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Abstract 

Hardwood species contribute to wildlife habitat, biological diversity, soil ecology 

and the ecology of riparian areas. In some low-elevation coastal B.C. forests, canopy 

gaps can be occupied by the hardwood species vine maple Some gaps occupied by vine 

maple are not the traditional type of developmental gap created by tree mortality in that 

these gaps have no evidence of a gapmaker (McGhee 1996). Within some gaps, vine 

maple has the ability to persist and be self-maintaining over long periods of time. 

This study was conducted in a western hemlock forest in the Seymour 

Demonstration Forest in the North Shore Mountains of the Coast Range, which is within 

the Coastal Western Hemlock (CWH) biogeoclimatic zone. The study was designed to 

determine if vine maple gaps are edaphic gaps (their location across the landscape is a 

reflection of a mosaic of inherent soil properties) or priorig gap (their location is due to 

their ability to establish a dense mat of sterns early in stand development that is large 

enough to prevent invasion of the site by conifers). Since no significant differences were 

found to exist in inherent soil properties between vine maple gaps and the surrounding 

forest including groundwater table levels, soil moisture below the rooting zone, soil 

texture and gravel content, the ehphic gclp hypothesis was not supported. Conseopently, 

the data supported the alternate hypothesis that vine maple gaps represent priority gaps. 

This study atso sought to determine the effkct of persistent vine maple gaps on 

soil properties. Since the v e g e o n  in vine maple gaps has differed f?om that of the 

surrounding forest throughout stand development, these gaps were found to cause several 

alterations to soil p r o ~ i e s .  maple gaps have sigdicaatty thinner forest floor 

0, less corrifer l i t t d  during the fall, higher pH in the LFH, higher Ca, Mg, K and 

At c o d o m  in the LFiI and a lower (not significant) C/N ratio in the upper mineral 

soil. Vine maple litter was found to decompose significantly faster than conifer litter and 

to have 'nigher concen~om ofN, P, Ca, Mg., K, Fe and Zn. Unlike deveiopmentd gaps, 

vine mxpk g q s  bve tmqxrahse aid mistme .e@'?res md raes of fofA zt"md 

litterfall and litter decomposition as compared to the surrounding closed canopy forest. 

However, larger gaps have a s i ~ ~  greater inffuence on nutrient dynamics, 

temperatme regimes and moisture regimes than smaller gaps. 



Quotations 

"Sunlit gaps in dark coastal forests are often brightened 
by the beautifid vine maple; its pale green leaves providing a delicate 

contrast to the surrounding shadows. In larger openings, October fiosts 
turn the leaves flaming orange and scarlet, a small but spectacular show of 

fail coiour in the evergreen forests." 

"To ask of any living thing what 
g d  it is represents the last word in 

ignorance about the workings of nature*" 

AidoLeapold 

V i s e  tinkering includes saving a l l  the parts." 

AiibLeoprdd 
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Figure 3.9 A regression of the number of stems on the vine maple clone to a) 
clay content at 20 cm depth in the soil profile and b) sand content at 50 cm depth in 
the soil profile. c) Bufk density at 5 cm depth in the mineral soil, measured in 
&m3. d) A regression of bulk density of the surface mineral soil to canopy gap 
size. 

Figure 3.10 pH of the a) LFH layer, b) 5 cm, c) 20 cm and d) 50 cm depth in 
the soil profile. 

Figure 3.11 a) pH at 100 cm depth in the soil profile. Organic matter 
concentration at b) 5 cm and c) 20 cm depth in the soil profile, measured in glkg. 



Figure 3.12 Total N concentration at a) 5 cm and b) 20 cm depth in the soil 
profife, measured in g k g .  C/N ratio at c) 5 cm and d) 20 cm depth in the soii 
profile. 

Figure 3.13 A regression of total N content at 20 cm depth in the soil profile to 
a) the number of stems on the vine maple clone in the gap plots and b) the weight 
per unit surface area of LFH. A regression of C/N ratio of the upper 10 cm of 
mineral soil to c) canopy gap size and d) the size of the vine maple clone. 

Figure 4.1 Vine maple and conifer litterfall in a) early fall (time period a) and 
b) late fall (time period b) (kg/ha). Total litterfall in c) early fall time (period a) 
and d) late fall (time period b) (kg/ha). 

Figure 4.2 Total litterfall in a) the winter and spring (time period c) and b) the 
summer (time period d) (kgha). c) Total annual litterfail (kglha). 

Figure 4.3 a) A regression of the total annual amount of vine maple litterfall in 
vine maple gaps to the size of the vine mapie clone. A regression of the total 
amount of vine maple litterfall in vine maple gaps to b) P and c) K concentrations 
in the LFH. 

Figure 4.4 A regression of the total amount of vine maple fitterfall in vine 
maple gaps to a) the concentration of Ca in the LFH, b) the amount of Mn stored 
in the LFH and c) the CM ratio of the upper 10 cm of mineral soil. 

Figure 4.5 Mean a) N, b) P, c) Ca and d) Mg concentrations of litterfall 
during the fall time periods (%). 

Figure 4.6 Mean a) K, b) Fey c) Mn and d) A1 concentrations of fitterfall 
during the fall time periods (%). 

Figure 4.7 Total input of a) N, b) P, c) Ca and d) Mg to the forest floor fiom 
litterfall during the fall time periods (kg~ha). 

Figure 4.8 Total input of a) K, b) Fe, c) Mn and d) A1 to the forest floor 
fiom l i t t d  during the fall time periods (kgfha). 

Figure 4.9 Percent mass loss of vine maple litter after a) six months, b) one 
year, and c) two years of decomposition. 

Figure 4. l O Percent mass loss of conifer litter after a) six months, b) om year, 
and c)  two years of decomposition. 



Figure 4.1 1 a) A regression of vine maple litter demmposi,ion rates in vine 162 
maple gaps &er six months of deco~~position to diz size of the vine maple clone. 
A regession of vine maple litter decompositioll rates after one year of 
decomposition in vine maple gaps to b) aspect and c) tota: direct and difise 
ificoming radiation in the summer months. 

Figure 4.12 a) A regression of vine maple littei decomposition rates in vine 163 
maple gaps after one year of decomposition to % open sky in the summer months. 
A regression of vine maple litter decomposition rates in vine maple gaps after two 
years of decomposition to b) total direct and diffuse incoming radiation in the 
summer months and c) % open sky in the summer months. 

Figure 4.13 A regression of conifer litter decomposition rates in vine maple gaps 164 
after six months of decomposition to a) canopy gap area and b) the size of the 
vine maple clone. c) A regrtssion of conifer Iitter decomposition rates in vine 
maple gaps after one year of decampositior to aspect. 

Figure 4.14 A regression of conifer litter decomposition rates in vine mapre gaps 165 
after one year of decomposition to a) the size of the vine maple clone and b) % 
open sky in the summer months. c) A regression >f conifer litter decomposition 
rates in vine maple gaps &er two years of dmmpositian to as+. 

Figure 4.15 a) A regression of vine maple litter decomposition rates in vine 166 
maple gaps after one year of decomposition to Mn concentrations in the LFH. b) A 
regression of conifer litter decomposition rates in vine mzple gaps after one year to 
b) Mn and c) Mg concentratiom in the LFH. 



Chapter 1 

Introduction 



1.1 Introduction 

In low-elevation forests of coastal British Columbia, Washington and Oregon, 

canopy gaps can be occupied by the hardwood species Acer c~rcimtum Pursh, or vine 

maple, a clonal shrub or small tree with a short twisted trunk that often forms dense 

thickets of uneven-aged stems (Haeussler et al. 1990). Vine maple has the ability to 

persist and be self-rnaintaini~g over long periods of time within canopy gaps (Spies et al 

1990; 07Ded et a]. 1995; McGhee 1996). Some gaps occupied by vine maple are not the 

traditional type of developmental gap created by tree mortality, for in these gaps there is 

no evidence of a gapmaker. 

McGhee (1996) outlined two alternative hypotheses to explain the origin of vine 

maple gaps in conifer forests (Figure 1. I), edaphic gups and priority gaps. Under the 

edaphic gap hypothesis, the location of vine maple gaps across the landscape is a 

reflection of uniql~e inherent soil or site characteristics that give vine maple a competitive 

advantage over the regeneration of conifers (Table 1.1). Previous studies have shown that 

small-scale edaphic differences can strongly influence species composition, forest 

structure, and ecosystem hc t ion  (Binkley 1995; Lertwnan et al. 1996; Whitney 1986; 

Pritchett and Fisher 1987); and, that species with a competitive advantage on specific 

inherent conditions can exclude other species from growing on these sites (Kimmins 

1987). Since inherent soil properties are relatively stable over the successional time frame, 

they can be used to provide m indication of the edaphic characteristics or" a site 

throughout the history of a stand. In addition, inherent soil properties car! be used to 



compare the edaphic characteristics of sites supporting the growth of different species 

since these properties are not influenced by the type of vegetation growing on the site. 

Priority gaps, unlike edaphic gaps, do not have soil and site characteristics that 

differ fiom the surrounding forest matrix. Prrority gups are the result of small stature 

vegetation which has been able to maintain a competitive advantage since stand 

establishment, resisting the regeneration of taller canopy dominants and subsequent 

canopy closure (McGhee 1996). Using indirect evidence, McGhee (1996) concluded 

that individual vine maple clones persist in priority gaps by establishing a dense mat of 

stems early in stand development that is large enough to prevent invasion of the site by 

conifers and the subsequent overtcpping of the site as the stand grows up around them. 

Priority gaps are distinguished from develcrpmental gaps by the absence of a gapmaker and 

are distinguished fiom edapkc gaps by having no identifiable difference in inherent 

edaphic conditions. McGhee (1996) hrther categorized vine maple gaps as being 

'temporary' or 'persistent' depending on the extent to which conifer saplings growing 

within vine maple gaps affect fbture persistence of these gaps. 

A number of researchers have studied the inhence of tree species on soil 

properties (Alban 1969; Challinor 1968; Fried et al. f 990; Tappeiner and Alm 19?5; 

Tarrant and Miller 1963). According to Binkfey (2995), different species have different 

influepaces on soills due to variations in nutrient uptake, litter quality, and growth. Schmidt 

(1934) identified scif and site characteristics which are influenced by the forest canopy 

a I .  1 .  Vine maple is known to be efficient at nutrient cyehg and is gaiedy 



1. Openings originate from time of stand 
initiation, not recent conifer rnodafi:~? 

2. Vine maple piots are 
inherently different from closed 
canopy conifer plots? 

Hypothesis 2: 

Hypothesis 1 : 

D@welopm~wUcal0 @ a p :  
Vine maples grow in 
gaps produced by 
conifer mortality. 

The distribution sf 3. Are cine map!e clones 
presently self-maintaining and vine maples is persisting? dependent on a fine 

scale edaphic mosaic / Yes . 
Hypothesis 3: /' no 

4. But, are there conifers 

Bminpora~gg Prk~u!ty saplings growing in vim maple 

Gaps: sitss that might affect future 

Vine maple gaps Yes persistence of vine maple? 
represent a delayed 
successional 
trajectory, but eventually no 
conifers will dominate J 

iiypothesis 4: 

PeoeBsU@wt PrrOouBUy 
Gaps: 
Mypothesls that vine 
maples represent an 
alternative stable state is 
not rejected 

Figure 1.1 Inferemid bee of vine maple gap hypotheses showing questions 
asked to test the hypotheses @4ffifr& 1996). 



Table 1.1 Factors which are inherent to a site and those which are 
influenced by the type of vegetation growing on a site (Schmidt personal 
communication 1994). A "*" indicates properties which were measured 
either in this study or by McGhee ( 1  996). 

Inherent Soil or Site Properties: 

- elevation* 
- aspect* 
- slope* 
- site position on slope* 
- depth to groundwater table* 
- soil moisture regime 
- drainage class 
- moisture content below rooting zone* 
- mottles 

- parent material type 
- gravel content* 
- stoniness 
- bulk density of C horizon 
- particle size* 
- pH of C horizon* 
- depth to bedrock 
- microtopography 

Soil and Site Properties Influenced by tire Forest Cmopy: 

- litterfall weight* 
- litterfall nutrient content* 
- litter decomposition* 
- humus type 
- weight per unit area forest floor* 
- nutrient content of LF'H, A and B horizons* 
- organic matter content of A and B horizons* 
- bulk density of A horizon* 
- pH of LFH, A and B horizons* 

- horizon depth 
- soil colour 
- soil structure 
- root abundance 
- rooting depth 
- air temperature* 
- surface soil temperature* 
- througlfall* 
- soil moisture-rooting zone* 
- light regime* 



associated with the development of Moder humus forms (Haeussler et al. 1990). The 

persistence of vine maple in canopy gaps may result in significant alterations to soil 

properties since the vegetation and micro-climate of vine maple gaps have differed from 

the surrounding forest for a considerable period of time. Vine maple gaps may have a 

significant influence on soil fertility and long-term site productivity. 

The goal of this study is to determine if there are significant differences in soil 

properties in persistent vine maple gaps compared to those in the surrounding closed 

canopy western hemlock forest. The research goal is to be achieved by meeting the 

1. To examine selected inherent soil properties within persistent vine 
maple gaps in a coastal western hemIock forest to determine if the 
gaps are edaphic or priority in origin. 

2. To examine soil properties influenced by the forest canopy to 
determine the effects of persistent vine maple gaps on forest soils. 

The results of the research are presented in five chapters. The first chapter 

includes a literature review and a description of the study area. Chapter 2 presents the 

results from the microclimate component of this study in which the temperature and 

moisture regimes of vine maple gaps are described. A comparison of soil physical and 

chemical properties between vine maple gaps and the surrounding forest is presented in 

the third chapter. The fourth chapter presenfs the results from the comparison of litterfail 

and Wer d6composition between gap plots and closed canopy plots. Chapter 5 presents 

the conclusions of this study. 



1.2 Background 

In this section, relevant background information is presented on the ecology and 

characteristics of coastal B.C. forests, the dynamics of canopy gaps, the role of hardwood 

species in forest ecosystems, and the characteristics of vine maple. 

1.2.1 C m d  I% C Fofests 

Temperate rainforests of coastal B.C. and the American Pacific Northwest are 

characterized by high accumuiations of biomass, large leaf areas, coarse woody debris, 

species iongeviiy, slow 'iregetadve gowth, irCrqueni large-scale disturbances, and dow 

recovery after disturbance ( F d i n  and Hemstrom 1981). These forests are unique both 

in the size and longevity of individual trees, and the accumulations of biomass in individual 

stands (Waring and Franklin 1979). The predominant climatic regime of miJd winters with 

h ' t y  precipitation, and warm a d  relatively Bry summers, plays a major role in the 

dominance of conifers over deciduous hardwoods in these forests (FranWin and Hemstrom 

1981 and Waring and FranIrlin 1979). Hardwoods often play pioneer roles or occupy 

habitats which have significantfy diffkmnt emTiromenta1 features &om the regional norm 

fwaring and Franklin 1979). 

Due to the infieque~~cy of large scale disturbances, smail scale disturbances such as 

trcxdl are an i m p o m  source of heterogeneity in forest structure and composition in 

wastd Ii-C. forrests (&emman and Kxeb i Wi; Lertzman et d 1996). Canopy gaps, 

s q q  and ktgs, (4 rtrsutting & d l e  mortdity events) influence patterns of tree 

recnritment, understory vegeZation dynamics, wildtife h a b i i  biomass dynamics, stand 



structure, and carbon budgets (Harmor, et al. 1986; Maser et al. 1988; Spies et al. 1990). 

Openings created by tree mortality also result in increased light availability (Canharn et al, 

1990 and Poulson and Platt 1989) and moisture availability (Denslow 1987) at the forest 

floor doe to decreased interception by vegetation. 

1.2.2 Gap qYnamramrcs 

Openings in the forest canopy associated with tree mortality, the traditional type of 

canopy g q  described in the literature, are called developmental gaps (Lertzman et al. 

1996)- Topographic and ehphic variation may produce local variation in gap sizes and 

formation rates (Demlow 1987 and Lertzman et al. 1996); however, these gaps will, in 

time, fill in to form a closed canopy by the release of previously suppressed saplings, 

germination of dormant seeds in the sod seed bank, layering or sprouting of pre- 

disturbance plants, and germination of seeds brought into the gap by wind or animal 

transport (Feinsinger 1989). In forests dominated by small scale disturbances, some 

species rely on openings in the forest canopy for regeneration, either for the release of 

shade tolerant saplings, or to supply the high light levels required for the germination of 

shade intolerant species (Brokaw 1985 and Densfow 1987). Numerous possibilities exist 

conceroing tree-@ tree replaamat in gap regenerating forests which relates the species 

of gapmaker and gsrpfiner to environmentid characteristics within the gap (Lertzman 

1992). The species which replaces the gapmaker determines if there will be a change 

wim iii ;.is w m  .+hi= tk far&. 



Canopy openings created by tree mortality events have been the focus of most 

canopy gap research. However, some canopy openings that are not the result of tree 

mortality have been observed in Appalachian deciduous forests (Barden 1989), coastal 

forests in British Columbia, Washington and Oregon (Spies et al. 1990; Lertzman et al. 

1996; McGhee 1996), boreal forests (Kuukavainen 1994; Hytteborn et al. 199 l), and in 

the New Jersey pinelands (Ehrenfeld et al. 1995; Whitney 1986). Some of these gaps, 

termed edaphic gaps, are associated with an identifiable edaphic condition, such as a 

stream course or rock outcrop (Lertman et al. 1996). Other non-developmental gaps owe 

their origin to intense patchy bums where the litter and humus layers werc completely 

consumed by fire resulting in openings which fill in very slowly (Ehrenfeld et al 1995; 

Whitney 1986). 

In a recent study in a watershed on the west coast of Vancouver Island in the 

wetter subzones of the Coastal Western Hemlock biogeoclimatic zone, Lertzman et al.. 

(1996) characterized gaps as being either developmental or edaphic. Edaphic gaps exist 

where adverse soil wiiditions, such as rock outcrops, wet spots, or frost pockets, do not 

support the growth of trees (Lertzman et al. 1996). They found that roughly 56% of the 

forest was influenced to some degree by canopy openings; and that 30% of the forested 

area was occupied by canopy gaps, of which 14% were developmental canopy gaps and 

16% were edaphic canopy gaps (Lertanan et al. 1996). Edaphic gaps and developmental 

gaps play similar yet distinct mles h forest ecosystem @ertn;an 1996). There is little 

diffseme in +b qm space pmvided by each sfthese gaps, which is in itself an important 

resource for some species. However, structural fwtures such as snags and downed wood 



found in developmental gaps provide distinct habitat niches that are not associated with 

edaphic gaps. While the relationship of edaphic gaps to forest structure and forest 

dynamics has received little attention, Lertzman et al. (1996) found edaphic gaps to be 

important elements of forest structure that significantly contribute to the overall openness 

in the forest. 

Another type of non-developmental gap, the priority gap, has been recognized 

recently as a component of coastal British Columbia forest ecosystems (McGhee 1996). 

Priority effects that occur early in stand development can result in patches of short stature 

vegetation which resist the subsequent establishment of conifers (McGhee 1996) (for 

other examples of priority effects see Shulman et al. 1983; Robinson and Dickerson 1987; 

Robinson and Edgemon 1988). In latx successional stages, these patches appear as 

canopy gaps. Since inherent soil properties in priority gaps are no different fiom those of 

the surrounding forest matrix, these sites are no more suitable to the species occupying 

these gaps than to conifers. In addition, priority gaps have a random distribution across 

the landscape. Ecosystem processes in priority gaps may be different from those in 

developmental gaps; however, little research has been carried out to identifjl these 

differences. Whereas developmental gaps are characterized by a flush of resources, 

especially light and moisture, at the forest floor, McGhee (1996) found that the light 

regime at the forest floor h e a t h  priority gaps was similar to the light regime beneath the 

adjacent forest. B~~ priority gaps are present for longer pids of t he ,  their &ects 

on soil c + l a r ~ ~ ~ s t ; , c s ,  ;3;til&fe Witat md msjy'sim processes may be greater than those 

of developmental gaps. This study on persistent vine maple gaps examines ecosystem 



processes within these gaps, determines if vine maple gaps are priority in origin, and 

compares the ecological roles of vine maple gaps to developmental gaps. 

1.2.3 Rok of HarmOOOdS in Coastal Pacific Northwest Forests 

Until recently, the ecological role of hardwoods in coniferous forests of the Pacific 

Northwest has attracted little attention from researchers and forest managers (Massie et 

al. 1994). Most research has concentrated on the removal of broad-leafed species fiom 

areas managed for timber production since broad-leaved species are viewed as 

competitors to merchmtab!e coniferous species (Smith 1985; Daniel et d. 1979). For 

example, overtopping vegetation is considered to be a severe obstacle to the regeneration 

of Douglas-fir in the Coast Mountain range (Chan and Walstad 1987). The long-term 

effects of silvicuhral practices which remove hardwoods fiom conifer-dominated 

ecosystems in terms of long-term soil productivity, ecosystem resilience, and site 

sustainability are poorly understood (Massie et d. 1994). 

Hardwood species contribute to wildlife habitat, biological diversity, soil ecology, 

and the ecology of riparian areas (Haeussler et al. 1990; Massie et al. 1994; McGhee 

1996). AAer disturbances, hardwoods maintain ecosystem resilience by establishing 

quickly, retaining soil nutrients, and reducing soil erosion (Perry and Maghembe 1989). 

Hardwoods also increase the productivity of forested areas by protecting crop species 

fiom browsing mihais, rn&eszi$hg temperatures, and by providing a source of food md 

hahitat far wi&fe (Lavender et 4. 1999). 



In coastal British Columbia ecosystems, hardwoods are generally associated with 

early successional stages in stand development, persisting into later successional stages 

only in disturbed areas such as canopy openings, and riparian zones (Haeussler et al. 

1990). In these forests, the biomass of conifers can be 1000 times greater than that of 

hardwoods (Waring and Franklin 1979). Despite the overwhelming dominance of 

coniferous vegetation, several hardwood species are nevertheless indigenous to these 

ecosystems. These species include bigleaf maple (Acer macrophyllum), black cottonwood 

(Poplus trichocarpa), red alder ( A i m  rubra), white birch (Betula papyrifera), bitter 

cherry (Pi-zims emmpata ) ,  pacific crab apple (Malus jbsca), arbutus (Arbutus. 

menziesii), western flowering dogwood (Cornus mttallii), Douglas maple (Acer 

gtabmrn), and vine maple (Acer circimhrm Pursh.). 

Litterfall from bigleaf maple, Douglas maple, and vine maple is thought to 

decompose rapidly and provide a rich source of nutrients to the humus layers (Krajina et 

al. 1982). Benefits of red alder include its association with N-fixing bacteria in root 

nodules, its potential ability to increase the resistance of Doughs-fir to laminated root rot, 

and its abrlrty to reduce attacks on Sitka spruce from spruce weevils (Chester 1988). The 

level of nutrients and beneficial fungi under white birch may be higher than under purely 

coniferous stands (Haeussler et al. 1990); while the growth of black cottonwood 

moderates forest temperatures, s t a b i i s  stream banks, and may be asociated with N- 

fixing bacteria (Haetider et id. 1990). 

A recent review by Biniriey (2995j found t'nar soils can drafnaiicaliy diem under 

different species of trees, and suggests that many of the traditional beliefs that conifers 



degrade soils and hardwoods improve soils are based on weak evidence. While the effects 

of species on soils includes nutrient pool sizes, acidity and nutrient supply rates, Binkley 

(1995) observed that no study has shown that any species uniformly pushes all soil 

variables in unfavourabie (or favourable) directions. 

A study by Fried et al. (1990) -- designed to determine if the absence of bigleaf 

maple from a Domglas-fir forest in the Oregon Coast Range would adversely influence 

soil properties -- used a paired-plot methodology to compare mineral soil properties, litter 

and forest floor biomass and chemical composition, and nutrient turnover rates, between 

ssiis beneath bigleaf maple trees and mils beneath the adjacent Douglas-fir forest. Fried 

concluded that bigleaf maple trees, compared ta adjacent Douglas-fir trees, increased soil 

N, organic C content, and a n n d  inputs and cycling of ail macronutrients; however, he 

found few differences in the eoncentration levels of cations or P in the top 10 cm of 

minerd soils. Since the current productive capacities of the forest soils of British 

Columbia and the American Pacific Northwest result fkom thousands of years of shifting 

mosaics of coniferous and hardwood vegetation on the land, Fried expressed concern 

that, alLbous$ his study could not provide conclusive evidence that removal of bigleaf 

maples would significantly affect site productivity, the maintenance of long-term forest site 

productivity warrants the development of a better understanding of the influence of maples 

and other hardwoods on forest soils before these species are completely e h t e d  fiom 

mmercial coni,fer forests. 

h e  to hihe dissiriei dimid&dc% of h b w o s t  species, B.C. forest fll%~fagmerrt 

guidetines r e c o d  hardwood retention in timber management areas to maintain and 



enhance biodiversity (B.C. M.O.F. 1995). In addition, the Forest Renewal Plan (1 994) 

has a mandate to invest and promote non-timber forest values, including an allocation of 

fbnding towards hardwood research. The B.C. Forest Practices Code (1994) also 

addresses the need for retaining hardwoods in pure and mixed stands and has legislative 

authority to enforce regulations that promote soil conservation and the maintenance of 

biodiversity. With hrther research into hardwood ecology and hardwood-soil 

interactions, it should become increasingly evident that broad-leafed species are crucial to 

the future health of forests. Forest management strategies will be improved when the 

role of hvdwood species in conifer-dominated ecosystems is better understood. 

1.2.4 EneMaple 

Vine maple is a hardwood shrub or small tree with a short twisted trunk that often 

forms dense thickets (Coward 1977; UBC Bot. Garden 1976) with several branches 

sprouting out from the base in a leaning or sprawling fashion (Whitney 1985). Reaching 

heights of 10-20 meters and reproducing largely by layering or sprouting, vine maple 

clones are often comprised of uneven-aged stems (Haeussler et al. 1990 and McGhee 

1996). While vine maple stems typically reach 80 years of age, ages up to 142 years have 

been documented (Anderson 1967). Vine maple has a shallow extensive rooting system 

and high nutritional requirements (Haeussler et al. 1990). In Coastal Western Hemlock 

biogec~:btiic zone, vine maple liner fall begins in the last week of September to the first 



In a recent study in the Oregon Coast Range, vine maple clones were found to be 

adapted to layering and survival in the understory, and vegetative expansion was found to 

be more important than seedling establishment in the expansion and establishment of vine 

maple clones (O'Dea et al. 1995). Shade-tolerant vine maple clones have been found to be 

able to survive the stem exclusion phase in young Douglas-fir stands, and patches have 

been found in old-growth Douglas-fir forests (O'Dea et aI. 1995; Spies et al. 1990). 

O'Dea et ai. (1995) also observed that dense vine maple cover may prevent the 

establishment of herbs, conifers and other shrubs in openings. 

While vine maple is an early serd to late climax sgscies (Haeussler et al. 1990), a 

study conducted in the Oregon Coast Range by Russell (1973) found that its abundance 

followed a bimodal distribution through succession. Russell suggested that in his study 

area, vine maple became abundant following clearcutting, almost disappeared under dense 

coniferous canopy 40 years after disturbance, and then increased in abundance as openings 

in the forest canopy occurred. Other studies have observed that vine maple is able to 

persist through the stem exclusion phase of stand development, and well-established 

patches have been found in old growth Douglas-f3 forests (O'Dea et d. 1995; Spies et al. 

1990). While vine maple is very shade tolerant, it prefers growing in higher light 

conditions (Haeussler et al. 1990) and its growth has been observed to be greatest in 

canopy openings (UBC. Bot. Garden 1976). Russell (1 973) found that vine maple biomass 

and stem frequency increases as canopy openness and light intensii increases. 

approximately lOOOm (Anderson 1969 and UBC Bot. Garden 1976). Vine maple is a 



sigillficant competitor to crop species in Washington and Oregon (Haeussler et al. 1990); 

however, in B.C. the range of vine maple is not extensive and it creates competition 

problems only in localized areas. The seeds of vine maple are an important food source of 

many songbirds, game birds and mammals (Haeussler et al. 1990 and Whitney 1985); and 

by providing a distinct habitat niche, vine maple gaps may support different bird 

populations than the forest matrix (Saunders et al. unpublished data). 

1.3 Study Design 

1.3. ? S&dy Area 

The study area is in the Seymour Demonstration Forest (on the west side of the 

access road approximately 2 krn north of the gatehouse) in the North Shore Mountains of 

the Coast Range. The stand is a mature, second-growth forest dominated by western 

hemlock that was logged approximately 80 years ago. The forest cover map of the area 

indicates that the site class is 'good', average tree height of canopy dominants is 37.5- 

46.4 m, and canopy closure ranges &om 56-65% (GVRD 1988). The dominant tree 

species in the study area are western hemlock (53.4%), Douglas-fir (27.6%) and western 

redcedar (1 8 9%) (McGhee 1 996). 

The study area is transitional between the moist maritime (CWHrnrn) and dry 

maritime (CWHdm) subzones of the Coastal Western Hemlock biogeoclimatic zone. In 

the southern rmge of this zone where the study area is located, less t b  15% of total 

precipitation o a w - s  as snowEd. Mean miid precipitiitim is ajjprorri.iteljj 2088 

(Meid'iger and Pojar 1991), most falling between the months of October and March with 



a pronounced dry period occurring in late mnme:. Mean annual temperature is 7 8 "C, 

with mean monthly temperatures remainkg above 0•‹C (Meidinger and Pojar 199i). 

Generalized soil descriptions of the study area were obtained tiom the 

biogeoclimatic ecosystem classification system (Meidinger and Pojar 1991). The soils in 

the Coastal Western Hemlock zone are riominantly O r t k  Humo-Ferric Podzols, grading 

i n t ~  Ferro-Humic Podzols with increasing precipitation. Many podzols in the CWH lack 

an eluvial (Ae) horizon because in this part of the soil profile the heavy leaching is offset 

by the rapid addition of organic colloids and the weathering of iron and aluminum (Watts 

1983). Throughout the study ar-m., Mor is the dominant humm form, md the parent 

material consists of compact basal till. Leaching of nutrients from the mineral soil is rapid 

in this wet climate. Since these soils are acidic, coarse-textured, low in clay minerals, and 

poor in nutrients (Watts 29831, the storage of nutrients in vegetation and surface organic 

layers in these stands is extremely important in the maintenance of ecosystem productivity. 

Since the study area has a variable microtopography, this factor was included in 

the soil sampling procedure. Treefall creates a variety of soil nG.xosites; the roots of 

uprooted trees and the attached soil creates a mound, while the depression remaining 

where the tree once stood forms a pit. In temperate forests, 1040% of the sc l  surface 

may be occupied by these pits and mounds of various ages (Peterson et d. 1990). Pits and 

mounds have Werent physical and chemical characteristics, with organic matter and 

moisture content being higher in pits, while soil temperatures ifluctuarte more in mocnds 

(3- and SUER 1986; ScWd et d. !988; Petenon d d. 1990). Although t5e vine 

maple gaps in the study area were not created by treefd, the pit and mound 



nicrotopography may be the result of windthrow events prior to stand establishment, or 

may be the result sf undulatiom in the basal till underlying the area creating low microsites 

and high microsites (will be referred to as pits a d  mounds). 

1.3.2 Side SeIt!ctrctron 

In the summer of 1993, ten parailel transects rangins from 50 rn to 250 m in 

length were established by McChee (1996) for a study of the demography of vine maple. 

The transects were zt least one tree length &om the road or stand edge and were 

t e & ~ t e d  at changes in terrain or forest stmcture, such as increase$ slope, boulders or 

large blowdowns. McGhee (1996) ir?catd 3 1 vine maple clones (26 were in gaps) dong 

the transects and paired each with a closed canopy plot in the surrounding forest. Each 

closed canopy plot uras established at a distance of 25 m from the vige maple plot and 

located perpendicular to the t r w m t  line. The closed canopy plots contained no evidence 

of vine maple (dead or alive) within 20m of their centers and were dominated bv conifers 

that made up the relatidy closed canopy. The structural characteristics of canopy gaps, 

the morphological characteristics of vine aaple, and the characteristics of the surrounding 

forest, as measwed by M c G k  (1W6), are presented i:~ Table 1.2. Paired plot 

comparisons are a c o r n *  used method of evaluating differences in resources between 

canopy gaps and surrou~fding closed canopies (Crome and Richards 1988; Wadenoff 

1987; Schemske and Brokaw 198 1; Shelly f 988; Vitomek and ~ i o w  1 986). 

Fm this r-5 wb-9, six repmemt++e vim ample gaps aa?d tbi. awcii%ecI 

closed campy plots were selected fur further study of soil preMes fiom the paired 



plots in the McGfiee (1996) study. Each gap was chosen using three criteria: a canopy gap 

area between 15mZ and 18Om2; a vine maple clone that was healthy; and a paired closed 

canopy plot with similar slope angle, slope position, aspect and elevation. 

1.3.3 Desmption of S'tudy Plots 

Since soil development is a hnction of the interaction of climate, parent materials, 

topography and organisms over time (Jenny 1941), the effects of species on soils can be 

determined by comparing soils that formed, with and without an organism present, 

when the other four factors sf mil formation we held constimt (Fried et d. 1990). As the 

predominant climate of the study area is constant, the observed differences in microclimate 

within the paired plots is assumed to be attributable to the presence of an opening in the 

forest canopy. The topographic characteristics of the gap and closed canopy plot within 

each paired plot are also similar7 therefore, Werences in moisture regime are likewise 

assumed to be attributable only to the presence of the vine maple gap and not to 

differences in slope psition or siope angle. As there is no evidence of large-scale soil 

disturbance, such as landslides, the soits within the study area appear to have developed 

over the same pen& of time. The stand within the study area has not been treated with 

herbicides, pesticides, prescn i  burns* or other management activities such as spacing or 

tftimrislg since the staad was harvested approximately 80 years ago (McGhee 1996). 

?%e chamctaistics of dhe p a i d  plats masxed by McGhee (1996), rdevant to 

&is SP.O- 7 7  are pestzed ia T&!e i.2. fbt were sdtxtd to have ii siirdar dzvztiori, 

aspect and dope. Since elevation can hBuence cliinatic regimes and ecosystem types, 



the paired plots were selected within the same biogeoclimatic subzone, and were located 

within 200 and 250 m a.s.1, and each pair did not differ by more than 30 m a s I Since, in 

mountainous areas, aspect can strongly influence temperature, hours of daylight and 

intensity of radiation reaching the ground surface, the paired plots were selected to have 

similar aspects (north-east to south-east), and the difference within each paired plot was 

no greater than 47". Since slope angle can give an indication of drainage regimes, the 

suitability of the site for plant growth, and depth to bedrock, the paired plots were 

selected to have similar slopes (4 to  20%), and the difference in slope of the gap and 

closed canopy plots within each paired plot did not differ by more than 6%. 

The amount of total direct and diffUse light reaching the forest floor and the 

percentage of open sky influences various soil processes such as leaching and 

decomposition, and soil properties such as soil moisture and temperature. McGhee (1996) 

used hemispherical canopy photographs to estimate light regimes in each of the vine maple 

gap and closed canopy plots during the summer of 1993. For each paired plot, 

photographs were taken beneath the foliage of the vine maple clone in the gap plot and 

beneath the forest canopy in the closed canopy plot. The resulting images were analyzed 

to calculate the p e n d o n  of both dBhe and direct-beam radiation below the closed 

campy plot and M o w  the small but discrete openings visible between the leaves in the 

gap plot. In her analysis, McGhee (19%) f d  that at ground fed, the light regime 

beneathviBemwi%+,Jlsrto*&M tkzdjxmt dosed campyforst. 

Cmpy g q  tire;; is &&id as "rfiz vdd jxojedsfs o m  Sjse g o d  of the 

opening in the forest canopy ~~i and Krebs 1991 ), while expanded gap area is 



delined by the boles of the trees whose canopies define the canopy gap (Rude 1982; 

Vebfen 1985). These values, measured by McGhee (1 996), are usefiil to this study as they 

give an indication of the relative impact df the gaps on the microclimate within the plots. 

Opening size is frequently expressed using the D/H ratio since the ratio of the diameter of 

the gap to the height of the trees surrounding a gap can provide an indication of the 

iduence of the gap on the microclimate of the understory (Geiger 1965); as the size of an 

opening decreases, humidity increases and temperatures remain more constant. Light 

increases with increased opening size, reaching a maximum when D/H=2 (Pickett and 

WJte 1885). fo this Wj, gap d i m e t a  was estimated fiom gap area measurements of 

McGhee (1996) and tree height estimates were obtained fiom the forest cover map of the 

Seymour Demonstration Forest (GVKD 1988). 

The n~mber of live and dead vine maple stems in each gap provides an indication 

of the relative past and present impact of vine maple on the gap sites, with clone sue 

being defined as the total number of vine maple stems within a gap. Each vine maple clone 

was assigned a gap site class and clone sizR class, (either small, intermediate or large), 

based otl their relative size cornpard to other clones in the study area. Clone size was 

f d  to be significantly dated to gap size (McGhee 1996), the larger the canopy gap in 

terms of both campy gap area arid expanded gap area, the larger the vine maple clone. 

S i  virre maple gaps have misted the regenefation of coniferous tree species since the 

timz o f d  estiddi- t3re size ofebm appears to d i m e  tfre size ofthe gap in 

witich L is iw. 



Within the study area, the dominant tree species are western hemlock (53.4%), 

Douglas-fir (27.6%) and western redcedar (1 8.9%) (McGhee 1 996). Because Doughs-fit 

needles have been observed to decompose faster than western hemlock needles (Edmonds 

1980), and western redcedar foliage has higher concentrations of Ca than both western 

hemlock and Douglas-fir foliage (Beaton 1965), the species mix, (or relative proportions) 

of western hemlock, Douglas-fk and western redcedar surrounding the plots may have an 

influence on soil properties (such as pH) and nutrient concentrations. In a study conducted 

in very old forests in Washington and Idaho, Alban (1969) found that pH. Ca, base 

saturation and the total weight of the forest floor were greater under western redcedar 

than under western hemlock; and, N, C, Mg, and K were generally higher under cedar 

than under hemlock but the differences were not large. However, in this study area, 

McGhee (1996) found no significant difference in the average species composition of 

conifers surrounding vine maple gaps and closed canopy plots. 
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Chapter 2 
Temperature and moisture regimes 

of persistent canopy openings occupied by vine maple in a 
coastal western hemlock forest 

2. t Introduction 

Due to the infrequency of large scale natural disturbances in coastal temperate 

rainforests, canopy openings are an important source of heterogeneity in forest structure 

and composition (Lertzman and Krebs 1991 ; Spies and Franklin 1989; Spies et al. 1990; 

Stewart 1986; Lertzman et al. 1996). In coastal temperate forests, canopy gap dynamics 

may operate for m y  centuries due to the long return interval between stand-destroying 

fires (Spies et al. 1990). Developmental gaps, created by tree mortality, greatly influence 

regeneration in these forests and are considered necessary even for shade tolerant species 

such as western hemlock to reach the main canopy (Stewart 1986). Research has been 

conducted in a variety of forest types concerning the increase in energy and moisture 

reaching the ground surface due to the loss of biomass following the creation of a canopy 

gap (Chazdon and Field 1987; Denslow 1987; Podson and Platt 1989; Lieberman et al. 

1989; Canham et al. 1990; March and Skeen 1976, Chazdon and Fetcher 1984; Pickett 

and White 1985); however very little research exists concerning how gaps influence 

patterns in below ground resources (Publicover and Vogt 1991), and little research on 

these patterns has been conducted in coastal temperate rainforests. Much of the literature 

on canopy openings concerns the role of light gaps in tree regeneration and maintenance 

oftree spies diversity (Batty a d  Stme ! 986). 

The most wmpicuous environmental change in canopy gaps is a localized increase 

in light levels (Pickett and White 1985). However, the actual light regime in and around 



any individual gap can be modified strongly by understory vegetation, and differences in 

the light regime between gaps are a fiinction of canopy height and latitude (Canham et al. 

1990). A study of light regimes in developmental gaps (created by single treefall) in old 

growth Douglas-fir - hemlock forests in Oregon indicated that these small gaps have little 

effect on understory light regimes due to the low ratio of gap diameter to canopy height; 

however, as gap size increased, both the mean and range of light levels within the gap 

increased (Canham et al. 1990). In tropical forests, differences between gap and 

understory light levels have been observed to be lower in small gaps than in large gaps, 

and lower on cloudy days than on sunny days @enslow 1987). 

Since the forest canopy moderates temperature extremes by intercepting solar 

radiation, air and soil temperatures in canopy gaps differ from those in the closed forest. 

The forest canopy prevents the soil from reaching excessively high temperatures in the 

summer, and reduces the rate of heat loss fiom the soil during winter months (Lavender 

1990; Pritchett and Fisher 1990). Large openings (such as large clearcuts) have higher 

maximum and lower minimum soil temperatures than closed forest (McGhee 1976; Ash 

and Barkham 1976; Pontailler 1979), and air temperatures are higher and fluctuate more in 

gaps than beneath the intact canopy (Pontailler 1979). Day-to day variations in soil 

temperatures strongly influence root growth rates; root growth slows during ccoler 

months and during hot and dry midsummer conditions (Lyford and Wilson 1966). 

Cmopy gaps at= ~~ mil moisture uld groundwaer a l e  levels since rates 

of through&& evaprdon, artd tmnqkzi~otl d i e  hi it?C u@iirid pp ~ m p ~ e d  to 

those in a closed canopy forest (Pickett and White 1985: Pritchett and Fisher 1987). A 



reductlor, in the amount of vegetation present on a site to intercept and transpire water 

following removal of the forest canopy can result in an increase in soil moisture and water 

table levels (Pritchett and Fisher 1990). However, open areas which receive similar 

amounts of precipitation as forested areas may have lower soil moisture and water tzble 

levels due to greater evaporation during hot periods. hi tropical forests, moisture levels 

in the upper 10 cm of soil have been obrerved to be consistently and sigdicantly higher in 

gaps than beneath int& canoples (Lee 1978; Denslow 1987). When soil in the rooting 

zone is moist, a vegetated surface can be cooler than when the soil is dry because of 

grater ~ a p o t i ~ s p i i z t i c d  mohg. 

Gap size determines whether a gap will have an environment much different from 

that of the closed canopy forest; small gaps in either tali or open canopies have little effect 

(Picket$ and White 1985). As opening size decreases, humidity increases and temperatures 

remain nlofe constant (Geiger 1965). An opening in the canopy less than 5 m across is 

genePaEIy not considered a gap (Brokaw 1982). In very small canopy openings, the 

Gmeiopment of extremes in surface temperatures is hindered by shade from surrounding 

trees; whereas, in somewhat larger openings, the wind causes enough turbulent transfer of 

heat to restrid the diurnal range of sud& temperatures (Smith 1986). The greatest 

actream in surf& tempmtmes occur where the combiied effect of shade and ventilation 

is the teast. T k  ooaus when the diameter of an opening in the for& canopy is om and 

o ~ t r a t P ~  *& height sf s u i i g  trees (Geiger 1965). 

Some canopy openings in mastd tetnperate forests c o d  the hardwood species 

vine maple, and some vine maple gaps have a notable absence of a gapmaker (McGhee 



1996; Spies et al. 1990). In some of these gaps, vine maple has been persistent since the 

time of stand establishment, resisting the regeneration of taller canopy dominants and 

subsequent canopy closure (McGhee 1996). Accordingly, the effect on temperature and 

moisture regimes of vine maples occupying persistent gaps is likely to be significant 

because the influence of both vine maple and the gap environment is prolonged 

throughout stand development. 

Vine maple is very resistant to flooding and most commonly grows on moist, well- 

drained sites (Krajina et a]. 1982). Vine maple also has a shallow extensive rooting system, 

a hi&+ transpiration rate, and is capable of rapidly depleting soil moisture to a depth of 60 

cm in late summer (Drew 1968; Haeussler et al. 1990). Vine maple is very shade tolerant 

but prefers growing beneath canopies with greater light penetration (Krajina et al, 1982). 

Vie maple growth is greatest in canopy gaps (UBC Bot. Garden 1976); and vine maple 

biomass and stem fiquency increase as light intensity increases (Russell 1973). In a recent 

study of light regimes within canopy openings occupied by the understory species vine 

maple, conducted in the North Shore Mountains of the Coast Mountain Range, McGhee 

(1996) observed that in the summer, the light environment at the ground surface in vine 

maple gaps is no more f i i vod le  than on the ground surface beneath the adjacent forest. 

MdSfiee (1996) did not measure light levels above the vine maple in gaps in the summer 

or light levels in the gaps in the winter. McGhee (1996) also found that the size of vine 

q i e  gaps is significantty related to the size of the vine maple clone occupying these 

gaps: the larger the cione, the hger the gap. 



The purpose of this component of the study is to compare air temperature, soil 

temperature, precipitation, soil moisture, and groundwater levels in canopy openings 

supporting the growth of vine maple to those in the surrounding closed canopy western 

hemlock forest, over a one year period. Since developmental gaps typically have different 

microclimatic conditions than the surrounding forest, a goal of this study is to determine 

whether or not vine maple gaps show similar microclimatic differences. This study also 

seeks to determine if vine maple gaps are edaphic gaps or priority gaps, and helps to 

explain the influence of vine maple gaps on forest soil properties. The following 

hypotheses were tested concerning temperature and moisture regimes in vine maple gaps: 

1. Compared to the closed canopy, surface air and soil temperatures 
are lower in gaps in the summer months because of the high rates of 
evapotranspirational cooling associated with the growth of vine 
maple. Surface air and soil temperatures in gaps are lower in the 
winter months because of the absence of the canopy which can 
moderate extremes in temperatures. 

2. Throughout the year, the amount of precipitation reaching the 
surface is greater in vine maple gaps than in the closed canopy due 
to less interception by vegetation. 

3. Throughout the year, surface soil moisture levels are higher in gaps 
than in the closed canopy due to greater amounts of precipitation 
reaching the forest floor, except in late summer when the high 
transpirational requirements of vine maple depletes soil moisture in 
the rooting zone. 

4. Throughout the year, groundwater table levels are higher in the 
gaps due to higher levels of precipitation reaching the ground 
surface, except in late s u m s  when the high transpirational 
requirements of vine maple lowers water table levels. 



An additional aspect of this study is to test whether or not microclimatic conditions 

differ for pits and mounds within this ecosystem. The microtopography of the hemlock 

forest in the study area is dominated by the presence of pits and mounds. Pit and mound 

microtopography can persist for several centuries (Beatty and Stone 1985) and can 

influence soil temperature and moisture regimes. Pits and mounds can differ in their soil 

characteristics; mounds are accumulations of mineral soil brought up by the roots of trees 

when they fell; and, pits are small depressions found where trees once stood (which tend 

to accumulate litterfall and moisture). Peterson et al. (1990) observed that soil 

temperature and ii& levels are sigTllficantly higher in mound microsites than in pit 

microsites in the summer. Since the vine maple gaps in this study area have existed since 

the time of stand establishment (McGhee 1996), it appears that the pits and mounds 

found in these plots are older than the stand. Pit and mound microsites are hypothesized to 

demonstrate the extreme temperature and moisture conditions within each of the 

individual plots. Throughout the year, pits are expected to be wetter than mounds; and 

pits are expected to be warmer than mounds in the winter and cooler than mounds in the 

summer. 

2.2 Methodology 

2.2.1 M&&Lhzy Air a n d M  Temperature 

Bi-weekly mid-day soil temperature measurements were made at four locations on 

each plot the COW of otre y=. For a& d' t h  twelve plots, ~ Y W  m m r m e n t s  

were made in a pit and two measurements on a mound, approximately 50 ern tiom each 



hydroprobe access tube and groundwater well (see 2.2.3 and 2.2.4). Copper-constantan 

thermowupie wire was installed to a depth of 10 cm fiom the surface of the forest floor, 

and temperature readings were made using a digital voltmeter. Mid-day air temperature 

readings were taken at approximately 20 cm above the soil surface at each thermocouple 

Iocation. 

2.2.2 Precipitatim 

Beneath the f~liage of vine maple in each gap plot and in the centre of each closed 

canopy plot, a throughfall gauge was situated 10 cm above the soil surface to monitor 

inputs of moisture to the soil. Throughfall gauges were constructed using 4 L milk jugs 

and wooden stakes. These containers were chosen because they contained enough volume 

to hold the large amounts of precipitation which could accumulate during a two week 

sampling period. The volume of water collected in each throughfall gauge was measured 

by transferring the water into a graduated cylinder. The throughfail gauges were 

calibrated to provide data in standard rain gauge units. Data is missing for February 18, 

March 4 and November 17, 1994 when the throughfall gauges overtlowed, and for 

December 3 and December 14,1994 when the gauges were fiozen. 

2.23 M&re h t e n t  

A Campbell Pacifk Naclear 503 Depth Moisture Gauge (a hydroprobe) was used 

to determine xd rnokture. This hsttwme11t is c q & k  of d n g  repeated mawrements 

of moisture contents at various depths in the soil by measuring hydrogen concentrations in 



the soil (Campbell Pcicific Nuclear 1978). Sgh speed neutrons emitted from the 

radioactive source contained within we gauge (Am241Be) slow down upon meeting 

hydrogen and are reflected back towards the gaugt where they are counted (Campbell 

Pacific Nuclear 1978). To determine moisture content, the field count is compared to a 

standard count, given in the CPN user manual. 

Using an auger, two 2" diameter aluminum access tubes-were installed at each 

site, one in a pit and one in ci mound. Where possible, holes were drilled to a depth of I m 

and all access tubes reached at least 80 cm beneath the soil surface. The tubes were cut 

with a pipe cutter so they all rose to a height of 15 cm above the ground surface. This 

made measurements with the hydroprobe much easier as the depth fiom the instrument to 

the gauge in the soil profile did not need to be re-checked at each site. The access tubes 

were capped with a rubber stopper to prevent debris fiom entering. Over a one year 

period, bi-weekly readings were taken at 30, 50 and 80 cm depths. To ensure that the 

hydroprobe was reading accurately, hydroprobe readings were taken each field day in the 

laboratory in a drum of dry sand. 

2.2.4 G n w m m  T& Measurements 

Two groundwater wells were installed in each of the twelve plots, one in a pit and 

one in a d. Using an auger, the wells were installed where possible to a depth of one 

meter beneath the soil sw fk .  All wells reached at least 80 cm beneath the soil surface. 

The ~~mxim'rtmu Oe@h sf the %dl k!ow the swEm was recorded since groundwater table 

measurements were not possible below this point. Wells were constructed &om 2" PVC 



tubing with holes drilled at I "  intervals to allow for flow of water into the well. A nylon 

stocking was placed around the well to prevent debris fiom entering into the well, and the 

well was covered with a cap to prevent material from falling in fiom above. 

A hollow 3/4" plastic tube, approximately the same length as the well, was placed 

inside the well and the location of the soil surface was marked on this tubing. The tubing 

contained a piece of styrofoam, and water table measurements were recorded on every 

fietd day by blowing the styrofoam down to the bottom of the tube and allowing it to rise 

to the level of the water table. Water table measurements, recorded as depth below the 

sol! surface, were made an a b i - w i d y  basis over a one-year period. 

2.25 Statistical Dm*gn 

2.2.5.1 Analysis 

The underlying statistid principle in the design of this study is the split-plot 

design, a special kind of incomplete block design. In this design, whole plots, to which 

levels of one or more factors are applied, are divided into sub-plots to which levels of one 

or more additional factors are applied (Steele and Torrie 1980). In this study, the whole 

plots were the six paired plots, which were subdivided into gap and closed canopy sub- 

plots. The gap and dosed canopy sub-plots were Wher subdivided into pit and mound 

mimosites, giviug rise to a split-split plot design (Figure 2.1). 

Each m p h g  &e was i m d d y  tested using the split-split plot design to 

&&?e wktItxr or not si@ftffg difTef&11ces existed between gap and ciosed canopy 



p m  prn prn p m  pn: p m  p m  p m  p m  p m  p m  p m  48 

subsamples 2 2  2 2  2 2  2 2  2 2  2 2  2 2  2 2  2 2  2 2  2 2  2 2  96 

Factors: r = Site Replicate @lock) = 6 
a = Gap or Closed Canopy P'rut = 2  
b = Pit or Mound Microsite = 2 

1 Source 
Blocks, r r- 1 
GaplCC, a a-l 
Error (a) ra (r- 1 )(a- 1 ) 
subtotal I 

Grand Total I+II r&-1 23 

Figure 2. i Spiit - split plot analysis of variance design (Stele and Tome 
1980) used to deterrnine whether or not si@~cant differences existed 
between gap and closed canopy plots with respect to temperature and 
moistwe regimes- 



plots with respect to Eernperature and moisture regimes. To avoid the conclusion of 

significant differences when they do not in fact exist (type 1 error), it was critical to 

apply the appropriate error term to the hypothesis being considered when performing the 

AKOVA In the statistical analysis of the datasets in this study, the split-split-plot 

experimental design used ensured that the appropriate error term was employed. 

In addition, an ANOVA was performed on a sequential series of sampling dates to 

test for significant differences on a seasonal basis. The use of sequential sampling dates as 

replicates may be pseudoreplication. For field studies in ecology to have either no 

:epliatio~+ or to have so few replicates that stzitistical power is low, is a common 

occurrence. Hurlbert (1984) found that pseudoreplication ocamed in 48% of ecological 

studies that applied inferential statistics between 1960 and 1984. The individual sampling 

dates within the time periods represent statistically independent data since they were 

sampkd two weeks apart. 

Because of the small sample size and the exploratory nature of the study, a 

sigdcance level of p4.10 was used in testing for significant differences. Statistical 

power was not calculated because of the complex experimental design; however, the 

power of the statistid tests is likely to be low due to small sample size, small effect size, 

and the high within-plot sample m i a b i i  (Tofi and Shea 1983). In the figures, error bars 

represen.t one standard deviation PWI the mean. Linear regression was performed to 

Oe&zm&e if- size, done size+ a d  other tine maple gap characteristics are reMd to 

terapaaiure d moisture regimes in the vine mripie gap plots. 



2.2.5.2 D e B i h n  of Seasonal Tiare P e r i d  

For each parameter measured in this study. seasonal time periods were selected for 

statistical analysis fiom trends that were visible in the dataset Each seasonal time period 

was defined by the existence of similar conditions over a number of consecutive sampling 

dates. Since not all of the field measurements commenced at the same time, some 

parameters in the dataset contain more time periods than others. Table 2.1 outlines the 

seasonal time periods and number of sampling days within each period (in brackets) used 

in the statistical analysis of each of the five measured parameters. 

Tzble 2 1 
Seasonal time periods used in statistical analysis. The numbers in brackets 
indicate the number of sampling days within each time period. 

Temperature 

I 
I 

Soil 
Temperature 

Precipitation 

Soil 
Moisture 

w to I ~ 2 6 .  
Groundwater 1993to 

Fall Ib Winter 1 
Jan 7, 
1994 to 
Mar 18, 
1994 (5) 
Dec IS, 
1993 to 
F& 4, 
1994 (4) 
Feb 4, 
1994 to 
March 3 1, 
1994 (4) 
Jan 21, 
1994 to 
Feb, 4, 
1994 (3) 
Jan 7, 
1993 to 
F& 18, 
)Yo3 (4) , 

TP:;g Summer - 
June 2 1, 

g:,5) 1 1994 (6) 
June 21, 

1 199- 
June 2 1, 

Fall 2 
Gpt 10, 
1994 lo 
Qct 20, 
1994 (4) -- 
sepl 10, 
1094 to 
03  20, 
1994 (4) 
Sepc 10, 
1994 to 
Oct 20, 
1994 (4) 

sepi 10, 
1994 to 
Oct 20, 
1994 (3) 
sept 22, 
1994 to 
Nov 3, 
B 4 )  

Winter 2 
Nov 3. 
1994 to 
Dec 14, 
1994 (4) 
Nov 3, 
1994 to 
Dx 14, 
1994 (4) 
Nov 3, 
1994 to 
k c  14, 
1994 (4) 
Nov 3, 
1994 to 
Dcc 14, 
1994 (3) 
Nov 17, 
1994 to 
Dcc 14, 
1994 (3) 



2.3 Results 

2.3.1 Mid-Day Air Temperapure 

The g ; i ~  and closed canopy plats demonstrated e remarkably similar air 

temperature trend throughout the year (Table 2.2 and Figure 2.2). However, in tbe spring 

and summer, gap plots appear to be slightly cooler (not significantly) than the closed 

canopy plots; and, in the winter, gaps are sliglltly wmner (not significantly) than closed 

canopy plots. On five of the 24 sampling days, s i m c a n t  differences were found to exist 

in air temperatilres between gap and closed canopy plots. On one sampling date in the 

surimer ( ~ 0 . 0 1 ,  F=l4.lO, d F l )  and one in the fdl (p=0.01, F19.53, df-1 ), gaps were 

significa~tly cooler than the c l o d  canopy; and, on three of seven sampling dates in the 

winter (e.04, F=7.52, d e l ;  p=0.05, F=6.37, df-1; p=0.07, F4.57, df=l), gaps were 

significantly warmer than the closed canopy. Throughout the rest of the year, vine maple 

gaps were not found to sigruficantly influence air temperatures. 

Air temperatures were compared between the gap and closed canopy plots above 

similar microsite*igure 2.3). The pit rnicrosites in the gap plots were compared to pit 

microsites in the dosed canopy plots, and mound rnicrosites in the gap plots were 

compared to mound microsites in the closed canopy. On most sampSig dates, vine mapie 

gaps were not found to have a signtficant effect on air temperatures. Temperature trends 

of similar microsites in gaps compared to similar rnicrosites in closed canopy plots were 

similar to the o v d  cotflpaffsons: air temperature was cooler on some sampling dates in 

the spring and summer, aMt warmer on some sampling dates in the winter. 



Table 2.2 
Man_ mid-day air terr?peratures and standard deviations for the five time 
periods outlined in Table 2.1, measured in "C fiom January 1994 to 
December 1994. For each individual plot, the mean and standard deviation 
are fiom two measurements above pit microsites and two measuremeats 
above mound rnicrosites for each sampling date within the time period. The 
overall means and standard deviations for each time period were calculated 
from the plot means for each sampling date within the time period. 

Signilkant differences in air temperature in pit microsites between gap and closed 

canopy plots were found for five of twenty-two sampling dates. On three of seven 

sampling dates in the winter, pit microsites in the gap were signrficantly warmer than pit 

microsites in the closed canopy @=0.09, F=4.42, df-1; p 4 . 0 7 ,  F=5.17, d e 1 ;  p 4 .07 ,  

F4.08,  e l ) ;  and on one sampling date in each of the summer ( p 4 . 0 1 ,  F=13.80, dF-1) 

and fd (p4.02, F=13.29, &l), pit microsites were significantly cooler in the gap than 

in the closed canopy. Significant differen= in air temperatures in mound rnicrosites 

beaween gap and closed campy plots were obtained for fwr of twenty-two sampling 



dates. On one sampling date in the winter, mound microsites in the gap were significantly 

warmer than mound microsites in the closed canopy (p=0.03, F4.59, dc l ) ;  and on one 

sampling date in each of the winter (@.O8, F=4.74, dc l ) ,  summer (p=0.02, F=11.40, 

df= 1 ) and fall (p=O. 1 1, F=3.92, df= 1 ), mound microsites were significantly cooler in the 

gap than in the closed canopy. 

To distinguish seasonal trends in the overall mid-day air temperature 

measurements, mean air temperature was calculated for both the gap and closed canopy 

plots for the five seasonal time periods outlined in the methodology. In the spring (p=0.08, 

F=4.85, $ 6 1 )  and summer (@. 10, F=3.98, df-1) time periods, mean seasonal air 

temperatures were significantiy o o k r  in gap plots than in closed canopy plots. In the 

winter time perids, mean seasonal air temperatures were warmer (not significantly) in the 

gap plots than in the closed canopy plots. In both winter time periods, air temperatures 

above pit microsites were wmmr than above mound microsites, however, the difference 

was significant in the first winter time period only (p-3.00, F=34.42, &l). 

Mean air temperatures above pit and mound microsites in both the gap and closed 

canopy demonstrated an interesting stratification over the seasonal time periods. The 

order of increasing air t e r n m e  in the winter time periods was as follows: the mound 

microsite in the closlvf canopy, the mound microsite in the gap, the pit microsite in the 

closed canopy, and the pit microsite in the gap. In contrast, the order of increasing air 

temperaolge i~ the spring, Summer and was: the pit microsite in gap, the mound 

microsite in the gap, the pit microsite in the closed canopy and the mound microsite in 

the dosed canopy. 



The distinct characteristics of topography, gap size, and clone size. of each of the 

vine maple gap plots may influence air temperature, but would not be detected by the 

overall ANOVA described previously. Therefore, for each time period. linear regression 

was used to determine if mean mid-day air temperature was significantly related to 

characteristics of the vine maple gaps. In the summer (@.I 0, r'=0.52, n=6) and fall 

(p=O.10, ?=0.54, n=6) time periods, air temperatures were significantly warmer under 

larger gaps than smaller gaps (Figures 2.4a and 2.4b). In the summer, air temperatures 

were significantly warmer under larger clones than smaller clones (p0.06, 2=0.63, n=6) 

(Figure 2.4~). However, mid-day air temperature measurements in the gap plots in the 

study arca were not si&cantly influenced by soil moisture, light regime and the 

tqographic characteristics of the gaps, including slope angle, aspect and eievatbn. 

23.2 Mi-d-Day Soil Tbnpmhire 

The gap and closed canopy plots demonstrated similar soil temperature trends 

thoughout the year (Table 2.3 and Figure 2.5). No significant differences were found to 

exist between gap and closed canopy plots for any of the 26 sampling dates; however, 

mean soil temperatures were lower (not significant) in the gap plots in all of the six dates 

sampled in the summer, and in three of the four dates sunpled in the fall. While for 16 of 

the 26 weeks sampled, significant differences were found to exist in soil temperatures 

between pit and mound mino&es ip=O. IO), pit micros'ries irr the summa modhs were 
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Canopy Gap Size (ma) 

Canopy Gap Size (m2) 

5 5.0 

94.0 

13.8 

12.0- 

Clone Size (# Stemas) 

I I 

Fall r2A0.54 
- b) - 

/----- 

/- 

- _ / - 
q - 
/ 

Figure 2.4 a) A regression of mean mid-day air temperatures in gap plots to canopy gap 
size for the summer time period and b) fall2 time period. c) A regression of mean mid- 
day air temperatures in gap plots to the number of stems on the vine maple clone for the 
summer time period. 



cooler than mound microsites, and pit microsites in the winter months were warmer than 

mound microsites, on dl of the sampling dates. Weekly variability in mid-day soil 

temperatures, therefore, appeared to be due more to the presence of pit-mound 

microtopography in the study area than to the presence of a vine maple gap. 

Soil temperature regimes in gap and closed canopy plots were also compared by 

testing for significant differences in siilar microsites (Figure 2.6). While in pit microsites, 

mean soil temperatures were cooler in the gap plots than pit microsites in closed canopy 

plots on all of the sampling days in the winter, the first three sampling days in the spring, 

and the last few sampling days in the fill, none of the differences were significant. 

Similarly, although pit rnicrosites were warmer in the gap plots than in the closed canopy 

plots in all weeks sampled in the summer, and in the first few weeks of the fall, none of the 

differences were sigmficant. Temperatures in mound microsites in the gaps were warmer 

than mound microsites in the closed canopy on d sampling dates in both winter periods, 

and cooler in the gaps on all sampling dates in the summer; however, significant 

differences were detected in only 4 sf the 26 sampling days in the mound microsites 

between gap and closed canopy plots. Two of these sampling dates were in the winter 

(p=0.10, F=4.00, e l  and p=0.01, F=14.76, df-1) when mound microsites were 

signnficady warmer in the gap than in the closed canopy plots, and two sampling dates 

were in the late Summer (p=0.04, F=7.56, df-1 and p4.04, F=7.95, d e l )  when mound 

microsites in the gap were significantly cooler than mound micrssites in the c b d  canopy. 

To didnguish seasod trends in the o-~rdl iiid-day tmwature 

measurements, mean soil temperature was calculated for the gap and dosed canopy plots 



for the five seasonal time periods outlined in the methodology (Table 2.3). The results 

indicated that the presence of a vine maple gap in the hemlock-fir forest did not 

significantly affect soil temperatures in any of the time periods. However, mid-day soil 

temperatures were significantly influenced by pit-mound microtopography in both winter 

time periods (p4 .0  1, F=10.70, dF l ;  p4.00, F=28.70, de l ) ,  in the spring time period 

(p=0.04, F=5.66, de l ) ,  and in the summer time period (p=0.01, F=l 1 .O6, de l ) .  Pit 

microsites have significantly warmer inid-day soil temperatures than mound microsites in 

the winter and spring time periods. Conversely, in the summer months, pit microsites have 

significiint1y cooler soil temperatures than mound microsites. 

Table 2.3 
Mean mid-day soil temperatures and standard deviations for the five time 
periods outlined in Table 2.1, measured in "C from December 1993 to 
December 1994. The measurements that contributed to these values are 
the same as in Table 2.2. 

6c 1 4.24 f 1.24 1 7.01 f 1.93 13.43 It 1.59 11.51 f 2.03 3.25 f 1.77 
Gap h k t l  1 4.28f 1.34 1 6.91 f 1.89 13.27 f 1.37 11.29 rt 1.89 3.01 f 1.50 
&&I Pit f 4.34*1,.3? 0.93&!.86 13.25 f 1.37 11.28 f 1.8'7 3-19 st 1.47 
Gap Mound 1 4.21 f 1.44 f 6.90f 1.92 1 13.29f 1.38 11.31 f 1.92 2.83 f 1.56 
CC Mean 1 4.28 f 1.34 f 0.91 f 1-87 13.35 f 1.30 1 11.34 f 1.33 2.96 f 3.50 
CC Pit 1 4.53 f 1.29 ) 6.95 f 1.78 13.14f 1.28 11.302 1.82 3.47f 1.50 
CC Mound 1 4.02 f 1.43 1 6.88f 1.97 13.57f 1.36 11.39f 2.05 2.45 f 1.54 

Plot Winter 1 1 Fall 2 Winter 2 
1 g 11.19 k 1.75 2.93 f 11.25 4.35 f 1.59 1 6.71 f 1.84 13.00 f 1.37 



Mean soil temperatures in pit and mound microsites in the gap and closed canopy 

demonstrated an interesting stratification over the seasonal time periods. The order of 

increasing soil temperature in the winter and spring time periods was as follows: the 

mound microsite in the closed canopy, the mound microsite in the gap, the pit microsite in 

the gap and the pit microsite in the closed canopy. In contrast, the order of increasing soil 

temperature in the summer and fall was: the pit microsite in the closed canopy, the pit 

microsite in the gap, the mound microsite in the gap, and the mound microsite in the 

closed canopy. 

For each time period, lheu  regression was used to determine if mean seasonal soil 

temperatures in vine maple gaps were related to vine maple gap characteristics. In the 

spring (m.07 ,  ?=0.60, n=6) and fall (p4.06, ?=0.62, n=6), smaller gaps have 

sigdicantly cooler soil temperatures than Iarger gaps (Figures 2.7a to 2.7b); however, soil 

temperature was not related to gap size in the winter periods. Aspect was significantly 

related to soil temperature in vine maple gaps in the winter months; however, no 

significant relationship existed during any other time period. In the winter, soil 

temperatures in gaps with a more north-east facing aspect were significantly colder 

than in gap:. with a south-east facing aspect (p=0.05, M . 6 7 ,  n=6) (Figure 2.7d). In the 

spring @=0.08,r%.57,n=6) and summer (p4.00, ?=0.91, n=6), soil temperatures were 

si@cantIy cooler beneath smaller clones than Iarger clones (Figures 2.8a and 2.8b). 

Moistwe content in rhe upper profile h d  a sig.lificant d ~ f l t i n g  &kt on soil 

trnnFatiie v&ws ixi both ife summer anb winter time periods. In the summer, the 

wetter the soil, the mler the soil temperature @.08, h . 5 9 ,  n=6) and in the winter, 
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8 r---- 
i a) Spring rZ=0.60 

D - 0 i 
' - ' i  r i I 

! 

Canopy Gap Size (m2) 
I 

Fat t r2i0.62 I 

Canopy Gap Size (m21 

Aspect (degrees) 

Figure 2.7 a) A regession of mean midday soil temperatures in gap plots to canopy gap 
site for the spring tirne period and b) MfZ time period. c) A regression of mean mid-day 
~ i t t e ~ i n $ a p p b s t o ~ f o r t h e w i n t w t i m e p e r i o d .  



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

Spring r2-0.57 I 

Clone Size (4k Stems) 

-1 

a Q.Q. f 0.0 20.8. 30.6. 40.0 56.0- 80.0 70.01 ' 

E 
-@ Clone Size (# Stems) 
)1 16.6 I I I I 
0 
..I 

o 1 a ;.-----.\ - fall ra-0.59 ' 
V) 14.0 1 - 

13.0 1 , 

-F----- 
a 0 

-\ 

12.0 I f I I t 

Soil Moisture (cma/cma) 

3.0 . I I I I I ----A 
0.12 0.13 0.14 a t a  0.16 0.17 0.18 0.19 0.20 

g 2.8 a) A cqpsior! of rr- rr?id-&y soit temperatwes in gap plots to the number 
of stems on the vine maple clone for the spring time period and b) summer time period. 
c) A regression of mean midday soil temperatures in gap plots to soil moisture content in 
the upper 30 cm of minerat soil for the fXi2 time period and d) winter time period. 



the wetter the soil the warmer the soil temperature (p=0.03, r2=0.74, n=6) (Figures 2 . 8 ~  

and 2.8dj. Siope, eievation and summer light regime did not significantly influence soil 

temperature regimes in vine maple gaps in the study area. 

2.3.3 Precipitation 

Although a greater amount of precipitation reached the soil surface in the gaps 

than beneath the closed canopy on all but two collection dates (Figure 2.9), none of the 

bi-weekly differences were significant at the p=0.10 level. Total precipitation was 

calculated on a seasonal basis for the gap and closed canopy plots (Table 2.4); and 

although mean total precipitation was found to be higher in the gaps in all seasonal time 

periods, these differences were not significant at the p 4 . 1 0  level. The precipitation 

measurements made in this study demonstrated a notable absence of a late-summer dry- 

period which is unusual since a dry-period is typical of the Coastal Western Hemlock 

Biogeociimatic zone (Meidinger and Pojar 199 1 ). 

For each season, linear regression was used to determine if the amount of 

precipitation reaching the forest floor in vine maple gap plots was related to gap 

characteristics. In the spring (g=O.O8, h . 5 7 ,  n=6) and second fall period (p=0.05, 

24.65, IF@, larger gaps received significantly more precipitation than smaller gaps 

(Figures 2.10a and 2.1%). In the second winter period, significantly more precipitation 

reached the ground in gaps at lower elevations than at higher elevations w.05, 124.66, 

i e  2 1 ) .  R e  size of vine mpk c b m  and the slope aid asw of the plots 



were not signtficantly related to the amount of precipitation reaching the forest floor in 

any of the time periods. 

Table 2.4 
Total precipitation over each of the six seasonal time periods outlined in 
Table 2.1, measured in cm fiom September 1993 to December 1994. For 
each individual plot, the totals are summed fiom one measurement taken on 
each sampling d3te within the time period. The overall means were 
calculated from the individual plot totals for each time period, 

23.4 ,Wl Moisture 

Soil moisture values in gap and closed canopy plots were quite similar throughout 

the year and no large seasonal variation in soil moisture dues was observed. Mean soii 

moisture d u e s  were lower (not sign&&) on 25 of 28 mpling dates in the gap plots at 

30 cm (Figure 2.1 I), and lower (not sipdicant) on 23 of 28 sampling dates in the gap 

plots at 50 cm (Fi-me 2.12) than in tbe closed canopy plots. The opposite trend existed 

at the 80 cm depth where soil snuisture was higher (not significant) on 25 of 28 sampling 

dates in the gap p h s  &an in the c i d  campy piots figure 2.13). Vine mapie gaps in 





Expanded Gap Area b2) 

Expanded Gap Area (ma) 

Elevation (m a.s.1.) 

Figure 2.1 0 a) A regression of total precipitation in gap plots to canopy gap size for the 
spring time period and b) M2 time period. c) A regression of total precipitation in gap 
plots to elwation for the w i n t d  time period. 



two of the six paired plots (plots 4 and 6) were observed to have ephemeral streams that 

flowed during high precipitation events 

Soil moisture vdues were compared between pit and mound microsites in both the 

gap and ctoszd canopy plots to compare moisture regimes in similar microsites. At a depth 

of 30 em, pit microsites in the gap had a higher moisture content (not significant) on 27 of 

28 sampling dates than pit microsites in the closed canopy. The opposite trend existed for 

mound microsites at 30 cm where 22 of 28 sampling dates had higher soil moisture values 

(not significant) under the dosed caaopy than in the vine maple gap plots (Figure 2.14). 

At a depth of 50 cm, drr?ost, Mf of the mfpling dates demonstrated higher soil illoisture 

vdues (not significant) in pit microsites in the gap plots coinpared to closed canopy plots; 

whereas, 25 of 28 sampling dates had lower soil moisture values (not significant) in 

mound rnicrosites in the gap plots compared to the closed canopy plots (Figure 2.15). At 

a depth of 80 cm, pit microsites in the gap had a lower moisture content (not significant) 

compared to closed canopy plots on 19 of 28 smpling dates; and, in mound microsites, all 

samphg datcs had higher moisture contents (not signScant) in the gap plots than in the 

closed. caqopy plots. However, in both the gap plots and closed canopy plots, pit 

microsites were significantltj wetter than motrnd microsites on most sampling dates at the 

p-O. 10 Ievd a dI depths in the wit pro& (Figure 2.16). 

Ttl disdnguish d trends in *& overall soil moisture dataset, mean soil 

mistwe v&3e5 were c&a&ed fm the gap awt closed campy plots for the six h e  

jxzids cwJ&sed EiS M c m  22-52  (Tables 2.5 and 2.6). A dl depths in the proiiie during 

dl se8sons, mean seasonal soir mistwe contents were nor siguificantjy Wetent between 



Table 2 5 
Mean soil mcisture measuremefits and standard deviations for the six time 
periods ou~linzd in Table 2 1 ,  measured in cm"cm3 fiom October 1993 to 
December 1994. For each individual plot, the mean and standard deviation 
are iiom one measurement in a pit microsite and one measuiement in a 
mound microsite for each sarn~ling date within the time period. 

- 
50 crn i 0.17 f 0.02 i 0.17 f 0.01 1 0.18 f 0.01 

Aunmer / Fall 2 Winter I 
0.16 5 0.02 / 0.17 10.03 0. I7 i_ 0.02 
0.22 f 0.02 0.23 rt 0.02 0.23 _+ 0.02 



Table 2.6 
Mean soil moisture measurements and standard deviations for the six time 
periods outlined in Table 2.1, measured in cm3/cm3 From October 1993 to 
December 1994. The overall means and standard deviations for each time 
period were calculated fiom the plot means for each sampling date within 
the time period. 

Plot 1 Falllb Winter I I Spring Summer Fall 2 I 30 cm 0.18 + 0.03 0. 18 + 0.05 0.20 k0.14 0.16 + 0.03 0.18 k 0.03 
5 0 ~ m  0.19f0.04 0.21 k0.05 0.21 k0.04 0.19f 0.04 0.2020.04 

I 50cm 0.21 k0.84 0.23kO.M 0.24+0.06 0.21 50.05 0.22 F0.05 
80 0.27 f 0.05 0.30 f 0.84 0.28 f0.04 0.26 f0.05 0.26 20.04 

Gap Meund 30 cm 0.17 + 0.03 0.17 f 0.04 0.17 + 0.07 0.15 i 0.03 0.17 k 0.04 
50cm o.lli+0.04 0.19k0.05 0.19f0.04 0.18k0.04 0.18+0.04 
80 an 0 23 i0.07 1 0.24 k0.07 0.25 k0.06 0.24 k 0.06 0.25f 0.06 

CC 30cm 0.17f0.03 0.18f0.04 0.19f0.03 0.17+0.04 0.18f0.04 
50 cm . 0.21 f 0.06 0.21 f 0.05 , 0.22 f0.06 0.19 f 0.05 0.21 i0.07 

0.24f0.06 0.25f0.05 0.26k0.05 0.24f0.05 0.24f0.05 
CC Pit 30cm 0.19k0.04 0.20f 0.06 0.20f 0.05 0.18f0.05 0.20k 0.04 

50 cm 0.22 + 0.06 0.22 + 0.07 0.24 f 0.07 0.20 f 0.05 0.23 +. 0.06 

gap and closed canopy plots. Bit 50 cm and 80 cm depths in the soil profle, mean seasonal 

soil moisture contents in pits were significantly higher than in mounds at the p=O. 10 level 

in all seasons. In the study area, diierences in soil moisture therefore are due more to pit- 

mound microtopography than to the presence of a vine maple gap. 

Consistent trends in soil moisture content were observed throughout the year. In 

the roo?hg zone, or upper 30 cm, the order of increasing soil moisture content was as 

foItows: the mwnd microsite in the closed canopy, the mound microsite in the gap, pit 

microsite in the gap, then the pit microsite in the closed canopy. Below the rooting zone at 

the 80 cm depth, the order of increasing soil moisture content was as follows: the mound 



microsite in the closed canopy, the mound microsite in the gap, pit microsite in the closed 

canopy, then the pit microsite in the gap. 

For each time period, linear regression was used to determine if soil moisture was 

related to characteristics of vine maple gaps. Soil moisture values were not significantly 

related to gap size in any of the time periods. In the rooting zone (30 cm depth), canopy 

gap area, aspect, clone size and light environment were significantly related to soil 

moisture values. With an increasing number of stems on the vine maple clone, soil 

moisture values in the rooting zone decreased significantly in the fall time periods (p=0.01, 

8 ~ 0 . 8  1, n=6; p=0.07, $=0.6l, n=6), in the first winter period (p=0.02, 8=0.77, n=6), 

and in the spring (p=0.10, 8=0.53, n=6) (Figures 2.17a to 2.17d). North-easterly 

facing gaps had sigdicantly lower soil moisture values at 30 cm than the more south- 

easterly facing gaps in all seasons (fall: p4.05, 8=0.65, n=6 and p 4 . 0  1, r2=0.85, n=6; 

winter: p=0.10, h . 5 4 ,  n=6 and p1).00, $4.97, n=6; spring p=0.01, $=0.85, n=6; 

summer p=O.OO, ?=0.94, n=6) (Figures 2.18a to 2.19a). Percentage open sky and the 

total amount of incoming solar radiation were also significantly related to soil moisture 

values of the upper horizons in vine maple gaps in the summer: the greater the amount of 

open sky 0 . 0 4 ,  84-69,  n=6) and incoming radiation (p--0.05, h . 6 5 ,  n*), the 

lower the amount of soil moisture in the upper 30 crn (Figures 2.19b and 2.19d). 

Gap size, dope, elevation and depth of the LFH horizon were not significantly 

related to soil moisture values at 30 cm depth in the vine maple gap plots. In addition, at 

50 2nd 80 rn. dqt!, mse of the gap cw&9ics, q k  chamta-idcq or the 

topographid parameters measured were significantly related to soil moisture values. 
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2.3.5 Depth to Groundwater Table 

Groundwater table levels showed a remarkable similarity between vine maple gap 

and closed canopy plots. Groundwater table levels were closer to the soil surface on 19 uf 

35 sampling dates in the gap plots (not significant), and most of these were in the fall 

and winter time periods (Figure 2.20). On one sampling date in the fall, gaps had 

significantly higher water table levels than closed canopy plots (p=0.05, F=6.29, df=l). 

Pit and mound microtopography had a significant effect on groundwater levels on 24 of 35 

sampling dates at the @.lo level: pits had water table levels closer to the soil surface 

than mounds. 

A comparison was made in groundwater levels between gap and closed canopy 

plots in similar micrc\sites. For the pit rnicrosites, the groundwater table was closer to the 

soil surface in the g:p plots than in closed canopy plots on 18 of 35 sampling dates, of 

which only one sampiing date in the faU was significant (p4.04, F=7.14, df-I) (Figure 

2.21). A similar trend existed for mound microsites; on 25 of 35 sampling dates, the 

groundwater table was closer to the surface in the gap plots than the closed canopy plots, 

of which only one sampling date in the fall was sigruficant (p=0.09, F4.28, df- 1 ) (Figure 

2.39). 

To dbqpish seasonal trends in the groundwater table levels, mean water table 

levels were calculated for the gap and closed canopy plots for the seven seasonal time 

periods outlined in the m e ~ ~ o ~ o g y  (Table 2.7). In all seasons, mean seasonal 

groundwater table levels were closer to the d a c e  in gap plots than closed canopy plots; 

however, this reMo11sGp was s@n&cant only in the summer fp=O.OO, F=37.97, d e l ) .  



Pits had significantly higher mean s e m d  groundwater table levels than mounds in six of 

seven seasons: the second and third fdl time periods ( ~ 4 . 0 0 ,  F=19.6'2, d+l; P=O.OO, 

F= 1 5.99, df- 1 ), winter (p=O. 00, F=3 1 .65, df- 1 ; p=O. 00, F=D. 97, df- 1 ), spring (p4.00, 

F=32.53, df= I),  and summer ( ~ 4 . 0 5 ,  F4.27, dfc2) (Figures 2.22a to 2.22~). Consistent 

trends in groundwater table levels were a h  observed throughout the year. The order of 
2, 

increasing water table levels was as follows:i the mound microsite in the closed canopy, 

the mound microsite ia the gap, the pit microsite in the closed canopy, and the pit 

microsite in the gap. 

For each time period outlined in the methodology, linear regression was used to 

determine if groundwater table levels were influenced by vine maple gap characteristics. 

During certain times of the year, groundwater table levels were found to be related to 

elevation. In the second fall time period (p4.05, 24.65,  n=6) and winter time periods, 

(P=U.O 1, ?=0.84, n=6; 114.0 1, 2=0.83, n=6), lower elevations had higher groundwater 

tables (Figures 2.41 and 2.42). Slope, aspect, light regime, clone size and gap size did 

not significantly iduence groundwater table in vine maple gap plots. 

2.4 Discussion 

Oveaall, the temperature and moisture regime results obtained in this study did not 

support the hypothesis that the microcWc characteristics of vine maple gaps differ 

significantly froin those of the surrounding coastal western hemlock forest. IVPi respect 

to gap size and clone size, larger vine maple gaps compared to d e r  vine maple gaps 

had significantly higher air temperatures in tbe summer and M; sigmficatltly higher soil 



Ta
bl

e 
2.

7 
M

ea
n 

gr
ou

nd
w

at
er

 ta
bl

e 
le

ve
ls

 a
nd

 s
ta

nd
ar

d 
de

vi
at

io
ns

 f
or

 t
he

 s
ev

en
 ti

m
e 

pe
ri

od
s 

ou
tli

ne
d 

in
 T

ab
le

 2
.1

, m
ea

su
re

d 
in

 c
tn

 b
el

ow
 t

he
 s

oi
l s

ur
fa

ce
, f

ro
m

 
Se

pt
em

be
r 

19
93

 t
o 

D
ec

em
be

r 
19

94
. 

Fo
r 

ea
ch

 i
nd

iv
id

ua
l 

pl
ot

, 
th

e 
m

ea
n 

an
d 

st
an

da
rd

 d
ev

ia
tio

n 
ar

e 
fi-

om
 o

ne
 m

ea
su

re
m

en
t 

in
 a

 p
it 

m
ic

ro
si

te
 a

nd
 

on
e 

m
ea

su
re

m
en

t 
in

 a
 m

ou
nd

 m
ic

ro
si

te
 f

or
 e

ac
h 

sa
m

pl
in

g 
da

te
 w

ith
in

 t
he

 
tim

e 
pe

ri
od

. 
T

he
 o

ve
ra

ll 
m

e'a
ns

 a
nd

 s
ta

nd
ar

d 
de

vi
a~

io
ns

 fo
r 

ea
ch

 t
im

e 
pe

rio
d 

w
er

e 
ca

lc
ul

at
ed

 f
io

m
 th

e 
pl

ot
 m

ea
ns

 f
or

 e
ac

h 
st

im
pl

in
g 

da
te

 w
ith

in
 

th
e 

tim
e 

pe
rio

d.
 







Elevation (m a.e.l.) 

Figure 2.22 a) A regression ofgroundwater table levels in gap plots to elevation for the 
faltlb time period. b) A regression of groundwater table levels in gap plots to elevation 
for the winter1 time period. c): A regression of groundwater table levels in gap plots to 
elevation fcr the wioter2 t h e  paid. 



temperatures in the spring, summer and fall; and significantly lower soil moisture content 

in the upper 30 em. However, gap size and clone size were not related to groundwater 

table levels. The additional aspect of this study -- dealing with pit and mound 

microtopography -- determined that pits and mounds had a consistently significant effect 

on soil temperature and moisture regimes in the study area. Pits compared to mounds had 

significantly lower soil temperatures in the summer, significantly higher soil temperatures 

in the winter, significantly higher soil moisture content at all levels, and significantly higher 

groundwater table levels. 

Because the comparison of temperature and moisture seasonal means between vine 

maple gaps and the surrounding closed canopy were obtained fiom data which were 

temporally pseudoreplicated in order to achieve a larger sample size, the mean seasonal 

comparisons were not as conclusive as the bi-weekly comparisons. Nevertheless, the mean 

seasonal comparisons are u d  to indicate trends that may not be detected by the bi- 

weekly comparisons. In the bi-weekly temperature and moisture comparisons, the power 

of the statistical tests was like@ to be quite low due to the small sample size, small effect 

size and high within-plot sample variab' i  (TOR and Shea 1983). However, some 

consistent trends in the bi-weekly comparisons -- especially in moisture regimes -- which 

were not statistically siwcant may be significant with a larger sample size, and are 

therefore d noting as they indicate areas for further study. 



2.4.1 Tempmatwe Regime 

Since light regimes are the same beneath vine maple gap plots and closed canopy 

plots (McGhee 1996) and vine maple is associated with high transpirational demands 

resuiting in a cooling effect, and since vine maple foliage (which can moderate fluctuations 

in temperatures) is absent in the winter, surface a r  temperatures were hypothesized to be 

cooler throughout the year in vine maple gays. While mean seasonal air temperatures 

were significantly lower in the vine maple gap plots as compared to the closed canopy 

plots in the sprins and summer (as were predicted), and were not different in the fall and 

winter (contrary to what were predicted), few sigxficant differences existed in the bi- 

weekly mid-day air temperature measurements throughout the year. Therefore, the 

hypothesis that air temperatures are cooler in gaps in the summer was supported (but not 

conclusively due to possible pseudoreplication); and the hypothesis that air temperatures 

in gaps are colder in the winter was not supported. 

Two reasons may account for the unexpected finding of similar bi-weekly air 

temperature measurements in vine maple gaps and the surrounding closed canopy forest. 

In the first place, the light regime around any individual gap can be strongly modified by 

understory strata as noted by Canham et al. (1990) and observed by McGhee (1996). 

McGhee (1996) found that fight regime beneath vine maple clones grow%: in canopy 

gaps do not difk  fiom those beneath the closed canopy forest; and, therefore, the amount 

of sofar energy reachkg the f i  Boor is the same. Secondly, the D/H ratios (gap 

diameter to height of the s u r r e g  canopy) for vine maple gaps were low (0.10-0.35; 

Table 1.2). Canham a d. (19%) f d  that, because of low DM ratio, single tree gaps 



in old-growth Douglas-Grlwestern hemlock forests in Oregon had tittle effect on 

undwstory Gght regimes. Also, in very small gaps, the development of extremes in surface 

temperatures is hiridered by shade from surrounding trees (Smith 1986). 

An explanation for the finding that air remperatures may be cooler in v i w  maple 

gaps in the summer is evapotranspirational cooling. Since McGhee (1996) noted that light 

regime beneath vine maple clones in canopy gaps is the same as the surrounding closed 

canopy forest, the cooler mean seasonal air temperatures in gaps in the spring and 

summer are likely due to high transpirational demands of vine maple at this time of year, 

as observed by Drew (1968), leading to cooler air temperatures. 

Since soil temperatures in the surface soil layers vary according to the temperature 

of the air immediately above (Pritchett and Fisher 1987), mid-day surface soil 

temperatures were hypothesized to be cooler beneath vine maple gaps than beneath the 

surrounding forest. Contrary to expectation, soil temperatures did not differ between vine 

maple gaps and the closed canopy forest throughout the year. Several factors account for 

this &ding. Mid-day air temperatures were not significantly diQt'erent between vine maple 

gaps and the surrounding closed canopy (atthough they may be lower in the gaps in the 

summer), and light regimes tKaeath vine maple gaps and closed canopy plots were similar 

(McGhee 1996). The low D/H ratio of the vine maple gaps also points to the insignificant 

effect tthese d gaps had on undaory  light regimes, sirniltar to findings of Caflhzrm et 

d. (1990). Comxpentty7 the amounts of sotar radiation reaching the forest floor are 

similar in vine mapie gaps and closed canopy plots, and produce similar soif temperatures. 

In contrast, Ash and Barkham (1976), McGee (1976) and Pontailler (1979) f o d  that 



soil tefi~peratures in gaps were significantly higher than those beneath the closed forest 

The somewhat lower mid-day surface soil temperatures in vine maple gaps in the summer 

and fall resuited &om the influence of surface air temperatures (Pritchett and Fisher 1987) 

In developmental gaps in tropical forests (Denslow 1987) and temperate forests 

(McGhee 1976; Ash and Barkham 1976; Pontailler 1979), canopy openings were observed 

to have higher maximum (midday) surface temperatures than the closed forest due to a 

localized increase in light levels. Contrary to these findings, surface air and soil 

temperatures in vine maple gaps did not differ from the surrounding forest. A study on 

canopy gaps in a tropical forest (Denslow 1987) found that differences between gap and 

understory light levels were observed to be lower in small gaps than in large gaps; and a 

study in an old-growth forest in Oregon (Canham et al. 1990) found that as gap size 

increase$, the mean and range of light levels within gaps also increased. Consistent with 

these findings, mid-day air and soil temperatures in vine maple gaps were related to gap 

size: mean seasonal air temperatures were sigdicantly lower in smaller gaps than larger 

gaps in the summer and fill; and mean seasonal surface soil temperatures were 

significantly lower in smaller gaps than larger gaps in the spring, summer and fall. The 

effects of gap size may be accounted for by differences in the D/H ratios between smd! 

and Iarge gaps: the D/H ratios were higher in larger gaps. Also, the effect of gap size on 

air and soif temperatures was consistent with the observation of Smith (1986) who notes 

that the development of extremes in surface temperatures in and around gaps is hindered 

by side shade; whereas, in larger gaps (two-to-three times the height of surrounding trees) 

environmental conditions are simiiar to conditions in larger cleared areas. 



2.4.2 Mbisture Regime 

With respect to precipitation, the hypothesis tested was that the amount of 

precipitation reaching the soil surface throughout the year was greater in vine maple gaps 

than in the closed canopy. Greater amounts of precipitation in vine maple gaps were 

expected throughout the year because there is less total leaf area in the gap plots than the 

closed canopy plots and therefore less interception by vegetation. The results of this study 
. - 

revealed that precipitation levels did not differ significantly between vine maple gap plots 

and those in closed canopy plots throughout the year, even though precipitation was 

sfigh:ly higher in the vine rqk gaps rhm in the closed canopy plots on almost all of the 

sampling dates. The results were not consistent with the observation of Pickett and White 

(1985) who observed that developmental gaps had higher precipitation levels compared to 

the surrounding closed canopy forest. On the one ]hand, the discrepancy may have 

resulted from the two-week collection intervals used in the study during which times 

evaporation levels may have been higher in gaps than beneath the closed canopy. On the 

other hand, there may have been no significant difference in precipitation levels since the 

Jaw DM ratios of the vine maple gaps suggested that levels of precipitation reaching the 

forest floor were the same in vine maple gaps as in the surrounding closed canopy forest. 

Consequedy, dhugh  t k  results did not support the hypothesis and the tendency of the 

data was suggestive of a trend, a more fiequent data collection interval and a larger 

sample she is necasay to make a definitive cunciusion. 

The biogeociimatic suirmne that the study area is Iocated within is transitional 

h e e n  CWHmrn and CWHdm, and while these subzones are characterized by a late 



summer dry period, this characteristic was not observed in this study due to similar 

precipitation levels in all seasons. This coincides with the observation that there was no 

large seasonal variation in soil moisture content throughout the study area. 

Since moisture levels in the upper soil horizons are consistently and significantly 

higher in developmental gaps than in the adjacent forest (Denslow 1987), and greater 

amounts of precipitation were expected to reach the forest floor in vine maple gaps 

compared to the closed canopy forest, surface soil moisture levels in vine maple gaps were 

hypothesized to be higher than that in the surrounding forest throughout the year. Results 

&om the soil m i ~ f ~ r e  data analyses, however, showed that mil moisture content at ali 

depths was not significantly different between the gap and closed canopy plots in any 

season. While the result was not consistent with the findings of Denslow (1987) and Lee 

(1978) for developmental gaps, it was consistent with the Wing that vine maple gaps 

have S ' i a r  precipitation levels to those of the surrounding forest. Drew (1968) found 

that vine maple is capable of rapidly depleting soil moisture to a depth of 60 cm during 

July and August because of its extensive, vigorous root system and high transpiration rate; 

consequently, the trend observed in this study area in the spring, summer, and fall, was 

likely the result of the high ~anspirational demands associated with vine maple. Further 

evidence ofthis high transpiration rate was demonstrated in the relationship between clone 

size and soil moisture: the greater the number of stems on the clone, the lower the soil 

moisture content witinin the rooting zone, or upper 30 cm; whereas, Mow the roo~ing 

zone, the size ofthe vine mapie clone was not related to soil moisture vaiues. 



Vine maple may have a preference for sites that are inherently wetter since soil 

moisture contents were higher (not significant) at 80 cm beneath vine maple gaps as 

compared to those beneath closed canopy plots. However, fbther study would be 

required to determine if the location of vine maple gaps is related to inherent soil moisture. 

Consistent with the general observations of Pickett and White (1985), the 

percentage of open sky and the total amount of incoming solar radiation in vine maple 

gaps were related to soil moisture values in the upper 30 cm soil zone in the summer: the 

greater the amount of open sky and incoming radiation, the lower the amount of soil 

moisture in the upper 30 em. The result may be explained by the fact that larger vine 

maple gaps have higher evapotranspirational demands than smaller vine maple gaps (Drew 

1968). 

Since less interceptionid and transpirational surface area results in an increase in 

water table levels, due to greater amounts of precipitation reaching the forest floor and 

less total Ieaf area to intercept precipitation (Pritchett and Fisher 1990), groundwater table 

levels were hypothesized to be higher in vine xnaple gaps than beneath the closed canopy 

throughout the year. Consistent with the findings of no differences in precipitation levels 

as noted above, resuits &om groundwater table level measurements revealed no significant 

differences in groundwater table levels between gaps and closed canopy plots. However, 

the readiags for groundwater table levels were higher h the gap plots, especially in the fall 

a& winter month (during the rainy season) when vine maple was not in leaf and was not 

actively transpiring. In contrast to the results for vine maple gaps, Pritchett and Fisher 

(1990) note that large canopy openings have higher groundwater table levels than the 



surrouradiig forest. No studies were found in the literature concerning the relatioriship 

b m e e f l  s d l  developmental gzps and groundwater table levels or the effats of gap size 

on groundwater table leveis. Gap size and clone size were not related to groundwater 

table levels in vine maple gaps. Groundwater table levels were likely related more to 

subsurface drainage patterns than to vine mapie gap size. Further evidence of the effects 

of subsurface drainage was the finding that groundwater table levels in the fall and winter 

were related to elevation: plots located at lower elevations had significantly higher 

groundwater table levels than plots at higher elevations. This result was attributable to 

sub-surface drainage &om higher elevations to lower elevations. 

2.4.3 Pit and Mmnd M i r r o f w a p h y  

In this study, the hypotheses tested were that, throughout the year, pits are wetter 

than mounds; that pits are warmer than mounds in winter, and cooler than mounds in 

summer; aplG that the groundwater iabie levels are higher in pits than mounds. Consistent 

with the findings of Beatty and Stone (1985) that mounds have significantly warmer soil 

temperatures ira summer and colder temperatures in winter (thus giving mounds a greater 

amplitude of temperature fluctuation than pits), and that mounds are drier than pits, all 

*theses of the study were conf i~~ed:  pit microsites are less extreme in their soil 

temperature regimes than mound microsites (pits compared to mounds had significantly 

cooler midday soil temperatures in the sununer and wanner mid-day soil temperatures in 

the winter); pit microsites have s i ~ ~  high_= mi! moistwe ydua &  hi@^ 

groundwater table levels than mound microsites. The r d s  were also consistent with 



those of Peterson et d. (1990) who found that soil temperatures are higher in mounds, 

and tirat so3 moisture Ievels are fiigher in pits. 

When the soil temperature, soil moisture and groundwater regimes of pits under 

vine maple gaps were compared to those of pits under the closed canopy, no significant 

differences were observed. Similarly, when the same parameters for mounds under vine 

maple gaps were compared to those of mounds under the closed canopy, no significant 

differences were observed. However, significant differences in soil temperature, soif 

moisture, and groundwater were observed between pits and mounds, yet no significant 

differences were observed for these parameters between vine maple g q s  and the closed 

canopy plots. In the study area, pit and mound microtopography, therefore, had a 

significant effect on soil temperature and moisture regimes; whereas, vine maple gaps did 

not significantly effect soil moisture zpd temperature regimes. The results suggest that the 

soil temperature and moisture differences between pits and mounds are independent of the 

forest csver whether canopy gaps or closed forest. 
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Chapter 3 
Soil physical and chemical properties 

of persistent canopy openings occupied by vine maple in 
a coastal western hemlock forest 

3.2 Introduction 

In coastal British Columbia ecosystems, hardwood species typically colonize early 

successional stages in stand development, and persist into later successional stages only in 

disturbed areas and riparian zones (Haeussler et al. 1990). Canopy openings containing 

the hardwood species Acer circinafum Pursh. (vine maple) are common to coastal B.C. 

forests. Vine maple has been observed to persist and be self-maintaining over long periods 

of time in these canopy gaps, some of which are characterized by the absence of a 

gapmaker (McGhee 1996; Spies et d- 1990). 

.McGhee (1996) proposed two alternative hypotheses to explain the origin of 

persistent vine maple gaps, edzphic gaps and priority gaps. Under the edaphic gap 

hypothesis, vine maple has a competitive advantage due to unique inherent soil properties 

or site characteristics of the gap; whereas, under the priority gap hypothesis, vine maple 

has been able to resist the regeneration of taller canopy dominants and subsequent canopy 

closure by establishing a dense mat of stems early in stand development that is large 

enough to prevent invasion of the site by coders. In this study, the inherent soil 

properties of vine maple gaps were compared to those of the surrounding forest, to 

determine if vine maple gaps are edaphic or priority in origin. This component s f  the study 

sought to dd& the &ect.s of vide -maple gap on WI prowJes. The &W of 



persistent vine maple gaps on soil properties was expected to be significant because the 

influence of the species was prolonged throughout stand development 

Very little information is available concerning the soil properties of forest canopy 

openings, and even less infomation is available on soil properties associated with the 

canopy gaps in Pacific Northwest temperate rainforests Most research on nutrient 

dynamics in forest openings has focused on large disturbances such as clearcuts or burned 

areas; few studies have focused on nutrient dynamics within developmental gaps, which 

are created by tree mortality. Developmental gaps may increase temporarily the 

availability of soil nutrients due to the reduction in rates of uptake sf resources (because 

of the loss of biomass), and to the increase in rates of decomposition and mineralization 

of nutrients held ic organic matter (because of increased availability of energy and 

moisture) (Pickett and 'White 1985). However, Vitousek and Denslow (1986) report 

that, in a iowland tropical rainforest, the rates of N availability and cycling are not greatly 

affected at the forest i d  (in the short-term) by the presence of treefall gaps; and 

concludes that the increase in light availabrlity within treefall gaps is a more important shift 

in resources than changes in nutrient availability. Since nutrient availability is controlled 

by a number of interacting factors (Gorham et al. 1979), it is difficult to predict whether or 

not nutrient availab'w will increase in all gaps (Pickett and White 1985). 

AWn@ there have been no formal studies on soil properties beneath vine maple, 

some general observations have been made. Vine maples are often found on moist, rich, 

rwky  Lies along stream h h ,  k hp weds, in inqrssbm, and in rneahws 

(Haeussler et at. 1990; UBC Bot. Garden 1976). The vigorous, shallow, and fibrous 



rooting system of vine maple is believed to give it an advantage over other species on 

talus slopes, shallow soils, and rock bluffs, that may explain its dominance on many of 

these sites (Anderson 2969). Due to a high transpiration rate, vine maples are water 

demanding (Drew 1968). Vine maple can be an edaphic climax shrub in both the Coastal 

Western Hemlock and Coastal Douglas-fir biogeoclimatic zones (Krajina et al. 1982). 

Vine maples have been observed to be very strong competitors on nutrient rich 

sites (Krajina et al. 1982). Vine maple has high nutritional requirements for Ca, Mg and 

N; and it efficiently returns nutrients to the soil through litterfall (Haeussler et al. 1990). 

The heavy annual litterfall md the rich nutrient content of vine maple leaves are believed 

to result in relatively higher rates of nutrient cycling compared to other understory species 

(Russell 1973). Vine maple leaves are thought to decompose faster than coniferous 

needles due to lower fignin and higher N contents (Haeussler et al. 1990). Unlike 

coniferous needles, the composition of vine maple litter does not promote soil acidity 

(Haeussler et al. 1 990). 

Due to the return of nutrients to the site through litterfall Moder humus, which is 

favourable to the growth of Douglas-fir and western redcedar, has been observed to form 

beneath vine maples (Kmjha et al. 1982). Soil organism activity is greater in Moder 

humus form than in Mor humus forms, the latter being the least biologically active of 

humus form (Ministiy of Forests 1981). Mors occur beneath coniferous forests; are 

characterized by high lev& of acidity, slow dwmpsition rztes, and high C N  ratios; a;id 

develop sunder mp.&iorii which are sii+edIe for the development of more biologically 

active humus forms. Moders develop beneath deciduous overstory or understory 



vegetation, both of which yield easily decomposable litter. Moders are characterized by a 

kgEa PH ievei lower C/N ratio, lower total carbon, higher total nitrogen, and higher base 

saturation than Mor humus forms QWnistry of Forests 1981; Pritchett and Fisher 1987). 

The CIN ratio is usually a W e r  index of N availability than total N concentration (Watts 

1983). A low C/N ratio (near or below 15) suggests that soil N is rapidly being made 

available by mineralization; whereas, a high Cfi4 ratio (greater than about 25) suggests 

low N availability due to predominant immobilimtion (Watts 1983). In Mor humus forms, 

the C/N ratio of H horizons is generally above 25, and of F horizons commonly exceeds 

40. 

Soils in forests of the C o d  Western Hemlock zone, in which the study area was 

located, are dominantly Orthic Humo-Ferric Podzols grading (with increasing 

precipitation) into Ferru-Humic Podzols, with Mors as the dominant humus form. 

Leaching of nutrients &om the mineral soil is rapid in this wet climate, and many soils are 

derived fiom acidic parent materials which are low in clay minerals and poor in nutrients 

(Watts 1983). Therefore, the storage of nutrients in vegetation and surface crganic layers 

is extremely important in the maintenance of ecosystem productivity, especially on the 

coarse textured, nutrient-poor soils that are chara~tteristic of the study area Weidinger 

and Pojar 1 891). 

This study examiaed the relationship between vine maple gaps and the physical 

and chemical properties of the forest floor and surface mhmal soil horizons. Soil 

pro@= iq += mplye g q s x x e  mwmed to those ii p&ed plots with s M a r  



topographical characteristics in the surrounding western hemlock forest. The following 

hypotheses were tested in this component of the study: 

I .  The concentration of bases in the forest floor of gap plots is 
expected to be higher than that of closed canopy plots since leaf 
iitter of vine maple is believed to provide a rich supply of nutrients 
to the site (Krajina et d. 1982). 

2. Since the study area is overlain by a layer of glacial till, soil texture 
and gravel content values are expected to be similar throughout the 
gap and dosed canopy plots. 

3. Since vine maples return nutrients efficiently to the soil through 
rapid litter decomposition, are associated with rapid rates of 
nutrient cycling (Haassier e? d. 1990), urd may be asmiatd 
with greater levels of soil organism activity, it is expected that 
compared to closed canopy plots, bulk density will be lower in gap 
plots; and that pH, organic matter concentration, and total N will be 
higher in gap plots. 

4. The C M  ratio of the upper mineral soil is expected to be lower in 
gap plots due to the rapid decomposition rates of vine maple litter 
and the high concentration levels of nitrogen associated with 
hardwood litter (Haeusster et al. 1 %O). 

3.2 Mtthodoiogy 

3.2.1 Samph C=czlCkdim 

Across IweI topography, a three-meter long transect h e  was installed at the 

centre of each plot. Samples were coHected at one meter intervds along the transect line, 

and sampling in pit or mound microsites was avoided. On the vine maple plots, the centre 

ofthe transect was located bemath the vine maple foliage. 



3.2.2 Fmest d;fm Propertrks 

3.2.2.1 Deptk and Weight of the Forest Flmr 

In each of the gap plots and dosed canopy plots, the forest floor (LFH horizons) 

was collected by measuring an approximately 20 cm2 area that was removed by inserting a 

shovel down to the mineral-organic soil interface. Sampling in pits and mounds was 

avoided. Once removed, mineral soil was brushed off the LFH sample, and the sample 

was placed into a square aluminum container. The depths of the L, F and H horizons 

were measured, and the exact length and width of each sample was measured. The 

sample was then p l d -  h i d e  a plzstic bag ar?d taken to the lab. The samples were 

oven-dried overnight at 1 0 5 ' ~  and were then weighed. Prior to weighng, any excess 

minerd soil still remaining on the sample was removed. 

32-22 Nunient Cc#tcen&&s in the Forest HOOT 

Nutrient c o n m o n s  for the samples taken fiom the forest floor (LFH horizons) 

were determined using tlx methods of Parkinson and Allen (1975). In the LFH samples, 

analyses were conducted to determine the concentration levels of N, P, Ca, Mg, K, Mn, 

Fe, Zn, and Al. Although At is not a nutrient, its concentration levels were measured; and 

Al is treated as a nutrient within the text. Samples were fine grou~d with a coffee grinder, 

and a represeditatiye, 0.25 g subsample war; piaced in a digestion tube along with 5 rnl of 

coxmtiakd HzSOd. Orie mi of Mum-&te-~uxide mixture (prepared the day prior 

to digestion and consistkg of 7 g i i  *SO4 ,021 g Se powdm 175 id 3W Hz@) 

was then added to each &&e Mer the reaction ceased, the sample was placeQ on zt 



digestion block for three minutes and allowed to cool until white gas was no longer being 

produced. This step was repeated four times The samples were then heated on a 

digestion block for one hour at 360 "C after which they were removed from the block 

and allowed to cool. One-half ml H202 was added to each sample and the samples were 

returned to the block for another 30 minutes. This step was repeated twice. Once 

digestion was complete, the samples were removed fiom the digestion block an$ cooled 

for one hour. Approximately 20 d of distilled water was added to the sample, and the 

sample was shaken using a silicon stopper. The sample was then diluted to 100 d with 

distilled water. 

Total N and P concentrations were measured using a LaChat Auto analyzer; and 

Ca, Mg, K, Fe, MR, Zn and At concentrations were measured using an Atomic 

Absorption Spectophotometer. A m a c y  was ensured by the use of standardized reference 

samples, blanks and repeats. Using the data on the weight of LFN: per unit of surface 

area, the concentration values were converted into kg/ha t o  give an indication of the total 

amount of each nutrient contained within the LFH layer. 



homogenize the sample, and approximately 1 L of soil was collected and placed into a 

plastic bag. Similarly, the 20 crn soil sample was collected by removing the next 20 cm of 

soil, placing it onto a second plastic sheet, homogenizing it, and collecting a 1 L sample 

The samples were taken to the lab and were oven-dried at 105 "C overnight 

Four bulk soil samples from approximately 50 and 100 cm depths were collected 

from each site in the summer ~f 1993. In each of the gap plots and closed canopy plots, 

two samples were located in a pit and two in a mound corresponding to the locations ofs 

the hydroprobe access tubes and groundwater wells described in Chapter two. Where 

possible, holes were drilled into the ground to the depth of lm using an auger. The 50 

and 100 cm depths beneath the surface were measured by marking the auger with masking 

tape. When it was not possible in a plot to get down to 1 m, the depth of the sample 

collection was noted. Samples were placed in plastic bags and taken to the lab where they 

were &-dried. 

3.2.3.2 Gmet Content 

Gravel content was determined &om the bulk mineral soil samples collected at 5, 

20, 50 and 100 cm below the soil Surface. Cobbles and stones ( >7.5 cm diameter) within 

the samples were discarded. Each sample was put through a 2 rnrn sieve; and, the 

percentage of gravd in the sample was determined by weighing the portion of the sample 

greater than 2 mm in size, a d  comparing tttat to the total weight of the sample. 



3.2.3.5 P&ie ,rize Distn-butiott 

Soil texture was detennined using the hydrometer method (Klute 1986). Particle 

size analysis was carried out for the samples collected at 20, 50 and 100 cm depths. A 

40 g representative subsample of air-dried and sieved soil was soaked for 15 minutes in 

a beaker containing 250 rnl water and 50 ml of dispersing agent (50 g of Calgon -- sodium 

hexametaphosphate -- per litre of water). The sample was then transferred to a dispersing 

cup and mixed for 10 minutes with an electric mixer. Iso-amyI alcohol was used as an 

anti-foam agent when necessary. Once mixed, the suspension was transfmed to a 

sedimentation cylinder and the volume was increased to 1 L using water. A control was 

also prepared containing 50 ml of dispersing agent and 950 ml water. The suspensions 

were allowed to sit overnight to allow temperatures to equilibrate. 

A plunger was inserted into the cylinder to place all of the particles into 

suspension. Once mixing was complete, the hydrometer was lowered into tRe suspension, 

and readings were taken at 30 seconds, 1,3,10,30,60 and 90 minutes, and 24 hours after 

settling began. The hydrometer was placed in solution 10 seconds before the reading was 

to be taken and was remmed immediately *after so as to not disturb the settling process. 

The temperature of the solution was recorded when each reading was taken. Textural 

class and percentages of sand, silt and clay were determined using a computer software 

package obtained fiom the UBC Department of Soil Science. 



3.2.3.4 Bulk Density 

Bulk density of the top 10 cm of mineral soil was determined in three iocations 

on each site using a bulk density cylinder. Care was taken to ensure that the sample was 

not collected where there was a large cobble or tree root present.. Samples were oven 

dried at 1 0 5 ~ ~  for 24 hours and weighed, and the volume of the collection cylinder was 

calculated. 

3.2.4 C%emical Soil Properties 

3.2.4.1 Sample Collection 

The methodology for collecting soil samples for chemical analysis was the same as 

that for collecting soil samples for physical analysis that is outlined in section 3.2.3.1 

3.2.4.2 pH 

For the LFH and the soil samples collected at 5,20,50 and 100 cm depths at each 

site, the pH was determined using the glass electrode-calomel electrode pH meter method 

(Kalra and Maynard 1991). For mineral soil samples, exchange acidity was measured using 

a 1:2 soil-water slurry ratio; and for the LFH samples, a 1: 10 soil-water slurry ratio was 

used. Ten g of soil (5g of LFH) were mixed with 20 ml of 0.01M CaC12 solution (50 ml 

for LFH), mixed intermittently for 30 minutes, and then left to settle for 30 minutes. 



3.2.4.3 Urgmic Mafter Concentration 

For samples collected from the 5 and 20 cm depths fiom each site, organic matter 

concentration was determined using the mass-loss-due-to-ignition technique (Kalra and 

Maynard 199 1). After cleaning a porcelain crucible by heating it at 375 '~  for one hour, a 

5 g, (less than 2 mm sue) oven-dried sample was placed into the crucible and heated at 

375 '~  for 16 hours, the sample was allowed to cool to 1 SO'C, and then it was placed in a 

desiccator for 30 minutes. The difference in weight of the sample before and after ignition 

provided an estimate of organic matter weight. 

3.2.4.4 ToPal Nitrogen - Minerd Soil 

To determine the total N content of the mineral soil at the 5 and 20 cm depths, the 

Kjeldahl method was used (Kalra and Maynard 1991). Samples were sieved before 

analysis, and then a representative, 0.50 g sub-sample was placed in a digestion tube along 

with 1 g of digestion mix powder (composed of 100 g KzS04 - 5H20 for every lg of Se). 

For digestion to occur, the sample was heated on a digestion block for 1 112 hours at 

360 OC with 5 ml concentrated &S04. After a sample was removed fiom the digestion 

block, it was allowed to ml for one hour, then approximately 20 rnl of distilled water 

was added to the sample, and the sample was shaken using a silicon stopper. The sample 

was then diluted to 100 ml with distilled water md total N concentration was measured 

U S L ~ ~  e LrirChat Auto AR&~zs. 



3.2.4.5 OW Ratio 

Using the organic matter and total nitrogen concentration values, the C/N ratios 

for mineral soil samples fiom the 5 and 20 cm depths below the surface were determined. 

Organic carbon content values were calculated from the organic matter values determined 

by the mass-loss-due-to-ignition method; organic matter contains approximately 58% 

organic carbon. 

3.25 SdafBdafB&*cs! Desdg~ 

For each of the soil parameters, the data were analyzed as a split-plot design 

following the procedure outlined in section 2.2.5. The six paired plots constituted the 

whole plots and the paired plots were subdivided into gap and closed canopy sub-plots. 

Because of the small sample size and the exploratory nature of the study, a significance 

level of p=O. 10 was used in testing for significant differences. Statistical power was not 

calculated because of the complex experimental design; however, the power of the 

statistical tests is likely to be low due to small sample size, small effect size, and the hjgh 

within-plot sample variability (Toft and Shea 1983). In the figures, error bars represent 

one standard deviation &om the mean. Regression analysis was performed to determine if 

the gap characteristics - such as gap size and clone size -- were significantly related to soil 

properties. 



3.3 Results 

3.3.1 Forest Floor Properties 

3.3.1. l Foresf Floor Depths and Weights 

Depth and weight per unit area were calculated to give an indication of the relative 

amount of organic matter resting on the soil surface. The mean weight of the forest 

floor (LFN horizons) per unit area ranged from 0.17 to 0.42 g/cm2. The LFH weights 

were lower (not significant) beneath the gap plots (0.29 g/cm2) than beneath the closed 

canopy plots (0.39 g/cm2) (Figure 3. la). W e  the LFH depth in the plots in the study 

area ranged from 1.6 to 4.3 cm (Figure 3.lb9, the depth of the forest floor was 

significantly lower in vine maple gaps (2.0 cm) than beneath the closed canopy (3.0 cm) 

(p4.10, F=4.12, df-1). The greatest difference in depth was seen in the F horizon, which 

averaged 1.2 cm on gap plots and 2.0 cm on closed canopy plots. 

The weight per unit surface area of LFH in vine maple gaps was not significantly 

related to either gap size or clone size. The depth of the LFH in vine maple gaps was 

strongly influenced by both canopy gap size ( ~ ~ 0 . 0 2 ,  2=0.80, n=6) and clone size 

e . 0 3 ,  ?=0.72, n=O): the larger the gap (the larger the clone), the thicker the LFH 

(Figure 3 . 1 ~  atrd 3.ld). 

3.3.1.2 N~Biknt  Cmce~~thzdicms in the Fimd Fimr 

Tot& nUiei3 mr-tiafioils of Ca ip=0.03, F=8.36, &I j, Xg (p=0.002, 

F=34.38, df-l), K (p=O.OS, F=4.94, df-1), and A1 (~4.09, F4.56, dFl) were found to 



be significantly higher in the LFH beneath the gap than those beneath the closed canopy. 

Total N and Fe were higher (not significantly) in the gap than in the closed canopy, while 

the P and Zn concentrations were approximately the same (Figures 3.2 aid 3.3). 

Linear regression was performed to determine if nutrient concentrations in the 

LFH of vine maple gaps were related to the weight of the LFH, clone size and thickness of 

the LFH horizons. Results showed that: the greater the weight per unit surface area of 

LFH, the lower the concentration of Mg (p=0.03, 1=0.74, n=6), Mn (p=0.04, r2=0.69, 

n=6), and Al (p=0.01,1?=0.83, n=6); the larger the clone size, the lower the concentration 

of P (p-3-06, 2=0.64, n=6) and K (p=0.04 14.70 ,  n=6), and the higher the concentration 

of Ca (p=0.000, ?=0.98, n=6); the greater the depth of the LFH, the lower the 

concentration of P (p=0.01, 84 .82 ,  n=6) and K (p=0.03, r2=0. 74, n=6), and the higher 

the concentration of Ca (p=0.02, 2~0.77,  n=6) (Figures 3.4 and 3.5). 

The weight of the forest floor in combination with nutrient concentrations can give 

an indication of the total amount of nutrients stored within the forest floor. The mean total 

amounts of N, P, Mg, K, Fe, and A1 stored in the LFH were lower (not significantly) 

beneath the gap plots than beneath the closed canopy plots: and the total amounts of Ca 

and Mn were higher (not significantly) beneath the gap than beneath the closed canopy 

plots (Figures 3.6 to 3.7). The total amounts of each nutrient stored in the LFH were not 

significantly Muenced by the size of the vine maple clone, gap sue, or the depth of the 

LFH horizons. 
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Figure 3.1 a) Weight of LFH per unit area measured in g/cm2. b) Depth of LFH in grip 
and closed canopy plots measured in cm. c) A regression of gap size to depth of LFH. d) 
A regression of depth of LFH to the number of steins on the vine maple clone in gap plots. 
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Figure 3.2 a) N, b) P, c) Ca and d) Mg concentrations in the LFH, measured in g~lrg. 
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Figwe 3.3 a) IC, bj Fe, c) &!In and d) At concentrations in the L F I  measured in fig. 
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Figure 3.4 A regression of weight of LFH per unit surface area to a) Mg, b) MR and c) 
Al concentrations in tbe WH- A regression &f clone s i  to d) Ca and e) P 
c o ~ r a t i o n s  in the LFH. 



Clone Size 



figure 3.6 Total amount of a) N, b) P, c) Ca &d d) Mg stored in the LFH horizons, 
masweb in kg/mZ. 
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Figure 3.7 Total amount of a) K, b) Fe, c) Mn -and d) A1 stored in the LFH horizons, 
measured in kgfm2. 



3.3.2 Pkysical Soil Proptdes 

3.3.2.1 G m d  Content 

The mean gravel content in the study area ranged from 10 to 40%. Gravel content 

was not significantly different between gap and closed canopy plots at the 5, 50 and 100 

cm depths in the soil profile; however, mean gravel content was 4% lower in the gap plots 

than in the closed canopy plots at 20 cm (p=0.06, F=5.63, df-1) (Figures 3.8a to 3.84. 

Linear regression demonstrated that gravel content of the upper mineral soil was not 

sigTllficantly related to the size of the vine maple clone. Gravel content was not 

sigruficantly related to soil mcisture values at my depth in the profile in either the summer 

or winter. 

3.3.2.2 Particle Size Distnstnbution 

Almost all of the samples collected within the study area were within the loamy 

sand textural class. Compared to the closed canopy plots, the mean percentage by weight 

of the sand content was found to be 1-3% higher (not signrficantly) in the gap plots, silt 

content was 052% lower (not significantly) in gap plots, and clay content was 0.5% 

lower (not sipficantly) in the gap plots. Linear regression showed that the greater the 

clay footeat at 20 cm, the larger the vine maple clone (p=0.03, ?= 0.75, n=6) (Figure 

3.9a); a d  the greater the sand content at 50 cm, the larger the vine maple clone 

(@.&I, ?= 0.69,rH) (Figure 3.9b). 
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Figure 3.8 Gravel content (%) at a) 5 nn, b) 20 ck, c) 50 cm and d) lOO an depths in 
the soil profile. 
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Canopy Gap Arm. 

Figure 3.9 A regression of the number of stems cr. the vine maple clone to a) clay content 
at 20 cm depth in the soif profile and b) sand content at 50 cm depth in the soil profile. 
C) Bulk denSity at 5 cm depth in the mineral soil, k s u r e d  in g/cm3. d) A regression of 
bulk density of the Surface mineral soil to canopy gap size. 



3.3.2.3 Bulk Density 

Surface soil bulk density (Lab) values throughout the study area were quite low, 

ranging from 0.46 to 0.69 g/cm3 (Figure 3.9~); however, mean bulk density values were 

slightly lower (not sigmficantly) in the gap (Db=0.56 g/cm3) compared to the closed 

canopy (Db=0.59 g/cm3) at 5 cm depth in the soil profile. Linear regression demonstrated 

a relationship between bulk density and canopy gap size (the larger the canopy gap, the 

lower the bulk density) (p=0.06, ?=0.64, n=6) Figure 3.9d); however, bulk density was 

not related to the siie of the vine maple clone. 

3.3.3 Chemical Soil PIspedes 

3.3.3.1 pH 

The mean pH levels of the LFH in the study area ranged from 3.1 to 4.8 (Figures 

3.10 to 3.1 la), and from 3.8 to 4.6 in the mineral soil. The pH levels of the forest floor 

(LFH horizons) was sigruficantly higher in vine maple gap plots than in closed canopy 

plots where the mean pH level of the forest floor in gap and closed canopy plots was 4.05 

and 3.43 respectively 0 . 0 2 ,  F=10.60, df-1); however, the pH levels of the mineral soil 

at 5,20, 50 and 100 cm depths were higher (not sigmficant) beneath vine maple gap plots 

than beneath the closed canopy Linear regression demonstrated that the pH levels of both 

the mineral sod and the LFH in .cine maple gaps were not significantly related to canopy 

gap size or the size ofthe vine maple clone. 



3.3.3.2 Organic M d e r  Cmcentratratron 

The range in orgmjc matter concentration of the surface mineral soil (0-30 cm) in 

the study area wiis from 10 to 20%. At the 5 and 20 cm depths, the organic matter 

concentrations were nearly identical beneath vine maple gaps compared to that beneath the 

closed canopy (Figures 3.1 1 b and 3.1 1 c). Linear regression demonstrated no significant 

relationships between the organic matter concentrations at 5 and 20 cm depths in the soil 

profile, and either gap size or clone size. 

3.3.3.3 Tdal N&ogesrs - Miaepd Soil 

The mean concentration of total N in the upper layers of mineral soil throughout 

the twelve research plots ranged from 2.1 to 5.0 gkg. Although mean total N 

concentration was found to be 0.7 gkg higher in the gap at 5 cm depth, total N 

concentrations at 5 and 20 ern depths in the soil profile were not significantly different in 

soils beneath vine maple gaps compared to those in soils beneath the closedl canopy 

(Figure 3.12a and 3.12b). Significant relationships, however, were revealed at the 20 cm 

level between the total N content and the number of stems on the vine maple clone (the 

greater the number of stems, the greater the N content) (p=0.08, w . 5 9 ,  n=6); and 

between the total N content at the 20 cm level and the weight per unit surface area of LFH 

(the lower the weight per unit d a c e  area of LFH, the higher the N content) (p=0.09, 

8==0.57, rrd) (Figure 3.138 and 3.1%). 
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Figure 3.10 pH of the a) LFH layer, b) 5 c) 20 cm and d) 50 mi depth in the soil 
profile. 
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Figure 3.11 a) pH at 100 cm depth in the soil profile. Organic matter concentration at b) 5 
cmand c)2Oand@inthedprofile,measudingflrg. 
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Figure 3.12 Total N concenttation at a) 5 em arid b) 20 an depth in the soil profile, 
c~tea~ufedingnEg. CMratioatcf5cm&d)20cmdepthinthesoilprofile. 



Cbne Size 

Figure 3.13 A regression of total N content at 20 cm depth in the soil profile tc a) the 
number of stems on the vine maple done in the gap plots and b) the weight of LFH per 
uaitmfearca. ~ r ~ n o f € / ~ r a t i o o i t h + u ~ 1 0 c m o f ~ d s o i l c o c )  
canopy gap sizR and d) tfie size of the vine maple clone. 
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Mean CfN ratio values in the upper layers of soil throughout the twelve research 

plots ranged fiom 19 to 35. At the 5 and 20 cm depths in the soil profile, C/N ratios 

were lower (not significantly) beneath vine maple gap plots than those beneath dosed 

canopy piots (Figures 3 . 1 2 ~  and 3.12d). The mean C/N ratio for gap plots was 24 at the 5 

crn Ievel, and 28 at the 20 cm Ied; whereas, the mean C/N ratio for closed canopy plots 

was 28 at the 5 cm level, and 30 at the 20 crn levei. 

Within the upper 10 cm of mineral soil, linear regression demonstrated significant 

relationships between C/N ratio and the size of the vine maple clone (the larger the clone 

size, the lower the C/P4 ratio) (p4.07, h . 6 0 ,  sd), and between the C M  ratio and the 

size of the canopy gap (the larger the gap, the lower the C/N ratio) (p4.02,  ?=0.80, n=6) 

(Figures 3 . 1 3 ~  and 3.13d). However, at 20 cm depth, neither gap size nor clone size was 

S i W l y  refated to the cm ratio. 

3.4 Discusion 

In &is component of the study, physical and chemical soil properties in coastal 

western hemlock forests c o r z  vine maple gaps were examined to determine if 

signihmt differenas existed between the miis beneath the gaps compared to soils 

beneaah the smOUI#fing dosed canopy forest. Comparisons in the concentrations of 

in the fofes~ h, depth of tire forest fioor, sod texturey graved content, bulk 

density, pH levefs, of@ n@er total N concentration, and C/N ratios 

weremadebeaweenthesolfsbeneathvinemaplegapsandthose~the~~l~Ounding 



closed canopy forest. Few of the differences in physical soil properties between vine maple 

gaps and closed canopy plots were statistically significant, even at the p=0.10 level. 

However, while not always statistically significant, several of the chemical soil properties 

showed trends which were consistent with previous observations of soil properties beneath 

vine maple. 

Vine maples are associated with the development of Moder humus forms, rapid 

rates of nutrient cycling, rapid rates of litter decomposition, and high concentrations of 

bases in the litterfall (Haeussler et al. 1990; Krajina et al. 1982). In this study, the soils in 

vine maple gaps compared to those in closed canopy forest were found to have 
e 

significantly thinner forest floors (LFH horizons), significantly higher Ca, Mg, K and A1 

concentrations in the LFH, significantiy higher pH in the LFH horizons, and higher (but 

not significantly) C/N ratios in the surface mineral soils. No statistically significant 

differences in organic :natter concentration in the upper mineral soil; total N concentration 

in the upper minerd soil; pH lwels of the mineral soil; or N, P, Mn, Zn and Fe 

concentrations in the LEE%, were found. Likewise, no sigrdicant differences in the total 

amounts of nutrients stored in the LFH were found between the gap plots and the closed 

Canopy plots. 

The storage of nutrients in vegetation and surface organic layers is extremely 

important in the maintenance of ecosystem productivity in soils in the C o d  Western 

H d o c k  biogmfimatic zone in which the study area is located (Watts 1983). Tree 

growth is believed to be improved in areas where deciduous hardwood species promote 

the development of Moder humus forms due to more rapid rates of nutrient cycling, higher 



pH levels and higher base saturation (Watts 1983; Ministry of Forests 1981). However, 

Binkdey (1995) found that soils can dramatically differ under different species of trees but 

also observed that many of the traditional beliefs, that conifers degrade soils and 

hardwoods improve soils, are based on weak evidence. This study on soil properties 

beneath vine maple agrees with the findings of Binkley (1995) that no species uniformly 

pushes all soil variables in favourable (or unfavourable) directions. 

In this study, the power of the statistical tests was likely quite low, due to the small 

sample size, small effect size, and the high within-plot sample variability (Toft and Shea 

1983). Furthermore, many mil properties (that w e e  not significantly different between the 

gap and closed canopy) were found to be significantly related to the size of the vine maple 

clone and the sue of the canopy gap among vine maple gap plots. Some of the differences, 

therefore, between gap and closed canopy plots which were not found to be statistically 

significant may in fact be sigtuficant with a larger sample size. Consequently, many of the 

statistically insignificant trends found in this study were worth noting as they indicated 

areas for further research. 

3.4.1 F d  F k I k p e d i s  

Since vine maples are associated with rapid rates of nutrient cycling, rapid litter 

decomposition, and possibly greater levels of soil organism activity, the weight and depth 

ofthe forest 0mr on gap plots were expected to be lower than those on closed canopy 

plots. R d f s  showed that tke weight of the forest floor beneath the gap plots was less 

than that beneath the closed canopy plots (although not sigdcantly), while the depth of 



the forest floor was significantiy thinner beneath the gap plots than that beneath the c l o d  

canopy plots. These results are consistent with previous observations that relatively thin 

forest floors of Moder humus foms develop beneath vine maples. and, thicker forest 

floors of Mor humus forms develop beneath coniferous canopy (Haeussler et al 1990). 

The forest floor of Moder humus foms is thinner than the forest floor of Mor humus 

forms due to the more rapid incorporation of lrganic material into the mineral soil in 

Moder humus types (Ministry of Forests 1981). The greatest difference in depth seen in 

the F horizon (averaging 1.18 cm on gap plots and 1.99 cm on closed canopy plots), was 

likely a reflection of fiier decomposition rates and/or less input of titierfall in the gap 

plots than in the closed canopy plots. The weight of LFH in vine maple gaps was not 

found to be si&cantly related to either gap size or clone size; however, the depth of the 

LFH in gap plots was signrhcantly inf8ueficed by both gap size and clone size (the larger 

the gap and the larger the clone, the thicker the LFM). This result provides indirect 

evidence that larger clones have higher rates of litterfail than smaller clones. 

The concentration of nutrients in the forest floor (LFH horizons) of gap plots was 

expected to be higher than that of closed canopy plots since leaf litter of vine maple in the 

gap plots provides a rich supply of nutrients to the forest floor (Krajina et al. 1982). In 

tbe comparison of mean total nutrient concentrations for vine maple gap plots to those for 

closed canopy plots in the LFH, total Ca, Mg, K, A1 were found to be significantly higher 

in the EFH beneath the gap; whereas, N a d  Fe, though somewhat high, were not 

sigdicantiy merent. T and Zn concentrations were approximately the same in the LFH 

beneath both the gap plots and closed canopy plots. The mean totd amounts of nutrients 



stored in the LFH of gap plots and closed canopy plots were not found to be sigruficantly 

different, which was likely the result of the LFH horizons being significantly thinner in gap 

plots than in closed canopy plots. In addition, the amount of the soluble Fe and A1 cations 

stored in the LFH were lower in gap plots (although not sigruficantly so), which was 

possibly evidence of greater amounts of leaching in gap plots than in closed canopy plots. 

In a similar study on bigleaf maples, Fried et al. (1998) found no consistent 

diEerences in the concentrations or amounts of P, K, Ca, or Mg in the upper mineral soils 

beneath bigieaf maples compared to those in the upper mineral soils beneath Douglas-fir. 

He postdated that the lack of dBerences in the mounts of nutrients stored in the soils 

could be explained by nutrients being cycled more rapidly in the bigleaf maple systems, 

and that the rates of uptake of nutrients by bigleaf maple roots and the storage of nutrients 

in woody tissues could be sufficient to utilize the additional input of nutrients from litter. 

Also, Fried suggested that, since above- and below-ground woody tissues of bigleaf 

maples might have greater concentrations of nutrients than conifers, there may be more 

nutrients stored in the biomass of maples than conifers. Fried et al. (1990) also noted 

that the lack of consistent differences in nutrients in soils beneath bigleaf maples and 

conifers may be related to the uncertainty about the length of time that bigleaf maples have 

had to bring about changes in the soils. 

3.4.2 P k y ~ S o e ' d ~  

Pafticie size and gravel content can have a large influence on the nutrient and 

water holding capabilities of soil, which in turn can have a large influence on the growth 



and vigor of the vegetation on a site (Pritchett and Fisher 1987). Since similar parent 

materials wver the entire study area (glacial till), soil texture and gravel content were 

expected to be similar throughout the gap and closed canopy plots. As hypothesized, 

gravel content and soil texture were quite similar throughout the paired plots, resulting 

from the relatively homogenous layer of glacial till covering the study area. Almost dl of 

the samples collected from the study area were within the loamy sand textural class, 

Within a textural class, differences in texture are unlikely to be biologically significant in 

terms of the water and nutrient holding capabilities of the soil. 

Soil moisturs values were not si@cmtly related to grayel conte~t at my depth in 

the profile in either the summer or winter months. This result is not suprising since gravel 

content was quite similar throughout the study area. As noted in the previous chapter, 

surface soil moisture values in vine maple gaps are believed to be related to the high 

transpiration rates of vine maple. At depth, moisture values were believed to be related 

more to larger-scale subsutface flow patterns, since gravel content and soil texture were 

relatively homogenous throughout the study area. In gap plots, clay content was 

significantly related to soil moisture ody at the lower depths in the soil profile where soil 

moisture values increased with inmeasing clay content. In addition, in the upper profile in 

gap plots, it was found that the higher the clay content, the larger the vine maple clone. 

This may be a reflection of vine maple having a competitive advantage on soils (with clay- 

sized particles) PAat have high mtrimt and water holding capabilities. 

Vine maple 'litter decomposes more easiiy than conifix litter ~ ~ s s l e r  d d. 

1990), and the Moder humus forms associated with vine maples are generally more 



biologicafly active than Mor humus forms found beneath the conifer canopy (Ministry of 

Forests 1981). For these reasons, vine maple gaps were hypothesized to encourage 

greater levels of mixing and aeration of the surface soil horizons which would be evident 

by lower bulk densities. In this study, mean bulk density values of the surface mineral soil, 

though slightly lower, were not significantly lower in the gaps than those in the closed 

canopy. The unexpected results may be explained by the finding that the organic matter 

concentrations of the surface mineral soils did not significantly differ between vine maple 

gaps and closed canopy plots. Similarly, in the study of bigleaf maple, Fried et al. (1990) 

found that bulk densities were not sigdicantly lower under maple than under Doughs-fir; 

but attributed the high variability in bulk density values to small mammal activity. 

Bulk density values were significantly related to gap size: the larger the canopy 

gap, the lower the bulk density. This finding can be explained by the hct that larger gaps 

had larger clones, arid larger clones had greater amounts of vine maple litterfall (which 

was rapidly decomposed and incorporated into the surfbce mineral soil) than smaller 

clor,es; however, bulk density was not found to be sigdicantly related to the size of the 

vine maple clone. Therefore, it was possible to conclude that the lower bulk densities in 

larger vine maple gaps compared to s d e r  vine maple gaps were the result of either vine 

maple gaps creating a more favourable environment for soil organism activity resulting in 

greater mixing and aeration of the surface soii horizons; or, of greater amounts of energy 

and mistwe reaching the forest B m ,  resulting in Righer rates of decomposition (and 

therefore greater incorporation oforganic matter into the surface soil). 



3.4.2 Chemical Soil hperties 

Since vine maple litter has been observed to have a high concentration of bases 

(Haeussler et al. 1990), pH levels were expected to be higher beneath vine maple gaps 

than those beneath closed canopy plots. The pH levels were found to be significantly 

higher beneath vine maple gap plots than those beneath the closed canopy in the LFH 

horizons; but not significantly higher at 5, 20, SO and 100 cm depths in the mineral soil. 

In the upper layers of the soil profile, the higher pH levels in the gaps were likely a 

reflection of the higher base content of the decomposing vine maple litter. Similarly, pH 

levels in the upper 10 cm of mineral soil have been observed to be higher (not 

significantly) under bigleaf maple than under DougIas-fir (Fried 1990). At greater depths 

in the soil profile, pH levels are usually a reflection of parent material characteristics: low 

pH's are generally associated with quartz-rich or silicate-rich parent materials, particularly 

in the coo1 rainy climates found within the study area (Watts 1983). In the study area, 

mean pH levels ranged from 3.1 to 4.8 in the LFH, and from 3.8 to 4.6 In the mineral soil, 

both ranges behg below the optimum 5.0-5.5 level for most conifers. Within the range of 

pH levels in the study area, Mo availability is low and P deficiency may occur in conifer 

trees which lack mycorrhizae due to the low solubility of these nutrients below pH=5 

(Watts 1983). Under these conditions, any increase in pH levels would likely be beneficial 

to the growth ofconifers. 

In the study area, the organic matter concentration in the upper layers of the 

minerat soil ranged fiom 10 to 2Q%, indicating that the soils in this area are relatively rich 



in organic matter. Due to the rapid rate of litter decomposition associated with vine maple 

litter, and possibly greater soil organism activity beneath vine maple resulting in rapid 

incorporation of organic material into the mineral soil, it was expected that organic matter 

concentrations of the upper mineral soil would be higher beneath tine maple gap plots 

than beneath closed canopy plots. The results indicated that, at the 5 cm depth, organic 

matter concentrations were nearly identical between vine maple gaps and closed canopy 

plots; and, at the 20 cm depth, organic matter concentrations were somewhat lower 

beneath the gaps than the closed canopy plots. In contrast, Fried et al. (1990) found that 

total C concatrations (m index of organic matter) were sigftificmtiy greater under bigieaf 

maple, which is probably due to the large amount of litter produced by bigleaf maples. 

That organic matter concentrations of the surface soil horizons were lower beneath vine 

maple gaps than beneath the closed canopy was due likely to less total input of litterfall to 

the site. However, linear regression demonstrated that the organic matter concentration of 

the upper 30 cm of the soil profile in vine maple gaps was not significantly related to clone 

size or gap size. 

The total N concentration levels were hypothesized to be higher beneath gap plots 

than those beneath closed canopy plots since leaf litter of vine maple is believed to provide 

a rich supply of nutrients to the site (Krajina et a1 1982). Total N concentration levels 

were higher in the gaps at the 5 cm depth (although not sigtllficantly), and were at 

approximately quai levets at the 20 crn C q t h .  In csatrast, under bigleaf mplq  Fried et 

ai. jiW1 found timi N concentrations were sigtuij~mntiy greater at the 10 cm depth, 

probably due to the large amount of litter produced by bigleaf maples. That total N 



concentrations of the surface mneral soil were not significantly different under vine maple 

gaps compared to closed canopy plots may be explained by similar organic matter 

concentrations at these depths. According to Watts (1983), if the N concentration level 

in the surface 15 cm of the mineral soil exceeds 0. I%, the soil is likely to supply adequate 

available N for good tree growth. Since the mean total N values in the upper layers of 

soil throughout the twelve research plots ranged from 0.21% to 0.50%, it was unlikely 

that any of the research plots were deficient in N. However, the total N concentration of 

the fine fraction is a crude index of available N supply, and the C/N ratio is usually a 

better indicator of N avaiiability (Watts 1983). in the study, the total N content at the 20 

cm level significantly increased with increasing clone size; and significantly increased with 

decreasing weight per unit surface area of LFH. Compared to smaller clones, larger clones 

were likely associated with greater levels of soil organism activity, greater incorporation of 

organic material into the mineral soil horizons, and therefore higher N availability. 

The C/N ratio of the upper mineral soil was expected to be lower in gap plots due 

to the higher concentration of nitrogen arising from the rapid decomposition rates of vine 

maple litterfall (Haeusskr et al. 1990). While at the 5 and 20 cm depths in the soil profile, 

the C/N ratios were lower beneath vine maple gap plots than those beneath closed canopy 

plots, the differences were not statistically sipficant. Fried et al. (1990) found no 

consistent difference in the C/N ratios in the surface mineral soil beneath bigleaf maple and 

Douglas-&. Tke unqecied C/N ratio r e d s  in tiis study were attkbutabie to similar 

concentrations of N and C in the minerai soils -beneath vine maple gaps and c l o d  canopy 

plots. The mean C/N ratio for gap plots was 24 at 5 cm, and 28 at 20 em; whereas, the 



mean C/N ratio for closed canopy plots was 28 at 5 cm, and 30 at 20 cm. Because ratios 

above 25 suggest low N availability due to immobilization (Watts 1983), the C/N ratio 

differences between vine maple gaps and the surrounding forest may be biologically 

significant, but that would be apparent only in a larger sample size. Finally, in the upper 

10 cm of mineral soil, larger gaps and larger clones had significantly lower C/N ratios and 

therefore had higher N availability than smaller gaps and smaller clones. It appears that 

larger vine maple gaps may have a greater influence on nutrient availability than smaller 

vine maple gaps. 
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Chapter 4 
titterfd and litter decomposition 

in persistent canopy openings occupied by vine maple in 
a coasta1 western hemlock forest 

4.1 Introduction 

The hardwood forest resources of British Columbia have historically heen 

underestimated or ignored in both their ecological and economic dimensions (Massie et al. 

1994). In the past decade, several factors have contributed to a change in the status of 

hardwood species, including a better understanding of the silvicultural and ecological 

importance of hxdurood species, m k c r e a d  scientific and public concern over the 

sustainability of natural resources, and a concern for the conservation of biodiversity. 

Greater attention is now being given to hardwoods in research and forest resource 

management in B.C. and elsewhere (Massie et al. 1994). Broad-leafed trees play a 

significant role in enhancing wildlife habitat, promoting biodiversity, vegetating riparian 

areas, and colonking early successional stages (Haeussler et al. 1990). After disturbances, 

hardwoods are also b e l i d  to maintain ecosystem resilience by establishing quickly, 

retaining soil nutrients, and reducing soil erosion (Perry and Maghembe 1989). In terms of 

soil physical and chemical properties littie is hown, however, about the benefits conferred 

to the sites upon which hardwood species grow. Also, the relationship between 

hardwood species and long-term site productivity in B.C. forests is poorly understood. 

modai distriition in which early abundance after clearcutting is followed by near- 

exhaion at 40 years of age (Russe;l 1973). However, in a recent study, vine maple was 



found to inhabit persistent openings in the forest canopy not created by treefall (McGhee 

1996). These gaps are characterized by the ability of vine maple to resist the regeneration 

of taller canopy dominants and subsequent canopy closure by establishing a dense mat of 

stems early in stand development that is large enough to prevent invasion of the site by 

conifers. Consequently, the impact of these gaps on soil properties (due to perceived 

differences in litterfail accumulation and litter decomposition) is likely to be significant 

because the influence of vine maple is prolonged over a greater period of time than is 

usual in the successional time h e .  

Litterfall accumulation and litter decomposition account for a large amount of the 

nutrient cycling that occurs during forest stand development (Fogel and Cromack 1976). 

In a 450-year old Douglas-fir forest, up to 72% of the aboveground nutrient return is in 

litterfall (Abee and Lavender 1972). If litter decomposition is slow, considerable 

biomass and nutrient capital am accumulate in the forest floor. Nitrogen deficiency in 

many northern coniferous forests has been linked to the slow release of available nitrogen 

from the forest floor rjlrims 1972). High litter decomposition rates have been 

correlated with low lipin content, low C M  ratios, and high N availability (Fogel and 

Cromack, 1976; Prescott, 1995). Decomposition rates are also influenced by moiqure, 

tempmure, and the type of microor- and soil fauna active in the decomposition 

process (Pritchett awl Fisher 1987). 

H a r h w d  iiner generally decclmposes more rapidly ttr;tn conifer Iitter due to its 

higher d e n t  content, lower Iignin content, and higher proportion of surface area to 

mass (Assman 1970; Peny 1970; Fried et al. 1990). Tbe higher rate of nutrient hrrw>ver 



associated with hardwoods is postulated to enhance the productivity of conifer stands 

(Assman 1970; Berry f 970, Fried et d. 1990). In Oregon, coniferous forests cycle 

nutrients diffwently when mixed with hardwoods than when existing in pure stands (Perry 

et a]. 1987) stands with hardwoods returned 10 kg/hdyear more N in leaf litter than pure 

stands and stands without hardwoods contained 520 kgha more N in mineral soil, 

mineralized 20% more N from soil, and had a lower soif Chi  ratio than mixed stands. 

Fried et al. (1990) found that litterfidl weight and nutrient content were significantly 

greater under bigleaf' maple than under Douglas-fir, and that turnover rates for forest floor 

biomass and nutrients were significantly faster under maple. 

Litter from vine maple decomposes faster than conifer litter due to a lower lignin 

content and a higher nitrogen concentration (Triska and Sedell 1976). The heavy annual 

litterfall and rich nutrient content of vine maple litter is believed to  r d t  in high rates of 

nutrient cycling (Russell 1973). The composition of vine maple litter does not promote 

soil acidity as does the composition of conifer needles (Haeussler et al. 1 WO). Due to the 

renun of nutrients to the site tinough iinerfall, M d e r  humus tends to form beneath vine 

maples, creating an environment favorable to the growth of Douglas-fk aqd western 

redcedar (Krajk et d. 1982) since Moder iEumus forms provide more available nutrients 

than do Mur humis forns (Ministry of Forests 1981). Mors, which are relatively 

biological[l5c inactive, are the most common humus form in the forests within the study 

area, and are CharaGterized by high levels of acidityf slow dmqusition rates, and high 

CN da of F m s ~  1% 1; Watts 1983). 



A number of scientists have studied the eifects of vegetation on soils by observing 

differences ix-1 soil properties caused by different tree and understory species in forest 

stands (Alban 1969; Tarrant and Miller 1963; Fried et a1 1990). Some studies have 

focused on differences in the chemical composition of litter and forest floors under 

differeirit species to better understand the influence of species on nutrient dynamics 

(Tanant et al. 195 1; Gessel and Turner 1974; Fried et al. 1990). The objective of this 

component of the study was to compare the rates of litterfall accumulation and litter 

decomposition of persistent vine maple gaps to those in the surrounding closed canopy of 

a westen? hemlock forest in the Coastal Western Hemlock biogeoclimatic zone. The 

purpose of this comparison was to determine the influence of persistent vine maple gaps 

on the nutritional -us of sites in coastal B.C. forests. If the properties of litterfall and 

decomposition in vine maple gaps differ fiorn those in the surrounding forest, vine maple 

may influence the nutritional status of the gaps. These properties may also give an 

indication of how vine mple gaps influence site productivity, and may help to explain the 

long-term impact of persistent vine maple gaps on forest soils. In this study, the follcwjng 

hypotheses were tested: 

1. The concentration of nutrients h the &erfall of vine maple gap 
plots is hig%er than that of closed canopy plots. 

2. Rates of littddl are lower in vine maple gap plots compared to 
closai canopy plots. 

3. Decomposition rates in vine maple gap plots are hjgher than those 
h3 d 0 d  C W F Y  p!C%. 

4. Vine nuple litter has higher decomposition rates than those of a mix 
of western hemiwk and Douglas-& litter. 



Ten litter traps were placed on each of the twelve plots to collect litterfall fiom 

August 24, f 993 to September 20, 1994. Following the method of litter collection of 

Prescott zt al. (1988), the litter traps consisted of greenhouse trays (approximately 5 ern 

tall, 20 cm wide and 50 cm long), each lined with 1 mrn nylon mesh and fitted with holes 

in the bottom to allow for drainage. The litterfail was collected by removing the mesh and 

emptying its contents into a bag. Samples fiom each tray on each plot were stored 

separstely. The litter was allowed to air dry, then was oven-dried, and the oven-dry 

weight was recorded. 

Litterfall was collected during four time periods: Aug. 24 - Oct. 1 1, 1993 (period 

a, early fall); Oct. 1 2 - Nov. 16, 1 993 (period b, late fall); Nov. 1 7, 1 993 - June 2 3, 1994 

(period c, winter and spring); and June 14 to Sept 20, 1994 (period d, summer). LitterEd1 

coilection extended over a period of thirteen months rather than twelve months, due to 

unforseeabie circumstmces (illness). Because the commencement of litterfall collection on 

Aug 24, 1993 and the termination of collection on September 29, 1994 were both dates 

that occurred before vine maple foliage started to fall, the extra month had no effect on the 

tot& annd vine maple litterfall measurements. In this study therefore, the total litterfall is 

referred to as annuat littedktl even thou& it covered a thirteen month collection period. 



Samples fkom periods a and b were sorted into three components: coniferous 

needles, vine maple leaves, and 'other' debris. Due to the large number of samples and 

the length of time required to sort a sample, samples fiom time periods c and d were not 

sorted. The 'other' debris component consisted of small twigs, cone scales, cedar litter 

and any other material smaller than 10 cm in size. The amount of the 'other' component of 

the litterfall was relatively smal! during time periods a and b (less than 10%). The amount 

of cedar litter in litter traps on approximately half of the plots was determined for time 

periods a a d  b; and because the mount of the cedar component of the litterfall was also 

small during these time piiobs (less ibm f%), k was not given fbrther consideration. 

The oven-dry weight of the needle and vine maple components fiom all plots were 

recorded. For each plot, the total amount of litterfall in time periods a and b (excluding 

the 'other' debris) was calculated by adding the weight of vine maple litter plus the weight 

of the needle litterfall. In a S ' i a r  manner, the total amount of litterfall for periods c and 

d (including the 'other' debris) was recorded. Total annual litterfall was calcdated for 

each plot by adding the tot& oven-dry weight recorded for each of the four time periods. 

4-22 Nudrierrt Corocentnztiorts in Li&$oll 

S i  to the analysis performed on the LFH sampies described in the previous 

chapter ( d o n  3.2.2.2), the Parkinson and Men Method was used to determine thc 

nutrient coflceneratiorn of the Wddi  safnp1es. 'in the iitterfd samples, analyses were 

conducted to determine the cmantradon levels of N, P, Ca, Mg, K, ERn, Fe, Zn, and Af. 

AEthough Al is not a nutrient, its concentration levels were measwed; and Af is treated as 



a nutrient within the text. The chemical properties of litterfall in vine maple gaps and in 

closed coniferous canopy plots were compared using a composite sampling technique to 

provide an estimate of the mean value of subsamples without having to analyze each 

sample individually. The lower cost and greater efficiency of composite sampling, 

however, was done at the expense of gaining information on within-plot variability (Carter 

and Lowe 1985). Since the goal of this study was to determine differences in nutrient 

concentrations in litterfall between gap plots and canopy plots, information on the 

variability within plots was not necessary. 

For each of the t h e  periods a and b, three composite samples of vine maple litter 

from each of the gap plots, and three composite samples of conifer litter fiom both the gap 

and closed canopy plots, were analyzed. To create a composite sample, the litterfall fiom 

each trap in each time period was ground in a coffee grinder, and an equal amount of 

sample from each trap was taken to give a 0.25 g representative sub-sample. Due to time 

constraints, nutrient analysis was not performed on litterfd fiom time periods c and d. 

4.23 Litrer DCC- . . 

The method of measuring decomposition rates resembled that used by Prescott et 

a!. (1993) an8 Taylor et. a1 (1991). Standardized samples were collected fiom littertraps 

placed bemath one site supporting predominantly western-hemlock and some Douglas-fir, 

d heath two sites supporting vine mapie, To eliminate all fden debris except vine 

mapie leaves on vine maple sites, and hedock and Douglas-fir needles on the conifer site, 

the littedldl was sorted. The ratio of western hemlock needles to Douglas-fir needles was 



approximately 3: 1. M e r  litter samples were oven-dried, 2 gram samples of vine maple 

were placed into 12 crn by 15 cm bags, and 2 gram samples of the hemlocMDouglas-fir 

were piaced into 6 cm by 12 cm bags. The bags were made of 2-ply 1 mm fiberglass 

mesh. To examine decomposition rates, ten bags of each litter type were placed on each 

site on November 16, 1993. Each bag was tagged and pinned to the forest floor; and, for 

the vine maple bags, the origin of the sample was recorded in case there was a difference 

in the litter quality fiom the two vine maple collection sites. 

Taylor et. a1 (1991) retrieved samples at six month intervals to determine mass loss 

due to dwompositioii; where=, Trescott et al (1993) retrieved samples m u d i y .  In this 

study, collections were made at time intervals of six months (May 19941, one year 

(November 1994), and two y- (November 1995). For each of these sampling periods, 

three samples of both litter types were removed fiom each site. The litter bags were oven- 

dried and then gently shaken to remove any mineral soil that had entered into the bag. 

Each litter sample was then removed fiom the bag, rinsed under a gentle stream of water 

above a nest of sieves (700 pm and 50 pm) to prevent any material from being washed 

down the drain, and then oven-dried and weighed. 

4.2.4 Stcrtisficalhtltysis 

For each of the parameters, the data were analyzed as a split-plot design following 

the procedure outfined in section 2.2.5. The six paired piots constituted the whole plots, 

and the paired plots were subdivided into gap and closed canopy sub-plots. Because of the 

small sample size and the exploratory nature of the study, a significance level of p 4 . 1 0  



was used in testing for significant differences. Statistical power was not calculated 

because of the complex experimental design; however, the power of the statistical tests is 

likely to be low due to small sample size, small effect size, and the high within-plot sample 

variability (Toft and Shea 1983). In the figures, error bars represent one standard 

deviation fiom the mean. Regression analysis was performed to determine if gap 

characteristics, such as gap size and clone size, had an effect on litterfall and litter 

decomposition. 

43 Results 

4.3. n LitfPlfaff 

Encompassing the fdi of 1993, time periods a and b correspond to the period of 

total vine maple litterfall. In the gap plots in the fall, the mean total amount of vine maple 

litterfail was four times fess than the amount of needle litterfall over the same fall time 

periods (p4.001, f-34.02, df-1). The total amount of vine maple litterfall for the six 

plots ranged fiom 34 to 197 kgha The order of decreasing amount of litterfall was: plot 

6s (197 k g h ) ,  plot 5g (154 kgfha), plot 2g (133 kglha), plot 4g (85 kgh), plot 3g (48 

k g h ) ,  and plot lg (34 k g h ) .  The order of decreasing amount of litter Pall corresponded 

to the d d g  order of clone size. 

The man totaf amormt of d e  litterfsli was one-and-one-half times greater in 

tfre c M  campsf p b t s  *&is in the vine napde gap plots over the fati h e  periods 

@=O.+E, F=i 1-35, dFi j. Over the winter and Spriqg ( h e  period c), the total amount of 

titt&ll was virtually the same beaectth the gap plots compared to the dosed canopy plots. 



In time period d (summer), total litterfall was somewhat greater (but not significantly) 

beneath the closed canopy plots than beneath the gap plots. With respect to total annual 

litterfall, there was no significant diierence between the gap plots and the closed canopy 

plots (Figures 4.1-4.2). 

A significant relationship between vine maple litterfall and clone size existed over 

time periods a and b: the larger the clone, the greater the amount of vine maple litterfall 

(p-0.02, i2=0.79, n=6) (Figures 4.3a). However, the amount of needlefdl reaching the 

forest floor beneath gaps were not related to canopy gap size. The amounts of vine maple 

6tterfidI were sl@cmtfy related to the concentrations of P, K, Ca and MI: the greater 

the mount of vine maple litterfall, the lower the concentrations of P w . 0 6 ,  44.64,  

16) and K (p=0.03, h . 7 1 ,  A), the higher the concentration of Ca in the LFH 

(o=0.01, ?=0.82, n=6), and the greater the amount of Mn stored in the LFH (Figures 4.3b 

to 4.4b). The C/N ratio of the upper 10 cm of mineral soil was signrficantly related to the 

amount of vine maple litterfall in vine maple gaps: the greater the amount of vine maple 

litterfall, the lower the C/N ratio of the &ace mineral soil (p0.04, i ~ 0 . 7 0 ,  n=6) 

(Figure 4.4~). The total amount of litterfall in the vine maple gap plots was not 

related to nutrient concentrations in the LFH, the total amount of nutrients stored in the 

tFH, or the C M  ratio of the upper mineral soil. 
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Figure 4.1 Vine maple and conifer litterfall in a) early fall (time period a) and b) late fall 
(time period b) (kgha). Total litterfall in c) early fd1 (time period a) and d) late fall (time 
period b) (kgha). 



Figure 4.2 Total l i t t d  in a) the winter and spfing (time period c) and b) the summer 
(time period d) (kglha), c) Total annual litterfail (kgha). 



Figure 4.3 a) A regression of the total annual amount of vine maple litterfail in vine maple 
gaps to the size of the vine maple clone. A regression of the total amount of vine maple 
t i t t d  in vine maple gaps to b) P and c) K concentrations in the LFH. 
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Figwe 4.4 A regression of the total amount of vine maple litterfall in vine maple gaps to 
a) the wnwntration of Ca in the LFH, b) the amount of Mn stored in the LFH and c) the 
CM ratio of the upper 10 cm of mineral soil. e 



4,3.2 LifierjidI N~otrienr Concentrations 

Compared to concentrations in the needle litterfall, vine maple IitterfaIl had 

significantly higher concentrations of almost all of the nutrients tested (Tables 4.2 and 

4.3). Concentrations of N (p-0.001, F=12.37, df-1), P (p=0.000, F=54.05, d e l l ,  Ca 

(p4.000, F=126.01, de l l ,  Mg (p=0.000, F=l11.10, df-1), K (p==O.000, F=44.56, df=l), 

Fe (@.000, F=14.62, d+l) and Zn (p=0.000, F=250.06, df-1 j of vine maple litterfall 

were greater than needle litterfall. However, the concentrations of Mn (p=0.000, 

F= 14.6 1, d e l  ) and LU (p=O.OCIO, F=24.38, e l )  of vine map!e littedd were lower than 

needle litterfall (Figures 4.5 to 4.6). 

An indication of the influence of vine maple gaps on the nutrient concentrations 

available to trees immediateiy mounding the gap may be obtained by comparing the 

nutrient concentrations of needle litterf"1 in gap plots to those in closed canopy plots; 

however, these readings may only be an indication of the retranslocation of nutrients 

before abscission. The mean concentration levels of N (1.05% gap - 0.93% closed 

canopy), MI (0.09% gap - 0.07% closed canopy), and A1 (0.026% gap - 0.023% closed 

canopy) in needle titterfall were higher (not significant) in the gap plots compared to 

those in the closed campy plots; and, the concentration levels of Mg (0.082% gap - 

0.089% closed canopy) awS K (0.206% gap- 0.256% closed canopy) in needle litterfdl 

were Iower (not sisnificant) in the gap plots compared to those in the c l o d  canopy 
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Figure 4.5 Mean a) N, b) P, c) Ca and d) Mg concentrations of litterfall during the fall 
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plots. The concentration Iwels of P (0.03% gap - 0.03% dosed canopy), Ca (0.94% gap 

- 0.94% closed canopy), Fe (0.01% gap - 0.01% closed canopy), and Zn (0.004% gap - 

0.003% closed canopy) in the needle litterfill were approximately the same in the gap 

plots and in closed canopy plots. Gap size and clone size did not have a significant effect 

on N, P, Ca, Mg, K, Fe, kln, Zn, or A1 concentrations levels in the needle litterfkll. 

Linear regression demonstrated that N, P, Ca, Mg, K, Mn, Zn and A1 

concentrations of vine maple litt6Al were not significantly related to either gap size or 

clone siie; however, the concentration level of Fe in vine maple litterfall increased 

significantly with increasing clone size (p=0.06, ?=0.64, n-6). The plot with the smallest 

vine maple clone (lg) had the highest N, P, Ca, K, Fe and A1 concentration levels; 

whereas, the plot with the largest clone (6g) had the lowest P, Fe, Zn and A1 concentration 

levels in the vine mapie litter of all the gap plots. 

43.3 T d  I n p t  i# Nutrients to tke Folrest Floor fn#n Litterfd 

For alf of the nutrias matsurd in this study, conifer litterfd in gap plots 

contributed sigrufiantly greater amounts of nutrients to the forest floor than did vine 

maple litterf'all, over the W time periods at the p4.10 level of sigdicance (Tables 4.4- 

4.6). h a8dition, the input of Fa fp=O.lO, F=4.05, &I), P @=0.02, F=12.26, df=l), Ca 

Qdl.03, Fg.42, &I), Mg (p4.04, F4 .18 ,  &l), K (p4.07, F=5.36, e l ) ,  Fe 

(pU.09, F4.58, ctf-11, irnd Zn (p=O.OS, F=6.65, df-1) %om conifer litterfall was 

si@cantly lower in gap plots thrm that in dosed canopy plots dui-ing the fatl. However7 
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Figure 4.8 Total input of a) K, b) Fe, e) Mn and d) A1 to the forest floor from littedall 
during the fal€ time periods @@a). 



the total input of the nutrients N, P, Ca, Mg, K, Fe, Mn, Zn, and Al from vine maple and 

needle litterfall on gap plots did not differ significantly fiom the input of these nutrients 

&om needle litterfall on closed canopy plots during the fall (Figures 4.7 to 4.8). During the 

fall, canopy gap area and vine maple clone size did not have a significant effect on the total 

amount of nutrient inputs to the forest floor from litterfall in vine maple gaps. 

4.3.4 Litter DecomposiPion 

After intervals of decomposition of six months and one year respectively, the mass 

loss ofvine maple fitter mmpw4 to nd!e litter was significantly greater on both the gap 

plots (pQ.001, F=50.54, df=l and p4.003, F=3 1.14, df-1; respectively) and c l o d  

canopy plots (p=O.MIl, F=M 18, d e l  and p4.007, F=l8.814, e l ;  respectively); a 

iimilar result was obtained for the closed canopy plots after two years of decomposition 

(p4.09, F=4.32, df-1) (Table 4.7 and Figures 4.9-4.10). After two years on the gap 

plots, however, the mass loss of vine maple litter compared to needle litter due to 

decomposition was approximately the same. 

After six months of decomposition, the percentage mass loss for vine maple litter 

ranged @om 34 to 53%; and, for the needle litter, the percentage value ranged from 23 

to 38%. After one year, the percentage mass loss of the vine maple litter ranged fiom 37 

to 58%; whareas, for the mxde litter, the percentage mass loss ranged from 32 to 42%. 

two yesrs, ;tre per-e spread of snass loss of the viae maple litter was 34 to 

@%, which was approxbudy the same as the percentage spread in the mass loss of the 

needle litter (3947%). 



Table 4.7 
Percentage mass loss due to decomposition. The individual plot means and 
standard deviations consist of three samples per plot. The overall means 
and standard deviations for the gap and closed canopy were calculated 
from the means of the individual plots. 

I Based on one sample only 

The greatest percentage of mass loss for both litter types occurred within the first 

six months of decomposition. After two years of decomposition, there was no sizable 

increase in msss loss of either litter type, compared to the mass loss values obtained for 

each Wer type after one year of decomposition. For the vine maple litter, an average 

mass loss d44% occurred within the first six months, with an additional 7% occurring in 

the secod six mcmths, m a d b ; i d  loss m a i n h g  w i t h  the scad ya-. For it* 

d e  iitfer, an average mass loss of 30% occw~ed w i t h  the first six months, with an 



additional 8% occurring in the second six months, and an additional 3% occurring in the 

second year. 

Mass losses of vine maple litter at the end of six months of decomposition were 

higher (not significantly) beneath the vine maple gap plots than beneath the closed canopy 

plots. However, at the end of both one year and two years of decomposition, mass losses 

of vine maple litter were higher (not significmtly) beneath the closed canopy plots than 

beneath the vine maple gap plots At the end of each decomposition time period of six 

months and one year, the mass losses for the needle mix were higher (not significantly) 

beneath the closed canopy plots than that beneath the vine maple gap plots. At the end of 

two years of decomposition, mass losses beneath the gap plots, though higher ahan that 

h e a t h  the closed canopy plots, were not sigmficantly d L i t .  Consequeniiy, at the 

p 4 . 1 0  level, no significant differences in decomposition rates were found between vine 

maple litter on gap plots and vine maple litter on closed canopy plots, and cornifer Jitter on 

gap pfots and conifer fttter on closed canopy plots. 

Vie maple litter decomposition rates in vine maple gap plots were significantly 

related to done size, aspect and percentage of open sky. Vine maple litter deconrposition 

rates at the end of six months had a significant inverse relationship to the size of the vine 

maple clone: the larger the clone, the slower the rate of decomposition ( p 4 .  ! 0, h . 5 5 ,  

n=Q) (Figure 4.1 la). Vim maple litter decomposition rates at the end of one year were 

signSc8ndy related to aspect: the more south-facing, the higher rates of decomposition 

@-o.M, 84.65, lF6) (Figme 4.1 lb). Decomposition rates of vine maple iitter in vine 

maple gaps were afso significantly reiated to the amount of incoming light in the summer 



months, in terms of percentage of open sky and total direct and diffise light. At the end of 

one year, the decomposition rates were significantly lower the greater the percentage of 

open sky (p4.01, ?=0.86, n=6), and the greater the amount of direct and diffuse light 

(p=0.02, ?=0 77, n=6). Similarly, at the end of two years, the decomposition rates were 

significantly lower the greater the percentage of open sky ( ~ 4 . 0 8 ,  ?=0.57, n=6) and the 

greater the amount of direct and diffuse light (p=0.033, ?=0.72, n=6) (Figures 4 .11~ -  

4.12~). 

Similarities were found in the factors influencing the rates of conifer litter 

decomposition to those influencing vine maple litter decomposition. At the end of six 

months, decomposition rates of needles were significantly related to canopy gap area and 

the siie of the vine maple clone: the larger the gap area, the slower the rate of 

decomposition ( ~ ~ 0 . 0 6 ,  h . 6 1 ,  n4); and the larger the clone, the slower the rate of 

decomposition ( ~ 4 . 0 1 ,  h . 8 3 ,  n=6) (Figures 4.13a and 4.13b). At the end of one year, 

the rate of mass loss of needle liier was significantly related to aspect, and to clone size: 

the more south fadng in aspect, the higher the rates of decomposition ( ~ 4 . 0 1 ,  2 4 . 8 8 ,  

16); and the smaller the clone, the higher the rate of decomposition (~4.09, h . 5 6 ,  

n=6) (Figure 4.1% and 4.14a). At the end of one year, the rate of mass loss of needle litter 

was also related to percent open sky in the vine maple gaps (p=0.08, 84.57,  n=6); the 

greater the percentage of open sky, the slower the rate of decomposition (Figure 4.1Sb). 

Mer taro years of cfecoIlposidon, ?be rate of mass loss of needte litter in vine maple gaps 

was sigdicgntfy rebed to aspeft @=0.06, 2=0.64, n=6); the more south-facing, the 

higher the rates of decom+on fEigure 4.1%). 
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Figure 4-10 Percent mass loss of conifer litter after a) six month+ b) one year, and c) 
two years of decomposition. 
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Figure 4 I I a) A regression of vine maple litter decomposition rates in vine maple gaps 
aRer six months of decomposition to the site of the vine maple clone. A regression of 
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Figure 4.12 a) A regression of vine maple litter decomposition rate in vine maple gaps 
after one year of decomposition to % open sky in the summer months. A regression of 
vine maple: titter decomposition rates in vine maple gaps after two years of decomposition 
te 5) to*&! direct d diffkse imomig radiahn in the suzrma mi&s and c) % open sky 
in the Summer months. 
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Figure 4.13 A regression of conifer litter decomposition rates in vine maple gaps after six 
months of d8cornposition to a) canopy gap area and b) the size of the vine maple clone. 
c) A regression ofoonifer 5tta decomposition r& in vine maple gaps after one year of 
decomposition to asped. 
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Figure 4.14 A regression of conifer litter decomposition rates in vine maple gaps aRer one 
year of decomposition to a) the size of the vine maple clone and b) % open sky in the 
srrmmer month. c) A regression of conifer titter hecomposition rates in vine maple gaps 
after two years of decomposition to aspect. 



Figure 4. I5 a) A regression of vine maple litter decomposition rates in vine maple gaps 
after one year of decomposition to  Mn concentrations in the LFH. b) A regression of 
conifer litter decomposition rats  in vine maple &s after one year to b) MR and c )  Mg 
concentrations in the LFM. 



At the end of one year in gap plots, nutrient concentration levels of Mn in the 

forest floor were s i ~ ~ t l y  related to the rates of decomposition of both vine maple 

litter and conifer litter: the higher the concentration level of Mn in the forest floor, the 

lower the rate of decomposition of vine maple litter (p=O. 10, r2=0.54, n=6) and conifer 

litter (p-0.01, 8 4 . 8 6 ,  n=6). Similarly, at the end of one year in gap plots, the rate of 

decomposition of conifer litter was significantly related to the concentration levels of Mg 

in the forest floor: the higher the concentration level of Mg in the forest floor, the lower 

the rate of decomposition (p=5.09,8=0.55, n=6) (Figures 4 15a to 4.15~). 

4.4 Discussion 

The results of this component of the study indicate that soil properties in vine 

maple gaps may be intheneed by several characteristics of litterfall and litter 

decomposition that differ &om those of the surrounding forest. It was predicted that 

vine maple gaps experience i'aster decomposition rates, lower rates of litterfall, and higher 

h d  nutrient concatration levels than those beneath the surrounding closed canopy. 

In the literature, vine maples are generally associated with rapid rates of litter 

decomposition and nutrient cycling, and vine maple litter supplies a rich source of 

nutrients to tbe fmest floor (Baemsler et d. 1990; Krajina et al. 1982). In this study, 

needle EtttsM was irmificantky greater in dosed canopy plots than that in the gap plots 

in the ti&; however, tttere was no difference in total mud t i t t d  between gap and 

closed canopy plots. The N, P, Ca, Mg, K, Fe and Zn concentration levds were 

significantfy higher in vine maple l i t t d  than those in conifer litterfall; however, 



concentrations of Mn and A1 were significantly lower in vine maple litterfall than those in 

conifer fitterfall. ]In addition, there was no significant difference in the total input of 

nutrients from litterfi during the fall to gap plots compared to closed canopy plots. Vine 

maple litter decomposed faster than conifer litter; however, the conifer litter on gap plots 

decomposed at the same rate as the conifer litter on closed canopy plots. 

The power of the statistical tests in this study was likely quite low, due to the small 

sample size, small effect size and the high within-plot sample variability (Toft and Shea 

1983). Furthermore, some of the properties of litterfall accumulation and litter 

decomposition, that were not significantjy different between the gap and closed canopy, 

were found to be influenced by the size of the vine maple clone and the size of the canopy 

gap in vine maple gap plots. Some of the differences between gap and closed canopy plots 

which were not found to be statistically significant may be significant, however, with a 

larger sample size. Consequently, marry of the trends found in this study, though 

statistically insignificant, are worth noting as they indicate possible areas for further 

research. 

4.4.1 L;tter/aU 

With respect to the rate of b t t d  as measured by the amount of litter 

a c c u m u l h  by weight, the hypothesis tested was that the rates are lower in vine maple 

gaps t6an in cased canopy pfots. As predicted, the anmmt of conifer litterfall beneath 

dosed campy plots was significantly greater than that beneath vine maple gaps (by 50%) 

dwing the fall. Furthermore, in gaps muing the fall, the total amount of vine maple 



litterfall was four times less than the total amount of needle litterfall. That there was less 

leaf biomass in the vine map!e gaps is likely the reason for their lower amounts of litterfall 

during the fall. 

The total annual litterfall, though greater beneath the closed canopy plots than that 

beneath the vine maple gap plots, was not significantly different. In contrast, Fried et a1 

(1990) found that the total annual litterfall was substantially greater on bigleaf maple sites 

than on Douglas-fir sites in Oregon, probably due to the greater leaf biomass of bigleaf 

maples. Several reasons may account for the similarity in the amounts of annual litterfall 

beneath vine maple gaps and the surrounding closed canopy forest. Firstly, the large 

proportion, by weight, of needles in the litterfall beneath vine maple gaps made the total 

weight of litterfall not significantly different From the weights of needle litterfall in the 

closed canopy plots. Russel (1973) noted that although vine maple makes an important 

relative contribution to the total understory biomass, the relative biomass contribution of 

vine maple is slight when all forest vegetation layers are considered. In the winter, Fried 

et al. (1990) measured considerable amounts of Douglas-fir litterfall beneath bigleaf 

mapie, attributing the high litterfsll to winter storms. Secondly, vine maple gaps may be 

too small to have a signrficant effect on annual litterfall input. The low D/H ratios of the 

vine maple gaps (Table 1.2) indicates that they would likely receive considerable 

windblown litter fiom the surroundmg conifer forest. The non-significant difference in 

herfall bemath vine mapfe gaps and the surrounding forest is consistent with findings of 

Chapter 2, where tempemwe and moisture regimes were not found to significantly differ; 

and with the f'mdings cf M&ee (1996) that fight regimes were not significantly diffkrent. 



Thus, it appears that vine maple gaps may behave as though they were not gaps at all at 

the forest floor. 

Linear regression indicated that the rate of vine maple litterfall was significantly 

related to clone size: the larger the clone, the higher the rate of vine maple litterfall. The 

rate of vine maple litterfall reaching the forest floor also significantly increased the 

concentration levels of Ca in the LFH. This result may be explained by the fact that Ca 

concentrations of vine maple litterfall are significantly higher than those of conifer litterfall. 

The rate of needlefati reaching the forest floor in vine maple gaps was not significantly 

related to canopy gap size, nor was the rate of needlefall sigruficantly related to nutrient 

concentrations in the LFH of gap plots. This result may be explained by wind effkcts 

distributing conifer litterf$ll relatively uniformly among vine maple gaps regardless of their 

size. 

4.4.2 hktrient Cmcenhztiibns in Litre@rrll 

V i e  maple litter is believed to provide a rich supply of nutrients to the site 

(Haeussler et al. 1990), and is associated with high rates of nutrient cycling (Krajina et al. 

1982). Compared to Douglas-& litter7 vine maple litter has a higher concentration of N 

(Triska and Sedell 1976). In this study, the hypothesis tested was that the concentrations 

of nutrients in the l i t t d  of vine maple gaps are higher than those of the closed canopy. 

Consistent with the kdhgs of R u d  (1973) that vine maple leaves are rich in nutrients, 

the r&s of this study indicated that the concentration levels of N, P, Ca, Mg, K, Fe, 

and Zn, in vine maple fitter were s i g d i d y  higher than those of coIlifer litter. 



Therefore, the hypothesis was supported, suggesting that over time, vine maple may 

improve the nutritional status of soils within the study area. This finding correlates with 

that of Chapter 3 where it was found that concentrations of Ca Mg, #, and A1 are 

significantly higher in the LFH beneath vine maple gaps than those beneath the closed 

canopy. 

4.4.3 Input of IVutrieitds to Forest F h r  From Litterfall 

Vine maple litterfd provides a rich supply of nutrients to the site, and is associated 

with high levels of nutrient cycling (Krajina et al. 1982). In this study, the hypothesis 

tested was that the concentrations of nutrients in the litterfall of vine maple gap plots are 

higher than those of the closed canopy plots. Over the fall time periods, the total amount 

of the nutrients N, P, Ca, Mg K, Fe, Mn, Zn, and A1 &om vine maple litterfall and needle 

litterfill on gap plots did not differ significantly fiom the total input of these nutrients fiom 

needle litterfall on closed canopy plots. Although the nutrient content of vine maple 

litterfail was significantly greater than that of colrifer litterfall for all of the nutrients 

measured in this study, co&er litterfall in gap plots over the fail time periods contributed 

sigdicantly greater amounts of nutrients to the forest floor than did vine maple litterfall. 

This is consistent with the finding of Russel (1973) that although vine maple makes an 

important rehive contn'bution to the total understory biomass, the relative biomass 

contrihion of vine mapte is slight when all forest vegetation layers are considered. 

Neitfier vine maple gap area, nor the size of the vine maple clone signtficantly influenced 

the total input of nutrients to the forest floor fiom k t t d l  in gap plots. As noted above, 



these results may be explained by wind effects distributing litterfall fiom all sources 

relatively uniformly among vine maple gaps regardless of their size. 

4.4.4 Litter Decompositio~ 

Due to its higher nutrient content, lower lignin content, and higher proportion of 

surface area to mass, hardwood litter generally decomposes more rapidly than conifer 

litter; and is believed to enhance the productivity of conifer stands (Assman 1970; Perry 

1970; Fried et al. 1990). According to a general observation made by Haeussler et al. 

f 1990), vine lnapfe liaedd Cmnpo:e f ~ e s  than conifer littedd. In this study, the 

hypotheses tested were that decomposit;on rates in vine maple gaps are higher than those 

in closed canopy plots, and that vine maple Ktter decomposes faster than conifer litter. 

While the hypothesis that vine maple litter decomposes faster than conifer litter was 

supported, the hypothesis that the decomposition rates in vine maple gaps are faster than 

those in closed canopy plots was not supported. 

V i e  maple litter is Befiwed to decompose more rapidly than Douglas-fir litter due 

to a lower lignin content and higher level of nitrogen concentration (Haeussler et al. 

1990). In addition, the thin leaves of vine maple contribute to rheir faster decomposition 

rates (Haemdeb et al. 1990). Consistent with findings fiom other studies on hardwood- 

conifer comparisons (Chalinor 1968; Gessel and Turner 1974; Tappeiner and Alm 1975; 

Fried et d. 19891, this study f d  that vine maple litter decoawses f ' e r  tkan conifer 

&aer T'ne rapid decomposition of vine maplz Mer - as postdated for bigleaf maple fitter 

(Fried 1989) - could benefit both maple and the surround'mg conifers because nutrients 



rapidly become avdable to tree roots rather than being sequestered in the forest floor, as 

is the case under conifers. 

While the mass loss of vine maple litter was found to be significantly greater than 

conifer litter at the end of the six-month and one-year demmposition periods on both the 

gap and closed canopy plots, and at the end of the two-year decomposition period on the 

closed canopy plots; the mass loss was approximately the same for vine maple litter and 

conifer litter at the end of the two year decomposition period on the gap plots. This result 

agrees with that in a study in a forest in western Washingtsrr where significant differences 

in weight loss were o b m d  at the eftd of me year, but no significant GiEerenees were 

evident at the end of two years of decomposition among different species (Edmonds 

1980). For both litter types in this study and in the study by Edmonds (1 980), it is likely 

that only the very slowly decomposable material such as lignin remains after two years of 

decomposition. 

For both litter types, the greatest percentage of mass loss occurred within the first 

six-month period. Afler two years of decomposition, there was no sizable increase in 

mass loss in either litter type compared to the mass loss values reached after one year of 

decomposition. Two factors caa explain these results. Firstly, litter typically has an initial 

rapid phase of decomposition followed by a slower phase, due to the faster decomposing 

component breaking down first leaving behind the more slowly decomposing component 

such as Iignin (Hamon d ai, 1990). Earinan e0 al. (i900) found t M  vine maple ledliifei  

has a much larger amount of this 'fast' component (29-40%) than h u g b - t ? r  fitter (7- 

13%). Secondly, the the first-mod period coincided wkh the winter months 



(c'naract=rized by an abundance of moisture and mean monthly temperatures above 

freezing), resuiting in continued decomposition activity and large losses due to leaching; 

whereas, the second six months coincided with the summer months (chaacterized by a 

moisture deficit especially in late summer), resulting in lower decomposition rates 

However, in the summer of 1994 when measurements were made, there did not appear to 

be a moisture deficit in the study area (see Chapter 2). 

Differences in rates of decomposition of vine maple litter on gap plots and vine 

maple litter on closed canopy plots were not statistically significant. Similarly, differences 

in decomposition rates between conifer litter on gap plots, and conifer litter on closed 

canopy plots, were not sigmficant. Rates of decomposition are dependent on a number of 

factors including the availability of nutrients, moisture, energy, and the type of soil 

organisms involved in decompositim Wtchett and Fisher 1 987). According to Krajina et 

al. (1982), Moder humus tends to form beneath vine maple (which generally has a higher 

bioiogid activity than   or humus forms associated with conifer litter); however, this 

could not be co-4 as humus forms were not measured in this study. The results of 

Chapter 2 on temperature and moisture regimes showed that there wsre no significant 

differences in the amounts of precipitation reaching the forest floor throughout the year in 

gaps and dosed m o p y  plots, and that there was no significant difference in soil 

temperaatre or soit moisture in gap and closed canopy plots throughout the year. In 

addition, M&ha (1 9%) found no difference in the amount of solar radiation reaching the 

form- flmr in yhe mp!e gaps w q m d  to h t  h C!O& ~wwpy plots. I'kefore, the 

lack of differences in decomposition rates between vine maple gags and closed canopy 



may be explained by the tack differences in environmental conditions influencing 

decomposition rates on the sites. 

Depending on the litter type, rates of mass loss within gap plots were also related 

to gap size and clone size characteristics. The rate of vine maple litter and needle litter 

decomposition in vine maple gaps within the first six months was significantly related to 

the size of the vine maple clone: the larger the clone the slower the rate of decomposition. 

This result may be explained by the finding that larger gaps (which support larger clones) 

had significantly cooler mid-day air temperatures than smaller gaps in the summer and f d  

and had significantly lower soil moisture content throughout the year, both of which may 

hinder decomposition rates. A similar result was obtained in a study in a mixed montane 

forest in China. This study, on the effects of gap size on litter decomposition rates, also 

found that smaller developmental gaps (5 m diameter) had faster rates of decomposition 

than larger developmental gaps (30 m diameter or larger) (Zhang and Liang 1995). Zhang 

and Liang (1995) observed that larger gaps received greater amounts of precipitation and 

solar radiation at the forest fluor than s d e r  gaps, and concluded that larger gaps allow 

soil moisture to evaporate more quickly because of the reduced influence of the 

surrounding trees. The comb'llllttion of higher and more stable moisture and temperature 

regimes in small gaps (ad under the campy) resulted in higher microbial activities and 

higher decomposition rates in s d  gaps. 

At the end of the one year period, the concentration levels of Mn in the forest floor 

were si,d%mtIy redated tn t,he rates of &amposition of bob vim maple h e r  and 

conifer litter in gap plots: the higher the callcentration of Mn in the forest floor, the lower 



the rates of decompcsition. These results suggest that higher Mn levels may adversely 

&xf :,he acti-iq of ~ ~ W M ~ O S ~ T S .  As noted in the previous chapter, Mn 

concentrations in the LFH were found to be significantly higher beneath larger gaps than 

beneath smaller gaps; and larger gaps were found to have slower rates of  decomposition 

than those of  smaller gaps. 



Chapter 5 

Conclusions 



Chapter 5 
~onc'itwions 

5.1 Introduction 

A concern over the maiiitenance of long-term forest site productivity in coastal 

British Columbia warrants a clase exahation of tbe roles of hardwoods in thest: 

conifer-dominated forest ecosystems. The overall goal of the research presented in this 

thesis was to determine ifsigdcant differences irt soil properties exist between the forest 

soils of vine maple canopy gaps as compared to those of the surrounding closed canopy 

westem hedock fore%. The two research objectives zddressed were : 

I .  To examine selected inherent soil properties within persistent vine 
maple gaps in a coastal western hemlock forest to determine if the 
gaps are edaphic or priority in origin. 

2. To examine soii properties iduenced by the forsst canopy to 
determine the effects of persistent vine maple gaps on forest soils. 

To determine if vine maple gaps are edphic gaps (characterized by a difference in 

the inherent edaphic conditions of the site), or priorily gqs (characterized by no 

differences in the inherent edaphic conditions of the site) in origin, selected inherent soii 

properties of six persistent vine maple gaps were compared to those of six closed canopy 

plots. The paired plots had similar aspect and relief (including slope and slope position). 

To d e t d e  the effects of persistent vine maple gaps on the physical and chemied 

properties of the forest floor and surfgce mineral soil horizons, soil properties in the vine 

maple gaps were compared to those in the adjacent western hemlock forest. Litterfall 

accumufatioa, Wer decoglposition, tmpm&ure regimes, d moisture regimes were 



examined to gain insights into why soil properties did or did not differ between vine maple 

gtlps and the surrounding forest. 

5.2 Origin of Persistent Vine Maple Gaps 

The first objective of this study was to determine if persistent vine maple gaps are 

edaphic or priority in origin. In conifer forests of coastal B.C. and the Pacific Northwest, 

hardwood species, while pioneer species, rarely persist into late stages of stand 

development. However, in the Oregon Coast Range, Russel (1973) found that vine maple 

abundance foitows a bi-modal distribution during the successional time fiame (early 

abundance after clearcutting, followed by near extinction under conifers at the age of 40 

years, and increasing in abundance again as openings in the forest canopy occur); while, in 

coastal B.C. forests, McGhee (1996) observed that vine maple occupies some canopy 

openings (not created by tree mortality) throughout stand development. Other studies 

have observed that yhe mapk is shte to psist tho& the stem exclusion phase of stand 

devefoprnent, and wekstablished patches have been found in old growth Douglas-fir 

forests (O'Dea et al. 1995; Spies e? al. 1990). 

The reason that vine maple has the ability to resist the regeneration of taller canopy 

dominants d subsequerrt campy closure can be explained by the determination of the 

origin oevine maple gaps. For vine maple gaps to be priority in origin, vine maple must 

dish a dense mat of stems ear4y in stand development that is large enough to prevent 

invasion of the site by collifers and the subsequent overtopping of the site as the stand 

grows up around them (McGhee 19%). Vie maple has been observed to have an initial 

growth me &at is than &st irfn;ost conifers, quickly &owkg it to stabkh a 







maple gaps therefore, appears to be due to kine maple colonizing a site first, and 

establishing a dense mat of stems early in stand development that is large enough to 

prevent the subsequent regeneration of these sites by conifers. As the stand develops 

around these vine maple patches, a canopy gap appears in the mid to late successionai 

stages. 

5.3 Inff uenee of Persistent Vine Maple Gaps on Forest Soil Properties 

A number of researchers have identified the effects of vegetation on soil 

properties. For example, differences in soil properties have been observed due to different 

tree and understory species (Alban 1969, Challinor 1969, Fried et al. 1989, Lutz and 

Chandler 1946, Tappeiner and Aim 1975, Tarrant and Miller 1963); while other stcdies 

have focused on differences in chemical properties of litter and forest floors under 

different species (Fried et al. 1989, Gessel and Balci 1965, Gessel and Turner 1974, Grier 

and McCoii 1971, Mac- and Wein 1978, Tarrant et al. 195 1). The second objective 

of this study was to examine the physical and chemical soil properties influenced by the 

forest canopy to determine the effects of persistent vine maple gaps on forest soils 

Mineral soil properties (including bulk density, organic matter con cent ratio^, pH, C M  

ratio, total N concentration, and soil moisture) and forest floor properties (including 

depth, w e  and nutrient concentrations) of adjacent vine maple gaps and western 

h d o c k  forest were compmed. To g&n insights into why soil properties did or did not 

mi, ~~ imxmi&h% L i  dmiii^~&iir+ ti;en;r;e;ii?ice r w e ,  a;.d moisture 

regimes, were compared on the paired plots. 



A few studies have noted the iduence on soil properties of canopy openings 

mad try i r e  mortdity (Madenoff 1987, Virousek and Densiow 1986) Such 

devdopmcntal gaps are characterized by a temporary release of resources at the forest 

floor (due to an increase in available energy and moisture), and a subsequent increase in 

nutrient availability (due to m increase in decomposition rates) (Pickett and White 1985). 

Over time, developmental gaps become absorbed into the surrounding c l o d  canopy by 

the reiease of previously suppressed saplings, germination of dormant seeds in the soil 

seed bank, layering or sprouting of pre-disturbance plants, or germination of seeds 

brought into the gap by wind or animal transport (Feinsinger 1989). In contrast to 

developmental gaps, persistent vine maple gaps maintain their position in the stand 

throughout stand development; and several soil and microclimate properties typically 

associated with developmental gaps were not characteristic of vine maple gaps. 

Unlike developmental gaps, vine maple gaps have remarkably similar temperature 

regimes to those in the adjacent forest. While air temperatures were sigmficantiy cooler in 

gap plots compered to the surrounding closed canopy forest in the spring and summer 

(likely due to the high evapotranspirationid demands of vine mapie), air temperatures in 

vine maple gaps were the same as those in the closed canopy forest in the fall and winter. 

Vine maple gaps did not s i @ d y  infiuence surface soil temperatures at any time of the 

year. These resralts support the finding of McGhee (1996) that there is no difference in 

light regimes between vine maple gaps aad those of the surround'mg forest. Since 

temperahue affscts decomposition rates, the results also &OW that tmpafi!re regimes 



did not amtribute to differences in soil properties under persistent vine msple gaps 

corpied to the srrnou11ding forest 

Vine maple gaps did not have a significant influence on moisture regimes, which is 

also unlike developmental gaps. The amount of precipitation reaching the forest tloor was 

not significantly different in gap plots compared to closed canopy plots; although, gap 

plots did receive greater amounts of precipitation throughout the year. According to 

Denslow (1987), moisture 2evels in the upper soil horizons are consistently and 

significantly higher in gaps than in the adjacent forest understory in small and large gaps 

and in both rainy and dry seasons; however, in this study soil moisture content values 

(while lower at 30 ern and 50 cm in vine maple gaps than in the closed canopy throughout 

the year) were not significantly dierent between vine maple gaps and the surrounding 

forest. The slightly Iowa readings may be attributed to the high transpirational demands 

associated wth vine maple, as evidenced by the relationship between vine maple clone size 

act sod moisture - the greater the number of sterns on the clone, the lower the soil 

moisture content within the upper 30 cm rooting zone. As soil moisture afFects rates of 

leaching and decomposition, the results show that moisture regimes did not contribute to 

diBFerences in soil properties under persisteat vine maple gaps compared to the 

w r o u n w  forest 

White Fried et al. (1990) obtained inconsistent r d s  for forest floor weight 

differences between bigleaf maple sites and Douglas-fir sites, in this study the weight of 

the forest Boor -- though lower beneath vine maple gags coq8ceB to the closed casopy -- 
were not SisnifiCSUlfly different. Since there were no differences in the total arind 



accumulation and deccrnposition rates of littertkll, if fo!!ows that there would be no 

dif'kmce In fires? floor rueigbts. Only the depth of the forest Boor was signifieaiiily 

different between wne maple gaps and the adjacent forest -- the forest floor was thinner in 

the gap plots compared to the closed canopy plots. This finding may be accounted for by 

the fact that vine maple litter (a component of the forest floor found only in gap plots) 

decomposes more quickly than conifer litter and therefore is incorporated more rapidly 

into the mineral soil. Farther evidence of this is the shallower depth of the F horizon 

beneath vine maple gaps than beneath the closed canopy. Larger vine maple had 

significantly thicker forest floors than smaller vine maple gaps. This result may be 

accounted for by the finding that larger vine maple gaps had sigmticantly larger rates of 

vine mple litterfall than smaller vine mple gaps. 

In the mineral soils, no significant differences were found in physical soil properties 

influenced by the forest canopy betwm persistent vine maple gap plots and dosed canopy 

plots. The bulk density of wrke mined soi! was not s i ~ ~ ~ n t l y  dSsxent in vine 

maple gaps than those in the surrounding forest. This fi~diig contrasts with that of Fried 

et d+ (1990) who found the bulk densities of the surfkce mineral soif under some bigleaf 

mapie sites to be sisnificantly lower tban those under Douglas-fir. The similarity in bulk 

density mepstnements in tbis study between vine maple gaps and the surrounding forest 

may be acoounted for by the finding that there were no differences in rates of litterfall 

a c c d & o n  and l i t t d  decomposition. Larger vine maple gaps had a greater influence 

on physical properties h s r d k  vine maple gaps - larger vine majde gaps had 

s i g d k d y  lower bdk dezdies in the upper soil than s m a h  vine xnaple gaps. 



As noted above, this result may be accounted for by the finding that larger i n e  m~lple 

gaps had si@kant!y luge: rates of vine maple litterfid! than smaller cine maple gaps. 

With respect to the chemical mil properties of the mineral soil that may be 

influenced by the forest canopy, this study observed no significant differences between 

vine maple gaps and the adjacent forest. While higher, the pH levels were not significantly 

different in the upper rnineral soils between vine maple gap plots and closed canopy plots. 

Organic matter concentration and total N content values of the upper mineral soils were 

similar between vine maple gaps and closed canopy plots; however, total N content values 

of the upper mineral soils were significantly higher beneath larger clones than beneath 

smaller clones. The latter result may be explained by the larger amount of vine maple 

littdd beneath larger clones than smaller clones. Throughout the study area, the organic 

matter concentration (10 to 20%) and the total N concentration (0.21 to 0.500!) in the 

upper layers of the xlrinerd soil indicated that the soils were relatively rich in organic 

matter and ur9ikeiy to be d&& in N ,Watts 3983). In his study, Fried d 4. (1990) 

found the organic C concentration and the total N content of the upper 10 cm of the 

mineral so1 beneath bigleafmaple to be significantly higher that those of the surrounding 

corrifer forest; however, he adso found that bigleaf maple contributes significantly larger 

amounts oftotal armuat f i t t d  than corrifers, which was not the case for vine maple in 

this study. The C/N ratios, while lower in gap plots (24) at 10 cm than closed canopy 

plots (28), were not significantly different; however, a larger sample size may haw 

produced significantly different C/N ratios. This finding is similar to that of Fried et d. 

(19901 for bigleaf maple. Tbe possrily lower C/N ratios in the vine maple g8p may be 



bioiogidy irnpomt, since d u e s  above 25 suggest low N availability due to 

immobilization (wags ! 9233). 

With respect to the chemical soil properties of the forest floor that are influenced 

by the forest canopy, the study showed significant differences between vine maple gaps 

and the adjacent forest that were consistent with previous observations on soil properties 

beneath vine maple (Haeussler et al. 1990; UBC Bot. Garden 1976; Krajina et al. 1982). 

Meidinger and Pojar (1991) have noted that the storage of nutrients in vegetation and 

forest floor is extremely important in the maintenance of ecosystem productivity in soils in 

the Coastal Westem Hemlock biogeoclimatic zone in which the study area is located. 

Resuits of this study showed that the LFH beneath gap plots had significantly higher total 

Ca, Mg, K, and AI concentrations than the LFH beneath the closed canopy plots; 

however, the total amounts (weight) of N, P, K, Ca, Mg, Mn, Fe, Zn, and A1 stored in 

the LFH of both gaps and dosed canopy plots were not significantly different. In his 

study, Fried d a!. (1990) dso f d  thiat the farest floor h e a t h  bigkdmzple had hig!!er 

concentrations of Ca and Mg, but m difference was observed in the weight of nutrients in 

the forest floor beneath bigleaf maple and Douglas-fir. The pH level of the LFH was 

s i ~ ~ y  higher in the gap plots than in the closed canopy plots, fiuther indicating that 

vine mapk retmm a higher amouat of bases to the forest floor fkom litterfall. 

In the @I, Wed% twamuMons were significantly grater in closed canopy plots 

than in vine maple gap plots; howeyer, no significant differences in total a n d  Werfall 

d a t i o n s  were f'rwnd between gaps and closed canopy plots. Larger vine maple 

dories had si@cantfy higher rates of fitterfau aCCurnMon than d e r  vine maple 



clones. The litterfd accumulation beneath vine maple gaps compared to conifers were 

different fiom those of bigleaf maple, big& maple has signifcmtly higher ::mounts of 

total annual litterfall than Doudas-fir (Fried 1989) Compared to conifer litterfail, the 

concentrations of N , P, Ca, Mg, K, Fe ,and Zn, in vine maple litterfall were significantly 

higher; and the concentrations of Mn and Af were significantly lower However, there 

were no significant differences in the total input of nutrients to gaps and closed canopy 

plots fiom littedall during the fall. For bigleaf maple, Fried et al. (1990) found that the 

concentrations of most nutrients were significantly higher in bigleaf maple litter than in 

Douglas-fir litter, and (unlike this study) bigleaf maple contributed a greater mass of 

nutrients to the forest floor through litterfall than Douglas-fir. 

Vine maple litter decomposed h e r  than conifer litter; however, litter on gap plots 

decomposed at the same rate as litter on clc -ed canopy plots. Since vine maple gaps did 

not have significantly greater amounts of energy and moisture at the forest floor compared 

to that beneath the closed canopyZ the similarity in decomposition rates between gap and 

closed canopy plots is not surprising. In gap plots, however, decomposition rates were 

significantly in&lenceb by clone size and gap size: larger gaps and larger clones had 

dower rates of decomposition. The lower soil moisture content of the surface soils 

h e a t h  huger vine maple gaps than beneath smaller vine maple gaps may account for the 

lower deoomposition rate beneath larger vine maple gaps. 

In summary, unlike developmental gaps, vine maple gaps do not appear to 

signiricady in&tene temperature and moisture regimes or rates of litter decomposition. 

Compared to conifer litter, vine maple litter had higher concentrations of PJ , P, Ca, Mg, 



K, Fe and Zn, which resulted in higher pH levels in the forest floor and higher 

concentrations of bases (Ca, Mg K) in the forest floor in persistent vine maple gaps. This 

suggests that vine maple gaps may improve the nutritional status of soils within the study 

area. The slight differences in organic matter concentration, total N, CiN ratio and pH of 

the upper mineral soil between the vine maple gaps and the adjacent western hemlock sites 

were not significant. Larger vine maple gaps had significantly higher rates of litterfall, 

slower rates of decomposition, higher bulk densities and total N contents in the upper 

mineral soil, and thicker forest floors, than smaller vine maple gaps. This study is 

consistent with the findings of a recent review by Binkley (1995) who found that soils can 

dramatically differ under different species of trees; however, he observed that no study has 

shown that any species uniformly pushes all soil variables in unfavourable (or favourable) 

directions. 

Many soil and site properties do not significantly differ between vine maple gaps 

and the surrounding conifer forest for several possible reasons. Firstly, the similarities in 

temperature and moisture regimes and rates of litter decomposition between vine maple 

gaps and the surrounding closed canopy forest are consistent with the low DM ratios of 

vine maple gaps (Table 1.2) since the microcbate of gaps with low D/H ratios is 

moderated by the shade of surrounding trees (Canham et al. 1990; Smith 1986). 

Secody, vine maple foliage may have a significant moderating effect on temperature and 

moisture regimes at the forest floor. Thirdly, the small contribution of vine maple litter 

compared to the amount of littafidl, relative to most other hardwood species, 

suggests that vine maple -my requite a greater length of time to have a si@cant 



influence on chemical soil properties than other hardwoods. Lastly, there may be 

significant dEerences between vine maple gaps a id  the surrounding conifer forest 

however, they may not have been detected because the power of the statistical tests in this 

study were quite low -- because of the small sample size, small effect size, and the high 

within-plot sample variability (Toft and Shea 1983). Further research, therefore, with a 

larger sample size would be hetpll in clarifjmg the role of vine maple gaps in the ecology 

of coastal conifer forests of southwestern British Columbia. 

5.4 Significance of Research 

Persistent vine maple gaps are priority in origin and since they differ greatly fiom 

developmental gaps, the results of this study are important to the understanding of the role 

of vine maple in the Coastal Western Hemlock biogeoclimatic zone. The results alsc 

contribute to the information base fiom which forest managers and conservation officers 

Imarmge ecosystems. Trzditiondy, vine m p k  is considered to be a competitive species 

that should be removed from coniferous forest management areas. Over the course of 

several rotations -- as suggested by Fried et a]. (1990) for bigleaf maples -- vine maple is 

likely to have beneficial intluences on soil properties, offsetting its impact as a competitor 

and justit'ying its role on commercial sites. Since the consemation of vine maple gaps 

contributes to the maintenance of biodiversity and structural diversity in our forests, its 

removal may have ecological consequences. As noted by Fried et al. (1990), the current 

productive capabii of the forest soils in coastal British Columbia and the American 

Pacific Northwest result fiom thousands of years of shifting mosaics of conifers and 



hardwoods; therefore, concern for maintaining long term soil productivity warrants a close 

exmi~&on of the IfA.;ex-,;: of hardwood species on soil properties and the implication of 

removing hardwoods from commercial conifer forests. 
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