
The Design of Protocols for the Sustainable Harvest 

of the Non-Timber Boreal Forest Products 

Acorus americanus and Vaccinium angustifolium 

by 

Shaunna Marie Morgan 

A thesis subrnitted to the Faculty of Graduate Studies in Partial Fulfillrnent of the 

Requirements for the Degree Master of Science 

Department of Botany 

University of Manitoba 

Winnipeg, Manitoba, Canada 

R3T 2N2 

0 July 1999 



National Library B * l  .,na& 
BiMiotheque nationale 
du Canada 

Acquisitions and Acquisitions et 
Bibliogaphic Sentices seivices bibliographiques 

395 Wellington Street 395, rue Wellington 
OltawâON K1AON4 Ottawa ON K1A ON4 
Canada Canada 

The author bas granted a non- 
exclusive licence allowing the 
National Library of Canada to 
reproduce, loan, distribute or sel1 
copies of this thesis in microform, 
paper or elec tronic fomats . 

The author retains ownership of the 
copyright in this thesis. Neither the 
thesis nor substantid extracts fhm it 
may be prùited or otherwise 
reproduced without the author's 
permission. 

L'auteur a accordé une licence non 
exclusive permettant à la 
Bibliothèque nationale du Canada de 
reproduire, prêter, distribuer ou 
vendre des copies de cette thèse sous 
la forme de microfiche/film, de 
reproduction sur papier ou sur format 
électronique. 

L'auteur conserve la propriét6 du 
droit d'auteur qui protège cette thèse. 
Ni la thèse ni des extraits substantiels 
de celle-ci ne doivent être imprimés 
ou autrement reproduits sans son 
autorisation. 



FACULTY OF GRADUATE STUDIES 
+**et 

COPYRIGEIT PERMlSSION PAGE 

The Design of Protocols for the Sustainable Harvest 

of the Non-Timber Boreai Forest Products 

Acorus americannus and Vuccinium angustî~oiium 

Shrunna Marie Morgan 

A Th«WRietleum submitted to the Ficulty of Graduite Studies of The University 

of Manitoba in partial tùlfillment of the requirements of the degree 

of 

Mister of Science 

SHAUNNA MARIE MORGAN@lW 

Permircion Lu b n  granted to the Librvy of The Univtrnity of Minitobi to lend or rdl 
copies of tbh thcdi/pmcticum, to the Nationd Libruy of cinida to microfilm thir th& 8nd 
to lend or seîl copies of the film, and to Dirsertadoia Abattacts htemationd to p b b h  an 
ahtriet of tbh thesidpracticom, 

The iathot reservcs other publication rights, and neither tbir tbeddpncticum nor extensive 
extracts h m  it m y  k printed or otkrnkc reproduced without the iuthor's d e n  
pcdrdon. 



Non-timber forest products (NTFP) are d l  biological materials, other than timber, 

which are removed from naturai or managed foresu for human use or consumption (Petea 

1994, Broekhoven 1996). In recent decades, NTFP have k e n  viewed as a means of 

conserving, managing and oprimizing tropical forest ecosystems while SU providing 

economic benefits to local residents (Wickens 1991, Hall and Bawa 1993, Saiick et ai. 1995, 

Velisquez Runk 1998). NTFP may provide similar oppomuiities and advantages to 

aboriginal Canadians living in the boreal forests of Canada. Therefore, protocols for 

establishing sustainable harvesting levels were designed and tested for two NTFP, Acorus 

americanw and Vacciniwn angustifolium, in association w ith aboriginal comrnuni ties of 

Manitoba and Ontario as a means of conserving. monitoring and optirnizing boreal forest 

ecosy stems. 

This was the fmt study to examine the effecu of various harvesting intensities on 

V. angustifoliurn and A. umericanus. In accordance with expectations, A. americanus 

rhizome dry mass. shoot density and percent cover decreased as harvesting intensity 

increased. This was expected since the rhizome. the organ harvested for its medicinal values, 

is the primary means for propagation. Suggestions were made for modification to the 

monitoring protocols for A. americanus developed in this study. Monitoring different 

harvesting levels of K angustifolium for two years produced unexpected results. This 

project is the first to examine effects of various harvesting levels on blueberry production. 

As harvesting intensity increased, mas,  volume and berry density tended to decrease arnong 

harvested treatments. Interestingly, harvesting some (30%) or most (70%) of the bemes 

may have had a stimulatory effect on berry density, resulting in an apparent increased yield 

cornpared with the control or the 100% haniesting intensity. Recommendations were also 

made to improve the monitoring protocols for V. ungustifolim . 
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1.1 Non- timber Forest Products 
Interest in the commercial potential and traditional uses of non-timber fonst plants 

and plant products has ken increasing in recent years (Wickens 1991). Non-timber forest 

products (NTFP) are al1 biological materials, other than timber, which are removed fiom 

natural or managed forests for human use or consumption (Petea 1994, Broekhoven 

1996). In recent decades, NTFP have k e n  viewed as a means of conserving, managing 

and optimiUng tropical forest ecosystems while still providing economic benefits to local 

residents (Wickens 199 1, Hall and Bawa 1993, Salick et al. 1995, Velhquez Runk 1998). 

In tropical areas, many indigenous and rural people continue to rely on NTFP for 

subsistence and have started to harvest additional NTFP to supplement their incomes 

(Peters 1994, Broekhoven 1996, Mahapatra and Mitchell 1997, Veltbqwz Runk 1998). In 

Canada and the United States, many people are harvesting NTFP in ôoreal forests and 

temperate rain forests for similar purposes (Foster 1992, De Geus 1995, Schlosser and 

Blatner 1995, Liegel et al. 1998, Pilz et al. 1998, Love et al. 1998). 

1.2 NTFP and Aboriginal communities across Canada 

Canada has an abundant 417.6 million hectares of forested land, which constitutes 

45% of the total area of Canada (Shilts 1999). An estimated 80% of Canada's aboriginal 

population lives within those forested areas (Shilts 1999). Owing to the lack of 

employment oppominities on Canadian Indian reserves, the unemployment rate for 

aboriginais living on reserves is 28.7% (Statistics Canada 1999a), in contrast with 

Canadian national rate of 8.1% (Statistics Canada 1999b). The revenue generated fiom 

NTFP has been increasing over the put few decades in tropical areas (Burman 1990, 



Broekhoven 1996) and is also on the rise in North America (Molina et UL 1993). 

Therefon, NTFP may present a viable opportunity for economic development in the boreal 

forest regions of Canada where many aboriginal people suffer from high unemployment 

and low incorne levels. Central American comrnunities currently harvesting NTFP are 

concemed with irnproving their quality of life by maWNzing harvesting while minirnizing 

its ecological effects, retaining control over their lands and resources, minimizing costs 

related to harvesting and sustaining their cufnire (Veliisquez Runk 1998). Canadian 

abmiginai populations have similar concems, thereby suggesting a good fit between 

aboriginal values and the use of NTFP. 

1.3 Harvesting NTFP - Need for Studies 

Presently, there are substantial gaps in our knowledge of the biology of NTFP 

and sustainable harvesting practices. Quantitative ecological analysis of the abundance, 

distribution, population dynamics, production and reproduction of NTFP are rare or 

nonexistent (Hall and Bawa 1993, Boot and Gullison 1995. Saiick et al. 1995, Boot 1997, 

Johnston 1998, Velisquez Runk 1998). Such studies are fundamental for the accurate 

assessrnent of the potential sustainable harvest of NTFP (Hall and Bawa 1993, Boot and 

Guliison 1995). In addition to the lack of knowledge regarding the impact of harvesting 

NTFP from forest ecosystems, the relationship between harvesting intensity and impact is 

also largely unknown, even for NTFP with a long tradition of use, such as Brazil nuts 

(Boot and Gullison 1995). 

Researchea have discussed methods and approaches to assess or develop 

sustainable extraction systerns (Hdi and Bawa 1993, Boot and Gullison 1995). but none 

has investigated the effects of differing harvesting levels in a natud system. Hall and 

Bawa (1993) suggested detailed biological investigations regarding the abundance and 

distrîbution of NTFP and investigations regarding the effects of a range of harvesting 

intensities on population dynamics as necessary. They also recognized the need for long 



tem monitoring in order to ascertain secondary harvesting effects in the ecosystem that 

might not be immediately evident. Boot and Gullison (1995) suggested that demographic 

models, which create a three dimensional forest based on species, age and location of trees, 

should be created and used to test the effects of harvesting at various intensities. These 

spatial, individual-based models may have the ability to predict the ecological maximum 

sustainable harvesting intensity (Boot and Gullison 1995). Modeling may be possible for 

some NTFP but it is unlikely to perform accurately for al1 plants or plant parts. 

Furthemore, the range of possible harvesting intensities tested should be investigated with 

respect to economic retums, and then the models should start testing at the minimum 

harvesting intensity that would be economicaiiy viable (Boot and Gullison 1995). The 

range of harvesting intensities would be bounded then by the economical minimum and the 

ecological maximum (Boot and Guilison 1995). 

The elements aECecting the relationship between harvesting intensity and effects on 

a forest are: (i) the number and strength of interactions between the NTFP and other 

species in the comrnunity , (ii) the relative abundance of the NTFP, (iii) the type of plant 

tissue harvested and (iv) the extraction method (Boot and Gullison 1995). However, the 

dynamic nature of forest systems increases the dificulty in deciding what level of impact 

on the ecosystem is acceptable (Boot and Gullison 1995). 

1.4 Nonsustainable Harvesting of NTFP 

The harvesting of any NTFP will produce a measurable effect on the structure and 

population dynamics of the target species (Peters 1994). Minimizing these effects is the 

goal of NTFP management activities (Peters 1994). The two key aspects important to the 

sustainable harvesting of NTFP are: (i) the harvesting intensity and (ii) the type of plant 

tissue harvested (Boot 1997). The harvesting of reproductive propagules. like seeds and 

fruits, is thought not to affect the parent plant, but only this plant's ability to establish 

seedlings (Peters 1994, Boot 1997). On the other hand. harvesting the rhizome. as in 



ginseng (Lewis and Zenger 1982). or the shoot apical meristem of the palm tree (pah 

heart) (Broekhoven 1996) results in the destruction of reproductive adult plants in the 

population. Even so, conservation and development specialists frequently assume that the 

extraction of NTFP does not affect the ecosystem structure and function and/or is 

sustainable for the NTFP plant population (Velhquez Runk 1998). 

1.5 Medicinal NTFP 

Medicinal plants have received special attention in recent years and have always 

been of pharmaceuticai interest as a source of new drugs. Medicinal NTFP often serve as 

prime examples of how NTFP have been harvested in a nonsustainable rnanner in the past. 

A high profile example is the case of taxol, a dmg isolated from the bark of Tuus 

brevifolia (western yew me). Taxol is regarded as one of the most important advances in 

cancer research in recent history (De Geus 1995). As a result of medicinal properties, the 

total volume of Tarus bark harvested in British Colombia almost tripled from 199 1 to 

1993, to approximately 35,000 kg dry mass (De Geus 1995). 

The World Health Organization concluded that traditionai medicines are necessary 

to meet the minimum heaith requirements of developing countries (Croorn 1983). There 

has also ken phenomenal growth in the herbal remedy market in Europe and Amerka in 

the past decade. This is evident in the popular media which are littered with advertisements 

for Ginkgo biloba, Echhacea spp. and St. John's Won (Hypericum spp.) as health 

supplements. Consequently, many medicinal plants are king harvested without any 

information on the effects of hwesting. The harvesting of American ginseng ( P a n a  

quinquefolius) for export to the Asian market is an example of what can happen when 

harvesting is conducted without regard for the sustainability of such actions. Once 

abundant in eastem North Amerka, American ginseng is now considered threatened, rare, 

or endangered in various parts of its natural range due to the unsustainable harvesting of the 

rootstofks (Lewis and Zenger 1982). if politicims decide to advocate sustainable 



harvesting systems, and the socioeconomic circumstances are favorable, -archers must 

be prepared to devise these systems (Boot and Gullison 1995) for ail NTFP with economic 

potentiai. 

1.6 What is Sustainable Harvesting? 

There has ken much debate over what constitutes sustainable harvesting. ui the 

simplest terms, sustainable harvesting is the removal of products by hurnans at a rate that 

does not exceed the rate of regeneration (Harnes 1987). Peten (1994) defined sustainable 

harvesting as 'harvesting of product that cm continue indefdtely from a finite forest area 

with minor effects on the structure and dynarnics of the NTFP plant population.' Hall and 

Bawa (1993) have a much stricter idea of sustainable harvest: 

"...extraction is considered sustainable if the harvest has no long term 
deleterious effect on the reproduction and regeneration of populations 
king harvested in comparison to equivaient non-harvested natural 
populations. Furthemore, sustainable harvest should have no 
discernible adverse effects on other species in the comunity, or on 
ecosystem structure and function." pg. 235 

This definition is more complete as it includes the reproduction aspect of a population king 

harvested as well as ecosystem structure and function. 

One of the main concems behind conservation efforts is the presemation of 

biodiversity. Ensuring that the number of plants is large enough for sexual reproduction to 

occur, allows for greater genetic diversity within the population. Hall and Bawa's (1993) 

definition also includes the role the harvest species plays within the ecosystern, recognizing 

that the selected hwest species is not only an entity unto itself but is also part of a cornplex 

system. The removal of any plant or plant part in large quantities may have effects on the 

rest of the ecosystem and these effects must be considered. 

However, Boot and Gullison (1995) felt that Hall and Bawa's (1993) stringent 

definition goes too far. They argued that it is unreasonable to requin the harvesting of 

significant quantities of any forest product to cause no changes in the ecosystem. Boot and 
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Gullison (1995) asserted that it is difficult enough to find sustainable uses of NTFP 

withwt insisting that the harvesting of NTFP have absolutely no discemible effects. 

Furthemore, Boot and Guliison (1995) contended that NTFP must cornpete with other 

f o m  of land use and that we should be more flexible in Our acceptance in changing the 

composition and relative abundance of species in managed forests. They suggested that a 

harvesting system should only be required to result in no loss of species and no ineversible 

changes in ecosystem processes. Petea (1994) stated that. if perfomed on a sustainable 

basis, the exploitation of NTFP renden a unique means by which to use the forest for 

revenue and still maintain most of the biological diveaity and ecosystem hnctions such as 

soi1 fenülty, prevention of soil erosion. water filtration for controlled runoff, carbon 

storage and climate regulation. Johnston (1998) pointed out that NTFP extraction may 

only be economically viable when the product is in high abundance, as may be the case 

with low divenity forests, such as the northem boreal forest which covers much of 

Canada. 

1.7 NTFP Research in Canada 
Across Canada, research into NTFP is still in its early stages and most of it has 

been concentrated on the market for these products. In particular, ample research has 

focused on mushrooms and other fungi in the States of the Pacific Northwest and British 

Columbia due to the lucrative Asian market (Anon 1990, FBM Consulting Ent. 1989, De 

Geus 1992). In Saskatchewan, a market analysis of NTFP has been carried out through 

the Prince Albert Mode1 Forest. Recentiy, in Manitoba a small number of projects 

investigating NTFP has k e n  completed. Dr. Robin Mules of Brandon University finished 

a project entitled 'Traditional Plant Products of Abonginal People in the Northwest Region' 

helping First Nations people in Alberta, Saskatchewan and Manitoba to inventory NTFP, 

especially those of culinary or medicinid value. In the department of Botany ai the 

University of Manitoba former gnduate students Jennifer Barker (1997) and Candace 



Turcotte (1997) each completed a thesis on the NTFP. Vaccinium myrtr'110ides (velvet 

leafed blueberry) and Polygala senega (Seneca snakemt), respectively. 

1.8 Need for NTFP monitoring program implementation 

Aboriginal Canadians require more oppominities for economic ventures and are 

concemed with preserving their culture and conserving the ecosystem around them. 

Harvesting of NTFP is believed to be an excellent way to provide employment in forested 

regions and conserve forests. These reasons provided the impenis for the creation of 

monitoring protocols for the sustainable harvest of NTFP in the boreal forest region of 

Canada. 

1.9 Study Objectives 

The fust objective of this study was to establish monitoring protocols for two 

boreal NTFP plant species using various harvesting intensities. This is the fust cime a 

study monitoring the effects of various harvesting intensities on NTFP has k e n  

performed. The monitoring protocols were designed to monitor plant productivity and 

detect changes due to harvesting intensity. The term plant produftivity for this study does 

not mean the net primary productivity, or the rate at which the plants conven energy into 

plant tissue. The term productivity is loosely used to refer to the production of vegetative 

and reproductive units from one year to the next. The second objective was to include First 

Nations leaders and elden to guide us in the direction they were most interested in with 

respect to NTFP. Finally, the principal objective was to collect data from the monitoring 

protocols for two growing seasons, analyze the data to test the effects of the various 

harvesting intensities on the NTFP, and make recommendations for the refnement of the 

monitoring protocols. 



1.10 Community (Reserve) Selection 

The Department of Indian and Northem A f f '  was contacteci for a list of chiefs 

and associated reserves in Manitoba and Ontario. Letters of inquiry (Appendix 1) were sent 

to 20 chiefs of reserves within a four hour driving radius of Winnipeg. A self-addressed. 

starnped envelope was enclosed with each letter and a reply fom which asked them to 

respond either positively or negatively to the proposed study. M e r  telephone 

conversations and initiai meetings with the chiefs and the elden from some of the 

cornmunities. two locations were chosen for field study: Sagkeeng First Nation (MB) and 

Ojibways of Onegaming (ON. Figure 1.1). These reserves were chosen because of the 

positive and enthusiastic attitudes of the chiefs, environmental officers and elders to the 

proposed study. 

1.1 1 Study species selection 

During the meeting with the Sagkeeng elders, many plant species were discussed 

as possible candidates for study. The cnteria for species selection were: 

i) plants with high frequency and abundance; ii) plants traditionaiiy used by the 

community; iii) plants with potential market value . Acorus americanus (Figures 1.2 and 

1.3) and Vaccinium angustifolium (Figure 1.4) were agreed upon as appropriate study 

species. 

At meetings with the chief. environmental officer and elders ai the Ojibway of 

Onegaming, many of the same species were discussed. For the purpose of consistency 

between studies, it was agreed that A. nmericanus and V. angustifolium would be 

appropriate study species for this location, as elden believed thai both species were 

relatively frequent and abundant. 
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Figure 1.1 Map of eastem Manitoba and western Ontario showing the locations of 
Sagkeeng First Nation and Ojibways of Onegarning First Nation. 



Figure 1.2 Acorus mericcuws (Sweet flag) 

Figure 1.3 Uncleaned rhizome of A. americanus 



Figure 1.4 Vaccinium mgustifolium (low bush blueberry). 



C H A P T E R  2 L [ T E R A T U R E  R E V I E W  

2.1 Acorus americanus 

2.1.1 Taxonomy 

At the present time, Acorus L. is considered to be the only genus in the family 

Acoraceae. Previously, this taxon was included as an aberrant genus in the family Araceae 

(Thompson 1995). Grayum (1987) removed Acorus fiom the Araceae and cnated the 

family Acoraceae using 16 specific Lines of evidence. A thorough examination of the 

Araceae and Acoraceae f ad ies  was completed by Thompson (1995). Since Grayum's 

(1987) paper, the family Acoraceae has become widely accepted (Cronquist 1988, Thome 

1992, Thompson 1995). Molecular evidence using the rbcL gene sequences also 

substantiates this concept (Duvall et al. 1993). Furthemore, genetic evidence (Duvall et al. 

1993. Nickrent and Soltis 1995) suggests that Aconrs is one of the oldest extant lineage of 

monocotyledons. 

Taxonornic uncertainty has aiso been prevalent at the species level in the genus 

Acorus. Until recendy, only one species, A. calamus L., was recognized by most North 

Amencan floras (Hulten 1962, Locock 1987, Scoggan 1978). Packer and Ringius (1984) 

were the first to provide evidence that A. americanus (Rafinesque) Rafinesque is a species 

separate and distinct from A. calamus. Theù findings were based on differences in ploidy, 

pollen stainability and fmiting capability between A. calamus and A. americanus. 

Thompson (1995) was the fmt to describe vegetative differences between A. americanus 

and A. calamus using leaf venation. A. omericanus possesses several equally prominent 

veins compared with A. calamus chat has one prominent midvein. Table 2.1 provides a 

summary of major differences between the two species. 



Table 2.1 Summary of differences bctween Acorur mericanus and 
A. cahmus in North Amenca (Thompson 1995). 

A. americanus A. calamus 

Leaf venation Several i equally One prominent 

prominent veins midvein 

Reproduction 

B-asarone 

Gerany lacetate 

Uromyces sparganii 

infections 

Pollen stainability 

(1 % aniline blue cüsolved 

in lactophenol) 

Ploidy 

Native status 

Sexual and asexuai Asexual only - sterile 

in N. Amenca 

Regularly produces Never produces 

mature fruits mature fruits 

Absent Present 

Present ~bsent  

Susceptible Unknown - presently 

never observed 

Diploid (2n=24) 

Native; possibly 

endemic to 

Great-Lakes region 

Triploid (2n=36) 

Introduced 



2.1.2 Description of Acorus americanus 

(a) Raunkiaer life-form. 

According to the Raunkiaer classification system, A. americanus is a geophyte, a 

plant that survives unfavorable conditions by means of an underground organ, such as a 

rhizome, with buds on this organ generating new aerial shoots when conditions are 

favorable (Aliaby 1992). A. americanus is an aquatic to semi-aquatic perennial wetland 

herb with long, ensiform. equitant vegetative leaves, a solitary spadix that diverges fiom a 

fused peduncle and sympodial leaf; the upper sympodial leaf extends beyond the spadix, 

but is not a tme spathe; reproduction is by seeds and rhizomes (Grayum 1987, Thompson 

1995) 

(b) Shoot morphology. 

Small clusters of bright green leaves sprout from a shallow, compact network of 

rhizomes (Dykyjova 1980). Leaves are not differentiated into petiole and blade and 

possess severd prominent veins running parallel the length of the leaf. Vegetative leaves 

range in length from 46 - 145 cm, averaging 94 cm; in width they range from 3 - 12 cm, 

averaging 7 cm (Thompson 1995). Sympodial leaves are usually about equai to or slightly 

longer than vegetative leaves. A. amerz'canus is aptly caiied 'Sweet Fiag' because the 

leaves have a distinctive, pleasantly sweet odor. 

(c) Rhizome and Root morphology. 

The extensive branching network of rhizomes that are positioned at the water-soi1 

interphase, giving rise to numerous above ground shoots, is often mistaken as several 

plants (Bucher et al. 1996, Motley 1994, Thompson 1997). Many long white mots emerge 



from the lower surface of the rhizome to anchor the plants to the substrate and also 

presumably hinction in nutrient absorption. 

New, young rhizomes are produced over the summer period, and starch 

accumulates in the early summer in the old rhizomes (Bucher et ai. 1996). The rhizome is 

the storage organ that allows the plant to survive the winter. New shoots are produced in 

the late fa11 and remain small and dormant untii the spring when starch supplied by the 

rhizomes provides energy for rapid shoot growth. Dykyjova (1980) has shown that a cold 

pied simulates winter, enabling nomal sprouting of shoots and invigoration of Acorus 

plants in greenhouses. Plants exposed to a cold treatrnent had a greater leaf area, shoot dry 

mas ,  below ground dry mas, below/above ground ratio and total grarns of carbon 

(Dykyjova 1980). Interestingly, rhizomes planted in soi1 and subrnerged in water produced 

new rhizomes and shoots without a cold treatrnent (personal observation). However, the 

shoots did not appear to grow vigorously. Dykyjova (1980) ais0 observed a constant 

Acorus below ground (g-m-')/above ground(gm") ratio from year to year because new 

shoots are produced on newly sprouting rhizomes and al1 dong the length of old rhizomes 

as well. In a natural environment, Dykyjova (1980) observed RB ratios of 1.85- 1.96. 

(d) Inflorescence. 

The combination of sword-shaped leaves and solitary elongate inflorescence, a 

spadix borne about midway on the sympodial leaf, rnakes A. americanus uniqueiy 

identifiable among North American plants (Thompson 1997). Flowen of A. urnericonus 

are small(2 - 3 mm in diameter), perfect, densely aggregated on a spadix, trimerous, 

perigoniate with 6 light brown tepals (Grayum 1987. Thompson 1995. Thompson 1997). 

Dry bemes, ngularly produced by A. americanus, are obpyramidal, 4 - 6 mm in size and 

light brown to reddish in color. Fruits contain six to nine narrowly oblong to obovate 

seeds, 3 - 4 mm in length (Thompson 1995). 



(e) Chromosome number. 

A. americanus is a fertile diploid with a chromosome number of 2n = 24 (Packer 

and Ringius 1984, Thompson 1995). 

2.1.3 Geographic range 

A. americanus is distributed in temperate to subtemperate regions fiom 

Newfoundland to British Columbia and from the Northwest Temtories and Alaska to the 

nonhem United States (Motley 1994, Figure 2.1, Table 2.2 ). Recently, Evstatieva (1996) 

identified Mongolian specimens as A. americanus since the plants apparently lack Basarone 

(see Table 2.1) and are diploid. Further investigation is required to examuie if the 

geographic range of A. americanus should be expanded to include Mongolia. 

North American and European triploid A. calamus show genetic uniformity with 

regard to factors goveming oil production, supporting the theory that European settiers 

introduced the plant to North America (Rost and Bos 1979). Further, the iimited 

distribution of A. calamus in North America aiso supports the introduction theory (Packer 

and Ringius 1984, Thompson 1995). As d l  Acorus was originally thought to be A. 

calamus, it was therefore believed that al1 Acorus was introduced to North America from 

Europe (Packer and Ringius 1984, Thompson 1995). As two species of Acorus have 

now been recognized (Thompson 1995), we cm now distinguish that one species was 

in~oduced and the other is native. Acorus calamus was introduced from Europe, probably 

before the end of the 17th century (Thompson 1995). Acorus americanus is considered to 

be native to North America. It is most commonly found from the Atlantic 

provinces to the Great Lakes region suggesting it may be endemic to those areas 

(Thompson 1995). Interestingly, the present geographical distribution of A. urnericartus 

and of aboriginal Arnerican people are very similar. This correlation, as well as repris of 

low genetic diversity, suggest that the current distribution of A. americanus was likely 



Figure 2.1 North American distribution of Acorics americaniis (Packer and Ringius 1984, 
Thompson 1995, University of Manitoba (WIN) herbûnum distribution map, 1999). 



Table 2.2 Geographical distribution of Acoru omericanus in North Arnerica 
*Provinces and States with both A. mericanus and A. culamus 
(Thompson 1995). 

Canada 

Alberta 

British Columbia 

Manitoba 

New Brunswick* 

New foundland 

Northwest Territories 

Nova Scotia* 

Ontario* 

Prince Edward Island 

Quebec* 

Saskatchewan 

United States 

Aiaska New Hampshire* 

Connecticut* New Jersey* 

District of Columbia New York* 

Idaho North Dakota 

Minois* Ohio* 

Indiana* Pennsylvania* 

Iowa* Rhode Island* 

Maine* South Dakota* 

Massachusetts* Vermont* 

Michigan* Virginia* 

Minnesota* Washington 

Montana Wisconsin* 

Ne bras ka* 



determined by the trade. transportation and cultivation of A. umericanus by aboriginal 

Amencans (Thompson 1995). hdeed. Love and Love (1957) believe A. arnericanus has 

ken a member of the North Amencan flora since the early Tertiary, prior to the last 

glaciation, about 60 million yean ago. 

2.1.4 Physical Habitat 

A c o m  americanus is uncornmon but widely distributed in littoral, wetland 

regions in Canada and the United States (Packer and Ringius 1984, Thompson 1995). It 

tends to have a very patchy distribution, with high abundance in certain localities (Shay 

1996). 

In a field experiment, Dykyjova (1980) showed that Acor~s plants grown in 

hydroponic sand cultures in 25% - 300% range of undefined nutrient solutions achieved the 

greatest biomass in a 50% nutrient solution. Therefore, Dykyjova (1980) concluded that 

Acorus is adapted to nutrient poorer, sandy habitats. As Dykyjova (1980) did not identify 

the nutrient solution used it is ciifficult to determine if his conclusions are indeed correct* 

2.1.5 Reproduction 

Observed allele frequencies using isozyme electrophoresis among individuals in 

A. americanus populations suggest that this plant reproduces mainly vegetatively through 

rhizomes (Thompson 1995). Although seeds are regularly produced by A. americanus. it 

seems that large clonal populations are more cornmon than individuais produced from seed. 

Altematively, the allele frequencies could suggest that sexual recornbination is Limited as a 

result of inbreeding (Thompson 1995). 

Due to the medicinal properties of Acorus, researchea (Harïkrishnan et al. 1997) 

have investigated methods to increase the vegetative propagation of plants. 

Conventiondly, eoch bud produces a single shoot thereby lirniting the ability for rnass 



production of shoots. Harikrishnan et al. (1997) have developed tissue culnin techniques 

using BAP (dbenzy~aminopu~e) and NAA (naphthaleneacetic acid) as growth regulators, 

on a MS (Murashige and Skoog) solid medium that induces multiplication of shoots to 

facilitate mass production of rhizomes. 

2.1.6 Biochemistry 

The rnedicinal value of A c o m  rhizomes is believed to be in large part due to the 

chemical constituents of the essential oil. The main constituents of the essential oil of A. 

calamus leaves and rhizomes are asarone and Basarone (Thompson 1995). On the other 

hand. the main oil constituent of the essential oil of A. americanus leaves is geranylacetate, 

while A. calamus does not contain any geranylacetate(Rost and Bos 1979). Interestingly. 

the rhizomes of A. americanus do not contain any LI-asarone; the main constituents of the 

essential oil are shyobunones and other unknown compounds (Rost and Bos 1979). The 

concentration of chemical components varies within different plant parts and between plants 

(Rost and Bos 1979). Environmental fators likely play a major role in vanations in the 

concentrations and composition of the essential oils (Evstatieva 1996). Studies 

investigating the pharmaceutical properties of A. americanus oil are reviewed by Locock 

(1987). 

Acorus rhizomes have a rich minerai content. Essential nutrients such as N, P, 

and K accumulate in large quantities in Acorus leaves and rhizomes (Dykyjova 1980). 

Samudralwar and Garg (1996) report that the rhizome of A. calamus (tetraploid) is 

relatively rich in Fe and Br content, 355 and 20 pg/g dry mas ,  respectively. This may 

account for its reported medicinal value for restoring energy and vigor. 



2.1.7 Ethoobotany 

A. mericonus has been used medicinally for hundreds, if not thousands of years 

in North America, Europe and Asia (Densmore 1974, Enchsen-Brow n 1980, Kindsc her 

1992, Motley 1994, Thompson 1995). In Manitoba and Ontario. some of the aboriginal 

names used for Acorus are: (1) Cree: weekas, wee-kess (= muskrat root), pow-e-men- 

arctic (= fue root, bitter pepper root); and (2) Ojibway: wike, wükenh, wika, wikén. A 

comprehensive list of cornmon names for Acorus used by Native American groups bas 

been completed by Thompson (1995). Acorus also has many common names world wide 

some of which are presented below: 

beewort 
bitter pepper root 
calamus 
cinnamon sedge 
dmg sweet flag 
fm 
flag root 
gladdon 
muskrat mot 
myrtle flag 

myrtle grass 
myrtle sedge 
E'ePPer root 
pine root 
rat mots 
reed acorus 
sweet calomel 
sweet cane 
sweet cinnamon 
sweet flag 

sweet flagroot 
sweet grass 
sweet root 
sweet rush 
sweet segg 
water flag 
yellow flag 
(Motley 1994, 
Coon 1977). 

According to legend, Acorus was fint introduced to aboriginal people by the 

muskrat. The Penobscot (a northeastem Algonquian people who live south of the St. 

Lawrence River) use the muskrat root (Acorus) as a cure for cholera. It is believed that 

calamus is the food that makes the excrement of the muskrat 'meager' and will affect 

humans in a similar manner. This knowledge was imparted to the Penobscot shaman by 

the muskrat spirit during a drearn at a tirne when his people were plagued by a sickness that 

was killing many people. In a vision, the muskrat spirit told the man where the Acorus 

was growing. The shaman awoke, acquired the muskrat root. He prepared the medicine 

and his people were cured of the illness that plagued them (Erichsen-Brown 1980). 

The uses for Acorus in aboriginal culture are quite extensive. Acorus, as with ai l  

traditional medicinal plants, has spirituai significance and has been used in a religious way. 

For exarnple, pieces of the rhizome tied to the clothing or blankets of children were 
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believed to keep night spirits at bay (Erich~en-Brown 1980). Additionally, Teton-Dakota 

wwiors chewed the root and smudged it on their faces to prevent fear and excitement when 

going to battle (Erichsen-Brown 1980). Further, the Ojibway used the Acom root tea on 

al nets to aid in the catching of white fish by scenting the nets with a sweet smeU 

(Eric hsen-B rown 1980). Indeed. the Iroquois regarded Acorus as an important medicinal 

plant for improving one's singing voice for ceremonid purposes (Erichsen-Brown 1980). 

Angier (1972) reported that the young flower stalks of fresh Acorus can serve as 

emergency food in the spring. However. most documented cases of the use of this herb 

are to relieve andor heal several common sicknesses and ailments. It is for this reason that 

so much information has k e n  written on the virtues of this herb. Indeed, Rafinesque listed 

A. americanus in his medical flora as one of the most promising candidates for medical 

study (FIannery 1998). Comprehensive ethnobotanicai uses of Acorus by Native 

Americans and Europeans are found in Motiey (1994) and Thompson (1995). Some 

selected uses are compiled in Table 2.3. 

The traditional native medicai systern was tailored to the diseases and disordea of 

a people who sustained themselves entirely off the land. The focal point of this medical 

system was based on heaith maintenance and the prevention of disease. The basic 

requirements of the traditional daily life necessitated that they be in good heaith. Therefore, 

it was not an incidental matter when someone was sick. Any illness could have significant 

social impact by preoccupying and disrupting the ability of families and communities to 

cope (Marshall et al. 1989). 

It was in the late 1800s that the Canadian govemment oudawed many forms of 

traditional native religious expression (Pettipas 1989). The medicine men and shamen were 

targeted by the Canadian govemment and Christian missionaries because they were 

recognized to have great politicai power over their associated groups (Zieba 1990). 



Table 2.3. Selected traditional uses of Acorus iunericanus. 

Bowel pain 

Burns 

Chest pains, 

lower back pain, 

neck pains, throat 

infection and 

whooping cough 
Colds 

Coughs 

Diabetes 

Earache and 
toothache 

Flatulence 

Headache 

The natives of Montana boiled the root of calamus in water and 
drank it to induce abortion (Weiner 1980). 

The Cree chewed about one inch of caiamus root that was about 
the thickness of a pencil (Cnimp 1967). It is considered a strong 

stimulant by the Cree and may be hducinogenic (Lewis and 

Elvin-Lewis 1977). 
The Cree boiied the mot of calamus with the tips of sptuce (Picea 

sp.) needles to yield a green symp (Crump 1967). 

The C h e y e ~ e  drank an uifusion of the calamus root boiled in 
water to alieviate bowel pain (Vogel 1970). 

The boiled mots of caiamus were directly applied to burns by the 

Meskwakis (Weiner 1980). 

The Cree used the root in a decoction to treat ail of these ailments 
(Howarth and Keane 1995). 

The mot stock was masticated, h n k  in a decoction or used in a 
smoke treatrnent by Plains natives (Kindscher 1992). The Cree 

smoked the dried calamus root in a pipe to cure col& (Howarth 
and Keane 1995). The Chippewa drank a decoction of the root or 
snuffed up some of the dried root after it had been powdered 
(Erichsen-Brown 1980). 

The dried mots of wild srnaparilla (Aralia nudicaufis) were 

powdered and steeped with the mots of calamus to make a cough 
synip used by the Penobscots (Vogel L970). 
When the mot stock was masticated regularly it reportedly cured 
the Dakota people of their diabetes (Kindscher 1992). 

A softened or chewed root was placed in the ear/tooth by the Cree 
(Howarth and Keane 1995). 

Natives of the Plains region used an infusion of the pounded m t  

as a carminative (Vogell970). 
The Cree smoked the dried calamus mot in a pipe to cure 



headaches (Howarth and Keane 1995). 

Hemorrhage The Forest Potawatomi described this medicine as bitter as gall 
and caution that ody a small piece of the calamus root was 
necessary for the followhg recipe: Chips from the heartwood 
from a four-inch piece of ironwood (Ostrya virginium), arbor- 

vitae. calamus mot, handful of the root bark of the cornmon 
s hining willow (S& lucida),2 quarts water. The ingcedients 
were placed in a pot and boiled until reduced to one pint. One 
tablespoon was ingested every hour until hemorrhaging stopped 

(Erichsen-Brown 1980). 

Indigestion The following was a recipe to treat indigestion: 1 tsp. dried mot, 

1 cup boiling water. One to two cupfuls a day was to be dmnk 
several sips at a time (Angier 1972). 

Joint and muscle The powdered mots of calamus. yeîlow pond lily (Nuphar 

pain, headache, variegatm) and cow parsnip (Heracleum lunutum) were 
rheumatism and combined and used by the Cree to treat this ailment (Howarth and 

swellings Keane 1995). 

Govemment thought it would be easier to dismantle the native societies and Westernize 

them by outlawing the religious ceremonies and oppressing the healers. Fonunately. many 

isolated communities in northem Canada did not have permanent settiements until the fmt 

half of the 20th century, thereby ailowing traditionai native medicines to exist in the 

absence of European medical systems. 

%y the 1940's or 1950's many of the northern communities received permanent 

nursing stations where they could receive contemporary medical services. These were well 

received by the aboriginals since traditionai medicine could not battle tuberculosis and other 

foreign diseases resulting from European contact. With the establishment of permanent 

cornmunities. Christian churches and conventional medical services, many of the traditional 

medical practices were ridiculed. However, traditional medicines continued to be used, but 

often in a coven fashion (Marshall et al. 1989). 
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Acorus has k e n  desccibed by historians as a pmacea in native medicine due to its 

numerous medicinal uses (Locock 1987. Motley 1994, Thompson 1995). However. 

Acorus species have k e n  used to mat very similar sicknesses and ailments across a variety 

of cultures (Motley 1994). This information. and the fact that Acorus continues to be used 

for similar ailrnenü to the present day, irnplies that the medicinai constituenu of Aconu 

species Likely have some effectiveness in treating these ailments. 

Presently, there appears to be a revival of traditional native medicines and 

ceremonies. With the arrivai of self-government, old traditions are once again openly 

embraced by the native societies. Younger generations of natives and Euro-Canadians are 

being taught to respect the ancestral native culture. Younger generations of natives, blind 

to the negative attitudes their parents were subjected to by the church and govemment 

concerning their language. culture and religion, cm more freely accept vaditional medicines 

from the ever dwindling numbers of elders that still remember the remedies and ceremonies 

(Zieba 1990). 

No information on the e ffects of harves ting Acorus americanus has been 

discovered. As herbal medicines increase in popularity, the commercialized harvesting of 

this plant may be inevitable. Teas containing Acorus are presently available in natural and 

health food stores. Furthemore. a pharrnaceutical Company interested in harvesting 6000 

kg of Acurus rhizome, contacted the University of Manitoba Botany department for 

information on Acorus distribution in the province (Punter 1995). Evidently, the demand 

for this herbal medicine is present and with the rising interest in 'naturaf' medicines, the 

market is growing. 

As the rhizome appears to be the p r i m q  rneans of reproduction for this plant and 

is the organ harvested for its medicinal value. we musc be very careful in establishing 

harvesting guidelines so Acorus populations are not devastated. Although studies have 

established the correct nomenclature and basic biology of A. americanus, information on 

the eEecis of rhizome harvesting ;ire lacking. ui the interest of protecting this plant and 

other species that coexist in the fragile wetland habitats it occupies, it is impentive to 



discem the effects before large scale harvesting occurs. In addition, the First Nation people 

must be included out of respect for the knowledge and healing they have shared and 

because they continue to rely on A. cunericunus for medicinal purposes. 

2.2 Vaccinium angustifoliunt 

2.2.1 Taxonomy 

Vaccinium angustifioliurn is a member of the family Ericaceae, also known as the 

heath family. The Ericaceae is cosmopolitan in its distribution. Most members are found 

on acidic soils and are generally shrubs, sub-shnibs or woody perennial herbs, but some 

are considered trees and vines (Smith 1977). 

The genus Vaccinium L. is represented by 10 sections and 26 species in North 

Amerka (Vander Kloet 1988). Vaccinium unguîzifofiurn Ait. (Sweet Low bush Blueberry) 

is a member of the section Cyanococcus. Memben of the section Cyanococcus possess the 

following morphological characteristics: (a) current season twigs are warty in appearance; 

(b) develop floral and vegetative bu& in the leaf axils; (c) buds are covered with more than 

five scales and floral buds are rotund and at lest  twice the size of vegetative buds; (d) Bat- 

topped or round-topped inflorescences with the lower pedicels longer than the upper 

pedicels (corymb); (e) the pedicel is articulated with the calyx ; (f) the corolla resembles a 

srnail pitcher (urceolate) or bell; (g) the starnens do not project beyond the sunounding 

pans and do not possess a bristle-üke appendage at the tip (awnless); (h) the beny is 

pseudo 10-loculed (Vander Kloet 1988). 

Five of the nine species within the section Cyanococcus are diploid (2n = 24). 

Three of the remaining spcies are ietraploid (2x1 = 4x = 48), including K angustifoliunz, 

and are likely hybrids onginating from the 2n = 24. Finally, V. corynibosw, is a special 



hybrid case that contains diploid, tetraploid and hexaploid lines (2n = 6x = 72) (Vander 

Kloet 1978, Vander Kloet 1988). 

2.2.2 Description of Vacciniurn ongustifolium 

(a) Raunkiaer life-form. 

Vaccinium angustifolium is a charnaephyte as described by Raunkiaer's 

classification system. Futhermore it is a low, deciduous , perennial shmb with palatable 

blue fmits and reproduces by rhizomes and seeds. 

(b) Shoot morphology. 

Mature stems are woody, glabrous, ascending and on average 20 cm in height up 

to a maximum of 50 cm (Hall et al. 1979). Current season twigs are green or glaucous, 

angular, vermcose and glabrous to pubescent (Vander Kloet 1988). Large flower buds are 

borne terminally, whereas, vegetative buds are smder, more lanceolate and borne 

proximaliy. Simple leaves are elliptical, glabrous, with a sharply serrate margin and have 

an altemate, spiral arrangement. New shoots or stems are produced from buds that occur 

on the woody rhizome (Barker and Collins 1963, Kender et a[. 1964). Using leaf 

characteristics, il angustifolium can be easily distinguished from V. myrrilloides, a close 

relative that often occupies the same habitat. V. myrtilluides has pubescent leaves with 

entire margins compared with serrated leaves of V .  ongustifolium. New shoots anse 

vegetatively from the woody rhizomes. 

(c) Root morphology. 

V .  ang~istifoliunr produces a large tap mot system (Hdl 1957). Ha11 ( 1957) 

described tap roots with more growth layers than associated rhizomes, suggesting that the 



root was older than the rhizome. Adventitious mots arise at several points from decumbent 

stems (Nams 1994). 

(d) Inflorescence. 

V. angustifolium flowers are borne in racemes. Typical flowers have five sepals, 

and five fused petals that fom a beU-shaped corolla, 10 stamens fused to the corolla and 

five fused caqels forming an inferior ovary. The fruit is a berry with few to many seeds. 

Bell (1957) found an average of 13 perfect and 50 imperfect seeds per V. angustifolium 

berry. Interestingly, he also found larger bemes have a much greater proportion of perfect 

seeds. However. Kushima and Austin (1979) found the number of perfect seeds and berry 

size in V. ashei, only correlate if the berry size is > 1.78 g, a condition frequently observed 

in cultivated varieties but rarely observed in wild populations. Furthemore, Vander Kloet 

(1983) observed that the number of perfect seeds is correlated with pollen viability 

especially when pollen viability is low. 

(e) Chromosome number. 

Vander Kloet (1988) reports the chromosome number of V. angustifolium as 2n = 

48. V. ungustifolium is consistently a tetraploid (Vander Kloet 1978, Vander Kloet 1988). 

The tetraploid condition may be a result of the production of diploid (unreduced) garnetes 

(Vander EUoet 1988). Diploid gametes may stem fiom irregular pairing of the 

chromosomes, resulting in the occasional occurrence of tetraploid or hexaploid plants 

(Vander Kloet L988). 

2.2.3 Geographic range 

V. angirstifollium is endemic to North America, extending from Labrador and 

Newfoundland. 57" N in Quebec, West to southern Manitoba and Minnesota, south to 
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northem minois, Pemsylvania and Delaware. and in the Appalachian mounrains to Vugiaia 

and West Vùginia, 37" N (Figure 2.2) (Vander Kloet 1978, Haii et al. 1979). 

2.2.4 Physical Habitat 

(a) Climatic conditions. 

Vaccinium ungustifolium, present in a vast portion of eastem Noah Arnerica. 

tolerates a broad range of climatic conditions (Hall et al. 1979). Climatic conditions are 

believed to influence berry production and seedling germination. Snow cover helps to 

mitigate winter temperatures in Canada and the United States for V. angustifolium and 

other chamaephytes (Hall et al. 1979). Floral buds are produced the autumn prior to 

flowering. For this reason, the winter climatic conditions preceding the summer play an 

important role in berry production. Insuffkient snow accumulation may result in a loss of 

bemes due to frost damage of the floral bu&. In addition, relative hurnidity may be an 

important factor influencing fmit production (Hall et al. 1979). Seed germination is 

dependent on long periods of rain in the late summer or early fa11 (Hall er al. 1979). 

(b) Edaphic conditions. 

V. angustifoliwn grows and reproduces successfully by rhizomes on organic and 

mineral soils. Optimum growth is attained with adequate soil moisture and aeration at a 

low pH, although V. anguîrfolium is capable of tolerating a broad range of soil conditions 

(Hall et al. 1979). Optimum soil pH ranges from 4 to 5 (Hall et al. 1964). Soils 

containhg a high percentage of Stone or grave1 are optimum for seedling emergence, 

growth and development (Hall et al. 1979). 



Figure 2.2 North Amencan distribution of Vuccinium angustifolium (Vander Kloet 1978, 
Vander Kloet 1988, University of Manitoba (WIN) herbarium distribution map, 1999). 



(c) Nutrient and Water conditions. 

The extensive rhizome system of this plant plays an important role in preventing 

soil erosion. When soil particles are washed into the rhizome-rwt-shoot network, new 

mots grow into the soil particles for mineral and nutrient absorption, thereby ntaining the 

soi1 (Hall et al. 1979). Vacciniwn species also have shallow mots that &se fiom the 

rhizomes. These mots are primarily located in the litter horizon and mainly function in 

nutrient absorption (Ingestad 1973). The extensive tap root system that m y  penetrate to 

depths greater than 1 m, d o w s  for greater water absorption from subsoii moisture reserves 

(Hall 1957). This may account for the ability of Vacciniwn angusrifolium to grow on 

extremely pwr soils while still produchg a heavy crop of fniit (Hail 1957). 

2.2.5 Plant Communities 

Vacciniwn angustifoliurn is an important component of the flora found in exposed 

headland vegetation, raised bogs, high moon, outcrops of the Canadian shield, and open 

to moderately shaded coniferous forests from the Atlantic provinces to Lake Winnipeg 

(Hall et (il. 1979). K angustifoliurn is most abundant in areas that have been disturbed 

through fa, clear-cut logging and infertiie abandoned agricultural lands in the Maritimes 

(Hall et al. 1979, Vander Kloet 1988). Some species cornmonly occurring in association 

with K angusti/oiium are: i l  myrtilloides (Velvet-leaf blueberry), Gaultheria procumbens 

(Checkerbeny), Fragaria virginiana (Wild strawberry) and Muiunthemwn canadense (Wild 

lil y-of-the-valIey) (Hall et al. 1979). 



2.2.6 Growth and Development 

(a) Morphology. 

Radicles emerge from Vacciniwn angustifolium seeds in 1 1-25 days. The 

cotyledons are oblong-eiiiptical and about 2 mm in length. The fmt tme leaves are more 

elliptical than the mature leaves, making V.  angustifolium seedlings difficult to identify. 

The seedling must reach a height of 7 - 10 cm before new leaves resemble those of a mature 

plant (Vander Kloet 1988). At this point. severai new shoots may arise from the root 

crown in the axils of the cotyledons. These shoots will grow taiier than the primary shoot 

which often becomes recurved (Vander Kloet 1988). Flowen and rhizomes seldom 

develop until four years pst-germination (Hall et al. 1979). When rhizomes develop. they 

are capable of growing up to 10 cm or 50 cm a year on mineral and organic soil, 

respectively (Hall et al. 1979). Some clones of V. angustifolium have been found to have 

rhizomes 10 m long (Hall et aL 1979). This aggressive development of the rhizomes 

allows for lateral colonization of surrounding areas (Barker and Collins 1963). New 

shoots arise from the rhizome sporadicaiiy, either by conversion of the apical meristem or 

from a bud on the axis of the rhizome (Barker and Collins 1963). With periodic buming, 

berry production is highest the year after the burn (Barker and Collins 1963). Subsequent 

berry production is reduced because of increased vegetative growth and decreased 

flowering (Barker and Collins 1963). 

(b) Physiology. 

Leaf maturity , temperature, and C O  concentration affect p hotosy nthetic rates 

(Foayth and Hall 1965). The rate of photosynthesis was greatest early in the day when 

carbohydrate levels are depleted (Hall et al. 1966a). Hall et al. ( 1979) reported that 

differences in light/dark regimes result in changes in growth patterns. For example, 16 

hours light and 8 hours dark per 24 hours at 18" C result in vigorous vegetative growth, 



whereas, 12 hours of light and dark per 24 houn at 18°C induces floral bud formation. 

Hall and Ludwig (L961) showed that by the time equinoctial conditions are reached in 

nature, the accompanying temperatures limit the growth of the plant. 

(c) Phenology. 

Vaccinium angustifolium is deciduous and therefore overwinters in a leafless 

state. In the spring. flower buds swell when the air temperature exceeds 10" C for three to 

four days (Hall et al. L979). Flowering starts about two weeks Iater and continues for 

about a month. Vegetative growth commences about a week after floral bud expansion and 

ceases in early July (Hall et al. 1979). Depending on the clone, leaf development precedes, 

occurs simultaneously with, or follows flowering (Hall et al. 1979). Leaves harden by 

mid-July, change color by late August. and fa11 by the end of October (Hall et al. 1979). 

Bemes begin ripening in late July and may continue until mid to late August in southem 

Manitoba and Ontario. The flower primordia begin to grow after vegetative growth ceases 

and continue into the fa11 until temperatures regularly fail below O" C (Hall et al. 1979). 

Some floral buds thai develop too early in the surnmer may develop prematurely into 

flowers before the winter. However, these flowers do not mature to fruit because of the 

onset of winter. 

2.2.7 Reproduction 

(a) Floral biology. 

Vaccinium angustifolium flowers are poilinated by insects. Stamens and stigmas 

are functionai as soon as the flower opens hilly. The receptivity of the stigma remains 

constant for four days; however, by the seventh day, it drops to 20% (Wood 1962). After 

fertilization. the corolla tums pink and rapidly degenerates. Researchers have shown thnt 

both male and female flowea range from highly infertile to highly fertiie (Haii and Aalders 
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196 1, Aalders and Hall 1963. Hail et al. 1966b). If a plant is highly infertile, flowen may 

be produced abundantly, but have Little to no h i t  set. Funher, the fertility of clones 

appears to be constant from year to year (HaU et al. 1966b). The fertility of the Vaccinium 

angustifoliwn plants plays a major role in the variability of the fmit produced each year 

(Aalders and Hall 1963). 

(b) Fruit set and berry development. 

Hall and Aalders (1968) used experiments in growth chambers to show that 

warmer temperatures help to speed h i t  maturity and ultirnate berry size. but not to alter 

fmit set. Although Vuccinium ungustifbiium plants cm set up to 100% of their blossoms 

with only native poliinatoa present in a natural sening, h i t  set rarely exceeds 40% (Wood 

1969). The best criterion for fruit maturity in V. angustiJolium is the appearance of the 

blue color (Hall et al. 1972). 

Berry production in V. angustifolium varies from very high yields to very low 

yields year to year. In long term studies. berry production exhibits the greatest fluctuations 

of al1 variables measured (Eaton 1994, Vander Kloet and Hill 1994). Although fluctuations 

in V. angustifoliitm beny yields are often attributed to climatic conditions, Hall et al. 

(1982) found no signiticant correlations between 27 years of cultivated berry yields and 

climatic conditions in Canada. Furthemore, no significant correlation was found between 

i l  corymbosum berry production and precipitation or temperature in a natural setting 

(Vander Kloet and Cabilio 1996). However, the notion that berry productivity is 

dependent on climate may result from the necessity of adequate soi1 moisture for flower 

bud development and increasing berry mass (Benoit et al. 1984). 

The long term effects of fertilizers and herbicides have k e n  studied w i t h  the 

context of the blueberry industry . Vacciniwn angustifolium reacts slow ly to the applications 

of herbicide and fertilizer (Eaton L994). Eaton (1994) indicated that. on average over a L2 

year period, herbicides did increase fmit production, but not in every growing season. 
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Herbicide application produced a greater effect than fertilizer likely due to reduced 

cornpetition for nitrogen resources. 

(c) Seed production and dispersal. 

Seedless bemes are rarely produced by V. angustifolium, even in clones that are 

very productive (Hall et al. 1979). Seeds are dispersed via animal hgivores such as black 

bars and Amencan robins. The seeds are passed through the gut and are passed out in the 

feces. Freqwnt non-development of ovules has been shown, suggesting that there is ükely 

a low average number of viable seeds per ripe berry (Bell 1957). 

Seed numbers per beny Vary greatly from year to year and from location to 

location and are dependent on genetics and environmental conditions (Hall et al. 1979, 

Vander Kloet and Hill 1994). Warm, dry weather during the receptive period is most 

favorable for insect pollination and results in berries with more seeds (Hall et al. 1979). 

Relative to other shnibs, the quantity of Vacciniurn seeds in the seed bank is 

disproportionately low (Vander Kloet and Hill 1994). For instance, Kalmia angustifolin. 

another ericaceous shnib, covered an area one sixteenth the area of K angwtifolium, yet 

K. angustifolia contributed approximately four times the amount of seed to the seed bank 

(Vander Kloet and Hill 1994). Vander Kioet and Hill (1994) have concluded that 

Vaccinium seeds are not pervading the soil column despite its abundance in the habitat for 

several reasons. Firstly, the avian dispersen may reduce seed viability. Crossland and 

Vander Kloet (1996) showed a 17% reduction in the germination of V. angusti/olium seeds 

passed through the gastrointestinal tract of the American robin which rnay in part be due to 

bacterial and Mucor infection. Secondly, seeds may be destroyed between deposition on 

the soil surface and their incorporation into the soil column (Vander Kioet and Hill 1994). 

Thirdly, seeds may simply germinate (Vander Kloet and Hill 1994). Finally, seeds may be 

destroyed by microbial activity, such as fungal decomposition, within the soil column 

(Cippolini and Stiles 1992). 



(d) Seed viability and germination. 

Berries containing seeds cm be stored dry (-23" C or -2" C) or frozen (-23" C) for 

up to 6 months with no reduction in seed viabiüty (Aalders and Hall 1975). Ideal 

germination conditions are 21" C, under 16 hours of light per 24 hour pend on a soi1 mix 

with a pH of 4.7 (Hail et al. 1979). 

(e) Vegetative reproduction. 

V. angustifolium nproduces asexualiy by rhizomes. Townsend et al. (1968) 

showed that rhizomes accumulate starch late in the fa11 and reiease carbohydrates to the 

developing plant late in the spring at the time of flower bud break. Asexual reproduction 

predominates when the rhizomes are severed or damaged by fue, shading, bunowing 

and/or frost action (Hall et al. 1979). On the other hand, sexual reproduction occurs when 

a gap in habitat is formed due to cultivation, flooding or me fd (Hall et ai. 1979). 

2.2.8 Population Structure and Dynamics 

Vaccinium angustifolium has a clumped distribution at the landscape level. This is 

likely due to animal dispersal of the seeds through their droppings (HaU et al. 1979). Hall 

et al. (1979) and Vander Kloet (1988) reported the occurrence of seedlings in a natural 

setting as rare, except under specific conditions (Vander Kloet 1976). Favorable 

conditions are considered to be: (i) a cool spring which delays berry dispersai; (ii) a wet 

August and September to prevent desiccation; (iii) a mild winter or good snow cover to 

prevent winter kill; (iv) a wet spring to promote seedling growth (Vander Kloet 1976). 

Clumps of seedlings may be estabLished afier seed dispersai. Nonetheless, seedling 

rnortality has ken shown to be >99%, even under p;uti*aUy controiied conditions (Vander 

Kioet 1976). 
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Due to the territorial nature of the animals that typicdy consume V. 

angustifoliwn, the longaistance dispersal of seeds is rare (Vander Kloet 1988). Even if 

berry ripening coincides with migration of vector bkds, the berry pulp passes quickly 

through the bird (Vander Kloet 1988). In fact, Crossland and Vander Klwt (1996) found 

the bulk of K angustifoliwn seeds to be defecated by the Amencan robin within 35 minutes 

of feeding. 

i l  angustz$oliurn colonies may grow quite old on stable habitats such as outcrops 

on the Canadian Shield (Hall et al. 1979). Clones may rexh sizes > 10 m in diameter and 

ages z 150 years (Hail et al. 1979). Indeed. instances when the species composition and 

abundance on granitic outcrops of the Canadian Shield have remained quite stable over a 10 

year observation pend have k e n  reported (Hall et al. 1979). 

2.2.9 Interaction with Other Species 

(a) Cornpetition. 

In the Boreal Forest region east of Lake Winnipeg, Vaccinium ungustifolium has 

many competitoa on undisturbed, natural sites within its range of habitats (Hall et al. 

1979). Within the forests where Pinw banhima (Jack pine). Picea glauca (White spruce), 

P. mariana (Black spruce) and Pupulus tremuloides (Trembling aspen) are the dominant 

tree species. the understory generally include Kalmia angusrifolia, Ledum groenlundicwn, 

Diervilla luniceru, K myrtilloides, Cornu canadensis, Pteridium aquilinum, Clintonia 

borealis, Maianthemum canadense and Lycopodium spp. which may compete with V. 

angustifoliwn for resources (Hall et al. 1979). In fact, in the Atlantic provinces, Cornus 

canadensis (bunchbeny) is the principal cornpetitor with i l  angustifoiiwn in the 

commercial bluebeny indus0 (Yarborough and Bhowmik, 1993). 



(b) Symbiosis. 

The native poilinators of Vaccinium mgustifulium in Canada are species in the 

Halictidae, Andrenidae, Bombidae , Anthophoridae. Coiietidae and Xylocopidae (Hall et 

al. 1979). Mycorrhizal associations in V. angusrifolium do occur (Hall et al. 1979). 

Fungi, such as Pezizella ericaea Qr Clavaria spp. infect the unsuberized portion of the root 

and increase the uptake up nitrogen and phosphorus, thereby irnproving the nutrient levels 

and growth rates of Vaccinium (Vander Kloet 1988). Powel and Bates (198 1) inoculated 

several V. corymbosum varieties with a mycorrhizal fungus. Inoculated plants had an I I - 
92% increase over uninoculated plants in beny production (Powel and Bates 1981). 

Unfortunately. Little research has been done in this area. 

(c) Predation and parasitism. 

The twigs and foliage of Vaccinium angustijiolium are consumed by black 

bears(Ursus americanus), Eastern cottontail (Sylvilagus floridanirs), and white- tailed deer 

(Odocoileus virginianus) (Hall et al. 1979). More commonly, the faits of V. 

angustifolium, are consumed by many species of mammals and birds (Vander Kloet 1978, 

Hall et al. 1979). Grouse (Tetraonidae), willow ptarrnigan (Lagopus lagopus alleni L.), 

robins (Turdus migratorius L.), bluebirds, thrushes (Turdidae, Muscicapidae), black bears, 

chipmunk (Eutamias spp.), red fox (Vulpes v u l p  Desmarest), porcupine (Erethizon 

dorsatum) and raccoons and mice are just a few of the animals that make V. angusrifolium 

part of their diet (Martin et al. 195 1, Eaton 1957, Hall et al. 1979). In fact, large increases 

in bear mas coincide with fmit development and ripening in Iuly and August (Moola et al. 

1998). Furthemore, Moola et al. ( 1998) reported that Rogers ( 1976, 1987) found 

blueberry production to be critical to the growth and reproduction of black bears in northem 

Minnesota. 



Insects feeding on V. angusrifolium rnay cause substantial defoliation (Hali et al. 

1972). Aalders et al. (1969) showed that defoliation early in the season under low light 

intensities significantly decreased fmit set. Many insects are considered bluebeny pests; 

these include: blueberry maggot (Rhagoletis mandb), black army cutwonn (Actebia 

fennica), chainspotted geometer (Cingilia catenuria), blueberry flea beetie (Altica sylvia), 

blueberry casebeetle (Chumisus cribripennis), blueberry thrips (Franklinielln vaccinii and 

Catinathrips kainos), blueberry tipwom (Contarinia vaccinii), sawflies (Neopareophoru 

litura, Pristiphora idiota and Pristiphora sp.), red-suiped fire wom (A roga 

trialbamaculella) and stem galler (Hemadas nubilipennis) (Hall et al. 1979). 

2.2.9 Response behavior 

(a) Fire. 

Vaccinium angustifolium rhizomes survive wild fms and controlled buming. 

Rhizomes sprout after fm to recolonize the bumed area After bum-pruning commercial 

stands every second year, rhizomes produce unbranched stems that have more Bowers, and 

consequently more berries, on a per stem bais (Hall et al. 1979). K angusrifalitun berry 

production may improve after burning as a result of the nutrients in the ash residue that 

remains on the soi1 surface (Smith and Hilton 197 1). Eaton and Macpherson (1978) define 

yieid for cranbeny (Vuccinium macrocarpun) as mas of crop per unit area. 

Cranberry, like V. angustifolium, exhibits highly variable y ields in t h e  and space 

(Eaton and Macpherson L978). Two important morphologicai components of yield for 

cranbeny are the number of flowenng uprights per unit area and the number of flowers per 

unit area (Eaton and Macpherson 1978). Morphologicai components that did not contribute 

to the variability of yields in cranbeny included berry sue, fniit set and the number of 

Bowen per flowering upright (Eaton and Macpherson 1978). Thenfore, buming V. 

angustifoiium may increase berry production due to its positive effect on stems per unit area 

and the number of flowers per unit area. 



(b) Grazing. 

Browsing by white-tailed deer (Odocoileus virginianur) removes the shoot tip and 

results in increased lateral branching (Hall et al. 1979). 

2.2.10 Commercial harvesting 

Vaccinium angush~olium is a commercially important crop species in eastem 

North America. For commercial purposes, a biennial production system is often imposed 

upon V. angustifolium by regular pmning, either by mowing or buming in the pnining 

year (Jordan and Eaton 1995). Pmning effectively eliminates older stems with reduced 

productivity, while stirnulating the growth of new shoots with more floral buds (Moola et 

al. 1998). After king pruned, unbranched stems are produced from the rhizomes which 

remain unharmed nom the pruning procedure because they are below ground level. No 

bemes are produced in the pruning year as the floral buds are destroyed by the pruning 

process. However, floral buds, which will give rise to next year's crop, are produced on 

the unbranched stems in the fall of the pruning year. Jordan and Eaton (1995) showed the 

total number of flower buds on Eint crop stems equaied those on second crop stems. 

However, more flowers per bud were produced on first crop stems (Jordan and Eaton 

1995). Therefore, the following spring, the fint year crop stems produce more fiowen 

than second year crop stems. Conseqwntly, the most bemes, on a per stem basis, are 

produced during the fmt cropping year (Black 1963. Hall et al. 1979, Jordan and Eaton 

1995). 

A possible explanation is that V. angustfoIium production may be improved after 

buming as a result of the nutrient - ash residue that remains on the soi1 surface (Smith and 

Hilton 197 1). Jordan and Eaton (1995) also suggested that fewer resources were available 

for reproductive growth in second crop stems cornpared with fmt crop stems based on 

experiments designed to investigate above ground biomass allocation of € i t  and second 



year crops. In general, older second crop stems ailocated less total above ground biomass 

to reproductive organs when compared to younger b t  crop stems (Jordan and Eaton 

1995). 

Penney et al. (1997) completed a 24 year study on burn-pruning of a nanirai stand 

of ' angustifolium ushg 2,3  and 4 year buming cycles. No other crop management 

practices were employed for the duration of the expriment. They showed bumed areas 

have a larger mean annual crop yield than unburned areas. Furthemore, an overall linear 

decrease in beny production was established with the decreased frequency of bum- 

pruning, despite increased harvest years for the 3 and 4 year rotations compared with the 2 

year bum cycle. They showed the number of flower budsm-* was reduced in second and 

third crops, which was contrary to that which Jordan and Eaton (1995) showed. Finally, 

Penney et al. (1997) showed that burn-pruning on a 2 year rotation did not significantly 

decrease crop yields over a 24 year period. This is supported by Bell (1953) who found 

buming or pruning of i l  angustifioliurn had no effect on the growth cycle, the morphology 

of the growth maturation, or their sequences, other than delaying spring and summer 

growth by about two weeks. Penney et al. (1997) also addressed concems about changes 

in the organic Iayer or total carbon content as a result of long term buming. Again, there 

were no significant differences in the depth of the surface organic layer or the total carbon 

content between unbumed areas and any of the buming cycles, nor among buming cycles 

(Penney et al. 1997). 

According to Black (1963). fust year and second year bum-pnined plots provide a 

highiy significant increase in fmit production over unpmned areas. Consequently, the 

sacrifice of a crop in the bum year is more than compensated for by the large yield increase 

(Black 1963). Black ( 1963) foiiowed beny productivity in bum-pnined plots and 

unbumed plots for nine seasons and found no deleterious effects, resulting from organic 

matter depletion of frequent buming. in the two year bum cycle. uiterestingly, Black 



(1963) also showed that high yields in unburned plots were nomaliy succeeded by reduced 

yields the following year. 

The economical costs and benefits of intensive agricultural management of a native 

stand of Vaccinium angustifolium and a s i d a r  sized cultivated stand using seedliags and 

clones have been analyzed by Blatt and O'Regan (1990). They found that the initial capital 

and start-up costs were much greater for the cultivated blueberry stand. as the stand had to 

be established. However, crop yields and investment retums were also greater in the 

cultivated stand. The internai rates of investment retum, over a 20 year period averaged 

10% higher for the cultivated stand venus the natural stand. However, if there was a 

greater demand for wild bluebemes, resulting in a 40 - 45 cent pice differentid against the 

cultivated bluebemes, the intemal rates of retum would be similar for both types of stands 

(Blatt and O'Regan 1990). 

Wild blueberry (Vucciniwn spp.) production in the boreal forest ecosystem has 

been a key iink in the food chahs of an assortment of animals and Fint Nations people for 

thousands of years. Within the past century, bluebemes have also become an important 

concem to commercial blueberry growers and other casual berry harvesters in Canada 

(Mwla et al. 1998). Due to the commercial nature of Vaccinium, many studies 

investigating berry production and techniques to improve production have occurred, 

especially in the Atlantic provinces where the Canadian bluebeny industry is centered. 

Most of these studies have examined Vacciniwn in an agriculniral environment, where it 

has ken  extensively cultivated and intensive management prognms have been 

implemented, using pmning andlor applications of fertilizers, herbicides andor 

insecticides. Obviously. in this agricultural environment, resulting berry crop yields have 

been vastly increased from the berry yields one might iikely encounter if harvesting berries 

fiom the naturd boreai forest. Alternative practices would be necessaiy for harvesting in 

natucal bluebeny regions due to the impracticality and obvious danger of buming 

Vaccinium in a forest. Differing harvesting levels may provide this opportunity. 



Natural stands of K angwtifofiwn in regions where it is indigenous and abundant 

have potential for commercial bluebeny production (Smith et al. 1968). Very linle research 

has been done in this field although Vander Kloet (1988) mentioned that sizable harvests 

have been had in major bluebeny production areas like, Michigan Minnesota, Wisconsin 

and West Virginia, fmm mmy local stands, with very Little management. The primary 

objective of this study is to design and impiement monitoring protocols which can detect 

the effects of harvesting bluebemes from natural stands, at various harvesting intensities. 

It is a well known fact that agricultural blueberry crop yields significantly decrease in the 

second cropping year foiiowing buniing. Within the blueberry industry, 100 % harvesting 

of the blueberries is aiways practiced. 

The effects of harvesting less than 100% of the bluebemes is senseless to the 

commercial growers whose primary goal is to maxirnize crop productivity. However, in 

the interest of naturai habitat conservation, and in maintaining an ecological balance 

between V. angustifolium and al1 species intimately linked to it in the boreal forest, it is 

essential to understand the e ffects of altemate strategies for sustainable harvest of 

bluebemes. Furthemore, such a practice could provide remote cornrnunities an econornic 

opportunity to use natural blueberry stands. 



C H A P T E R  3 M A T E R I A L S  A N D  M E T H O D S  

3.1 Site Selection 

Elders of each community guided investigaton to traditionaliy harvested ACO~US 

and Vaccinim sites. Sites were briefly inspected for suitability. Suitable sites i) had a 

high frequency and abundance of the study species; ü) were generally similar to previously 

est ablished sites and iii) were geographicall y isolated from other human disturbance. In 

Manitoba, three A. americanus sites and fow V. angusti~olium sites were selected (Figures 

3.1 and 3.2). The number of sites was based on the advice from the University of 

Manitoba Statistical advisory service after they reviewed some preliminary data. In 

Ontario, only one A. americanus site and three V. angustifolium sites were established 

(Figure 3.3). A. americanus sites in Manitoba were monodominant stands while the site in 

Ontario was vegetatively very different. ' M s  was visudly apparent when sites were 

compared (Figures 3.4-3.7). The V. angustifolium stands al1 appeared to have similar 

vegetative characteristics. 

3.2 Sampling design 

The monitoring protocois, aithough designed for widely different plant species, 

were nonetheless very similar and followed a hierarchical design. Four harvesting 

intensities were decided upon: 0% harvesting (control), 30%,70% and LOO!& harvesting. 

A minimum of three sites in each province for each species was necessacy to provide 

replication. This requirement was not always met. As previously mentioned, three sites 

were not established for A. amerhnus  in the Ontario locality. Within each site, three 

groups (blocks) of four similac im2plots were established (Figure 3.8). Within each 

block, plots were spaced a minimum of Lm apart and were systematically selected based on 

the abundance and percent cover of the study species within the plot. 



Figure 3.1 A. americanus NTFP S tudy Sites in Manitoba. 



Figure 3.2 V. angustifolium NTFP Study Sites in Manitoba. 



Figure 3.3 A. m e k a n u s  and V. ungust@oliwn NTFP Study Sites in Ontario. Sabaskong 
First Nation is the same as the Ojibways of Onegaming. 



Figure 3.4 A. americanus Site 1 Manitoba. 



Figure 3.6 A. americanus Site 3 in Manitoba. 

Figure 3.7 A. omericanus Site 1 in Ontario. 



STUDY AREA 

SITE 1 

PLOT 2 O 

.............. .... , BLOCK I ": 
.... ............ 

............ .... -.. 

BLOCK 2') 

PLOT 3 O 

Figure 3.8 Illustration of the hier~hical sampling design at each location. Treatments 
were randomly assigned to the 1 m. plots in 19% (Y 1). 
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Within each block, treatments were randomly assigned to the plots. Treatmeats were 

replicated three times at each site. 

A species list was created (Appendix II) by the collection of al1 species 

encountend in the sites at each location. Some of the species present at each location were 

not found within the study plots. 

In 1997, members of Sagkeeng First Nation worked dong side the primary 

researchen gathenng the data in Manitoba. One training session was provided at the 

beginning of the data collection for each study species. Then Sagkeeng members were 

paired up with primary researchers as botany apprentices. In the beginning they observed 

and recorded data collection. M e r  Sagkeeng members codd identm common plant 

species they actively participated in the data collection. The harvesting methods were also 

demonstrated to Sagkeeng members and they paaicipated in the harvesting of Acorus and 

Vaccinium. Furthemore, Sagkeeng members were instructed in plant collecting, plant 

identification, and plant mounting. These skills were taught with the hop  that Sagkeeng 

memben would be able to continue the monitoring protocols in the future. 

3.2.1 Acorus americanus 

(a) Field Equipment 

Quadrats were marked with ln" PVC piping cut to Lm lengths and connected 

together with ln" copper elbows. This sturdy, yet lightweight and flexible construction 

allowed the quadrats to be assembled and disassembled quickly, to float on the water. and 

to be easily placed around the long, linear leaves of A. americanur. 

(b) Plot seleetion 

At each site in 1996, 1.5m lengths of construction reinforcing rod were driven 

into the ground on the shore for each block as permanent markers. The top of the rebar 

was spray painted fluorescent orange and mes or shnibs around the rebar were flagged 
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with orange flagging tape to facilitate fmding the plots in the friture. AS plots were 

selected. the distance between the =bar and south-west corner of the plot was measured 

and the bearing of that line was taken using a Silvaa ranger compass. At this point, blocks 

and plots were nurnbered treatments were randomly assigned to the plots (Appendix m). 

In Manitoba, the south-west corner of each plot was marked with a 1M" acrylic 

rod spray painted orange at the top. In Ontario, the south-east comer of plots was marked. 

Acrylic rods were chosen because of their inert nature. However, because the durability of 

the rods in the riverine environment was inadequate, some rods were snapped and never 

recovered. In 1997, the cost of coating construction reinforcing r d  with an inert substance 

was investigated and found prohibitively expensive. Therefore, acrylic rods were placed in 

ail corners of every remaining plot in 1997 to increase the chances of relofathg di plots in 

the future. 

(c)  Sampling 

Sampling was performed in August 1996 and August - September 1997. The A. 

amerïcanus shoot density, percent cover and rhizome dry mass were measured for al1 lm2 

plots to determine the effects of harvesting the rhizomes at various intensities. Individual 

shoots of A. omericanus were counted in each plot. An individual shoot (rarnet) was 

defined as one group of leaves emerging from a rhizome at the same point and apparently 

unattached to any other group of leaves (Figure 3.9). Those shoots that were rooted within 

or on the line that designated the edge of the plot were Uicluded wiihin the study. 

The percent cover of all species within the plot was estimated to the nearest 5%. 

If a species was present at less than 5% it was given a value of 1%. 

(d) Harvesting 

The number of A. americanus shoots to be harvested was calculated by 

muitiplying the total number of shoots pnsent in a plot by the assigned harvesting intensity 

(O%, 30%,70%. or 1 0 % .  Figure 3.10-3.12). Shoots were harvested using a traditional 



Figure 3.9 Individuai shoots of A. urnericonus were counted. An individual shoot was 
defmed as one group of leaves apparently emerging fkom a rhizome ai  the same point and 
apparently unattached to any other group of leaves. 

method described by Evelyn Copnace, an elder from the Ojibways of Onegaming (Figure 

3.13). 

Shoots were removed by hand from the plot by grasping the leaf bases and pulling 

up to expose the rhizome. The rhizome was extracted by following the rhizome, 

breakingoff the mots dong the rhizome. This traditionai method was employed as no 

extraction methods were lound in the literature. As much of the rhizome as possible for the 

calculated number of shoots was extracted from the plot using this method. However, if a 

rhizome broke, that was dl of the rhizome for that shoot removed from the plot. 

Furthemore, if a rhizome grew toward the edge of a plot, the rhizome w as deiiberately 

broken or cut at the edge. The roots were numerous, long, spaghetti-like structures that 

grew perpendiculv from the rhizome and anchored the rhizomes that grew at or just below 

the soi1 surface (Figure 3.14). Some rhizomes had more than one individual shoot 



Figure 3.10 A. umericunus 30% harvesting in Manitoba. 



Figure 3.1 1 A. americanus 70% harvesting in Manitoba. 

Figure 3.12 A. americmus 100% harvesting in Manitoba 



Figure 3.1 3 Evelyn Copnace, an elder fiorn the Ojibway of Onegaming First Nation, with 
two of her granddaughters. 



Figwe 3.14 Crystd Henderson. in Manitoba, holding an A. americanus rhizome with 
associated shoot and mots still attached. 



growing from them and when harvesting 30% or 70% these were counted as two or three 

individual shoots as the case may have been. 

Findy, leaves and the majonty of roots attached to rhizomes were cut and 

discarded at the plot. Rhizomes for each plot were coiiected in labeled plastic bags and 

taken to the lab for processing. 

(e) Processing 

Processing of A. amerkanus rhizomes involved the careu removal of mot 

remnants from the rhizomes with razor blades (Figure 3.15 and 3.16), washing remaining 

soi1 from the rhizomes. placing the rhizomes in labeled paper bags and drying the tissue. 

Ail of the rhizomes were harvested in August. In 1996, the processing was done between 

the months of September and December. Therefore, some of the samples had to wait in the 

cold room for months before they were processed. In 1997, more people paaicipated in 

the processing of the rhizomes, thereby decreasing from months to days the time rhizomes 

were stored in the cold room. 

Rhizomes were dried in a Fisher Isotemf' Oven Mode1 501, at approximately 

105OC, for 2-4 weeks until they reached a constant dry mass. Immediately upon removal 

from the drying oven, the dry mass per plot was measured to the nearest 0.000 g using a 

METIZER PM460 Delta RangeB scale. 



Figure 3.15 Cleaned A. urnericrinus rhizome &ter processing, prior to drying. 

Figure 3.16 Naùani Longpre and Crystal Henderson, of Sagkeeng First Nation, 
processing A. mnericunur rhizomes at the University of Manitoba in 1997. 



(0 Shoot - Rhizome Correlation Study 

The changes in A. urnericonus shoot density and percent cover were used to 

measure the effects of various rhizome harvesting intensities in the above ground portion of 

the plants. It was hypothesized that shoot density and rhizome dry mass rnight be 

correlated. If this were the case, then rhizome dry mass could be predicted by shoot 

density, thereby ailowing for estimates of the rhizome dry mass of unharvested controls. 

For this reason, a second expriment was performed to test this correlation. 

To assess the relationship between shoot and rhizome, smaller, 0.0625m2 (25 X 

25 cm) quadrats were harvested at each site. These quadrats were situated more than lm 

away fiom the lm2 plots sampled to test harvesting intensity effects. Above ground shoots 

within the quadrat were counted and cut at the soi1 level. These shoots were coliected, 

dned and massed separately for each quadrat. The below ground portion of the quadrat 

was sliced with a sharp shovel and the entire plug of soil, rhizomes and rwts to a depth of 

approximately 20-30 cm was removed (Figure 3.17). The rhizomes are located at the soil 

surface to a depth of about 20 cm. The rhizomes were carehilly removed from the soil, 

processed, dried and massed for each quadrat in the same rnanner and with the same 

equipment as previously described. A regression correlation analysis was perfomed on 

the Manitoba data for each year. 

In 1996, nine samples were collected from Manitoba, i.e. three samples per site. 

Three samples wen collected from Ontario. In 1997.30 samples were coiiected in 

Manitoba, i.e. 10 samples per site. No samples were coiiected from Ontario in 1997 due 

to the dwindling frequency and abundance of A. americunus in the site. 



Figure 3.17 Below ground portion of 0.0625 m2qua&at of A. americanus with the shoots 
cut off at the base 

3.2.2 Vaccinium angustifolium 

(a) Field Equipment 

The same lm2 quadraîs that were used for the A. americanus sampling were used 

for V. ongustifolium. However, cup hooks and wool were added to divide the quadrat into 

16 equal subploü (Figure 3.18). HOMS Model 2 (1 kg X 10 g) and Model lOOg (100 g X 

1 g) insrniment and laboratory spring scales were used to mesure the fresh mass of the 

bemes and a 250 ml measuring cup was used to measure the fksh volume of the bemes. 

Mechanical counters were used in 1997 to facilitate the counting of berries and bu&. 

(b) Plot seleetion 

V. angustifoliwn plots were established using the same procedure as wûs used for 

A. americanur plots. In 1996, four sites were established in Manitoba and three sites 



in Ontario. The risk of disturbance by local bluebeq harvesters at site 1 in Manitoba led to 

the establishment of site 4. 

When possible aii  corners of the plots were marked with 114" acrylic rods with the 

tops spray painted orange. If the comer of the plot was situated on shield rock, an orange 

dot was spray painted on the rock. 

(c) Sampling 

In 1996 (Y L), sampling was performed between June and August in Manitoba and 

in August in Ontario. Bemes were harvested between July 30 and August 1 in Manitoba 

and between August 6 -9 in Ontario. Most of the bemes were ripe when harvested the fxst 

t h e  in 1996. A second harvest was planned to retrieve remaining benies but upon 

investigation only three or four more berries per plot were found in the 100% harvesting 

intensity plots. As this arnount of bemes was less than 1 g, representing less than 0.004% 

of the total harvest, it was decided that one harvest would maximize efficiency and 

resources, 

In 1997 (YZ), sarnpling occurred between June in Manitoba and July in Ontario. 

Berries were harvested the last week of August, when most of the bemes were ripe in 

Manitoba and Ontario. Fa11 bud densities were collected in September in Manitoba and 

October in Ontario. 

The densities of K. angustifolium shoots, buds, flowers, bemes, and seedlings 

were counted before (Y 1) and after (Y2) harvesting in four 0.0625m2 subplots. Percent 

cover values for al1 species within the lm2 plots were also estimated and recorded. 

The four subplots were situated in a 0.25m2 comer of the plot. As the monitoring 

protocols were established to mimic the conditions that would be preferred by the blueberry 

harvester, the corners with the greatest percent cover of K angust#iolium and the most 

bemes, were sampled. Due to the caespitose nature of many V. angustijiolium shoots, 

white twist ties in YI and brightly colored clothespins in Y? were used to mark each shoot 

initially. Once d l  shoots were identified and marked, ail flowers and bemes were counted. 
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Twist ties or clothespins were removed and counted to establish the number of shoots 

when scoring each shoot was completed. In 1997. the number of floral buds on each shoot 

was also counted preharvest and posthamest in the same way as the flowea and bemes. 

(d) Harvesting 

In 1996, the LOO% plots of each site were harvested fmt to calculate the fresh 

mass of bemes to be harvested from the 30 and 70% plots. Fresh masses of the benies 

from the three 100% plots of each site were measured to the nearest gram using HOMS 

Model 2 (1 kg X 10 g) and Model lOOg (100 g X 1 g) instrument and laboratory spring 

scales (Figures 3.18 and 3.19). Masses were averaged over the site. The grams of bemes 

to be harvested wûs calculated by multiplying the average mass harvested for the 100% 

harvest plots by the harvesting intensity (either 70% or 30%). This value was further 

adjusted based on the difference between the average percent cover for the 100% plots and 

the plot to be harvested. For example, 

Site/Block/Plot of 100% plots mass 

S2B 1P4 101 
S2B2P2 74 
S2B3P3 70 
average 82 

rcent cover 

S2B3P 1 30% harvesting intensity and 60 percent cover 

82g X 0.90 = 74g 
74g X 0.30 = 22g 22g of bemes were harvested. 

S2B2P4 70% harvesting intensity and 85 percent cover 

82g X 0.15 = 12g 

8 Z i  l2=94g 

94g X 0.70 = 66g only 50g of berries were harvested as there 

did not appear to be 66g present. 

Bemes from the 70% and 30% harvesting intensities were hand picked evedy 

from plots. Mass to the nearest gram was measured and ncorded in the field using spnng 

scales. Occasiondly. there were not enough berries within a plot to fulfül the calculated 

fresh mass of bemes. At these times. estimates were implemented. Overail, this method 



Figure 3.18 K. angurtfolium lm2 plot before 100% berry harvesting. 

Figure 3.19 V. angustijidiiun, lm2 plot after 100% berry harvesihg. 



of harvesting the 70% and 30% levels was found to be imprecise because percent cover 

did not accurately reflect die quantity of bemes within a plot For example, two plots couid 

have identical percent covers and when 100% of the berries were harvested the difference 

could be as much as 190g between the two. 

AdditionaUy, the volume of the bemes was measured in cups. This value was 

then later converted to ml. 

In 1997. the harvesting method was further refined. The number of berries was 

totded for each 0.25m2 subplot. A "correction factor" was calculated for each plot based 

on the berry density of the plot to be harvested incorporating the beny density of the 100% 

plot. Again the 100% plots were harvested fmt, but the values were not averaged across 

the site. For example, 

Be- density (0.25m21 Mass of berries (1 m') 

(23/447)0.70 = 0.0360 18 "correction factor" 
SOg(O.0360 18) = 1.8g 2g of bemes were harvested in the 70% plot. 
(1 10/447)0.30 = 0.073826 "correction factor" 
SOg(0.073826) = 3.7g 4g of bemes were harvested in the 30% plot. 

Afier each mass was estimated, the 70% and 30% plots were harvested to the 

estimated mass, while trying to pick berries as evenly as possible from the plot. Even 

though this method was more objective than the fint harvesting method, ir was dificult to 

apply in some cases. For example, some plots had high berry counts. but when they were 

harvested there were not enough bernes to fdl the estirnated mass for harvesting. 

Sometimes this may have ken  due to microclimate conditions that did not favor berry 

development, disease or sickness that stopped berry development, andor herbivory. 



3.3 Analysis 

Pductivity values collected before (1996) and after (1997) harvesting indicated 

that sites in Manitoba and Ontario were floristically different for both snidy species. 

Therefore, means (k 1 SE) for shoot densities, rhizome dry mas, bud density, berry 

mass, b e q  volume, berry density, seedling density and percent cover of al1 species were 

calculateci and presented in table form separately for each location. Based on the means 

calculated for these tables, histograms were produced to iiiustrate the increase or decrease 

in specific parameten from 1996 to 1997. As the histograms resulted from the subtraction 

of the 1996 mean frorn the 1997 mean (Y2 - Y 1). therefore error bars were not applied. 

When necessary the sample size was reduced if no data were coliected for a plot in 1997, 

therefore sample sizes (n) are variable. 

A logarithmic transformation was performed on the original data [X = log# + 
l)]. Data were transformed to convert the distribution to a nearly symmetrical one so 

parametric, statisticai tests couid be performed (Krebs 1989). Student's Paired t-Tests 

were performed using Microsoft Excel5.0a for Power MacintoshTM to test statistical 

significance of differences between Y 1 and Y2 for each treatment. Significant differences 

(p 10.05) were marked on the tables using an asterisk (*). 

Linear regression analysis was performed using Microsoft Excel S.Oa for Power 

~ a c i n t o s h ~  on the data collected in the shoot-rhizome correlation study to r e m  Pearson 

product moment correlation coefficients (R~). 

Analysis of Variance (ANOVA) was performed using Data Desk @ 4.1 

Exploratory Data Analysis to test for differences between treatments on the log,, (x + 1) 

transformed original data. Least Significant Difference (LSD) post hoc tests were 

performed with Data Desk when the ANOVA had a significance of S 0.05 identiQing the 

probability of differences between pair-wise combinations of treatments. Significant 

differences (p 5 0.05) were rnarked on tables using ii lettehg system. Treatments with the 

sarne lettea are not significantly different. Box plots were also created using Data Desk 

and are included with the ANOVA and LSD p s t  hoc tests in Appendix IV. 
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Considering the hiemhical sampling design a Nested M A  may have ken an 

appropriate analysis to perfom. It is recognized that bad the data been subjected to the 

Nested ANOVA quite different results may have been obtained. However, because the 

sites and blocks were of unequai sizes it is believed thai the ANOVA was more appropriate. 



4.1 Acorus americanus 

4.1.1 Manitoba 

(a) Shoot Density 

As harvesting intensity increased shoot density decreased (Figure 4.1-A). 

Signifcantly more new shoots were produced within the control(045 harvesting intensity) 

in 1997 than 1996 (T-test. p = 0.038, df = 7). No significant differences between years 

were found for shoot density following 3096.70% or LOO% harvesting. However, the 

decrease €rom 6 1 sh~ots*rn*~ to 35 sho~ts.m'~ (Table 4.1, T-test, p = 0.068) suggests that a 

negative effect following 100% harvesting is established. Significant differences between 

treatments were found (ANOVA, p = 0.0098, n = 8). Post hoc testing showed significant 

differences between the 100% harvesting intensity and ali other treatments (LSD, 100% - 
O, p = 0.002; 100% - 30%. p = 0.008; 100% - 70%. p = 0.03; Table 4.1). 

(b) Rhizome Dry Mass 

This trend is supponed in the observations for rhizome dry mass (Figure 4.1-C), 

since no significant difference was observed following 30% or 70% harvesting, but the 

decrease observed after the 100% harvesting was nearly significant (T-test, p = 0.058. 

Table 4.1). Simiiacly, the differences observed between harvesting intensities narrowly 

missed significance (ANOVA, p = 0.06. n = 8). 



-40 1 

Fig 4.1 -B 

Fig 4.1-C 

30 70 

Harvcsting intcnsitics (96) 

Figure 4.1. Change in A c o m  unuricanus h m  19% (YI) to 1997 (Y2) ai various huvcsting 
intensitics in Manitoba. A) density (shwtsm-2); B) percent cover (based on lm2 plots); 
rhizome dry m a s  (g-m-2). No rhizome diy mas value exists for ihc 0% harvesting iniaisity 

as the rhizomes rcmained uiihatvestcd. P values arc fiom ANOVAs. 



Table 4.1. Change in Aconrî americanus shoot density, percent cover, and rhizome dry mas in Manitoba 

in 1996 (YI, n=9) and 1997 (YS, n=8) at various harvesting intensities. Values for Y 1 and 

Y2 are rneans (k 1 SE). 

Harvesti ng Density (shoo tom") Percent cover (1 m2) Rhizome dry mass @m.*) 

intensities (%} YI Y2 Y1 Y2 Y1 Y2 

O 54f 21 71f 14*a 46f 12 45 f 12a - - 

* Indicates significant cüfferences between years, p S 0.05. 
Different letters indicate significant differences in the changes from Y 1 to Y2 between treatments, p 5 0.05 



(c) Percent Cover 

On the other hand, percent cover was signifcantly reduced in 1997 foliowing ail 

harvesting treatments, with the patest  reduction following 100% harvesting (T-test, p = 

0.004, Figure 4.1 -B). Significant differences between harvesting intensities were found 

(ANOVA, p = 0.004, n = 8). Post hoc tests showed significant differences between many 

of the treatments (LSD, 70% - 0, p = 0.037; 100% - 0, p = 0.0004; 100% - 30%, p = 

0.034, Table 4.1) and some of the differences nanowly missed significance (LSD, 30% - 
O, p = 0.082; 100% - 702, p = 0.077). 

(d) Rhizome - Shoot Correlation Study 

No correlations were found between the shoot density and rhizome dry mass (Y 1 

R' = 0.02, Y2 R' = 0.12) or shoot density and shoot dry mass (Y 1 R' = 0.1 1, Y2 R' = 

0.22; Figure 4.2). A strong correlation between shoot density and rhizome dry mass 

would have allowed for estimates of the below ground productivity of the unhamested 

control. Consequently, as no correlation was observed no estimates of the below ground 

productivity of the control treatments couid be made. 

(e) Associated Plant S pecies 

Contrary to expectations, hmesting intensity had little effect on associated plant 

species percent cover. Small sample size, and variabiiity of percent cover and frequency. 

may be responsible since most associated plant species were present with very low percent 

covers relative to A. americonw (Table 4.2). Interestingly , Carex spp. significantly 

decreased in the control (T-test, p = 0.0 13) and 70% (T-test, p = 0.02) harvesting 

intensity. 
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Figure 4.2. Acorus mericanur rhizome (A and C) and shoot (B and D) dry masses (g+0.0625 m-2) at 
various shoot densitics within 0.0625 m2 arcas c o l l d  in Manitoba. A and B were colleçted in 1996 
(YI); n = 3 fmm thcc sites. C and D werc collcctcd in 1997 (YZ); n = 10 h m  thne sites. 





A slight decrease in species richness was observed as Butomus wnbeflatus and 

Equisetum sp. were not present in Y2, while Scirpus cyperinus appeared in Y2. In total, 

15 plant species were observed in Manitoba representing 10 plant families (Appendix II'). 

4.1.2 Ontario 

Due to the extremely smaii sample taken in Ontario (n=3 in Y 1. n=2 in Y2), no 

significant effects were observed as a result of harvesting A. americanus between yem 

(Table 4.3). However, signifcant differences between treatments were found within the 

shoot densities (ANOVA, p = 0.0345, n = 2; LSD, 1 0 %  - 0, p = 0.015; 100% - 30%, p 

= 0.0 1 1 ; 100% - 7046, p = 0.033). The 30%. 70% and control treatments increased in 

shoot density while the 100% harvesting intensity decreased (Figure 4.3-A). Ali treatments 

decreased in percent cover in Y2 (Figure 4.3-B) and no significant differences were found 

between treatments (ANOVA, p = 0.6742. n = 2). Additionally, 70% and 100% 

harvesting intensities showed a decrease in rhizome dry mass, while 30% harvesting 

showed a slight increase (Figure 4.3-C) however, no significant differences were found 

(ANOVA, p = 0.8996, n =2). 

As in Manitoba, harvesting intensity had no significant effects on the percent 

cover of associated plant species sampled due to the small sample size and high variability 

(Table 4.4). However, associated plant species, such as Polygonm coccineum had 

pa t e r  percentage cover relative to the Manitoba sites. 

The A. americanus site in Ontario also showed an increase of species richness 

from 7 species representing five families in Y 1 to 13 species representing nine families in 

Y2 (Table 4.4). Specifically. Bidens cemua, Calanuigrostis canadensis, Cicuta biclbifra, 

Galium boreale. Polygonwn amphibium, P. lapathiflium, Sagittaria rigida and 

Sparganium eurycarpun, were the new species present in Y2 (Table 4.4). 



Table 4.3. Acow umericunus shoot density, percent cover, and rhizome dry m a s  in Ontario in 1996 
(Yl, n=3) and 1997 (Y2, n=2) at various harvesting intensities. Values for Y1 and Y2 are 
means (* 1 SE). 

Harvesting Density (shoots-m-') Percent cover (lm2) Rhizome dry mas ( g . ~ ' )  

intensifies (96) Y 1 Y2 Y 1 Y2 Y1 Y2 

O 31 f 10 36 k 1% 37 f 20 23 1 4 a  - - 

Different letters indicate significant differences in the changes from Y 1 to Y2 between treatments, p s 0.05 



Fig 4.3-C 
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Figure 4.3. Change in Acaus amcricanus h m  1996 (YI) to 1991 (Y2) at various harvesting intasicies in Ontario. 
A) Dcnsity (sboasm-2); B) pumit cover @ a d  on 1 m2 plots); C) ibUamc dry mass km-2). No rhizome dry mas 
vaiue c x h  for the 0% harvat intmsity kcsusc che diizoma rmuiocd unhnrvatcd. P vdua am fmn ANOVAs. 



Table 4.4. Percent cover of al1 species present in the Acmrs at~jericanus study site in Ontario in 1996 (Y 1, n=3) and 1997 (Y2, n=2) ai various harvesting 
intensities. Values for Y 1 and Y2 are means (f 1 SE). Dwhes indicate absence from al1 plots. 

Harvesting intensities 

0% 30% 70% 100% 

Plant species Y 1 Y2 Y1 Y2 Y1 Y2 Y1 Y2 

Aciwrs nwricatirts 

Bidetts cenrua 

~a~anrugrosiis canadet~sis 

Carex sp, 

Cicuta bulbifera 

Gali~tm boreale 

Yulygotrirn~ unrphibiuni 

Polygonunr caccitieunr 

Polygotium lapazhifoliuni 

Putentilla palustris 

Sag itta ria rig idu 

Scirpus cyperitrtrs 

Sparganium eurycarpum 

Unidentified gras 



4.2 Vaccinium angustifolium 

4.2.1 Manitoba 

(a) Percent Cover, Mass, and Volume 

Al1 treatments showed sorne decrease in Y2 for percent cover, berry mass and 

berry volume of ' angust$iolium. Interestingly, as harvesting intensity increased, the 

decrease in the percent cover was relatively srnalier (Figure 4.4-A). The control had the 

largest and only significant reduction in mean percent cover from 60% in Y 1 to 50% in Y2 

(T-test, p = 0.04, df = 10, Table 4.5). The decreases in percent cover following 30% and 

70% harvesting were similar, although not significant, and intermediate to the decreases 

observed in the control and 100% harvesting, respectively. No significant differences in 

percent cover were found between treatments (ANOVA, p = 0.5784, n = 1 1). 

The inverse trend was observed in the mass and volume of the fresh berries; as 

the hawesting intensity increased the negative effect became greater (Figure 4.443 and 4 .6  

C). However, no significant differences were found between treatments for either the mass 

or volume (ANOVA, p = 0.3 159, p = 0.2013, respectively, n = 1 1). The 30% harvesting 

intensity caused no significant change in the mean mass or mean volume in Y2. The 70% 

matment had a relatively moderate negative effect. There was a significant mean decrease 

of 40 ml in the volume of fresh bemes resulting from 70% harvesting (T-test, p = 0.038, 

df = 1 1, Table 4.5). The greatest mean change for mass and volume of fresh berries was 

observed in the 100% harvesting intensity. Mem m a s  of fresh bemes decreased 

significantly from 121g in Y 1 to 72g in Y2 (T-test, p = 0.022, df = 10). Mean volume of 

fresh bemes was also significantly decreased from 237 ml in Y 1 to 128 ml in Y2 (T-test, p 

= 0.001, df =IO). 



Fig 4.4-C p = 0.201 

Figure 4.4. Change in Voccuùwn mgurtfoliuni fmm 1996 (YI)  to 1997 fl2) at vMour h i l ~ ~ ~ n g  intensities in 
Manitoba. A) Ptrcent corn (M on l d plots); B) M a s  of fnrh M a  km-2); C) Vdum of fnrh k m e s  
(ml-m-2). O and 100n &mning iniensitis n = 11. 30 ad 70 b M n g  intemitics n = 12. P vaiues ric frm 
ANOVAS. 





(b) Shoot Density 

Few significant changes were observed in the parameters measured on the V .  

angustifoliwn s h b s  within the 0.25m2 sub-plots. The three harvesting treatrnents 

appeared to produce more shoots than the control Figure 4.5-A). However, no significant 

differences were found between treatments (MOVA. p = 0.1739, n = 1 1). No significant 

changes were observed in the control or 70% harvesting between years. Significant 

increases of shoot density were obsewed following 30% harvesting between years (T-test, 

p = 0.042, df = 11) increasing by 9 shoots (Table 4.6). Following 100% harvesting, a 

significant increase of mean shoot density was observed between years (T-test, p = 0.014, 

df = 10). 

(c) Bud Density 

increases in bud density were observed at al1 harvesting intensities. No 

significant differences were found at the 0,30% and 70% harvesting intensities between 

yean. A signüicant increase from a mean of 112 buds to 162 buds was observed 

following 1 0 %  harvesting (T-test, p = 0.009, df = 10). No significant differences were 

found between treatrnents (ANOVA, p = 0.539 1, n = 1 1). 

(d) Berry Density 

No significant change was observed in the control br berry densities between 

years. Similar mean increases of 84 bemes and 83 bemes, respectively, frorn Y 1 to Y2 

were observed following 30% and 70% harvesting (Figure 4.5, Table 4.6). A mean 

decrease of 82 bemes was observed following 100% harvesting 



Fig. 4.5-B p = 0.539 

Fig. 4.5-C 

Figure 4.5. Change in kccinium ~ g u s t ~ o l i u m  from 1996 (Y 1) to 1997 (Y2) a vm*ous hvvat ing  
intcnsitia in Manitoba. A) Shoot density (shoots0.25 m-2); B) Bud dcnsity (bu&-0.25 m-2); C) Bemy 
dcnsity (kmc~0.25 m-2). O and 100 96 harvesting intensities n =I l .  30 and 70 % harvating intensities 
n = 12. P values arc from ANOVAs. 



Table 4.6. Vaccinium angus~ifolium : densities of shoots, buds and berries in 0.25 m'in Manitoba in 1996 (Y 1) and 1997 (Y2) at various harvesting 
intensities, Values for Y 1 and Y2 are means (f 1 SE), n= 1 I for 0% and 100% harvesting intensities and n=12 for 30% and 70% harvesting 
intensities. Values were no1 converted to a standard 1 m2 due to non-random sampling wiihin the 1 m2 quadrats. 

Shoot density Bud densityt Berry density 

(no.?0,25m") (no..0.25m'*) (no,-0,25rn") 

Harvesting 

intensities (%) YI  Y2-S Y2-F Y2-S Y 2 - F  YI Y2 

O 37 f 10 36 f 13a 57 i l 3  142 f 7 7  201 f 96a 336 f 320 320 * 209a 

30 37 I 1 1  46 f 13% 60 A22 130 f 9 5  149 f lOla 213 I l 2 5  297 f 223a 

70 37 f 16 43 f 14a 54 f 1 6  149 *97 185 f 134a 312 f 263 395 f 292a 

1 0  35 A 10 44 f 9*a 54 f 14 112 f 9 1  162 f 98fa 393 f 479 258 f 311a 

' Bud dcnsiiy dûta cullected in the summcr (S) before harvesting and faIl (F) iifter hurvesting in 1997 (Y2) 
* Indicates significant differences between years, p I 0.05. 

Different letters indicate significani differences in the changes froni Y 1 to Y2 between treatments, p S 0.05 



aithough this was not sigmcant. Ex- variability in beny deasities occunrd in all 

treatments (Table 4.6). No significant Merences were found between treatments 

(ANOVA, p = 0.69 1 1, n = 1 1). 

(e) Associated Plant Species 

Within the study sites in Manitoba, 73 species of plants were identified 

representing 34 families (Appendix II). Six species were present in Y 1 that wen not 

present in Y2 while 13 species were present in Y2 lhat were not present in Y 1 (Table 4.7). 

Very few changes in the percent cover fiom Y i  to Y2 were found to be simcant 

(Table 4.8). Cladonia spp. were found in more plots in Y2 than in Y 1, thereby 

significantly incmasing the mean percent cover in the 3046 and 70 % harvesting intensities 

(T-test, p = 0.039, p = 0.0 17, df = 1 1, respectively). Diervilla lonicera increased 

significantly from a mean percent cover of 0.83% to 2.58% (T- test. p = 0.02 1, df = 11) 

following 30% harvesting of the V. angustifoliam. Oryzopsis pungens was the only plant 

to show a significant decrease in the 100% harvesting intensity from a mean percent cover 

of 1.75% to 0.75% (T-test, p = 0.052, df = 1 1). 



Table 4.7. Plant species present or absent from the Manitoba sites smpld for ihe harvesting of 
Vacciniwn anguriifoîium . A) List of plant species prcsent in 1996 (Y 1) and absent in 
1997 (Y2). B) List of plant species absent in 1996 (YI) and present in 1997 (Y2). 

A) Plant species B) Plant species 
Agropyron repens Abies balsamea 
Agrostis hyemalis Carex spp. 
Anaphlis rnargaritacea Epilobium palustre 
Anemone canadensis Gaulthericl procumbens 
Muhlenbergia racemosa L w l a  SP. 

Phleum pratense Lycopodium complanatwn 
Lygodesmia juncea 
Melampyrum lineare 
Polypodiwn virginianwn 
Sanicula marilandica 
Solidago sp. 
Trienrulis borealis 
Viola sp. 



Table 4.8. Percent cover of selected species present in the Vuccirriurrr ungustifoliurtr study sites in Manitoba in 1996 (Y 1, n=16) and 1997 (Y2, n=12) at 
various harvesting intensities. Values for Y 1 and Y2 are means (f 1 SE). Dashes indicaie absence from all plots, 

-- - 

0% harvest 30% harvesi 70% harvest 100% harvest 

Species Y1 Y2 Y1 Y2 YI Y2 YI Y2 

Achillea nt illefoliut,i 0.08 0.3 0.17 0.4 O. 17 0.4 0.17 0.4 0.17 0.40 0.25 0.5 0.08 0.3 0.25 0.5 

Clculwria spp. - - O, 17 0.4 0.17 0.4 0.50 0.5 - - 0.42 0.5 0.08 0.3 0.42 0.5 

Conmiira umbelluta 0.43 1.4 0.17 0.1 0.42 1.4 0.17 0.3 0.013 0.3 0.08 0.3 - - - - 
Danthonia spicata 2,17 5.8 0.25 0.5 0.08 0.3 1.83 5.7 0.58 1.4 0.25 0.5 0.42 1.4 0.08 0.3 

Dicranuni sp, 0.08 0.3 0.67 1.4 0.08 0.3 1.00 2.9 0.50 1.4 1.00 2.9 0.50 1.4 0.50 1.4 

Dietvilla lotiiceru 2.17 4.5 1.75 3.2 0.83 1.4 2.58 2.5 1.67 3.3 0.58 1.4 3.33 4.4 3.75 3,8 

Epilobium angustifolium - - - - 0.58 1.4 0.58 1.4 0.58 1.4 0.33 0.5 O, 17 0.4 OS0 1.4 

Epilobium plusire - - 0.42 O S  - - 0.17 0.4 - - 0.17 0.4 - - 0.17 0.4 

Fraga ria virg in iattu 1.50 3.0 1.83 2.4 1.50 2.2 0.50 1.4 2.00 3.8 1.25 1.8 0.75 0.5 1.50 2.2 

Galiunr boreale - - - - - - - - - - - - 0.08 0.3 0.42 1.4 

Hieracium scubriusculum 0.1 7 0.4 0.17 0.4 0.17 0.4 0.25 0.5 0.17 0.4 0.33 0.5 0.25 0.5 0.08 0.3 

Lacruca canadensis - - 0.08 0,3 0.08 0.3 - - 0.08 0.3 - - 0.08 0.3 - - 

tathyrus ochroleucus 0.50 1.4 0.75 1.4 0.92 1,9 1 . 0  1.9 1.08 1.9 0.75 1.4 0.33 0.5 1.00 1.9 

Lathyrus venosw 0.83 1.9 0.83 2.9 0.58 1,4 1 . 0  t .9 0.50 1.4 0.08 0.3 O, 17 0.4 0.58 1.4 

Luzuh sp, - - 0.25 0.5 - - 0.17 0.4 - - 0,013 0.3 - - 0.08 0.3 



0% harvest 30% harvest 70% haniest 100% harvest 

Species Y1 Y2 Y1 Y2 Y 1 Y2 YI Y2 

Melampyuni lirieare 

Muhleribergia racenrosa 

Oqzopois nsperifolia 

Otyopsis putigeris 

Phleum prarerrse 

Picea glauca 

Pinus bmksiatia 

Pleuroziunr schreberi 

Pou sp. 

Polypodium virg inianunr 

Polytrichum COflJflJU?Jê 

Polytrichum juriiperitiuni 

Populus trenruloides 

Potenlilfa triderituta 

Prunus perrsyl vanica 

Prurius virg iri iarta 

Pmidiuni aquilinum 

Rhus glubru 

Rosa acicularis 

Rubus idaeus 

00 Salk spp, 
4 



0% harvest 30% harvest 70% harvest 100% harvest 

Plant species Y1 Y2 Y1 Y2 Y I  Y2 YI  Y2 

Sunicula rwri1andic.a 

Schimchne purpurascens 

Solidago hispida 

Solidago sp. 

Sphag?lu?,r sp, 

Spiraea alba 

Symphoricarpos albus 

Taraxacum oflcinale 

Trientalis boreatis 

T@lium hybridunr 

Umbilicaria sp. 

unidentified grasses 

unidentified mosses 

Vaccinium * spp. 

Vicia americaria 

Viola adunca 

Viola sp. 

Both Vaccinium angusiifotiurtr and V. niyrtillodies present. 



4,2.2 Ontario 

(a) Percent Cover, Mass, and Volume 

In Ontario. unlike Manitoba, no trends or significant changes between years were 

observed in the mean percent cover of K angustifolium (Figure 4.6-A). The mean changes 

from Y 1 to Y2 for the 0,3096 and 100% harvesting intensities were less than a 2% increase 

or decrease. The greatest decrease of 7% occurred after 70% harvesting. Between 

treatments, no significant differences were found (ANOVA, p = 0.7995, n = 9). 

Although changes in the mass and volume of fresh bemes between years were 

insignificant, trends similar to those in Manitoba were observed (Figures 4.6-B and 4.6- 

C). A small increase in the 30% harvesting intensity was observed, with a 6 g increase in 

the fresh mass and 13 ml increase in the fresh volume (Table 4.9). A slight decrease of 7g 

of fresh mass and 3 ml of fresh volume were observed in the 70% treatment. The greatest 

change between years was observed in the 100% harvesting intensity, where mass 

decreased by 3 1 g and the volume by 41 ml. No significant differences between treatments 

were found for the mass or volume of fresh bemes (ANOVA. p = 0.1450 and p = 0.3889, 

respectively, n = 9) 

(b) Shoot Density 

Ail treatments showed significant increases in shoot density between years. As 

harvesting intensity increased, the mean change in shoot density decreased (Figure 4.7-A). 

The greatest mean increase of 28 shoots (T-test, p = 0.001, df = 8) was observed in the 

control (Table 4-10). The 30% harvesting intensity increased by 14 shoots (T-test, p = 

0.009, df = 8). the 70% harvesting intensity increased by I 1 shoots in Y2 (T-test. p = 

0.003. df = 8). and the 100% had the smallest increase of 10 shoots (T-test, p = 0.005, df 



Fig 4.6-B 

Fig 4.6-C p = 0.390 

Figure 4.6. Change in Vacinium ungwr#iolium h m  19% (YI) to 1997 (Y2) ai various hamesting 
intensities in Ontario (n = 12). A) Percent cover (based on lm2 plots); B) Mass of nrsh berries (gm-2); 
C) Volume of huh baries (dm-2). No vaiucs exist for cbt (Yk hsrvera'ng intcnsity for B) and C) 
because duy rcmainal unharvcsted. P values are h m  ANOVAs. 



Table 4.9. Vuccitiium ungurt~oliunt percent cover. fresh m a s  of berries (g) and fresh vulunie of berries (cups) in I m' plots in Ontario in 1996 (Y 1) 
and 1497 (Y2) ai various harvesting intensities. Values for Y I and Y2 are means (+ I SE); n = 9 for al1 harvesiing intensities 

Harvesting Percent cover Fresh mass of berries (g) Fresh volume of berries (ml) 

iniensiiies (%) YI Y2 Y 1 Y2 Y1 Y2 

O 51 f 21 50 f 24a - - - - 

30 50 I l 9  51 f 24a 30 f 20 36 f 26a 51 k36 64 f 57a 

70 51 f 20 44 & 18a 48 f 28 41 f 3% 79 f 38 76 f 73a 

100 47 I 15 45 I 2 3 a  103 f 68 72 * 71a 172 f 116 131 f 122a 

Different letiers indicaie significant differences in the changes from Y 1 to Y2 between treatmenis. p a 0.05 
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Table 4.10. Vmebiium u~igustiJoliuna densities of shoots, buds and berries in 0.25 d in Ontario in 1996 (Y 1) and 1997 (Y2) at various harvesting 
intensities. Values for YI and Y2 are means (f 1 SE). n = 9 for al1 harvesting intensities. Values were not converteû to a standard 1 m2 due 
to non-random sampling wiihin the 1 m2 quadrats. 

Shoot density Bud density' Berry density 

(no, 0,25m-~) (no. 0.25m'~) (no. 0.25m'~) 

Harvesting 

intensiiies (%) Y1 Y2-S Y2-F Y2-S Y2-F Y1 Y2 

O 24 f 12 52 f 20*a 49 k21 77 f 5 4  160 f 79*a 92 + 39 173 f 159a 

30 29 f 12 43 f 22*b 45 f 17 178 f 54 153 î 79a 95 f 40 433 f 180*a 

70 28 f 12 39 f l5*b 42 f 20 159 f 9 8  155 f 114a 120 f 66 365 f 348*a 

100 22 f l l  32 f 13*b 34 f 16 117 f 3 7  163 f 8 l a  97 f 71 179 f 114a 

'Bud density data collecied in the summer (S) before harvesting and fall (F) after harvesting in 1997 (Y2) 
* lndicates significant differences between years, p I 0.05. 

Differeni letters indicate significant differences in the changes from Y 1 to Y2 between treatments, p 5 0.05 



= 8). Signifkant differences were also found between treatments (ANOVA. p = 0.0136, n 

= 9). A post hoc test found signifcant differences between the control and the other 

treatments (LSD, 30% - O, p = 0.006; 70% - O. p = 0.005; 1ûû% - O, p = 0.015; n = 9). 

(c) Bud Density 

A significant increase of 83 buds between years was observed in the control (T- 

test, p = 0.055, df = 8, Table 4.10). Although not statisticdy significant, a decrease was 

shown for the 30% hmesting intensity , very littie change was shown in the 70% treatment 

and an increase was observed in the 100% harvesting treatment (Figure 4.7-B). The 

differences between harvesting intensities narrowly missed significance (ANOVA, p = 

0.0722, n = 9). 

(d) Berry Density 

Ml treatments showed an increase in beny density fiom Y 1 to Y2. The increase 

in berry density in the control was not a significant change (Figure 4.7-C). In the 

harvested treatments, as the harvesting intensity increased, the effect on beny density 

decreased. The greatest increase in berry density was observed in the 30% hharvesting 

intensity, from 95 bemes to 433 berries (T- test, p = 0.0001, df = 8, Table 4.10). A 

significmt increase was also observed in the 70% treatment from 120 bemes to 365 bemes 

(T- test, p = 0.024, df = 8). Again, the differences between treatments narrowly missed 

significance (ANOVA, p = 0.0624, n = 9). 



(e) Associated Plant Species 

As in Manitoba, very few significant changes were observed in the percent &er 

of associated plant species (Table 4.1 1). Significant increases of Agropyron repens were 

observed for ai i  harvesting intensities. The 30% treatment had the smallest increase from 

0.1 1% to 0.67% (T-test. p = 0.05. df = 8). The control increased fiom a mean of 0.1 1% 

to 2.22% (T-test, p = 0.006, df = 8). The 100% treatment increased €rom 0.1 t % to 

1.1 1% (T-test, p = 0.005, df =8). The largest increase was observed in the 70% 

harvesting intensity from O to 2.67% (T-test, p = 0.008, df = 8). 

Amelanchier olnifolia showed significant increases in percent cover in the 70% 

harvesting intensity from 3.56% to 7.22% (T-test, p = 0.056, df = 8). A similar increase 

was observed for Diervilla lonicera in the 70% treatment from 4.1 1% to 6.781 (T-test, p = 

0.045, df = 8). An increase in the 30% harvesting ueatment was observed for the moss, 

Dicranum spp., from 0.67% to 2.00% (T-test, p = 0.029, df = 8). 

Finally decreases in percent cover were observed in the arnount of base 

grounMitter and the cover of Danthonia spicata. The 30% harvesting intensity had the only 

significant decrease in b u e  ground from 14% to 8% (T-test, p = 0.006, df = 8). D. spicata 

decreased in cover and frequency for three of the harvesting intensities. The control and 

the 70% treatment had similar decreases. The control decreased from 2.89% to O. 1 1% (T- 

test, p = 0.046, df = 8). The 70% treatment decreased from 2.78% to O (T-test, p = 0.0 13, 

df = 8). The 30% harvesting intensity decreased the least from 1.33% to O (T-test, p = 

0.06 1, df = 8). The 30% and 70% treatments were similar because D. spicata was not 

present in any of the plots in Y2. 



Table 4.1 1. Percent cover of selected species preseni in the Vaccirriurri arigustifoliirm study sites in Ontario in 1996 (Y 1,  n=l2) and 1997 (Y2, n=l2) 
at various hsirvesting intensities. Values for Y 1 and Y2 are means (f 1 SE). Dashes indicate absence from al1 plots. 

0% hsrrvest 

Species Y 1 Y2 

Achilleu niillefolium 1.22 3.3 - 
Ag ropyron repens 0.1 1 0.3 2.22 2.1 

Alt~us rugosa - - 

Amelanchier alnifolia 1.89 4.9 3.67 8.1 

Antennariu sp. 0.67 1.7 1.11 2.2 

Apocynum a~~drosaeniifoliitm 0, 1 1 0.3 0.67 1.7 

Aralia nudicaulis 1.00 1.6 1.22 2.2 

Arctostaphylos uva-ursi - - 
Aster ciliola fus 0.22 0.4 - 
Aster laevis - - 
Aster nrncrophyllus - 0.56 1.7 

Aster spp. - 0 1 0.3 

Campanula rorundifolia 0.11 0.3 - 
Carex spp. - - 
Cladina niitis 0.1 1 0.3 0.89 1.6 

Cladina rang ifernia 6.89 8.1 7.00 8.0 

Cldonia spp. - 0.56 0.5 

Comadru umbellatu - 0.11 0,3 

Dunthotiia spicata 2.89 3.6 0.1 1 0.3 

Dicranunz sp, 1-22 2.2 0.22 0,4 

30% harvest 70% harvest 100% harvesi 

Y1 Y2 YI Y2 Y1 Y2 

- - 0.11 0.3 0.22 0.4 0.1 1 0.3 0 1 0.3 

0.11 0.3 0.67 0.5 - 2.67 3.4 0.1 1 0.3 1.11 1.5 

- 0.11 0.3 - 0.11 0.3 - - 
1.11 1.5 2.1 1 3.3 3.56 5.5 7.22 9.1 1.44 2.1 4.00 4.8 

- 0.11 0.3 - - 0.56 1.7 0 1  1 0.3 

- - 0.11 0.3 - 0.11 0.3 0.II 0.3 

1.33 2.1 1.22 2.2 0.44 0.5 0.1 I 0.3 1.22 2.2 1.22 3.3 

- - 0.11 0.3 0.33 0.5 - - 
2.44 6.6 0.33 0.5 0.22 0.4 0.1 1 0.3 0.78 1.6 0.1 1 0.3 

1.11 3.3 - - - 0.11 0,3 - 
- 1.44 3.2 - 0.56 1.7 - 1.22 2.2 
- - - - - - 
0.11 0.3 - 0.11 0.3 - 0.11 0.3 0.11 0.3 

- 0.11 0.3 - O. 1 1 0.3 0.22 0.4 O. 1 1 0.3 

1.11 2.2 0.89 1.6 0.1 l 0.3 0.33 0.5 2.89 4.3 1.78 2.4 

9.89 13.9 10.33 13.0 3.78 4.0 7.44 8.5 9.67 13.2 10.78 9.2 
- 0.22 0.4 - 0.22 0.4 - 0.56 0.5 
- 0.56 1.7 - 1.11 2.2 - - 
1.33 2.1 - 2.78 2.6 - 1.33 2.1 0.22 0.4 

0.67 1.7 2.0 2.3 0.67 1.7 0.89 1.6 0.33 0.5 1.00 1.6 



0% harvest 30% harvest 70% harvest 1 0 %  harvest 

Species Y1 Y2 Y I  Y2 Y1 Y2 Y1 Y2 

Diervilla loriicera 

Epilobiunr angusiifoliuni 

Epilobiuni palustre 

Fragaria virginiaria 

Gaultheria procumberis 

Heuchera sp, 

Hieracium scabriusculuni 

Juniperus conimunis 

Lathyrus ochroleucus 

Lathyrus veriosus 

Luzula sp. 

Maianthentuna cariaderise 

Melampyrwi linea re 

Oryzopsis asperifol ia 

Oryzopsis putigeris 

Picea glauca 

Pirius h k r i a n a  

Pleu roziuni sch reberi 

Pou sp, 

Polygonum cilinode 

Polypodium virginianum 

Polytrichuni conunune 
w 

Polytrichm jrrriiperiritrnl 





Protocols for establishing sustainable harvest levels were designed and tested for 

Acom umericanus and Vaccinhm angustifofium. Throughout the course of the study, 

many difficulties were encountered in assessing plant productivity. Therefore, innovative 

and untested methods were applied. Some challenges were hiiy addressed while othea 

remain for future research. This study provides a foundation for developing sound 

monitoring prograrns for the sustainable harvest of A. americunw and V. angustifoliwn. 

5.1 Acorus americanus 

5.1.1 Manitoba Results 

The monitoring protocols designed for Acorus mericanw detected several effects 

resulting from differing harvesting intensities. In the monoculture stands of A. unzericanw 

in Manitoba, the effects due to harvesting intensity were generally weli defined. 

(a) Density, Mass, and Percent Cover 

Of panicular importance, this study showed a trend of decreasing A. americanus 

rhizome dry mas with increasing harvesting intensity (Figure 4.1-C). Figure 4.1-C 

illustrates very little difference between the 30% and 70% harvesting intensity and a large 

difference between these ireatmen ts and the 100% harvesting intensity . The ciifferences 

between treatments in rhizome dry mass n m w l y  missed significance supporting the 

changes seen in Figure 4. L-C . 



Simiiar trends were observed in shoot density and Acorus percent cover. The 

mnds illustrated in Figure 4.1-A and -B are supported by significant between treatment 

differences. For shoot density, no significant dinerences were found between the control 

and the 30% or 70% harvesting intensity but significant differences were found between 

the 100% harvesting intensity and al i  other treatments (Table 4.1). This may indicate that 

harvesting 30% or 70% may have similar effecu and therefore the greater harvesting level 

may be appropriate for hand harvesting. However. these conclusions are based on two 

years data. Longer monitoring must be implemented to examine the possible differences 

for long term effects of harvestiag at these levels. 

Significant differences for percent cover between treatments were found (Figure 

4.1-B and Table 4.1). Interestingly, the significant difference between the control and 70% 

harvesting and no difference between 70% hamesting and the 100% harvesting may 

indicate that the harvesting effects of 70% are greater than the 30% harvesting intensity, 

that had no significant diffennce from the control. Harvesting 100% of A. americanus 

rhizomes resulted in great reductions in rhizome dry mass, and significant decreases in 

shoot density and percent cover (Figure 4.1). These results supported the expectation that 

A. arnericanus productivity would be reduced when rhizomes, essential for vegetative 

reproduction, were harvested. 

Percent cover estimates were effective at detecting changes within treatments, 

thereby complementing the shoot density information. In harvested treatments, significant 

decreases in the percent cover (Figure 4.1-B) and shoot density (Figure 4.1-A) were 

observed as harvesting intensity increased. This indicates that the vigor of the shoots 

produced the year after harvesting was affected by the harvesting intensity. Interestingly, 

some of the 100% hamestecl plots were easily identifiable in the second year due to the lack 

of any vegetation in the lm' area where harvesting had occurred. Of particular importance, 

these results indicated that harvesting 100% of the rhizomes had a detrimentai effect on the 

reproduction of Acorw. ûespite the high levels of variability of rhizome dry mass within 



ireatments, each year differences between treatments were evident (Figure 4.1). These 

results indicated that harvesting Acorus by hand at 3096 or 70% produces similar effects. 

However, these results only represent the change over one year. The long-term effects of 

harvesting at 30% or 70% may be drasticaily different. 

(b) Rhizome - Shoot Correlation Study 

Counting the shoots was an effective means of assessing above ground 

productivity in A. amerkanus since it was quick, easy and non-destructive. Its 

effectiveness was strengthened by the significant merences found between treatments 

(Table 4.1). Unfortunately, the shoot density did not give any indication to the below 

ground productivity of A. americanus as shoot density and rhizome dry mass were not 

correlaied (Figure 4.2). As a result, it was not possible to accurately mess the below 

ground changes occurring in the harvested plots. as they could not be compared to the 

unharvested control. This is problematic since monitoring below ground productivity 

should invoive a non-destructive method such that the control remains undisturbed and 

unharvested. Regrettably, no solution was found for this impediment. 

(e) Associa ted Plant Species 

Few significant changes in the percent cover of other plant species were associated 

with varying harvesting intensities (Table 4.2). This may be due to the differences in 

frequency and abundance and the low percent cover observed for associated species 

between sampling units. Carex was the only associated plant to show significant decreases 

beween years (Table 4.2). However. the conirol also decreased in percent cover between 

yem. Therefore, the harvesting of Acorus did not affect the Carex cover. Interestingly, 

Butomus umbelIatus and Equisetum sp. were not found in the Manitoba plots in 1997. 

One possible explmation is that these species may be more sensitive to the disturbance 
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caused by harvesting than the other species observed, resulting in their decline in 1997. 

Altemativety, many Equisetm species are annuals (Looman and Best 1987) and only 

infertile stems were observed in 1996. Therefore, it may be possible that the absence of 

Equisetm may be due to the chance that no Equisetm spores feu within the study plots in 

1997. uicreasing the sample size would be necessary to detect the effects of harvesting 

intensity of the percent cover of other species. 

5.1.2 Recommendations 

(a) Rhizome Growth Rates 

The monitoring protocols cm be improved in several ways other than those 

already mentioned. Fintly, further study into rhizome growth rates per year may help to 

rninimize the effects of harvesting. Presentiy, rhizome growth rates are unknown, but this 

information is important because if the rhizomes are slow growing, narrow strips of 

approximately 10 cm would be appropriate for harvesting, whereas, if the rhizomes grow 

quickly , wider strips could be harvested. 

(b) Human Resources 

An immense difficulty with the monitoring protocols was the lack of sufficient 

manpower to complete data collection in a timely manner. For example in 1996, al i  of the 

harvesting was completed by two people over a period of three weeks. The arduous task 

of hamesting A. americanus rhizomes would be ideaiiy shared by many people to prevent 

injuries to the researchea. In 1997, additional human resources were supplied by the 

Sagkeeng First Nation. As a result. collection of the rhizomes and site data was completed 

in less than L O days. 



Additionaiiy in 1996, a l l  of the processing and cleaning was completed by one 

person over a three month period. Consequently, some rhizomes sat in cold storage for up 

to thRe months where the decomposition of some rhizomes occurred. This likely 

contributed to some of the variability in mass observed in 1996. In 1997, rhizomes were 

processed and dried within a matter of weeks after harvesting so no rhizome decomposition 

occurred. For this monitoring protocol to rua smoothly and effïciently a minimum of four 

people are required. 

During the first field season, a canoe was used to reach the Acorus sites. This 

increased the travel t h e  to and from sites, and restncted the amount of plant material that 

could be msported at one time. Furthemore, the sometimes turbulent Winnipeg river 

threatened the safety of researchen while in the canoe. In 1997, a small motor boat was 

used to transport the four researchers to and from sites. This is recornmended for future 

monitoring as it decreased the travel Ume and increased safety of transport of people and 

materials to and from the sites. However, it should be noted that use of a motor boat did 

increase the financial costs. 

(d) Harvesting Plot Shape 

A change in plot shape may also rninimize the effects of harvesting 100% of the 

rhizomes. If plots were elongated the harvested area would have a greater surface area 

surrounded by actively growing plants to recolonize more quickly. A long, n m w  plot 

would have been impractical for this study as harvesters had to stand very close to the area 

king harvested. Therefore. more A. arnericMus plants would have k e n  trampled using 

long. narrow plots. 



(e) Increase Sampling 

More sites dong the Winnipeg river should be established in an attempt to 

decrease the variability within treatments. The rhizome dry weight and the percent cover of 

other species pnsent in the study plots were al i  highly variable and additional samples 

should reduce this variability. Furthemore, more sensitive methods should be used to 

investigate the effects on associated plants since estirnating percent cover did not detect 

many significant changes. This was probably because other spcies were present in low 

frequencies and low abundance. In a previous study, point sarnpling technique in a 0.25 

mZ gridded quadrat was used to survey experimental wetland communities (Weiher and 

Keddy 1995). This technique may provide the finer scale necessary to detect A. 

amerkanus harvesting effects on associated plant species. 

(f) Investigate Associated Environmental Parameters 

Environmentai parameten should be exarnined to see if they play a role in sorne of 

the observed effects. For instance, water quality should be tested for contarninants since 

the Winnipeg river is a busy waterway for motor boats. indeed, some oil and/or gasoline 

residue was occasionally observed in the sites. Soi1 analysis should aiso be perfomed to 

see if there are differences in mineral and nutrient availability between sites. FinaUy, 

monitoring of water levels, controlled by Manitoba Hydro, should be incorporated shce 

water levels may play a role in plant productivity. High water levels would require more 

energy resources to be used for the shoot elongation, while at water levels greater than 40 

cm Acorus rarnets do not survive (Shipley et al. 199 1) and low water levels before winter 

sets in may result in ice scouring of the rhizomes and dûmage or death due to wave action 

in the early spring (Shipley et al. 199 L, Wilcox and Meeker 199 1). in addition, Wilcox 

and Meeker ( 199 L) showed tao littie or too much disturbance fmm water-fluctuations 

results in differences in dominant species and reduced structural diversity in üttoral zones. 



Furthemore. Keddy and Eus (1985) demonsmted that Acorus seeds will not germinate 

unless they are submerged. These parameten were not included in these monitoring 

protocols due to a lack of tirne and resources. 

(g) Mechanize harvesting 

If A. umericanÿ~ was harvested for economic purposes, a mechanized harvesting 

method would Uely be essential. Harvesting Acow rhizomes by hand is not cost 

.effective due to its labor intensiveness. A small, durable machine with two blades that 

could cut a 10 - 20 cm swath through the top 15 - 20 cm of soi1 and rhizomes in an aquatic 

environment would be required. Acorus produces a dense mat of thick, tough rhizomes, 

however the leaves of Acorus are quite delicate and susceptible to damage. For example, in 

Manitoba during 1996, the came was docked at one end of site one and we walked back 

and forth to deposit samples. Within one aftemoon. a path was unintentionaiiy established 

in the Acorus population where the leaves were uampled. This path was evident for the 

rest of the season (Figure S. 1) indicating the particularly sensitive nature of this plant to 

human disturbance. For this reason, 100% mechanized harvesting of long narrow plots 

may produce fewer detrimental effects than hand harvesting at lower intensity, despite the 

larger negative effects produced by 100% harvesting. Clearly, more work is requind to 

determine the most effective and least h d u l  method for the harvesting of A. omericanuî. 



Figure S. 1 Path to canoe unintentionaily established over one afternoon in 1996 by 
w&ng back and forth to c m .  This example illustrates that Acorus mericmus leaves 
are easiiy trampled. 



5.1.3 Ontario Results 

In Ontario, the Acorus monitoring protocols suffered due to a lack of suitable 

study sites. Miscommunication with eldea as to what constituted a 6 4 g ~ ~ d "  harvesting site 

may have been the problem when selecting snidy species for the area. The Acorus site 

established in Ontario was floristically very dinerent from those established in Manitoba, as 

a monoculture of Acorus was not present (Figures 3.5 - 3.8). Furthemore, despite one 

week of searching in 1996 and 1997 for additional sites by land and water. the site 

established was the only one found where Acorus was growing. Consequently, no 

signifïcant effects between years were shown due to the highly variable nature of the site 

and due to the small sample size. However, despite this significant differences between 

treatments were found in the shoot density. Interestingly. the same differences found in 

Manitoba for shoot density were found in Ontario. No significant differences were found 

between the control and the 30% or 70% harvesting intensity but significant differences 

were found between the 100% harvesting intensity and al1 other treatments (Table 4.3). 

This supports the trend that as harvesting intensity increases productivity of A. mericanus 

decreases. 

5.1.4 Recommendations 

The area surroundhg the Ojibiways of Oneganiing reserve in Ontario was not 

suitable for the study of Acorus and couid not support any sustainable cornmerciai harvest 

even on a very small scde from the observations of this study. Therefore, A. americanw 

would not be an acceptable candidate for economic deveiopment in the area studied in 

On tario. 



5.2.1 Manitoba and Ontario Results 

(a) Percent Cover, Mas ,  and Volume 

The monitoring protocols designed for Vacciniwn angustifoliwn were able to 

detect effects of harvesting at differing intensities. The percent cover, mass and volume of 

fresh berries proved to be efficient measures of productivity between years. Of paiticular 

importance, this study showed different harvesting intensities affected bemy production. 

As harvesting intensity increased, the mass of berries decreased from year to year. 

This trend is strengthened by the fact that it was evident in Manitoba and Ontario (Figures 

4.4-B and 4.645, Tables 4.5 and 4.9). However, when the berry mass changes between 

treatments were cornpared no significant differences were found in Manitoba or Ontario 

(Tables 4.5 and 4.9). Additiondy. no significant differences were found for the changes 

in volume between treatrnents in Manitoba or Ontario (Tables 4.5 and 4.9). This may have 

been due to the variability of berry production found within treatments. As this was the 

fmt study to investigate the effects of various harvesting intensities on berry yield, and data 

were only gathered for two yean it was difficult to evaluate the me effectiveness of the 

monitoring protocols. Therefore. the trends obsemed are relied upon more heavily as 

indicators of change rather than statistical significance itself. 

Many studies (Black 1963. Jordan and Eaton 1995, Penney et al. 1997) have 

looked at second year cropping after rotational buming and showed that second crop 

blueberry yields are consistently smaller than fmt crop yields. In these studies, 1ûû% of 

the berries were harvested, so the 100% harvesting intensity results are comparable with 

these. In this study beny production in the second year following 100% hamesting was 

also decreased from the first y e d s  harvest. Jordan and Eaton ( 1995) found r decrease in 



beny production to be largely attributed to increased resource allocation to vegetative 

growth after the fust crop is harvested, whereas, the fmt year after buming relatively more 

resources are aiiocated to bud. flower and berry production. This may explain the general 

decnases observed in the 1 0 %  harvesting intensity. 

Curiously, harvesting 30% or 70% of the bemes resulted in little or no change in 

the next year's bery production. The cornparison of the change in berry mass or volume 

resulting from the harvesting of 30%, 70% or LOO% of the bemes over a specific area was 

not entirely unbiased. Of course. if 100% of the berries are harvested the mass and volume 

will be greater than if 30% of the bemes are harvested. A relatively large mass or volume 

allows a greater range for change from one year to the next, just as a relatively smali mass 

or volume leaves a small margin for change. Indeed, this may in part explain the 

differences between treatments illustmted in Figures 4.4 and 4.6. Further study is required 

to determine if the trends found are as a result of harvesting intensities or sampling design. 

The idea that resources are alIocated to vegetative production after 100% 

harvesting (Jordan and Eaton 1995) was supponed by the change in percent cover of V. 

angustifolium in Manitoba (Figure 4.4), whereby, a significant decrease between years for 

percent cover was seen in the control and no appreciable decrease was seen in the 100% 

harvesting treatment (Table 4.5). The figure suggests that the 100% plots actually 

increased in percent cover relative to that seen in the control. However, when tested no 

significant differences were found between treatrnents for percent cover (Table 4.5). 

Interestingly. this trend of increasing percent cover with increasing harvesting intensity was 

not observed in Ontario where there were no significant changes observed in the percent 

cover of V. angustifolium between yean or between treatments (Table 4.9). The 

difference observed between provinces may be attributable to differences in nutrient 

resources at the two locations, however this was not tested. 



(b) 30% and 70% Harvesting Intensities 

Obtauiing accurate 30% and 70% harvesting levels of the bluebemes proved t.0 k 

one of the most challenging obstacles encountered by the blueberry monitoring protocols. 

Two methods in order to achieve objective harvest levels were tested. In 1996, 100% plots 

were harvested fint and average masses were calculated. Then 30% or 70% of that mass, 

corrected for the V. angustifoliwn percent cover of each plot was taken as the mass to be 

harvested in 30% or 70% plots, respectively. On several occasions, the mass calculated 

was greater than could possibly be harvested from the plot. Therefore, rough estimates of 

30% or 70% of bemes were often subjectively imposed by the researcher harvesting the 

bemes. 

In 1997, the beny density was summed for a 0.25mL area of each plot and a 

'correction factor' was calculated (see methods) for the 30% and 70% plots. Again, 100% 

plots were harvested fust and weighed. The mass of the 100% plot in each block was 

multiplied by the 'correction factor' to calculate the mass to be harvested from the 30% and 

70% plots. 

This method worked better than the f ~ s t  year's method however, some masses 

were still cakulated that were not possible to hilfill with the bemes present in the plot. 

This may have been due to increased herbivory in the second year. Large quantities of bear 

scat were discovered adjacent to some of the plots in the second year, suggesting that some 

of the berries may have been eaten prior to the harvesting period. Increasing the sample 

size in each province would decrease the variability observed in the bluebeny plots due to 

ecological factors like herbivory. 



(c) Shoot Densi ties 

Harvesting intensities had opposite effects on shoot densities between years in 

Manitoba and Ontario (Figures 4.5-A and 4.7-A). The shoot density increased with 

harvesting intensity in Manitoba and decreased with harvesting intensity in Ontario. No 

significant differences were found beiween treatments in Manitoba (Table 4.6). This may 

be attributed to the amount of variation for stem densities within treatments. However, 

significant increases were found in the 30% and 100% harvesting intensities between 

years. In Ontario, significant changes between years were also found (Table 4.10). It is 

well documented that K ~~tgu+strioIium naturally increasps in cover by producing more 

stems as the plant matures to replace older, less productive stems (Hall et al. 1979, Hepler 

and Yarborough 199 1. Nams 1994). Therefore, these increases may have k e n  a result of 

natural aging in the population. However, the differences seen between provinces rnake 

the interpretation of the results very difficult. Perhaps the absence of increase in the control 

treatment in Manitoba may have be due to chance or the variation within the treatment. 

Exarnining the Ontario results alone appears to indicate that increasing harvesting intensity 

has a negative effect on shoot density. 

(d) Bud Density 

* 

The effect of harvesting intensity on bud density was also unclear. The high 

variability within treatments resulted in changes in bud density that were difficult to 

interpret (Tables 4.7 and 4.1 1). Moreover, each fniit set was counted the summer of 1997 

for before harvesting bud densities (each bud produces one cluster of bemes - a fmit set). 

In the f d  of 1997, floral buds were counted for after harvesting bud densities. In the fall 

of 1996, more buds rnay have k e n  produced yet failed to set berries because they may 

have been damaged or killed over the winter. If this was the case it may have resulted in an 
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underestimate of buds in the summer of 1997. and consequentiy. resulted in an over 

estimation of the change in bud density. 

Regardless, signifcant increases in bud density were observed in the 100% 

harvesting intensity and the control in Manitoba and Ontario, respectively (Figures 4.5-B 

and 4.7-B , Tables 4.7 and 4.1 1) despite the variability within treatments. This contradicts 

Jordan and Eaton (1995) who showed no significant changes in the bud density at 100% 

harvesting intensity. The difference between Our results and theirs is Uely a consequence 

of different observation methods. However, they showed a significant decrease in the 

number of flowerdbud that resulted in nduced beny yields (Jordan and Eaton 1995). No 

significant differences were found between treatments although differences between 

treatments in Ontario nmowly missed signifcance (Tables 4.7 and 4.1 1. Figure 4.7-B). 

Interestingly, a similar pattern was found in both provinces. The controls had the greatest 

increases in bud density, then 100% harvesting intensity had the next greatest increase, the 

30% harvesting treatment increased the least in Manitoba and decreased the most in Ontario 

and the 70% harvesting intensity was intermediate to the 30% and 100% harvesting 

intensities. The pattern found in two sepante locations was contrary to expectations based 

on pûst studies (Jordan and Eaton 1995). If the control did not have the greatest increase. 

one might conclude that intense harvesting stimulated bud production. However, as this is 

not the case, the bud density remains a puzzle. 

(e) Berry Density 

The effect of differing harvesting intensities on berry density was also unckar. 

Again, due to the high variability in berry density. increased sarnpling may be required to 

demonstrate the effects of harvesting intensity on berry density. Despite this, similar trends 

were observed in Manitoba and Ontario (Figures 4.5-C and 4.7-C). Significmt increases 
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in berry density between years were observed for the 30% and 70% harvesting intensity in 

Ontario (Table 4.10) and increases in the same treatments were observed in Manitoba 

between years although they were not significant (Table 4.6). In both provinces, the 

controls and 100% harvesting intensities did not produce as many berries in 1997 as plots 

where 30% or 70% of the bemes were harvested (Figures 4.5-C and 4.7-C). These results 

were unexpected. However, no significant differences were found between treatments 

aithough, as with bud density, the differences between treatments in Ontario nmowly 

missed significance (Figure 4.7-C). Since this was the fvst study to investigate harvesting 

blueberries at various intensities no literature exists to compare with these peculiar results. 

One may speculate that harvesting some or most of the bemes stimulates berry production 

in the following year. However. although more bemes were produced, no appreciable 

gains in berry mass were observed (Figures 4.4-B and 4.5-C, 4.6-B and 4.7-C). This 

indicated that the bemes may have ken  of a reduced size. This idea was supponed by the 

decrease in volume observed for 70% harvesting in Manitoba (Figure 4.4-C). However, 

the increase in berry density following 30% and 70% harvesting support the trends 

observed in berry mass and volume. 

(f) Associated Plant Species 

The effect of harvesting on associated species was not detected by the monitoring 

protocol. Changes in these species appeared to be of littie consequence because estimates 

of percent cover were usually less han 5% and the changes were therefore a matter of 1 or 

3%. This suggests that estimates of percent cover that were rounded to the nearest 596, are 

too coarse for monitoring the changes in other species present in the study plots and in the 

future methods more sensitive at detecting fine scale changes should be applied. A greater 

species diveaity was observed in 1997 than in 1996. A number of species was present in 

1996 and absent in 1997 and some species appeared in 1997 that were not seen in 1996 in 
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Manitoba sites (Table 4.7). For example, Agropyron repem and Anemone canadensis are 

two species widely distributed throughout the b o r d  forest (Johnson et al. 1995) which 

were observed in plots in 1996 yet were not observed in the plots in 1997. Aithough 

interesting, due to the coarse scale used for examining associated plant species, no trends 

of the effects of harvesting are clearly evident on any of these species. Associated plants 

must be exarnined with a fmer scale technique than estimating the percent cover. 

5.2.2 Recommendations 

The percent cover, mass and volume of fresh bemes proved to be efficient 

parameters for monitoring changes in blueberry production. Convenely, the collection of 

data on shoot density. bud density and berry density was a lengthy and laborious process 

involving hours of crouching which provided few significant results. In fact, measuring 

these parameten was so timetonsuming and caused so much physical (intestinal) 

discodort, that alternative methods (see below) for collecting this data should be tested. 

In general, more sampling is necessary due to the extreme variability of blueberry 

production observed in natural stands of V. angustifolium (Hepler and Yarborough 199 1 ). 

(a) Plot Size for Shoot, Bud and Berry Densities 

Nam (1994) found 0.025 m' is the most efficient and precise quadrat size for 

measuring blueberry stem density. Furthemore, Nam (1994) found that srnalier quacirats 

were better for worker morale, since the larger the quadrat, the more difficulty there is in 

counting numerous stems. In our study, a 0.25 m2 area ofeach plot was sub-sampled for 

densities of stems, bemes and buds. Refined sub-sampling techniques of the plots may 

reduce the variability that was seen in the shoot density, bud density and berry density. 



Couating the buds and bemes on a per stem basis may decrease the vanability within 

treatments and aiiow for more accurate counting. Furthemore, if bemes were harvested at 

various harvesting intensities on a per stem bais it may help to reduce the margin for 

change as previously discussed, thereby mitigating the bias of harvesting over a larger area. 

(b) Stems Per Unit Area 

The measurements of numbea of stems per unit area rather than shoots per unit 

area should be considered since this appears to be the standard method for evaluating above 

ground vegetative productivity in the blueberry industry (Yarborough et al. 1986, Eaton 

1994, Nams 1994, Jordan and Eaton 1995, Penney et al. 1997). Shoots, as defmed for 

this study, consisted of one to many stems al1 originating from the sarne place in the ground 

or more precisely, a ramet. 

Stem densities were Iikely overlooked for this study because non-destructive 

sarnpling methods were practiced. Many researchers fmt clip the blueberry plots and then 

count the number of stems clipped (Ismail et al. 198 1. Jensen 1986). Nams (1994) 

compared the accuracy of counting stems in quacirats in the field and clipping stems and 

counting hem in the lab and found no significant ciifference in accuracy between the two 

me thods. 

Stem densities may be a more accurate, and therefore, a more sensitive method of 

assessing the effects of harvesting intensity on vegetative reproduction. Accordingly, 

stems should be counted rather than shoots for future blueberry monitoring protocols and a 

smaller area should be sub-sampled. 



(c) Bud Density Changes 

To avoid difficulties in the future, bud densities should: (1) be recorded at the 

same time every year (2) be counted on a per stem basis and (3) the number of flowerdbud 

should also be counted. Finally, (4) the variability in bud densities (Tables 4.7 and 4.1 1) 

indicate that a larger sample size rnay be required. 

(d) Collection Demonstration at the Start of Every Day 

The Y2-S Manitoba shoot densities are much lower than the Y2-F shoot densities 

(Table 4.6) which may make changes in stem density (Figure 4.5- A) appear as though 

harvesting intensity did have an effect. The differences between Y2-S and Y2-F shoot 

densities may be partiy attributed to variability between data collectors. 

- 
During the summer rnonths of 1997 (Y2) employees h m  the Sagkeeng Fint 

Nation assisted in data collection. As previously mentioned, Nam (1994) identified 

differences between observers as a large source of variation in data. One initial training 

session provided to those untrained in bomy was most likely inadequate for teaching the 

abstruse task of identibing what we defined as a shoot. For future reference, Nams 

(1994) recommends a brief demonstration at the beginning of every data collection day to 

reduce variability between researchen. In cornparison, the shoot densities for Y24 and 

Y2-F in Ontario were collected only by primary researchers and there is very linle variation 

between the summer and fa11 densities (Table 4.10). 



(e) Associated Environmental Parameters 

In the future. if resources permit. other environmental factors should be 

considered. Soi1 sarnples may show differences in minerai, nutrient and water availability 

which could explain some of the differences observed from year to year and between 

treatments. Insuficient quantities of minerais, nutrients or water may limit blueberry 

growth. Additionaiiy. light readings may dso show dserences from plot to plot and could 

explain some of the vast differences in beny productivity seen in the bluebeny (Aalders et 

al. 1969, Hoefs and Shay 198 1). We aitempted to conirol for such environmental 

variables by using a nested experimental design (Figure 3.9). However, if these 

environmental factors were added. they would allow for more precision in assessing the 

monitoring protocol. 

(4 Seedling Regeneration 

Seedling regeneration requires examination both in the harvesting area and the 

sunounding areas to investigate whether sexual propagation, and therefore genetic 

divenity. is affected by harvesting. 



5.3 Conclusions 
Monitoring protocols for two very different species were tested in Manitoba and 

Ontario to mess the impact of harvesting Acoruî &canus, a traditional native medichal 

plant, and Vaccinium angustifolium. the lowbush blueberry. 

First Nations communities were successfuliy included in the study. Good 

working relationships were established with the envuonmentai officea of both 

communities through the initial contact with the chefs. The cooperation of experienced and 

knowledgeable community elders was achieved through the environmental officers. 

Furthemore, these elden guided researchers to traditional harvesting locations. Once the 

protocols were established Sagkeeng Fint Nation provided additional human resources to 

facilitate in data collection and to train community memben in monitoring protocols. 

Sagkeeng is actively seeking the means to continue the monitoring protocols. 

The monitoring protocols were an effective means of assessing Acorw 

productivity. This is significant since this is the fmt study to examine the effects of 

harvesting Acorus rhizomes. Monitoring various harvesting intensities of A. amerkanus 

for two growth seasons demonstrated a decrease in productivity in terms of shoot density, 

percent cover and rhizome dry mass, with increased levels of harvesting, especially after 

100% harvesting. We also discovered that 30% and 70% harvesting levels elicit similar 

responses although this may not be true over the long term. Suggestions were made for 

hture modification to the monitoring protocols, including: (1) changing the quadrat shape 

from a square to an elongated rectangle; (2) using a finer sale method for assessing the 

abundance of associated plants; (3) monitoring several environmental factors, such as 

water temperature, water quality, water levels, soi1 nutrients, and light levels; and (4) 

establishing more study sites. 

The information obtained from this and future studies would help in determining 

sustainable hmest levels and in making the harvesting economicaily viable. niis would 

also require studies that investîgate (i) rhizome growth rates, (ii) a non-destructive method 



to ssess the below gnwid biomass of unharvested plants to more accuraîely rnonitor the 

productivity of the control plots, (iii) the bioengineenng of a harvesting machine for A. 

americanus and , (iv) propagation of more A. americanus sites. 

Monitoring different harvesting levels of Vucciniwn angusrifolh for two yean 

produced unexpected results. This project is the fmt to examine effects of different 

harvesting (other than 100%) levels on blueberry production. As harvesting intensity 

increased, mass, volume and berry density tended to decrease. Interestingly, harvesting 

some (30%) or most (7095) of the bemes appears to have had a stimulatory effect on berry 

density, resulting in an increased yield compared with the control or the 100% harvesting 

intensity. As this is the fmt study of its kird, one can only speculaie as to the biological 

reasons behind this phenornenon. Recornmendations were made for future research to 

improve the monitoring protocols for K angustifolium by: (1) counting stem densities 

rather than 'shoot' densities; (2) using a 0.025 m' quadrat to count stem densities, bud 

densities. and berry densities; (3) counting bud and berry densities on a per stem bais as 

well as a per unit area bais (4) improving the method for harvesting 30 or 70% of bemes; 

(5) using a finer scale method for assessing the abundance of associated species; (6) 

monitoring several environmental factors, such as edaphic factors and light levels; (7) 

examining seedling establishment in and around study areas (8) establishing more study 

sites. 

It is hoped that the recornrnendations made here will be implemented to Further 

explore the effects of hawesting these non-timber boreai forest products as an alternative to 

foresuy and/or as an opportunity for people üving in economically depressed areas in 

boreai forest regions to supplement their incornes. 
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Appendix 1 Letters to Chiefs 

Chief Lany Barker 
Hollow Water 
General Delivery 
Wanipigow, MB 
ROE 2EO 

November 7,1995. 

Dear Mr. Barker, 

Hello, my name is Sba- ~ o i g a n .  1 am a Cree h m  Waskaganish. Quebec. 1 have also 
lived in Webequie. Ontario. After iiving on these reserves-1 have corne to reaiize the 
necessity of economic developrnent for the people living in nmote areas where employment 
opportunities are few. As you may or may not know tlaere is increasing interest in 
harvesting narural non timber forest products in a sustainable manner. In a ment 
conversation wibi my uncle, Albert Diamonci, he told me of a f d y  that harvested wild 
cranbemes in the summer and was paid about four thousand dollars by a Mon- 
restaurant for the harvest Peahaps the= = simüar opportunities in this region for such 
entexprises. In our forests there are many plants of p o t d a i  economic si@cance such as 
wild fnllts, teas, herbal nmedies and mushrooms. 

- 
If you are interested in e x p l o ~ g  the economic potentiaî of plants in your area 1 would be 
willing to work together with you and othet interested members of your community on this 
pmject. One possible project would be the selextion of a fruit, an edible fwigus, and a x 

plant that cm be used in a herbal remedy that could be harvested on a seasonal basis. We 
might describe th& distribution and abundance and establish a monitoring program so that 
appropriate harvest levels could be set without impairhg the nabilicy of the plant. The 
input of interested and howiedgeable members of your community would be necessary to 
help in the seiection of appropriate species and suitable harvest areas. I believe that th& 
would pmvide usehil information for members of your band intaested in supplementing 
their income by harveting non timber botanical products from the fonst in a sustaiuable 
way. You wouldgain valuable information on both the potentidy economic plants and the 
smounding forest by allowing me to do the botanical study for you. 

1 am a stuàent at the University of Manitoba beginning my Maser's Degree in Botany. My 
personal funding is provideci by the Cree Schwl Board of Quebec and the project bas some 
initial funding h m  the Canadian Shield Foundation. 1 would lilre to gather data for my 
thesis by doing such a projecc duriag the summers of 19% and 1997. 1 believe this WU be 
an important ecoaomic opportunity and will contact you very soon. 

Shaunna Morgan. 



- No, this band is not interested in collaborating in research on the 
sustainable use of plant products from the forest. Please do not 
contact us again concerning this matter. 

Signature 

Position 

- Yes, this band is interested in collaborating in research on the 
sustainable use of plant products fiom the forest. We would like to 

discuss details with you. 

(plaise pnnt clearly) 

Contact narne 

Position 

E-mail address 

Mailing Address 

Phone number 

Fax number 

Signature 
Position 



L 

December 27,1995. 

Chief Larry Barker 
Hollow Water 
General Delivesy 
Wanipigow, MB 
ROE 2EO 

Dear Mr. Barker 

1 hope you received my f b t  leaer on establishing a monitoring program for the sustainable 
harvesting of special botanical non-tirnber forest products and have had sufficient tirne to 
consider the proposal Enclosed is a forrn to be fded out if you are interested in working 
with me in the future and a self-addressed stamped envelope to expedite rnatters. If for 
some reason you did not receive my fmt letter please contact me and I will fax a copy of 
the original to your office. 

Shaunna Morgan + 
Depamnent of Botany 
505 Buller Building 
University of Manitoba 
Winnipeg, Manitoba 
R3T 2N2 

1 look forwvd ta receinng your response. 

S haunna Morgan. w 

Tel: (204) 474-9368 
Fax: (204) 261-8474 



. te 

- Yes, this band is interested in collaborating in research on the 
sustainable use of plant products from the forest. We would like to 
discuss details wi th you. 

Contact name 

. Position 

E-mail address 

Mailing Address 

Phone number 

Fax number 

Signature 

Position 



Appendix 11. Vascularlplant, non-vascula? plant and lichen' species list for NTFP study sites in Manitoba 
and Ontario in 1996 and 1997. A) Aconrr onien'cmus sites B) Vaccinim a n g ~ ~ ~ o i i u m  sites. 

A) 
sçhwmMm 

Acorus amencanus 
Bidens cernua 
Butomus unbellatus 
Calumag rostis canadensis 
Carex sp. 
Cicura bulbveru 
Cicuta maculata 
Eleocharis palustris 
Equisetum s p. 
Galium boreale 
Polygonum amphibium 
Polygonum coccineurn 
Polygonum lapathifolium 
Potentilla palustris 
Sagittaria cuneata 
Sagittaria rigida 
Scirpus cyperinus 
Sparganium eurycarpum 
Typha la t~o l ia  
Ziznia aqucltica 

B) 

A bies balsamea 
Betda papyrifera 
Picea glauca 
Pinus banhiana 
Populus tremuloides 

TaU shmbs 
Alnus rugosa 
Amelanchier alnifidia 
Prunus pensylvanicu 
Prunus virginiana 
Salk spp. 

Low sbrubs 
A rctostaphylos uva-ursi 
Comaniira umbellata 
Dienil la lonicera 
Fragarr'o virginiana 
Gaulthen'o procwnbens 
Juniperus cummunis 
Potentiliu tridentata 

Authoritv 
(Ra..) Raf. 
L. 
L. 
(Michx.) Nutt. 
L. 
L. 
L. 
(L.) R.& S. 
L. 
L. 
L. 
Muhl. 
t. 
(L.) Scop. 
S heldon 
Pursh 
(L.) Kunth 
Engelm. 
L. 
L, 

(L.) Mill. 
Mars h . 
(Moench) Voss. 
Lamb. 
Michx. 

Eamilv 
Acoraceae 
Composi tae 
Butomaceae 
Grdncae 
Cyperaceae 
Umbelliferae 
Umbelliferae 
C yperaceae 
Equise taceae 
Ru biaceae 
Pol ygonaceae 
Pol y gonaceae 
Polygonaceae 
Rosaceae 
Alismataceae 
Alismataceae 
C yperaceae 
Sparganiaceae 
Ty p haceae 
Gramineae 

Pinaceae 
Betulaceae 
Pinaceae 
Pinaceae 
Salicaceae 

(Du Roi) Spreng. Betulaceae 
Nutt. Rosaceae 
L. f, Rosaceae 
L. Rosaceae 
L. Salicaceae 

(L.) Spreng. Ericaceae 
(L.) Nutt. Sannlaceae 
Mill. Capri foliaceae 
Dcne. Rosaceae 
L, Ericaceae 
L. Pinaceae 
Ait, Rosaceae 

- 
Sweedlag 
Stick tight 
Flowering rush 
Blue-joint 
Sedge 
Buib-bearing water hedock 
Water hedoc k 
Creeping spike-rush 
Horsetail 
Northern bedstraw 
Water-smartweed 
Long-spiked water-smartweed 
Willow-weed 
Marsh cinquefoil 
Arum-leaved arrowhead 
Sessile-fruited arrowhead 
Wool-gras 
Giant bur-reed 
Common cat-tail 
Wild rice 

Balsam fir 
White birch 
White spmce 
Jack pine 
Trembling aspen 

Speckled alder 
Saskatoon 
Pin cherry 
Choke cherry 
Willow 

Bearberry 
Bastard-toad flax 
Bush-honeysuckle 
Wild strawberry 
Checkerberry 
Cornrnon juniper 
Three-toothed cinquefoil 



s#&Mhm 
Low sbnibs continuecl 
Rhus glabra 
Ribes gliuuiuIosum 
Ribes sp. 
Rosa acicularis 
Rubus iààeus 
Spiraea alba 
Symphoricarpos albus 
Vaccinium angustifolium 
Vaccinium myrtilloides 

L* 
Grauer 
L. 
Lindl. 
L. 
Du Roi 
6.) Blake 
Ait. 
Michx. 

Grasses, Sedges and Rushes 
Agropyron repens L. Beauv, 
Agropyron trachycaulum (Link) Malte 
Agrostis h y e d s  (Walt.) BSP. 
Carex spp. L. 
Danthonia spicata (1.) Beauv. 
Luutla sp. DC. 
Muhlenbergia racernosa (Michz.) BSP. 
Oryzopsis asper@dia Mictix. 
Orywpsis ppungens (Torr.) Hitchc. 
Phleum pratense L. 
Pua sp. L. 
Schizachnepurpurascens (Torr.)SwalIen 
unidentified grasses 

Herbs 
Achil!ea millefolium L. 
Anaphalis rnargaritacea (LI) Clarke 
Anemone cunadensis L. 
Antennaria sp. Gaertn. 
Apocynum androsaemijblium L. 
Aquilegia canademis 
Aralr'a nudicoulis 
Aster ciliolatus 
Aster laevis 
Aster macrophylfus 
Aster spp. 
Aster umbellatus 
Campanula rotundifolia 
Cypripedium acaule 
Epilobium angusti$oliwn 
Epilobium palustre 
Gulium boreale 
Heuchera sp. 
Hieracium scabriusculum 
Luctuca canaâensis 

L. 
L* 
Lindl. 
L. 
L. 
L. 
Mill. 
L. 
Ait, 
L. 
L* 
L. 
L. 
Schwein. 

Anacardiaccae 
Saxifiagaceae 
Saxifragaceae 
Rosaceae 
Rosaceae 
Rosaceae 
Caprifoliaceae 
Ericaceae 
Ericaceae 

Gcamineae 
Grarnineae 
Grami neae 
Cype=eae 
Gramineae 
Iuncaceae 
Gramineae 
Grami neac 
Gramineae 
Gramineae 
Granrineae 
Gramineae 

Compositae 
Cornpositae 
Ranuncuhceae 
Compositae 
Apocy naceae 
Ranunculaceae 
Araliaceae 
Compositae 
Compositae 
Compositae 
Compositae 
Compositae 
Campmulaceae 
Orc hidaceac 
Onagraceae 
Onagraceae 
Rubiaceae 
Saxifiagaccae 
Composi tae 
Compositae 

Smooth sumac 
Skunk currant 
Cunant 
Prickly rose 
Red raspkrry 
Meadow s wee t 
Snowbemy 
Low blueberry 
Velvet-leaf biueberry 

Quack grass X X 
Slender wheatgrass X X 
Hairgrass , X 
Sedge X X 
Poverty oat grass X X 
Wood-nish X X 

X 
Whitc-grained rnounrain rice grass X X 
Northern rice grass X X 
Comrnon timothy X 
Blue grus X X 
Purple oat grass X 

X X 

Common y m w  
Pearly everfasting 
Canada anemone 
Pussy- toes 
S preading dogbane 
WiId columbine 
Wild sacsaparilla 
Lindley's aster 
Smooth aster 
White wood aster 
Aster 
Flat-topped white aster 
Hare bel1 
Stemless lady's slipper 
Fireweed 
Marsh willow herb 
Northern beâstraw 
Alumroot 
Haw kweed 
Sow thistie 



w 
Herbs conünued 
Lothynrr ochleucus 
hhyrus VCIUISILF 

Lygodesmùa jmcea 
Maionrhemum cunuîiense 
Melampynun lineare 
Polygonwn cilinde 
Sanicula marilandica 
Solidago hispi& 
Soli&go sp. 
Sonchus arvensis 
Taraxacum oflcinale 
Thalictrum sp. 
Trientalis borealis 
Trifolium hybndum 
Vicia antericana 
Viola adunca 
Viola sp. 

Hook. 
MuM. 
fhirsb) D. Don 
Dcs f. 
Dtsr . 
Mich.. 
L. 
Muhl. 
L* 
L* 
Weber 
L. 
Raf. 
L. 
Muhl. 
Sm. 
L. 

Lichens, Mosscs, Ferns and Fem M e s  

Leguminosac 
Leguminosae 
Compositae 
Liliaceae 
Scrophulan'aceac 
Pol ygonactae 
Umbclliftrac 
Compositac 
Compositae 
Compositae 
Compositae 
Ranunculaceae 
Primulaceae 
Lcguminosae 
Leguminosae 
Violaceae 
Violaceae 

Cladina miris (Sandst.)Hale&Culb Cladoniaceae 
Cladina mngi/crnicl ' (L.) Hm. Cladoniaceae 
Cldonia spp? Cladoniaceae 
Umbilicaria sp? 

Dicranum sp. ' Hedw. 
P/eurouitm schreben ' Mitt, 
Polytrichum commune ' Hedw. 
Polytrichum jwiiperinwn * Hedw. 
Sphugnum spp.' L. 

Lycopodium cornplanatum ' L. 
Polypodiwn virginhwn ' L. 
Pteridium aquilinwn ' (L.) Kuhn. 

Cfcam-colour vetchling 
Wild pcavine 
Skeletonwecû 
Wild lily-of-the-valley 
Cow-wheat 
Bindweed 
Snakcroot 
Goldenrod, 
Goldenrod 
Field sow thistie 
Cornmon dancielion 
Meadow-rue 
Northern starflower 
Alsike clover 
American ve tc h 
Early blue violet 
Violet 

Yellow reindeer lichen 
Reindeer lichen 

Urnbilicariaceae Rock tripe 

Dicranaceae Fork moss 
Entodontaceae Red-stemmed feather moss 
Polytric haceae 
Polytrichaceae 
Sphagnaceae Peat moss 

Lycopodiaceae Ground cedar 
Polypodiaceae Rockpolypody 
Polypodiaceae Bracken fern 

X indicates presence in the location. 
' follows Scoggan (1978 - 1979) 
' follows Ireland (1982) 
' follows Hale (1979) 



Appndix m. A. umerkwius plot identification numbcfs for sites in Manitoba and Ontario. The 
compas kanngs and distances wem measutcd h m  the identification point For each block. 
In Ontario, the distances wcre measured to the SE cornef of each plot 

Compas Distance (m) Hacvesting 
Location Site Block Plot Bearing (O) to SW corner Intensity 

Manitoba 1 

Ontario 



Appendix IV ANOVAs and Box Plots 

La) ANOVA and post hoc tests performed on the log,, changes from Y 1 to Y2 on Acorus 
amerkanus shoot density in Manitoba (Table 4.1). 

DESIGN 

Dependent Variable is: log change 

Factors 

Name Code Nested in 
haivesting intensity hi ( 1  

Partial (Type 3) Sums of Squares 

Interactions up to 1 - way 

No Modifications 

RESULTS 

General Results 

32 total cases 

ANOVA 

Analysis of Variance For log change 
No Selector 

Source df Sums of Squares 
Const 1 O .O 1 6200 
hi 3 0.889425 
Error 28 1.80957 
Total 31 2.69900 

Results for factor hi 

Coefficients 

Expected Cell Means 

LSD Post Hoc Tests 

O/ffermce 
30 - O -0,076250 
70 - O -0.1 43750 
70 - 30 -0.067500 
100 O -0.440000 
100 - 30 -0.363750 
100 - 70 -0.296250 

std. err. 
0.1 271 
0.1271 
0,1271 
0.1271 
0.1271 
0.1271 

F / R  
Fix 

Kind 
Disc 

Yean Square 
0.01 6200 
0.296475 
0.064628 

Prob 
0.553414 
0.267686 
0.599581 
0.001742 
0.007686 
0.027200 

Ptob 
0.6205 
0.0098 



30 7 0  

harvasting intensity 

1 .b) Box plot created h m  the log,, changes of Acorus americanuî shoot density fiom Y 1 
to Y 2 at various harvesting intensities in Manitoba (Figure 4.1). 



2.a) ANOVA and p s t  hoc tests perfomed on the log,, changes from Y 1 to Y2 on Acorus 
ornerieanus percent cover in Manitoba (Table 4.1). 

DESIGN 

Dependent Variable is: log change 

Factors 

Name Code Nested in F R  Kind 
harvesting intensity hi ( 1  Fix Disc 

Partial (Type 3) Sums of Squares 

Interactions up to 1 - way 

No Modifications 

RESULTS 

General Results 

32 total cases 

ANOVA 

Analysis of Variance For log change 
No Selector 

Source df Sums of Squares Mean Square F-rat io Prob 
Const 1 1.91 933 
hi 3 1 .O6266 
Erro r 28 1.81235 
Total 3 1 2.87502 

Results for factor hi 

Coefficients 

LSD Post Hoc Tests 

Ditference 
30 - O -0.229375 
70 - O -0.279250 
70 - 30 -0.049875 
I O 0  - O -0.51 3000 
100 - 30 -0.283625 
100 - 70 -0.233750 

std. err, Prob 
0.1272 0.0821 36 
0.1 272 0.03660 1 
0.1272 0.697970 
0.1272 0.000385 
0.1 27 2 O .O33970 
0.1272 0.076763 



30 7 0  

harvesting intensity 

2.b) Box plot created from the log,p changes of Aconrî americanus percent cover h m  Y 1 
to Y2 at various harvesting intensifies in Manitoba (Figure 4.1). 



3.a) ANOVA performed on the log,, changes from Y 1 to Y2 on Acorus americanus 
rhizome dry mass in Manitoba (Table 4.1). 

DESIGN 

Dependent Variabte is: log change 

Factors 

Name Code Nestedin F I R  Kind 
harvesting intensity hi ( 1 Fix Disc 

Partial (Type 3) Sums of Squares 

Interactions up to 1 - way 

No Modifications 

RESULT S 

General Results 

24 total cases 

ANOVA 

Analysis of Variance For log change 
No Selector 

Source df Sumr of Squares Mean Square F- rat  i O Pro b 
Const 1 0.349692 0,349692 3.3372 0.0820 
hi 2 0.6621 89 0.331 094 3.1 597 0.0631 
Error 21 2.20050 0.1 04786 
Total 23 2.86269 

Results for tactor hi 



70  

harvesting intensity 

3.b) Box plot created fiom the log,, changes of Acorus mwicunus rhizome dry rnass fiom 
Y 1 to Y2 at various harvesting intensities in Manitoba (Figure 4.1). 



4.a) ANOVA and post hoc tests performed on the log,, changes from Y 1 to Y2 on Acorus 
americanus shoot density in Ontario (Table 4.3). 

DESIGN 

Dependent Variable is: log change 

Factors 

Name Code Nested in F /R Kind 
harvesting intensity hi ( ) Fix Disc 

Partial (Type 3) Sums of Squares 

Interactions up to 1 - way 

No Modifications 

RESULTS 

General Results 

8 total cases 

ANOVA 

Analysis of Variance For log change 
No Selector 

Source df Sums of Squares Mean Square 
Const t 0.014516 
hi 3 0.043462 
Error 4 0.007020 
Total 7 0.05048 1 

Rssults for factor hi 

Coefficients 

Expected Cell Means 

LSD Post Hoc Tests 

F-rat lo Prob 

std. err. Prob 
0.04t 9 0.734281 
0.0419 0.4121 67 
0.0419 0.2701 96 
0.0419 0.0 1 4830 
0.041 9 0.011110 
0.0419 0.033301 



30 

harvesting intensity 

4.b) Box plot created h m  the log ,  changes of Acorw mericunus shoot density from Y1 
to Y2 at various harvesting intensities in Ontario (Figure 4.3). 



5 .a) ANOVA performed on the log,, changes from Y 1 to Y 2 on Aconrs mericonus 
percent cover in Ontario (Table 4.3). 

DESIGN 

Dependent Variable is: log change 

Factors 

Name Code Nested in FIR 
harvesting intensity hi ( )  Fix 

Partial (Type 3) Sums of Squares 

Interactions up to 1 - way 

No Modifications 

RESULTS 

General Results 

8 total cases 

ANOVA 

Analysis of Variance For log change 
No Selector 

Kind 
Disc 

Source df Sums of Squares Mean Square F-rat  io  Prob 
Const 1 1.52173 1 .52173 21,196 0.0 1 00 
hi 3 0.118608 0.039536 0.55070 0.6742 
Er ro r 4 0.287171 0.071 793 
Total 7 0.405779 

Results for factor hi 



30 

harvesting intensity 

5.b) Box plot created h m  the log,9 changes of Acow americanus percent cover fiom Y 1 
to Y2 at various harvesting intensiiies in Ontario (Figure 4.3). 



6.a) ANOVA perfomed on the log,, changes from Y 1 to Y2 on Acorus americunus 
rhizome dry mass in Ontario (Table 4.3). 

DESIGN 

Dependent Variable is: log change 

Factors 

Name Code Nestedin F I R  Kind 
harvesting intensity hi ( 1 Fix Disc 

Partial (Type 3) Sums of Squares 

Interactions up to 1 - way 

RESULTS 

General Results 

6 total cases 

ANOVA 

Analysb of Variance For log change 
No Selector 

Source df Sums of Squares Mean Square F-rat  i o  Prob 
Const 1 0.046245 0.046245 1 .O1 40 0.3881 
hi 2 0.0 1 O00 1 0.005001 0.10964 0.8996 
Error 3 O. 1 36824 0.045608 
Total 5 0.1 46825 

Results for factor hi 



30 70 

harvesting intensity 

6.b) Box plot created h m  the log,, changes of Acorus americmus rhizome dry mass from 
Y 1 to Y2 at various harvesting intensities in Ontario (Figure 4.3). 



7.a) ANOVA performed on the log,, changes fiom Y 1 to Y2 on Vacciniwn angustifolium 
percent cover in Manitoba (Table 4.5). 

DESIGN 

Dependent Variable is: log change 

Factors 

Name Code Nested in 
harvesting intensity hi (1  

Partial (Type 3) Sums of Squares 

Interactions up to 1 - way 

No Modifications 

RESULTS 

General Results 

44 total cases 

ANOVA 

Analysis of Variance For log change 
No Selector 

Source df Sums of Squares 
Const 1 0.1 17421 
hi 3 0.03971 9 
Error 40 0.796261 
Total 43 0.835980 

F / R  Kind 
Fix Disc 

Mean Square 
0.1 17421 
0.01 3240 
0.01 9907 

F-rat io  Prob 
5.8986 0.01 97 
0.66509 0.5784 

Results for factor hi 



30 70 

harvesting intensity 

7.b) Box plot cnated from the log,, changes of Vaccinium mgdfulium percent cover 
from Y 1 to Y2 at various harvesthg intensities in Manitoba (Figure 4.4). 



8.a) ANOVA perfomed on the log,, changes from Y 1 to Y2 on Vacciniwn angustfolium 
mass of fresh berries in Manitoba (Table 4.5). 

DESIGN 

Dependent Variable is: log change 

Factors 

Name Cade Nested in F R  Kind 
harvesting intensity hi (1 Fix Oisc 

Partial (Type 3) Sums of Squares 

Interactions up to 1 - way 

No Modifications 

RESULTS 

General Results 

33 total cases 

ANOVA 

Analysis of Variance For log change 
No Selector 

Source d i  Sumr of Squares Mean Square F- ra  t io  Pro b 
Const 1 1 -14539 1.14539 4.4304 0.0438 
hi 2 0.61 9360 0.309680 1.1 979 0.31 59 
Error 30 7.75584 0.258528 
Total 32 8.37520 

Resulta for factor hi 



70 

harvesting intensity 

8.b) Box plot created fiom the log,, changes of Vacciniunz angustifolium mass of fiesh 
bemes h m  Y 1 to Y2 at various harvesting intensities in Manitoba (Figure 4.4). 



9.a) ANOVA performed on the log,, changes from Y I to Y 2 on Vaccinium angustifolium 
volume of fresh berries in Manitoba (Table 4.5). 

DESIGN 

Dependent Variable is: log change 

Factors 

Name Code Nested in 
harvesting intensity hi ( )  

Partial (Type 3) Sums of Squares 

Interactions up to 1 - way 

No Modifications 

RESULTS 

General Results 

33 total cases 

ANOVA 

Analysis of Variance For log change 
No Selector 

Source d l  Sumr of Squares 
Const 1 2.27530 
hi 2 0.544949 
Error 30 4.83239 
Total 32 5.37734 

F /R  Kind 
Fix Disc 

Mran Square 
2.27530 
0.272475 
0.161080 

Prob 
0.0007 
0.201 3 

Results for factor hi 



30 70 

harvesting intensity 

9.b) Box plot created fiom the log,, changes of Vaccinium angustifoliwn volume of fresh 
berries from Y 1 to Y2 at various harvesting intensities in Manitoba (Figure 4.4). 



1 O.a) ANOVA performed on the log ,, changes from Y 1 to Y2 on Vaccinium angr~stifoolium 
shoot density in Manitoba (Table 4.6). 

DESIGN 

Dependent Variable is: log change 

Factors 

Name Code Nested in F I R  Kind 
harvesting intensity hi ( 1  Fix Disc 

Partial (Type 3) Sums of Squares 

Interactions up to 1 - way 

No Modifications 

RESULTS 

General Results 

44 total cases 

ANOVA 

Analysis of Variance For log change 
No Selector 

Source df SumsofSquares MeanSquaie F-rat io Piob 
Const 1 0.1 1871 5 0.1 1871 5 6.3962 0.0 1 55 
hi 3 0.096986 0.032329 1.7418 O. 1739 
Error 40 0.742402 0.01 8560 
Total 43 0.839388 

Clesults for factor hi 



harvesting intensity 

1 O.b) Box plot created fiom the log,, changes of Vaccinim angustifoli'm shoot density 
from Y 1 to Y2 at various harvesting intensities in Manitoba (Figure 4.5). 



1 1 .a) ANOVA perfonned on the log ,, changes frorn Y 1 to Y2 on Vaccinium angustifoliwn 
bud density in Manitoba (Table 4.6). '- 

DESIGN 

Dependent Variable is: log change 

Factors 

Name Code Nested in F I  R 
harvesting intensity hi ( 1  Fix 

Partial (Type 3) Sums of Squares 

Interactions up to 1 - way 

No Modifications 

RESULTS 

Generzil Results 

44 total cases 

ANOVA 

Analysis of Variance For log change 
No Selector 

Kind 
Disc 

Source d i  Sums of Squares Mean Square 
Const 1 0.804673 0.804673 
hi 3 0.232098 0.077366 
Error 40 4.22778 0.1 05695 
Total 43 4.45988 

Prob 
0.0087 
0.5391 

ResuIts for factor hi 



30 7 0  

harvesting intensity 

1 1 .b) Box plot created fiom the log,9 changes of Vaccinium ungustifolium bud density 
fiom Y 1 to Y2 at various harvesting mtensities in Manitoba (Figure 4.5). 



12.a) ANOVA performed on the log ,, changes from Y 1 to Y 2 on Vaccinium angustifolium 
berry density in Manitoba (Table 4.6). 

DESIGN 

Dependent Variable is: log change 

Factors 

Name Code Nestedin F I R  Kind 
harvesting intensity hi ( 1  Fix Disc 

Partial (Type 3) Sums of Squares 

Interactions up to 1 - way 

No Modifications 

RESULTS 

General Results 

44 total cases 

ANOVA 

Analysis of Variance For log change 
No Selector 

Source df Sums of Squares Mean Square F-rat io  Prob 
Const 1 0.000291 0.000291 0.00 102 0.9747 
hi 3 0.420702 0.140234 0.4901 3 0.691 1 
Error 40  11.4447 0.2861 16 
Total 43 11.8654 



30 

hawesting intensity 

12.b) Box plot created fiom the loglp changes of Vacciniunz angustifohm beny density 
fkom Y 1 to Y2 at various harvesting mtensities in Manitoba (Figure 4.5). 



13.a) ANOVA perfomed on the log,, changes from Y 1 to Y2 on Vaccinium angustiifiofiurn 
percent cover in Ontario (Table 4.9). 

DESIGN 

Dependent Variable is: log change 

Factors 

Name Code Nested in F / R  Kind 
harvesting intensity hi ( 1  Fix Disc 

Partial (Type 3) Sums of Squares 

Interactions up to 1 - way 

No Modifications 

RESULTS 

General Results 

36 total cases 

ANOVA 

Analysis of Variance For log change 
No Selector 

Source dt Sums of Squares Mean Square F- ra  t i O Pro b 
Const 1 0.039878 0.039878 2.4096 O. 1304 
hi 3 0.016673 0.005558 0.33582 0.7995 
Error 32 0.529592 0.01 6550 
Total 35 0.546266 

Results for factor hi 



30 70 

harvesting intensity 

13.b) Box plot created fiom the log,o changes of Vaccinium ungustifolium percent cover 
fiom Y 1 to Y2 at various harvesting mtensities in Ontario (Figure 4.6). 



14.a) ANOVA performed on the log,, changes from Y 1 to Y2 on Vaccinium mgustifoIium 
mass of fresh berries in Ontario (Table 4.9). 

DESIGN 

Dependent Variable is: log change 

Factors 

Name Code Nestedin F I R  Kind 
harvesting intensity hi  (1 Fix Disc 

Partial (Type 3) Sums of Squares 

Interactions up to 1 - way 

No Modifications 

General Results 

27 total cases 

ANOVA 

Analysis of Variance For log change 
No Selector 

Source df Sums of Squares Mean Square F-ra t i O Prob 
Const 1 O. 582095 0.582095 2.2765 0.1 444 
hi 2 1 .O71 36 0.535682 2.0950 0.1450 
Error 24 6.13674 0.255698 
Total 26 7.20810 

Results for factor hi 



30 7 0  

hawesting intensity 

14. b) Box plot created from the log,, changes of Vaccinium angust$blium mass of fresh 
bemes from Y 1 to Y2 at various harvesting intensities in Ontario (Figure 4.6). 



15.a) ANOVA perfonned on the log,, changes from Y 1 to Y2 on Vaccinium angustijiolium 
volume of fresh bemes in Ontario (Table 4.9). 

DESIGN 

Dependent Variable is: log change 

Factors 

Name Code Nested in F / R  Kind 
harvesting intensity hi ( )  Fix Disc 

Partial (Type 3) Sums of Squares 

Interactions up to 1 way 

No Modifications 

RESULTS 

General Results 

27 total cases 

ANOVA 

Analysis of Variance For log change 
NO S 8 k t 0 t  

Source df SumrofSquares MeanSquaro F-rat io  Prob 
Const 1 0.264854 0,264854 1.2798 0.2691 
hi 2 0.406767 0.203384 0.98273 0.3889 
Error 24 4.96699 0.206958 
Total 26 5.37375 

Results for factor hi 



70  

hawesting intensity 

15.b) Box plot created from the log,, changes of Vaccinium angushfulium volume of 
fresh bemes fiom Y 1 to Y2 at various harvesting intensities in Ontario (Figure 4.4). 



16.a) ANOVA and post hoc tests perfonned on the log,, changes from Y 1 to Y2 on 
Vaccinium angustifolium shoot density in Ontario (Table 4.10). 

DESIGN 

Dependent Variable is: change 

Factors 

Name Code Nested in FI  R Kind 
harvest hr t  (1  F ix Disc 

Partial (Type 3) Sums of Squares 

Interactions up to 1 - way 

No Modifications 

RESULTS 

General Results 

36 total cases 

ANOVA 

Analysis of Variance For change 
No Selector 

Source df Sums of Squares Mean Square F-rat io Prob 
Const 1 1.56t69 
h rt 3 0.276837 
E rro r 32  0.711602 
Total 3 5  0.988439 

Results for factor hrt 

Coefficients 

Expected Cell Means 

LSD Post Hoc Tests 

Ditference 
30 - O -0.2071 17 
70 O O -0.21 3222 
70 - 30 -0.0061 05 
IO0 O O -0.181643 
100 - 30 0.025474 
100 70 0.031579 

std. err. Prob 
0.0703 0.005955 
0.0703 0.004772 
0.0703 0.931 338 
0.0703 0.01 4538 
0.0703 0.7 1 9452 
0.0703 0.656300 



30 

harvesting intensity 

16.b) Box plot created from the log,! changes of Vuccinim angustifoliwn shoot density 
from Y 1 to Y2 at various harvesting mtensities in Ontario (Figure 4.7). 



17.a) ANOVA wrformed on the log,, changes from Y 1 to Y2 on Vaccinium angurtifolium 
bud density in dntario (Table 4.10). 

DESIGN 

Dependent Variable is: log change 

Factors 

Name Coâe Nested in f / R  Kind 
hawesting intensity hi ( 1  Fix Disc 

Partial (Type 3) Sums of Squares 

Interactions up to 1 - way 

No Modifications 

RESULTS 

36 total cases 

ANOVA 

Analysis of Variance For log change 
No Selector 

Source df Sums of Squares Mean Square 
Const 1 0.1 60621 0.1 60621 
hi 3 1.74137 0.580456 
Error 32 7.25358 0.226674 
Total 35 8.99495 

Prob 
0.4062 
0.0722 

Results for factor hi 
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17.b) Box plot created from the log,? changes of Vacciniwn ongust#iolium bud density 
h m  Y 1 to Y2 at various hantesthg mtensities in Ontario (Figure 4.7). 



18.a) ANOVA perfomed on the log,, changes from Y 1 to Y2 on Vacchium angustifoliuin 
beny density in Ontario (Table 4.10). 

DESIGN 

Dependent Variable is: log change 

Factors 

Name Code Nested in F I  R Kind 
harvesting intensity hi ( 1  Fix Disc 

Partial (Type 3) Sums of Squares 

Interactions up to 1 way 

No Modifications 

RESULTS 

General Results 

36 total cases 

ANOVA 

Analysis of Variance For log change 
No Selector 

Source d i  Sums of Squares Mean Square F- rat  i O Prob 
Const 1 3.20994 3.20994 1 2.260 0.0014 
hi 3 2.1 1725 0.705751 2.6955 0.0624 
Error 32 8.37837 0.261824 
Total 35 10.4956 

Results for factor hi 
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hawesting intensity 

18.b) Box plot created h m  the log,? changes of Vaccinium angusrifolium berry density 
from Y 1 to Y2 at various harvestuig mtensities in Ontario (Figure 4.7). 



Appendix V Glossary* 

Advea ti tious roo ts Roots developing from an unusual position, as roots originating 
on the stem. 

Alternate arrangement Leaves arise singly at each node. 

A xi 1 The upper angle where the leaf stalk joins the stem 

Blade The broad part of the of a leaf. 

Cal yx A collective term for the sepals of a flower. 

Carminative A herbal remedy rich in volatile oüs used for the stimulation of the 
digestive system (Howarth and Keane 1995). 

Caespitose Growing in dense tub .  

Chamaephyte A Raunkiaer iife form category where the resting buds are located just 
above the soil surface. 

CorollaA collective terrn for the petals of a fiower. 

Corymb A round-topped or flat-topped, racemose inflorescence where the lower 
pedicels are longer than the upper pedicels. 

Decoction A medicine extracted fiom plant material via boiling water (Memam- 
Webster 1998). 

Decumbent stems Stems growing prostrate to the ground but with ascending tips 

DiploidA ce11 with two sets of chromosomes. 

Edaphic Pertaining to the soil. 

Ellip tical Shaped like an ellipse, broadest in the middle and narrower at either end. 

Ensiform S word-shaped. 

Entire A margin of a leaf that is not toothed, divided or notched 

Equitant Leaf bases overlapping or straddfing in two ranks. 

Frugivore An animal that eats fruits (MerriamWebster 1998). 

Gametes A specialized cell, typicdly with one sex of chromosomes (haploid), 
sometimes called a sex cell. The gamete is produced join with another gamete in 
fertilization and produce a new diploid organism. 

Geophyte A Raunkiaer life form categoiy where the buds or shoot apical meristems 
arise from underground food storage organs, such as, rhizomes, tubers, and bulbs. These 
stonge organs dlow the plant to survive unfavorable conditions and produce new shoots 
when favorable conditions retum. 
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GIabrous A smooth surface without hairs. 

Glaucous A waxy, bluish-greenish color as in the bloorn seen on plums. 

Hybrid The offspring resulting fiom the crossing of two different species. 

Imperfect seeds Ovules unsuccessfuiiy poiünated or unpobated (Bell 1957) 

Inferior ovary An ovary with the sepals, pet& and stamens attached above the ovary. 

Infioreseence A flowering structure with more than one flower. 

Infusion To steep plant material in a liquid (usuaily water) without boiling to 
extract the medicinai properties (Merriam-Webster 1998). 

Lanceolate Shaped broad in the middle and tapering at both ends. 

Litter horizon Accumulation of dead plant materiai on the soi1 surface. 

Littoral zone The shallow area at the edge of fresh water where sunlight penetrates 
down to the water-soi1 interface. 

Margin Leaf blade edge. 

Obovate Shaped narrow at the leaf stak and broader towards the tip. 

Obpyramidal inverse pyramidal shaped with the point of attachent at the tip. 

Ovule The structure withùr the carpe1 that. after fertilization, will develop into the seed. 

Pedicel Flower stalk of one flower in an inflorescence, 

Peduncle The stalk of an inflorescence, 

Perennial Plants that survive more than two seasons and produce flowen every 
year. 

Perfect seeds Ovules successfully pollinated (Bell 1957) 

Perigoniate Having sepals. petais and stamens attached to a tube surrounding a 
superior ovary. 

Pe tiole Leaf stalk. 

Pistil Collective term for the female portions of a flower, the stigma, style and 
ovary (ies). 

Proximally Toward the end of the organ by which it is attached. 

Pseudo-locule A false cavity in the o v q .  

Pubescent Covered in soft downy haia. 



Racemes An elongated, unbranched hfiorescence with flowers occurring on short 
stalks and maturing fiom the bottom upwards. 

Ramet A distinct component of a clonal plant. 

Raunkiaer life-form A classification system based on the position of the bu&. 
arising h m  the vegetative storage organ produced to survive unfavorable conditions, 
relative to the soil. This systern was proposed by the Danish botanist C. Raunkiaer 

Rhizomes A creeping underground stem persisting from year to year and giving rise 
to roots and leaves. 

Second year cropping Refers to the second crop of bluebemes harvested in a three 
year rotation management plan where bluebeny plants are pruned every third year afker 
harvest (Jordan and Eaton 1995). 

Sepal The outer whorl of flower parts usuaily srnail. green and leaf-like. 

Serrate Coarsely (saw-like) toothed with teeth pointing forward. 

Simple A leaf blade that is not divided into leafiets although it may be deeply lobed or 
cleft. 

Spadix A floral spike on a swollen axis. 

Spathe A large bract or pair of bracts subtending and often enclosing 

StamenCollective term for the male portions of a flower, filaments and anthers. 

S tigma Polien receptive area on the female reproductive portion of the flower. 

Sympodial leaf The penultimate (next to last) 1eaf which bean the flower and h i t ing  
structure in Acorus urnericonus (Thompson 1995). 

Tap root A large, central root growing down in the soii. 

Tepal Term refemng to both sepals and petals where there is no distinction between 
sepals or petais. 

Tetraploid Containing four complete sets of chromosomes in each ceU. 

Trimerous Floral parts contained in sets or multiples of three. 

Vegetative The non floral parts of a plant 

Verrucose Covered with warty protmsions. 

* Al1 tenns based on defmitions by AUaby 1992 and Harris and Harris 1994 except where 
othewise specified. 




