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Linle in known about the extensive Quercus macrocarpa stands occumng in Riding 

Mountain National Park (RMNP). The main topopphical feature of the Park is the 

Manitoba Escarpment, which rises 300 m above the Manitoba Plain to the east. Several 

gorges, old beach ridges and outwash plains occur dong the eastem siopes of the 

Escarpment. Q. macrocarpa stands occur as monodominant stands on rhese xeric sites, or 

in mixed stands on more mesic substrates. Baseline information including the population 

dynamics, flonstic composition, community structure and vegetrition-environment 

relationships of Q. macrocarpa stands was col!ected. A total of 191 sample plots were 

enumerated over hvo field seasons 11998- 1999). Species abundance data and statistical 

anaiysis were used to classify the plots inro three stand types based on a complex rnoisnire 

gradient. Organic rnaner, exposure, percent sand, conductivity, and siope were also strong 

determinam of stand and comunity structure, Recruitrnent of Q. macrocarpa ivas 

highest in more open stands in xeric sites and lowest in closed stands due to low light 

conditions. 
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CHAPTER 1 

LITERATURE REVIEW 

1.1 Quercus macrocarpa In A Regionai Context 

1.1.1 Boreal Mixedwood Ecoregion 

Riding Mouncain National Park accurs in the extreme eastern portion of the Canadian 

boreal mixedwood forest (Fig. 1.1). Although considered part of tiie bore31 forest, the Park 

rictually includes three major ecosystems: the northern bord  forest, the fescue grasslands, 

and the eastem deciduous Forest. Aspen parkland vegetation is comrnon in the western 

uplands, wMe Q. macrocarpa is most cornmonly encountered dong the base of the 

Manitoba Escarpment. Q. macrocarpa may occur in pure stands in excessively drained 

sites, but it is also found in mixture ~ 4 h  Populris tremuioides, Frarinrrs pennsylvanica, 

Acer negirndo, Popidus balsamifera and Ulmus amencana. 

1.1.2 Climate 

The northwestern range of Q. macrocarpa includes an m a  encompassing eastern 

Saskatchewan, southern Manitoba, and the Dakotas. This area is typified by a continental, 

subhumid chnate with extreme daily and annuai temperature fluctuations, low humidity, 

erntic precipitiition and high winds (Killingbeck & Wali 1978). The average mua1 

precipitation may be as low as 380 mm (Johnson 1990) with mean monthiy temperatures 

varying from 20°C to -20°C. This extreme c h a t e  of very cold winters, relatively short 

w m  sumrners, and low precipitation results in soii moisture deficits in late summer 

(Ritchie 1987). 

The southeastern range of Q. macrocarpa includes Nebnska, Kansas, Oklahoma, 

western Ohio and western nlinois. This area has an average annual precipitation 



Riding Mountain Nattonal Park, Manitoba, Canada 

Figure 1.1. Riding Mountain Nationai Park, Manitoba, Cmda situatexi within the Mixedwood Section 
(B 18a: Rowe 192) of the Bord Forest Region (shaded area). (figure modified h m  Johnson 1994). 



exceeding 1270 mm, minimum tempemtures of -7"C, and a long (250+ days) growing 

season (Johnson 1990). 

The best development of Q. macrocarpa occurs in the eastern temperate zone which 

includes southem Ontario, eastern Wisconsin, Michigan, eastem Indiana, eastern iilinois, 

New York, New England, and Pennsylvania (Ritchie 1987). This area has an average 

annual precipitation of approximately 1140 mm which is spread fairly uniformly 

throughout the year. The surnmers are hot and humid with the period of mean daily 

temperature greater than WC lasting from Apd to November. Winters are mild and snowy 

(Ritchie 1987). 

1.1.3 Quaternary Ecology 

Glacial HLslory 

During rnost of the Quaternq period, the southem Canadian Interior Plains and 

nonhemtern United States were giaciated by thé Laurentide Ice Sheet (Ritchie 1985, 

Delcoun & Delcourt 1989). The ice sheet had retreated to just north of Lake Winnipeg by 

the beginning of die Holocene (about 10,000 years ago). The resulting meltwater created 

glacial Lake Agassiz, which covered an ma that indudeci most of the central Interior Plains 

in Canada and the United States (Klassen 1989). 

By 9,000 years BP, drainage of Lake Agassiz was dmost cornpleted, leaving behind 

several inland Mes. Just south of Manitoba's lakes, bedrock is deeply buried beneath the 

silty clays deposited by Lake Agassiz (Delcourt & Delcourt 1989). Throughout most of 

the region covered by Lake Agassiz are scattered monines as well as beach ridges. These 

beach ridges are found at eievations 389 m above sea level West of Morden and 410 m 

above sea Ievel West of Neepawa. 

The dissection of the Manitoba Escarpment by severai small creeks also occurred during 

the Holocene (Delcourt & Ddcourt 1989). These meks, which drain to the Manitoba 

Lowlands, deeply incise the escapment of Riding Moutain National Park- Stream 



incisions of 30 to 60 m are comrnon. At the base of the Escarpment, deposition of eroded 

shde has produced a series of low-angle alluvial fans. 

Climatic conditions similar to those of present were established soon after deglaciation 

(Klassen 1989). However, varying conditions occurred during deghciation (Hoiioway & 

Bryant 1985). Cold, dry conditions following the retreating glacier created tundra-like 

ecosystems. The climate was cooler and moister chan at present during the early Holocene 

(about 10,000 years BP). A warming period (Hypsithemd Period) occurred from 6,000 to 

4,000 years BP followed by cooler, wetter conditions s i m i k  to the present. 

Post-Glacid Development of Quercus 

Qriercus species are notorious for undergoing hybridization, resulting in many 

intermediate tiorrns wtiich are difficult to distinguish taxonomicdly (Ritchie 1964). As a 

result, pollen morphology dso intergrades, making it impossible to key out fossil Qtiercrts 

pollen grains, Therefore, the distributional history of Qitercus is considered at the generic 

level. 

Limited Querctis populations persisted in the southernmost b o r d  forest region during 

the full-glacial intervd 20,000 years ago (Ritchie 1964). This trend of low Qriercus 

dominance continued for the next 2,000 years. By 16,000 y e m  BP, Quercus populations 

increased across the southem portion of the distribution of Quercus, while in the West, 

Quercus populations declined in Texas. To the norh, Qüercus expanded across the 

Interior Low Plateaus of Tennessee and into the western Ozarks. By 14,000 years BP, 

Quercus extended nearly to the ice front. The northem range limit continued to extend 

northward and reached Wisconsin, Minnesota, and southem Manitoba by 12,000 years 

BP. By 10,000 years BP, the northern iimit for Quercus reached the northern Great Mes 

region near the glacial ice front, and extended from western Minnesota, east of Glacial 

Lake Agassiz, dong the southern shore of Lake Superior, and eastward across centrai 

Ontario and southem Ouebec to Maine and New Brunswick. The western Iimit waq 



bounded by the developing prairie-forest ecotone. Quercrts colonized central and southern 

Horida with Quercus popdations reaching 96% dominance. Between 10.000 and 8,000 

years BP the westem margin of Quercus shifted eastward across the centrai States. The 

northem range lunit extended h m  northern Minnesota across-central Ontario; southern 

Quebec, New Bmnswick, and Nova Scotia. Population centers of approximately 60% 

Quercus composition were located in the central Atlantic scates, southeastem Missouri to 

centrai Alabama, and the coastal plain from central Georgia to southem Florida. From 

8,000 to 6,000 years BP the ciimate was warming and the Laurentide Ice Sheet continued 

to decline. By the end of this period Glacial Lake Agassiz had also draineci. However. 

despite this w d n g  trend the northern and eastem range tirnit of Quercrts remained 

relatively stationary across southern Ontario east to Nova Scotia. Across the Gulf and 

southern Atlantic Coastai Plains, Quercus populations diminished further. However, 

dominance of Quercrts was 40% throughout the central portion of its range, with values of 

over 60% in the centrai Appalachian Mountains, southem Intenor Low Plateaus, Ohio and 

the Florida Peninsula. By 4,000 years BP, the northem range lirnit had not changed greatly 

while the south and east range Limits were constMined by the ocean and the prairie to the 

west. Quercrcs dominance also continued to decrease in the south, gndually king replaceci 

by southem pines on fire-prone upland sites. 2,000 years ago, Qrtercus constituted more 

than 60% of the forest composition within the central Appalachian Mountains. The 

northwest limit extended further West into eastern Saskatchewan and by 500 years BP 

Quercus represented l e s  than 20% of the northem hardwoods and southeastern evergreen 

forest regions. 

Quercus followed the retreatiag glacier dosely but seemed to do best in the temperate 

areas of eastern North Arnerica. These mas consistentiy had higher dominance values of 

approximately 60%. Lower but constant vdues of 20% were found near the northern 

border from eastem Saskatchewan east to Nova Scotia Quercrts dominance was probably 

Iower in the north and West due to drier and coder conditions. 



1.1.4 Bedrock and Glacial Oepasits 

Interior Plains Region 

Bedrock geology of the [nterior Plains region is mainly of rocks of the Cretaceous age 

(KIassen 1989). These consist typicaiiy of shales, siltstones and sandstones which were 

laid down in shaiiow seas. h i e r  Tertiary deposits are found in the southern and westem 

parts of the Interior Plains and consist rnainiy of coarse, resistmt siltstones and 

sandstones. Younger Tertiary deposits consisting of coarse to fine sand and qurtrtzite 

pebble and grave1 are found loczilly in the southem [nterior Plains. The nature of the 

bedrock influenced topographic development, affected the way in which the rock reacted rtt 

the base of the glaciers, and played a role in determining the composition of glacial 

deposits. Glacial deposits in the area are mostly tiii, with extensive areas of modification 

due to the drainage of Glacial Lake Agassiz. 

Manitoba Region 

Today, Manitoba is composed of a varïety of geoiogic landforms, clirnare, soils, 

vegetrttion, and wiidlife (Welsiead et id. 1996). Q. macrocarpa occurs in the southem half 

of the province on the southwest uplands and the Manitoba Iowlands. The surface bedrock 

south of the Precambrian Shield, which corresponds to the northern range of Q. 

rnacrocarpa, is new and young. South central and western Manitoba is covered mainly by 

Paieozoic sedimentary rocks overlaying the Precarnbrian Shield (Corkery 1996). 

The Manitoba Lowlands are the flanest part of the province. The area is deveioped on 

Paleozoic ümestone and dolomite stnta wzch has k e n  rnodXed by glacial erosion and 

deposits. Moraines rtre scattered throughout most of the region as weii as beach ndges of 

former Lake Agassiz. The southwest uplands are characterized by the Manitoba 

Escarpment. Several valleys which cut into the Escarpment were forrned by pregiacial 

rivers. Bedrock is exposed dong the escarpment face, but on the plateau is covered by 

thick glaciai deposits. 



Erosional patterns that persist today began to develop on the rhick Creraceous shales that 

covered most of southem Manitoba 55 miiüon years ago. However, the Manitoba 

Escarpment is a preglacid feature which was not sig~ficantly eroded by glaciation due to 

the emsion-resistant nature of the overlying hard gray Odanah shaie. Tnis shaie, which has 

a hi@ silica content denved from volcanic ash and the remains of siliceous 

micraorganisms, formed a resistant cap to the Manitoba Escarpment and prevented it h m  

k ing  reduced to the sarne level as the Manitoba Lowlands (Corkery 1996). 

Lake Agassiz came into existence about 13,000 years BP as melhvater was contained 

behind the reueating glacier. The lake rose and fell during glacial advances and retreats, so 

that at different times it emptied into the Mississippi, the Great Lakes, and the Mackenzie 

systems. Lakes Winnipeg, Winnipegosis, aiid Manitoba rernain as remnants of the former 

glacial Iake. At its highest point, Lake Agassiz extended far into the Assiniboine 

embayment, forming stnndlines dong the Manitoba Escarpment. Beaches of ihis stage are 

found today dong the east side of Riding Mountain National Park. 

Deposition into Lake Agassiz produced the excessively flat land around Winnipeg, north 

of Portage la Prairie and Dauphin (Corkery 1996). Most of the sedirnentation is in the 

form of aiternating thin and thick layers of clay. These layers may represent seasonal 

deposition with corne W n e d  layers deposited in summer when no ice occurred on the 

lake, and fine grriined layers deposited in winter when the lake was frozen, 

1.1.5 Disturbance History in Riding Mountain National Park 

Fire Hlstory 

Before European senlement, the avenge Iength of t h e  between fires may have ranged 

h m  five to ten years in prairie areas and h m  70 to 100 years in the b o r d  forest (Riding 

Mounttrin National Park 1998). However, conifer forests support hrge and intense f m  

during dry, warm periods, while grasslands have Iow-intensity burns more often. 



During the mid-1800's, tires were set in the Riding Mountain region to burn slash and 

clear land. These fires often escaped into the unsettled highlands, destroying many mature 

forest stands. These stands were composed pnmarily of Picea species and this is believed 

to have increased intense fire activity. Between 1885 and 1895, two large forest fires had 

eKectively cleared the remaining forests West of Clear Lake. Most of the Picea species 

were removed, leaving extensive grasslands interspersed with groves of P. rremuloides 

sprouts. 

Since then, the decline in the spnice forest, combined with fire prevention and 

suppression efforts, has decreased the size and intensity of fire in these forest 

communities. 212 fires have ken  recorded in the past 55 years in RMNP, but most of 

them were small and easily extinguished. In al1 of those fires combined less than 21% of 

the Park area was bumt. 

In the absence of fm, many Qrcercus openings have been invaded by tree and shmb 

species (Riding Mountain Nationai Park 1998). Over time, these Qrrerctts stands may also 

be replaced by more shade tolemt tree species (Christensen 1977, Lorimer 1984, McCune 

& Cottrim 1985, Nowacki et al. 1990). The lack of fm has also caused the uplands of 

Riding Mountain National Park to become dominated by P. rremttloides forests which are 

more than 100 years of age (Riding Mountain National Pack 1998). However, as che Picea 

component returns and replaces the dominant P. tremrtloides, the fikelihood of large, 

uncontroiiable fires will increase again. 

Agriculfirre/Logging Htstory 

By the late I870's, most of the agricultural land in Manitoba had k e n  surveyed into 

townships (Riding Mountain National Park 1998). During settlement of the Riding 

Mountain ma, logging occurred in the forested uplands and on the river vailey slopes of 

the Escarpment. Most of the Q. macrocarpa on the slopes was hanwted during this 



period, to the extent that no undisturbed stands rernain. Logging camps also cut large 

stands of Picea, Pinru and Poplulris. 

In 1895, the Riding Mountain Forest Reserve was established to reduce pressure on the 

timber resources of the Escarpment, withdnwing the land from settiement. However, 

controlled harvesting of timber, and grazing and haying continued until 1970. Today, the 

Park is totally surrounded by agricultunl land whiie natud habitat patches outside the 

Park are continually king cleared. 

1.2 Biology and Ecology of Q. macrocarpa 

1.2.1 Ta..onomic Relationships 

The dicot, or Magnoliopsida, class consists of six subclrisses (Cronquist 1988). Qttercus 

belongs to the subclass Hamamelidae, which is considered to have developed irom the 

Magnoliidae subclass during the Lower Cretaceous, more than a 100 million years ago. 

The Harnamelidae subclass is an ancient group of wind-pollinated families with reduced 

flowers that are often borne in catkins. It originated in a clirnate with altemating wet and 

dry seasons and consists of 11 orders, 26 families, and about 3400 species. Approxirnately 

one-quarter belong to the order Fagales, which originated approximately 80 million years 

ago. The Fagales order consists of four famiIies and more than 900 species. The Fagaceae 

family comprises eight genera, including Quercu, Fagics (beech), and Castaneu (chesnut). 

The Quercus genus comprises between 500 and 600 species (Famr 1995). 

1.2.2 North American Quercus 

Quercus are important tree species in the deciduous forests and savannas of North 

America, Europe, and Asia. ApproximateIy 60 Quercus species occur in the United States 

and 11 in Canada ( F m  1995). Quercus are classified into two major groups: 'white' 



and 'red' oak. Species in the white oak group have leaves with large rounded Iobes or 

large, regular teeth and cm be easily identifïed by these features. Tree species in this group 

include Q. macrocarpa, Q. alba, Q. bicolor, Q. muehlenbergii, Q. prinoides, and Q. 

prinus. The red oak species have bnstie-tipped lobes on the leaves which can Vary widely 

in size and form. Tree species in the red oak group include Q. nrbra, Q. velurina, and Q. 

palustris. 

Species in both groups are monoecious (pollen and seed flowers occur separately on the 

same tree) and wind poiIinated. The fruit of both red and white oak species are I-seeded 

nuts with a tough leathery shell or acorn. but npen differently. White oak acorns mature in 

one growing season and germinate in fatl, whereas red oak acorns npen over two growing 

semons and germinate the fotlowing spring. Both groups readily produce sprouts on cut 

or damaged stumps and have deep, wide-spreading mot systems with a suong taproot. 

Q. macrocarpa occurs in association with the other Qirercus species listed above in 

various regions of its range. AU species, including Q. macrocarpa, form pure stands in 

localized areas as well as co-occu~ng with many other tree species. Many of the Quercus 

species reach their northwestern iimÎt in southem Minnesota or northern to centnl 

Wisconsin (Rogers 1990, McQuilkin 1990, Sander 1990, Stransky 1990). Q. macrocarpa 

is the only Quercus species to surpass these limits, extending its northwest distribution 

into North Dakota, centnl Manitoba, and eastem Saskatchewan (Johnson 1990). 

123 Quercus macrocarpa Michx. 

Range and Distribution 

Q. macrocarpa is the most cornmon species of native 'white' oak in Canada (Johnson 

1990). The northwestern Iimit of Q. macrucarpa occun in the southern edge of the bored 

forest and extends south and east into the grassland and the eastern temperate zones (Fig 

1.2; Ritchie 1987). The northem fringe between the boteai forest, grassland and eastem 

temperate re@ons is cded a 'tension zone' which occurs near the geo-mphicai center of 

- IO- 



Canada in Riding Mountain National Park. Many biological elements of the continent are 

represented in this tension zone, creating a mosaic of plant communities (Riding Mountain 

National Park 1993). In this area Q. macrocarpa occurs in association with many different 

tree, shrub and herb species. It also occurs as extensive monodominant stands that is most 

commonly encountered on well-drained, calcareous subsates. 

The western limit of Q. macrocarpa occurs in a suip of land from eastem Saskatchewan, 

south to Oklahoma behveen eastem deciduous forest to the east and prairie to the west 

(Cottam 1949. Braun 1950. Curtis 1959, Tester 1989, Abrams 1992). Large areas of Q. 

macrocarpa are comrnon in North and South Dakota and comprise almost 20% of the 

forested land (Johnson 1990). Smdl islands of Q. macrocatpa savmna also occur in 

Minnesota (Davis et al. 1998, Ritchie et al. 1998). southem Ontario (Szeicz & Macdonald 

1991), and Wisconsin (Curtis 1959. Whitford & Whitford 1971, Kline & Cottam 1979). 

Within the prairie region. western extensions of deciduous Forest grow dong streams 

and rivers forming gallery forests (Wikum & Wali 1974, Killingbeck & Wali 1978). Even 

though Q. macrocarpa is commonly the dominant tree species in these forests, 

regeneration is often poor (Johnson et al. 1976). Instead, more shade-tolerant, deciduous 

tree species often dorninate the understory (Hosner & Minkler 1963, Laing 1965. DooIey 

& Collins 1984, Host et al. 1987, A b m s  1992). 

To the east of the savanna region, varying densities of Q. macrocarpa are found in 

deciduous forests (Braun 1950, Buell & Candon 1951, Carvell & Tryon 1961, Hosner & 

Minkler 1963, Abrams 1992). Even though Q. macrocarpa is cornmon in these forests, it 

rarely dominates. Instead, it generaily occurs as a minor associate in these forest types 

(Curtis 1959). 



- - -  - 

Figure 1.2 Native range of Bur Oak (fiom Johnson 1990). 



Reproduction 

Flowering and Fruitinp 

Male flowers ernerge in the spring as drooping, many-flowered, ephemeral catkins. 

Female flowers emerge as smaii, reddish, disc-like sessile "blotches" in the leaf axils of 

the new shoots and appear 5-10 days after the emergence of the male catkins ( F m  

1995). When the female flowers become visible, catkins are 40-60% of their final Iengrh, 

new shoots are about 6 cm in length and new leaves 3-4 cm long. The time of appearance 

and developrnent of starninate catkins and pistiiiate flowers varies from year to year 

depending on weather conditions (Sharp 1967, Ahlgren 1957). 

Flower development is considered to be cornplete when pollen is shed and styles and 

stigrnas have become dry and bnttle (Sharp 1967). Pollen from one tree seems to 

germinate better on stigrnas of another, favonng cross-pollination. The fruit, or acom, then 

begins a developrnental phase. The acoms npen over the summer and drop from the tree as 

early as August or as late as November (Johnson 1990). 

Seed Production and Dis~ersai 

Q. rnacrocarpa may bear seed for up to 400 years with a minimum seed bearing age of 

35 years and an optimum of 75 to 150 years. Good acorn crops occur every 2 to 3 years 

with no or light crops in intervening years (Johnson 1990). 

Temperature is an important factor influencing the size of the acorn crop in Q. alba. A 

freeze after blooming wüi kill the emergent flowers. Therefore, acorn production wiU be 

reduced or even destroyed for that year (Sharp 1967). Altematively, good crops of acorns 

occur when compmtively cool penods follow w m  spells eariy in the flowering season. 

The warm p e n d  inmases development of viable pollen, while a cool period later enhances 

ovary developrnent and fertiiization (Sharp 1967, Goodrum 1967, Andersson 1991). 

Acorns are dispersed short dismces (IO to 30 m) by gnvity, water, mice, squirrels and 

chipmunks (Johnson 1990)- Rodents usuaiiy hoard acoms very near their source within 



the animal's home range (Crow 1988). Acorns are often buried, which greatly increases 

their chance of germinating successfully. Squirrels dso disperse acorns away from the 

parent me to sites with potentidly better growing conditions. Birds such as btue jays cm 

disperse acoms long distances from source trees. Jays have been found to oniy coIiect and 

disperse viable acoms, resulting in the dispersai of seeds of the highest quality and 

germinability (Darley-Hill & Johnson 198 1). 

Veeetative Reproduction 

Q. macrocarpa may sprout epicormic shoots or 'gmbs' ( A b m s  1992). These are 

vegetative growths of the roots that sprout close to the parent me. Sprouting usualIy 

occurs after the parent tree has been cut or bumed, but disturbance is not necessary for the 

parent tree to produce sprouts. AIthough they grow quickly, the quality of these sprouts is 

poor (Johnson 1990). In a five year old prescribed burn in Minnesota, 60% of Q. 

macrocarpa with a uunk diameter between 10 and JO cm had produced sprouts. These 

sprouts grew in clumps (averaging 21 per tree) with the tallest Iive stems per clump 

averaging 2.5 m in height. The number of sprouts produced was found to decrease tvih 

increasing age of the tree. Sprouting wns also found to increase with increasing scorch 

height (Sieg & Wright 1996). 

Seedling Development 

Germination of Q. macrocarpa seedlings usually occurs irnrnediately after acom drop in 

the fa& but acorns of some nonhern trees may remain donnant through the winter and 

germinale the following spring (Johnson 1990). In Iowa uplands, acorn germination was 

best where Litter was removed. When covered by Litter, acorns are more liable to pilferage 

by rodents, and new seedlings are susceptible to fungd and insect attack. 

Various factors such as temperature and iight intensity aff'ect seedling deveIopment 

Under a controlled environment O- macrocaya seedlings p w  fastest at a daytïme 



temperature of 3 1°C and a nighttime temperature of 19°C- They also produce a greater 

nurnber of shoots when p w n  under continuous tight (Johnson 1990). Under field 

conditions, however, Quercus seedlings typicalIy produce only one flush of leaves with 

very littk growth occumng during the growing season (Crow 1988). 

Bot! endogenous and exogenous factors determine resprouting in Quercrts species 

(Crow 1988). The arnount of stored carbohydrate reserves, and a buildup of growth 

inhibitors affect the p w t h  of Qriercus seedlings and sprouts. Once the stored 

carbohydrate reserves are used up, growth depends on translocation from stored 

carbohydrates or on current production of photosynthate. The shoot elongation period 

hsts only two or three weeks. Once the shoot becomes dormant the terminal bud foms. 

The top then dies back during the winter only to resprout the following spcing. 

Q. mncrocarpa is relativeIy intolerant of flooding (Johnson 1990). First yen  mortaiity 

may be high if seedlings are subrnerged for more than two weeks during the growing 

season. AIthough some Q. macrocarpa seedlings cm endure flwding for up to 30 

consecutive days, mot growth is greatiy reduced. This in tum reduces drought tolerance 

after fioodwaters have receded. 

Root growth of Q. macrocarpa seedhgs is rapid, and the taproot penemes deeply into 

the soil before the leaves unfold (Weaver 1932, Crow 1988). Q. macrocarpa seedlings are 

also eficient users of water. These two chamcteristics rnay explain why Q. macrocarpa is 

able to coIonize xeric sites and c m  esrablisfi itself successfully in grassIand comrnu~ties 

(Johnson 1990). 

Sapling and Pole DeveIopment 

Growth Form 

Q. macroccz'pa is a slow growing me. Mature trees genemlIy grow to a height of 24 to 

30 m on mesic sites (eastern United States and southeast Canada) and live 200 to 300 

years- In the prairie border [no& cenhai United States and southwestern Manit~ha)~ o. 



macrocarpa averaging 9- 12 m in height rnay be found in nearly pure stands. On hestone 

ndges and steep, south facing slopes the trees may be less than 7 m ta11 at 150 years of age 

(Johnson 1990). 

CharacteristicdIy. Q. macrocarpa have a straight trunk with deeply furmwed, fire- 

resistant bark (Daubenrnire 1936). They have a broad, open crown of stout branches which 

are nearly horizontai in the lower portion of the tree. On xeric sites the mes attain a 

knarled, stunted growth form with a tmnk that divides into radiating, crooked branches 

(Famr 1995). 

bot Growth 

Rapid taproot growth continues in the sapling stage, with abundant lateral growth as well 

(Johnson 1990). The taproot has been found to develop 30 or more large main branches in 

the first 2 feet of soil. At this stage, root biomass equals that of the aboveground portion 

(Weaver 1932). 

Root growth continues for rnost of the year, allowing the tree to exploit new water 

reserves (Dougherty 198 1). Factors such as soil texture and composition, the availability of 

nutrïents and water, and root cornpetition affect root development. Q. macrocarpa trees are 

very adaptable, and readily form a deeper root system during periods of water-stress 

(Weaver 1932). 

Genetics 

A northern variety of Q. macrocarpa, Q. macrocarpa var. olivaefonnis, has been 

recognized. it has an acorn size about half that of the southem form, and the acorn cup is 

much thinner and smaller. These acorns germinate in spring foUowing seedfaii nther than 

soon after faliing in the autumn. In eastern Nebraska where the two forms are found in the 

same locality, the southem form of Q. macrocarpa is more cornrnon in moister sites 

(Johnson 1990). 



Q. macrocarpa hybridizes with nine other Quercus species, however the cross with Q. 

alba is the most frequent hybrid, and is widespread within the overlapping ranges of the 

two species. 

Associated Species 

Q. macrocarpa tolerates a wide range of soi1 and moisture conditions, dowing it to 

grow in association with a number of tree species in oak savanna, gallery, and closed 

deciduous forests (Johnson I W O ) .  

Q. macrocarpa is one of the major tree species present in the oak savannas of the 

prairie-forest transition zone in Wisconsin, Minnesota, Iowa, and Illinois. Shrubs are 

especiaily abundant in Q. macrocarpa stands of the Great Plains region. Predominant 

among [hem rire Corylus conruta, Corylus americana, Symphoricarpos orbicrdatrrs and 

Rhus glabra. Cornmon associates on the prairie borders are Craraegrrs chrysocurpa, 

Symphoricarpos occidenralis and Malus ioensis (Cunis 1959, Johnson 1990, Abrarns 

1992). 

Q. macrocarpa is dso an associate of rnany other tree species in the northwestern part 

of its range (southern Manitoba and eastern Saskatchewan). Here it grows in mixed stands 

of II. arnericana, F. pennsyivanica, P. tremuloides, A. negirndo, and Picea glarcca on 

mesic sites. It dso occurs in pure stands in xeric, graveiiy sites (Sird 1961, Wikum & 

Waii 1974, Keamrnerer et al. 1975, Johnson et ai. 1978, KiiIingbeck & Bares 1978, ReiIy 

& Johnson 1982). 

In the southem gaiiery forests of Kansas and Oklahoma important associates of Q. 

macrocarpa are Q. palrrsrrus, Liquidambar stryacijha, A. nibrum, II. americana, Nyssa 

sylvanica, Q. bicolor, Q. phellos, Q. lyrara, F. pennsyivanica, Q. nrittullii, Q. michann'i, 

Carya laciniosa, and Carya ovata. Shnibs and vines in these sites include Ilcr decidua, 

Rhus radicans and Campsis radicans (Dooley & ColIins 1984, Abram 1986. Johnson 

1990). 



In the deciduous forests of southeastern Ontario and the northeastem United States, 

important associates of Q. macrocarpa include F. nigra, LI. mericana, A. rubnrm, 7Xa 

mericana, A. saccharum, Plantanus occidentalis, Tsrrga canadensis, and P. deltoides. 

Common s h b  associates include Alnus rugosa, Cornus stolunifera, and Toxicodendron 

vernir (Braun 1950, Curtis 1959, Johnson 1990, A b m s  1992). 

In the deciduous forests of the southeastern United States, important associates of Q. 

macrocarpa include Q. mbra, Q, veluhiia. Q. montana, Q. coccinea, C. sumentosa, C. 

glabra, and C. cord~onnis. In this forest type, associated shrubs and vines include 

Hamamelis virg iniana, Vitis species, Parthenocisstis quinqtrejblia, and R. radicans (Braun 

1950, Crirvell& Tryon 196 I,  Hosner & Minckler 1963, Johnson 1990). 

13 Trees Associated With Q. macrocarpa In Manitoba 

13.1 Fraxinus pennsylvanica Marsh. 

Distribution 

F. pennsylvanica is the most widely distnbuted of di the Arnerican ashes. It is adaptable 

to harsh conditions, but shows best p w t h  in moist bottomlands and suem banks. The 

species occurs fmm Cape Breton and Nova Scotia West to southeastern Alberta, south 

through centnl Montana, northelistem Wyoming, to southeastem Texas, and exit to 

northwestem Florida and Georgia (Kennedy 1990). Climate is subhumid to hurnid, with 

annual precipitation v M n g  from 380 to 1520 mm with warm season precipitation of 250 

to 890 mm. Temperatures range h m  -18" to L3" C in J a n u q  to 18" to 27" C in July. The 

average iength of frost-free season is 120 to 280 days. 

F. pennsylvunica is probably the most adaptabte of dl the ashes. It grows natunlly on a 

range of sites fiom cIay soiIs subject to flooding, to sandy or silty soils whece adable 

moisture is limited. However, it grows best on fertile, moist, well-drained soiIs. F- 



pennsylvanica is most cornmonly found on alluvial soils dong rivets and streams and less 

frequently in swamps. 

Reproduction 

F, pennsylvanica is dioecious. The smd, usuaily inconspicuous flowers appear in the 

spring, at the sarne tirne or just before the leaves appear. UsuaiIy, flowering s t m  when 

trees are 8 to 10 cm in diameter and 6 to 8 m tall. Flowers appear as early as March or 

April in Florida, and from late April to early May in the northern part of its range. The 

poIlen is disseminated by wind and is dispersed over relatively short distances. 

Ash fruits are elongated, winged, singie-seeded samaras borne in ctusters. Unpollinated 

flowers or flowers pollinated by an incompatible ash species drop off within the first 

month. F. pennsylvanica seeds start to fa11 as soon as they ripen and continue to fall into 

the winter. Most seeds are dispersed by wind within short distances of the parent. Stumps 

of sapling and pole-size F. pennsylvanica sprout rendily. 

Growth Fonn and Reaction to Cornpetition 

F. pennsylvanica grows a tall, stnight bole in mesic conditions for half the height of the 

tree, after which it forks or crooks. F- pennsylvanica seedlings have k e n  found to 

withstand flooding conditions for up to severai months. 

F. pennsylvanica varies from intolemt to moderately shade tolerant in the northern part 

of its range. It colonizes early in succession on alluvid soiIs, either as a pioneer species or 

foiiowing P.deltoides or P. tremufoides. It is l a s  able to maintain its position in the crown 

canopy than some of its more rapidy p w i n g  associates, such as A. rubnim and LI. 

mericana. 



Associated Species 

Species rnost cornrnonly associated with F, pennsyivanica are A. negundo, A. nibrum. 

Celtis laevigata, Platanus occidentalis, P. tremuloides, Il. amerkana and other Querclts 

species. 

1.3.2 Acer negundo L. 

Distribution 

A. negiindo is one of the most widespread and best known of the rnaples. Its greatest 

value may be in shelterbelt and street pIantings in the Great Plains, where it is used due to 

its drought and cold tolerance (Overton 1990). 

In Canada, the species occurs in the Great Plains from eastem Alberta to centrai 

Saskatchewan and Manitoba, and in southern Ontario. In the United States it is found frorn 

New York to central Flonda and west to southem Texas. Isolated western popuhtions also 

occur. In California, A. negudo grows dong river d e y s  and on the western slopes of the 

San Bernardino Mountains. The species occurs as far south as Guatemala. This range 

demonstntes that species is well adapted to variety of climatic conditions. 

Although A. negundo is most cornrnonly found on moist soil, it is drought tolerant. It 

cornrnonly occurs on deep alIuviai soils near strearns, but ais0 appears on upland sites and 

occasiondly on poor, dry sites. A. negundo has ken found on vimidly ail types of soils, 

frorn heavy clays to pure sands. 

Reproduction 

A. negundo is dioecious with hperfeci flowers. Fiowers appear dunng or before the 

leaves h m  March to May, depending on geogmphic location. Seed crops are produced 

each year beginning at age 8 to I I ,  Ripening takes place fiorn August to October, and 

seeds are wind-distributed. Vegmave reproduction from Young, vigorous trees and fden 

mnkc ic rnmmm. 



Growth Form and Reaction to Competitr'on 

A. negundo is a smail to medium-size tree reaching 15 to 23 m in height and 60 to 120 

cm in diameter. It typically forms a short, tapering bole and a bushy, spreading crown. A. 

negnndo is a short-iived species, attaining an average age of 60 years but rarely 100 years. 

Growth during the first 15 to 20 years is very rapid, adding up to 2.5 cm per year in 

diameter. The species typically develops a shallow, fibrous root system (Overton 1990). 

A. negundo is a shade tolerant species which follows species such as P. deltoides and 

willow in colonizing new ground. In some instances it is a pioneer species in the invasion 

of old fields. In the centrai portion of its range, it may persist for some time in Qriercus- 

Cava  forest but is eventually eliminated due to shading. 

AssocLaled Species 

Associated eastern species include A. nibntm, T. americana, N. sylvatica, and Q. lyrata. 

In the Plains region, A. negundo may occur with F. pennsylvanica, Q. macrocapa, LI. 

americana, and Salir species. In the Rocky Mountains and the Colorado Plateau, 

associates include sevenl Salit- and Populus species. 

13.3. Populus tremuloides Michx. 

DIsh?'b ution 

P. tremrrloides is the most widely distributed tree in North Arnenca It grows on many 

soil types, especiaiiy sandy and pveiiy slopes, and is quick to pioneer disturbed sites 

where there is bare soil. This fast-growing tree is short iived, and pure stands are graduaiiy 

replaced by slower-growing species (Perala 1990). 

The range of P. tremuloides extends h m  Newfoundland and Labrador west across 

Canada dong the northem treeline to northwestem Alaska, and southeast through Yukon 

and British Columbia Throughout the western United States, it is most commonly found 

in the mountriins from Washington to California southem Arizona throughout Texas. and 



northem Nebraska. From Iowa and eastem Missouri it ranges east to West Viginia, 

Pennsylvania, and New Jersey. P. tremuloides is also found in the mountains of Mexico. 

Climatic conditions v q  greatly over the range of the species, especially winter minimum 

temperatures and annud precipitation. The widest range of temperatures endured by aspen 

occurs is in Montana, where January lows of -57" C and summer highs of 41" C have been 

recorded. In Alaska and northwest Canada, part of the range lies within the permafrost 

zone, but P. tremuloides grows only on the wamest sites that are free of permafrost. 

P. tremriloides grows on a great variety of soils, ranging from shallow and rocky to deep 

loamy sands and heavy clays. It is most abundant and grows best on w m  south and 

southwest aspects in Alaska and western Canada. It is comrnon on dl aspects in the 

western mountains of the United States and grows well wherever soi1 moisture is not 

limiting. In the Prairie Provinces of Canada, particularly near the border between prairie 

and woodland, the species may be confined to cooler and moister north and east facing 

slopes and to small depressions (Bird 196 1). 

Reproduction 

P. tremtdoides is primarily dioecious. The penddous flower catkins, 3.8 to 6.4 cm long, 

genenlly appear in April or May (rnid-March to April in New England, May to June in 

centrai Rockies) before the leaves expmd. Fiowers are poliinated by wind (Peraia 1990). 

Good seed crops are produced every 4 or 5 years, with iight crops in most interve"g 

years. Some open-grown clones may produce seeds annuaily, beginning at age 2 or 3. The 

age for large seed crops is IO to 20; the optimum is 50 to 70. Seeds begin to be 

dispersed within a few days afier they npen and seed dispersai may last from 3 to 5 weeks. 

The seeds, buoyed by the Iong silky hairs, cm be canied for many kilometers by air 

currents. Water is also a dispersai agent. Vegetative sprouting from surface roots is 

common, but mature trees rnay Iose this ability. 



Growth Fonn and Reaction to Cornpetition 

P. tremuloides is a small to medium-sized, fast-growing, and short-lived me. Under the 

best of conditions it may attain 36.5 rn in height and 137 cm diameter. Although individuai 

rarnets of a clone may be short-lived, the clone itself rnay be thousands of years old (Penla 

1990). 

Height growth of the young trees is rapid for about the first 20 years and slows 

thereafter. High mondity through self-thinning characterizes young P. rremuloides stands 

regardless of origin. In both seedling and sucker stands natural thinning is npid, and 

rarnets chat fail below the canopy stop growing and die within a few years. 

In both the eastem and western parts of its range, P. tremuloides is classed as very 

shade-intolerant, a characteristic it retains throughout its life. P. rremuloides is an 

aggressive pioneer species, and quickly suckers back following logging or fire. 

Associaied Species 

P. trenirtloides grows with a large number of trees and shrubs over its extensive range. In 

southem Manitoba, it is most comrnonly associated with Q. macrocarpa (Bird 1961). 

1.4 Quercus macrocarpa Communities In North America 

Q. macrocarpa occurs in the eastern deciduous forests of North Arnerica, and extends 

into the grasslands of the Great Plains dong river systems as gallery forest (Severson & 

Kranz 1978, Abrams 1986, 1992). It also foms savannas and woodlands along the prairie- 

forest ecotone (Curtis 1959). These cornrnunities are difficdt to separate out, however. as 

they fom a continuum h m  prairie through savanna and woodland to closed-canopy 

forest (Leach & Ross 1995). 



1.4.1 Oak Savanna/Woodland 

Savanna is defined as a sparsety treed grassy plain in tropical and sub-tropical regions 

(Concise Oxford Dictionary 1995). However, the term is often applied to sparsely Forested 

grasslands in the central United States and Canada (Buell & Cantion, 1951, Rice 1959, 

Bray 1960, Laing 1966, Whitford & Whitford 1971, Kline & Cottarn 1979, Dooley & 

Collins 1984, Tester 1989, Mlot 1990, Szeicz & Macdonald 1991, A b m  1992, McClain 

1993, Ritchie 1998). In this context, savanna refers to a grassy plain in any climate with 

few to severai open-grown mes resulting in considerable light penetration to the 

understory (Leach & Ross 1995). Woodland refers to sites that are more open chan forests 

but less open than savannas. Unlike savannas, the understory is not the dominant layer in 

woodlands (Faber-Lanuigendoen 1995). Woodlands have 5 8 0 %  Cree cover, whereas 

savannas have 5-30% tree cover. 

Oak savannas and woodlands are often referred to as "oak barrens", "oak openings". 

"wooded grassland" and "shnib grassland (Whitford & Whitford 1971, Faber- 

Lanzendoen 1995). The term woodland hris not k e n  widely used in North America 

(Faber-Langendoen 1995). Since the rem savanna and woodland have not ken  defined 

until recently and are used interchangeable in the literature, oak savanna WU refer to both 

communities in this review. 

Oak savanna occurs on xeric sites throughout the range of Q. macrocarpa (Wikum & 

Wali 1974, Johnson 1990). Q. macrocarpa is weii adapted to these sites due to its 

tolerance to periodic drought and high Light (Abnms & Knapp 1986, HamerIynck et al. 

1994). (2. macrocarpa seedlings are well adapted to colonizing savanna gnsslands. 

Hktorical Development of Oak Savanna 

Oak savanna occurs between the taiIgrass prairie to the West and the deciduous forest to 

the east (Cottm 1949, C d s  1959, Tester 1989, Abrarns 1992). It normaiiy occurs at the 



western edge of the distribution of Q. macrocarpa. Prior to European senlement, it 

covered 11-13 million ha of the midwest (McClain et al. 1993). 

The distribution of psslands, savannas, and forests reflects general ciimate patterns, 

with precipitation decreasing and drought frequency increasing frorn east to West (Curtis 

1959, Leach & Ross 1995). This east-west ciimatic gradient also affects frre regirnes. 

Infrequent fires in the east both terminate and initiate long-lived species. Moving westward, 

increasing fire frequency prevents excessive fuel buildup and hïts the invasion of fm- 

intolerant species (Leach & Ross 1995). This results in an east to west gradient of 

decreasing tree species density and diversity. The thick bark, dmught toIerance, and 

sprouting capabiiity of Quercus species promoted their persistence in fire-prone savanna 

habitats (Hengst & Dawson 1994). 

Fire sources in the central Great Plains of North America include lightning strikes, and 

various activities of aboriginal people such as cooking and the delibente setting of frres to 

drive game (Day 1953). Following European settlement, frre frequency declined as 

agriculture, cattle grazing, road construction, the expansion of towns and active w i l d f i  

suppression increased (Abrams 1986). During this period, forests composed rnainly of 

Quercus species rapidIy expanded into the prairies. Q. marilandka and Q. srellata forests 

colonized gnsslands in centrai Oklahoma (Howell & Kucen 1956). Q. a h ,  Q. 

macrocarpa and U. americnna were the major colonizers in central Missouri (Rice & 

Penfound 1959). while Q. macrocarpa and Q. mctehlenbbergii were important in eastern 

Kansas (Abrams 1986)+ Following European settlement of Wisconsin, fire suppression 

resulted in the conversion of Q. rnacrocarpa savannas to closed foresis of Q, alba, Q. 

velurina andfor Carya sp. (Cottam 1949, Domey & Dorney 1989). 

Oak Savanna in North America 

Oak savannas in the hlidwest of North Arnerica fdI into two categones: those occumng 

on dry sites, and those of more mesic sites (Hane? & Apfelbaum 1993)- Dry site< are 



chmctetized by Q. velurina, Q. srellafa, Q. muriIandica, Carex pensylvarrica, and Corylus 

species. Mesic savannas, which include Q. macrocarpa, Q. alba, Q. nlbra, and Q. bicolor, 

are especially vulnerable to rapid invasion by shade tolerant species in the absence of rire. 
Invading tree and shrubs species include R mbnim, Pnrniis serotinia, T. americana. A. 

negrindo, and F. pennsylvanica. Mesic savannas are therefore more easiIy degraded and 

require more effort to restore than dry site savannas. 

Northwest Repion 

In the Black Hills of South Dako~, Q. macrocarpa occurs as an short-statured 

understory species in Pinrrs panderosa stands on sandstone and shale outcrops (Severson 

& Kranz 1978, Uresk & Painter 1985, Sieg & Wright 1996). Shinted Q. macrocapa 

trees also occur on xenc slopes and Hats in southwestern Manitoba (Riding Mountain 

National Park 1993). Monodominant stands of Q. macrucarpa are found throughout 

North Dakota and southern Manitoba (Bird 1961, Johnson L990, Riding Mountain 

National Park 1993). Other trees found in vrtrying amounts in these stands include P. 

glazica, Berrila papy~fera, and P. rremriloides (Bird 1961, Uresk & Painter 1985). 

Understory species present may indude Berberis repens, Prunus virginiana, Amelanchier 

ninifolia, Symphoricarpos albus, Oryzopsis aspenfolk Danrhonia intermedia and Pou 

p ratensis. 

Q. macrocarpa also occurs to adjacent mixed-gnss pnine in western South Dakota, 

often in mixture with P. rremuloides. Forbs present in tfiese mas indude Andropogon 

scopanics, Andropogon gerardi, Agropyron smirhii, and Stlpa vindula (Sieg & Wright 

1996). 

Central Plains Remon 

Open stands of Q. macrocarpa occur on the midslopes of deeply dissected tlu and 

becirock uplands in southeasteni Nebraska, wMe h e  bottodands are occupied by gdlery 



Forest (Laing 1966). In northeastern Kansas savanna, Q. macrocarpa and Q. prinoides are 

co-dominants on upland, xeric terraces of galIery forests (Hamerlynck & Knapp 1994). 

Both Q. rnacrocarpa and Q. prinoides are well-adapted to drought and full sunlight, 

facilitating their establishment within gmslands (Abriuns 1992). Q. pnnoides is 

considered to be even more drought-tolemt than Q. macrocarpa, and it is more 

comrnonly encountered on upland, xeric sites (Hamerlynck & Knapp 1994). Q. 

macrocarpa is more successful on rnesic sites with deep soils. It is aiso better acciimated 

than Q. prinoides to low Iight Ievels, alIowing it to persist under a more closed canopy. 

Northeast Reeion 

Mixed Q. macrocurpa-Q. ntbra savanna occurs in small areas of east-central Minnesota 

(Davis et al. 1998, Ritchie et al. 1998). Soils in this region are generally welldrained, well- 

sorted fine and medium sands which are Iow in organic rnatter and poor in niuogen. 

Cornmon understory species include C. cornuta, Rosa arkansana. A. gerardi, 

Sorghastntrn nutans, P. prarensis, Stipa spartea, Asclepias niberosa, Asclepias syn'nca, 

Ambrosia coronopijolia, Lirhosperrnurn carolinense, Comandra nchardsoniana, 

Arternisia lridoviciana, Lathynis venosus, Amorpha canescens, and Lespedeza capitata. 

Small pockets of oak savanna occur in southern Ontririo north of Lake Erie. These are 

surrounded by eastern deciduous forest to the east and Pinus strobiis savanna to the West 

(Szeicz & Macdonald 1991). Q. velurina and Q. alba are the dominant me species with Q, 

rnacrocarpa, Q. palustris and Q. rubra as subdominant tree species. The understory is 

dominated by sedges and grasses such as Andropogon and Poa species. 

in Ontario, presettlernent oak savanna was reported to occur from south of Windsor, on 

the south and east shores of Lake Sr. CIair, dong the Iowa Thames River in Kent County, 

West of London, north of Turkey Point on Lake Erie, and around Brantford. It is unlikely 

that Native people maintained the oak savanna by buming repeatedly as they were nornadic 

and did nnt settle permanently in an area (S7eicz & Macdonald 1991). An dtmnhve 



hypothesis to explain the development of oak savanna in southem Ontario is c h t e  

change. A period of warm and dry conditions occurred between 8,000 and 4,000 BP. The 

change from eastem P. strobus savanna to oak savanna in the West and hardwoods to the 

east rnay have reflected decreasing surnmer ternpemmres, increasing winter temperature 

and increasing precipitation. Only a small number of oak savanna stands remain in the 

region, and these occur exclusively on corne soils developed on outwash sands and gravel. 

Oak savma in Wisconsin is scattered throughout the state (Curu's 1959, Whitford & 

Whitford 197 1, Kline & Cottm 1979). Frequentiy encountered species in the understory 

of these stands include Amphicarpa bracterata, Euphorbia corollata. Galittm boreale, 

Monarda fisridosa, Rosa species, C. racemosa, C. americana, and Apocynum 

androsaemifolium. 

In presettlement times, oak savanna constituted the rnost widespread plant cornmunity in 

Wisconsin (Curtis 1959). However, much of the savanna forest was cleared for agiculrure 

following European settlement. While some of the remaining oak savanna fias retained its 

original structure and tree cover due to gnzing, most stands have succeeded toward a more 

closed rnixed forest of P. serurinia, A. negtrndo, and II. americana as a result of fire 

suppression. 

In the central United States. the remaining savannas are most commonly composed of Q. 

macrocarpa, Q. velutina, and Q. alba (McCune & Cottam 1985), with Q. velutina most 

comrnonly found on sandy soils (Whitford & Whitford 1971)- Some mixed Q. alba-Q. 

velurina-Q. macrocarpa savannas in southem Wisconsin have shifted dominance h m  

fast growing Q. velutina to slower growing Q. alba, with Q. macrocarpa as a minor 

associate (McCune & Cottam 1985). However, the latter two species are shade intotemnt 

as show by their current faiiure to regenerate. A h ,  oak wilt disease has reduced the Q. 

velutina population. 



1.4.2 Gallery Forests 

Gallery forests are extreme western extensions of the eastem deciduous forests of North 

America (Wikum & Wali 1974, Killingbeck & Wali 1978). The term 'gallery forest' 

refers to narrow bands of forest that occur dong streams and rivers in the Great Plains 

(Weaver 1960, Severson & Kranz 1978, Dooley & Collins 1984, Abrarns 1986, 1992). 

They extend into the oak savanna and pmine, creating a mosaic of prairie and Forest 

communities on the landscape (Weaver 1954). 

Gallery forests occupy the bottom ravine dopes or lower tenaces adjacent to 

watercourses West of the normal distribution of deciduous species (Abrams 1986). 

Genenliy, these deciduous species are unable to grow in the drier environrnents of the 

prairie and savanna regions. Increased soi1 moisture and clay soils adjacent to the rivers 

allows these tree species to persist in areas wel outside their normal ranges (Weaver 

1954). 

Historical Development 

Gallery forests expanded following European settlement of savanna and prairie riverine 

ecosystems (Bragg & Hulbert 1976). Active fire suppression resulted in the expansion of 

woody vegetation throughout much of the Great Plains (Sauer 1950, Buell & Cantion 

1951). Prior to European settlement, the Iimited extent of these forests was probably 

attributable to higher fm intensity and frequency caused by aboriginal activity (Abrams 

1992). The grasslands of Kansas were first invaded by various shmb species, Q. 

muehlenbergii, and Q. macrocatpa (Abrams 1986). Q. vel~itina, Q, nibra, and C. ovara 

replaced the Q. prinoides and Q. macrocarpa, and these were subsequentiy displaced by 

mesophytic forests dominated by T. americana and Ostrya virginiana. Cmntiy, it 

appears that succession from shade intolemt Qtrercus species to more shade tolerant 

hardwoods is still occumng (Abrams 1992). 



Ganery Forests in North AmericP 

Northwest Region 

Much OP the gallery forests of North Dakota and Manitoba occur dong the Missouri and 

Red River Vdleys, and are surrounded by agricultural land and native mixedgrass prairie 

(Keammecer et ai. 1975). Common shmb associates in these gallery forests include C. 

comirfa, C. sroloniJera, S. occidentdis. R radicans, P. virginiana, A. olniJolia, 

Parthenucissiis insena, and Viris vulpinn. 

Dms have permanently flooded much of the bottomland forests of the upper Missouri 

River (Keammerer et al. 1975). Lake Sakakawea, which w u  created by the Ganison Dam, 

has floded the bottomland forests of North Dakota frorn Riverdale to within a few miles 

of the Montana-North Dakota border. Without the threat of flooding, more land is king 

cIeared for agricultunl use. Gdlery forests have nlso been affected by other disturbances 

such as Iogging, insects, diserise, drought, herbicide spraying and cattle gnzing. Thus, the 

once extensive forests of the fioodplain have been greatly reduced. 

Boch h e  Missouri and Red River Vdleys consist of a series of temces, but Q. 

macrocarpa only occurs on the uppermost tenace (Wikum & WaIi 1974. Keammerer et 

ai. 1975). Upper temce soi1s consist of recent alluvial deposits, and are mostly medium- 

textured and cdcareous loam soiIs. Q. macrocarpa does not occur in the dense closed 

Forests of the tower temces, in part because its seedlings rue relatively shade-intolerant. Q. 

macrocarpa generaily occurs in the most mature stages of tloodplain forest developrnent, 

and is confined to sires adjacent to prairie bedmk tenaces that are we[I removed h m  

recurrent and prolonged flooding (Johnson et al. 1976, ReiIy & Johnson 1982). 

Q. macrocarpa was found to grow in association with F. pennsylvunica, A. neg undo and 

W. americana in upland, mesic sites (Wikum & Waii 1974, Johnson et ai. 1976, ReiIy & 

Johnson 1982). Mixed F. peluuylvanica-Q. macrocarpa stands are restricted to soils with 

higher nutrient Ievels (KiIIingbeck & Bares 1978). E pennrylvanica mes are genenliy 

younger and usuaiiy accur under an open Q. macrocarpa canopy (Wikurn & Wdi 19741. 



Mked stands of Il. americana, A. negundo and Q. macrocarpa occur exclusively on 

south-Facing, moderately sloped riverbanks. Q. macrocarpa regenention in these galley 

forests is generaily low (Johnson et al. 1976). For this reason, it has k e n  speculated that 

F. pennsylvanica will eventually dominate these sites, with U. americana and A- negundo 

as stable secondary associates. 

Q. macrocarpa reaches its western lirnit in the Black Hills of western South Dakota and 

the Bear Lodge Mountains of noctheastem Wyoming (Severson & Ktanz 1978). In these 

areas, Q. macrocarpa occurs as large trees in gallery forests at lower elevations between P. 

ponderosa stands and the grasslands. 

Central Plains Region 

Groves of Q. macrocarpa occur in closed canopy gallery forests in the Salt Creek 

watershed in southeasrem Nebraska (Laing 1965). The wide iloodplains were covered with 

ta11 grass prairie prior to settlernent, but most of this former prairie is now under 

cultivation. Present forest undergrowth in the oak stands is similis to that of the past, with a 

nearly continuous herb layer of Laportea canadensis. Qriercris seedlings in these sites are 

therefore doubly shaded, making regenention unlikely. Replacement of these Q. 

macrocarpa forests by other hardwood species is therefore hypathesized, 

Gallery forests in northeast Kansas have dramatically increased since European 

setdement (Abnms 1986). Currently Q. macrocarpa andior Q. mrtehlenbergii dominatt 

these forests (Abrarns 1984, Knapp 1992, Harnerlynck & Knapp 1994)- with either species 

representing the largest and oldest species in each stand surveyed (Abrarns 1986). 

However, numerous Celtis occidentalis and CI. americana saplings (< 50 years old) are 

present in these stands, suggesting tieir increased dominance in the canopy over tirne, 

Even though U. americana is a dominant reproducer, it rnay not attain dominance in the 

overstory due to Dutch Elm Disease. C occidentalis may be the climax species on the 

rnesic flaodphin forests (where it is already the dorninant species). even though it is 



smaller and not as long-lived as Q. macrocarpa. On the steeper, drier sites young Q. 

muehlenbergii and C. occidentalis are rare and young Cercis canadensis and II. 

americana dominate the understory. Again, since the future of CI. americana is uncertain, 

C. canadensis seems the most likely species to replace Q. muehlenbergii. A successional 

sequence invoiving Qtiercus replacement by C. occidentalis in mesic sites and by C. 

canadensis in xeric sites therefore seems likely. 

In southwestern Oklahoma, gallery forests have developed from Oak savanna near 

sueambeds and rivers on loamy, well-drained soils (Dooley & Collins 1984). nie 

dominant tree species in these forests include Q. srellata, Q. marilandica and Junipents 

virginiana. Even though Q. stellata dominates these forests, the seedling layer is most 

often dominated by C, occidenralis, U. amencuna. C. illinoensis, and Q. rnacrocarpa. 

Diospyros virginiana, Q. srellata and Q. shumardii were until recently not commonly 

encountered in southwestern Oklahoma, indicating migration of deciduous forest trees 

onto the adjacent Oak savanna. 

BottomIand gallery forests in southern Illinois generalIy occur on flac temin, particuIarly 

on temces fomed by older drainage systems not subject to flooding (Hosner & Minckier 

1963). Variations in elevation are associated with differences in soils, drainage conditions 

and m e  species. Q. macrocarpa is found in older forest stands on the better drained upper 

temces. On these sites, the expected climax community is a mixture of the hardwoods F. 

pennsylvanica, A. negundo, U. urnericana. A. nîbnim, P. deltoides, and C. occidenralis 

tend to outcompete Q. macrocarpa seedlings in regenenting forests. Q. macrocarpa may 

aiso occur in association with Q. palustris, A. mbnrm, Gleditsia rriancanrhos, Q. bicolor, 

and Q. lyrara in the poorIy drained areas on lower temces when surface drainage 

conditions improve. Al1 species are expected to reproduce and survive in these sites, 



1.43 Eastern Deciduous Forests 

The deciduous forests of eastem North Amenca are a complex vegetationai unit 

composed of both broad-leaved and needle-leaves species (Braun 1950). The development 

of these forests is due, in large part, to clirnate patterns. In the west where annuai 

precipitation is lower, deciduous forests occupy more confined sites in ravines and valleys 

while pnin'e dominates the uplands. Northward, deciduous species are confined to more 

favorable sites due to the shoner growing season and extreme winter temperatures. Mixed 

stands of conifers and broad-leaved tees are chanctenstic of more nonhem forests. 

Deciduous forest stands sxtend eastward to the Atlantic coast, but as one rnoves south 

pines become increasingly important. 

Eastcm deciduous forests consist of sevenl ciimax association that include a number of 

genen, including Qiiercus, Acer, Fagtts. Tilia, Caqa, Frarinics, Ulmus, Berrila, 

Liriodendron, and Castanea (Braun 1950). These forests have been termed Qtiercns- 

Fagus formations, since these two genera are represented in most stands (Weaver & 

Clements 1938). In the eastern deciduous forests of North Arnenca, Querctis species are 

one of the rnost dominant groups (Abrams 1992). Although many Qiiercrts species occur 

throughout the deciduous forests of eastem North Arnenca. only areas that include Q. 

macrocarpa are discussed here. 

Historical Development 

Prior to European settlement, northem hardwood forests extended from northem 

Minnesota to New England (Abrams 1992). These forests generally contained only a smail 

Quercus species component, and were dominated by Tsuga canadensis, A. saccharum, 

Fagw grandifdia, and various species of Pinus (Whitney 1986). Fires were infrequent in 

most of these forests (Lorimer 1977). but dner uptand stands bumed more Frequendy and 

had higher abundance of Qrtercw species (Abrams 1992). Following European settlement, 

@ rubru colonized a variety of sites, including cut or burned stands on sandy soiIs as weii 



as sites that had previously k e n  dominated by P. resinosa and P. srrobus (Crow 1988). 

Q. rubra was favored by the Iogging of P. strobus, as t h s  resulted in release of the 

advance regeneration layer and dispersd of Quercus seeds. Other Querciw species 

(including Q. mcrocarpa) dso occupy these sites, but only as a minor associate. 

Eastern Deciduous Forests o j  North Amerka 

Fa~us-Acer Forest Re~ion 

The Fagus-Acer forest is entirely contained within an m a  once covered by the 

Wisconsin ice sheet (Braun 1950). This forest region extends from centnl Michigan 

eastward into southern Ontario and south to the till plains of northern Ohio and western 

Pennsylvnnia. The predominant Qrrercris species in the Fagris-Acer forest is Q. alba; Q. 

rnacrocarpa is only a minor associate. 

in the southwestern part of the Fngns-Acer region in Indiana, fie current forest is 

thought to be a serai stage in a successionaI sequence Ieading to the establishment of 

rnixed mesophytic stands (Braun 1950). F. grandvolia and A. saccharm are not 

regenerating in the understory, but T. americana and Aescrrltrs glabra are regenerating. 

This suggests ri successi~naI trend towrird an Acer-filia forest. 

In eastern Minnesota, the pollen record indicates that Forests in the area once contriined 

Fagtis species. These former Fagus-Acer Forests have developed into Acer-Tifia stands 

(Bueii & Cantlon 1951, Bnun 1959). A. saccharum seedlings are abundant, while 

regenention of Tilia is primarily h m  stump sprouts. Other tree species found in these 

forests include P. srrobus, Abies balsamea, P. glauca, Betufa pupyrifera, F. pervtrylvanica, 

Q. macrocarpa var. olivaefonnis, U. mericana, and P. tremuioides. P. strobrrs is 

represented by a few large individuals that towerover broadleafcanopy- Q. macrocarpa in 

these stands are large, but the species is p r I y  represented in the regenention tayers. 



Ouercus-Carva Forest Region 

The eastern section of the Quercus-Cary forest type extends eastward from the 

Mississippi River across Illinois and western Indiana, with outliers in centrai Ohio and 

southern Wisconsin. The Quercirs-Cary forest region is considered a tension zone 

behveen the Fagus-Acer comrnunities and the rnixed mesophytic forest cornrnunities. 

Comrnon tree species include Q. alba, Q. velutina, Q. nrbra, Q. macrocarpa, C. ovata, C. 

cordifontris, F. pennsylvanica, Il. americana, T. americana, J. nigra, P. serotinia, Ostrya 

virginiana and A. sacchanrm. On upland sites, Q, alba and Q. velittina are usually the 

dominant species. In mon mesic conditions, Q. rubra and A. sacchanrm comrnonly 

accompany the dominant Q. ulba. 

Throughout this forest region, a rnixed forest comrnunity comrnonly occupies ravine 

slopes. A. sacchanlm dominates in the centnl region and Carya species in the est,  whiie 

Q. ncbra and T. americana are codominmt with A. saccharum in the west (Braun 1950). 

The major Qriercus species on fertile lower and middle-third slopes in West Virginia 

include Q. alba, Q. velurina, and Q. rubra (CarvelI & Tyron 196 1). On the dry upper-third 

slopes and ridges, the cornrnonly occumng Quercris species are Q. prinirs, Q. alba, and Q. 

coccinea. 

The forests of low temces and weU-drained bottomlands are composed of a mixture of 

Frminrrs species, Il. americana, C. occidentalis, and Q. macrocarpa (Lorimer et al. 

1994). U. americana, and P. deltoides are the most abundant species on low floodplains 

and dong rivers. The number of species in the south is  generally greater than in the north, 

as some southern species such as Carya species and Betula nigra extend northward into 

this region (Braun 1950). 

in West Virginia, the most widespread species on Lower slopes include Q. alba, and Q. 

mbra (Carvell & Tyron 1961). Bottodand hardwood forests in southern iIIinois consist 

maïnly of P. deltoïdes, P- heterophylla, F. pennqlvanica, F. profunda, A. negundo, C. 

occidentalk Cuva spies-  Q- plustris- Q- mcrocatpa, Q- shrunardii- @ bicolor- 





species, Juglans cinearea. II. rubra, B. papy~fera, C. cord$omis, A. ncbrum, and Ostrya 

virginiana (Braun 1950). 

After clearcutting and buming in the 18ûû's, the former Q. alba-P. strobtcs forests in 

central Pennsyhania becme dominated aImost excIusively by Q, alba and Q. velutina 

( A b m s  1992). Increased Quercus species dominance in the mid-Atlantic region dso 

occurred as a result of chestnut loss (attributable to chestnut biight) and fire suppression in 

Pinw-Quercus forests (Monette & Ware 1983, Stephenson 1986). 

Western Meso~h~tic Forest Re~ion 

The western mesophytic forest region extends from northern Alabama and Mississippi 

northward to the southern boundary of Wisconsin glaciation in Ohio and eastem Indiana, 

and West to the southem boundq of Illinoian giaciation (Braun 1950). Q. macrocarpa 

occurs in two areas within this large region. One area is known as the Bluegrass region of 

north-centrai Kentucky and the other is in the Nashville Basin in central Tennessee. Both 

of these areas occur as islands within Oak savanna dominated regions. 

The Bluegrass region has a rolling to hiliy topography. The entire area is underlain by 

iimestone covered by shallow soil, The region is chmcterized by old, widely-spaced trees 

and a carpet of P. pratensis (Braun L950, Curtis 1959). Q. macrocarpa and Frainus 

quadrangufata are characteristic of the ;ires Other tree species present include Q. 

muehlenbergii, Q. alba, Fraxinus americana, C. occidenralis, A. sacchanim, J. nigra, U. 

americana, P. serotinia, C. ovata, Aesculus glabra, and Morus rubra (Braun 1 950). 

The Nashville Basin resembles the bluegnss section of Kentucky in form, topography 

and some of its vegetationd features (Braun L950). The rolling parts, where the soi1 is 

deep, originaIIy supported a forest of large trees. Q. alba and Liriodendron tulipifera are 

the principal species on the knoils, with A. saccharum most abundant on the slopes. 

Associated species include white W. americma, UImus data, J. nigra, Q. rubra, Q. 

muehlenber@i, Q, macrocarpa, Cr mata. hr, elvatica, P, serotinia, and L.. .~ tya~~f lua  



(Braun 1950, Curtis 1959). The lower slopes and flats betsueen the knolls lack Q. alh,  L. 

rulipifera, and A. saccharwm. The higher hills, sheltered slopes support mixed mesophytic 

forest stands dominated by Caya species (Braun 1950). 

15 Disturbance and Quercus macrocarpa 

Oak savannas and woodlands are considered to be disturbance-maintained ecosysterns 

(Chapman 1993, Leach 1995). Disturbance is defined as an action that quickly removes 

some Living biomass but seldom affects di components of a community equalIy. Some 

components may be merely stressed, some unaected, and others enhanced. The major 

causes of disturbance within Quercus ecosystems are fire, herbivory, disease, pests and 

human activity, 

15.1 Pathogens and Pests 

Q. macrocarpa often becomes susceptible to pathogens and pests when stressed 

(Wargo et ai. 1983, Allen & Kuta 1994). Siight changes in the tree's growing environment 

such as grade changes, soi1 compaction around the root zone, injury, or changes in soit 

aeration may cause the uee to becorne vulnenble to insects and disease. It is usuaiIy a 

combination of more than one pathogen and/or pest that results in tree modity (Wargc 

i 977). 

Puthogens of Q. macrocarpa 

Several pathogens commonly infect Q. macrocarpa mes, induding the Cotton root rot 

(Phyrnatotrichum omnivorum), suumeiia canker (Strumella coryneoidea), dothiorella 

canker and dieback (Dothiorella quercina), phoma canker (Phoma aposphaenoides), 

coniothryium dieback (Coniothryium tnmcisedum), oak wilt (Ceratocystis fagaceanun), 



and Amiillaria root rot (Armillaria mellea). However, only two have k e n  found to 

potentidy cause considerable darnage to Quercus species: oak wilt and .4rmillaria root rot. 

Oak W il t (Cerarocvsrisfi~acean~m) 

Oak wilt is widespread in the eastern and central United States, and is capable of causing 

considerable darnage to Quercris trees in the centrai states (Rexrode & Brown 1983, 

Hiratsuka et ai. 1995). It was first recognized as an important disease in 1944 in 

Wisconsin, where over half the Quercus species have been killed in locaiized areas. In 

other states, the fungus kills thousands of trees but this loss in only a fraction of the total 

odc timber volume. Oak wilt has also been found in Texas, which is well outside its main 

range (Dreistadt 1994). 

AU species of Qtiercrts are susceptible to this vascular disease (Rexrode & Brown 

1983). Genemlly, Q. mbra species are infected more frequentiy and succumb more readily 

than do Q. alba. However, Q. macrocarpa shows essentially the same symptoms as do Q. 

rrtbra. 

The main period of infection is in the spring when new vesse1 wood is king formed. The 

leaves turn du11 green or bronze, appear water-soaked, wiit, then turn yellow or brown. 

Hertvy defoIiation occurs in di stages of discoIontion. These symptoms appear within a 

few weeks of infection in the crown of the tree. The disease progresses rapidly and some 

trees may die within one or two months after the appearance of symptoms. Most trees die 

within a year. 

AmiIIaria Root Rot (Amillana mellea) 

Amillaria mot rot affects many broadleaf trees and conifers worldwide (Dreistadt 1994, 

Hiratsuka et al. 1995). This pathogen is weii estabiished in Quercus forests, especially in 

mas subject to flooding (Wargo 1977), and is one of the rnost important diseases 

affecting conifers in the prairie provinces [Hiratsuka et aI, 1995). This fungus infects and 



kills cambial tissue in the major mots and lower tnink (Dreistadt 1994). The tint 

symptorns include undersized, discoloured leaves and premamre Ieaf &op. Branches in the 

canopy die back untiI eventualiy the entire tree is killed. 

During cool, rainy weather, clusters of mushrooms may fom at the base of infected 

trees. Amillaria root rot also produces rootlike structures (rhizomorphs) which attach to 

the surface of roots, These rhizomorphs are capable of reaching up to 10 meters in lengch 

(Hiratsuka 1987). 

Trees become infected tvih Arrnillaria root rot through root contact with infected plants 

or rhizomorphs amched to infected roots. Spores produced by mushrooms also disperse 

the fungus to dead stumps or other dead woody rnaterid. This fungus cm develop slowly 

with symptorns not appearing until the fungus is weU established. Armiilaria root rot cm 

survive for many yem in dead or living tree roots (Dreistadt 1994). 

Pests of Q. macrocarpa 

A large number of insect species comrnoniy affect Q. macrocarpa Ieaves, shoots, buds, 

seeds. twigs, and bark. Most insect species have litde deaimentai effect on Q. macrocarpa 

other than producing an unsightly appearance due to siighr defoliation. However, the t w e  

lined chestnut borer, forest tent caterpiliar, and gypsy moth may have a large impact on the 

growth and health of Q. macrocapa trees (Ives & Wong 1988). 

Two-lined Chestnut Borer (Aarilus bilineatus) 

The two-lined chesmut borer is the primary pest of Quercus species. It most fiequently 

attacks Q. macrocarpa, Q. palusrnk, Q. coccinea, Q. alba, Q. prinus, Q. srellara, Q. 

velutina and Q. virginiana (Haack & Acciavatti 19%, Dreistadt 1994). It occurs fmm 

NewfoundIand, West to the Rocky Mountains, and south to Florida and Texas. 

Adult chesmut borers prirnarily attack both forest and urban-stressed Quercus trees 

(Dunbar & Stephens 1975, Wargo 1977, Haack & Benjamin 1982 Wargo et al, 1983, 



Dunn et al 1986. Haack & Acciavatti 1992, Alen & Kuta 1994, Dreistadt 1994, LeBlanc 

1998). The first symptom of borer amck is the appearance of wilted foliage on scattered 

branches, which remains attached to the tree for several weeks or months before dropping 

(Haack & Acciavatti 1992). These branches die the following year. Usually, the crown is 

attacked in the first year with the remaining branches infested in the second and third 

years. Trees may be kiiied in the first year of an attack, but usually die d e r  two or three 

years of successive borer infestation. 

GYDSV Moth (Lvmanrria dispar) 

The gypsy rnoth is one of the most notorious insect pests of hardwood tree species in the 

Eastern United States and Canada (Dreistadt 1994). It prefers hardwoods but wiii feed on 

sevenl hundred species of mes and shrubs. A record 12.9 million acres of Forest were 

defoliated by gypsy rnoth in 198 1 (McManus et ai. 1987). 

The effects of defoliation by the gypsy rnoth vary depending on the condition of the 

mes, the amount of defoliation, and the number of years of consecutive defoiiation 

(Hiratsuka et al. 1995). Healthy trees can usudly withstand one or two consecutive 

defoliations of p a t e r  than 50% (McManus et aI. 1987). However, trees weakened by 

previous defoliations or other stresses are frequently killed after a single defoliation. These 

weakened trees are also vulnenbie to attack by other diseases and insect pests. 

The gypsy moth was accidentally inu-oduced into the United States h m  Europe by a 

French scientist in 1869. The fmt outbreak occurred in 1889, and by 1987 the gypsy moth 

had estabiished itself throughout the Northeast (McManus et ai. 1987, Ives & Wong 1988, 

Hiratsuka et ai. 1995). It has not yet established itself in the M e  Provinces of Canada or 

the centrai United States, but it may only be a matter of time before it does since it wiii feed 

on almost any species of tree and shmb (Ives & Wong 1988, Hiitsuka et al. 1995). 





invasion (Leach 1995). In these comrnunities, fuel (plant debris) O ften accumulates faster 

than it can decompose. Litter buildup decreases primary productivity and cm alter species 

composition (Old 1969, Peet et al. 1975, Rice & Perenti 1978, Hulbert 1988). Fire 

consumes litter, stimulates the growth of fire-adapted species, and controk the growth and 

invasion of species that are not adapted to fire. 

In the absence of fke, the climate and soils of the Midwest could support non-Quercus 

forests (Leach 1995). Throughout rnuch of the Midwest, reguIar fires have historicdly 

maintained prairie and Qttercris ecosystems (Sauer 1950, Curtis 1959, Bragg & Hulberc 

1976. Grimm 1984). In the absence of fm, many Quercus stands are expected to be 

succeeded by more shade-tolerant tree species (Christensen 1977, Lorimer 1984, McCune 

& Cottam 1985, Nowacki et ai. 1990). However, this successionai pattern varies mong 

regions and soi1 conditions, and is more common on rnesic than xeric sites (Whitford & 

Whitford 1971, Abrams 1986, Host et al. 1987, McCune & Cottam 1985). 

Influence of Fire on Quercus Forest Structure and Dynamics 

Savanna Quercus species have a number of adaptations to recurrent ground Fm, 

including a thick bark, resprouting ability, resistance to rotting after scming, and the 

suitability of fire-created seedbeds for germination (Abrarns 1992). Paieobotanicd studies 

consistently reveal that Quercus pollen is associated with charcoal layecs (Watts 1980, 

Abrams 1992). 

Severai factors affect the response of woody plants to fire, including plant size, season of 

the year, and fm intensity and duration. Few mature aees of most species rue kiiled by 

light or cool ground fms, but hot fm will kiii most species (White 1983, Reich et al. 

1990). Mortaiity from cool fires varies considenbly between rree species, particulariy at 

the sapling and seedling stages. For example, a spring bum in centrai Wisconsin resulted 

in sapling rnoaality of 67 to 100% in P. serotinia, B. papynfera, and P. grandidentara, but 

 in mcrtslity wat xc~rml-i in S. ~llipwirilnlir .c7plings (Reich et 31. 1990). 



Fires occur in the gailery forests of northeast Kansas approximately every 11 to 19 years 

(Abrams 1985). These fires genedy bum into the forests from adjacent prairie regions 

(which bum every 2 to 3 years). Since gaüery forests occur in Stream channels and ravine 

bottoms, they are somewhat protected from h. Gallery forests are also chmcterized by 

less fuel accumulation, lower fuel combusùbility, faster litter decomposition, and higher 

relative humidity. These factors control the spread rate and fire severity of fires in the 

forest understory. 

1.5.3 Herbivory 

Q~iercus forests and savannas supply large amounts of food to ungulate herbivores, 

other venebntes and various invertebrares. Herbivory undoubtedly has a great influence on 

the vegetation present (Leach 1995). While some forests and savannas are managed in 

order to sustain wildlife, others are degenerating due to heavy browsing (Alverson et al. 

1994). Qrrerciis forests and savannas are quite productive habitats, and much of the 

biomass produced is palatable to herbivores. Q. macrocarpa twigs and acoms are a 

significant component of the diets of deer, cade, dents ,  and birds (Goodrum et ai. 197 1, 

Severson & Kranz 1978, Darley-Hill & Johnson 198 1, Uresk & Painter 1985). 

Wiid and Domestic Ungulate Herbivores 

Q. macrocurpa is an important tree species in the management of white-tailed deer 

populations in the Black Hills of South Dakota (Severson & Kranz 1978). Preferred 

forage shnibs such as P. virginiana have deciined in abundance, favoring the hardier Q. 

macrocarpa trees. Q. macrocarpa sprouts pmh5calIy f i e r  its primary stem h a  been cut 

or darnagd, but the nutritional and energetic vdue (proteins and crude fats) of young buds 

and twigs is so Iow that deer feft to feed on Q- macrocarpa sprouts would eventuaiiy 

s m e .  Wildlife managers in the Black Hilb seiectively cut Q. macrocarpa trees to 



increase the arnount of browse, but Iarger seed-producing mes are left untouched since the 

acoms produced are high in nutrients. 

Pasturing in some areas has maintained savanna-üke groves of open-grown Quercus 

mes (Leach 1995). The Quercus species themselves often fail to regenente, however, 

since gnzers often destroy seedlings and saplings (Alverson et al. 1994). Q. macrocarpa 

comprises about 12% of the diet of carde in the Black Hills of South Dakota (Uresk & 

Painter 1985). Cattle consume Q, macrocarpa throughout the surnmer, and by September 

browse (trees and shrubs) comprises 37% of rheir diet. Sirnilar results were obtained in 

cenual Oregon, where browse made up 47% of the diet of cade when green gnss was in 

short supply (Halechek et al. 1982, Roath & Drueger 1982). 

While cartie may stimulate ivoody growth by disturbing the soi1 and herb layer 

(Dyksterhuis 1957), light pasturing may also help to preserve native herbaceous vegetation 

by keeping woody shrubs and tree saplings in check. Grazing also reduces fuel loads, with 

the result that fires rue less frequent and of lower intensity. This in tum promotes woody 

vegetation development (Curtis 1959). Open Oak savannas are often maintained by 

moderate to heavy grazing, and succeed toward closed woodlands if gming ceases 

(Chapman 1993). 

Granivory 

Acoms are a critical dietary item of blue jays, and this bird plays an important role in the 

long-distance dispersal of acoms (Dadey-Hi11 & Johnson 1981). The North Amencan 

blue jay (Cyanocitta crisrata) is a Qitercm acom predator (Van Dersal 1940) that forages 

in the upper crowns of heavily masting mes. As the season progresses, acoms from the 

lower branches and falIen acoms may be taken. Jays remove the acom cap by holding the 

bottom of the acorn with its feet and hammering the cap off with its bill. After removing the 

cap, the acom is either harnrnered open and eaten or swaliowed whole and cached later. 

One to five whole acoms are taken in a single feeding bout- 



Upon arriva1 at the caching site, jays disgorge fhe acorns and deposit them on the ground 

in a pile. Acoms are subsequently moved to a nearby caching spot where they are dropped 

on the ground and covered with litter. In some cases acoms are harnrnered into the ground 

and then covered with litter. The process of covering acoms with debris or burying them 

may enhance germination and early growth by protecting the acorns from desiccation. 

Colonization of Quercris species from these jay caches may occur if a bird dies, fails to 

remember cache locations, or has surplus stores during mild winters. 

Acoms are also dispersed short distances (10 to 30 m) by rnice, squirrels and chipmunks 

(Johnson 1990). Squirrels hoard acorns in scattered ciumps within a few hundred meters 

of parent trees (Crow 1988). Acoms are stored by burying hem, which greatly increases 

their chance of successtùl germination. In non-rnasting yem. blue jays and squirrels can 

entirely deplete the acom crop. Bears, ungulates and various bird species will also feed 

opportunistically on acorns. 

1.5.4 Human Activity 

In North Arnerica, the loss of Oak savanna and woodland habitat has continued to this 

day. Significant impacts to ecosystem function and biodiversity are attributable to habitat 

degradation and fragmentation, air and water poliution, and climate change (Soule 1991). 

Effects of Humnn Activity on Quercus Forest Structure and Dynamics 

Oak savannas and woodlands often occur on sites of rolling topography that are 

desirable locations for residentiat homes (Chapman 1993). Riverine and lakeside 

ecosystems are subject to deforestation as they are often located near large urban centers. 

Quercris stands have also k e n  cleared or fragmented during agicuiturai and industrial 

development. Active fm suppression has aIso resuIted in the encroachment of later- 

successionai species into oak savannas and woodlands. 



Tiber harvesting in Qicercus stands may pmve to be an enterprise consistent with 

sustainable forest management, but more research is needed to determine the appropriate 

harvesting methods (Leach 1995). Landowners often receive insufticient encouragement 

and technical support to manage their property for long-term values as opposed to short- 

terni economic gain. The challenge is to find ways to ensure sustainable timber hmests, 

and to develop economic incentives for landowners chat are consistent tvith maintainhg 

ecosystem processes and biodiversity. Sustainable timber harvesting in Qrrercrrs stands 

rnay be compatible with habitat and biodiversity conservation, since chese communities are 

often dependent on disturbance for their perpetuation. The challenge is to develop 

harvesting strategies that are compatible with the longevity, growth rate, and reproductive 

strategies of Quercrts species. 

1.6 Restoration and Management of Qrrercrrs Stands 

A ciramatic expansion of woody vegetation has occurred at the North American pnirie- 

forest ecotone since European settlement in the mid-1800's (Abrams 1986). This 

expansion appears to be largely attributable to decreased tire frequency and intensity 

(Sauer 1950, Anderson & Brown 1983, Lorimer 1984, Abrams 1984). Quercrts species 

dorninated the ecotones forests (Rice & Penfound 1959, Curtis 1959), but these stands are 

gradually being invaded by more shade-tolennt and less fire-resistant tree species ( A b m s  

1986, Crow 1988). To reverse this trend, Oak savannas and w d a n d s  are being 

aggressively restored and managed in the mid-western and cenal United States to 

maintain biological and Iandscape diversity (leach 1995). 

Common methods used for Quercus stand restoration and management include 

irnplementing a remedial fire regime to return the vegetation to a prescribed structure, the 

reintroduction of extirpated species, and the removal of exotic species (Leach 1995). 



Management m y  dso require the removai of drain tiles and drainage ditches, buildings, 

and pavement. 

1.6.1 Girdling and Selective Cutting 

Girdling 

Girdling c m  be used to control clonai species such as Populiis, Pnrnw, and Acer species 

(Chaprnan 1993). It is most effective in spring once the süp has begun to run and the 

cambial cells are filled with fluid. Girdiing is more difficult and less effective at other times 

of the year. Managers may also combine girdling with herbicides: trees are girdled in the 

first year, and herbicides are used in the second year IO kiIi the plant. 

Selective Cuthiig 

Although labor intensive. setective cutting is one of the most cornmonly used method to 

restore oak savannas (Chapman 1993). The technique varies from hand clipping to the use 

of chainsaws and chippers to remove large trees. This method has a number of drawbacks, 

including disturbance to the ground and problems nssociated with the disposal of cut 

debris. Debris rnay be disposed by scattering it in the understory (to be consurned by füt 

or decay organisms), by chipping and hauling it away (which is very expensive), or by 

burning it in piles (which sterilizes the soi1 and creates disturbed sites for exotic weed 

invasion). 

1.6.2 Prescribed Burning 

Prescribed burning is perhaps tbe single most important management tool for the 

restoration and management of oak savanna ecosystems (Tester 1989, Leach 1995). The 

method has k e n  used since 1964 at the Cedar Creek Nat& History Area of Minnesota 

to restore and maintain oak savanna (White 1983, Tester 1989). 



The benefits of fm include: (a) aiiowing more tight to the ground layer by topkilling 

some trees, saplings, and shrubs; (b) reducing the incidence of disease andor infestation of 

insects; (c) maintaining habiiat for certain wildlife; (d) removing accumulated debris from 

the ground layer, (e) providing regenention opportunities for some species (Chapman 

1993, McCarty 1993, Leach 1995). A possible negative impact of prescnbed burning is the 

killing of desired species, particularly ground-dwelling invertebrates. III-timed fires may 

also kill desirable plants ai vulnenbte stages of their Iife cycle. Fires occumng prior to the 

growing season may stimulate the germination, growth, and seed production of annual 

plant species (White 1983). However. burning foltowing annual plant emergence may be 

deaimental (Tester 1989). Clona1 perennids generally respond well to fires regardless of 

their timing. 

Prescribed Burning Techniques 

In Missouri, two steps are taken to restore highly degnded oak savannas and woodlands: 

(a) reopening the midstory to increase Iight to the ground layer, (b) reinstating fire regimes 

(kach 1995). Removd of most of the 30 to 50 year old understory trees is effective in 

increasing Iight penemtion. Conwlled burns are used to maintain an open rnidstory 

canopy, control woody resprouts, stimulate the expansion and reproduction of herbaceous 

plants, remove surface litter, and pmvide germination sites. Sorne undesired plants are 

more effectively controUed with herbicides, however. After initiai clearing of the midstory 

and during the early stages of recovery, frequent prescribed burns ;ire required. As the 

groundlayer recovers and new woody growth is suppressed, fire frequency can be reduced. 

Fires during the ewly restoration period tend to be light and spotty (McCarty 1993). Later 

in the restoration period, fire frequency decisions are made to balance fuel loading against 

advances in new woody growth. Excessive Fuel accumulation increases fire intensity and 

may negate the positive effects of a prescribed burning strategy. in stands Iacking a dense 

woody understory, restontion efforts c m  usudy proceed sirnpiy by reinüoducing fm, 



To reduce very dense midstories, an expensive but effective approach is to hire crews to 

ihin stands, treat stumps and bum the slash (McCarty 1995). Large machine-mounted 

choppers cm be used to lower costs- An effective but potentidy hazardous method is a 

prescribed hot fire that is timed to coincide with spring leafout in the spring. Such burns 

work best on steep tenain where convection columns rnagniQ the effects. Auturnn fires 

may achieve similar resuhs. In severely degraded sites, species introductions may be 

required after a prescribed burn has taken place (Packard & Balaban 1994). 

Restorationists will often know before the first fire which mas ~vili require remediai 

plantings. 

Fire Effects in Oak Savanna 

Historicai and modem accounts indicace that fire suppression cm significantly increase 

canopy closure within 2W0 yem, although closure takes much longer on sandy ridgetops 

and on south-fiicing slopes (Curtis 1959). Fire suppression in tire-prone ecosysterns 

increases canopy and subcanopy cover through invasion by fire intolerant species. In 

addition, iitter layer and fuel loads increase and herb layer diversity declines (Chapman 

1993). Increased tree cover resuits in higher understory humidity, lower soi1 temperature, 

Iower wind speeds, and greater soi1 moisture retention. 

Regular low-intensity fires are required to produce Quercris barrens that Iack a shrubby 

understory (Chapman 1993). Annuai buming Mis smailer Qiiercrls species (c 15 cm 

diameter) and keeps woody shrubs in check (Tester L989). On severely degraded sites, 

cutting may be required to enhance the effects of annual burning (Chapman 1993). Once 

the desired cornmunity structure is attained, the fue internai can be relaxed to once every 2 

to 3 years. 

Restoring a densely forested acea to oak savanna requires frequent and intense fires to 

kill the large diarneter trees (Chapman 1993). Such fires wiI1 produce a scmb oak savanna 

Subsecpent buming will not kiU the Quercrcs scmb and may increase stem density fCums 



1959). Understory species diversity and biomass increases with increasing light incensity, 

and maximum abundance is achieved when the overstory density is considerably reduced 

(Bray 1958, Whitford & Whitford 1978, White L983). The fire regime must be maintained 

to prevent shmb encroachment. For example, &ter four years without f i  at a site in 

Minnesota, C. americana had largely grown back to its pre-burn density, height, and mass 

(Leach 1995). 

The optimal timing of a frre wili Vary according to site quaiity and restoration stage 

(McCarty 1993). Dormant season burns (i.e. between late winter and rnid spring) wiIl lave 

some of the wet or frozen liner layers Uitrict and thus protect the soil. Such fires 'top-kiIl' 

woody plants but do not scorch the dormant herbs and grasses (White 1983). While these 

fires are usually controllable due to the stable aunospheric conditions under which they 

typicaily occur, they cm burn hody when winds are strong (McCarty 1993). Standing 

snags are often too wet to smolder or catch [ire. 

Mid and late spnng burns are known for their ability io top-kill woody plants and 

stimulate warm season grasses. Soi1 erosion is not a concem as green-up occurs npidly 

following fire. Fires occumng as the buds are emerging or new leaves are unfolding may 

place an extra drain on carbohydrate reserves in competing woody plants. These fires cm 

be very hot and are therefore very effective at removing midstory trees. Spring burns may 

aIso adversely impact the earIy spring fIora. 

Fa11 burns work well where light, le@ fuels are the oniy fue carrier. Burns at this time of 

year provide germination sites for fall-genninating seeds, and results in green autumn and 

early winter forage. Such fires also aiiow p a t e r  access to the fail seed crop by wildlife. 

Weather and fuel conditions during the fdl are conducive to buniing, and it is likely that 

the structure and function of oak savanna and woodtand ecosystems are related to f i  

buming. 



Examples of Use of Prescribed Burning 

Prescribed buming in an oak savanna in centra1 Minnesota at 1 to 3 year intervais was 

found to remove woody cover in the sapling and shmb layers, but had iittie effect on large 

canopy trees (< 30 cm diameter, White 1983). Grass and forb species increased in 

importance in this fm regime. Highest species richness occurred after two consecutive 

years of buming followed by two yem without fire (Tester 1989). This increased species 

richness was attributed to the persistence of forest trees and shmbs combined with an 

increase in prairie species. Tree density and basal m a  decreased with increasing f i  

frequency, but most of the reduction occurred in the 5 to 25 cm uvnk diameter classes. 

Compared to unburned mas, burned sites hrid consistently lower overstory diversity, less 

shrub cover, and higher frequency of grasses (White 1983). 

Fire frequency and intensity were strong influences on two Q. velurina woodlands in 

northem Indiana (Chapman 1993). Infiequent, high intensity fires crerited an open 

overstory, a scrubby sapling layer of Q. velurina and Q. alba, and a high cover of 

herbaceous species. More frequent. low intensity fires were associated with higher canopy 

cover, higher density, lower basai m a  and lower herb and shmb cover. 

Prescribed fire in open Qirercrrs barrens in Northem IIlinois resulted in no mortaiity or 

diunage to large, isolated trees (Anderson & Brown 1983). However, higher fuel 

accumulations resulted in uee mortaiity in adjacent closed forest stands. Controlled fires 

may therefore be useful in restoting densely forested areas back to oak savanna. In central 

Wisconsin, prescribed burning dso had positive effects on the structure of Quercus 

cornrnunities (Reich et ai. 1990). Later successional species such as Acer were most 

negatively affecied by fue, as the nurnber and physiological performance of maple 

seedlings declined drarnaticaiiy. Conversely, Quercus species showed p a t e r  net 

photosynthesis after f i  and were much less sensitive to increases in water stress. Burning 

dso resulted in increased cover of prairie and savanna species. 



Prescribed buniing is rarely undertaken in the northeast Qtiercris and eastern deciduous 

forests of North America (Johnson 1984). This is attributable to high human population 

density in the eastem United States and Canada, and less suitable buming weather in the 

region. Controlled bums in these stands, perhaps combined with shelterwood cutting, may 

encourage Qliercus regeneration by increasing tight IeveIs and reducing understory 

competition. 

1.6.3 Current Management Practices in Riding Mountain Nationai Park 

Currently, management pwctices such as monitoring permanent plots and prescribed 

burning are used to maintain the ecologicai integrity of forest comrnunities in Riding 

Mountain National Park. 

Establis ftment of Permanent Plots 

Permanent plots can be established for long tenn monitoring of population and 

comrnunity dynamics (Chapman 1993). RMNP has established a one-hectare plot in the 

Q. macrocapa stands to observe changes in community structure and composition, 

including seedling establishment and growth of advanced regeneration, canopy tree growth 

rates, productivity and the effects of ctimate change over time (Riding Mountain National 

Park 1998). 

Fire Management 

Prescribed burning is the single most important management tool in the restontion and 

management of oak savanna ecosystems (Tester 1989, Leach 1995). In RniINP, p s t  fire 

suppression has resuited in an increased fuel load which may increase the risk of stand- 

replacing fires to which Q. macrocarpa, F. pennsylvanica, A. negundo and U. americana 

are poorty adapted. RMNP is currently in the process of updating fire history maps and 

evaluating fuel loads in different forest comrnunities (Riding Mounrain National Park 



1998). These data are then linked with information essential for ecological monitoring and 

fire operations to determine a fm management program. The goal is to learn and support 

the timing, frequency and intensity of fires which wiii maintain natural evolving ecosystems 

representative of the Riding Mountain region. 

Ongoing Research 

RMNP is constantly involved in collaborative research and cooperative tearnwork with 

universities, colleges, research institutes and government agencies (Riding Mountain 

National Park 1998). Resemh in areas such as vegetation management and ecosystem 

dynamics are encouraged to provide the necessq information to make informed 

decisions. 



CHAPTER 2 

OBJECTIVES 

This study provides baseiine ecologicai information on the location, comrnunity structure 

and composition, and forest successionai dynamics of Quercus macrocarpa stands in 

Riding Mountain Nationai Park. A detaiied examination of vegetationenvimnment 

relationships is also provided. The specific objectives of the study were: 

to determine the location and areai extent of Quercrrs macrocarpa stands in the Park. 

to examine the population dynamics of Quercus macrocarpa stands, through an 

analysis of age andior size class distributions. 

to surnrnarize the floristic composition, comrnunity structure. and vegetzftion- 

environment relationships of Quercus macrocarpa stands. 



CHAPTER 3 

STUDY SITE DESCRIPTION AND EXPERIMENTAL DESIGN 

3.1 Study Area 

The Querciis macrocarpa stands enumerated in this study were located in Riding 

Mountain National Park, ivhich comprises an ma of 2973 km" Most of the Park occurs 

on top of the Manitoba Escarpment, a 300 m elevation rise that sepmtes the lower 

Manitoba Lowlands from the Saskatchewan Plain (Riding Mountain National Park 1993). 

The Escarpment runs along the entire north and east margins of the Park and has a 

humrnocky Iandscape with many srnaIl lakes and deeply cut Stream channets. These 

channeis cut through the Escarprnent creating severai north and south facing siopes along 

most of its length. 

On the lowlands a variety of deciduous trees dominate the comrnunity. Characteristic 

trees indude Popcilris iremirloides, Ulms mericana, Fruxinus pennqlvanica. Acer 

negundo wiih some Q. macrocarpa, Populrrs balsamifera, and Berrila papyifera. The 

warm, moist microclimate promotes a lush understory of herbs and shrubs. 

On top of the Escarpment, most of the Park is covered with uneven aged P. (remriloides- 

Picea glauca associations of the boreal rnixedwood forest. Abies basurnea and Q, 

macrocarpa occupy north and south facing slopes respectively. Pinus banksiana occur on 

the weii drained, east centmi portion of the Park wMe Picea mariana and Larir lancina 

grow in the wet bogs. Grassland remnants occur in the West portion of the Park. 

The majority of Q. macrocarpa stands are found in the northeristern portion of the Park, 

on dcareous, weii-drained duvia1 soiIs and excessiveIy dnined south-facing siopes dong 

the Manitoba Escarpment (Fig. 3.1)- 



Figure 3.1 Riding Mountain Nuiionnl Park Quercus macrocarpü distribution inap frorii clussified LANDSAT TM dala 
(modified from RMNP vcgetation map, D.J. Wilker), Shaded ürea = Q. niacrocarpu dominated forest, 



The ciirnate of Riding Mountain National Park is characteristic of the continentai c h t e  

of the Canadian prairies. Prevailing a i .  masses from the south and southwest result in 

warm surnmers, while intrusions of arctic aimasses produce very cold winters. Turbulence 

generated by the Manitoba Escarpment dong with the abundance of lakes and other 

wedands, contribute to increased cloud and shower activity during the warmer months. 

Mean annual total precipitation is 47.6 cm. The warmest month is July (mean daily 

temperatures of 15.6"C). while January is the coldest (mean daily temperature of -20.6"C). 

RMNP has an average growing season of 72 days at Wasagaming but may vary 

considerably from year to year (Riding Mountain National Park 1998). 

3.3 Data collection 

3.3.1 Field SampIing 

Q. macrocarpa stands were located using field reconnaissance, existing vegetation maps, 

and personal communication with pack wardens. Vegetation and environment information 

was collecteci fiom 191 sample plots during the surnmers of 1998 and 1999 (Fig. 3.2). 

h c h  plot measured 10 x 10 m and was gridded into 5 x 5 m subplots to facilitate 

vegetation enurneration. Cover abundance estirnates were obtained fiom cach of the 

following six vertical canopies: 





Strata Composition Height (meters) 

- -  -- - - 

1 Canopy Trees >15 

2 Sub-Canopy Trees 10-15 

3 TdI Shrubs and Low Trees 2-10 

4 Low Shrubs and SapIings c 2 

5 Tree Seedlings, Gnminoids, Forbs, Fems and Fem-Allies Usually <1 

6 Btyophyes and Lichens On forest flwr 

The following data were collected from each I O  ..c 10 m plot: 

Percent cover estimates for ail species were obtained from each of the six vegetation 

strata. Cover wns estimated to the nearest 5% Low cover values were recorded as c 

5%. 1% or < 1%. 

Diameter at breast height (DBH) was measured for al1 trees. 

A m e  core was taken at breast height from the largest tree of each species using an 

increment borer. 

A soi1 core was taken h m  the center of each plot. 

Physicai environmental factors, including dope, aspect, elevation and UTM coordinates 

were recorded. 

Detailed field notes were made at each site, inciuding information on the surmunding 

vegetation, failen mes, browsing intensity, evidence of past logging events, and 

evidence of pests-pathogens. 



33.2 Species Nomenclature 

A cornplete species list was compïied for the 1998 and 1999 field seasons (Appendix 

1). Sorne gnminoids were impossible to ident* to species as they Iacked reproductive 

parts. Species nomenclature fol1ows Cody (1988) for vascular plants and Cmm (1976) for 

mosses. 

3.3.3 Minimum Stand Age 

Minimum stand age was determined for each plot by increment coring the largest tree of 

each species at approximately I .3 rn height (DBH). In sorne stands the largest tree had a 

rotten center. In these cases the second largest Cree in the stand was cored. Tree cores were 

mounted onto wooden dowels and sanded. Tree rings were then counted using a dissecting 

microscope. Since cores were taken at 1.3 rn height the actual age of the tree was 

underestimated. Therefore, these counts should be considered minimum stand ages. 

3.3.4 Soils 

A soi1 pit was dug near the center of the plot and a representative soi1 core was coiiected. 

Each soi[ layer was measured and tested for carbonates. Soil cores were dried and kept in 

cold storage. Soil pH and conductivity were determined using an Accumet pH meter 

(mode1 AR20). Soil texture (percent sand, silt and clay) was determined using the 

Bouyoucos hydrometer mechad and a Fisher ScientifTc Soi1 Hydrometer (mode1 14-331- 

58). 

3.4 Data Analysis 

3.4.1 Vegetation Analysis and Vegetation-Environment Relationships 



The vegetiition data set consisted of percent cover estimates of 113 species in 191 plots. 

The total cover for m e  species was determined by sumrning the estimates from canopies 

one through four. Total s h b  cover estimates were surnrned for canopies three and four. 

Percent cover values were log-transformeci pior to muitivariate analysis. 

3.4.2 Delineation of Stand Types: CIusCer Analysis 

Cluster analysis is a hierarchical classification rnethod that places individuais (n) into 

non-overlapping groups (k )  based on a matrix of painvise distances between plots (where 

k<cn) ,  In this study, the minimum increase in error sum of squares (Ward's) clustering 

method was used to define the three stand types based on flonstic composition. 

The chord distance resemblmce measure was used to determine the distance between 

plots. Chord distance uses proportiond rather than absolute numbers of species, which 

normalizes the data and corrects for discrepancies in estimating percent cover between 

years. The cluster analysis {vas perfonned using the program HEERCLUS in the 

statistical package SYNTAX-5 (Podani 1994). 

3.4.3 Ordination of Stands: Correspondence Analysis 

Correspondence andysis (CA) is an ordination rnethod that ~urr~xirizes the relationship 

between plots and species in a two-dimensional diagram. With this method the cotai ch- 

square ( ~ 2 )  of the raw data matrix X (plots x species) is broken down into linear additive 

components: 



The R~ values, which are squared canonid correlations, rneasure the relationship 

between the row and column variables in the data mat& This partitioning of k is done by 

an eigenanalysis of the square symmetric matrix S: 

S = UU' where. Uij = [xi,d(xi.xj)] - [~(F~.F~,)/F..] (i=l to n, j=I to p) 

The eigenvalues extncted from the square symmetric rnauix S are the square canonical 

correlations (A~=R~*) which range between O and 1. These eigenvector elements are then 

used to derive cornponent scores for both species and plots to create the ordination biplot. 

The statistical p r o g m  CANOCO (ter Bnak 1987) was used to pmvide a graphical 

representation of the relationship as a biplot. Trends in species composition dong the first 

CA ordination axis were summarized using the lowess (locdly weighted scatterptot 

smoothing) method (Legendre & Legendre 19%). 

3.4.4 Canonical Correspondence Analysis (CCA) 

Canonical correspondence andysis quantifies the relationship between two sets of 

variables X (species data) and Y (environment). Specificdly, CCA determines the degree to 

which the environmental data predicts the variation in vegetation composition. From this 

analysis, scores for variables and envirunmental factors are produced. The result is an 

ordination biplot which displays al1 variables and factors on the same diagram. 

In this study nine environrnental variables were used: dope, aspect (deviaiion from north), 

and seven soi1 variables (pH, conductivity, depth of organic Iayer, depth to C-horizon, 

percent sand, percent clay, and stoniness). 

3.45 Physiognomic Profiles 

Ulusuative p h y s i ~ g n o ~ c  profiles were created for the three Q. macrocarpa stand types 

dptinpltprl hy &skf ydyric (op RESI&)- h c h  p& w~ h ~ p d  &se, ipMve 



frequency and percent cover values of dominant tree and shmb species. Topographie and 

edaphic variation were also used to depict the variation between stand types. 

3.46 Sumrnary Tables 

For each of the three stand types the foilowing summary tables were produced: 

Mean values for rneasured soi1 variables (pH, conductivity, depth of organic matter, 

and percent sand. siIt and clay). 

Effective per plot species richness for canopy and subcanopy. 

Relative fiequency of tree species over four vertical strata. 

Relative frequency and rnean cover for d m e  species. 

Mean basal area of tree species per plot. 

Mean tree density over five verticai smta per plot. 

Relative frequency and mean cover for al1 shmb species (frequency > 5%). 

Relative frequency and mean cover for common herbaceous, grminoid, and 

bryophyte species (frequency > 5%). 

Mean density and frequency of seedlings and suckers. 

3.4.7 Effective Species Richness 

Species richness is the totai number of species present in a community. Effective species 

richness measures the probability chat two mdornly chosen individuals belong to the same 

species. 

Efféctive species richness was summarized for the tree and understory canopy for each 

stand type. The understory canopy was fuIzher broken d o m  into shrub and herb Iayers. 

Effective richness was computed as: 

N = r/rp: 
where pi is the proportionai mean cover of species i in a given stand type. 



3.4.8 Forest Stand Dynamics 

The frequency of uee species was used to infer successional trajectories for the t h e  

stand types and su b-type variants. For each of the six sub-types, the relative frequency of 

each tree species was derermined for the upper three canopies. A size-class ordination 

(Bergeron & Dubuc 1989) based on correspondence analysis was used to summarize the 

data trends. Successional vectors were created by sequentially linking the cwrdinate 

positions of the three canopy stnta for each sub-type. 



4.1 Delineation of Stand Types 

Cluster anaiysis of the 191 sample plots was used to deiineate three stand types, each 

with two sub-types (Fig. 4.1). 

4.1.1 Stand-Type Summaries 

1. Oak - Low Shmb (n = 79) 

Two ntbypes: 1.A = very xeric (n = 38); LB = xeric (n  = 41): These stands occur on 

nuuient-poor substrates, either on steep, excessively-drained, south-facing slopes or 

well-dnined outwsh plains. The soils are sandy to -gnvely and overlay carbonate 

pebbles or rocks. Carbonates often occur near the soi1 surface. Monodominant stands 

of scmbby, short-statured garled Quercrls macrocarpa are chanctenstic of these 

sites. The understory is diverse and dorninated by gmsland species and low shrubs. 

Comrnon shmb species include Craraegus chrysocarpa and Vibumum 

rafinesquianum. Shepherdia canadensis, which was not present in any other stand 

type also occurred in these stands. Oryzopsis asper$olia, Carex species, Monarda 

fitula, Solidogo canadensis, Achillea mi~l~olium, and Thalicrrum venulosum 

characterize the herb layer. 

II. Oak - TaIl Shmb (n = 73) 

Two subrypes: 1I.A = sub-reric (n = 50); II.B = srrbmesic (n = 23): These stands 

generaily occur on Iow to modente nuvient substrates, typically on old beach rÏdges 

and benches dong the Manitoba Escarpment. The topopphy is slightly sloping to flat 





with a thin organic Iayer. Populw tremuloides and Q. macrocarpa are codominmt in 

the cmopy, while Frarinuspennsylvunica is commody encountered in the subcanopy. 

PopuC~ts balsamifera is occasional in the upper canopy, particularly in the mesic 

depressions of old beach ridges. The shmb Iayer in these stands is dominated by 

Corylus cornuta. Other commanly encountered shmbs include Prunus virginiana, 

Cornris sroionqeru, and Amelanchier ulnifoiia. Srnilm herbacea, Maianrhemum 

canadense, Dispontm rrachycarpum and Viola species are common in the herb Iayer. 

In. Oak - Asaen - Ash In = 39) 

Two subrypes: 11A = sub-hygnc (n = 16); Ii.3 = liygric (n = 23): These stands 

generally occur on nuûient-rich substrates, typically in topognphic depressions and 

lower elevations dong the Manitoba Escqment. There is often rnodente organic 

accumulation, These are mixed stands or F. pennqlrmica. Acer negudo, Q.  

macrocarpa mdior P. tremuloides. Ulntcls nmericana and Betziia papyifercz are 

occasionally found in these stands. P. trentiiloides, when presenr. occurs as very large 

mes that tower over the other species. A. negunu'u. F. penmylvanica, and Q. 

macrocarpa are common in the Lower canopy and regeneration Iayers. C. comuta is 

the dominant shmb species, but Acer spicarum and Vibtlrnrrm rrilobirm are aiso 

comrnon. Rich woodland species are charac~eristic of the herb Iayer, including Aralia 

nruiacaulis, Marreuccia struthopceris, Pyrola asan~ofia and Triliilim cemuttm. 

4.2 Vegetation-Environment Relationships 

4.2.1 Environment 

Q. macrocarpa stands in Riding Mountain National Park typicdly occur on shaiiow 

soils (mean depth to C-horizon = 13.7 cm) which are very sandy (rnean sand content = 



68.8%) (Table 4.1). The shaltowest and coarsest soils occur in stand-type 1, avenging 

13.3 cm to the C-horizon and 71 -2% sand. Soils are deepest in stand-type iIi (mean depth 

to C-horizon = 14.8 cm) and are somewhat less sandy (mean = 63.6%). These stands also 

had the highest clay content (mean = 14.6%). 

Soi1 conductivity (an indicator of ovedi nutrient avaihbility) ranges frorn 22 to 459 pS 

(mean = 1149.7 pS), indicating low to moderate nutrient conditions across the range of Q. 

macrocarpa in the Park, Sandy, well-drained soils are normally Iow in conductivity. The 

lowest conductivity values were found in the xeric and sub-xeric sites (stand-types 1 and II) 

with averages of 136.4 and 142.4 pS respectively. More mesic sites (stand-type III) have a 

somewhat higher nutrient statu (mean conductivity = 170 pS)- 

Depth of the organic layer (LFH horizon) ranges frorn 1 to 13 cm, with the patest 

organic accumulation occurring in ctosed canopy stands of stand type III. Mean organic 

layer depth is 5.9 cm in stand type Hl, compared to 4.9 and 4.5 for stand types 1 and II 

respectively. 

Slope ranged from 1 to 25%, with steepest slopes corresponding to the most xeric sites 

of stand type 1. Exposure was dso highest in the steepest sites, with an average deviation 

from North of 137". More mesic sites (stand-type m) were flatter and less exposed. Most 

soils were somewhat stony (generally smdl pebbles), suggesting soils of aliuvial orïgin. 

4.2.2 Species Richness 

Mean per plot (10 x 10 m) effective species richness values for the three stand-types are 

summarized in Table 4.2. Tree species richness is approximately equd to 1 in stand-type 

1, indicating that these are monodominant Q. macrocarpa stands. Tree richness increases 

to 2 in stand type II (codorninant stands), and 4 in stand type iII (nÜxed forest stands). 

Species richness in the understory shows the opposite trend: it is highest in stand types I 



1 STAND TYPE 1 

PH 
Cunductinry (u Ycm) 

Pmcnt Sand 

RKUIL Cby 

Org~iic d@~ (cm) 

P m n t  Slope 

Xrpn(dcviation fmm Nanh) 

Sione (nnk vJIc 1-9 

Dcph !O C horizon (an) 

hfinimumSLuidAge(ynn) 

I I f  III 

n i 7 9  n = 73 n -39 

Slmn Range . W n  Range 31ean Range 

6.7 (5 -8.3) 7.0 (5 -8.4) 73 (5.5 - 8.4) 

146.4 (33.8 - 389) 14x4 (41.5 -M9) 170 (22 -459) 

71.2 (40.6-92) 69 (3= -92) 63.6 (37.4 -R5.5) 

115 (1.6-41.2) 123 (1.6-36.9) 14.6 (3.2- 25.7) 

4 5  (1-9) 4.9 (2-9) 5 9  (3 - 13) 

4.3 29 21 

137.1 lZ.7 1 10.5 

3.3 3.4 3.1 

135 135 14.8 

106 (35 - 299 89 (22 -299) 89 0 5  - 193) 

AU 

n = 191 

.\Iran Range 

6.9 (5 - 8 5 )  

149.1 (22 - 459) 

68.8 (3'3 -92) 

lZ5 11.6-49.81 

5 1.0 - 13.0) 

33 ( 1.0 - 3.0) 

128 (O - 3521 

3.3 ( 1.0 - 5.0) 

13.7 ( 1.0 - 38.0) 

95 (P-39) 



TABLE 43. STAND TYPE 1, Effective per plot species richness for canopy and understory. 

Stand-Type I II III 

Tree 1 .O7 3.00 1.02 

Herb 7.08 

Understory 9.96 



and II, and lowest in stand type m. Much of this difference is attributable to higher shrub 

richness in stand types 1 and II. Herb species richness is lowest in stand type II. 

4.23 Correspondence Analysis (CA) 

Stand Ordination 

The CA ordination of the 191 plots (Fig. 3.2a) shows a ciear sepmtion of the three 

stand-types delineated by the cluster analysis. The high affinity between the classification 

and CA results confm the robustness of the stand type deiineation. The three stand types 

are well separated dong the first ordination axis. Based on the distribution of the 

vegetation dong this axis (Figs. 4.2b-d), it is interpreted as a complex soi1-moisture 

gndient. Xeric sites are characterized by stand-type I. those of intermediate moisture by 

stand-type U, and mesic sites by stand-type [II. The second CA a i s  is Iess welI defined. 

serving mainly to separate the two subtypes of stand type m. It is therefore interpreted as a 

nutrient gradient (nutrients increasing from bottom to top). 

S ~ c i e s  Ordination 

The species ordination (Figs. 4.2b-d) confims the interpretation of the first ruris as a 

complex soi1 moisture gradient. Species characteristic of xeric conditions such as C. 

chrysocarpa, Arctostaphylos uva-ursi, Schizachne purpurascens, and K ra~nesquianum 

occur on the left side of the ordination. At the opposite end of the ordination are species 

chmcteristic of moist, shaded conditions, such as A. spicaturn, V. trilobum, M. 

stmthoptens, P. asarifolia, and Mitella nuda. Species located near the center of the 

ordination figure such as Q. rnacrocarpa, Fragaria virginima, and P. virginiuna are 

either generalists or species that occur in intermediate moisture conditions. 

The species ordination aIso confims the interpretation of the second aKis as a nutrient 

gndient. For example, M. struthopte~ (a species indicative of moist, hi@ nutrient sites) 
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occurs at the top, right of the ordination. A. negundo and U. amencana are also found 

here. Species characteristic of moist sites of lower nutrient status, such as Eqnisetum 

pratense and Petasites sagittatrts, occur on the boitom, right of the ordination. 

Percent cover values of selecred common species dong the fmt ordination mis are 

summarized in Appendiv 2a-e. Q. macrocarpa is present in aii stands but peaks in the 

xeric sites and decreases as moisture availability increases. P. tremiiloides, F. 

pennsylvanica, and A. negundo show the opposite trend: they are not present in the most 

xeric sites, but increase in cover and abundance with increasing soil moisture. Common 

shmb species that show peak abundance at the xenc end of the gradients include V. 

rafnesqtcianum, C. chrysocarpa. and Rosa species. Rhus radicans. P. virginiuna, C. 

stolon$era and Syrnphoricarpos occidentalis peak af intermediate soil moisture leveis. 

while C. cornuta and V. trilobum cover is highest at the mesic end of the gradient. 

Arnongst the herbs, Thaiicrnrm darycarptrm and graminoid (grasses and sedges) cover 

peaks at the xenc end of the gradient, A. nrrdacaulis cover is highest in intermediate sites, 

and M. strtrthopteris peaks in mesic sites. Aster ciiioiatrcs and F. virginiana cover rernains 

more or less constant dong the gradient, indicating that they are genemlist species. 

4.2.4 Canonical Correspondence Analysis (CCA) 

The moisture gradient from the unconstnined (CA) ordination was substantiated by the 

CCA results (Fig. 4.3). The CCA site ordination proved to be very sirniiar to the CA 

ordination, indicating that the major trend in species-space has a suong underlying 

environmental (soil moisture) componenc Le. plant comrnuniry composition is a good 

indicator of site conditions. Xeric sites (stmd-type 9, which occur on the left side of the 

ordination, are characterized by greater slopes, higher exposure (south-facing slopes), and 

more coarse-textured soils (higher sand content). By contrast, mesic sites (stand-type m), 

which occur on the right side of the ordination are characterized by greater soil organic 

matter accumulation, higher pH and conductivity, and more fine-textured soils (higher ciay 





content). The CCA ordination dso confms that species assemblages in the Q. 

macrocarpa stands are closely associated with environmental conditions. Tree diversity 

increases from stand type 1 to iIi as soi1 moisture and nutrient stanis increases. Understory 

diversity shows the opposite trend, decrertsing dong the rnoisture gradient. A more open 

canopy is characteristic of xenc sites, allowing more Light to reach the forest floor and 

increasing understory diversity. By contrast, fewer species occur in the shaded understory 

ofclosed forest mesic stands. 

4.3 Description of Stand Types 

43.1 Stand Type 1: Oak - Low Shmb (n = 79) 

Stand Age 

Q. macrocarpa in the upper canopy ranged in minimum age from 35 to 295 years, with a 

mean of 106 years (Table 4.1). Trunk diameter of these mes ranged From 1 1.6 to 35 cm 

with an average DBH of 23.4 cm. The highiy xeric environment of these sites severely 

limits the growth of these mes: the mean growth rate is 0.1 10 cm per annum (See 

Chapter 5). Trees growing on the steep south-facing slopes are typicdly very short- 

stanired (< 3 m) and gnarled, but they can attain a very old age. Trees occumng on 

outwash plains and ailuvial fans (more level topognphy) are usudly slightly taller (3 to 7 

m). Trees of this stand type attain a short, scmbby growth form with a short bole. 

Edaphic - Environment 

The rnajority of these stands occur on steep south-facing slopes, or on graveUy outwash 

pIains at the base of the Manitoba Escarpent (eastern edge of the Park). The substrates 

are excessively to well-drained, with a thin organic layer (Table 4.1). The nutrient sutus is 

low (mean conductivity = 146.4 pS. range 33.8 to 389 pS). Sites with very . hi& - 



conductivity values were adjacent to feailized agricuitural Land at the northern edge of the 

Park, Browsing intensicy is high in open sites near î d s ,  but is more moderate in stands 

located further away from trails. 

Physiognomic Profile 

Relatively open canopy, monodominant Q. macrocarpa stands are characteristic of this 

stand type (Appendix 3a). The mes are short statured on the steep south-facing slopes, 

but are slightly taller on more level topography. P. rremuloides and F. pennsylvanica may 

be very occasionally encountered in the subcanopy of less xeric sites. Shrub cover is low 

to moderate on steep slopes (sub-type Ia), but may be high on more level topography (sub- 

type ib). 

Vegetation 

T n  

a)  Canopy 

Q. macrocarpa dominates all layers of the canopy in this stand type (Appendix Ja-d). 

Canopy cover is dominated by Q. macrocarpa (mean = 40%), with very low cover of F. 

pennsylvanica, Picea glauca, P. rremuloides and Abies balsamea. Density of Q. 

macrocarpa is very high in the third canopy (2-10 m), averaging 13 stems per plot. Poor 

growing conditions result in very few tees reaching the first or second canopy (> 10 rn 

height). Mean basai m a  per plot is low, incücating that the trees are srnail in girth as weii 

as stature. F. pennsylvanica and P. rremuloides occur vety inkquently in the subcanopy 

of these stands. P. glauca rarely occurs as very large, old mes in the upper canopy. The 

effective me species richness is ody 1.07, reflectïng the strong dominance of Q. 

macrocarpa (Table 4.2). 



b) Regeneration 

The regenention layer (lower subcanopy and saplings) is strongly dominated by Q. 

macrocarpa (Appendix 4d). Q. macrocarpa in canopy 5 has the highest value with 17 

seedlings per simple plot. F. pennsylvanica and P. tremicloides also occur as seedlings 

and saplings, but they rarely if ever reach the subcanopy or canopy layers. [t therefore 

appears likely that Q. macrocarpa will persist and maintain its dominance in these siands, 

as it is most tolerant of the prevailing xeric conditions. 

Understory 

The understory vegetation is dominated by low shrubs, grarninoids, sedges, and forbs. 

Effective species richness is 9.96, which is higher than both stand-types II and III (Table 

4.2). 

a)  S h b s  

The shrub layer is dominated by V. rafinesqrtianum and A. alnifolia, with mean cover 

values of 18 and 27% respectiveiy. C. cornitta, C. chrysocarpa and P. virginiana are also 

frequent but have lower cover values (Appendi 4e). R. rudicans, Rosa aciculans, and S. 

occidenialis are also common, but they seldom exceed a height of 0.5 m. A. irva-ursi, a rare 

species in the Park, is very occasionally encountered on very xeric, steep south-king 

dopes. Effective species richness of the shmb layer is 5.22, which is similx to stand type 

n but higher than stand type III (Table 4.2). 

6 )  Forbs and Graminoids 

Herbaceous diversity is high in these sites, which is probably attributable to high light 

Ievels (a very open canopy). A nurnber of p s e s  and sedges dominate the herb layer. 

Cara  peckii and C. pensylvanica are present in every site, with an average cover of 9% 

(A~pendix 4f). O. asver$olia. Schizachne puptcrascens. Poa pratensis and Elynus 



canadensis are cornmonly present. Characteristic forb species include M. fislula, 

Lysimachia ciliafa, A. millefolium, Lathyrus ochroleucus, F. virginiana, A. ciliolafus, 

Apocynitm androsaemifoliiim and Agasrache foeniculurn, many of which are characteristic 

of grassland ecosystems. 

c)  Cryprograms 

Cryptograrn cover is low in these xeric sites. Brachyrheci~cm and Mniicm species were most 

irequentiy encountered, usually growing on dead wood. 

Su bîype Variants 

Subtvue la: Highlv Xeric (n = 381 

These stands typically occur on very steep, south-facing slopes or on flat outwash plains. 

The driest sites occur on the Packhorse, Gorge Creek. and gnvel pit &ails where stands 

attain a savanna-like appemnce with sparse, open-canopy Q. macrocarpa cover. AI1 layers 

of the stand type rue dominated by Q. macrocarpa (Appendix dg). These mes are 

extremely short and have a gnarled growth form. The understory is dominated by sedges, 

grasses and low shrubs. 

Regeneration in these stands is very high: on average, there were 18 Q. macrocarpa 

seedlings and sucken per plot (Appendix 4i). Suckers were often abundant, and were 

usually growing from the rwt coliar of Q. macrocarpa trees that had k e n  browsed or 

failen over. Seedlings were less common. This high degree of regeneration, together with a 

lack of other m e  species, suggests that these stands are self-replacing. 

Subtvue LB: Xeric (n = 411 

These stands are typicaily found on modente slopes or flat areas which are siightiy Iess 

xeric than subtype Ia. Such stands are common dong the Oak Ridge Trail, in the 

Vermillion River are% and alone the North Esc;iroment TraiI. The trees are slightiy taiier 



and have a straight hie ,  and do not take on the extreme gnarled appearance characteristic 

of trees in extremely x e k  sites (subtype la). These stands are dorninated by Q. 

macrocarpa, but very m I y  a tall P. glarrca may occur in the upper canopy. F. 

pennrylvanica and P. tremtiloides are m l y  encountered in the subcanopy (Appendix 

4h). Shrubs dominate the understory with less herbaceous cover than the highly xeric 

sites. 

Regenencion in these stands is very high: there is an average of 15 seedlings md suckers 

per plot [Appendix 4j). Regeneration of other tree species is poor, suggesting chat Q. 

macrocarpa wiIl maintain its dominance in these stands. 

Discrission 

These open, savanna-like stands of Q. macrocarpa occur on xeric subsmtes. Stands 

with similar structure and species composition occur in the northwestern portion of the Q. 

macrocarpa nnge, where the species often dominates the upper-dope transition berneen 

aspen parkland and the mixed gras  prairie (Bird 1961, Scott 1996). Monodominant 

stands of Q. macrocarpa also occur in the Black Hills of western South Dakota and 

northeastem Wyoming, in a transition zone beween ponderosa pine forest and the 

erasslands (Johnson 1990). Throughout much of the prairie region of the Midwest, Q. 
b 

macrocarpa occurs on sandy plains and loamy slopes of south and West exposure (Curtis 

1959. Abnms & Knapp 1986, Host et al. 1987, Johnson 1990, Hmerlynck et ai. 1994). 

In Wisconsin, Kentucky, and western Iowa, it can be found as a dominant on well-drained 

soils of limestone or sandstone origin (Curtis 1959, Whitford & Whitford 1971). 

RepIacement in these sites by my other Later successional species is unlikely, since no 

other mes are able to grow under such xeric conditions. Once estabiished, Q. macrocarpa 

grows very sIowly but c m  persist for hundreds of years- Although bmwsing is intense in 

some stands, the species responds by strongly suckering from the base. 



4.3.2 Stand Type II: Oak - Tall Shrub (n = 73) 

Stand Age 

Canopy Q. macrocarpa ranged in age from 22 to 299 yem, with an average age of 89 

years (Table 4.1). These trees ranged in diameter (DBH) from 7.9 to 41.3 cm (mean = 

23.5 cm). Growing conditions are slightly more mesic than in stand type 1, resulting in a 

mean growih rate of 0.159 cm per year (see Chapter 5). Q. macrocarpa trees in these 

stands are relatively tail and usually have a straight bole. Canopy trees range in height from 

15 rn in submesic sites to only 5 m in subxeric sites. 

Edaphic - Environment 

The majonty of these stands occur on old beach ndges and flat benches dong the 

Manitoba Escarpment. Substrates are weii to moderately dnined, with some accumulation 

of organic matter (Table 4.1). Nutrient status is low to rnodente (mean conductivity = 

142.4 fi,  range 41.9 to 409 pS), being highest in submesic sites and lowest in subxeric 

sites. Browsing intensity varies, but is highest nearcleanngs and dong trails. 

Physiognomic Profile 

This stand type is characterized by a relatively closed canopy dominated by Q. 

rnacrocarpa, sometimes in mixture with P. tremuloides, F. pennsylvanica, and rarely P. 

balsamifera ( Ap pendix 3b). In su bmesic sites, large P. tremriloides or P. balsamifera 

may occur in the upper canopy, F. pennsylvanica occurs in the subcanopy of some stands. 

Ta11 shrubs, particularly C. cornuta, dominate the understory. 

Vegetatr'on 

a )  Canopy 



Q. macrocarpa dominates dl canopy Iayers. except in submesic sites where very tail 

individuals of P. rremitloides (or m l y  P. balsamifera) may occur in the upper canopy 

(Appendix Sa-d). Canopy cover is dominated by Q. macrocarpa (mean = 36%). F. 

pennsylvanica and P. rremuloides occur in the lower canopy with mean cover values of 

6%. Q. macrocarpa density is high in both the canopy and subcanopy layers, with 

averages of 3 and 7 stems per plot respectively. Density of F. pennsylvanica is highest in 

the lower subcanopy, with a mean of 1.5 stems per plot. 

Mean basai area pet plot for Q. macrocarpa is lower in the less xeric sites where other 

me species (P. rremuloides, F, pennsylvanica) are able to establish, The effective me 

species richness is 2.00, indicating stand codominance (Table 4.2). 

b) Regeneration 

Q. macrocarpa has the highest mean regenemtion per plot. averaging about 6 stems per 

plot (Appendix 5d). Regeneration by F, pennsylvanica avenges about 3 stems per plot, 

but few of these saplings reach the canopy layer. P. tremuloides, A. negundo, A. balsamea, 

P. balsam$era, and II. americana are very occasionaiiy encountered in the regeneration 

layer. 

Understory 

A relatively dense cover of prostrate and di shrubs characterizes the understory of these 

stands. The per-plot effective species richness of the understory is 8.3, which is 

intermediate between stand types I and III (Tabie 4.2). 

a)  Shmbs 

C comura and A. aini&olia dominate the shrub layer, with mean cover values of 38% and 

11% respectively. P. virginiana, C sroion.fera, and V. r@nesquianum also occur at lower 

cover vaiues (Appendix Se)- R- radicans and R. acicularis are cornmon low shmbs, with 



mean cover values of 14% and 5% respectively. Effective species richness of the s h b  

layer is 5.11, which is similar to stand type I but higher than stand type III (Table 4.2). 

b) Forbs and Graminoids 

Hecbaceous diversity is very low, with an effwtive species richness of only 3.7 1 (Table 

4.2). The herb layer is almost entirely dominated by A. nrtdacaiilis, with a mean cover of 

22% (Appendix 50. Other commonly encountered herbaceous species inchde S. 

man*iaandka, M. canadense, S. canadensis, 0. asperifolia, and various sedges, but theu 

cover is generally low. 

b) Ctyptograms 

Cryptogram cover is low in these sites. Brachyrhecirtm and Mnhm species were most 

frequently encountered, usually growing on dead wood. 

Subîype Variants 

Subtyue ILA: Subxeric (n = 501 

These stands typically occur on well-drained benches and slight depressions dong the 

Manitoba Escarpment. Such stands are encountered dong the Thacker, Payne, and Oak 

Ridge Trails. The canopy is semi-closed. In most stands Q. macrocarpa dominates the 

canopy, but in some stands large individuais of P. tremuloides may occur in the upper 

canopy (Appendix 5g). The lower subcanopy is ais0 dominated by Q. macrocarpa, but 

F. pennsylvanica and P. rremuloides may also be encountered. Taii shmbs dominate the 

understory. 

Regenention of Q. macrocarpa in these stands is moderate, with a rnean of 6 seedlings 

and suckers present per plot (Appendix Si). The high rnean number of A. balsamea 

seedlings (mean = 2) is misleading, as this is the resuIt of abundant regeneration in only 

rine sample plot- F- pennqlvanica and P. tremuloides were each regenerating in about one- 



third of the stands. However, Q. macrocarpa dominates the regeneration layer suggesting 

that these stands are self-replacing. 

Subtvue KB: Subrnesic (n = 23) 

These stands are typicaily encountered in topographie depressions and benches at lower 

elevations near the base of the Manitoba Escarprnent. They are most frequent in the 

northeastem corner of the Park along the Beach Ridges, Ochre River, South Escarprnent, 

J.E.T. and Payne Trail systems. In these subrnesic stands, Q. macrocarpa grows tdier and 

often exceeds 10 m in height. F. pennsylvanica and Q, macrocarpa frequentiy occur in 

mixture, often in association with P. tremuloides (Appendix 5h). P. balsamij2ra and A. 

negiindo are more occasionally encountered. A dense taii shrub cover and low herbaceous 

layer charactenze the understory. 

Q. macrocarpa is regenenting in most stands, with a mean of 6 seedlings and suckers 

per plot (Appendix Sj). F. pennsylvanica regeneration is occumng in about h d f  the 

stands, while P. tremuloidts regenention occurs in about one-third of stands. A. balsamea. 

A. negnndo, Il. urnericana, P. balsam$era, and B. papyrijiera seedlings were also 

occasionaily encountered. 

Discussion 

These semi-closed stands are codorninrited by Q. macrocarpa and P. tremuloides 

(occasionally P. balsamiJeta) in the canopy. F. pennrylvanica regenention is bigfi in some 

stands. Mixed Q. macrocarpa-P. tremuloides stands are characteristic of the aspen 

parkland region of Manitoba, but are uncornmon elsewhere (Bird 196 1). Succession h m  

pnine to P. tremuloides is often slowed by iirniting edaphic and climah'c conditions. 

However, Q. macrocarpa is abIe to colonize more xeric sites CO fom mixed Q, 

macrocarpa-P. tremuloides stands. Q. macrocarpa aIso occurs adjacent to mixed-ps  



prairie in western South Dakota, often in mixture with P. iremuloides (Sieg & Wright 

1996). 

Stands of Q. macrocarpa (with or without P. iremnloides) with F. pennsyIvanica in the 

understory occur in South and North Dakota (Wikurn Sr Wali 1974). It has ken  

hypothesized that F. pennsylvanica will eventuaily dominate these stands, but Q. 

macrocarpa is expected to persist as a stable associate (Johnson 1990). This successional 

trend is sirnilar to stand type II in the Park. 

ln more mesic sites, P. rremrdoides is often associated with P. balsamfera and (at higher 

elevations) B. papyr$era. Q. macrocarpa may also occur in these stands, particulariy in 

topographically hummocky landscapes where drainage varies. Stnicturally similar stands 

occur in southem blichigan, Q. macrocarpa is restricted to slightiy elevated ridges, whiie 

wet bottomland forest occurs in old &cial lakebeds and along drainage ways (Johnson 

1990). 

In the absence of fire, the climate and soils in the western range of Q, tnacrocurpa could 

support non-oak forests and be replaced by more shade-tolerant species (Christensen 

1977, Lorimer 1984, McCune & Cottrtm 1985, Nowacki et al. 1990, Leach 1995). 

Therefore, without any disturbance these stands may become codominant stands of Q. 

macrocarpa and F. pennsylvanica. However, Q. macrocarpa is expected to remriin a 

stable associate. The slow growth nte and suckering ability allow for Q. macrocarpa to 

remain in a stand for hundreds of years. 

4.3.3 Stand Type III: Oak - Aspen - Ash (n = 39) 

Stand Age 

Q. macrocarpa range in age from 35 to 193 years, with a mean age of 89 years (Table 

4.1). These trees ranged in diameter @BH) fiom 5.9 to 42.0 cm, with a mean DBH of 

22.4 cm. The more mesic growing conditions in this stand-type result in the highest 



p w t h  mes of Q. macrocarpa (0.2 12 cm per yex, see Chapter 5). Q. macrocarpa trees 

in tiiese stands gmw very straight and tal. 

Edaphic - Environment 

The majority of these stands occur at lower elevations at the base of the Manitoba 

Escapment, rnostly in the extreme northeastern portion of the Park. Substrates are 

moderately drained, and have organic accumulations mging from 3 to 13 cm (Table 4.1). 

The nutrient status is moderate (mem = 170pS, m g e  of 27 to 459 pS). Browsing 

intensity is genedly Iow, but rnay be modente to hi& dong trail systerns. 

Physiognomic Profile 

These stands are chancterized by closed canopy containing a mixture of Q. macrocarpa. 

P. tremuloides, A. negrindo, F. pennsylrmica, andor II. aniericana (A p pendix 3c). P. 

rrem~tloides dominates the upper canopy of many stands, with A. negtrndo. F. 

pennsylvanica, and Q. mocrocarua is the upper subcanopy. 

Vegetithon 

Trees 
a) Canopy 

P. tremuloides dominates the upper canopy with a mean cover vaiue of 22% (Appendix 

6a-d). Q. macrocarpa, A. negundo and F. pennsyfvanica have sirnilx frequencies and 

densities in the subcanopy layers. However, Q. macrocarpa has the greatest cover of the 

three, averaging 17%. U. americana and B. papyrifera are occasiondIy encountered. 

Mean basai m a  per plot is very low for Q. macrocarpa. P, rremrrloides basai area is 

hi&, since individuals are genedy very oId and large. F. pennrylvanica, A, negundo and 

Q. macrocarpa have simiIar mean basa1 area vaIues. The effective tree species richness is 

4.02. which is the highest of the three stand types (Table 4.21. 



b) Regeneration 

Q. rnacrocarpa, F. pennsyIvanica and A. negundo occur with approximately equai 

frequency and density ia the regeneration layer (Canopy 5) (Appendix 6d). P. 

tremuloides, B. papynrera, U. amenkana seedlings are also occasionally present. 

Understory 

Taii shmbs with a dense cover chamcterize these stands. The understory per-plot mean 

effective species richness is 4.8, which is the lowest of the three stand types (Table 4.2). 

a) Shnrbs 

C. cornitra dominates the shmb Iayer and occurs ai a mem cover of 54% ((Appendix 

6e). A. spicaritm is found in about hdf the stands at moderate cover. K rrilobum, 

Viburnltm lentago, and A. alnfulia may dso be present. Low shmbs are uncornmon, 

Effective species richness of the shmb Iayer is very low, which is attributable CO the 

dominance of C. cornuta. 

b )  Forbs and Graminoids 

Herbaceous diversity is hi&, with a mean effective species richness of 6-96 (Table 4.2). 

However, herb cover is Iow. A. nrrdacaulis occurs in most stands with a mean cover of 

11% (Appendix 60. M. srnt~hoptens, which is a good indicator of moist, rich conditions, 

occurs in about one-quarter of the stands. P. sagittatus, P. asanyolia, 7: cemuum, and 

Anemone qrtinquefolia are other chiiracteristic species of mesic sites. Grass and sedge 

cover is very low, 

c) Cryptograms 



Cryptogram cover is low, but diversity in these stands is high. Brachytheciiun, Mnium, 

Haplocladiwn, and Anomodirtm species were encountered, usually growing on dead wood 

or as epiphytes on tree trunks. 

Subîype Variants 

Subtv~e II1.A: Siibhv~ric (n  = 23) 

These stands typically occur on moderately drained substrates at lower elevations and 

depressions dong the eastern edge of the Manitoba Escarpment. Stands were encountered 

near the VemiiUion River, Beach Ridges, South Escarpment and Payne Trails. P. 

rrernitloides dominates the upper canopy, while Q. macrocarpa and F. pennsylvanica 

dominate the upper subcanopy. B. papyrifem, il. amencana, and A. rieglindo are 

occasionally encountered (Appendix 6g). High cover of C. conzura chancterizes the 

understory . 
Regeneration of Q. macrocarpa in this sub-type is modente, avenging 4 seedlings and 

suckers per plot (Appendix 6i). F. pennsylvanica, A. riegundo and P. iremitloides 

regeneration is also modente. The relative frequency of F. pennsylvanica in the sapling 

layer is nearly twice that of A. negundo and Q. macrocarpa. It is possible that F. 

pennsylvanica may eventually increase in abundance in the upper subcanopy as the mature 

P. rremiiloides die. However, because Q. mncrocurpa is Iong-Iived and is regenenîing, it 

is also expected to persist in the upper subcanopy. 

Subtv~e m.B: Hpric  (n = 16) 

ïhese stands are typicdly found on moderately to irnperfectiy dnined substrates at lower 

elevations and topographie depressions dong the eastern edge of die Manitoba 

Escarprnent. These stands occur neûr the Ochre River, South Escarpment Ttails and near 

the eastern boundacy of the Park at the Agassiz S'ni Road. F. pennsylvanica, A. negundo, 

and 0. - macroca-a CO-dominate the canopy or upper subcanopy (Appendix 6h). P. 



rrernuloides dominates the upper canopy of about half the stands. U. mericana and B. 

papyrrfera are occasiondy present at low abundance. TaIl shmbs ( C  comuta and A. 

spicarum) and M. stnirhopteris dominate the understory. 

Modente regeneration of Q. macrocarpa, F. pennsylvanica, A. negtcndo, and P. 

tremuloides is occumng in these stands (Appendix 6j). U. americana seedlings were 

occasiondly present in low numbers. F. penmylvanica and A. negundo seedlings were 

most frequently encountered, suggesting that they may increase in dominance over time. 

However, Q. macrocarpa will Iikeiy persist in the canopy, as the species is long-lived and 

is regenenting well. 

Discussion 

Q. macrocarpa, F. pennsylvanica, A. negrindo and P. tremuloides are codominant 

species in this stand type. Stands with similar species occur as gallery forests in North and 

South Dakota, where Q. macrocarpa was found to grow in association with F. 

pennsylvanica, A. negrindo and U. americana (Wikum & Wali 1974, Keammerer et al. 

1975, Killingbeck & Bares 1978) in upland. mesic sites (Johnson et ai. 1976, Reily & 

Johnson 1982). However, in these gaiiery forests Q. macrocarpa seedlings and young 

stems are uncommon (Johnson et al. 1976). Thetefore, F. pennsylvanica will probably 

dominate these sites with Il. americana and A. negrindo as stable associates. 

Gallery and bottomland forests in northeast Kansas and southem Ifhois are 

experiencing a similar shift of dominant tree species (Hosner & Minckler 1963, Abrams 

1986). Currently Q. macrocarpa andor Q. prinoides is found in older forest stands 

(Abnms 1984, Knapp 1992, Harnerlynck & Knapp 1994). However, the oak species are 

not expected to progress to a climax. Instead, mixed hardwood stands of F. penmyIvanica. 

A. negundo, and U. americana tend to persist. Other eastem deciduous species tend to 

outcompete Q. macrocarpa seedlings in regenemting forests, as Q. macrocarpa is Iess 

tolerant of shade. In Ridine Mountain, current regeneration of Q, macrocapa appears to 



be sufficient in these stands, suggesting that it will persist but never dominate these richer, 

mesic sites. 

In gallery forests iürther south, there is widespread potentiai for oaks to be replaced by 

more shade-tolemt species in the absence of fm (Christensen 1977, Lorimer 1984, 

McCune & Cottam 1985, Nowacki et al. 1990). However, this successional pattern varies 

among regions and soi1 conditions, and is more cornmon on mesic than xeric substrates 

(Whitford & Whitford 1971, A b m s  1986, Host et ai, 1987, McCune & Cottam 1985). 

Fires occur in the gallery forests of northeast Kansas approximately every 1 L to 19 years 

(Abrams 1985). However, these forests have less vegetation growth (fuel accumulation) 

under the me due to shading, lower combustibility of hardwood leaves concentrated at the 

tree base, faster litter decomposition at the base of the tree, and higher relative humidity. 

In the absence of a stand-replacing disturbance (catastrophic fm), Q. macrocarpa will 

likeiy persist as a minor associate in this stand type. The long life of this species allows it 

to remain in a stand for hundreds of years. 



C W T E R  S 

REGENERATION AND STAND DYNAMICS 

5.1 Size Structure of Quercus macrocarpa 

Size-frequency distributions by stand type of ail Quercus macrocarpa trees enumented 

in the study are presented in Fig. 5.1. In al1 stand types the size-frequency distribution is 

skewed, with greater representation in the smaller diameter classes. Stand type 1 has a very 

large number of individuais present while stand type III has the smallest number of 

individuals present. Very few of the trees achieve a diameter > 40 cm. 

Since Q. macrocarpa size structure is skewed with a greater number of individuais in the 

smdler size clriss, this indicates continuous recruitment and a stable age-size stmcture, Not 

a i l  of the young individuais suMve however enough young saplings live allowing Q. 

macrocarpa to persist in each stand type. The high numbers of individuals in stand type 1 

indicate dominance of bur oak while the small numbers of individuals in stand type iii 

indicate it is present as a rninor component of these stands. 

AU of the Q. macrocarpa trees maintain a diameter > 40 cm. However, ail other me 

species present had relatively similar diameters. The poor nuuient and moisture stntus in 

stand type 1 only alIow for an extremely small increase in increment each year. The nument 

and moisture statu in stand types II and III, although slightly higher, are still not rich 

enough to attain as large a girth as trees found on riverbanks or floodplains. 
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Stand Type I 

Stand Type II 

(n = 765) 

Stand Type III 

(n = 209) 

Trunk Diameter (DBH, cm) 

Fig. 5.1. Size-frequency distributions of stem diameters (DBH, cm) of bur 
oak in each of the three stand types. 



5.2 Quercus macrocarpa Growth Rates 

Within each stand type, the relationship behveen Q. macrocarpa age (tree core at 1.2 m 

heiglit) and diameter (DBH, cm) was examined. For trees ranging in age from 40 to 200 

yem, the plots of age vs. DBH were Linear (Fig. 5.2). This tinear relationship was 

modeled by fitting the principal component to each scatterplot which measures the mean 

growth rate (increase in diameter growth per year) of established trees. 

Growth rates varied in a systematic way, king lowest in the most xeric sites and highest 

in rnesic sites. Trees occumng in the most xeric sites (stand type 1) grow very slowly, with 

mean incremental diameter increases of only 1.1 cm every 10 years. Trees in stand type II 

grow somewhat faster, at 1.6 cm incremental diameter every 10 years. Greatest growth 

occurs in the most mesic sites (stand type m), with a mean incrementril diameter increase 

of 2.1 cm every 10 years. 

These results suggest thaf although Q. macrocarpa is very drought-tolerant, its growth 

is limited by moisture availabiiity, Sites with the highest moisture status (stand type III) 

had the greatest growth rate and sites with the lowest moisture status (stand type 1) had the 

slowest growth rate. 

5.3 Regeneration of Quercus macrocarpa 

Q. macrocarpa is somewhat shade-intolerant, which tirnits regenention in closed forest 

stands and in sites where shnib cover is high. As summarized below, recruitment is 

greatest in open, high light sites but is strongIy iïmited in closed-canopy stands. This 

suggests that light, rather than soii moisture and nutrient availability, limits Q. macrocarpa 

m i t m e n t  in Riding Mountah National Park. 
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Figure 52. Relationship between tnrnk diameter at 1.2 rn heigfit (cm) and age (years) 
for bur oak in each of the stand types 1-m. The fitted iines are principal components. 
Slope values are interpretabie as growth rates (annuai trunk diameter increment, cm). 



53.1 Shnd Type 1 (Oak - Low Shrub) 

Q. macrocarpa regeneration in this stand type is high, as sapiings were found in about 

40% of plots (Cmopy 4) (Appendix 4a). Large numbers of seediings and sucker shoots 

in canopy 5 were dso encountered with a mean of 16.92 per plot (Appendix Jd). 

However, the density of saplings was only 3.63 per plot. This is Likely atmbutable to 

intense browsing, which resuIts in the production of a high number of suckers from the 

root colla of the disturbed tee. Most of these are of poor qudity and do not survive 

(Johnson 1990). Therefore, only 20% of seedlings and suckers recniit into the sapling 

Iayer. Even tvith this Ioss, Q. macrocarpa seedlings are very efficient users of water, and 

quickly develop a deep taproot (Weaver 1932, Crow 1988, Johnson 1990). They may live 

for sevenl years even when intensely browsed, but remain short (> 0.5 m) due to the 

continuous cropping. 

In these stands, the open canopy provides plenty of tight for the shade-intolerant 

seedlings (Johnson 1990). No other tree species are able to colonize in these xenc sites 

due to the Iow nutrient, high light conditions. Without any competition, Q. macrocarpa 

will remain the only and dominant tree species in this stand type. 

53.2 Stand Type II (Oak - Ta11 Shmb) 

Regeneration of Q. macrocarpa in this stand type is low to moderate. Saplings (canopy 

4) were encountered in 15% of the plots (Appendix Sa). Seedlings (canopy 5), with a 

mean vdue of 6.38 per plot were found at a greater density han saplings which had a mem 

vdue of 0.42 per plot (Appendix Sd). Q. macrocarpa is regenenting welI but seedlings 

m i y  rerich the sapling stage due to stcong interspecific cornpetition for light. 

These sites are Iess limited by water, but are dorninated by tall shrubs and have a more 

closed canopy. Lower tight levels therefore appear to be iimiting recruitrnent of Q. 

macrocarpa into these stands: a dense shmb cover may be particularly detrimental to Q. 

macrocarpa cemitment (Johnson 1990, Harnerlynck & Knapp 1994). Frurinus 

pennrylvanica, which is more shade-tolerant but less drought-tolcrant than Q. macrocarpa, 



is ofien present in the regeneration Iayer of more mesic sites (sub-type Ub). F. 

pennsylvanica had a total of 6.78 seedlings and suckers per plot while Q. macrocarpa had 

a total of 6.08 in stand type IIb (Appendix 5j). This indicates that F. pennsylvanica may 

become a codominant tree species in the next genention. 

5.33 Stand Type IIi (Oak - Aspen - Ash) 

Q. macrocarpa regenention in this stand type is low, as saplings (canopy 4) were 

present in only 8% of plots (Appendix 63). Seedlings (canopy 5) were found at a density 

of 3.74 per plot while saplings had a density of 0.08 per plot (Appendix 6d). Other tree 

species, Acer negrindo, F. pennsylvanica and Poprilus rremrtloides had higher densities 

than Q. macrocarpa in canopy 5 with values of 5.64, 3.92 and 3.74 respectively. Both A. 

negttndo and F. pennsylvanica aIso had higher sapling densities with values of 0.36 and 

0.85. P. rremuloides had a similar srtpling density as Q. macrocarpa with a value of 0.05. 

Both Q. macrocarpa and P. rremuloides are shade intolemnt, therefore recruitment into the 

sapling layer is limited by light availability. 

These stands are chmcterized by a dense, closed canopy and high cover of tail shrubs. 

The deeply shaded conditions suongly limit Q. macrocarpa recruitrnent, favoring more 

shade-tolerant species such F. pennsyivanica, A, negttndo and Ulmus americana instead. 

As the larger, older trees die and f;tlI over, canopy gaps created favor the establishment of 

Q. macrocarpa and other less shade-tolerant tree species (P. rremuloides) that can 

germinale and grow quickly under high-iight conditions (McCarty 1993). Once 

established as a sapiing, Q. macrocarpa is able to persist and will eventually reach the 

canopy (Davis 1998). 



5.4 Vegetation Dynamics of Q. rnacrocarpa Stands 

Size-class ordination anaiysis is an effective method for sumrnarizing overdi trends in 

forest dynamics under the assumption that there is no catastrophic disturbance. This model 

also assumes that species composition and abundance in the subcanopy and sapling layers 

are indicative of future forest canopy composition. In the present model, three canopy 

layers were used: canopy-subcanopy (layers 1 and 2, > 10 m height), Iower subcanopy 

(Iayer 3,2 - 10 m), and saplings (0.5 - 2 m). Six trajectones were produceci, one for each 

sub-type for ail stand types. Relative frequency values of the major tree species were used 

in the andysis. The resulting ordination (based on correspondence analysis) is shown in 

Fig. 5.3, Vectors close to tree species narnes on the ordination indicate a stand type 

dominated by that tree species. 

3.4.1 Stand Type I (Oak - Low Shrub) 

Both sub-types of this stand type are undergoing Little change in terms of their canopy- 

subcanopy dynamics. Successional vectors are short and non-directionai, suggesting that 

these stands are self-replacing (Fig. 53). 

Q. macrocarpa regenerates weil in these sites (Fig. 5 .h ) .  Although slow-growing in 

these sites, Q. macrocnrpa is a long-iïved species that is highly tolerant of droughty 

conditions and high light levels. The species aiso undergoes extensive vegetative 

propagation (root colla suckers) in these xenc sites. Conditions are too extreme for other 

tree species. 

These sites generaily have low fuel loads. The highly xenc conditions are not suited for 

the growth of t d  s h b s ,  and as a result the understory is dominated by low s h b s ,  herbs 

and graminoids. Such sites are chancterized by Light ground fms that burn ai low 

temperatures (White 1983, Reich et ai. 1990). Q. macrocarpa bark is fm-resistant 

(Johnson 1990). but m s  will resprout if the above-ground portion is killed ( A b m  
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Figure 53. SuccessionaI trajectories for the three bur oak stand types and their subtypes. 
The successionai vectors were obtained usinn size-frequency ordination analysis. Closed 
circles indicate relative stand-type locations based on &ment canopy compo&ion. The direction 
and length of vectors indicate possible successionai trends, based on composition in the subcanopy 
and advance regeneration (sapling) Iayers. Long vectors suggest possible changes in canopy 
composition, while short, non-linear vectors suggest that stands are self-replacing, Refer to 
text for details. 



STAND TYPE Ia 

Canopy-Subcanopy Lower Subcanopy Soplings 

STAND TYPE Ib 
1 ,  1 

Canopy-Subcanopy Lower Subcanopy Suplings 

Fig. 5.4a. Relative frequency of tree species in the canopy-subcanopy 
(> 10 m height), tower subcanopy (2-10 m), and sapiing (0.5 - 2 m) 
layers, stand type 1. 



1992). Fire suppression will increase fuel loads, resdting in much hotter €ires that rnay kiil 

some or rnost of the trees. 

5.4.2 Stand Type II (Oak - Tall Shmb) 

The successional irajectories for both sub-types have a strong directional cornponent (Fig. 

53). Sub-type IIa shows a shift in dominance from Q. macrocarpa in the canopy and 

subcanopy Iayers toward a mixture of Q. macrocarpa and F. pennsylvanica in the sapting 

Iayer (Fig. 5.4b). This suggests that F. pennsylvanica may become a more signifiant 

cornponent of these stands over tirne. although Q. macrocarpa is also regenenting wel 

and is expected to persist as a CO-dominant. Sub-type Ih shows a shift from a mixture of 

Q. macrocarpa, F. perinryivanica and P. rremuloides (occasiondly P. balsamgera) in the 

canopy, to CO-dominance of Q. macroctrrpa and F. penmylvanica in the Lower subcanopy, 

and dominance of F. penrisylvanica in the sapting Iayer. This indicates thrit these stands 

tvüi shift foward grerirer dominance of F. peniqdvunica, and to a lesser extent Q, 

macrocarpa, as the mature P. rremuioides trees die and fdl out of the canopy. In these 

stands, regenelrtion of Q. macrocarpiz is cornpromised by the dense canopy Iayer and 

suong intetspecific cornpetition for Iight from the dense shrub layer. Oak recruitment rnay 

increase foIIowing the creation of canopy gaps as the aspen die. 

These stands wi gndudIy shift toward p a t e r  F. pennqlvanica dominance in the 

absence of a catastrophic disturbance. Tdi shmbs dominate the understory, forming a 

dense cover that casts a deep shade and limits Q. macrocarpa recruitment. Under such 

conditions, there is widespread potential for Q. macrocarpa to be replaced by more shade- 

tolerant species such as F. pennsylvanica (Chnstensen 1977, torimer 1984, McCune & 

Cottam L985, Nowacki et ai. 1990). 

5.43 Stand Type ilI (Oak - Aspen - Ash) 

The successiond trajectories for both sub-types are strongly directional (Fig. 53). The 

mjectory for sub-tyoe ma is similar to that of sub-type m. shiftinp; from Q. macrocarpa- 



P. tremuloides codominance in the cmopy, to Q. macrocarpa - F. pennsylvunica 

codominance in the lower subcanopy, and dominance of F. penmiylvanica (with some 

recruitment of Q. macrocarpa and A. negundo) in the sapling layer (Fig. 5.4~). This 

suggests that P. tremriloides wiii becorne a minor component of these stands over Mme, 

with a shift in dominance toward shade-iolerant, later successionai species such as F. 

penrisylvanica and A. negundo that are inrolerant of fire. A similar but stronger trend is 

present in sub-type IiIb, shifting from a rnixed forest of Q. macrocarpa, F. pennsylvanica, 

P. rremnloides and A. negundo in the canopy, to codominance of F. pennsylvanica and A. 

negrindo in the lower subcanopy, and E pennqlvanica and A. negtindo in the sapiing 

layer. This is the only sub-type in which Q. macrocarpa was not present in the sapling 

layer. This is Iikely attributable to the deeply shaded conditions (a combination of a dense 

canopy-subcanopy layer and high tall s h b  cover) that chmcterize these stands. Q. 

macrocarpa relies on the opening of cmopy gaps. and as a result is expected to persist as 

a rninor component of these stands. 

Fires occur infrequently in these stands, ris evidenced by the presence of F. 

pennsylvanica and A. negundo (both of which are fire-intolerant). The mesic conditions of 

these are less conducive to frequent, high intensity fires, favoring shade-toIerant, Iate- 

successional tree species. Only a high intensity fire would be able to have signifiant 

effects on canopy mortaiity and replacement (Abrams 1985). 
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Fig. 5.4b. Relative frequency of tree species in the canopy-subcanopy 
(> 10 m height), tower subcanopy (2-10 m), and sapiing (0.5 - 2 m) 
Iayers, stand type ii. 
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Fig. S.&. Relative frequency of tree species in the canopy-subcanopy 
(> 10 rn height), Iower subcrinopy (2-10 m), and sapling (0.5 - 2 m) 
layers, stand type [n, 



CHAlPTER 6 

MANAGEMENT RECOMMENDATIONS 

Both short and long term goals should be considered when establishing guidelines €or 

management recommendations. Because Quercus macrocarpa is a long-lived species, any 

management considentions should take into account al1 possible long-term effects. 

6.1 Establishment of Permanent Plots 

Permanent plots should be established for long-tenn monitoring of population and 

community dynamics (Chapman 1993). Monitoring would be used to observe and 

quanti@ changes in species composition and abundance, including seedling establishment 

and growth of advanced regenention, canopy tree growth rates, Pest and pathogen 

outbreaks, soi1 characteristics and development, and ungulate herbivory and other 

evidence of disturbance (Brewer 1993). 

6.2 Fire Management 

Prescribed buming is the single most important management tool in the restontion and 

management of oak savanna ecosystems (Tester 1989, Leach 1995). In Riding Mountain 

National Park, past fire suppression has resulted in increased of fuel loads (mainly the 

result of ta11 s h b  encroachment), which may increase the risk of stand-replacing fires to 

which Q. rnacrocarpa, Fraxinus pennsyfvanica, Rcer negirndo and Ufrnus americana are 

poorly adapted. SubstantiaI shmb encroachment is particularly a problem in oak 

savannah stands dong the northeastern border of the Park (e.g Agassiz Ski Road). A 

dense shmb cover c m  resuIt in hotter, more darnaging tires. In addition, the shrub layer 



casts a deep shade that limits Q. macrocarpa regeneration and shades out the native 

understory vegetation, reducing biodiversity and cornpromising ecosystem sustainability. 

Carefully controlled prescribed bums in early spring rnay be effective in reducing 

understory fuel loads while also rninimizing the seventy and extent of the fire (McCarty 

1993). Prescnbed burning is not recommended on steep, south-facing slopes that are 

subject to erosion. In addition, prescribed buming should not be considered in mesic 

mixed-forest stands, since most of the tree species present in these stands are very 

intolerant of tire (e.g. F. pennsyivanica, A. negundo, L! americana). A fire in these 

stands would favor early-successional boreal species such as P. iremtrloides and P. 

balsam&f&a, and would also be highly detrimental to the forest understory. 

6 3  Mechanical Reduction of Fuel Loads 

Mechanical fuel reduction (possibly including selective cutting) is ofien recommended 

pnor to burning, particularly when fire suppression has been practiced in the past and 

he l  buildups are appreciable (as has occurred in Riding Mountain National Park). If fuel 

loads are not reduced prier to a presmied burn, the tire will bum too hot resulting m 

considenble damage to trees and high tree and understory mortality. Mechanical bmsh 

removal is a commonly used method for restoring oak savanna in the United States, but it 

is expensive and very labor-intensive (Chapman 1993). Mechanical reduction serves 

three purposes: (a) it allows light to penetrate to the ground, favoring the herb Iayer; (b) 

it reduces the fuel load, reducing the chance of a stand-replacing fire; and (c) it mimics the 

effects of a low intensity burn, and promotes oak regeneration (McCarty 1993)- 

Mechanical fuel reduction may be usehl in stand-type 11 to reduce shmb density and 

cover. If fuel loads were not tint reduced, a prescribed burn in these sites would likely be 

catastrophic. D e p d e d  Q. macrocarpa stands have been restored by first reopening the 



understory to increase light penetration, followed by reinstatement of the historic fm 

regirne (Leach 1993). A detded description of this and similar strategies for Q. 

macrocarpa savanna management is presented in Chapter 1. 

6.4 Grazing 

Intense ungulate browsing of Q. macrocarpa was observed in clearing and openings of 

stand-type 1. Occasionally, severe damage was observed in the regenerating Iayer in these 

xeric sites. The effect of ungulate browsing on these long-lived, slow-growing trees 

should be carefully monitored to ensure that their long-term integrity is not 

compromised, 

6.5 Mitigation of Human Disturbances 

Many Q. macrocarpa stands are found atong roadways and trails in the Park. Most 

back-country trails are not extensiveiy used by the public (e.g. Payne, Thacker, North 

Escarpment Trails), and Iittle human disturbance was observed. More accessible trails 

(e-g. Gorge Creek and Packhorse TraiIs) are used &en by both hikers and cyclists. 

Many oak trees in these sites are very old for their size (over 300 years, but only 2 m 

taIl), and they are highly vulnerable to disturbance or vandalism. The public should be 

educated as to the ecological importance and sensitivity of these stands. 

6.6 Future Research 

Future research on these Quercus stands should be done for further understanding and 

bener management in the finire. of nerbivory on xenc sites snouia be stuoieà as 



these stands were heavily browsed and therefore susceptible to degradation. A study of the 

fauna which rely on the Quercus stands would also provide information on current impacts 

on these stands. A detailed fire history study on these and stmctuniiy siniilar stands wouid 

provide much needed information to better understand the nahuai frre cycle. This research 

would allow managers to make informed decisions on management guidelines for the 

Querais stands in Riding Mountain National Park. 



CEAPTER 7 

S W l A R Y  

(1) Quercus macrticarpn is a long-lived, wide-ranging species that nears its northwestem 

distributions! lirnit in Riding Mountain National Park. Monodominant Q. 

macrocurp stands were located on xeric sites, such as old beach ridges, steep dopes 

and outwash plains. Q. macrocarpa was aisu found miyeti with other tree species in 

more mesic sites. In this study, 191 sample plots tvere enumerated CO assess the 

environment, structure, composition, age structure, and regenention dynamics of Q. 

macrocarpa stands. 

(2) Cluster anafysis was used to delineate the sample plocs into three stand types, each 

with two subtype variants: 1. = Oak - Low Shmb, Ia = very xeric (n = 351, [b = xeric 

(n = 11); II. = Oak -Tdl Shmb, ILa = subxeric (n = SO), IIb = submesic (n = 73); [II. 

= Oak - Aspen - Ash, IIIa = subhygric (n  = 23), IIIb = hygric (n  = 16). 

(3) The correspondence analysis ordination of the 19 1 plots and species shows a cl= 

separation of the three stand types along the first ordination mis. Based on the 

distribution of the vegetation along this a i s  it is interpreted as a soil-moisture 

gradient. The most xeric sites occur on the lefi side of the ordinatiori while mesic sites 

are on the far right. Species characteristic of xerk conditions include species such as 

Crnfaegus ch~socurpa, Arctostuphylos uva-uni, Vibzrrnurn rufinesqtiianum, and 

Schizachne purpurascem. Rich woodland species characteristic of moist, shaded 

conditions indude Acer spicatum, Viburnum trilobum, Matteuccia srruthopreris, 

+la asariflia, and Mitefla mrdo. Species that occur in the center of the ordination, 

such as Q. macrocurpa and Fragaria virginiana, are either generalists or species rhat 

prefer intermediate rnoisture conditions. 

(4) The second axis of the correspondence analysis is less weil defmed, only separahg 

i i ~ ~  IWU S U ~ ~ Y ~ C S  ~f siaiid i j p ~  EX. Ti is i i i i~~ij~cîëd ÜS a i i u i e i i i  9d~Tit -;s7'uLr 



nutrients increasing from bottom to top. M. sfmthopteris which is characteristic of 

moist, high nutrient sites occurs at the top, nght of the ordination. EqurSetum 

pratense and Petasites sagittatus, which are species chmctenstic of moist, low 

nutrient sites, occur at the bottom, right of the ordination. 

(5) Canonical correspondence analysis also showed similar results as the correspondence 

analysis ordination, indicating the underlying soi1 moisture gradient is very strong. 

This ordination also confims that species assemblages in the Q. macrocarpa stands 

are closely associated with environmental conditions. Xeric sites of stand type 1 are 

commonly found on steep, south-facing dopes and on gravelly ouhvash plains of the 

Manitoba Escarpment. The substntes are coarse, well-drained, with a thin organic 

layer and low nutrient status. Stand type t I  is commonly found on modentely 

drained old beach ridges, and flat benches of the Manitoba Escarpment. The nutrient 

status is low to modente. The mesic sites of Stand type III are found at lower 

elevations at the base of the Manitoba Escarpment, The substrates characteristically 

have a greater soi1 organic rnatter accumulation, hig,her pH, higher conductivity and 

soils with a high clay content. 

(6) Species nchness is highly correlated with environmental conditions. Tree species 

richness is approximately 1 in stand type I, indicating that these are monodominant 

Q. macrocarpa stands. However, the understory is diverse with an effective species 

richness of 10. The conditions in ihese xenc sites are too harsh for other tree species, 

whiIe the high Iight environment aIIows many grassiand species to colonize. Stand 

type iI has a tree species nchness of 2 and an understory nchness of 8. This stand 

type has intermediate species richness between the xeric and mesic stand types. 

Stand type III has the most diverse canopy with a tree species richness of 4, while 

understory nchness is the lowvest with a d u e  of 5. More tree species are able to 

colonize these mesic sites creahg mixeci stands. However, increased taIl shrub and 

tee scx: ~ k x ! s  !!!e ~ ~ d t l ~ t e r y  =hich !i~i% -y-cles firhn~sc 



(7) Q. macrocarpa dominates al1 layers of the canopy in stand type 1. Trees in this 

stand type have a short, shmbby growth due to the xeric growing conditions. 

F r m i m  pennsylvanica and Poplus tremulo~des and Picea glauca rarely occur in 

these stands. V. rafiesquianum and Amelanchier alnifo(ia dominate the shrub layer. 

Corylus cornuta, C. chrysocarpa and Pmmts virginiana also occur frequently but at 

a lower cover value, Low s h b s  such as Rhus radicans, Rosa acicularis, and 

Symphoricarpos occidentalis commonly occur. A. uva-mi, a rare species in the Park, 

occurs occasionally on xeric, steep sites. Herbaceous diversity is hi& in this stand 

type due to the high light conditions. Sedges Cura peckii and C. pensylvanica are 

present in every site, ivhile grass species, Oryzopsis asperifolia, S. purpurascens, 

and Poa pratensis are also cornmonly present. Chsiracteristic forb species include 

Monarda futula, Lysimachia ciliata, Achillea millefoliz~m, F. virgininna, and Aster 

ciliolatus. 

(8) Q. macrocarpa dominates dl layers of the canopy in stand type II, except in the 

upper canopy of subtype iIb where very taIl individuals of P. tremuloides or 

Populus balsamifera may occur. F. pennsyivanica and P. tremuloides also occur in 

the subcanopy. C. cornuta and A. alnijlolia dominate the shmb layer whiIe P. 

virginiana, Cornus stolonQ%ra, K rafinesquianum, R. radicans, and R. acicularis are 

also common at Iower cover values. The herb Iayer is almost completely dominated 

by wild Aralia nudacaulis. Other herbs commonIy encountered at lower cover values 

include Saniaria marilanciica, Maianthemum canadense, Solidago canadensis, and 0. 

asperifolia. 

(9) In stand type III, P. tremuloides dominates the upper canopy while Q. macrocarpa, 

A. negc~nd) and F. pennsylvanica dominate the subcanopy. C. cornuta dominates the 

understory. Other ta11 s h b s  such as A. spicattrm, V. trilobum, Vibzrrnzrm lentago and 

A. alnifolia are aIso present at lower cover values. Low shnibs are uncornon. 
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species of these mesic sites include A. midacaulis, M. struthopteris, P. sagitratus, M. 

nrrda, Trillium cernuum and Anemone quinquefolia. 

(10) The growth rates of Q. macrocarpa vary in al1 stand types. Trees growing in the 

most xeric sites had the slowest growth rate while trees in the mesic sites had the 

greatest growth. These results suggest that Q. macrocarpa growth is limited by 

rnoisture availability. As the amount of available moisture increases, the diameter of 

the tree increases accordingly. Xen'c sites have Iittle moisture, therefore the increase 

in the diameter of the trees is very small. Trees in mesic sites with increased moisture 

availability have a greater increase in the diameter. 

(1  1) Since Q. macrocarpa is shade intolerant, regeneration is limited in closed forest 

stands and in sites with high shmb cover. This suggests that light, rather than soi1 

moisture is the greatest factor contn'buting to Q. macrocarpa recruitment in R M N P .  

Q, macrocarpa regenention in stand type 1 is high, as an average of 17 seedlings and 

sucker shoots per plot were encountered. These stands have open canopies and hi& 

light conditions promoting regeneration. Regeneration in stand type II is low to 

moderate. Increased shmb cover creates lower Iight conditions in these sites Iimiting 

the amount of Q. macrocarpa recruiment. Stand type III has low recmitrnent of Q. 

macrocarpa. These sites have a dense, closed canopy and a high cover of tall shmbs, 

which shade out Q. macrocarpa seedhgs. 

(12) Using size-class ordination analysis, possible future stand structures for the three 

stand types were surnmarized. The successional vectors indicate that the canopy 

and subcanopy of both subtypes in stand type 1 are undergoing little change. 

Regeneration of Q. macrocarpa is hi@ in these sites as the conditions are too 

extreme for other tree and shmb species. Therefore, both subtypes are self- 

replacing. The successional vectors for both subtypes in stand type II are strongly 

directional. Subtype IIa shows a shift in dominance From Q. macrocarpa to a 

mi-- d Q- mnc.rnrcz.y# and F pnnryivanim. Suhtype i lb shows a shift in .a---- - 



dominance from a mixture of Q. macrocava, F. pennsylvaj~ica and P. rremtiloides to 

CO-dominance of Q. macrocarpa and F. penrqdvanica in the subcanopy and 

dominance of F. pennrylvanica in the sapling layer. Therefore, these stands will 

gradually shift toward greater F. pennsylvanica dominance. The successional vectors 

for both subtypes in stand type III are also strongly directional. Subtype ITTa shows 

a shifl from Q. macrocarpa-P. tremuloides codominance to Q. macrocarpa-F. 

pennsylvanica in the lower subcanopy, and dominance of F. pennsylvanica in the 

sapling layer. Subtype 11% shows a stronger trend towards codominance of F. 

pennsylvanica and A. negrrndo from a mixed stand of Q. macrocarpa, F. 

pennsylvanica, P. tremuloides and A, negundo. Q. macrocarpa is expected to persist 

only as a minor component of these stands. 

(13) Management guidelines were suggested to maintain Q. macrocarpa stands in 

Riding Mountain National Park. Establishment of permanent plots should be set up 

to monitor long-term effects in al1 stand types. Prescribed buming is recommended 

for stand type I I ,  but not for stand types 1 and III. Mechanical reduction of the fùel 

load in the understory is recommended for stand type ii prior to prescribed buming. 

This will decrease the intensity of the fire, reducing the potential for Q. macrocarpa 

trees to be killed. Ungulate browsing should be monitored over the long srm to 

ensure long-tenn integrity is not compromised. Human disturbance dong 

backcountry trails should also be monitored and the public should be infomed as to 

the ecoIogicaI importance and sensitivity of the stands. Future research is needed on 

fire history and f m a  populations to provide managers to make informexi decisions 

on management guidelines. 
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APPENDM 1 

List Of Plant Species Encountered In Riding Mountain National Park 



Appendi 1Species list of the 19 1 Bur Oak sites enumerated dunng the 1998-1999 field seasons 

Common Narne 

White spruce 

Green ash 

Genus 

A bies 

Acer 

Picea 

Betula 

Frarinus 

Species 

balsamea 

negundo 

glauca 

papyrifera 

pennrylvanica 

Il 
--- 

Quercus macrocarpa I ~ u r  oûk II 
Populrrr 

Populus 

- - - ~ 

Uimus amencana Amencan e h  Il 
Acer spicarum 1 ~ountain mriple Il 

balsamifera 

rremuloides 

Cornus stolonqera Red-osier dogwood 

Coqlus cornuta Beûked hazelnut 

Craiaegi~c chrysocurpa Hawthorn 

Prunur urnericana Wild plum 

Prunus pemylvanica Pin cherry 

Prunus virginiana Chokecheny 

Vibumutn lenrago Nanny beny 

Viburnum rafinesqirianuni Downy rirrowwood 

Vibunturn trilobum High bush-cnn berry 

Bnlsm poplar 

Trembling rispen 

Bittersweet - 
Bush-honeysuckle 

Twining honeysuckie 

Cinquefoil 

Poison ivy 

Virginia creeper 

Skunk cumnt 

Celusrrus 

Diervilla 

Lunicera 

Poreniilla 

Rhur 

Parthenocissus 

Ribes 

11 1 Ribes 1 hudionianum l~onhern bl rk  c u m r  II 

scundens 

lonicera 

dioica 

species 

radicanr 

inserra 

aland~dosum 

II 1 ~ i b e s  1 triste 1 ~ e d  cumnt II 
- - - -- 

Rosa 

Rubw 

Sdir 

Shepherdia 

Symphoricatpos 

acicularis 

idaeus 

species 

canadensk 

albus 

E'rickly rose 

R s ~ b e r r ~  

Willow species 

Buffaioberry 

Snowberry 







APPENDIX 2 

Lowess Curve Figures 

APPENDIX 2a. Changes in abundance of main tree species dong the first CA ordination 
axis, which is interpreted as a soil moisture gradient. 

APPENDIX 2b. Changes in abundance of major tail species dong the first CA ordination 
axis, which is interpreted as a soil moisture gradient. 

APPENDIX 2c. Changes in abundance of major low-statured shmbs dong the first CA 
ordination axis, which is interpreted as a soil moisture gradient. 

APPENDIX 2d. Changes in abundance of major herbaceous species dong the first CA 
ordination axis, which is interpreted as a soil moisture gradient. 

APPENDIX 2e. Changes in abundance of plant functiond groups dong the first CA 
ordination axis, which is interpreted as a soil moisture gradient. 



Appendix 2a. Changes in adundance of main tree species dong the first CA ordination 
axis, which is interpreted as a soi1 moisture gradient. Data fitted using lowess 
curves. Refer to text for details. 



\ Crachr 
\ 
\ 

xeric CA ORDINATlON AXIS 1 mesic 

Appendix 2b. Changes in adundance of major taii species dong the first CA ordination 
a i s ,  which is interpreted as a soi1 moisture gradient. Data Eitted using lowess 
curves. Refer to text for detaiIs. Species: Vibrof= arrowwood; Amealn = saskatoon 
beq:  Corcor = hazelnut; Crachr = hawthrorn: P-r = chokecherry ; Corsro = 
red-osier dogwood; Vibtri = highbush cranberry. 



Appendix 2c. Changes in adundance of major low-statured s h b s  dong the first CA 
ordination mis, whkh is interprered as a soi1 moisture gradient. Data fitted using lowess 
curves. Refer to text for deiaiIs. Species: Rosaci = me; Londio = honeysuckie; 
Rhurad = poison ivy; Sy mocc = snowberry. 



Aranud 

Thaven 

Appendix 2d. Changes in adundance of major herbaceous species dong the first CA 
ordination axis, which is interpreted as a soil moisture gradient. Data fitted using lowess 
curves. Refer to text for detaiIs. Species: Carspe = sedges; Astcil = aster, Aranud = 
wild sarsaparilla; Matstr = ostrich fem; Thaven = meadow rue; Fravir = strawberry; 
Sanmar = snakeroot; Maican = iily of the vdey. 



- 

I 

40 - Herbs 

20 - 
Graminoids 

O - 
xetic - CA ORDlNATlON AXIS 1 mesic 

AppendEr 2e. Changes in adundance of plant functiond groups dong the k t  CA 
ordination axis, which is interpreted as a soi1 moisture gradient. Data fitted using 
lowess curves. Refer to text for details. 



APPENDM 3 

Physiognomic Profiles for Stand Types 

APPENDM 3a. tdealized physiognomic-physiognphic profile of stand type 1 (Bu Oak - 
Low Shnib). 

APPENDM. 3b. idealized physiognomic-physiographic profile of stand type II (Bur Oak 
- Ta11 Shnib). 

APPENDIX 3c. ideaiized physiognornic-physiographic profiIe of stand type iII (Oak - 
Aspen - Ash). 
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APPENDIX 4 

Stand Type 1 Tables 

APPENDIX Ja. STAND TYPE 1. ReIative frequency of tree species in canopies 1 - 5. 

APPENDK Jb. STAND TYPE 1. Frequency, mean cover and variance of tree species. 

APPENDIX 4c. STAND TYPE 1. Mean basal area per 100m2 for canopies 1 - 4. 

APPENDM 4d. STAND TYPE 1. Mean density per 100m2 for canopies 1 - 5. 

APPENDIX 4e. STAND TYPE 1. Frequency, mean cover and variance of common 
shmbs (f>S%). 

APPENDM Jf. STAND TYPE 1. Frequency, mean cover and variance of common herbs 
and moss species (f>5%). 

APPENDIX 4g. STAND TYPE iA. Relative fiequency of trees. 

APPENDIX Jh. STAND TYPE IB. Relative frequency of trees. 

APPENDIX Ji. STAND TYPE IA. Mean Density and frequency of seedlings and 
suckrrs per plot. 

APPENDiX 4j. STAND TYPE IB. Mem Density and frequency of seedlings and 
suckers per plot. 



APPENDIX Ja. STAND TYPE 1. Relative frequency of uee species in canopies 1 - 5. 

Species Cornmon name Canopy layer 

TOM 1 2 3 4 

Abies bufsumru Balsam fir 0.03 0.0 1 0.01 

Frnxinw pcnm-ylvanica Green u h  0.08 0.0 1 0.06 0.0 1 

Picea gfauca White spmce 0.03 0.0 1 0.0 1 

Populus trrmuloidts Trernbling aspen 0.08 0.01 0.06 0.03 

Quenus macmcnrpa Bur oak 1 ,O0 037 0.96 039 

APPENDIX ;Yb. STAND TYPE 1. Frequency, mcm cover and variance of uee species. 

Specits Cornmon name Frequency Mean Cover (%: Variance 

Abies bahmea Balsam fir 0.03 0.08 033 

Fmrinus pcnnrylvanh Green Ash 0.08 0.84 15.26 

Picea glauca White spruce 0.03 0.19 1.57 

Poputus trernutoidcs Trembling aspen 0.08 0.25 2.89 

Quercus macrocorpa Bur ork 1.00 JO94 165.10 



APPENDIX .le. STAND TYPE f.  btmn basal m a  per 1Oûm:for wti me specics in ampics 1 -4. 

swe Common nnme Cnnopy lnyer 
TON 1 - 7 3 4 

Abies baLrmea Balsam fir 

Frruinus p c ~ l v m i c a  Green a h  0.00 1 0.00 1 

Pirca glauca IVhi~c sprucr 0.007 0.002 

Populw rremuloidcs Trembling wpcn 

Quemus macrocarpo Bur onk 0200 0.045 0.1s 0.003 

APPENDLY Jd. S T N D  TYPE 1. hlcan dcnsity F r  IOûmYor rwh me s p i c s  in cnnopics 1 - 5. 

Species Common nnme Canopy loyer 

Tohl 1 2 3 4 5 

Ahes ba lsma Balsam tir 0.38 0.05 0.01 032 

F m i n w  pennrylvmica Green u h  0.53 0.0 1 0.14 0.03 0.35 

Picca glauca White sprucc 0.03 0.01 0.0 1 

Populu rrcmuloidcs Tmnbling wpen 0.28 0.03 0.08 0.03 0.15 

Quemur morrocarpa Bur onk 3534 122 13.57 3.63 1692 



APPENDM .le. STAND TYPE 1. Frequency. rnean cover and variance of cornmon shmbs (f>56). 

Species Cornmon name Frequency kIem Cover (%) Variance 

Amrlnncliier ofnifilici 

Symphoricurpos occidenralis 

Vibumum rajnesqu~unum 

Prunus virginiuna 

Rosa acicu!uris 

Lonicrra diuica 

Corylus cornura 

Rhus radicam 

Crataegus chtysocarpa 

Symphoricarpos albus 

Prunrrr pensylvanica 

Diemilia lonicera 

Rubus idoeus 

Prunus americana 

Shepherdia canaciensis 

Saskatoonberry 

\Volfberry 

Downy arrowwood 

Chokecherry 

Prickl y rose 

Twining honeysuckle 

Beaked hrizelnut 

Poison ivy 

Hawthorn 

Snowberry 

Pin cherry 

Bush-honcysuckle 

Rspberry 
Wild plum 

Buffdoberry 

Vibumum lenrago Nanny berry 0.05 0.97 28.75 



APPENDUL JI. STAND TYPE 1. Frcqucncy. mmn cover ruid variance of common hcrbs md moss spccies Cf>S%). 

S~ecies Common Nnme Fmauencv Man Cover ( o b h  VnMncc 

Carex pccX~it'pensylvanïca 

ïhaiic~nun venulosum 

Galiwn boreaie 

&fer ciliolarus 

Sanicda marilandica 

Maimrkmum canadense 

Amlia nudicadis 

Oryzopsis arperifolia 

iarhyrus venosus 

Fragaria virginima 

.ïoiidngo c~adcnsis 

Lorhyrur ochroleucus 

Lysimachia ciliata 

Vicia americuna 

Apoqnum undmsaetni~oiium 

Monardu firuIosa 

VioIa species 

Elymur spccies 

Osmorhiw bngisrylis 

Agasrachc~oenicu~um 

Bmmus spccies 

Achillea milli/olim 

Smilat hrrbacea 

Bromus inennus 

Ancmntne quinqucjolia 

Thdicrnun clarycarpurn 

Pyrola marifolia 

Cornancira wnbellara 

P m  pmrc~is 

Tanxncum uficinale 

Schizachne purpurascens 

Moses 
Bmchyrhecium rpecies 

M n i m  somis 

c m x  species 

Vciny mcadow-rue 

Nonhrrn bedsmw 

Lindley's aster 

Sn;ikeroot 

Wild lily-of-the-vdley 

IVild sasapuilla 

Ricc gnss 

Wild peavine 

Stnwbeny 

Canada goldenml 

Crcamy pmvine 

Fringed looxstrife 

Amcrican vetch 

Spreading dogbanc 

Wild bergarnot 

Violet species 

Wildryc 

Swect ciccly 

Gi~t-hyssop 

Brome spccies 

Yïimw 

C3m'onflowrr 

Bmmc gnss 

Wood ancmonc 

TaII madow-rue 

Pink winicrgreen 

B ~ t a r d  roadflut 

Kentucky blue gras 

Dandelion 

Purple oat gnss 



APPENDLY Jg. STANû TYPE W. Relative frequency o f  trees. 

Common nnme Canopy Lyer 

Toul 1 7 3 4 

A biex baisameu Balsam fir 

F d u s  penqlvanicn Green ash 0.08 0.08 0.03 

Picea glauca White spnice 

PopuIus rremuloides Trernbling apen 0.08 0.03 0.05 0.05 

Quercirs macrocarpa Bur oak 1.00 0.13 1 .O0 0.45 

APPENDiX Jh. S T M  TYPE iB. Relative frequency of  trees. 

Speùes Common nnme Cnnopy layer 

Totnl 1 2 3 4 

Abies bolsamea Balsam fir 0.05 0.03 0.02 

Frarinus pennsylvanica Green ash 0.07 0.02 0.05 

Picea glattcc White spruce 0.05 0.02 0.02 

Popufus tremuloides Trembling aspen 0.07 0.07 

Quercu~ mucrocarpa Bur onk 1 .O0 039 093 O 3 3  



APPENDIX 4. STAND TYPE IA. M m  Density and frequency of seedlings and sucken per plot. 

Species Common name Seedlings Suckers 

Frequency Density Frequency Density 

Abies balsamea Balsam fir 

Frarinus penns).lvanica Green ash 0.1 t 0.55 0.03 0.08 

Picea glauca Whiie spruce - 
Populus rremuloides Trernbling aspen 0.03 0.08 

Quercus macrocatpa Bur oak 0.87 7.26 0.84 11.16 

APPENDLK 4j. STAND TYPE [B. Mean Densicy and frequency of seedlings and suckerç per plot. 

Species Comrnon name Seedllng Suckers 

Frequency Density Frequency Density 

Abies balsamen BaIsm fir 0.70 0.42 0.02 0.20 

Fraxinuspennsylvanica Green ash 0.30 0.30 0.02 0.07 

Picea glauca White spmce 

Populus tremuloides Trernbling aspen 0.12 0.15 

Quercus macroclvpa Bur oak 035 7.00 0.71 85.1 



APPENDIX 5 

Stand Type II Tables 

APPENDM Sa. STAND TYPE ii. Relative fiequency of tree species for canopies 1-4. 

APPENDM Sb. STAND TYPE II. Frequency, mean cover and variance of tree species. 

APPENDLX Sc. STAND TYPE II. Mean basai area per 100rn' for each tee species in 
canopies 14. 

APPENDIX 5d. STAND TYPE II. Mean density per t0Orn2 For e x h  tree species in 
canopies 1-5. 

APPENDIX Se. STAND TYPE il. Frequency, mean cover and variance of common 
s h b s  (f>5%). 

APPENDLX 5f. STAND TYPE IT, Frequency, mean cover and variance of common herb 
species (f>5%). 

APPENDLX 5g. STAND TYPE W. Relative frequency of tree species in canopies 1-4. 

APPENDLX 5h. STAiiD TYPE W, Relative frequency of tree species in canopies 14. 

APPENDIX Si. STAND TYPE DA. Mean Density and frequency of seedlings and 
suckers per plot. 

APPENDM 5j. STAND ï3TE W. Mean Density and frequency of seedlings and 
suckers per plot. 



APPENDM: 53. STAND TYPE II. Relative frequency of tree species for canopies 14. 

Species Common name Canopy layer 

Toial 1 2 3 4 

A bies ba l sma  Balsam fir 

Acer n e g d o  Manitoba rnaple 0.12 0.0 1 0.08 0.04 

Berula papyrifcra Paper birch 0.05 0.04 0.0 1 

Fmrinus pemq~vanica Green ash 0.58 0.04 0.32 0.40 0.10 

P icea glauca White spntce 0.05 0.04 0,O 1 0,O 1 0.01 

Popuius balsomifPra Balsam poplar 0.08 O. 12 0.04 0.0 1 

Populu tremuloides Trembling aspen 0.41 0.03 0.23 0.16 

Quercw macrocurpa Bur oak 1 .O0 0.68 0.89 0.15 

Ulmus umericunu Amcrican elm 0.07 0.04 0.03 

APPENDiX Sb. STAND TYPE II. Frequency, mean cover and variancc o f  tree species. 

Speeies Common name Frequency hfean lover (%: Variance 

Abies balsameu Balsiun fir 

Acer negwido Manitoba maplr 0.12 0.47 2-75 

Berda popyrifera Paper birch 0.05 0.82 18.07 

Frnrilus pervrsyfvanica Green Ash 058 6.96 77.38 

Picea gfauca White spruce 0.05 0.76 11.01 

Populus baismfera Bdsiun popIar 0.08 131 29.64 

Popdus tmuloides Trembling aspen 0.4 1 6.42 129.52 

Q u e m  macrocmpo Bur oak 1.00 36.64 243.52 

u/mus mericma American Elrn 0.07 0.09 0.13 



APPENDN k STAND TYPE II, M m  h l  yca per 10m: for each tm specia in anopies 14. 

s@s Conunon m e  Cnnopy layer 
Toial 1 Z 3 1 

Abus buùamea Balsam fir 

Acer ncgwido Manitoba mple 

Bciuln papyn/cm Rper birch 0.010 0.006 0.W 0.002 

Farinu pcnrrrylvmica Green ash 0.025 0.014 0.010 

Picca giauca White spmce 0.009 0.00s 0.0 1 

Popuiu ba&ami/em Bdwn paplar 0.002 0.00? 

Populur rremuloidcJ Trembling aspn 0.040 0.028 0.0 IO 0.m 

Quemus macmcurpa Bur onk 0. 17 1 0.111 0.059 

U h u  amcricana r\mcric~n elm 

APPE!WX Sd. STAND TYPE U. M a n  dcnsiry pcr IMlm: for cach t l ~ ~  spcies in mnopics 1-5. 

Spccîei Common nnme Canopy layer 

Tofni 1 Z 3 J 5 

Mies baLimeo B a l m  fit 

Accr n q d o  Manitoba rnaple 

Bcrttia papyrifcm Papcr birch 

Fmirinus pcntuylvaniro G m n  ah 

Picca glauca Whiic spruce 

Populus baLwnifim B h  popliu 

Popdu irzmuioides T~mbling u p n  

Qucrcu~ mu croc^ Bur ook 

UtnvromcricaM Amuicm c h  



APPENDlX Se. STAND TYPE II. Frequency. mean cover and variance of  common shrubs (b52). 

Species Common name Frequency Mean Cover (%) Variance 

Corylus cornuta Beaked hiuelnut 0.99 38.27 473.96 

Amelanchier alnifolin Siukatoonbeny 0.95 11-52 114.12 

Symphoricarpos occidentalis Wolfùerry 0.95 3.8 1 10.67 

Rhus radicans 

Prunus virginiana 

Viburnum rafinesquianum 

Rosa aciculari 

hnicera dioica 

Cornus srolongera 

Viburnwn trilobum 

Rubirr idaeus 

Viburnum lentago 

P w u s  peruylvunica 

Cmtaegus chrysocarpa 

Dierwiila ionicera 

Symphoricarpos albu 

Acer sp icam 

Poison ivy 

Chokecherry 

Downy iurowwood 

Prickly rose 

Twining honeysuckle 

Dogwood 

High bush-cmbeny 

Rseberry 

Nanny berry 

Pin cherry 

Hawthorn 

Bush-honeysuckle 

Snowberry 

Mountiun maple 

Ribes r&e Red currant 0.05 0.05 0.05 



MPENDM 5L =AND TYPE II. Frcqucncy. mean cover and van'ace of comrnon herb species (65%). 

. 
Species C o m o o  Nme Frequency Mean Cover (45) Vnrhnce 

Maimhemum canadense 

Aralia nudicaulis 

Car= pcch'2penrylvanica 

tisier ciliolatus 

Otyapsis rrrgeri/olin 

Thalictnun venulosm 

Gaiium boreale 

Sanicuk mariiundica 

Lnfhyrus venosur 

Fragaria virginiana 

Solidago canadensis 

Viola species 

Thaiictmm darycarpwn 

Osmorhiza longistylis 

Pyrola arorifolia 

Golium 1 ~ 0 n u n  

Wild Iily-of-the-vdlcy 

Wild s~s3piirillr 

C m  specics 

Lindley's atcr 

Ricc gnss 

Veiny rneadow-nie 

Nonhcm bcdstnw 

Snakemot 

Mid peavinc 

Stnwberry 

Carda goldcnmd 

Violet species 

Ta11 rncadow-nie 

Swcet ciccly 

Pink wintergncn 

Swcct xentcd bcdsmw 

Apocpum Mdrosaernifolium 

k~hyrus  ockm~eucus 

Rubus pubescens 

Smilacina srellara 

Anetnomne quinqucfolia 

Lysimchia ciliata 

Disponun rmchycorpurn 

Vicia mericana 

Hemcleum lanarum 

Rudbeckia lachia~a 

Srnilux herbacea 

Amphicarpu bracteara 

Brornus inemw 

TnlIium cernuwn 

Achiiiea rniif~oliwn 

Sonchus atvensis 

Mossos 

Bmrh~vrhecUUn rpecjes 

Spmding dogbrnc 

C w y  pmvine 

Dewberry 

Sm-flowercd Solomon's seûl 

Wood rnemone 

Fringed loosestrifc 

Fairybclb 

r\mcricui vetch 

Cow pmnip 

TaII coneflowcr 

Cmionflower 

Hog-peuiut 

Brome gnss 

Nodding triiüum 

Y m w  

Perennid sowthisde 



APPENDIX 5g. STAND TYPE UA. Relative frequency of tree species in clinopirs 14. 

Species Cornmon name Canopy layer 

Total 1 - i 3 4 

A bits b a h e a  B;ils;im fir 

Accr negundo Manitoba maple 0.06 0.02 0.06 

Berufa papynfira Rper birch 0.08 0.06 0.02 

Froxinw penmyivanica Green ash 0.42 0.16 0.28 O. 14 

Picea glauca White spruce 0.06 0.04 0.02 0.02 0.02 

Populus baisumgera BaIsam poplar 

Populus trernuioi&s Trembling aspen 0.44 0.10 0.26 0.22 

Quercus mucmcarpa Bur oak 1.00 0.02 0.66 0.94 020 

UImus americana Americui elm 0.06 0.02 0.M 

XPPENDM 5h. STAND TYPE IIB. Relative hqucncy of me species in canopies 1-4. 

Species Common name Canopy layer 

Total 1 2 3 4 

Abies b a h e a  B a b m  fir 

Acer negunào Manitoba maple 096 0.04 0.22 

Betula papynfcra Paper birch - 
Frarinus pe~syivanica Green ash 09 1 0.65 0.65 0.22 

Picea glauca White spruce 0.04 0.04 

Popu~us bahntfcra B a l s a  poplx 0.26 0.13 0.13 0.04 

Populus rremuloides Trembling a s p n  035 0.i7 O. 17 0.04 

Quemus tnacmcarpa Bur onk 1.00 0.04 0.74 0.78 0.04 

Uhus amenCana American elm 0.09 0.09 



APPENDIX Si. STAND TYPE iIA. Mem Density and frequency of seedlings and suckers per plot. 

Species 
- 

Common orne Seedlings Suckers 

Frequency Density Frequency Density 

Abies b a h e a  Balsam fir 0.06 2.24 

Berttla papynfera Paper birch 0.04 0.04 

Frarinus penn~ylvanica Green ;ish 0.22 0.58 0.14 0.54 

Picea glauca White spruce 0.02 0.04 

Populus rremuloides Trembling aspen 0.34 0.84 

Quercus macrocarpa Bur oak 0.88 4.30 0.28 2.22 

Ulmus americana Elm 0.02 0.12 

APPENDLY 3j. STAND TYPE B. Mean Density and frequency of seedlings and suckers per plot. 

Species Common name Seedlings Suckers 

Frequency Density Frequency Density 

Abies balsamea Baisam fir 0-13 1 .O0 

Acer negundo Manitoba maple 0.04 0.04 

Befula papyrtifera Paper birch 0.04 0.04 

Frarinus petutsylvanica Green ash 057 3.65 0.22 3.t3 

Picea glauca White spnice - - 
Populus balsamfera Balsam popiar 0.04 0.09 

Populus tremulo [des Trembiiig aspen - 0.35 1.04 

Quercus macrocapa Bur oak 0.87 4.04 0.43 2.04 

(Ilmus amencana Elm O. 17 0.17 0.M 0.43 



APPENDM 6 

Stand Type ïü Tables 

APPENDIX 6a. STAND TYPE m. Relative frequency of tree species in canopies 1-4. 

APPENDIX 6b. STAND TYPE m. Frequency, mean cover and variance of tree species. 

APPENDM 6c. STAND TYPE m. Mean basai m a  per LOO m2 for each me species in 
canopies 14. 

APPENDM 6d. STAND TYPE m. Mean density per 100 m' for each tree species in 
canopies 1-5. 

APPENDIX 6e. STAND TYPE III. Frequency, mean cover and variance of comrnon 
shrubs (f>5%). 

APPEiWIX 6f. STAND TYPE m. Frequency, mean cover and variance of comrnon herb 
species (f>5%). 

APPENDM 6g. STAND TYPE iUA. Relative frequency of tree species f ~ r  each tree 
species in canopies 14. 

APPENDM 6h. STAND TYPE DIB. Relative frequency of tree species for each k e  
species in canopies 14. 

APPENDIX 6i. STAND TYPE iIiA, Mean Density and frequency of seedIings and 
suckers per plot. 

APPENDM 6j. STAND TYPE ID. Mean Density and frequency of seedlings and 
suckers per plot. 



APPENDM 6a. STAiiD TYPE III. Relative frequency of tree species in canopies 1-4. 

Species Common name Cmopy Iayer 

Totai 1 2 3 4 

Abies bakarnea 

Acer negunào 

&rula papyri/era 

Frurinw pc~sylvanica 

P icea gfaitcu 

Populus balsamifera 

Populus rremuloides 

Quercus macrocnrpa 

U l m  mericana 

Bdsam fir 

Manitoba maple 

Paper birch 

Green ash 

White spruce 

Balsam poplar 

Trembling aspen 

Bur O& 

American eIm 

APPENDM 6b. STAND TYPE III. Frequency. mean cover and variance of tree species. 

Species Common nnme Frequency Mean Cover (%: Variance 

Abies balsamea 

Acer negundo 

Berula pupyriferu 

Fruxinu~ prnnsylvanir 

PirPn gfauca 

Papulus bdswni/era 

Popu lus rremuloidcs 

Quercur mocmcaqm 

Cllmui mericnna 

Balsam fit 

Manitoba rnaple 

Paper binh 

:a Green Ash 

Whiie spmce 

Balsam popliu 

Trembling aspen 

Bur oak 

Amencm Elni 



APPENDLY 6c. STAND TYPE III. Mem basai a m  pcr LOO m' for e x h  t l ~ ~  spcQes in mapies 14. 

Species Common nnme Conapy laycr 

Acrr negwulo khniiobn maplc 0.05 1 0.024 0.027 

Benth papyr#m Pzpr  birch 0.004 0.003 0.M 1 

Piccd g h c a  White spmcc 

Popdu baLrmifcrn B a h  poplar 

Quercus mcrocarptr Bur osk O.OU 0.004 0.064 0.019 

Amr negundo Manitoba maple 8.72 0.05 0.69 1-97 0.36 5.M 

Berda papyrijëra P3w birch 0.4 1 0.08 0.18 0.15 

Picw glauca Whiic s p c c  

Quercus macmcmpa Bur oPL 7.41 13s 1.64 0.08 3-74 



APPENDIX 6e. STAND TYPE In. Fquenq. m m  cover and variance of common shnibs (f>5%). 

Species Common nnme Frequency 

Coqlus comuta Beakcd hazeinut 1 -00 

Vibumum triiabum High bush-mkny 0.79 

Prunus virginiana Chokec hery 0.77 

Amelanchier ulnifolia Saskatoonberry 0.67 

Rubus idneus Raspbeny 0.67 

Lonicera dioicu Twining honeysuckle 0.62 

Ribes tristr Red cumnt 0.62 

Symphoricorpos occidrnrafis Wol fberry 0.62 

Rhur radicans Poison ivy 056 

Acer spicatum Mouniain mapie 05 1 

Pntnus penqfvmica Pin cherry 0.44 

Vlburnum lrntugo Nmny berry 0.44 

Vibumum raflnesquianum Downy m w w o o d  0.41 

Rosa aciculuris Pricùiy rose 036 

Cornus srolonifera Dogwwd 03 1 

Diervilla lonicera Bush-honeysuckle 0.10 

Mean Cover (%) Variance 

54.42 575.79 

6.02 5657 

4.63 3234 

4.30 3836 

0.30 0.15 

0.66 1 .O6 

0.40 0.22 

0.65 1 A6 

1 .O7 4.05 

1130 41 1.60 

1.63 7.57 

4.03 60.60 

0.93 338 

0.66 457 

0.15 0.05 

286 3856 

0.04 0.02 

Ribes oxycmrhoides Norihem gooseberry 0.10 0.02 0.0 1 



APPENDUC 61. STAND TYPE 111. Frequency. rncyi cover and variance of common herb spccics (B5%). 

Speùes Common Nnme Frequency Rlean Cover (96) Variance 

Arafia nudicaulîr 

Carur peckiirpensyfvanica 

M&n~hemum ranadcnre 

Ory-xtpsis asper@liu 

Thafictnun venulosum 

&ter ciliohus 

Sanicula marilandica 

Pyrota asanfolia 

Fmgaria virginiana 

..tnemomnr quinquefolia 

Galiwn rriflomrn 

Trilfiwn cemuum 

Galiiun hreale 

Smilacina srrllara 

Thalicrrum d q a r p w n  

Violu species 

.I.fo~~euccia srrurhioprerîr 

Osmorhiz longistylis 

Solidugo canademis 

Disponun ~rachycarpum 

Lofhynrr venosus 

Ruiibeckiri luciniaru 

Rubus pubescens 

Lysimachiu ciliuru 

Smilar herbacea 

Aster species 

Bromus inetmus 

Cornus canadenris 

Heracleum lanatwn 

Equirerum pmrense 

Acraea d m  

Aquilegia canadenris 

tarkpw ochrotucus 

Menensia puniculara 

~Mirrlla nuah 

Perari~es sagirranu 

Rudbeckia semrina 

Tarcuacwn o f i c i ~ f e  

Kcia umericma 

Moses 

Bmchvthecium species 

Blnium species 

Cmx species 

Wild lily-of-the-vdley 

Rice gnss 

Veiny rneadow-nie 

Lindley's aster 

Sderoot  

Pink wintcrgrctn 

Stnwberry 

Wood anernone 

Sweet scented bedsinw 

Nodding trillium 

Nonhem bedsmw 

Star-flowercd Solomon's seal 

TaIl meadow-me 

Violet species 

Ostrich fern 

Sweet cicely 

Canada goidend 

Fairybelt 

Wild peavine 

TaIl concflowa 

Dewkrry 

Fringed loosestrife 

Camonflowrr 

Aster spccies 

Brome gr;iss 

Bunchbcrry 

Cow pmnip 

Mmh horsctail 

Red brncbeny 

Wild colurnbinc 

C r m y  pmvinc 

TaIl lungwon 

Bishop's cap 

Arrow-Iwved colt's-fmt 

Btack-eyed Susm 

Dandclion 

Amcrican vetch 



APPENDIX 6g. S T N  TYPE IIIA. Relative frtquency of uee species for a c h  m e  species in canopies 1-4. 

-- - 

Canopy layer 

-- ---- - - -- - - - 

Abies baisanrra Balsam fir 

Acrr ncgundo Manitoba maple 0.39 0.17 0.30 0.13 

Befula papyrifera Paper birch 0.13 0.04 0.13 

Frarinus prnnqlvanica Green ash 0.83 0.39 0.70 030 

Picea glauca White spruce 

Populus balsamifrra Balsam poplar 

Poputus rrrrnuloides Trembling Iispen 1.00 0.96 0.22 0.22 0.09 

Quercus macrocorpa Bur oak 1.00 0.74 0.63 0.13 

Ulmw amriruna Amencan elm 0.22 0.04 0.04 0.17 0.09 

APPENDiX 6h. STAND TYPE IIIB. Relative frequency of m e  species for each m e  species in canopies 1-4. 

Species Common name Cnnopy lnyer 

Toial 1 2 3 4 

Abies balsamifera Balmm fir 

Acer negundo Manitoba mple 1 .O0 0.13 0.56 0.88 0.25 

Benda papyri/cra Paper birch 0.13 0.06 O. 13 

Fmxinw pennsyivanica Green a h  1 .O0 0.13 0.69 0.69 0.3 1 

Piceu gluuca White spmcc 

Pupulus batsomi/rra Bdsam poplar 

P o p u l ~  rremuloides Trembting aspen 056 0.44 0.06 0.13 

Quercus macrocarpa Bur onk 1.00 - 0.88 0.44 

Lnmus mericana Amenan e h  0.38 0.06 0.3 1 0.19 0.06 



APPENDIX 6i. STAND TYPE IIIA. Mean Density and frequency of seedlings and suckers per plot. 

S pecies Common Name Seediiigs Suckers 

Frequency Density Frequency Density 

Abies balsamea Balsam fir 

Acer nrgundo Manitoba rnaple 0.33 1 .O9 0.76 4.70 

Betula papynfera Paper birch - 
Frarinirs prnmyivanica Green ash 0.83 3.57 0.30 157 

Picea gluucu White spruce 

Pupulus rrmuloides Trernbling aspen 0.74 3.09 

Quercus macrocarpa Bur oak 0.65 239 0.30 2.26 

Ulmw amcricunu Elrn 0.26 0.74 0.04 0.04 

XPPENDIX 6j. STAND TYPE IIIB. Mean Density and frequcncy of seedlings and suckers per plot. 

Species Common Name Seedlings Suckers 

Frequency Density Frequenq Density 

Abies baisameu Balsam fir - 
Acer negudo Manitoba mapk 0.75 336 0.25 1.88 

Berula papynfera Paper birch 0.06 038 

Fruxinus pennsylvanica Green ash 0.69 1.63 0.13 0.63 

Picea glauca White spruce - - 
Populus tremuioides Trembling aspen - 056 5 3  1 

Quercus macrocarpa Bur oak 0.56 1.81 0.13 1.06 

Ulmus urnericana El m 0.19 038 0.13 056 



Photographs of Stand Types 

APPENDIX 7a. Stand Type 1, sub-type LA: Stand on Gorge Creek Trail 

APPENDiX 7b. Stand Type 1, sub-type 133: Stand on Grave1 Pit Trail. 

APPENDIX 7c. Stand Type II, sub-type KA: Stand on Payne Tnil. 

APPENDIX 7d. Stand Ty-pe II, sub-type 1I.B: Stand on Beach Ridges Trail. 

APPENDLX 7e. Stand Type III, sub-type I1I.A: Stand on Ochre River Trail. 

APPENDIX 7f. Stand Type [II, sub-type I1I.B: Stand on Agassiz Ski Road. 

APPENDIX 7g. Stand of Qzierms macrocarpa on a steep, south-facing dope of the 
Gorge Creek Trail (Stand Type i). 

APPENDIX 7h. Mixed stand of Qtiercus macrocarpa, Frarintts pennsylvanica and 
Popttltis tremtrloides growing on mesic substrates (Stand Type III). 



APPENDM 7a. Stand Type 1, sub-type LA: Stand on Gorge Creek Trail 
APPENDM 7b. Stand Type i, sub-type 13: Stand on Grave1 Pit Trail. 



APPENDM 7c. Stand Type 11, sub-type IIA: Stand on Payne Trail. 
APPENDIX 7d. Stand Type U, sub-type KB: Stand on Beach Ridges Trail. 



APPENDIX 7e. Stand Type Ki, sub-type mA: Stand on Ochre River Trail. 
APPENDiX 7f. Stand Type m. sub-type m.B: Stand on Agassiz Ski Road. 



APPENDLX 7g. Stand of @erm macrucarpa on a steep, south-facing dope of the 
Gorge Creek TraiI (Stand Type I). 

APPENDiX 7h, Mixed stand of Quercus macrucarpu, Frarinur pennsyhanica and 
Populus tremuloides growing on mesic substrates (Stand Type m). 




