prunus

spp. Even species that were more widely distributed throughout the forest, such as l.

negundo, F. pennsylvanica and Q. macrocarpa, will tend to produce more seeds in

relatively high-light environments such as forest edges or gaps associated with hails (e.g.

Leishman et al., 1999; Greene et a1., 2002). Thus, patch edges seem to play an extremely

important role in determining patterns of seed deposition.
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The patch edge itself acted as a substantial barrier for the movement of seeds.

Seeds dispersing from the forest into the adjacent patch and those dispersing from the

adjacent patch into the forest both experienced rapid attenuation as distance from the

edge increased. The probability of immigration is a function of the probability of

encountering an edge and the probability of crossing that edge once encountered (Stamps

et a1.,1987; Wiens, 1992). Indeed, the removal of branches and small trees on forest

edges increases the rate and distance of seed immigration in forests in New York

(Cadenasso and Pickett,200I). In this study however, edges were structurally similar,

despite substantial changes in land use across all four forests. A greater dispersal rate and

distance of the exotic T. fficinale was exhibited in rural forests, in this case, simply

increasing the number of potential immigrants has increased immigration rate. Despite

this greater penetration distance, smaller forests may in fact be more heavily affected by

immigration due to their greater edge- to-area ratios. Thus, the seed rain of smallest

urban forest (Osborne) was most similar to the seed rain in its adjacent patch.

Interestingly, establishment patterns seem to be even more limited than dispersal

patterns for open-habitat species in many forest fragments. Although distances that open

habitat species invade vary among forests, and among edge aspects, they typically are

less than 20 - 30 m (e.9. Brothers and Springam, 1992; Fraver, 1994; Honnay et al.,

2002b). These pafferns have been attributed to a concommitant attenuation of

photosynthetically active radiation (PAR) within forests. In closed canopy forests, PAR

is often attenuated to less than l0%o of open field conditions within 10 m of the edge (e.g.

Brothers and Springarn, 1992; Cadenasso et al., 1997; Honnay et a1.,2002b). Moreover,

light attenuation also affects flowering patterns. Although T. fficinale can become
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established under forest canopies, it tends to be non-flo\¡úering and non-reproductive, thus

limiting its ability to further migrate (e.g. Brothers and Springarn, 1992).

Dispersal of seeds out of the forest was also relatively rapidly attenuated. Tree

seeds dispersed further than either shrub or herbaceous seeds. Indeed, no herbaceous

seeds were found outside the forest. These results may have been biased by the passive

collection techniques that selected for highly productive, anemochorous plants such as L

negundo, F. pennsylvanica and T. fficinale. [n contrast, non-randomly (i.e. animal

dispersed) and less common species likely were underrepresented in the seed traps.

However, dispersal distances determined by collecting seeds was quite similar to

distances inferred based on the density of seedlings of Acer saccharum and T. americana

in agricultural old fields (Johnson, 1988). Additionally, the dispersal distances of 20 - 30

m exhibited by A. negundo in these study sites showed remarkable similarity to distances

reported for wind dispersed tree seeds from forest fragments into adjacent old-fields in

Costa Rica (e.9. Aide and Cavalier, 1994;Holl,l999; Wijdeven and Kuzee, 2000).

Acer negundo initiates seed production after eight years of growth under optimum

conditions (Bums and Honkala, 1990). The observed maximum dispersal distance of 38

m would amount to an edge expansion rate of 3 to 4 meters per year under these

conditions. V/ith a burn - flood cycle at the scale of decades (e.g. Löve, 1959; Bird,

1961), this expansion rate would have allowed for a substantial increase in forest size

during wet periods. Despite this potential for the migration of the forest overstorey, the

implication for more dispersal-limited species remains unclear. No understorey species

emigrated from the forest patches in this study, and many seeds of typical forest species

such as Amphicarpa bracteata L and C. cristatella were only found in the core of rural
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forests, suggesting that migration of non-woody species out of forest fragments may be

extremely limited. When vegetation is examined, dispersal-restricted (i.e. myrmecochory

and autochory) understorey species tend to remain absent from second-growth forests

decades after the introduction of a forest canopy, despite the occurrence of nearby

populations (e.g.Matlack, I994b; Mclachlan and Bazely, 2001). However, that these

species are not totally excluded from isolated secondary forests (Dzwonko and Loster,

1992), suggests that some probability of inter-patch dispersal remains.

Although seed dispersal normally exhibits a leptokurtic distribution (e.g. Willson,

1993; Greene and Johnson, 1996), relationships between distance and number of

deposited seeds were highly variable in this study. If data were collected for several

years, it might account for inter-annual variation in seed production and masting in

species such as A. negundo and Q. macrocarpø. Others (e.g. Leadem et al., 1997)have

suggested that seven years ofdata collection are necessary to get an accurate description

of seed rain in a given patch. However, relatively rare long-distance dispersal events

would continue to be underrepresented (e.g. Bullock and Clarke, 2000; Nathan and

Muller-Landau, 2000). The combination of ecological and genetic approaches to

studying dispersal may help to overcome these limitations, which seem to be inherent in

field studies (e.9. Harrison and Bruna, 1999; Ouborg et al., 1999; Sork et a1., 1999).

The exploratory genetic approach taken in this study did not identify any genetic

variation in the populations under study. Clearly populations separated by as much as 50

km are not likely to be genetically identical. Existing genetic differences were simply not

detected by the microsatellite ISSRs used in this research. Generally, smaller markers

such as microsatellites identiff these fine-scale variations in DNA structure. Conversely,
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primers such as allozyme markers study proteins rather than DNA; so slight changes in

DNA structure may not be represented in allozyme studies (e.g. Parker et al., 1998;

Ouborg et a1.,1999).

Microsatellite ISSRs are utilized to react with arbitrary microsatellite loci in the

genome, unlike microsatellite SSRs, which can be selected to react with loci known to be

highly variable among populations (Wolfe and Liston, 199S). It is possible that alt 16

loci examined in this study were highly conserved. Unfortunately the genomes of these

study species have not been sufficiently described to take advantage ofthe SSR approach.

Additionally, as dominant markers, microsatellite ISSRs are not able to identify levels of

allelic diversity. Although loci may be lost during fragmentation as a result of a decrease

in population size, more often alleles are lost due to the indirect effects of fragmentation

such as inbreeding (Young et al., 1996). It is, in fact, this type of loss of diversity that

often manifests itself first in population genetic studies (Young et al., 1996). Culley and

Grubb (2003) used allozymes to describe population genetic responses in V. pubescens to

forest fragmentation in Ohio. These populations exhibited high levels of heterozygosity,

representative of high levels of outcrossing, and significant relationships between forest

size and allelic diversity. Fragmented populations of Z pubescens along the Assiniboine

River may exhibit similar responses to isolation; however dominant markers such as

ISSRs are incapable of describing levels of heterozygosity.

The relatively small temporal and spatial scale of this study presents particular

difficulty in studying genetic differentiation. Smaller scale studies provide fewer

opporlunities for population differentiation and thus represent particular challenges to

population geneticists (e.g. Ouborg et al., T999). For example, the species studied here

Effects of urbanization on seed

dispersal in riparian forests 68 B.A. Thompson,2003



Chapter 3. The effects ofurbanization on seed rain

may simply have not yet manifested, at the genetic level, evidence of isolation effect.

However, Harrison and Bruna (1999) in a recent review of ecological studies of the

effects of landscape fragmentation by suggested that, much like this study, no author had

been able to measure the rates of long-distance, landscape-scale dispersal reliably. This

suggests strongly that genetic approaches, such as the one attempted here, may be vitally

important to increase our understanding of this important, yet not fully understood,

process.
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Chapter 4 Trrn EFFEcrs oF uRBANrzATroN oN sEED DTsrERSAL
BY AI\TS

INrnooUCTIoN
As landscapes across the globe are progressively urbanized, conservation of

extant natural habitat becomes increasingly important (McDonnell and Pickett, 1990;

McKinney,2002). Forests in urban areas are under particular stress and studies have

identified many urban - associated changes in communities of birds (e.g. Bolger et al.,

1997;Parody et a1.,2001), small vertebrates (e.g. Dickman, 1987 Germaine and

Wakeling, 2001), insects (e.g. Mclntyre, 2000; Bolger et al., 2000), and plants (e.g.

Hoehne, 1981; Robinson et al.,19941' Moffatt et a1., submitted).

One mechanism affecting urban forest community composition is the increased

isolation of extant forests. Plants that are wind- (i.e. anemochores) or animal- (i.e.

epizoochores and endozoochores) dispersed are unaffected compared to those that are

relatively dispersal-limited. Thus, species that are gravity- (i.e. barochore), explosive-

(i.e. autochore), or ant-dispersed (i.e. myrmecochore) often exhibit greater decreases in

relative cover and diversity when isolated (e.g. Dzwonko and Loster, 1992:McLachlan

and Bazely, 200 I ; Holl, 2002a; Moffatt et a1., submitted).

Myrmecochory is a mutualistic relationship between elaiosome-bearing seeds,

and associated ant species. Elaiosomes are sugar and lipid rich bodies attached to seeds,

which act as food sources for ant colonies (e.g. Petal, 1978;Beattie, 1985). Foraging ants

collect and transport elaiosome-bearing seeds to nests, where the elaiosome is consumed

and the seed is discarded either in unused galleries or in adjacent areas (Beattie, 1985).
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These seeds may benefit from decreased competition (Culver and Beattie, 1980; Pudlo et

al., 1980; Beattie, 1985), protection from fire (Beattie, 1985), deposition in beneficial

micro-sites (Beattie and Culver, 1983; Beattie, 1985; Andersen, 1988b), earlier

emergence (Culver and Beattie, 1980) or increased dispersal distance (Pudlo et a1., 1980;

Beattie, 1985; Andersen, 1988a; Bullock, 1989). Thus, Viola spp. seeds, which may be

explosively dispersed up to 4 m, are dispersed over 10 m by ants (Willson, 1993).

Although fragmentation has been associated with declines in the plant

components of mymecochory (e.g. Dzwonko and Loster, 1992; Mclachlan andBazely,

2001; Moffatt etal., submitted; Holl,2002a), associated ant communities may also be

affected. Clearcutting of boreal forests replaces typical mature forest assemblages of ants

with early successional generalists (e.g. Punttila et al., I99I; Punttila, 1996; Punttila et

aI.,1996). Past disturbance determines forest ant community composition in North

Carolina (Mitchell et a1., 2002), whereas urban development in California increases forest

edge and decreases vegetation cover, making native ant communities more vulnerable to

invasives (Suarez et aL.,1998; Bolger et al., 2000).

Disturbance also can alter ant community composition by changing microhabitat

characteristics and food availability in habitat remnants. Heavily grazed grasslands (e.g.

Bestelmeyer and Wiens, 2001; Usnick and Hart, 2002) and forests (e.g. Abensperg-Traun

et al., 1996; Suarez et a1', I998) experience decreased ant density whereas degradation

increases seed dispersal distances at Australian mine sites (Andersen and Morrison,

1998). In contrast, both rate and distance of dispersal decrease and more seeds are

dropped before reaching ant nests within disturbed forests in the eastern U.S. (Pudlo et

a1., 1980).
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The overall objective of this study was to describe the impacts of surrounding

land use on seed dispersal by ants in riparian forests. More specifically, I assessed i)

impacts of an urban-rural gradient and patch size on ant community composition, ii)

effects of urbanization and edge on habitat use by ants, and iii) effects of urbanization on

seed removal by ants.

Mnrnons

SIrp rpscRrPTroN
This study was conducted in riparian forests along the Assiniboine River in

southeastern Manitoba (Fig. a.1) (49046'N, 9709' V/). These forests are dominated by

Fraxinus pennsylvanica Marsh., Quercus macrocarpø Michx. and Acer negundo L.

Understorey species include Rhus radicans L, Aralia nudicaulis L., Matteuccia

struthiopteris L., Laportea canadensís L., and Thalictrum venulosumTrel.

Myrmecochorous plants in this system include Trillium cernuumL., Viola pubescens Ait.

and Viola canadensis L (Moffatt, 2002).

Eighteen riparian forests were selected to study the impacts of urbanization on ant

communities (Fig. 4.1). These riparian forests can be categorized into urban, suburban,

and rural land use types according to the composition of their understorey flora (Moffatt

et a1., submitted). Five forests of each landuse type were randomly selected from those

described in Moffatt (2002), and three rural forests were added that had similar size and

canopy cover to that ofurban forests.
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ANr coUMUNITY DESCRTPTToN

Nesting habitat preferences and impacts of land use were studied using a quadrat

sampling method between June and August 2002. Five 5m x 5m quadrats were randomly

placed within each of the 18 forest sites. Searching was limited to mornings between

approximately 0800 and 1100, as initial investigation suggested ant activity was highest

during that time period. Preliminary results also indicated that 5m x 5m quadrats were

optimal; no additional species were found when size was increased to 10m x 10m,

although species were lost when quadrats were reduced to 2m x2m. Ants were collected

by crawling through the quadrat, overturning objects, removing litter, breaking open

detritus and aspirating samples from all ant nests.

V/ithin each 5 m x 5 m quadrat the per cent cover of coarse woody debris (>1 cm

diameter), leaf litter, and the canopy cover of over-, mid-, and under-storey was

estimated. The canopy layer above 2 m was defined as overstorey, that between 0.5 - 2

m was defined as midstorey and any canopy below 0.5 m was defined as understorey. [n

addition, ground moisture was categorized as wet (i.e., standing water at least part of the

summer), mesic (i.e., visibly moist 24 hours after precipitation) or dry (i.e. no discernable

soil moisture 24 hours after precipitation). Forest patches were digitized and forest area

and perimeter-to-area ratio were calculated using aerial photos taken in 1994 (Linnet,

ree4).

Quadrat searching is a relatively rapid and effective method of sampling ground-

dwelling ants, and provides accurate information on nesting density. However, it tends to

under-sample nocturnal or inconspicuous species (Bestelmeyer et aI.,2000). A
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combination of sampling techniques is usually optimal to describe fully ground-dwelling

ant communities (Agosti and Alonso, 2000).

Foraging habitat and the effects of forest edge on ant communities were studied in

greater detail using pitfall haps in two urban (i.e., Osbome and Munson) and two rural

reference (i.e., Beaudry and Sair) riparian forest patches that represented a subset of the

initial 18 forest sites (Fig.4.1). Three line transects were established at each site,

perpendicular to the forest edge and extending 120 m into the forest core. Transects were

randomly located at least 20 m apart and 50 m distant from any parallel forest edge. If the

forest patch was gteater than250 m in width, it was divided into three subsections of

equal width and one transect randomly located within each subsection. The zero mark of

each transect was located at the point of edge maintenance, or treated as a canopy drip

line edge (Rarurey eta1.,1981). Pitfall traps were placed every eight metres along these

transects (n:192). Traps were containers (10 cm diameter) situated flush with the forest

floor and filled with a super-saturated salt solution. Traps were monitored and emptied

weekly. At each trap, per cent tree canopy and coarse woody debris (> 1 cm diameter)

cover, average leaf litter depth, and wetness index (as described above) were measured.

Pitfall sampling is a passive method of collection; ants collected are not limited

by researcher ability, yet it provides cumulative and relatively accurate descriptions of

species diversity. However, it tends to over-sample species that have large foraging

ranges (such as Formica spp.) while under-sampling those with limited ranges (such as

Leptothorax spp.) (Bestelmeyer et al., 2000).

All ants were stored in9}o/o ethanol and identified using Wheeler and Wheeler

(1963,1977) and Françoeur (1973) and names were updated using Bolton (1995).
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Voucher specimens were verified by Drs. B. Preston and A. Françoeur and were

deposited at the Department of Entomology, University of Manitoba.

CerprgRre EXPERTMENTS

Relative impacts of seed dispersing ants and vertebrate seed harvesters in

Osborne, Munson, Beaudry and Sair forests were studied using commercially provided Z

pubescens seeds in unsupervised "cafeteria-style" experiments in July 2001 and 2002. 
^t

this time, seeds of resident populations of V. pubescens were maturing and seed pods

dehiscing. Depots of five seeds were randomly located at eight sites within each forest.

In addition, two cafeterias were situated in each of the rural forests within I m of an

existing population of V. pubescens. Tl:ree depots were created 1-m apart at each

location and debris was cleared and soil flattened in a25 cm diameter circle around each

depot. One depot was treated as an arthropod exclosure, one as a vertebrate exclosure,

and the last as a no-exclosure control. The arthropod exclosure consisted of an

aluminium pie plate (22 cm diameter) the edge and lip of which were painted with sticky

non-drying resin (Tanglefoot) to prevent arthropod entry. The vertebrate exclosure

consisted of a cage (30 cm x 30 cm x 30 cm) with I cm wire mesh, and fixed into the

ground to prevent vertebrate foraging. The third depot allowed access by both arthropods

and vertebrates. Five seeds were piled on the natural substrate or aluminium plate at each

of the depots.

Seeds in each pile were counted and replaced after 12,24,36 and 48 hours.

Evidence of mastication by seed-eating arthropods at each of the depots was monitored.
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Evidence of mastication included the presence of empty seed coats and broken seeds

(Smith et al., 1989). Any missing seeds that were not masticated on site were assumed to

have been removed by ants.

Although seed removal tests were conducted using seeds of V. pubescens, paired

tests (n:4) within each of the exclosures were also conducted using the myrmecochorous

T. cernuum in order to assess if seed removal were purely a species-based response.

Trillium cernuum occurred in one urban and both rural sites. Similarly, paired tests (z:4)

were also conducted on seeds of the non-myrrnecochorous Anemone canadensis to

determine if elaiosome and non-elaiosome bearing seeds were differentially removed.

Finally, tests (z:4) were run both on seeds of V. pubescens that had been collected from

existing habitat that day and with purchased seed, to determine any differences in seed

attractiveness associated with seed source.

To determine which ant species were removing seeds of V. pubescens, supervised

cafeteria experiments were run with both seeds of V. pubescens and tuna depots in July

2001. Tuna is often used as bait as it exhibits similar diglycerides as many elaiosomes

(Marshall et al., 1979). Depots were created, bait deposited, and left unsupervisedfor 24

hours. The next day, bait was replaced, the depots were monitored for one hour each, and

observations were made on species removing the seeds. In July 2002, seeds were

deposited less than 10 cm from active ant nests to increase the likelihood that dispersal

events might be observed(sensu Davidson, 1977; Orivel and Dejean,1999). Depots

were revisited after 24 hours, and all seeds replaced. Depots were then monitored for one

hour each, and rates of removal calculated. Ant specimens were taken from the nest for

positive identification in the lab.
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DeTe ANALYSIS

Ant nests in each of the five quadrats were averaged for each forest and all data

were log-transformed. Data were analyzed with correspondence analysis (CA) (ter Braak

and Smilauer,1997), in order to determine differences in species composition among

forests. Environmental variables including land use type, area and perimeter-to-area ratio

of the forests and cover of coarse woody debris (CWD), leaf litter, tree, shrub and

understorey canopies as well as soil wetness were sufirmanzed for each site and used to

constrain the species CA in a canonical correspondence analysis (CCA) (ter Braak and

Smilauer, 1997). The CCA displays the relationship among sites, species and applied

treatments along orthogonal axes of variation in direct gradient analysis. The association

between species data and environmental constraints is described using the redundancy

value, the proportion of the total variance from the CA explained when constrained by

environmental variables (Økland, 1999).

Similarly, ants collected with pitfall traps were analyzedwith CA. Species

collected with pitfalls were transformed to relative frequency per trap over the course of

thirteen weeks to down-weight outlying data points. Again, the CA was constrained by

land use type, distance from forest edge, leaf litter depth, wetness and cover of tree

canopy and CWD in a CCA. All data were log transformed prior to analysis.

Relationships between ant nest density and diversity and environmental variables

were described using multiple regression (SAS Institute, 1988). Data were averaged per

forest and log transformed to meet the assumptions of normality (Zar,1974). Nest
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density for all species combined, nest density for each species, and overall species

diversity were regressed against land use, wetness, trail density, and cover of leaf litter,

CWD, and upper-, mid- and understorey canopies. Simpson, and Shannon-Weiner

indices were selected as measures of diversity as they provide estimates of the effective

number of species present, while ignoring or including relatively rare species respectively

(Hill, 1973)

Relative removal rates of Viola seeds from exclosure treatments and the two land

use types were characterized using two-factor ANOVA (SAS Institute, 1988). All data

were log transformed prior to analysis in order to meet the assumptions of the ANOVA

model and untransformed data are presented (Zar,l974). Orthogonal contrasts were used

to compare removal rate by ants in urban and rural forests (SAS Institute, 1988). Rate of

removal of T. cernuum, A. canadensis and wild V. pubescen^s seeds were each compared

to the removal rates of V. pubescezs seeds using a student's t-test (SAS Institute, 19S8).

Rnsur,rs

Erpecrs oF LAND usE oN ANT coMMUNITy coMposrrroN
Species composition in riparian forests was strongly affected by land use,

especially that of urban forests (Figa.Ð. The first and second CCA axes accounted for

74%o and II.8% of the variance, respectively, for a cumulative 25.8%o of the variance

within the species data. 'When 
constrained, the species-environment correlations for axes

I and?were 0.927 and 0.825, respectively. A redundancy value of 47%o suggests that the

measured habitat variables described much of the variance in species composition. The

first axis separated urban and suburban (i.e., city) forests from those in the surrounding
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rural areas. Rural sites were associated with greater forest area, andunderstorey and litter

cover whereas city sites had greater upperstorey cover and weûress (Fig. 4.2). Anf

species characteizing rural forests included Formíca aserva Forel, Polyergus breviceps

Emery, Myrmica detritinodist and, Camponotus novaboracenszs Fitch, those of city sites

included Lasius pallitarsis Foerster and Camponotus pennsylvanicus DeGeer. The

second CCA axis separated suburban from urban forests. Suburban forests had greater

CWD and midstorey cover while urban sites were associated with greater edge ratio, soil

wetness, upperstorey cover, and trail density (Fig. a.Ð. The smaller rural sites did not

separate from larger rural sites, except for the relatively wet and highly linear 'small2',

which was more similar to suburban sites. Ant species associated with suburban forests

included Formica neorufibar, rs Emery, Tapinoma sessile Say and Leptothorax

canadensis Provancher; those associated with urban forests included L. pallitars¿s and C.

pennsylvanicus. Formica glacial¿s Wheeler occurred at the origin of this ordination,

suggesting that it does not respond to either land use or selected microhabitat variables.

Although there was no significant response to land use by either ant density

(F3,1a:0.14,p:0.9340) or species richness (F3,1a:1.18, p:0.3511), ants were significantly

associated with selected environmental variables (Table 4.1). Soil wetness was

negatively associated with ant density (p:0.0014) and species richness þ:0.0002), and

trail density positively associated with ant density þ:0.0079) and species richness

(p:0.0045). Litter was positively associated with the densities of the litter dwelling M.

detritinodis O:0.0465), T. sessíle (p:0.0378) and L. canadensis (p:0.0105) as was CV/D

(p:0.0473) in the case of Z. canadensis. These environmental variables, in turn, were

1 Although M. detritinodis is considered to be a defunct species name (Bolton, 1 995), this name is expected
to be resurrected in an upcoming revision of the genus (4. Francoeur, pers. comm.) Specimens were
identif,red as M. detritinodrs using these newly identified characteristics
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associated with land use. Both CV/D and leaf litter were significantly associated with

urbanization (F¡,i¿ : 3.J 4 p:0.0364 and F3,1a : 4. I 8 p:0.026 1 respectively).
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Figure 4.2a Canonical Correspondance Analysis of ant species nesting in four land use
classes constrained by environmental variables. Open circles are rural forests, slashes are
small rural forests, x's are suburban forests, and crosses are urban forests. CCA
describes 25.8% of the variance in the species data, with a redundancy of 47%o between
species and environmental scores.
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Figure 4.2b. Canonical Correspondance Analysis of ant species nesting in four land use
classes constrained by environmental variables. Open circles are rural forests, slashes are
small rural forests, x's are suburban forests, and crosses are urban forests. CCA
describes 25.8% of the variance in the species data, with a redundancy of 47o/o between
species and environmental scores. Species codes are described in Appendix 2.
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Table 4.1 Influence and significance of land use (urban, suburban, rural) and habitat
characteristics (soil wetness, trail density, leaf litter depth, cover of coarse woody debris,
and canopy at the lower, mid and upper storey levels) on nest diversity and density of
given species as identified by a multiple regression

Nest density

Species richness

Simpson diversity
Shannon - Weiner

diversity

Formica aserva

Formica glacialis
Formica subaenescens

Lasius pallitarsis
L eptothorax canadens ís

Myrmica detritinodis
Tapinoma sessile

trail Leaf litterLanouse welness density depth

NS

NS

*< ¡1.

NS

NS

i(*i.

NS
,1.+

,1.

NS

i.

** (-)
i.'r,,r. (_)
** (-)

*r,i, (_)

NS

** c)*c)
NS

*c)
** (-)

NS

Significance levels: ns=non significant, * p<0.05, xt p<0.01, *** p<0.001. Trends: (+)
positive, (-) negative

** (+) ns
** (+) ns**c) *c)

ns ** (+)

coarse 
Shrub

woodv
cover

debns

NS

NS

* (+)
NS

NS

** (+)
ns

ns

NS

NS

NS

NS

NS

NS

NS

* (+)
NS

NS

NS

NS

NS

NS

* (+)
* (+)
* (+)

NS

NS

NS

NS

ns

NS

** (-)
NS

NS

NS

NS

Forb Canopy
cover cover

NS NS

NS NS

*C) ns

ns * (+)

NS

NS

NS

NS

NS

NS

NS

*c)
NS

NS

NS

NS

NS

NS
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Fonecnqc HABITAT

Uses in foraging habitat by ants differed between urban and rural forests

(Fig. 4.3a,b). The first and second CCA axes accounted for 57 .l%o and 13.8%o of the

variance respectively, for a cumulativeT0.9%o of the variance within the species data.

When constrained, the species-environment correlations for CCA axes I and 2 were

0.921 and 0.798 respectively and redundancy value was high at74.7%o. Land use

centroids are larger than the vectors associated with microhabitat, suggesting that

variance within the species data is more strongly associated with land use than with

foraging microhabitat or distance from forest edge. Species associated with urban forests

included C. pennsylvanicus, F. glacialis and M. detritinodis. Rural forests contain these

species as well as C. noveboracensis, F. aserva, F. subaenescens and L. pallitarsis

Finally, the time of year that ants were collected had no significant effect the capture

rates of any of the species.
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Figure 4.3a Canonical Correspondance Analysis of ants collected in pitfall traps showing
environmental constraints. Open circles are rural forests, crosses are urban forests. CCA
describes 70.9% of the variance in the species data, with a redundancy of 74.7o/o between
species and environmental scores.
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Figure 4.3b. Canonical Correspondance Analysis of ants collected in pitfall traps
constrained by environmental variables. Open circles are rural forests, crosses are urban
forests. CCA describesT0.9o/o of the variance in the species data, with a redundancy of
74.7% between species and environmental scores. Species codes are described in
Appendix 3.
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SBEI REMoVAL

Land use and exclosure type had a significant (F5,5e:6.8, p<0.0001) overall effect

on T. pubescens seed removal rates. Although there vvere no differences between

removal rates of seeds by vertebrates among forests, removal rates by ants in urban

forests were significantly (p:0.0308) greater than in rural forests (Table 4.2). No

significant differences were found in removal rates of wild and purchased seeds of Z

pubescens (to :-t p: 0.3910) or between seeds of V. pubescens and T. cernuum (Fr,l r :

2.06,p:0.1836). However, V. pubescens had a significantly (to:-7.50, p: 0.0003)

greater removal rate than did the non-elaisome bearing A. canadenszs; indeed, none of the

A. canadens¿s seeds were removed by ants. In contrast, V. pubescens seeds were removed

at a rate similar to other tests.

The low activity rate of ants in this system prevented the supervised cafeteria

from being successful. Removal rate was too low (mean:0.2 seeds/tr) to collect a

reasonable sample size while observing with either tuna or seed depots. Depositing seeds

in the vicinity of nests was more successful, and L. pallitarsis, F. glacialis and M.

detritinodis were all observed removing seeds near their nests.
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Table 4.2 Removalrute of Viola pubescens seeds over a l2-hour period from depots with
exclosures. Data are reported as mean (standard error).

no exclosure

vertebrate exclosure

invertebrate exclosure

DlscussroN
Although land use had no significant effect on either the number of ant nests or

species, both land use and microhabitat characteristics played an important role in

determining species composition and seed removal rates. Urban forests typically were

smaller and more isolated, and lacking in leaf litter, woody debris, and vertical

heterogeneity in the form of mid- and understorey canopy.

Both landscape and site-level factors generally play an important role in

determining ant community composition (e.g. Punttila et a1.,1996; Bolger et al., 2000;

Mitchell et a1.,2002). ln urban forest fragments in southern California, there is a strong

negative association between forest size and the diversity and abundance in the ant

community; increases in edge effect associated with forest fragmentation appear to make

native ant communities susceptible to invasion by exotics (Suarez et al., 1998). Ant

densities decreased in forest edges in the Amazon due to changes in litter depth or

microclimate (Carvalho and Vasconcelos, 1999) and decreases in ant species richness are

associated with declines in connectivity in Australian forests (Abensperg-Traun et al.,

Rural

1.e (0.3)

1.5 (0.2)

1.3 (0.3)

Urban
3.3 (0.3)

2.8 (0.3)

0.8 (0.3)
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1996). Conversely, relatively small second-growth forests in North Carolina have higher

ant species richness (Mitchell et al., 2002).

Habitat within forests also played an important role in determining species

composition. A decrease in Simpson diversity was associated with an increase in trail

density, while Shannon-Weiner diversity increased in association with an increase in leaf

liffer cover, the latter suggesting that leaf litter provides habitat for relatively uncommon

species. Rural forests had greater woody debris and M. detritinodis, F. subaenescens,

and F. neoruJibar, ¡s increased in abundance in these forests, all of these species are

primarily woody debris dwellers (Françoeur ,1973; Françoeur pers cornm.). Similarl¡

increases in habitat heterogeneity within boreal forests helps to both increase species

richness and to mitigate the competitiveness of dominant species (Punttila et al., 1996).

Increases in moisture and light heterogeneity similarly facilitate the coexistence of ant

species on decaying stumps (Brian, 1952) and in rocky scree (Brian, 1956).

In heavily disturbed urban forests, there was a loss of both vertical (i.e. mid- and

understorey canopy) and horizontal (i.e. leaf litter and CWD) habitat heterogeneity and a

concomitant loss in ant species diversity. Ants remaining in urban forests (i.e. F.

glacialís, L. pallitarsis, and C. pennsylvanicus) are habitat generalists, and can adaptto a

greater range of environmental conditions (Wheeler and Wheeler, 1963), and thus are

able to persist in these highly degraded environments. Although L. pallítarszs prefer

moist, shaded forests, they are able to adaptto heavily degraded or edge-dominated

habitat (Wilson, 1955). For example, although they were commonly found nesting in

decaying oaks in rural forests, in urban forests, L. pallítars¿s were observed nesting under

cement blocks. There was also a strong negative association between the congenors
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Camponotus novaboracensis aîd C. pennsylvanicus inthis area. Both nest in wood and

have similar life histories (Sanders, 1964). However, there was a change in dominance

from C. noveborancensís to C. pennsylvanicus with increasing urban land use. Other

studies (e.g. Sanders,1964) have also shown that C. noveboracens¿s tends to be restricted

to large and undisturbed forests. In addition to the effects of loss of habitat

heterogeneity, flooding may also play an important role in determining ant composition

in urban forests. Urban riparian forests tend to be smaller than suburban or rural riparian

forests, thus flooding would have an impact on a larger proportion of the forest. As

density and diversity of ants tends to decrease with soil moisture, annual flooding may

have eliminated ants from a larger proportion of urban forests each spring.

Suburban forests had greater vertical and horizontal habitat heterogeneity than

urban forests, and also had a greater number of ant species, including the relatively

uncommon T. sessile and L. canadensis. Although these forests are currently rich in ant

diversity, suburban development and increasing use of suburban forests may be expected

to cause increasing stresses on these forests in the future (Moffatt et aL, submitted). As

use increases, trail density will increase, and the amount of leaf litter and, potentially,

mid- and understorey canopy will decrease, thus leading to a possible decrease in ant

species in suburban forests.

Smaller rural forests tended to exhibit an increase in the edge dwelling F. aservq,

and a decrease in the relatively uncoÍlmon litter dwelling F. subaenescens and F.

neorufibarb¿s. These changes may be associated with an increase in the proportion of

edge habitat, and a general loss in horizontal heterogeneity. Although forest size, and the

increase in edge proportion, affects ant community composition, changes observed in
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urban forests are more severe, suggesting that human-associated disturbance of habitat

plays an extremely important role in determining ant communities.

Similar results were obtained with both the nest search and the pitfall techniques.

Most species were found with both methods; however, closer associations between

habitat and ant association were observed with the nest search than with the pitfalls. This

suggests a rapid assessment technique such as the nest search is an effective tool for

measuring the diversity and potential ecological role of ants in forest fragments.

Despite the loss of ant species in urban forests, the removal rate of seeds Z

pubescens actually increased. These differences may be explained in terms of the

foraging behaviour of the different species. Many of the ants in this region are potential

seed dispersers. Lasius pallitarsis, F. glacialis and M. detritinodis were all observed

removing seeds, and other species in the region have been described as seed removers in

the literature (Table 4.3). Established competitive hierarchies for congenors of these

species suggest that three competitive guilds could be described, with the slave-making

F. aserva andP. breviceps dominant, Camponotus spp, members of the F.fusca group

(including F. glacialís, F. neorufibarbis and F. subaenescens) and L. pallitarsis

subdominant, and M. detritinodis, T. sessile and L. canadensis highly subdominant

(Fellers, 1987; Savolainen and Vepsäläinen, 1988). In urban forests the dominant and

highly subdominant competitive guilds were lost, and only the subdominant guild

remained. When top competitors are removed, one should expect remaining species to

exhibit an ecological release in their foraging behaviour (Canoll and Jat:zen, 1973), and

as these remaining ant species are all opportunistic scavengers, they are likely to compete

for food resources (Canoll and Janzen,1973; Stradling, 1987).
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Table 4.3 Literature reports of seed dispersal by several ant species found in riparian
forests in Manitoba.

Species

Camponotus pennsylvanicus Pudlo et al, 1980

Formicafusca
Formica glacialis
Lasius pallitarsis
Myrmica detritinodis
Stenamma spp.

Tapinoma sessile Culver and Beattie,1978; Beattie and Culver, 1981

Reference

Culver and Beattie, 1980

Gibson, 1993

Gibson, 1993

Gibson, 1993

Pudlo et al, 1980
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Not only will the behaviour of this one remaining competitive guild change in a

different competitive environment; they are also the most effective foragers of the three

guilds. Although smaller species such as T. sessile and M. detritinodís typically find food

depots more quickly, larger ants such as Camponotus spp. and Formica spp. generally

have higher seed removal rates (Fellers, 1987; Gorb and Gorb, 1999). Within F. fusca-

Camponotus-Lasius habitat, seed removal rate is often greatest, not only due to greater

average body size and behavioural release, but because F. fusca, as effective scavengers,

are often "parasitized" by the other two genera. Both Camponotus and Lasius may use F.

fusca to find food resources - due to their greater foraging ability and chemosensory

perception - and then remove food from depots found by this species (Carroll and

Janzen, 1973; Stradling, 1987). lncreases in seed removal rate in urban forests are, at

least in part, associated with these changes in competitive environment.

The relative lack of activity in this mutualism between ant and plant made it

difficult to study their interactions. During the first field season, depots of seeds were

created and supervised for one hour, without seeing any ant activity. 'When methodology

was modified during the second season, and depots were created less than 10 cm from ant

nests, ant activity increased substantially.

Low activity levels are not due to the unfamiliarity of the ants with elaiosomes as

a food source. Smith et al. (1989) suggested that myrmecochorous ants will preferentially

choose food sources that they are unfamiliar with, even if given the choice between two

elaiosome-bearing seed species. Similarly, seeds of A. canadezsis, without elaiosomes,
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were not removed from unsupervised depots, whereas the elaiosome -bearingT. cernuum

and V. pubescens \ryere both removed.

Overall, the myrmecochorous guild is less dominant in the riparian forest

community in Manitoba than in forests elsewhere in North America. In eastem

hardwood forests, where myrmecochores have also been identiflred as being vulnerable to

fragmentation, they can account for as much as 30%o of the herbaceous flora (e.g. Beattie

and Culver, 1981; Holl, 2002a). In contrast, theyrepresented 3Yo of the herbaceous cover

in this study region (S. Moffatt, unpublished data). Ant activity is also greater in the

eastern hardwoods; a similar supervised cafeteria-style experiment in West Virginia

experienced removal rates of approximately 2 seeds per hour (Culver and Beattie,1978),

whereas in this region removal rates were an order of magnitude lower.

Autochorous dispersal distance of these species averages approximately 1 meter

per generation. When dispersed by ants however, that dispersal distance can reach as

much as 10 meters (e.g. Beattie, 1985; Willson, 1993). However, at this rate, northward

post-glacial migration can be expected to be extremely slow, which may help explain the

relative lack of myrmecochorous plants in this region. Moreover, these riparian systems

are linear, edge dominated, and thus relatively vulnerable to surrounding land use and

fragmentation.

Restricted dispersal of myrmecochorous plants within urban forests need not limit

their persistence. Indeed, greater seed removal rates in urban forests suggest that should

populations of myrmechechores be introduced, that they might persist within forest

remnants. However, the low connectivity of these urban forests might compromise

dispersal among fragments. The average dispersal distance of the myrmecochorous ants
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remaining in these urban forests ranges from0.72 to 12 m (Gómez and Espadaler, 1998)

- still several orders of magnitude less than average inter-patch distance in this system

(Moffatt et al., submitted).

Although myrmecochorous plant species are relatively uncommon and seed

removal rates are low in Manitoba, this mutualism is still extremely important. Despite

the losses of ant species in urban forests, the omnivorous nature of the ants in this system

mitigates the effects of urbanization on seed dispersal. However, myrmechorous plants

remain vulnerable to urbanization and are rarely found in urban forests (Moffatt et a1.,

submitted). The robustness of this mutualism could be applied in the management or

restoration of degraded urban forests. Native species introduced as part of restoration

programs are often planted either with an even distribution, or introduced randomly (e.g.

Allen, 1997). By introducing myrmecochorous plants near established ant nests, they

might benefit from ant dispersal, thus increasing restoration efficacy of and the

persistence of these vulnerable species.
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Chapter 5 Snno DTSrERSAL Al{D THE RESToRATToN oF
ISOLATED T]RBA¡I FORESTS

INTnOnUCTIoN
Habitat fragmentation is one of the greatest challenges to the conservation of

biodiversity (Saunders et al., I99I; Harrison and Bruna, 1999). In North America,

riparian forests have been highly fragmented, as much as 80% have been lost in the past

200 years (Naiman et al., 1993). Although much effort has been directed to their

conservation (e.g., Knopf et al., 1988), many continue to be degraded by non-native

species, grazing, and human use, especially in and around urban centres (e.g. Moffatt,

2002). In many cases, ecological restoration will be necessary to ensure the long-term

persistence of these important ecosystems. Restoration practices that manage or

manipulate mechanisms that underlie vegetational change are often the most resource

efficient and produce desirable outcomes (MacMahon and Holl, 2001)

Three important mechanisms underlying vegetational change are the availability

of safe sites, the availability of propagules, and differential species performance in given

competitive and niche environments (Pickett et al, 1987). Propagule availability is a

fundamental barrier that faces most forest restoration. Initial seed dispersal to isolated

forests is often dominated by exotics (Handel, 1997) and seed banks are typically

dominated by ruderal species and lacking in overall species diversity (Pickett and

McDonnell, 1989; Baskin and Baskin, 1998).

In studies of isolated (Dzwonko and Loster, 1992; Graae and Sunde, 2000;

Honnay et a1.,2002a), logged (Jules, 1998; Jules et al., 1999) and urban forests (Hoehne,

Effects ofurbanization on seed

dispersal in riparian forests 96 B.A. Thompson,2003



Chapter 5. Seed dispersal and the restoration ofisolated forests

1981; Moffatt et al., submitted), immigrants tended to be limited to species dispersed by

large animals or wind. In contrast, species dispersed by gravity, explosives, or ants were

tlpically limited. Retrospective studies of restored landscapes indicate that seed rain,

although having the opportunity to colonize recently restored habitat, typically lacks a

full suite of species (Mclachlan andBazely,200l; Holl, 2002a; Honnay, et al., 2002a).

The availability of safe sites for germination and establishment often also

determines restoration success (e.g. Aide and Cavelier, 1994; Holl, 1998; Zimmerman et

a1.,2000; Mclvor and Starr, 2001; Sweeney et al., 2002). In cases where dispersal

limitation has been overcome by direct planting or seeding, the presence of competitive

and exotic plants such as Bromus inermis Leyss can limit survival and growth of planted

species. Disturbance of the existing undesirable and competitive species helps create safe

sites and greatly increases restoration success (e.g. Holl, 1998; ZimmeÍnan et a1., 2000;

Mclvor and Starr, 2001; Sweeney et al., 2002).

Bromus inermis is a competitive Eurasian grass that has invaded natural habitat

across North America and is associated with declines in native biodiversity (Sather,

1987). The literature on the use of disturbance in controlling B. inermis is restricted to

open habitats such as prairies (e.g. Grilz and Romo, 1995; V/illson and Stubbendieck,

1996; Köchy and Wilson, 2000). Typically, the most effective methods of suppressing B.

inermis are destruction of the above ground biomass by burning, mowing, or herbicide

application between the periods of stem elongation and seed development (e.g. Sather,

1987; Gnlz and Romo, 1995; Willson and Stubbendieck, 1996). To my knowledge, no

one has examined the control of B. inerm¿s in forest ecosystems, although it might

respond differently in these low light environments. Shade typically gives woody species
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a competitive advantage over grasses (Tilman, 1985; McCook, 1994). Thus its congener,

Bromus tectorum L, was limited in forests by the combined effects of canopy cover, litter

depth and understorey biomass (Pierson and Mack, 1990). As B. inerm¿s continues to

invade degraded riparian forests across the prairies, more research addressing its control

in low-light environments is needed.

This study examines the role of propagule and safe site availability in restoring

degraded riparian forests dominated by the invasive B. inermis. More specifically, I will

i) assess how existing propagule availability, in the form of seed rain and seed bank,

might affect future forest regeneration, ii) identify how planting woody and herbaceous

species may compensate for anticipated shortcomings in background seed availability,

and iii) examine how the generation of establishment sites through planting, mulching,

herbicides, and tilling may affect the success of seeded and planted forest species. I

hypothesize that i) dispersal of native seeds to isolated forests is so limited that human

intervention can effectively speed up vegetation change, ii) non-native species in

candidate restoration sites will impede success of reintroductions, and iii) exotic grasses

will be suppressed with the application of mulch, herbicides, and tilling.

Mnuroos

Srrs oescRIPTroN

This study was conducted in a one-hectare abandoned agricultural field and two

neighbouring, historically grazed, forest patches in winnipeg, Manitoba (49045.6' N,

9709' V/) (Fig. 5.1). The site is adjacent to the La Salle River, and the soil is deep,

organic-rich clay (Ehrlich et al., 1953).
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Figure 5.1 Site location and experimental design.
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The old-field (hereafter Field) is dominated byB. ínermis, with other coÍrmon

species including Cirsium arvenseL, Urtica dioica L, and Arctium minus Bernh.

Adjacent to the old-field is a brome-dominated remnant forest (hereafter Pasture Forest),

charactenzed by Ribes americana Mill. and Laportea canadensis L. under a canopy of

Acer negundo L. A second, neighbouring degraded forest patch (hereafter Corral) had a

canopy similarly dominated by A. negundo.The understorey was again dominated byB.

inermis and charactenzedby Carex laeviconica Dewey, Potentilla anserina L. and A.

minus.

A nearby high quality forest patch provided a reference site for characterizing

herbaceous plant community composition, and for guiding selection of species to be used

in restoration. The canopy of this forest was dominated by Ulmus americana L, A.

negundo, Quercus macrocarpa Michx and the understorey by Symphoricarpos

occidentalis Hook, Rosa acicularis Lindl, Thalictrum venulosum Trel, and Smilacina

stellata L. Importantly, B. inerm¿s was largely absent from the understorey (Waters and

Shay, 1995).

EXPBRn¿BNTAL DESIGN AND TREATMENTS

Blocks were created in both the old-field and the two degraded forest remnants,

for a total of four under the forest canopy, and eight in the old-field (Fig. 5.1). Blocks

were 16 m x 16 m, and were each divided into sixteen 4 mx4 m plots.
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The replicated experiment was a split factorial design. The main factor was shade

(natural canopy, artificial shade structure, or open sun), and the split factors either

biomass removal (tilling, spraying with sethoxydim, tilling + spraying, control), or

biomass introduction (control, planting with native species, leaf mulch, planting + mulch,

control). The removal and introduction factors were each replicated four times in a

randomized complete block design nested within the shade treatment.

Shade treatments consisted of either natural canopy or artificial shade. The latter,

built in Apnl2002, was a shelter of mesh plastic suspended lm above the ground.

Biomass removal treatments were tilling or herbicide. Tilling was conducted in early

June 2001 and2002, using a vineyard hoe, with approximately 0.5 person hours applied

for each plot. Because of the large amount of standing biomass, plots in the agricultural

field were mown prior to tilling. Chemical control was achieved using sethoxydim

(Poast@, BASF, Canada). Sethoxydim is a selective post-emergence pesticide used

primarily for controlling grasses in broadleaf crops. It is rain-fast within one hour and has

an average field half-life of 5d (Ahrens, 1994). Plots were sprayed July 8, 2001 and June

26,2002, between the periods of B. inerm¿s stem elongation and flower development.

Sethoxydim was applied at the recommended rate of 1 L/ha along with the surfactant

Merge@ at the rate of l.2Llha (Ahrens, 1994). The chemical control was applied

approximately one week after manual control, when individuals that were not eliminated

had begun re-emerging.

Biomass introduction treatments consisted of mulch and plantings. The leaf litter

mulch was applied July 2001 at an average depth of 3 cm. Leaf litter was municipal yard

waste dominated by Fraxinus pennsylvanicaMarsh, U. americana and Q. møcrocarpa.
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Subsequent greenhouse trials indicated that it was free of viable seeds. Species planted

\ryere selected according to their occurrence in surrounding natural areas, including the

primary reference site and in brome-dominated areas, as well as their adequate

availability in local nurseries. ln June 2002, seedlings of A. negundo, S. occidentalis, and

L. canadenszs, and seeds of the myrmecochore Viola pubescens Ait and the wind

dispersedlnemone canadensis L. were introduced in each split plot. Acer negundo and

S. occidentalrs seedlings were two years old and purchased from a local nursery.

Laportea canadensis were first year seedlings from a local nursery. Five centimetres of

wood chip mulch were placed at the base of each transplant. Any individual seedling that

died within the first two weeks was replaced.

SESO AVAILABILITY

Soil cores (5 x 10 cm) were collected in May 2001 from four randomly selected

sites in each block, representing 16 in the forest and32 in the old-field.

Seed bank samples were sieved using a 0.5 cm screen to remove coarse debris.

Samples were then spread across 9.5 x 12 cm pots to an average depth of 2 cm on a 6 cm

depth of sterile growth medium (Sunshine Mix 4). Pots were randomly placed in a

greenhouse for 10 weeks. As seedlings emerged they were identified using Anonymous

(1996) and Royer and Dickinson (1999) and removed. Once emergence had ceased pots

were stratified for six weeks at O 0C. Pots were stirred and placed in the greenhouse and

the trial continued until emergence had ceased again.
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Seed rain was collected by randomly placing seed traps on each side of each

block, representing 16 traps in the forest and32 in the old-field. Traps were sand-filled

pots, 10 cm diameter, and placed 5 mm below ground level. They were placed in May

2002 and collected in October 2002. Seed traps were visually searched with a dissecting

microscope at 63x magnification and all seeds were counted and identified using

Montgomery (1977), Davis (1993) and the seed collection in the University of Manitoba

herbarium (WIN).

BlorIc SAMPLTNG

Heights of all introduced seedlings \ /ere measured two weeks after planting, June

2002, and again in September 2002 to determine effects of treatments on plant growth

and survival.

Bromus inermis tiller density within each plot was determined by counting all live

tillers within ten 0.01m2 randomly placed microplots in May and Augustz}}I and2002.

Similarly, the density of all other species, as well as litter depth, was calculated in each of

the microplots. Cover of herbaceous vegetation was determined within two lm x lm

quadrats located 0.5 m from the top left and bottom right corners of each split plot in

August 2001 and 2002 (Fig. 5.1).
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Agtorlc SAMPLING

Soil cores (5 x 10 cm) were collected in May 2001 from four randomly selected

sites in each block, representing 16 in the forest and32 in the old-field. Soil moisture

was determined by oven drying weighed samples for 48 hours at 1050 C. Soil organic

matter was determined using loss on ignition at 5000 C for 24 hours (Rowell, lgg4).

Light intensity was measured under the canopy, artificial shade structure, and the full sun

using an integrating photosynthetic photon flux density (PPFD) sensor (Li-Cor Model LI-

191S4 Line Quantum Sensor) mid-day on a cloud-free day in July 2002.

Dera ANALYSIS

Baseline aboveground vegetation was described using correspondence analysis,

CA, (ter Braak and Smilauer,1997) to determine relationships between species

composition among sites and blocks before treatments were applied.

Effects of treatments were analysed using a three-factor ANOVA (SAS Institute,

1988) on per cent cover of all species, and tiller density of.B. inermis. All data were

plotted and log transformed prior to analysis in order to meet the assumptions of the

ANOVA model (Zar,1974). A sequential Bonferroni adjustment was applied to the

results of the ANOVAs to avoid a group-wide type I error (Rice, 1989). Means ofper

cent cover were compared using the Student-Newman-Keuls' multiple range test (SAS

Institute, 1988). A rare early summer flood in June 2002 killed all vegetation in several

plots. Due to the strongly significant effect of flooding, these plots were eliminated from

analysis (n: l0 ofl92).
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Planting success \ /as analysed using a two-factor analysis of variance (SAS

lnstitute, 1988) on height difference in planted individuals. Data were log transformed

prior to analysis in order to meet the assumptions of the ANOVA model (Za41974).

Orthogonal contrasts were used to compare plant growth and changes in brome tiller

density associated with applied factor levels (SAS Institute, 1988).

Rnsur,rs

BaspLn.m sITE coNDITIoNS

The substantial variation in among-site aboveground plant community preexisting

this study was associated with site history (Fig. 5.Za,b). The first two CA axes accounted

for 10.4o/o and 10.1% of the variance respectively, for a total of 20.5Yo of the variance

within the species data. The once cattle-grazed second growth canopy sites (Pasture

Forest) separated from the other sites along the first CA axis (Fig.5.2a,b). They were

charactenzed by species such as the native Ribes americana MilI., L. canadenszs, and.F.

pennsylvanica. The once horse-grazed site (Corral) separated from the remaining open

field site (Field) along the second CA axis (Fig.5.2a,b). These, in turn, were

chaructenzed by species such as the native Carex laeviconica, P. anserina, and Potentilla

norvegica L. and the exotic Rumex crispus L. The open field site was chaructenzed by

the exotics B. inermis, C. arvense, and U. dioica. The third axis only accounted for 8.7To

of the variance and was charactenzedby Phalaris arundinaceaL, which occurred as

monodominant stands across all three sites. The fourth axis only accounted for 8.4o/o of

the variance, and was characterized by the exotic Agropyron repens L, which occurred as

monodominant stands in the field site.
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Soil under the forest canopy had significantly (ta6:-2.28,p:0.0270) lower

moisture levels than that of the old-field, this likely associated with the field's

significantly (tßs:-I2.89, p<0.0001) greater litter depth (Fig. 5.3). In contrast, soil

organic matter content was not significantly different among sites.

SBBO AVAILABILITY

Important differences occurred in the canopy and the old-field in terms of

available seed rain (Table 5.1). Although greater numbers of seeds were deposited in the

old-field, they were dominated by B. inerm¿s and C. arvense, whereas those deposited in

the forest had a greater overall species richness and were dominated by the native A.

negundo.

The seed bank was also species depauperate (Table 5.1). The most common

species in the seed bank in the Field site were U. dioica, Thlaspi arvense L, and C.

arvense. The most common species in the seed bank in the forest sites included U.

dioica, T. ørvense and Poa pratensis L. Moreover, there was a strong association

between the seed bank and aboveground vegetation,6T%o and75%o of the aboveground

species occurring in the oldfield and forest, respectively, also occurred in the seed bank.

This exotic-dominated seed bank suggests the necessity of manually introducing native

species to these sites.

Effects ofurbanization on seed

dispersal in riparian forests 108 B.A. Thompson,2003



Chapter 5. Seed dispersal and the restoration ofisolated forests

90

80

70

60
+l

650
g
E+o

30

20

10

0

Figure 5.3 Soil moisture and organic matter content and leaf litter depth under both
forest canopies and in the old field.

moisture OM litter
depth

canopy

5

o
4s

ll"
c)

1L
"6)

!

moisture OM

open

litter
depth

Effects ofurbanization on seed

dispersal in riparian forests 109 B.A. Thompson,2003



Chapter 5. Seed dispersal and the restoration ofisolated forests

Table 5.1 Dominant plant species at study site. Aboveground per cent cover averaged from all 1m2 quadrats. Seed bank and seed rain
densities (# per *t; urr"tuged from all soil cores and seed traps respectively. Guildãescriptions are lifeform (V/:woody, AF:annual
forb, PG:perennial graminoid, PF=aerennial forb), phenology (E:ephemeral, S:summer, F:fall) and dispersal (ANE:anemochore,
EPl:epizoochore, END:endozoochore, BAR:barochore), respectively.

Acer negundo

Ambrosia trifida
Bidens frondosa
Bromus inermis

Carex laeveconica
Chenopodium album

Cirsium atyense

Phalaris atundiacea
Poa pratensis

Rumex crispus
Sy mp ho r i carpus o c cid ent al is

Tqrqx,acum officinale
Thlaspi at1)ense

Urtica dioicq

W,E,ANE
AF,F,EPI
AF,F,EPI
PG,S,END
PG,S,BAR
AF,F,END
PF,F,ANE
PG,S,END
PG,S,END
PF,S,ANE
W,S,END
PF,E,ANE
AF,S,ANE
PF,F,BAR

Forest

Cover Rank

0.0

0.0

0.0

t9.r
5.7

0.0

5.9

0.8

9.2

0.3

0.0

0.0

0.9

0.8

Aboveground

Old Field
Cover Rank

0.0

0.0

0.0

7t.0
0.0

0.0

7.1

1.6

0.0

0.0

0.3

0.0

0.2

0.2

I
4

J

6

2

7

;
6

Density Rank
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Forest

0.0

2.t
0.0

4.2

0.0

20.8

27.r
0.0

22.9
4s.8
0.0

8.3

t04.2
543.8

2

J

9

8

¿

4

5

J

;
2

1

Old Field
Density Rank

0.0

4.6

0.0

8.3

0.0

r7.6
27.8

0.0

0.9

5.6

0.0

5.6

88.0

775.9

4

5

5

;

5

;
3

8

6

6

2

I

Densitv Rank
Forest

40.'7 1

Seedrain

0.0

3.7

3.7

0.0

0.0

3.7

0.0

3.7

0.0

0.0

3.7

0.0

0.0

Old Field

110

2

2

8.3

2.8

0.0

67.0

0.0

0.0

33.0
0.0

0.0

0.0

0.0

0.0

0.0

0.0

iW Rank

2

2

2
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PraNrnqc succESS

In general, only 55%o of the planted seedlings survived. More thanT}Yo of S.

occidentalis, the most successful species, survived and35Yo of the least successful, the

understorey herb Z. canadensis. Although survival was relatively low, it was equivalent

to or only slightly lower than that reported in other studies (e.g. Li and Wilson, 1998;

Holl,2002a; Sweeney et a1.,2002). Seeds of A. canadensis and V. pubescens have not

yet emerged.

Survival was significantly higher under the forest canopy than in the no-canopy or

artificial canopy treatments for A. negundo (p:0.0009), S. occídentalis (p<0.0001), and

L. canadenszs þ<.0001) (Table 5.2). Laportea canadezszs only survived in the no-canopy

and artificial canopy treatments in the presence of a combination of tilling, sethoxydim

application and introduction of leaf litter mulch.

The addition of leaf litter mulch in combination with the natural canopy had a

significant (p:0.001) and positive effect on growth of A. negundo. In contrast, growth of

S. occidentalis was consistent among all treatment levels of biomass removal and

introduction treatments.
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Table 5.2 Response of survival rate of all planted species as well as increase in height of Acer negundo to applied treatments of shade
(forest canopy, artif,rcial shade, open sun), biomass removal (tilling, herbicide, tilling + herbicide, no treatment), and biomass
introduction (mulch, no treatment). Based on a 3 factor Analysis of Variance.

Acer negundo

Acer negundo (survival)

Sy mp hor ic arpus o ccidentalís

Significance levels: ns=ton significant, * p<0.05, ** p<0.01, **t p<0.001.

canadensis

ns
***

***

removal mulch shade x removal shade x mulch removal x mulch shade x removal x mulch

NS

NS

NS

NS

ns

ns *** ns

ns

ns

ns

NS
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ns

ns

ns

NS

NS

0.0391

0.0059

0.0004
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Premr coMMUMTY DTFFERENCES

In general, all biomass removal treatments significantly reduced the cover of

perennial graminoids, as identified by the Student-Newman-Keul's test. Tilling plots

significantly þ<0.0001) increased the cover of annual forbs, but following the tilling

with mulch application significantly þ<0.0001) decreased annual forb cover, to a level

comparable to that in control plots. Mulching non-tilled plots had a significant

O:0.0104) decrease on B. inerm¿s and total exotic cover during (p:0.0104 and

p<0.0001). Native species cover exhibited a significant (p:0.0012) positive response to

mulching.

The cover of a number of the more common species responded to applied

treatments (Table 5.3). Sethoxydim had no overall significant difference in the cover of

any species, however tilling significantly decreased the cover of B. ínermls (p:0.0001),

but increased the cover of C. arvense (p:Q.gg l5), T. arvense (p:0.0005) and Ambrosia

trifida L (p<0.0001). Following the till heatment with the application of mulch

suppressed the emergence of these three (A. trifidia p<0.0001, C. arvense p:0.0056, Z.

arvense p:0.0421), and allowed B. inermis to recover (p:0.0003).
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Table 5.3 Response of species diversity and percent cover of most coÍrmon plant species to applied treatments and interactions based
on a 3 factor Analysis of Variance. Treatments included shade (canopy, artificial shade, open sun), biomass removal (tilling, herbicide,
tilling + herbicide, no treatment), and biomass introduction þlanting with native species, leaf liuer mulch, planting + mulch, no
treatment).

Simpson diversity
Shannon diversity

native Simpson diversity
native Shannon diversity
exotic Simpson diversity
exotic Shannon diversity

Acer negundo

Ambrosia triJida
Bidens frondosa

Bromus inermis (cover)
Bromus inermis (density)

Carex laeveconica

Chenopodium album
Cirsium arvense

Phalaris atundiacea
Poa pratense

Rumex crispus
Sy mp hor i c a rp us o c c id ent a li s

Taraxacum officinale
Thlaspi arvense

Urtica dioica

shade

ns

ns

ns

ns

ns

ns

block

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

removal

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

;

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

NS

ns

ns

shade x removal

Significance levels: ns=ton significant, * p<0.05, t* p<0.01, *** p<0.001. In cases where the full model exhibits significance, but no
individual treatments or interactions are significant there were significant blockxshade effects.

ns

ns

ns

ns

ns

ns

shade x intro removal x intro shade x removal x intro Full model

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns
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ns
*

ns

ns

ns

NS

ns

ns

ns

ns

ns

;
ns

ns

ns

ns

ns

ns

ns

ns

ns

ns
*

ns

ns

ns

ns

ns

0.003
<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

0.0137
<0.0001

0.6285
<0.0001

<0.0001

<0.0001

0. 1 355
<0.0001

0.0056
<0.0001

<0.0001

0.9688
<0.0001

0.0028

0.3094
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I¡n¡esrvp coNTRoL
Shade had had a significant (Fz,tn:262.57,p<0.0001) and adverse impact on B.

inermis tiller density. Not only was B. inermis less dense under the canopy, but after one

growing season it also had been significantly þ:0.0008) reduced under the artificial

canopy. These declines in density were associated with concomitant decreases in light

intensity. Light intensity under the canopy was significantly (p<0.0001) lower than that

of the old-field (Fig. 5.4). The subsequent addition of artificial canopy significantly

(p:0.001) reduced light levels by roughly 50%o, although penetration under the artificial

shade was still significantly þ:0.0002) higher than that under the canopy.

Bromus inermis responded differently to addition and removal treatments

according to light availability. Tilling caused a significant decrease in tiller density under

the forest canopy, as it did in combination with sethoxydim (p:0.0145 and p: 0.0148,

respectively). In contrast, none of the removal treatments had any effect on tiller density

under either the artificial shade or the no-canopy treatments. Indeed, tillage and tillage +

sethoxydim both exhibited a slight increase in tiller density under the no-canopy

treatment. Likewise, neither planting nor leaf litter mulch had any impact on tiller

density.
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Figure 5.4 Light penetration under each of three shade treatments as mMm-2s-l. Data are
presented as means with standard error bars.

artificial shade

Effects ofurbanization on seed

dispersal in riparian forests 116 B.A. Thompson,2003



Chapter 5. Seed dispersal and the restoration ofisolated forests

Drscussror.r
The riparian forest understorey at these three sites was dominated by exotic and

ruderal species, and there was little similarity to typical riparian forest communities in

this region (e.g. Moffatt et a1., submitted). Although this area had been left to regenerate

for more than 40 years, little vegetation change had occurred. ln contrast, regeneration of

forest communities on abandoned agricultural land was much more rapid elsewhere in

North America (e.g. Leck and Leck, 1998; Fike and Niering, 1999; Battaglia et a1.,2002).

This limited change in aboveground plant composition is likely associated with

the limited availability of native forest seed at this site. The total density of seeds within

the seed bank was similar to that found in other temperate forests (Pickett and

McDonnell, 1989; Leckie et a1.,2000) and riparian ecosystems (Goodson et al., 2001) in

North America, and notably larger than that of other riparian forests in Winnipeg

(Moffatt and Mclachlan, 2003). As forests regenerate, the species composition of seed

banks and aboveground vegetation generally become increasingly divergent and seed

density decreases (e.g. Leck and Leck, 1998; Leckie et al.,2000). However, seedbanks at

this site exhibited high similarity to aboveground plant community composition, and

were dominated by exotic species, including U. dioica and T. arvense. This similarity is

typical of areas receiving intense repeated disturbances such as agricultural land (Pickett

and McDonnell, 1989). The complete absence of native forest species in the Field seed

bank, and the relative lack of native species in both forest sites indicate that the seed bank

will not likely contribute significantly to future forest regeneration. In general, such seed
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banks are likely of little management use when restoring degraded forests (Pickett and

McDonnell, 1989; Baskin and Baskin, 1998).

The seed rain in these degraded forests was also charactenzed by low diversity

and exotic species. Restricted seed rain into abandoned agricultural land is often abarner

to forest regeneration. Seed rain from forest remnants is often limited to seeds dispersed

by wind, with a dispersal distance of as little as 10 - 30 m from extant forest (Aide and

Cavalier, 1994; V/ijdeven and Kuzee, 2000; Chapter 3). That the seed rain, seed bank,

and aboveground vegetation in this site were all depauperate and similar to one another

suggests that, if left to natural processes, little vegetation change would occur in the

future. Introducing native vegetation could, at once, increase desirable vegetation cover

and act as nucleation points for future forest regeneration, by attracting and collecting

wind and animal dispersed seeds (Handel,1997; Slocum, 2000; Holl, 2002b).

The introduction of native vegetation in this study was substantially more

successful under the existing canopy. Survival of all three planted species (A. negundo,

L. cønadensis and S. occidentalis), and increases in A. negundo height, were greatest

under the forest, and associated with higher shade levels than those of either the field or

artificial canopy. Seedling survival under the artificial canopy was likely reduced by

wind-related damage by the l-m high shade structure. Indeed, light availability is often

the dominant explanatory variable in forest community composition (e.g. Pacala et al.,

1996; Wright et a1.,1998; Kaelke et al., 2001). Shade tolerant species such as l.

negundo often exhibit increased survival and growth in low light environments (e.g.

Walters and Reich, 1996; Walters and Reich, 2000; Kaelke et a1.,2001) whereas growth
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of others including S. occidental¿s remain unaffected by these conditions (Li and Wilson,

1ee8).

Competitive shrubby species such as S. occidentalis may function as nurse plants

for woody species in old-fields by creating favourable microclimates, reducing the cover

of competitive grasses and athacting frugivores that introduce native seed (Handel,1997;

Holl, 2002b). Over time, stable shrub-dominated communities may potentially act as

over-competitive environments suppressing further forest regeneration and vegetation

change (e.g. Berkowitz et al., 1995; Holl, 1998). Another approach may be to plant in

clumps, which would act to increase cover, survivorship of planted species and help

prevent canopy closure, which, in turn would facilitate fuither colonization (e.g. Allen,

1991;Li and Wilson, 1998; Robinson and Handel,2000; Zimmerman et al., 2000).

ln the absence ofdisturbance, shrub and tree regeneration is often suppressed in

grass-dominated abandoned agricultural land (e.g. Holl, 1998; ZimmeÍnan et al., 2000;

Sweeney et al., 2002). Thus, S. occidental¿s was out competed by B. inermis in

abandoned fields, particularly when planted in low densities (e.g. Li and Wilson,1998;

Köchy and Wilson, 2000). Human disturbance of existing exotic vegetation may play a

role in stressing the competitive environment and assist in the development of a woody

community. Often however, disturbance increases the dominance of exotic species (e.g.

Grilz and Romo, 1995; Sheley et a1., 2001). Effective control of exotics is generally

dependent upon local site conditions and the phenology of the undesirable species (e.g.

Sather, 1987; Masters and Sheley,200l).

In this study, tilling B. inermis show decreased density, but only under the forest

canopy. In contrast, tiller density increased with tillage in the open. Little change in
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species composition occurred when plots were tilled in the open. Tilling reduced existing

vegetation cover, allowing a flush from the newly exposed soil seed bank. But the high

similarity between seed bank and vegetation make it unlikely that these flushes would

facilitate vegetation change. That broad-leafed ruderals became more dominant than

exotic grasses in these plots may reflect the greater density of ruderals in the seed bank.

Manipulation of the existing seed rain, either through manually introducing propagules,

or by facilitating seed dispersal by animals, would increase the benefit of tilling.

'When mulching was combined with tillage, a decrease in ruderal forbs occurred.

Mulch alone also decreased the cover of exotics and increased that of native species. In

other studies, tree leaf litter greatly reduced the growth of grasses without affecting forbs,

even when litter is substantial (e.g., Sydes and Grime, 198la,b; Facelli and Pickett,

1991). Although six centimetres of leaf litter was required to suppress B. tectorum tn

greenhouse experiments (Pierson and Mack, 1990), in manipulative field experiments,

litter surface area was the dominant factor suppressing grasses such as Poa trivialis

(Sydes and Grime, 1981b). In this study, leaf litter also increased growth of plantedl.

negundo. Leaf litter at the base of tree seedlings can trap and contain moisture and act as

a source of nutrients and organic matter (Sydes and Grime, I98la; Ganade and Brown,

2002). Greater litter depths also have been associated with decreased predation rates of

tree seeds and seedlings and increased establishment rates in agricultural old-fields

(Sydes and Grime, 1981a,b; Ganade and Brown , 2002).

Application of the herbicide sethoxydim had no significant effects on the plant

community. It was applied at the recommended rate (I Llha), which may have been

inadequate for controlling the established vegetation, especially B. inermis. Köchy
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(1999) found that sethoxydim had to be applied at thirty times the recommended rate in

order to control established stands of B. inermrs. Although a grass-specific herbicide

such as sethoxydim appears to be an optimal choice for suppressing invasive grasses in

forest environments, a non-selective herbicide such as glyphosate may be more effective.

Late summer applications of glyphosate have been effective in controlling B. inermis in

natural areas (e.g. Masters and Sheley,200I), and may be a particularly effective

treatment in areas with no native or desirable species.

MeNacBvtENT RECoMMENDATIoNS

Restricted native seed availability, both as seed banks and seed rain, appears to

have limited forest regeneration for more than 40 years after agricultural use. The

establishment of monodominant stands of B. ínermrs, originally planted as a forage crop,

also may have undermined vegetation change. Thus the manual introduction of native

species is needed in this highly degraded urban forest. Combining the planting of fast

growing shrub species with the use of leaf litter as mulch shows the most promise in this

B. inermis-dominated site. Only when some degree of shade was established, would

conventional biomass removal techniques such as the use of herbicides and tillage as well

as the introduction of native herbs be effective.

Although invasion of B. inermrs in prairie forests is a management concern, most

research focuses on control within grasslands (e.g. Grilz and Romo, 1995; Willson and

Stubbendieck, 1996). Approaches to control of B. inermrs may need to be different in

forest and grassland environments. Control measures used in shaded environments had
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very different outcomes than those used in the open. Herbicides, mowing and buming

have all been effectively used to control B. inermis in high light environments. However,

the use of herbicides in forests seems to be fairly ineffective (see also Köchy, 1999), and

although B. inermis control was achieved by tilling in the shade, applications of leaf litter

mulch, alone or combined with tilling, were much more effective.

Knowledge of seed availability is necessary before choosing restoration

treatments. Ideally, seed availability can be manipulated to facilitate vegetation change

(e,g. Handel,1997), but only when seed banks and seed rain contain a desired

complement of species. Seeds in this study were low in diversity and charactenzedby

exotic species. Moreover, seed dispersal distances in these forests are relatively low,

generally less than 30 m (Chapter 3). Passive restoration may be useful in close proximity

to forests, but the active planting of propagules may be necessary as the distance from

extant forest increases. This is especially true for urban forests, which are generally

isolated (Moffatt et al., submitted) and which have species depauperate seed banks

(Moffatt and Mclachlan, 2003) and seed rain (Chapter 3).
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Chapter 6 DrscussroN
Fragmentation of habitat is one of the major challenges facing conservation

biologists. It has been estimated, for example, that nearly half of the forest in the US

exists as fragments too small to have a functional core area (Riiters et al., 2002).

Fragmentation is particularly striking in the case of riparian or riverbottom forests, with

as much as 80o/o lost in the past 200 years Q.{aiman et al., 1993). Although such

quantitative data do not appear to exist for Canada, settlement patterns in the prairies

have also lead to a loss and fragmentation of riparian forests (e.g. Warkentin and

Ruggles, 1970). This type of habitat fragmentation may have deleterious impacts on

regional biodiversity, by interfering with the dispersal of organisms (e.g. MacArthur and

Wilson, 1967;Hanksi, 1982; Noss and Cooperrider,Igg4; Fahrig, 2001). Particularly,

isolated forests tend to be charactet'rzedby plant species that are effective dispersers,

suggesting that fragmentation does in fact lead to changes in biotic communities by

altering dispersal patterns (e.g. Dzwonko and Loster, 1989; Dzwonko and Loster, 1992;

Mclachlan and Bazely, 200I ; Holl, 2002a).

Although these studies have been correlative, based on patterns of established

plant populations, direct studies of seed dispersal tend to corroborate these findings

(Chapter 3). The introduction of forest edges into a landscape tends to strongly inhibit

the movement of seeds. The only seeds exiting forests in this study were tree seeds, with

maximum dispersal exhibited by Acer negundo at 38 m from the forest edge. The

relatively rapid advance of canopy trees such as A. negundo, as well as the development

of a shrub dominated ecotone, suggests the importance of canopy encroachment as a

method of dispersal of organisms. Although no native understorey plants exited the
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forest, the relative lack of edge effect evident in established vegetation (Moffatt,2002)

suggests that these species may follow an advancing edge. Historically, the prairie

landscape would have been a dynamic forest / prairie landscape driven by disturbances

provided by floods and fires. These periodic disturbances would cause a shifting mosaic

landscape, with a temporal grain of decades (Löve, 1959; Bird, 1961). The introduction

of urbanization, or more generally, human settlement, tends to suppress this shifting

mosaic, and to replace it with a fragmented system that is static in time (McKinney,

2002). Removing patch dynamics from this landscape effectively reduces the ability of

forests to disperse organisms via edge encroachment.

Although fragmentationper s¿ is associated with the introduction of forest edge,

fragmentation associated with urbanization has unique stresses. Seed rain in forests in

urban areas is charactenzed by the relative dominance of urban-associated species. One

of the most notable of these is Rhamnus catltartíca L. Rhamnus catharticø, European

buckthorn, is a growing management concern in winnipeg and a number of other

Canadian cities (e.g. Archibold et al., 1997; Will, 2000). This drupe-bearing shrub

inhabits forest edges and disperses via both frugivorous birds and rhizomes (Archibold et

a1.,1997). It was introduced to Winnipeg as a hedge or omamental species and has

become established in several populations throughout the city (Will, 2000).

Fragmentation associated with urbanization increases the relative dominance of edge

habitat, but has also been associated with a relative increase in seed dispersal by birds

(e.g. Hoehne, 1981; Robinson and Handel,1993). Thus it seems that Winnipeg's urban

landscape is one ideal for the proliferation of species such as R. cathartica, andthat

ongoing management of this invasive species may be necessary.
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Although urbanization affects dispersal of plants at the landscape scale, by

intemrpting seed dispersal between patches, similar patterns are not seen at the patch

scale, within individual forests. Dispersal of seeds within forests is relatively uniform

across this landscape, with little edge effect extending beyond the ecotone. Not only does

species composition not vary with distance from the edge, but relatively uniform patterns

of both the number of seeds and the number of species is exhibited. Additionally, I had

originally hypothesized that seed dispersal by ants would be more limited in urban

forests, as disturbed habitat elsewhere has been associated with decreased seed dispersal

(e.g. Pudlo et al., 1980). ln fact, seed dispersal rates within urban forests were

significantly higher than in forests in rural areas (Chapter 4). Although as yet nothing is

known about the fate of seeds deposited in these forests, or the potential for establishment

of new populations of Viola in urban forests, seed removal rates suggest that should

populations of myrmecochores be introduced, that they might persist within forest

remnants. Endozoochorous species such as Quercus macrocarpa caîbe reintroduced by

presenting depots of acorns to nut-dispersing squirrels (T. Mclachlan, pers. comm.).

Similarly, presenting depots of elaiosome-bearing seeds to seed-dispersing ants is a

potentially effective tool for reintroducing these vulnerable species to urban forests. ln

addition, the fact that the most effective seed dispersing ant species (i.e. Formica

glacialis and Lasius pallitarsis) are habitat generalists, suggests that the potential exists

for these species to remove seeds from forests, and deposit them in nests along the forest

/ fteld ecotone. This again indicates the potential importance of canopy encroachment as

a vehicle for the dispersal of plants.
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The area impacted by such encroachment appears to extend approximately 20 -
30 m into adjacent land use patches (Chapter 3). At distances greater than this, manual

introduction of plant species becomes more important to the restoration or establishment

of forest communities. Indeed, the isolated old-field ecosystem that was used in the

restoration study has not been managed for as much as 40 years and still lacks a typical

early successional forest community (Chapter 5). lnstead, the seed rain and seed bank at

this site, and adjacent degraded forests, are dominated by exotic and weedy species, and

exhibits high similarity to the established vegetation. Although the relative lack of native

seeds at the site suggests the need to introduce these species manually, invasive exotics

were dominant, and there is a need for additional management to promote vegetation

change. Interestingly, the most significant vegetation change was associated with the

introduction of shade and leaf litter mulch, both components of an established forest

canopy (Chapter 5). Although there is little in the scientific literature on the control of

Bromus inermis in riparian forests, control techniques cannot be generalized from

methods proven to work in grasslands.

Furunn DIRECTIoNS
Although this thesis has charactenzed the implications of urbanization on seed

dispersal at rather limited temporal and spatial scales, much is unknown about factors

operating atlarger scales. The relativelyrare, long distance dispersal events that could

not be measured in this type of study may potentially play a significant role in ensuring

long-term persistence of regional populations (e.9. Whitlock and McCauley, 1990;

Bullock and Clarke, 2000). Molecular-marker based population genetics is an effective
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tool to make inferences about the rates of such dispersal events, and the associated

implications of urbanization. The alteration to genetic structure within populations in this

landscape remains an interesting and important question; other molecular markers such as

allozymes or simple sequence repeat microsatellites should be tested to gain insight into

this process.

Correlative studies should continue to be pursued in this landscape. Both Matlack

(1994a,b) and Dzwonko and Loster (1989, 1992) inferred the rates of migration of

understorey species by studying secondary succession in adjacent and isolated forests

respectively. The relative abundance ofunderstorey species in secondary forests should

allow us to predict their probability of dispersal, and would complement this existing

study.

Both population genetics and correlative studies allow us to make inferences

about historical dispersal of seeds. Ecological restoration conversely, allows us to

monitor pattems of seed rain directly, and potentially for long periods of time.

Additionally, it allows us to monitor the effects of restoration upon seed dispersal

patterns. In other studies (e.g. Handel,1997; Robinson and Handel,2000;Holl,2002b),

the introduction of trees will alter seed dispersal patterns by providing nesting sites for

frugivorous birds. Data collected at these established restoration sites should be used as a

baseline in a study of seed dispersal in restored and unrestored urban forest fragments.

Seed dispersal by birds or small mammals can play an extremely important role in

fragmented landscapes (e.g. Hoehne 1981; Robinson and Handel,1993; Handel, 1997).

Not only are they important in terms of the dynamics of exotics such as R. cathartica and

as dispersal vectors for restoration sites, they also play an important role in structuring
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plant communities in general. This endozoochorous dispersal mechanism remains one of

the few effective mechanisms in fragmented landscapes. For example, blue jays

(Cyanocitta cristata L) disperse acorns as much as 2 km in fragmented landscapes, often

transporting them from one forest fragment to another (Darley-Hill and Johnson, 1981).

Clearly this is a powerful dispersal mechanism, which may allow Quercus spp. to thrive

in, or recolonize, fragmented areas. Understanding of the implications of urbanization on

seed dispersal is not complete without an understanding of its impacts on the behaviour,

and dispersal by, seed dispersing animals.

Another extremely important dispersal mechanism in this landscape is river

flooding. Arurual flooding in the Assiniboine River is potentially an extremely important

vector for the introduction of seeds to forest floodplains. Although seed densities in

accumulating areas along shore are relatively low, seeds are predominantly native,

including species such as A. negundo, Bidens frondosa L. and Ulmus americana L. With

increasing flood control along the Assiniboine and other prairie rivers, the role of

floodwaters as a seed dispersal agent becomes extremely important in understanding

observed changes in biodiversity in urban forest fragments.

Although this thesis has focused on the dispersal of seeds in fragmented

landscapes, the dispersal of genetic material via pollen is also extremely important.

Landscape fragmentation can alter the rate and pattem of movement of both pollen and

pollinators. [n fact, fragmentation may be one of the major contributing factors to an

overall decline in pollinator populations in North America (e.g. Bronstein, 1995; Kearns

et a1., 1998). A study similar to Chapter 3 could be initiated, focusing on pollen rather

than seeds.
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The focus on seed dispersal has also limited my ability to study the dispersal of

non-seed plants or lichens in fragmented landscapes. Little is known about the effects of

fragmentation on bryophytes or lichens in the prairies, but ostrich fern (Matteuccia

struthiopteris L.), was much less common in suburban or urban forests than in rural

forests (S. Moffatt, pers. comm.) Additionally, the dispersal of lichens in fragmented

landscapes remains one of the major unanswered questions in lichen ecology

(Richardson,2002). Again, understanding of the effects of urbanization on plant

dispersal is incomplete without an understanding of non-vascular plants.
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Appendices

Apprnrlx L.

Appendix 1. Species found in seed rain in the four study sites, with average densities per
hap. Species codes used in analysis are given.

Scientific Name

Acer negundo

Agropyron repens

Amelanchier alnifolia
Amphicarpa bracteata
Andropogon gerardii
Arctium minus
Asclepias spp.

Bídens frondosa
Bromus i,nermîs

Caragana arborescens

Carer cristatella
Chenopodium album
Cirsium art¡ense

Cornus stolonifera
Craleagts chrysocarpa
F raxi nus p e nnsy lvan ica
Heracleum maximum

Lonicera tartar¡ca
Medicago sativa
Osmorhiza depauperala
Parth enoc issus quinqueþ I ia
Planlago major
Poa pratensis

Populus deltoides
Portulaca oleracea
Prunus b
Pnnus virginiana

Quercus macrocarpa
Rhamnus cathartica
Rosa acicularis
Scirpus spp.

Solanum dulcamara
Solídago canadensis

Sonchus arvensis
Symp horicarpos occ id enta lis
Taraxacum ol|ìcinale
Thlaspi arvense

Thuja occidentalis
Tilia americana
Tragopogon dubius
Trífolium repens

UImus americana
unknown A
unknown C

unknown D
unknown E
unknown F
Viburnum lentago
Vi b ur num rafi n es qu ia nu m
Vicia americana
Xanthium strumarìum

total density
richness

Aceneg
Agrorepe
Amelanch
Amphbrac
Androgera
Arctmin
Ascl
Bidefron
Brominer
Caraarbo

Carecris

Chenalbu
Cirsarve
Comstol
Cratchry
Fraxpenn

He¡amaxi
Lonitart
Medisati
Osmodepau

Partquin
Planmaj

Poaprat

Popudelt
Portoler
Prunus

Prunvirg

Quermacr
Rhamcath

Rosaacic

Scirpus

Soladulc
Solicana
Soncarve

Sympocci
Taraoffi
Thlaarve
Thujocci
Tiliamer
Tragdubi
Trifrepe
Ulmuamer
unA
unC
unD
unE

unF

Vibulent
Viburafi
Viciamer
Xantstru

Average seed density
Ru¡al forest Ru¡al field Urban forest Urban field

0.26

0.00

0.01

0.01

0.00

0.00

0.00
0.09
0.01

0.00
2.69
0.00
0.05

0.03

0.09

0.65

0.00

0.00

0.00
0.02

0.00
0.00
0.02

0.00

0.00

0.02

0.00

0.30

0.00

0.02

0.01

0.00
0.01

0.00
0.03

0.05

0.00

0.00

0-12
0.00
0.00
0.01

0.00
0.00

0.01

0.02

0.00

0.02

0.01

0.00
0.00

4.57

0.23

0.11

0.03

0.02

0.00

0.1i
0.01

0.01

0.00
0.81

0.00
0.00
0.03

0.82

0.00

0.02

0.02

0.00

0.00

0.12

0.00
0.00
0.00
0.40

0.00

0.00

0.00

0.00

0.07

0.00
0.01

0.00
0.00

0.09
0.00

0.05

5.89

0.10

0.00
0.04
0.00
0.02

0.00

0.00

0.01

0.00

0.00

0.00
0.00
0.00
0.14

0.00

8.92

0.l9

0.17 0.10
0.00 0.00

0.00 0.00
0.00 0.00
0.00 0.00
3.14 0.55

0.00 0.00
0.00 0.00
0.00 0.35

0.00 0.41

0.00 0.00
0.00 0.01

0.26 t.46
0.00 0.00
0.00 0.00
0.01 0.00
0.00 0.00
0.00 0.02

0.00 0.00
0.06 0.00

0.01 0.00
0.01 0.00
0.00 0.19
0.01 0.02

0.00 0.22

0.00 0.00
0.0r 0.00

0.09 0.00

0.4s 0.01

0.00 0.00
0.00 0.00
0.05 0.00
0.00 0.00
0.00 0.02

0.00 0.00

0.28 1.61

0.00 0.00
0.00 0.01

0.03 0.00
0.01 0.02

0.00 0.02

0.00 0.01

0.00 0.00

0.39 0.21

0.00 0.00
0.00 0.00
0.00 0.06
0.00 0.00
0.00 0.00

0.00 0.00

0.00 0.01

4.99 5.32

0.16 0.23
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Appendices

AppnNorx2.

Appendix 2. Average ant nest density by species in each forest type. Species codes used
in analysis are given.

Scientific Name

C amp o no tus nov eb o ranc ens is
C amponotus p ennsylvanicus

Formica nserva
Formica glacialis
Formica neorufibarbis
Formica subaesencens

Lasius pallitarsis
Myrmica detritinodis
Tapinoma sessile
Polyurgus breviceps * Formica
slacialis*
Leptothorax canadens is

Nest density
Species richness

Code

Campnove
Camppenn
Formaser

Formglac
Formneor
Formsuba
Lasipall
Myrmdetr
Tapisess

Polyglac

Leptcana

Rural

* Polyergus brevíceps, an obligate slave-maker, was always found in association with
Formica glacialis as a slave species. This slave pair has been treated as being one
species in all analysis.

0.12

0.04

0.08

0.16
0.08

0.04
0.40
0.24
0.00

0.04

0.00

t.20
0.96

Small Rural Suburban Urban

0.13

0.07

0.27

0.20

0.00

0.00

0.47

0.20

0.00

0.00

0.00

1.33

1.00

0.08

0.00
0.00

0.48

0.12

0.00

0.08

0.16

0.08

0.00

0.04

r.04
0.68

0.00
0.04
0.00

0.r2
0.00
0.00

0.88

0.00

0.00

0.00

0.00

t.04
0.56
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ApprNux 3.

Appendix 3. Average density of ants collected by pitfall haps by species and land use.

Species codes used in analysis are given.

Scientific Name

C amp ono tus nov eb oran c ens is
Camponotus p ennsylvanicus
Formica aserva

Formica glacialis
Formica neorufibarbís
Formica subaenescens

Lasius pallitarsis
Myrmica detritínodis
Polyergus breviceps
Stenamma diecki

Code

Campnove
Camppenn

Formaser
Formglac
Formneor

Formsuba
Lasipall
Myrmdetr
Polybrev
Stendiec

Rural

r.6
0.9

0.3

1.7

0.1

0.1

0.3

3.2

0.1

0.0

Urban

0.4

2.4
0.0

5.7

0.0

0.0

0.6

0.1

0.0

0.0
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Appendices

AppnNorx4.

Appendix 4. Average cover by species at the three restoration study sites, before
treatments are applied. Species codes used in analysis are given.

Scientific Name

Acer negundo

Achillea milleþlium
Agropyron repens

Amaranthus retroflexus
Ambrosia trifida
Anemone canadensis

Arctium minus

Aster novae-angliae
Bidens frondosa
Bromus inermis
Carex laeveconica

Chenopodium album

Cirsium arvense

Corylus cornuta
Echinocystis lobata
Fraxinus pennsylvanica
Galeopsis tetrahit
Galium triflorum
Geranium biclçtelli
Laportea canadensis

Lonericø dioica
Oxalis europea
Phalaris arundinacea
Phleum pratense
Plantago major
Poa pratense
Potentilla anserina

Potentilla norvegica
Ribes americanum

Rosa acicularis
Rubus idaeus

Rumex crispus
Smilacina stellata
Sy mphoricarpus o c c idental is

Taraxacum fficinale
Thlaspi arvense

Urtica dioica

Code

Acernegu
Achimill
Agrorepe

Amarretr
Ambrtrif
Anemcana

Arctminu
Astenoan
Bidefron
Brominer
Carelaev

Chenalbu

Cirsarve

Corycorn
Echiloba
Fraxpenn

Galetetr
Galitrif
Gerabick
Lapocana

Lonedioi
Oxaleuro
Phalarun

Phleprat

Planmaj

Poaprat
Potans

Potnorv
Ribeamer

Rosaacic

Rubuidae
Rumecris

Smilstel
Sympocci
Taraoffi
Thlaarve

Urtidioi

Field

0.0

0.0

0.9

0.0

0.0

0.0

0.5

0.0

0.0

71.0

0.0

0.0

7.1

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

1.6

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.3

0.0

0.2

0.2

Pasture Forest Corral

0.0

0.0
0.0

0.0

0.0

0.0

5.2

0.0

0.0

16.4

0.0

0.0

0.0

0.0
0.0

0.1

0.0
0.2

0.0
1.6

0.2

0.0

0.0
0.0

0.1

0.0

0.0
0.0

0.5

0.0

0.1

0.0

0.0
0.0

0.0
0.6

0.3

0.0

0.0
0.0

0.1

0.0
3.t

23.8

0.0

0.0
2r.8
11.4

0.0

11.9

0.2

4.5

0.0

1.3

0.0

0.0

0.0

0.0

0.0
1.6

6.6

0.0

18.4

r.7
0.0

0.0

0.1

0.2
0.6

0.0

0.0

0.0

1.3

1.3
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Appendices

AppnNux 5.

Appendix 5. Survival and growth rate of introduced native species, and their response to
shade treatment. Survival rate is percent of all planted individuals alive after one
growing season. Growth rate is height increase, in centimetres, of surviving individuals
and is reported as average (standard error).

Survival (7o)

Acer negundo

Symp horicarp o s o c cí dentalis

Laportea canadensis

Growth (cm)
Acer negundo

Symphoricarpos occídentalis 16 (l) 23 (8) 13 (l)

Natural canopy Artificial Shade Open sun

45.3

60.9

43.8

5.0 (0.5)

20.0

25.0

10.0

l0 (3) 5.7 (0.s)

18.5

2r.7
1.1
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