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- . ABSTRACT

Vine maple is & shade-tolerant, multistemmed, deciduous tree of the understory of

~ conifer forests in the Pacific Northwest. Vine maple is distinct in its ability to establish

‘priority’ gaps -- gaps that establish at the time of stand initiatiom and persist through
_several stages of forest development.' Priority gaps represeni di«stinct"microenvironments

-within the forest ecosystem and provide a diversity of resources to flora and fauna. -

? -

On 20 paired plots, I examined the . g’zip size, morphology of crdn"ifc,rs, site

chronologies and site productivity in 75 year old, Douglas-ﬁr (PseudotSu.gtat ménziesii) and

we"stem‘ hemlock.(Tsugglhe'terophylla) stands. For both species, trees an the edge of gaps -

-

had sigrificantly laré‘a c’rc’)wh;(] 82% for Douglas-fir and 132% for western hemlock) and’
boles (46% and 69%) than trees in the closed' canopy. - I found no differences in, the

patterns of radial growth between the sites for Douglas-fir or western hemlock sapling

AR > - 3 N

growth (~ 1 - 13 years breast-height age). For Doﬁglas-’ﬁr on the edge of gaps,

significantly ‘high'er anﬁuﬁl p:;.éal area increments did occur in the years after 194_5 due to
. the higher radial growth’ Ea}.es ;:orripared to Douglas-fir in ﬁdosed canopy. . Western .-
>hémloc;k on the edge of gaps had consistently higher BAIs than hemlock in the closed |
car;opy er 1945-1995, but the ‘in.itia_l. difference betw;aen the sites m;ay have been due to
the differing sizés of seedlings and saplings that chcupiedl each site immediately after
'l(;grging. Site index was signiﬁcarntly higher for Douglas-fir adjacent to the gap (42.6 m) |

than for Douglas-fir in the closed canopy (40.2 m), indicating vine maple may play an

important role in the long-term productivity of these stands.
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. Medlan pnonty gap size was 79. 9 m in- Douglas—ﬁr stands and 1971 m

.
-

¢ 3

- western hemlock stands On Douglas-ﬁr pnonty gap sites, potentlal growmg space was.

~

61% greater than that of closed canopy trees, but current BA product1v1ty and s1te BA d1d

#

not 51gmﬁcantly dlffer from the adjacent canopy sites.  The current BA productiv1ty for(

westem hemlock around the gap* was only 62% that of westem henﬂock in the adjacent

L]
-

canopy, 3s' western hemlock around the - 8ap occupy 150% the potentlal growmg space of .

western hemlock in the closed canopy. . - -

»

biological and structural diversity goals by incorporating distinct microhabitats into
management prescriptions. Integrating priority gaps into the stand mosaic was not
associated with significant losses to timber production in the Douglas-fir stand, but was

" associated with losses in timber production in the western hemlock stand.

v

:53{. .

Priority gaps offer an excellent opportunity for B.C: silvicul‘turalistsg to meet . -
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. o - o QUOTATIONS

o - “As we approach the 21st century, the question of how to integrate the conservation
® - of biological diversity with social and economic goals is one of the meost
| ‘ important human challenges of our time.” (Pederson 1996)
Larry Pederson -- B.C. Chief Forester

-

“Over the long haul of life on this planet, it is the ecologists, and not the bookkeepers
of business, who are the ultimate accountants.” (Hammond 1991)
Stewart L. Udall -- U.S. Congressman
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Chaptgrl ,' . : 4

INTRODUCTION

The Biodive‘rsity Guidebook of the British Columbia Forest Practices Code (B.‘C. |

Ministry of Forests and B.C. Environment 1995a) requires foresters %o incorporé_fe clear

commitments in management prescriptions to conserve biological diversity (biodiversity)
'

while meeting the needs of an economically viable forest industry. Biodiversity can be

%
defined as:

»
>

The diversity of plants, animals, and other living organisms in all their
forms and levels of organiz%tjgn, and includes the diversity of genes,
species and ecosystems, as well as the evolutionary and functional -

processes that link them. (B.C. Ministry of Forests and B.C. Environment
1995a) :
Protecting habitat diversity is often the best strzﬁegy for protecting biodiversity (B.C.
Miﬁistry of Foregts and B.C. En;/irogment 1995a; Lértzman et al,._v 1997). Coinmitments to
maintajmﬁg biodiversity requife that foresters manage for stand structural attributes,
understory vegetation diversity and any hardwood populations that r;aturally occur in
stands (B.C. Ministry of Forest; and B.C. Environment 1995a; Tappeiner et al. 1997). As

“timber management, ... when carried out without respect to whole functioning forests,

~ presents the largest threat to the protection of biological diversity at the stand level”

~

(Hammond 1991), forester managers need to explore ways to retain the current levels of'

timber production, without incurring costs to the biodiversity of forest ecosystems

?

(Puttonen and Murphy 1996).

"




‘Hardwoods are often vie’wed'vlargel'y as cdrﬁiietitors ‘to merchantable "conifer i -
species and many research efforts have focussed on ways to suppress them, particularly -

during early stages of stand development (Kufeld 1983; Wenger 1984; Anonymous 1988; . &

" Haeussler et al. 1990, Biring et al. 1996‘).‘ Howe\;er? ‘the interest in managing for
biodiversity on regenerating sites has attracted the ’attemién‘ of reseaféfférs tc; the potentiali
b’eneﬁts of maintaining hardwoods in conifér t"orests (Lefevre and Klemmed;on 1930;
\)’itousek and Denslow 1986; Boettcher and Kalisz 19‘990; Bi(;ndi et al. 1992; Pepttmami et
a'l. 1992; Enns et al. 1993, Ogden _]996), My research focusses on the -dynamic
relationship betweén a hardwood species, vine maple (Acer ¢ircinétum), and conifers

.

situated on the periphery of gaps within which vine maple is growing. I am motivated by

the potential for this relationship to meet both biodiversity and productivity objectives in

Douglas-fir (Pseudotshgz_i menziesii) and western hemlock (Tsuga heterophylla) stands in
southwestern Britis'h Columbia.
1.1 Gaps in Coastal Forests

Fofest management practices, such as clearcutting, Oﬁeﬁ‘homogeMZe a forest
stand (Urbgn et al. 1987; Kohm and Franklin 1997) by reducing the f:structural ‘and
biological heterogeneity that results from gap dynamics (Brokaw 1985; Spiés and Franklin
1989; Oliver and Larson 1990; Lertzman and Krebs 1991; Lertzman 1992). In thé west
coast temperate rainforests, /the return interval for severe fires is relatively Along (Stewart
1986; Spies et al: 1990), often more than 300 years, and son;e ;cosystems are rgrel_y

affected by fire (Agee 1993). Gap dynamics and the multi-aged stands that develop from

¥

-
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~ patchy disturbances plaj; a key role in the maintenance and deVelOpment ﬁof forest sitr‘uicturei i

2

* and composition in these ecosystems (Connell 1989; Spies and Frankhn 1989; Spies et al. -

1990; Lertzman and I;(r"ebs 1991; Lertzman 1992; Lertzman et al. 1996;Leﬁzr’nari etal
1997). ‘For instance, in mature and old-growth stands in Clayoquot Sound, on the west .,

coast of Vancouver Island, approximately 56% of the forest area is directly influenced by

some type of expanded gap (Lertzman et al. 1996).. In a sut;-alpine old-growth forest in

=

T P

the Mountain Hemlock Zone of yiouth\‘westem B.C., Lertzman and‘:Kfebs ( 1i991’) found

that 52% of the forest area is ‘u?l}iier expanded céﬁopy gap. Spies 'et‘ al. (1990) also noted

similar le.vels of gap ‘d‘isturbénce in the mature Douglas-fir forests of the Cascade
Mountains, where .41 1% o§h9 forest area is uhder expanded caﬁopy gap.

‘Gaps’ in this thesis are broadly dgﬁned as not ‘on_ly gaps in the canopy formed by

_ the mortality of trees, as Runkle (1985) suggests, but ‘as‘any opening in the éanoby

occurring from"tree mortality, edaphic characteristics, competitive advantagé or other

. . . .
dynamic process.

1.1.1 Developmental Gaps

Developmental gaps are openings in the forest ca.nopy associated‘ with “the
mortality of one to many trees (Brok;w 1985; Runkle 1985; Spies et al. 1990; Lertzmar;
and Krebs 1991)-‘ They are created by evénts such as windthrow, fire, disease, logging, or
:sqme other localized disturbance. It is generally assumed gaps will fill .by a combination of

lateral exi)ansion of adjacent conifers towards the gap center (Frelich and Martin 1988;

Spies, and Franklin 1989), the release of understory saplings (Runkle 1982; Veblen 1986; 3
Y 7 , ;



' Brokaw and Schelnor 1989; Schaetzl ot al 1989 Lertzman 1992) and/or the estabhs.h'rnent_v? ‘,
of seedhngs ‘within the gap (Connelt 1989 Splé’s et aL 1990) Canopy gaps that ﬁmcnon o

lm%.th,ls way are common in many forest’ecosystem; and have recelved consnderable;» ““
attentlon by researchers (Mladenoﬁ' 1987, Alaback and Herman 1988; *Canham 1988

| Lorimer 1989, Brokaw;and -Scheiner .1989; Canham et. al 1990; Sples et. al. 1990;

Lertzman and Krebs 1991; Lertzman 1992; E(amal,ﬁddin and Grace 1993; O‘rwig and -
: ” o - N -

~ ‘Abrams 1995; Lertzman et al. 1996)‘. Preferentijal ;pecies ’repfac'em’ent in developmenjal o i

gaps is an important catalyst for successional E’bange and has a strong inﬂuence on thé,

trajectory of the spec,les composmon of the canopy (Brokaw and Scheiner 1989;

~ Martinez-Ramos et°1\1989 Whltmore 1989; Lertzman 1992)

9

1. 12 Edaphlc Gaps
| Gaps in the canopy whlch exist due to 1dent1ﬁable edaphic or topographlc

conditions are called edaphic gaps (Lertzman et al. 1996). The gap in the canopy ex1sts

LA

largely because the underlying substrate is not conducive to the establishment of dominant

tree species. In Clayoquot Sound, Lertzman et al. (1996) found that an average of 16% of

the forest area was under edaphic canopy gaps. The majority of these gaps were

associated with stream courses.

1.1.3 Persistent Gaps *

[

Some forests contain gaps that are associated with no obvious gap-maker, have

little or no regeneration within the gap and demonstrate little difference in edaphic




- characteristics compared to the adjacent forest (Ehrenfeld et al. | 1995; Ogden 1996) |
These gaps appear to have persxsted for long periods of time and therefore, are referred to | ',
as persistent gaps.s The abilityA of some of these gaps to p_ers;ist may be"due- to the' abuoda’nt .
shrub layer in the gap wllich apoears to perpetuate the opeding-»in the cainopy (McGhee -
1996) or intense, localized fires which consume the littet layer (Ehtenfeld et al. 1995).
Examples of persistent forest openings have been observ& in the deaduous
forests of the. southern Appalachlans (Barden 1989), in the New Jersey Pmelandsi ’
’ (Ehrenfeld et al. 1995), and in the Douglas~ﬁr--westem hernlock stands of the Pac1ﬁc‘

Northwest (Spies et al. 1990; McGhee 1996; Ogden 1996).

1.1.3.1 Vine Maple Priority; Gaps | .

rUntiI recently, it was assumed that canopy gaps in mature and old-growth forests
with vine maple growing in the'nt were developmental gaps tllat had been invaded l;y vine
maple (McGhee 1996). However, vine maple gaps can readily be found in the Douglas-fir
and westem'hemlocl: forests of the Pacific Northwest where there is no obvious ga'p-
maker (Spigs et al. 1990; McGhee 1996), and which appear not to be edaphic in origin
_(Ogden 1996). McGhee (‘1996) argues that many vine maple gaps do not result from vine
maple invading pre-existi’ng gaps, but represent a persistent alternative 'state to
surrounding conifers due to vine maple’s ability to establish dense mats. of foliage in early
seral stages, which resist the invasion of conifers through several stages of stand ’

development. McGhee (1996) has called this type of persistent gap, which establishes at

stand initiation, a priority gap.




In a coastal hemlock foresmn the north shore of Vancouver MeGhee (1996),’77'7 ‘

found that only 6.3 % of forest ground area is assoetated wrth a developmental expanded 7"
gap, whereas 19. 7 %isa result of vine maple prronty gap establrshment McGhee (1996)

emphasrzes the role pnorlty gaps play in addmg structural heterogenexty in earher seral

stages where the role of develoomental gaps is minimal,

1.2 Vine Maple
1.2.1 Vine Maple Ecology

Vine maple is a shade-tolerant, multi-stemmed, deciduous tree‘(l:ig. 1.1) Which is
commonly found in the understory of conifer forests, from California to southwestern
British Columbia (Haeussler et al. 1990; Pojar and MacK;nnon 1994). Vine maple occurs
most commonly in the understory of Douglqs-ﬁr stands (Anderson 1969; Haeussler et al.
1990) and less frequently in association with western hemlock (Haeussler et al. 1990).

Vine maple can be found during all stages of stand development (Anderson 1967,
Russel 1973; Haeussler et al. 1990; O’Dea et al. 1995). Its ability to reproduce vigorously
by basal sprouting énables vine maple to quickly regenerate after a disturbance, making it '
an’abundangspecies duﬁné early seral stages (Anderson 1969; Russel 1973; Tappeiner and
Zasada 1993; O’Dea et al. 1995). Russel (1973) found that vine maple abundance is high
prior to canopy closure, but declines during the stem exclusion phase of stand
development. Vine maple’s ability to reproduce hy layering allows it to exploit gaps
which occur in the canopy during stem re-initiation (Anderson 1967, O’Dea et'al. 1995).
Vine maple often becomes a dominant understory shrub in mature and old growth stands

that it occupies (Anderson 1969; Russel 1973; Spies et<al. 1990; O’Dea et al. l995).

&L
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Figure 1.1. A vine maple clone. This clone has likely maintained the opening in the above
canopy since stand origin, creating a vine maple priority gap. The convex shape of clonal
stems is a common growth form and aids in the propagation of vine maple by layering and
basal sprouting (Anderson 1967; O’Dea et al. 1995). The presence of the cedar stump
‘within the gap indicates these sites are not edaphic in origin and were previously occupied
by conifers (McGhee 1996). Note the large size of the Douglas-fir boles on the edge of
the gap.

-




'1 2.2 Inﬂuence of Vme Maple Pnorxty Gaps :

1.2.2.1 Alteration of Chmatologlcal Varlables within Gaps *

Gapsin the canopy often result in the establlshment of distinct mlcroenvxronments
in the forest and provxde ‘a vital part of the support system for forest d1vers1ty
(Hammond 1991). The lack of an overstory results in an increase in temperature (Cooks :
and Lyons 1983; Vltousek and Denslow 1986 Schaetz et al. 1989 Boettcher and Kalisz
1990) and light (Canham 1988; Poulson and Platt 1989; Orwig and Abrams 1995) within
most developmental gaps. _However, Canham et al. (1990). found that developmental gaps
in temperate rainforests that were formed by the mortality of a single tree offer little
increase in insoletion to the forest floor 'due to the high ratio of canopy he'ight to gap
diameter and lower sun angles at higher‘latitudes. |

Priority ;’;a_ps differ in form and function from developmental gaps, resulting in a
different allocation of resources. Ogden (1996) found that spring and summer air
temperatures are significantly lower under vine maple canop)y gaps than in the adjacent
close‘d canopy, likely due the cooling effect assoeiated with vine maple’s high rates of
transpiration. McGhee (1996) reports light levels in priority gaps, measured 1.3 m above
the forest floor, are not significantly different than under the closed canopy, thougu this is
. largely attributable to the shading effects of Avine maple foliage (McGhee 1996).

| Vine maple’s high rates of transpiration can rapidly deplete soil moisture in the
surface layers during the growing season (Haeussler et al. 1990). Ogden (1996) found
that larger vine maple clones are associated with significantly lower soil moisture values

®

in the rooting zone (30 c¢m).




1222 G’ab'.s and Eioloéical'Di@fSit)r | | o | o
Gaps provide an important ecological f%;netioﬁ by {rﬁcféasing resource dtversxty to _ )
flora and"fauha (Schaetzl‘etal. 1989, Hammond 1‘99‘1; Lertzman 1992). :-V‘ine mapie4
provides food and‘co&er for wildlife populations (Tappeiner and Zasada 1993).. Vine
maple Vis, an important browse species for Blaqk—tailed dger and elk po,éulations (Ha,eusslerf ,

« et al. 1990; Tappeiner-and Zasada 1993). Lengmaﬁ et al. (unpubl.) no;é that the tdt,‘al‘

number and diversity of bird species can be significantly higher within the vine maple gap = - -;‘—%
* environment than under the closed canopy, and attribute this to the greater diversity of *

resources associated with the vine maple gap. o : o _’ _ k

1.2.2.3 Vine Maple Nutrient Cycling
Deciduous trees often increase the concentrations of nutrients in the soil on sites

that they occupy (Krajina et al. 1982; Mladenoff' 1987, Fried et al. 1990; Ogden 1996). In

the mixed Ponderosa pine (Pinus ponder‘dsa ) - Gambel oak (Quercus gambelii} stands in

Arizona (Lefevre and Klemmedson 1980), levels of nitrogen increased and the

carbon:nitrogen ratio dropped as the d‘énsity of Gambel oak in the understory increased.
In the Douglas-fir -- bigleaf maple (Acer macrophyllum) forests of coastal Oregon, Fried
et al~ (i99§)) determined,,that ‘annual inputs and cycling of all macro-nutrients were

significantly higher under bigleaf maple than under Douglas-fir, and suggest that

hardwoods play an important role in the maintenance of long-term site productivity.
Vine maple provides a rich’sﬁpply of bases to the forest floor (Russel 1973,

Krajina et al. 1982; Ogden 1996). Ogden (1996) noted that the organic' (LFH) layer under



than beneath the closed canopy. Ogden also found that the concentration of mtrogen at B

-

20 cm depth in the soil profile increased as the number of vine maple ;10?1;’11 stems

increased. Ogden indicates that improvements to the soil nutrient status under vine ‘xﬁiﬁ[:e .

has important implications on long-term site fertility in west coast ecosystems. _ The
cycling of nutrients within and around vine maple clones is currently being studied further

by Tashe (unpubl.).

1.2.2.4 Suppression of Conifer Regeneration -

Vine maple is regarded as a strong competitor to merchantable conifer species ,

during the first ten years of stand development, particularly in Washington and Oregon

(Haeussler et al. 1990). Vine maple’s dense foliage inhibits light from penetrating to the

fores{ floor (Haeussler €t al. 1990; Ml:Ghee 1996), shadifng regenerating seedlings. |
Inhibitory extracts found in the litter of vine mable»-indyicates that vine mapl€ may
have allelopathic effects oﬁ conifer seedlings(Haeusslér‘ et al. 1990). The result of the
vine maple’s allelopathy and dense fdliage is that seedlings can rarely establish directly
Vbeneath vine maple clones (Fig. 1.1). Seedlings that do establish in a priority gap almost

exclus'ively colonize the edge of the gap»(Mc’:Ghee 1996). s

1.2.2.5 Growing Space and Competition

The presence of large stumps in existing vine maple priority gaps indicates that

SN L .

“vine maple clones contains a higher concentration of calcium; magnesium and potassium.

v ) 4 .-
these gaps occur somewhat randomly across the landscape (McGhee 1996). Ogden

10



(1996) supports this conclusion, noticing no- significant differences bétweéﬁ- inherent soit:i :

or substrate characteristics under priority gaps Whén compared to closed canopy plots.
This suggests that priority gaps occupy sites that could otherwise be utilized by conifers in

the absence of vine maple, reducing the number of conifer stems in a stand.

Vine maple gaps create a muich larger space among. conifer stems than in the -

absence of vine maple (McGheq 1996). An increase i? grbwing space results in décteased
competition Between coni?er‘s (Biondi et ‘al, 1992; Tang et al. 1994). In pure conifer
stan(‘is, crown competition t:of light is the drjying force behind growth respdnses (gditchéll
1975; West et al. 1989) and inc¢reased light iﬁterceptiqp leads to greater foliage and
greaterl'basal» area (BA) gro@th (Aplet et al. 1989; Oliver and Larson 1990; Law et al.
1992). |
Following the creation of a developmental gap, an incrgase in annual ring width of

more than 2.5 times for a period of at least four years is often seen in trees adjacent to the.

gap (Henry and Swan 1974; Spies and Franklin 1989). Growth releases of this magnitude

are common ways of dating c;anopy gap formation (Schaetzl et al. 1989) and result from

the ‘surroundi.ng vegetation’s response to the reduction in resource utilization and the
increased input of other resources. Growth responses associated with priority gaps have
not been documented, but in one study, the mean breast-height diameter (DBH) of.conifer

stems (greater than 16 cm in diameter) adjacent to priority gaps (54.9 Lé’m) was found to-be

larger than the mean DBH of closed canopy stems (42.6 cm) by 29% (McGhee 1996).

E
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1.3 Objectives and Hypotheses |

. The recent discovery of prror}ty gaps oﬁ'ers an- exceHent opportumty to quantrfy

_f/

on the periphery of pnorrty gaps comparedfto comfers in the adjacent forest matrrx In the/

& g_. e

e -

previous- lrterature revre,w'/__LoUt'hned numerous relatronshlps present withr/r_l)u;d ar'ouhd the
) ) R b‘:‘,‘;‘,/'/( N . ] ’ I N V' . ) - )/ . ,r B
priority gap. em’fi’fonment. My research goal is to determine/th”é in’ﬂuence of vine maple’

7 é’
T

A pncfrrty gaps on the morphology, basal growth/and the productrvrty of Douglas-ﬁr and .

western hemlock wrthrn a temperate ralnforest To meet. thrs goal I have estabhsl’ﬁdfve '

-

’fz e - e
research objectives: P E B

gap penphew coﬁlpared to those in the forest matrix.

4: To detemune the influence of priority gaps on current BA productivity and site
BA. .

5. In the Douglas-fir stand, to determine if priority gaps sites are associated with a
higher site index than closed canopy sites, and to determine the influence of the.
abundance of vine maple on site index. .

A priori, 1 established two hypotheses about the expected résponses of conifers to
P /e p

1
the priority gap. First, I hypothesized that in b:th stands vine maple priority gaps would

FS =N

g
be associated with greater spacing between coﬁfer boles, resultmg in:

12
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for conifers adjacent to gaps as compared to closed canopy conifers. I expected, a priori;, - _

a

- deeper and w1der crowns
- larger basal size _
- larger crown volumes -
o faster rates of radlal and basal growth

- - f

that increases in basal growth rates for conifers next to gaps would largely compensate for

the increase in growing space associated with the gap site. Second, I hypothesized that

the rich supply of bases vine maple adds to the forest floor (Krajina et al. 1982; Ogden

1996) would be associated with an increase in site index around priority gap'sites in the

Douglas-fir stand. I also expected, a priori, that a greater abundance of vine maple would

\

be associated with a higher site index.

1.4 Thesis Overview

In Chapter 1, I have introduced a distinct type of persistent gap in the canopy --

the vine maple priority gap -- and outlined some potential impacts priority gaps may have

=

on a variety of characteristics of conifers and ecosystems. I established several hypotheses
by which to examine these responses. In Chapter 2, I introduce my study' sites and the

methods employed in data collection and data analysis. Chapter 3 presents the major

+

findings of the research. In Chapter 4, I discuss my results and relate them to the findings

of other studies. In Chapter 5, I summarize my major findings, address the application o;'\\r

&
%

my research to forest management, and suggest ideas for futare re$éerch.

&
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a ' Chapter 2

'METHODOLOGY

5"

2.1 Study Area

-

The study area consists of two adjgcer}t stands, one dorninzﬁed by-Douglés-ﬁr and
the other by wéstem hemlock. The stands are }oéated on the upslope from the 2.5-3.0 km
markers along the main road in the Seymour DemonstratiQn Forvest,l Nortvh Vancouver,
British Columbia (Fig. 2.1). The study stands are on the Vsouth-east, moderate slopes
(Table 2.1) of the glacially-carved‘SeymourAValley (Lian and Hickin 1992). These

o

submontane sites, which range in elevation from 227 m to 290m, are transitional between

the Moist Maritime and Dry Maritime subzones of the Coastal Western Hemlock (CWH)

biogeoclimaticqzon'e (Meidinger and Pojar 1991). Thé mean annual precipitation averaged
for the two subzone:s is approximately 2088 mm (Meidingerr a.nnd Pojar 1991), of whichr
less than 15% falls as snow (Watts 1983). The majority of pgeéibitation olccurs during the
mild winter months (Oct. - Mar.) and a hot, dry period often occurs in’ late S;Jmmer%(Pojar

and Klinka 1983). The dominant soils in the area have developed from glacial till parent

materials and are moderately well to well-drained Orthic Ferro-Humic Podzols and Duric

Ferro-Humic Podzols (Luttmerding 1980). The soil moisture regime grades from sub-

&

xeric to sub-hygric.

‘Both study stands are 70-75 year old second-growth stands that have naturally

regenerated after clearcut logging in the early 1920s. The vegetation in both stands is a

<
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mosaic of relatively even-aged Douglas-fir, westem hemlock and western redcedar (Thuja
plicata) in the canopy, with the upslope stand containing a higher proportion of Douglas- *

fir, and the downslope stand a higher proportion of western hemlock. Red alder (Alnus

*

rubra) occurs relatively infrequently throughout the stands and is generally restricted t

riparian sites. The associated understory shrub and herb communities contain a good

" representation of vine maple, salal (Gaultheria shallon), and swordfern (Polystichum

munitum), with skunk cabbage (Lysichiton americarium) occurring on some sub-hygric
depressions.
Table 2.1. Site characteristics for gap and closed canopy sites. Means + standard

“deviations for aggregated Douglas-fir and western hemlock sites are given. There are 10
paired gap and canopy sites for each species.

Gap ' . : Canopy
- . /
# of sites 20 ' . 20
Aspect - 132°%133° 136° + 13.3°
Elevation 254m+15m 255 m + 16m
Slope 12°+£6° ¢ 13°+6°
Minimum vine 4 lyrs £ 11 yrs nopé
.. maple influence

) )

— Lz

- 2.2 Sampling Design

A total of 232 increment cores were extracfed from 116 trees (58 -Douglasjﬁr and

58 western hemlock) located on 20 vine maple priority gap and 20 closed canopy sites ”

! ‘ " 16
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V(Fig 2. 1) Ten paired s1tes.were located 1nthe Douglas-ﬁr stand and 10 1n the westem
hemlock stand The morphology, chronologles and spacing .of dominant Douglas-ﬁr or-
| western hemlock on each srte were measured The number of trees and sites sampled is
comparable to Biondi et al. (1992) who, in determining the eﬁ‘ect of Gambel oak

(Quercus gambelii) densrty on the growth of Ponderosa pine (Pinus ponderosa) in central

Arizona, found that 169 trees on 34 sites yielded appropriate statistical power. Ehrenfeld
- o

et al. (1995) sampled only 5 paired sites and was able to detect significant differences

between the BA of trees within persistent gaps and those in the adjacent forest matrix.

s

I used existing transects (McGhee 1996), whiclf ran upslope from east to west ‘at
50 meter intervals Within the study site, to locate vine maple priority gapsVisible from
transect lines (Fig. 2.1). A comprehensive sample of all appropriate sites in?both stands
was obtained.

Vine mai)le priority gap sites (Figs. 2.2a and 2.3) are gaps in the canopy that
contained healthy vine maple which had a minimum temporal influence of 25 years, were.
associated with no obvious gap makers or apparent edaphic characteristics, and typically
had at lcast three co-dominant conifers of the same species on the gap periphery. One
Douglas-fir site and one western hemlock site had only two appropriate sample conifers
adjacent to the gap but were chosen because they met the rést of the sample criteria. I did
not mix species types when sampling (i.e.‘ an individual paired gap and canopy site was
~ sampled for Douglas-ﬁr or western hemlock, but not both).

I paired each gap site with a canopy site (Spies et al. 1990; Ehrenfeld et al. 1995;

Orwig and Abrams 1995; McGhee 1996). Canopy sites (Figs. 2.2b and 2.3) wére located

17



Figure 2.2. View of the canopy taken 1.3 m above the forest floor within a) a vine maple
priority gap (top) and b) a closed canopy site (bottom). The canopy gap in the top photo
has been occupied since stand origin by a vine maple clone.

18
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at least 20 m from the gap 'édge and'rvrcohtaihed~ no Vevi'denCe'of vine fnaﬁle or ‘other -

hardWoods*.

2.3 Expanded Gap Size

I deterfpined gap size by measuring the size of the expanded gap. The expanded
gap is defined by thé boles of the trees whosé-foliage defines the édge of thé canopy
open’ingv(Veblen ,1985; Spies et al. 1990; Lertiman and Kreb‘sh 1'991;“Lertzman 1992). 1
chose tl;is method over m;easuring the size of the canopy gab (the vertical projection of the
forest opening onto the ground; Veblen 1985', Lértzman and Krebs 1991, Lertzman et al.
1996), for three reasons: a) canopy gap size is dynamic while the expanded gap size
remains constant, b) the size of the expanded gap is more indicative of the growing space

available for conifers on the gap edge and c) for management purposes, a fixed value of

" gap size would be easier to implement in a silvicultural sjrstem. I measured eight radi,

from the visual center of the gap, mapped the resuits to scale on graph paper, and used a

3

- . ~ \LV
planimeter to estimate the expanded gap area (McGhee 1996).

2.4 Conifer Morphology

Medium- to large-sized dominant and co-dominant conifers, formed the subset
population from whiqh;l randomly selected three conﬁers (of the same species) on each
site for analysis. Only trees which showed nb signs of deformities, insect or pathogen
infestatﬁon, subst;ntial leaning, or other damage (Stokes and Smiley 1968; Bibndi et al.

%

1992) were considered. All co-dominant and dominant trees that I sampled had DBHs

20
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greatef ‘than' "'Jb'O»lcm-.‘ The DBH of cbniferéwés fakén at 1.73 m frbfn the l;a-s,e of the upslope |
side of the tree (Jorsa 1988). | |
For trees in tl;e cl’osw, I measured the radius (vertically projected) andbt:h;ek |
depth of the crown-.at two points on a line parallel to the topog}aphic contours. .On
priority gap sites, thg 7tWo crown radii and depth measurements were takex; on an
imaginary Ijne which biseéted the center of the gap. Thre angle to> the base of the crcwn
was taken at a right angle to the bole. The height to thé crown base was then s;btracted
from t(e: height to obtain the crown depth. A gap—side crown is the half-crown portion of
a tree adjacent to the gap that extends towards the gap center. A canopy-side crown is
the half-crown of a trlae adjacent to the gap that extgnds away from the gap é.nd into the
surrounding c;':mopy. Mean canopy crown radius and depth were calculated by averaging
crown-dimensions for the north and south side of each closed canopy tree. Crown volume

-

~was calculated using the volumes for each of the half-cones generated by the data.

k-

2.5 Reconstructing Site Chronologies | -
2.5.1 Coring Pr(;cedures

Two cores were removed from each study tree at 180° from each other, on a line
parallel to the topographic contours (Stokes and Smiley 1968). This method of core
collection yields n.w;e accurate data than taking several cores from random points on the
bole (Jorsa 1988). Conifers were cored at bréast-heightv to eliminate the time period
between germination and.when the tree reached breast—height,_ as this js often a period of ¢

highly variable and sporadic growth (Veblen 1986).

21



2.5.2 A'nalysis_ of Cores ;

Cor'ihg prQCedu‘resﬁ,v handling, and mounting followed the »gu‘i‘delin‘esb outlined by
* Stokes and Smiley (1968),‘J;>rsa (1988), and Fritts and Swefnam (1989). I uséd a»high’- |
resolution stereo-microscope to-idetermine tree age and annual ring widths (to the nea;esf '
0.002 mm). Radiai increments w‘ekre measured with a tree ring measuring device (Veimex
6000) equipped with a video camera and monit(;r. The Velmex 6060 was linked to a
digital encoder é.nd ﬁﬁcrocomputer running software capable of | storing ring width
me‘ésurements by ;lear for each core., I then used the graphics feature of Microsoft’s
EXCEL 5.0 to visually cross-date cores against thcir partner core and against the site
chronology (constructed using mean radial widths by year for each species) (Ybung et al.
1995). I used 1953-55 3 relativel;l good consecutiye growing  years), i%q (ﬁoon
growing year), and 1991 and 1993 (;elatiVely poor growing years) as signatufe years
(Jenkins and Palle’irdy 1995). Given the easily discernable annual rings and the sensitivity
of the response in the majority of corés, I consider the core data to be highly accurate.

-

Cross-dating was double-checked to ensure accuracy.

2.5.3 Site Chronologigs -

Chronologies of radial growth were constructed frorﬁ the raw ring width series.
Annual rivng widths were avéraged for each site and these values were aéain averaged to
construct the chronologies of mean radial growth for gap and canopy sites for both

species: Chronologies of basal area increment (BAI) were constructed from the individual

chronologies of radial growth and by measuring the radius of each core (Jenkins and

{



Pa]lardy 1995; Little: et al. 1995) Where the p1th was not present Iused a p1th locator to -

determme the radlus of the core - (Jenkms and Pa]la;dy 1995) To determme yearly
glcrement, I determmed the radlus of the core at yearly intervals by subtracting the mean
radius for year t from the mean radius of the following year (t+1). BAIL in cm’ was -

derived using the folloWing equation (adapted from Visser 1995):
BAL=n rz(m) - rz(t)

where ris in cm. I assumed spheriealxgrowth for all trees.. I then averaged annual BAIs

for each site and these values were again averaged to construct the chronologies of mean-

‘BAI for gap and canopy sites for both .species:

2.5.3.1 Basal Area Growth (1945-1994)

I constructed chronologies of radial growth and BAI for the years of 1945-1994 in
"~ order to compare the long-term growth histories on gap and canopy sites for each species.

I chose 1945 as the starting point for the chronologies as the data set befpre this point

»

contains a higher number of missing values due to missed piths, several large trees that

could not be bored to the pith with available equipment, and younger trees which reached

=

breast-height as late as 1938.
To determine if differences existed between site chronologies, I created a

difference chronology. I subtracted the mean BAI chronosequence of the canopy from

F

the BAI chronosequence of the gap for both species of conifers (Young et al. 1995). The

distribution of values created by subtracting'the two chronosequences was then compared

Foo
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to a theoretical normal distribution with the same standard deviation, but with a mean of 0: £
If the distribution created from the difference chronology and the.thcotefical distribution

are significantly different, then the mean BAI chﬁronozlogies for gap and canopy trees are.

significantly different (Wilkinson 1990). No standardization procedures were used since I

“was testing for differences between means (Biondi et al. 1992).

To determine if differences between gap and canopy BAIs occur only at specific

stages of stand development, I calculated the mean BAI for each site for the five decadal

periods between 1945-1994 (Jenkins and Pallardy 1995). The decadal-segments wgre then
compared between gap and canopy sités for both species.
' 2.5.“1.2 Radial Growth Prior to 1945

.For Douglas-fir, I determined sapling growth during the earliest stages of stand
development using a subsample of 10 randomly selected trees taken from the population
which had cores which penetrated the pith, and were greater thane or equal to 63 years in
breast-heigﬁt age (to maximize time spafl). For western hemlock, due t;) thesmall number
of hemlock which established around the time of stand regener'ation, a samble size of only
5 each for gap and canopy sites was obtained. Only western hemlock with a breast-height
age between 63-70 years were considered for this analysis. This maximizes the time span
I am lbokin_g at and ensures that similar populations are compared. I reconstructed
chronosequences of radial growth from 1932-1945 for gap and canopy sites for both

species. The series were then tested in a-similar fashion as the 1945-94 chronologies of

"~ BAL  Chronologies of BAI were not reconstructed for this time period as small

-
-
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vdiﬁ‘érences in breast-height agé‘wbuld inﬂgépce BAI vaJUeé, which are ~lra'rg¢ly‘ d,epéhdaﬁtl e

on a tree’s radius’(Visser 1995). As tree radius is very small wlhien trees are YG'ung_; .
differences in age could lead to exaggerated differences in BAI for this time period,

. ‘ , - ) Py ?
resulting in misleading conclusions. oo

2.6 Site Pfoductivity
72.6.1 Site lndex" - | o | .

Site index isAz; standard measure, baséd on height growth, used to ‘estimate the
quality of a site (Carmean 1975). .Because height g;owth occurs ;ndependently of stand
density, it is a widely accepted méasure of site quality (Carméén 1975; Larocque and
Marshall 12993; Wang et al. 1994). quever,’ ovérly dense stands ;'nay experience reduced
height growth and stands with a very low denéity of stems may éx‘perience» increased
height growth (Carmean 1975). Sit;; indices represent the height of dominant trees at age
50 and are calculated using age at breast-height aﬁd total tree height (Thrower and
Nussbaum 1991).

Age at breast-height was determined by counting the number of rings from the pith- *
to year 1994. For céfes that did not contain the pith, I used a pith locator -- converging
concentric circles drawn the same width apart as the inner rings of the core -- to estimate
breast-height age. Cores were aligned for best fit on the pitﬁ locator and age was

estimated by adding the number of concentric circles between the last recorded date on the

core and the expected pith location on the pith locator (]éﬁkins and Pallardy 1995).

25
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I determined tree. height with the aid of a clinometer. The angle to the tree top * =

=,

v!&_ - o - . - - . o
was taken at right angles-to the bole and trigonometric functions were used to calculate -

the height of the tree (Wenger 1984).

I calculated site indices ;usivng ‘Freddie’, a site index estimation program (Polsson

1993). Site index was only measured for Douglas-fir. Site fmdicés were not measured for

hemlock since suppression of currently dominant and co-dominant hemlock under the pre-
logging canopy (See diécussion) may maké site index values for hemiock unreliable du‘e to
decreased height growth Iassocigted with intense canopy shéding (Oliver and Larsbn
1990). |

AN

Mean site indices were derived for Douglas-fir on the edge of the gap and each

b

- Douglas-fir on closed canopy site by ave;g,ging individual tree site indices. Pairing of the

sites eliminates problems associated with differences in slope position, aspect or elevation.

L

2.6.1.1 Vine Maple Influence

rd

younger stems (Russel 1973; Mc%hee 1996), the actual time vine maple has occupied a

site cannot always be determined. The minimum temporal influence of vine maple is

determined by measuring the age of the oldest living stem (0’Dea et al. 1995, McGhee

i

1996). In these stands, McGhee (1996) found tha‘t'diameter (d) and age of a vine map}‘é‘tl“‘ : ";;;f

stem are highly correlated (r* = 0.92) when the following regresSion equation is used:

T

stemage= d
. 024
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Since older stems originating from a single root ball often die and are replaced by
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I used thlS relatlonshxp to relate stem dlameter (taken 20 cm above the base) to stem age EE

for the largest live: vine maple stem w1th1n each gap s1te (McGhee 1996) My study'

stands are just emerging from stem exk:'ﬁrsmn (McGhee 1996) All priority gap clones had

i,, L

‘a minimum fémporal influence of >25_)[%s; therefore,.I would expect that most clones

s ., N <« 2

“had become establighed during stangd inifiation, as O’Dea et al. (1995) report that the’

propagation of vine maple occurs infrequently in the dense stands that develop after

canopy closure.

¥

To detemyge if site index is associated with the percentage of vine maple cover.

.. directly around Douglas-fir, I estimated the percent area of ground, within 5 m of each

bole, covered by the vertical projection of vine mdple foliage onto the ground for each of
4 quadrants. I did not include western hemlock in this analysis since site index was not
determined for western hemlock.
2.6.2 Potential Growing Space

The area potentially available index was first defined by Brown (1965) as a

simple measure of growing space, where the area available to each tree was defined by the

smallest polygon formed by bisector lines between the, subject and surrounding trees. This

index was later modified (Moore et al. 1973) tb’determine inter-tree bisectors based on the
proportional size of the subject tree to adjacent trees, and was termed the w*éighted area
potentially available (WAPA) index (Fig. 2.3). The WAPA index is a direct measure (in

m’ ) of the amount of forest ground area a subject conifer can potentially. utilize given the
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proximity of adjacent trees. Moore et al. (1973) validated the WAPA index \in a cvompléx"' E
uneven-aged stand with 19 diﬁ‘erént hardwood spécies preSent The WAPA mdex was
also successfully used by Damels et al. (1986) Tome and Burkhart (1989) and Blgmg and

Dobbertin (1992) I

The weighting function (Wij), based on comparative'ﬁA of éompeting»-coﬁ?féfs-,”'is

the distance from subject tree i to the weighted” mid-point between .subject tree i and

¥

competitor j. The weighting function is determined by the'following equation (adépted

from Moore et al. 1973; Daniels et al. 1986): -

W =- _BA; L ~ .
(BA; + BA))

=

where Lij is the distance from subject tree i to competitor j. Only those boundary lines

closest to the tree are considered in defining a coﬁifer’s poI};gon (Fig. 2.3).

‘I recorded fﬁe. DBH of each surrounding conifer‘larger than 20 cm in diameter- at
breas_t-height. I observed that stems smalle; than thig_ are young saplings .and) occur
relatively infrequentfy in the study stands. All trees within 10 m of the subjecf tree were
recorded. If an angle of greater than 90° waé not occupied by a surrounding cénifer, trees

at a distance greater than 10 m were measured. 1 was careful to record all surrounding

conifers whose foliage would define the gap created were the subject tree to be removed.

I calculated the distance to the Weighted bi-sector lines (Wy;) in Microsoft EXCEL and

manually plotted the results. I then used a planimeter to measure the WAPA index (Fig.

Ve
!

2.3).

28



2.6.3 Basal Area Productivity = oo S

To determine the influence of the gap and canopy sites on.the total BA presenton. .. ... .

a site or on net productivity, it is necessary to consider each tree’s potential growing
space. A mean value for sité BA (m*ha ) was calculated by dividing each tree’s BA” by its
‘WAPA index, and then deriving a site mean. Net productivity is generally defined as the

increase in plant mass or volume ‘per unit area per unit time (Wenger 1984; \E}Kimmins
1988). However, to avoid error. agsociated with converting tree dimensions to'volumes

" (Kimmins 1988), I have represented current BA productivity (m”> ha* yr'' ) as tﬁ,fe mean
preser ty y \

annual increase of BA per unit ground area for the period of 1985 -1994,

2.7 Data Analysis

I analysed the data with SYSTAT soﬂ;wa;e, versions. 5.0 angi 6.0 (\Nilkinson

1990, SPSS 1996). I tested differences between means using both pafametﬁc and non-

" parametric tests, deperfding on the observed distributions of the variébles. Parametric
tests a-re always pre.fef'able to non—pafametfic tests when the populaiions ,are normally

distributed, as they are more péwerful in detecting differences between means (7Sokaf and

Rohlf 1981). Hoyvever, non-normality ?s prevalent in ecological cjiata sets and non-

parmnetﬁc statistics provide viable alternatives to parametric statistics fwhen working with

non-normally distributed populations (Potvin and Roﬁ’ _1993). 7Ir uséd_;*ranked ;)rder%,‘ ﬁoq—

parametric statistical tests when outliers were present in a data set, when data

transformations were not possible to achieve normalcy (e.g. continuous or bi-modal

1
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distributionsj, or when it was do,ixbtful whether the data:s-et wasnofgﬁally dist‘rib‘utedv‘,k
given the ;malll sample si.ze (Potvin and Roff 1993). VW'hervl the underlying ]Sopulationl 1s _
nof normally distributed, non-parametric procedures genefally provéf‘ méré, eﬂicieﬁt at |
detecting diﬁ'erénces between means thaﬁ their pérametn'c counterpért's (Potvin and Roff
1993). Mean values were calculated for each site in order to avoid p‘seUdb-replicat_ion, a
common prot;lem in geological studies (ﬁurlbe& 1984). In determining whether site index
was associated with the percentage of vine maple, individual trees formed the experimentai

unit.

2.7.1 Parametric Tests

In order to minimize variability’ due to inherent variation in the staﬁd (Oliver and
Larson 1990), I employed paired t-tests to test for differences betwe}en' gap and canopy
sites. I also used unpaired t-tests to comﬁare between the ‘Douglas-ﬁr and western

hemlock stands. Functional relationships were examined using model II linear regression
(Sokal and Rohlf 1981). For all parametric tests, transformations were performed on data

sets which were not normally disttibuted when checked with a- normal probability plot

" (Wilkinson 1990). I used Pearson correlations to determine co-variance of linearized data.

2.7.1.1 Data Transformations
It is common for area measures to require transformations to achieve a nor;ﬁjclly

distributed population (Lertzman pers. comm.). Gap size, BA and potential growing

space (WAPA) required log transformations to achieve normality (Wilkinson 1990).
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Crown volume was square Toot t?@Sfo@ed (Wilkinson 1990). The percent:;gé of vin§ e

maple was divided by 100 and‘tl;en arc-sine square' root transformed. - Other variables

either did not require transformations or were analysed with non-parametric tésts, for

‘which I retained the original form of the data set. -

2.7.2 Non-Parametric Tests .

®

For data sets that did not meet the assumption of normality, non-parametric tests

were used. For paired analysis, I chose the Wilcoxon signed-ranks test. The Z stat'(sum

of signed ranks/ sum of squared ranks) is reported for Wiicoxon tests. To test for

differences between chronological sequences, I employed the one sample Kolmogorov-

Smirnov (KS) test. I used the two sample KS test to compare the distribution of tree ages

)

for western hemlock (SPSS 1996).

2.7.3 Statistical Power

4 ]
“

I used a standard significance level (o) of 0.05 for all the statiétical tests in this

thesis, minimizing my chances of rejecting the null hypothesis (H,), when it is true (type I

error).. However, when a statistical test is unable to reject H,, it does not necessarily

mean that the two populations share the same mean. Differences between means may not
have been detected due to low power (1-), attributable to a small sample or effect size

and/or a large sampling variability (Peterman 1990; Lertzman 1992). Statistical power

was calculated for regressions with power analysis software (Borenstein and Cohen 1988).
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~ Chapter3

| - RESULTS
3.1 Site Charécté}istics
3.1.1 E;panded G;lp Size
Expanded gap size in the Douglas-ﬁr stand ranged from 53 mzr to 187 m” with a
mean of 90 + 39 m’ (Fig. 3.1a). Expanded gap size in the western hemlock stand ranged
« from 87 m® to 355 m* with a mean of 197 + 80 m’ (Fig: 3.1b). Priority gaps in the

—

' -_Douglas-ﬁr‘ stand were ksigniﬁcantl'y smaller than priority gaps in the western hemlock

- -stand (t = 3.820, df =18, p = 0.001). The distribution of expanded gapv sizes for Douglas-

- .

fir followed an exponéntial‘decéy curve due to the high number of smaller priority gaps

and relatively few larger priority gaps in the stand. Expanded gap sizes in the western

hemlock stand were normall}; distributed about the mean.

3.1.2 Age Structure

1 compare;i tree ages between paired sites to eliminate the possibility that obseryed
responses were a result of inherent differences in a;ge between gap and canopy sites. All
sampled I?ouglas—ﬁr regenerated within a narrow time frame. The ages of; Douglas-fir on
both.sites wereA norma!ly distributed afouqd_their' means (~ 63 years for both sites;Table
3.2a). I did not detect significant differences for mean breast-height tree age between
paired gap and canopy sites (T = 1.51, df = 9, p = 0.17; Fig. 3.2a). No veterans, large

trees that are a legacy of the previous stand, were present on any Douglas-fir study sites.
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Figure 3.1. Distribution of expanded priority gap size on a) Douglas-fir and b) western

a) Douglas—fir

|

5%
S

00004

2
¥

u %
00

>
S0%%!

50

150

i T
250 350

.‘b) western hemlock

IR

N

&
%% %
126%0%¢ ¢

d

X

e
KX 6% %

50

150

Expanded Gap

RPN
W et

250 350

Size Classes (m2)

LNNOD

LNNOD

hemlock gap sites (n = 10). Gap size in the Douglas-fir stand is significantly smaller than
in the western hemlock stand (df = 18, p = 0.001).
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Figure 3.2. Distribution of breast-height age for gap and canopy a) Douglas-fir and b)
western hemlock. All sampled trees are represented (n = 29 each for gap and canopy
trees). No differences in mean site age between gap and canopy sites were detected for
either species (Douglas-fir: T =.1.51, df =9, p = 0.17; western hemlock: Z =1.07, n =
10, p = 0.29). '




N

The range of breast-height ages f(’)rﬁwestern hemlock was much greater than f'o_ﬁ .

D(})uglas-ﬁr‘ (Eig. 32a & b)-- 44 vyears~ (56 - 99 years) for western henilocék ’\‘/'er"sﬁ,s_ only ‘7< )
, years (60-66 years) for Douglas-fir. I did notr detect differences in mean site ége lr)etbw:e;nA
priority gap and capopy si;es’ for western hemloc‘k (Z=107,n=10,p= 029) ,

Western her;ﬂdgk on closed canopy sites exhibited a bi—mo&al age distribution and
tended to be Ve‘it;her relatively young or relatively old. The age distribution for western
hemlock 6n priority gap sites was relatively uniform across the age cohorts (Fig. 3.2b). 1
was unable t'o detéct significant di;’feren_c_es in the distribution of ages between western
hemlock on gap §'1’;es Qersus canopy sites (K8, n = 10, p = 0.33). |

.

3.2 Conifer Morphology - - | -
3.2.1 Bole Size |

The mean DBH of (tr.ees‘ on gap sites (“Doﬁglas-ﬁr: 605 + 6.2 yrs;, western
hemlock: 54.8 +8.9 yrS) was greater than trees on closed ca'mopy sites (Douglas-fir: 49.8
+54 yrs; western hemlock: 42.5 * 5.5 yrs) for both Douglas-fir (T = 4.46,. df=9,p=
0.002) and western hemlock‘ (T =4.12,df =9, p =0.003; Table 3.1). Linear increases in
diameter resulted in exponential incregses,in BA (Wenger 1984). Diameters of Douglas-

&

fir that were 21% greater on gap versus canopy sites resulted in mean BAs that were 46%

greater for Douglas-fir on gap sites versus closed canopy sites (Table 3.1a). Mean
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- Table 3.1.  Characteristics of gap and cahbpy a) Douglas-fir ‘and b) western hemlock =
- (means * standard deviation, n = 10 each for gap and canopy for both Douglas-fir and

western hemlock) Paired T-tests were used for all variables. The ratio denotes the value -
of the gap variable divided by the value of the closed canopy (CC) variable. ’

a) Douglas-fir -
Characteristic Gap CC Gap:CC  p values
Breast-height tree age (yrs) 62.8+ 1.2 635+1.1 ~0.99 0.166
|'Tree DBH (cm) 60.5+62  498+54 ~ 121 0.002.
Tree BA (m°) 0294060  020+£043 146 0.002
Crown radius (m) “4.4+12 29 £05 1.50 0.001
Crown depth (m) 22.0+4.5 17.7+3.3 1.24 0.026
Crown volume (m’) 5354154 190+73 2.82 - <0.001
Tree height (m) 484+254  461+186/ 1.05 - 0.055
| Site index 426425 402+19 106 0047
Potential growing space (m®)  44.0+ 134" 27446238 1.61 0.007
b) Westemn Hemlock
Characteristic Gap CC Gap:CC p values
Breast-height tree age (yrs)  76.2+12.0  71.5+13.0 1.07 0.29
Tree DBH(m) o . 54.8 +8.9 425455 1.29 0.003
Tree BA (m?) 025+008 0154004 » 169 0.002
Crown radius (m) 46+1.7 35404 - 131 0.001
“Crown depth (m) 23.7+5.0 193433 . 1.23 0.01
Crown volume (m’) 694 + 300 299+ 85 . 2.32 <0. 001
Tree height (m) 403 +4.1 409+18 099  0.69
Potential growing space (m°)  45.8 +20.5 183+73 2.50 <0.001
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7 dtameter dlﬂ'erences of 29% for ‘western. hemlock on gap VErsus . canopy sxtes resulted in -

mean BAs that are 69% hlgher for westem hemlock gap versus closed canopy srtes (Fig.

3.1b). Mean srte BA was correspondmgty higher on gap sites than the paxred control s1tes'j - "

- for both speci’es'(Douglas-ﬁr:‘ T= 4.39, df =0, p= 0.002; western hernlock: T =»_4.17, df

r

=9'p =0.002). | ) L -

3.2.2 Crown Morphotogy :

For Douglas-fir adjacent to “gapc I was unablef-to tde.'tre'ct diﬁerences between the
mean gap- 51de crown radlus 47+1.1 m’) and mean canopyv-\51de radius (4 1+13m;T=
1 21,df =9, p = 0.26). However, both were 51gmﬁcantly greater iR length than the mean
"crown radius of closed canopy Douglas-fir (2. 9 +05 n: gap—51de T=5. 07 df=9p=
0.001; canopy-side: T = 2‘.7-0, df=9:, p = 0.02; Fig. 3.3a).

For western hemlock, howev‘er, the mean gap-side crown radius (5.7 + 1.4 m) was
significantly longer than the mean canopy-side radius (3.‘5 +1.1lmT-= 4.2',"df." =9, p =
0.002) and the mean radius of closed canopy conifer crowns (3.5 204 m; T=548, df =
9,p< 0‘001)4 I did not detect significant differences betwee‘n the canopy-side crown
. radius and the closed canopy radius (T = 0.31, fif =9, p=0.98; Fig. 3.3b).

Crown depth showed similar trends in both species. ‘The gap-side crown was

deeper (i.e. hung lower) than the canopy-side crown (Douglas-fir: T =272, df=9, p=

0.02; western hemlock: T =493, df =9, p = 0.001) and was also deeper than the mean
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Figure 3.3, Box plots showing gap-side, canopy-side and mean closed canopy crown radii
and crown depth for a) & c) Douglas-fir and b) & d) western hemlock. The central
horizontal lines represent medians, and the point where the angled sides of the boxes reach
full width are equivalent to the 95% confidence intervals around the medians. The upper
and lower horizontal lines delimit the central 50% of the data, and the asterisks represent
outliers (Wilkinson 1990; Lertzman 1992). /
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Figure 3.4. Box plots showing crown volume for a) Douglas-fir and b) western hemlock.
Gap crown volume is significantly larger than canopy crown volume for both species.
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closed canopy crown (Douglas;flr: T =431,df =9, p’=0.002; westem hemlocnl;_c; T=
5.89, df = 9, p< 0.001;—Fig; 3.3c & d).- ’I, Was unable to detect: diﬁs’erences;betvveen the ;
: canopy-sxde crown depth and the closed canopy crown depth for elther spemes (Douglas—ﬁ N

’ﬁr:T—llO df =9, p=030; westemhemlock T = 0.66, df = 9p 0.53; F1g 33c&‘

d).

The above relatlonshlps resulted in trees adjacent to- gaps havmg lﬁrger crown*_

volumes than trees in the closed canopy (Douglas-fir: T = 6.60, df = 9, p < 0.001;

western hemlock: 'T =T7.02,df =9, p <0.001; Fig. 3.4a & b). Ther mean crown volume

‘of Douglas-fir next-to gaps was 2.82 times Vgreater than the mean volume for closed

canopy Douglas-fir (Table 3.1a). For western hemlock nest to gaps, mean crown volurie
w7 , :
was 2.32 times greater than mean crown volume for canopy western hemlock (Table

3.1b). Differences in crown volume were largely attributable to the greater crown radius

and deep gap-side crown of trees adjacent to the gap.

3.2.3 The Influence of Priority Cap Size
3.2.3.1 Douglas—fir P‘riorify Gaps |

Oh Douglas fir gap 51tes relatlonshlps between gap size and BA (r* =0.01, n= 10,
p=0. 78, power— 0.06), recent BAI (r*= 0.06, n = 10, p = 0.49, power = O 09), or
crown volume (r* = 0.11,n=10, p = 0.35, power = 0.01) could not be detected. Low
power in these regressions was attributed to the small sample and effect size (Peterman
1990). Given the small 1* values, if a relationship does exist, it is likely not a strong one.

The size of the expanded priority gap was statistically related to potential growing space
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Figure 3.5. Slgmﬁcant regressxons on Douglas-fir and western hemlock gap sites. a) '

Potential grcwmg space (WAPA) vs expanded oap size for Douglas fir on gap peripheries

(1’ =0.68,n =29, p = 0.006) and b) site BA (r’ = 0.60, n = 9, p = 0.01) vs expanded gap-
size in the Douglas-fir stand. The largest expanded gap was left out of both of the above .

analyses due to its very large mﬂuence on the regressions. ¢) Mean annual basal area
increment (BAI) of western hemlock for the past decade (1985- 94) Vs expanded gap size
(r—049 n =10, p = 0.03). o r
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(" = 0.68, n—9p 0.006; Frg 35a)andtosrteBA(r—O60n 9p 0.01; th

3.5b), but I was unable to detect a statistical relatlonshlp between gap 31ze and current BA 3
productivity (" =0.34,n=9, p = 0.01, power = 0.31). The largest gap was remOved_ from '

the three latter analyses due to the large influence it had on the regressions (Wilkinso,n; ‘

»

1990).

3.2.3.2 Western Hemlock Priority Gaps

On western hemlock gap 51tes an influence of gap size on BA (r = 6 01, n= 10 p

= 0.38, power = 0.11), crown volume (r = 0.16, n = 10, p = '0 38, power = 002)

potential growing space (r* = 0.03, p = 0.63, n = 10 power = 0 07), current BA R
productivity (r* = 0.15, n =10, p = 0.27, power = 0. 15)’ or site BA (r =0.004,n= ,'1 0,p= |

0.86, power = 0.06) were not détected. Recent BAI was the only variable stat'istiéally o

related to gap size (r* = 0.49,n = 10,,p = 0.03; Fig. 3.5¢).

3.3 Site Chronologies S - ,

3.3.1 Douglas-fir Sites

Dunng the earliest stages of stand development from 1932 1945, approxrmately 7J »

years afier seedling establlshment and untll the saplmgs were about 20 years m total age

there was no detectable difference between the radlal growth chronol.ogles in Douglas-f r

A

adjacent to gaps and those in the canopy (KS n= 14 p= O 18, Fig. 3.6a). The ratio of '

x

radial growth of Douglas -fir on canopy sites to Douglas—ﬁr on the edge of the gap durlng" o

this time penod was approximately 1'.0 (Fig. 3.6b). As the canopy continues lto grow and

;
/
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~ begins to close in thev'yearsraﬁer' 1945, D‘ouglas-ﬁfs adjacent to the gap increasingly
outgrow those in the closed canopy (Fig. 3.7a & b). The chronology of BAI for Douglas- -

fir adjacent to the gap was different'from the BAI chronology of closed cano'ﬁy Déu»gl-as—' |

fir (KS, n =50, p <0.001), as BAIs were consistently higher throughout the chronology

for Douglas-fir on the edge of the gap compared to those in the closed canopy (Fig. 3.7b). .

The ratip of canopy BAI to gap BAI decreases as stand age increases (Fig. 3.7c) In
1945, the BAI ratio was 0.84. This value continually decreased with time, reaching a
minimum of approximately-0.60 in 1994 (Fig. 3.7c). |
For bouglas—ﬁr gap sites, decadal BAIs were greater than decha! BAls for
canopy trees for all decadal segments: 1945-54 (Z =-1.99, n =10, p = 0.05); 1955-64 (%
=-2381,n=10, p=0.005), 1965-74 (Z = -2.70, n = 10, p = 0.007), 1975-84 @ =-2.70,
n =10, p = 0.007), and 1985-94 (Z = -270, n = 10, p = 0.007). Mean decadal BAI
increased as stand age increased for both éap and canopy sites (Fig. 3.8a).
Differing magnitudes of BAI betwéen the sites led to different cumulative BA
(CBA) curves. Mean CBA for Douglas-fir increased at-a greater rate than the CBA of

. closed canopy i)ouglas-ﬁr (Fig. 3.9a), resulting in the %A differences in Table 3.1a. By

calculating the CBA chronosequence from the core data, the widfh of the bark at the time

of sampling is not included, resulting in proportionally lower vatues of BA than when I

compared BA using field measurements, which did include bark width.
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Figure 3.8. Mean annual BAI for the last 5 decadal periods (1945-1994) for a) Douglas-
fir and b) western hemlock gap and canopy sites (n = 10 each for gap and canopy (CC) ~
sites). All paired decadal BAIs are significantly different (p < 0.05) except the 1945-1954
decadal period for western hemlock. Error bars represent 1 standard deviation from the
mean.
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Figure 3.9. Cumulative basal area of a) Douglas-fir and b) western hemlock on gap (O)
and canopy (@) sites. Number of trees representing each data pomt equals 29 on 10 sites.
Error bars represent 1 standard deviation from the mean. :
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3.3.2 'WEStérn Hemlock Sités- |

ﬁuring the earliest stage; of stand._ developmeﬁt, from '193>2-l945, 'Icould-’_xiqt., |
det:apt a differenée Betweeﬁ the fadial growth chronologies of wesﬁerﬂ Vhe’mlock adjac'entrtcr):
gaps and those in the candpy (KS,n=14,p = 0.13; Fig. 3,1Qa). | “The ratio of radial'_‘r |
growtﬁ of western hemlock on canopy sites to western hexﬁlock on the edge of the gap H
during this time period ranged from 0.62 to 1.31 (Fig.-3.10b).

The BAI chronology for western hemlock on the gap is significantly diﬂ'erént from “
the canopy w;zstern hemlock chronology (KS, n = 50, p < 0.00]) due to the consistently
higher BAIs on gap versus canopy sites fraom 1945-1994 (Fig. 3.11a). Howéver, the
difference betweer gap and canopy BAI did apbear to widen with time as it did wit‘hr 7
Douglas-fir (Figs. 3..7b and 311b), and annual ring widtﬁsfr on gap sites did nbt éppear to
exceed ring widths on canopy sites by the same magnitude as in the Douglasfir stand.
Mean annual ring widths for both sites appear to be relatively equal until approximately
1950, when gap sites begin to outgrow canop&r sites (Fig. 3.11a). The rafio of the ring
width of closed canopy western h;emlock to western hemlock adjacent to the gapris
relatively low (0.61; Fig\.iﬂc), though there is no evidence in the 1932-1945 radiai

chronosequence that indicates why the mean BAI is higher on gap sites in 1945 »(Fig.

3.10a). The ratio of canopy to gap BAI between 1945-1994 was relatively constant and =~

showed no distinct trend, starting and ending the recorded time period at approximately

0.70 (Fig. 3.11c).

For the 1945-54 decade, I did not detect differences in decadal BAI between gap
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Figure 3.10. a) Mean radial growth of western hemlock saplings on priority gap (0) and
closed canopy sites (®) (=5 each for gap and canopy sites), and b) the ratio of mean
closed canopy (CC) radial growth to mean gap radial growth. A Lowess smoothing
function with a tension of 0.4 was applied to the data (Wilkinson 1990).
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* Figure 3.11. a) Radial growth and b) basal area increment (BAI) chronologies for gap (0)
and canopy (®) western hemlock for 1945-1994 and c) the ratio of mean canopy BAI to
mean gap BAI. The numbers of cores representing each data point = 58 (29 trees). A
Lowess smoothing function with a tension of 0.4 was applied to the data (Wilkinson
1990). Chronosequences in b) dre statistically different (KS, n =50, p < 0.001).
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and canopy sites for western hemlock (Z = -1.68, n =a~10,§p = 0.09:; Fig. 3.8b). _'A‘llfc;tﬁér'

decadal segments had signivﬁcanﬂy higher mean'anﬁual BAI on gap sit.e‘s compared td
canopy sites (Fig. 3.8b): "1055-64 (Z = -2.29, 1= 10, p = 0.02), [965-74 (Z = -2. 19,n= o
10,p = 0.03),'7 197584 (Z = -2.09, n =10, p=0.04), and 1985-94 @ =2229,n=10,p=
0.02). | .Meavn decadal BAI increaséq as stand age increased until thé 1975-85 décade, : ~,4»
when decadal BA:I decliﬁegi;(not significantly). BAI signiﬁcantfy declined ’forfthe most
recent decade of xgr’o-vAvth (1985-94) compared to the prev10us decade (1975-84) for botl;zl '
western hemlock next to gaps (Z =-224,n= 10 p=10.02) and in the closed canopy (Z =

-2.60,n=10, p =0.01; Fig. 3.8b). _ ,

Mean CBA for western hemlock next to gaps increased at.a greater rate than the

P -+

CBA of closed canopy western hemlock (Fig. 3.9b), resulting in the BA differences in
Table 3.1b. By calculating the CBA chronosequence from the core data, the width of the
bark at the time of sampling is not included, resulting in proportionally lower values of BA

than when I compared BA using field measurements, which did include bark width.

2

Do o

3.4 Site Productivit'y
3..4.1. Site Index

The estin;éted mean site index for the Douglas-fir stand was 41.4 m. This -
represents the upper range of‘isite index for Douglas-fir in the coastal forests of B.C.
(Thrower and'Nussbaum 1991). Site index was significantly higher for Douglas-fir
adjacent to priority gaps (42.6 + 2.5 m) than those in the closed canopy (402 £+ 1.9m; T

=226, df =9, p=0.05; Fig. 3.12a).
L
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Figure 3.12. a) Site indices for gap and canopy Douglas-fir sites, analysed with-a paired t-
test (p = O 050, n = 10 each for gap and canopy), and b) a plot showing the non-significant
correlation of percent cover of vine maple within 5 m of each subject Douglas-fir and site
index (r =0.18, n =29, p = 0.34). Both gap and closed canopy sites are associated with a
high site index for coastal Douglas-fir in B.C. (Thrower and Nussbaum 1991).



The percentage of vine maple within a S m facti&;éf of“.D'oug}as'-ﬁrz adj_arcénf to the =

gap ranged from 0 to 75 % with a mean of 32:1 £ 218 % (Fig: 3. izb). 'Sifé_indek was not o

significantly correlated with the transformed percentage of vg\ne maple cover within a S m
, . | A

radius (r=0.18, n= 29? p = 0.34; Fig. 3.12b). However, sev"yeral outhers did occur in the -

data set which may explain why significant results were not o'btained‘, even though the
trend was an increase in site index as the percentage of vine mapleincreased. Three of the
outliers occurred on a single site. When this site was removed from the analysish the

~

correlation was significant (r = 0.41,,n = 26, p = 0.04).

3.4.2 Potential Growing Space

The mean i)otential groWing space for Douglas-fir é)n the edge of gaps.ranged from
27.0 m,2 to 74.1 m® with a mean of 44.0 +13.4 m? and on canopy sites values ranged from
19.4 m® to 39.4 m* with a mean of 27.4 + 6.8 m’. "For westérn hemlock adjacent to the
gap, mean potential growing space ranged from 24.3 m’ to-78.5 m’ with a mean of 45.8
m? (+ 20.5 m?) and on western hemlock canopy sites, values ranged from 5.6m’ to 28.2;115
with a mean value‘éf 183 m* (£ 7.3 m?). Potential growing spaée was significantly
greater on gap sites versus canopy sites for both spécies (Douglas-fir: T=345,df=9, p
=0.007; western hemlock: T =5.74, df =9, p <0.00 lr; Table 3.1). |

Crown volume and bole size were highly correlated with potential growing space.
All of these variables were positively correlated (significantly) with recent BAI growth for

both species. Greater spacing between boles produced trees with larger crowns and boles

and higher rates of BA growth (Table 3.2). The high degree of correlation between crown -

53



-]

¥

WAPA index as an accurate indicator of growing space (Table 3;2).’} -

3.4.3 Basal Area Productivity ‘ ’ ) .

* The ratio of current BA productivity of Douglas-fir on gap ‘sites sversus canqpy T
sites is 1.05 (Table 3.3). The ratio_of site BA is 0.91 (Table 3.3). For Douglas-fir sites, -
‘site BA (Z =-0.76, n = 10, p = 0.45) and current BA productivity (Z={046, n=10, p =

0.65) did not significantly differ between gap and cénépy sites (Table 3.3 and Fig. 3132 &

€

c). Douglas-fir on the gap periphery occupy 161% of tﬁe growing spécefof Douglas-fir in

the closed canopy (Table 3.1a), and the greater growing spate was utilized by Douglas-fir

i ,

- The ratio of current BA productivity of gap versus canopy western hemlock was

to increase its BA.

0.62. The ratio of site BA is 0.64 (Table 3.3). Western hemlock on the edge of the gap

had significantly lower site BA (Z = 2.29, n =10, p = 0.02; Fig. 3.13b) and lower current
" BA productivity (Z = 2.50, n = 10, p = 0.01; Fig. 3.13d) ;han western hemlock on closed: ’

canopy sites. Even though western hemlock adjacent to the gap had a mean BA that was

69% larger than western hemlock in the closed canopy, western hemlock adjacent to the

]

gap occuppied 150% more growing space than closed canopy trees (Table 3.1b), and this

value may be underestimated (see discussion). .
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Basal Parameter - 7 ~Gap " CC"  Gap:CC p
Douglas-fir site BA - . 697+157  769+234 091 045 |,
(o ha™. , oo N

| Current BA productivity 1.07+028  1.02+031 _ 1.05 0.65
(Douglas-fir) (m® ha™' yr') 4 - - 7
Western hemlock site BA 58.1+13.0 91.5+358  0.64 0.02
(m?ha’) X | C »
Current BA productivity 0.66 +0.30 1.07£0.40 .. 0.62 0.01
(western hemlock) (m* ha' yr') - ’ ‘ :

- .

Table 3.2. Pearson correlgtion values and probabllmes showrng the mterdependance of e .

~conifer characteristics forzi Douglas-ﬁr and b) western hemlock. -Crown volume (CV),; - - -

breast-height diameter (DBH), mean annual basal area increment (BAI) for 1985-94, and - -

potential growmg space- (WAPA) all posrtlver co-vary for both specres, o

Pearson’s Correlation Matrix - Douglas-fir

DBH cv . BAI(85-94)

CV - 0.881 (0.000) - , ,
BAI (85-94) 0.564 (0.010)  0.634 (0.003) .
WAPA 0.895 (0.000)  0.904 (0.000) 0.562(0.010) '

Loy

Pearson’s Cdrrelatjon Matrix - Western hemlock

DBH CV -~ BAI(85-94)
cv 0.797 (0.000)- —
BAI (85-94) 0.909 (0.000) 0.728 (0.002)
. WAPA 0.616 (0.023) 0.666 (0.008) - 0.662 (0 009)

Values in matrices represent Pearson coefficients. Values in brackets represent Bonferroni
. probabilities. :

A\
3

. Table 3 3. Summary of the site basal area (BA) and current BA productnvnty (1985-94) -

for gap and canopy (CC) sites for Douglas-fir and western hemlock (mean * standard .
dev?atlon n = 10 each for gap and closed canopy; Wilcoxon sngned ranks test). The ratio
represents the gap value divided by the canopy value.

%,




ES

rs

“

Current BA Productivity (m? ha-1 yr-1)

100

80

o
o

Site BA (m2 ha~1)
&
(=]

20

100

oo
o

60

40

20

Figure 3.13. Site basal area (BA, n = 10) fo} a) Douglas-fir and b) western hemlock and

1 :

E
4
vn

Canopy °~~  Gap

Site Type

c¢) Douglas—fir

b

Il 1

Canopy Gap
Site Type

Site BA (m2'ha*l)
Py

.

"

00, e
* Cénopy /
. ) - é/'
d) western hemlock
20 — :
T
= - /
- T ;"7
= 15 . &
rd o~ 2 = - N
5 &
z w
Z j0} - < - v
o N *
5 .
2.
s o
(-9
<
= oos §
(=]
']
ot
=,
&)
0.0 - | 2 s
: Canopy ~ Gap
Site Type . o -
> ]

current BA productivity for c¢)-Daouglas-fir and d) western hemlock. Productivity -
measures are not significantly different between gap and canopy sites for Douglas-fir but C,
are significantly different for western hemlock (p = 0.01 for b, and 0.02 ford). - .

N H
-y o

)
I

y

%



Chapter 4

-DISCUSSION

i
b
I

In ,Cha’p/ter %/I festablisl;éd, tw,’cff a przorz hypotheses basr,éd o’n.'the:; Jéxpecfed
responses of Douglas-fig and western hemlock to the presénce.of a griority gap.;’:,lvly first
h hypethes1s Atated that jah’ increase in growing spack would be p'bServed for corﬁfers
""'ad}a }{ t to- gaps reﬁlltlng in mcreases in a Varxety o& blophyswal l;omfer characterlsucs
/Douglas-ﬁr afid western hemlock adjadent tq pfiority gaps d1d harve s1gmf1cantly g,reater

potent(al growlng spakes than tregg infhe adjacent ¢losed’ canopy (Table 3. 1) Sm/l:e one
o/f t/he/pnma,ry contl’olhng/mecl}aﬁlsfns for above-ground net prlmaly prfoduct:vrty m
f,'.temperate fqrests is/light availability (Mitchell 1975; Law et al. 1992) the wuder;fspacmg
vof comfer stems (T%lé 3.1) associated with the presenCe o/f/a pr1onty gap WOuld result in
greater hght 1nter5teptlon for treesfadjacent to the gap (Oliver and Karson 1990). The
greater the 1ntercpptlon of l1ght the larger the crown that ls able to develop, ’the greater’
the photosynthate that-is produded, /and - the greater the addltlon of xylem 1o the stem
(Table 3.2). Therefore Douglaf—ﬁr and western hemlock on the edge of the gap, though

i

s1mllar in age to the same specy’es m the closed canopy, have developed deeper and w1der

J

crowns (F1g.!3.3’) and larger fcrown' volumes (F1g. 3‘.4) than comfefs on cl‘osed‘ canopy

sites. Greater crown. volumes generate greater rad1al growth and BAIS (Pacala et al.

‘° ,/

1994; Long and Smlth 1984 Ohver and

f

»/Larson 1990 Table 3.2, Flgs B 7b and 3.11b),

which resulted in the larger dlameter ste,"ﬁs on pnorlty gap sites (Table 3 l) Basal growth

T

rates for. 'Douglas-ﬁr next to .?pI'lOI'lt gaps d1d largely compensate; for the increased

—
"~ B
‘
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f -/

growmg space resultlng in. s1te BAs that were snrular between gap and canopy s1tes”ik

i A"

(Table 3.3). Westem hemlock next to- gaps could not compensate for the 150% 1ncreasef’ :

I

m gtowrng space and srte BA ‘was lower for western hemlock on gap srtes compared to

' canopy sites (Table3 3) o S -

My second hypothesls was assoclated w1th the ﬁndlng that vine maple adds arich -

‘supply of bases to the forest ﬂoor (Krajlna et al. 1982 Ogden 1996), whrch ‘may 1ncrease5: '

the site index associated Wlth the priority gap environment in the Douglas-ﬁr stand The

[

site deX was srgmﬁcantly higher for Douglas-ﬁr adjacent to prlonty gaps (Flg 3 12a)'

i

But, I was unable to detect a sngmﬁcant relationship between site mdex and the percentage

e

-influence on the correlation is addressed in section 4.3.

~ of vine maplfe cover a.round a stem (Fig. 3.12b). However, outllers were present, and their

i

e
g
pa
/

Expanded priority,"gap size was signiﬁcantly smaller in/the- Douglas-fir stand

/,

’compared to the western hemlock stand (Frg ¥ 1) The drﬁbrmg mean gap size assoc1ated |

/

/ . .
with stands dommated by: Douglas-ﬁr am‘f those dommated by western hemlock (F,lg 3 D

e /

can be explained by the canopyxcharactenstyzs of each species. Stands dOmmated by

¥

Douglas-ﬁr have a hlgher degree of mte}gtmal spacmg among trees than stands which are'?"t : g
/ '/' R -

dominated by westem hemlock aIl()wmg for more penetratlon of hght to the forest ﬂoorb h

(Haeussler et al. 1990) Increased diffuse light, Wthh ﬁIters in from the surrotmdmg,

“canopy, eliminates the need for a large gap opening that would otherwi’se be"required' to
1 . - f N o . o -

e
s

achieve sufﬁcient light"lev‘els for the survival and persistence of the vine maple. Standfs’:;':
'/ ’ ’ ’ . : ,'A;/

composed dominantly of western hemlock form/the densest canopies of any tree species in .
. . ’,/ . ’ N ) i y # /Vr
the coastal temperate rainforests, making it difficult for understory vegetation to*';st'v;rviv,elﬁ;/_"

e
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‘beneath them, partlcularly in m1ddle~aged (30 80 years) stands (POJar ‘and MacKumon

1994). The lack of light ﬁltermg in through the canopy of stands WhJCh are dommated by
, westem hemlock means that only ‘Qr}e maple clones in larger gaps are able_to survive and
‘ hold the gap- open through the stem-exclusion phase McGhee (1996) did not detect
d1ﬁerences in msolatlon at 1.3 m above the forest floor, between pnonty gap and canopy
sites. However, her hemispherical photogr;aphs were taken below the fully leafed foliage
of vlne maple clones during the summer and light levels above vine rnaple clones in gaps
would likely be higher than those measured below the foliage. Also, clones witl1 a
significantly greater number of stems occur on gap sites tompared to sitesi in the canopy
" that have ‘recently closed due to cro;vn expansion (McGhee 1996), indicating the
availability of light on gap sites is likely greater than in the closed canopy.
- | Given the heightkof surrounding ca-nopy trees in these stands (~ 40250 m), vine
maple’s ability to persist in. relatively stnall‘gaps is qulte remarkable. In mod,elling
: nnderstory li,g.ht}levels inr single-tree developmental gaps (75 m”), Canham et al.'(1990)
found thatisingle-tree‘ gaps in Douglas-ﬂr - jl’lemlock_ stands had little eﬂ“ecti on understory
light levels beneath the gap and suggest that a gap size of 528 m” would be required to
cre‘ate understory light levels comparable to those in single-tree developmental gaps in -
northem hardwood forests. The size of the gaps in my Douglas-fir stand are eimilar to the

s ’
size of single-tree developmental gaps reported by Spies et al. (1990) in mature coastal
Douglas-fir forests. ’Spieswet al. (1990) found that single-tree developmental gaps

* dominate in these stands, where the median canopy gap size is 19 m’, with most less than

50 m>. The gaps in the stand dominated by western hemlock are similar ‘in size to
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'f,;ersjstent gaps in the Newaerr:,sey Pinelands where _'canﬁopy oPenjngs_ rangé msnzefrom :
22m’ to 223m’ (Ehrenféld et al. 1995) and to: SeVeral-tree deVél:uc)pméntal, gapsjm ‘c;;o'afstél; -
.old-growth foresfs, reported by Lerfzmah and Krebs. (1991, me&ian- eﬁbaﬁdeci vgaln)~ sxze a
- 203 m®) and Spies et.al. (1990‘; median canopy gap size 85 m). o |

All sampled Douglas-fir regenerated within a narrow, 7 year time frame; whé‘r-easf‘

- . . (R o)

the ages of western hemlock have a range of 43 years. Differences in the age stru';ture of
stand dominants between Douglas-ﬁr and wesiem hemlock stands result from the relative
shade-tolerance of each species. Arsenault and Bradfield (1995) Vconducted research in the
coastal watersheds of nsout!lwestem B.C. on the ;peciés composition of temperate
rainforests. ’f’hey 7fcl)und mature \stzinds were characterized by active regeneration of |
western hemlock in the understory an\d that Douglas-fir only occurred in the larger size-
classes in these stands. Douglas-ﬁr'wo&k\i not have béen pr’esént in the understory prior to

logging due to its shade-intolerance (Carter and Klinka 1992). In my study, Douglas-fir

established immediately after logging, m the early 1920’s (Fig. 3.2a). a

many of the western hemlock that existed unat;r the pre-logging canopy must have
. \

-
AN

remained relatively uninjured by logging and were ré\xased aﬁe"rwa,rds.' The rest of the

western hemlock established after logging, confributing to the large range inage for this

species (Fig. 3.2b).

Only well established western hemlock saplings which were present at the time of

£

logging, and vigorous, newly established seedlings have become domin;\a)\is in the western
,. N
hemlock closed canopy (Fig. 3.2b).  Previously suppressed seedlings. may have

experienced initially Slow growth upon the removal of the canopy by logging. As they

: 60




i

adjusted to full sunlight conditions (Oliver and Larson 1990), trees on.bclos‘ed'ceinopy‘ sites .

were likely ovértopped and outcompeted b)ﬁl'vig(‘)rdu's‘, newly establ{shéd sgedliﬁgé a.nd '7 .

larger, pole-sized trees. Western hemlock in all age cohorts (55 - 100 years bfeast—h_eight

age) occur oﬁ the periphery of fhe gab, as comp;tition between cOniférs 1s less (poténtial’

gro:aving space; Téble 3.1b) around the gap. Wes'tern hemlock that may not have sqryived
stem exclusion in t}he canopy have been a'ble‘ to on the edge of the gap.

Orwig and Abrams (1.99>4) noticed a similar age. stragtiﬁcation between shade-

tolerant blackgum and shade-intolerant tulip poplar in a maturej,t mixed stand in Virginia.

] Most of the black%um in the stand originated prior‘to logging,{nd was released after the

disturbance; whereas, most of the tulip poplar established post-logging.

H

o
#. | .
?v’,a._. : ) K ’ t

A

e
™, > = 1

- ‘Q?‘_ .1y, 41 Conifer Morphology - -
o I expected the size of the boles to be larger adjacent to priority gap sites because
- - of the greater spice between conifer stems surrounding the gap compared to the relatively

close proximity of conifers in the canopy. The spacing’between boles largely determines

w

- the rate of basal gro{ivth: andvconsequéntly the basal size of conifers (Oliver and Larson
1990). With greater potenfia:l growing ‘space for c;)nifers on the gab edge (Table 3.1)
comesriargér basal sizes (Table 3.2) compared to trees in the closed canopy. To clarify’
this point, I draw .upon summa.ry data of conditions for 7 pre-thinned plots which }
contained greater than 80% Douglas-fir (Marshall 1996). The number of boles in each |
plot ranged from 5500 to 13720 stems ha™', but .the BA ha” ranged from only 30.0 toy_40.7

*

m’® ha”, with a stem density of 6840 stems ha'! having the highest BA ha™'. - These data
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show that the BA of individual trees must be larger on Tow density blots,!béq@g)sg\) the téfal; - AR E

Y. d

BA between plots remains relatively constant, even though the number of'stems differs

X
S

Vgreatly betweeﬁ_ plots. - |

Typically, as canopies close; lower branches do not receiv‘e adequate light levels to |
be sustained and thése branches dié (Oliver and Larson 1990). This has not occurred té
the same degree for conifers on the edge of gaps compared to thosé in 'the closed canopy.
The fetention of lower branches and the subsequent developmént of deep cro§vn§ (Fig3.3)
indifiaies the gap has existed for a signiﬁcant period of time. Large gap-side crown radii
(Fig. 3.3a & b) are a result of the lateral expaqsion of the crowns into the gab, which is a
pﬁm@ way that gaps are filling. Seedlings and saplings, common in developmental gaps
(Runkle 1982; Veblen 1986; Brokaw and Scheiner 1989; Spies et al. 1990; Lertzman
1992), are rarely present in.priority gaps (McGhee 1956): The gab offers room for the. |
develobment of deep and wide crowns, result‘ing in significantly larger crown voiumes for
trees adjacent to the gap (Table 3.1 and Fig. 3.4). "

I‘expected, a priori, that increasing gap size would result in increasing bole and
crown size, and BAI, due to the expected increase in potential growing space on sites with
larger expanded gaps. However, cré);)vn volume; BA, and recent growth for Douglas-fir
on the gap edge varied little with gap size. Perhaps the relatively small range of gap size
(~50-120 m?, with one gap being 187 m’; Pfig. 3.1a) in the Douglas-ﬁr stand did not allow
for“a significant increase in light between 'sites‘ to increase crown and bole growth 'on

larger gaps. - Because growing space increased as gap size increasesd (Fig. 3.5a) but BA
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didvnat,’ site BA for gap sites ‘surrounded.by Doﬁglas_'aﬁf de’cl’in’e'd, as gaf) .si’zcjm‘:reés_ed‘ - o
(Fig. 3.5b).

On gap sites in the western hemlock stand, crown volumes, pot‘kential growing

Bspace',v BA, and recent growth Vajiea little with incréas‘ing' gap size. "Growihg spa¢e did
not vary wifh gap size because, I found whﬂe plotfing; tl‘le' WAPA index, with largér gabg

- the potential growing space for conifers is defined not by the trees across 4the gap but by
those’adjacent to the subject tree. Therefo}re,- incfeasing the gap size, which is th‘e sé.me as :
increasing the distance to trees across the gap, would have little effect on the meésured
WAPA index. Because of thi;, potential growing space is ‘ likely increasinglyv
underestimated as gap size in the‘western hernlock stahd increases. Poulson and Platt
(1989)"rep6n that light le\}éls_in gaps in t;mperate forest§ increase as gap size increases.
Therefore, trees on the e‘(lge of iarger pri'orityr gapg likely intercept more insolation than
those on smaller gaps. Law et al. (1992) *repp’r,t that the degree to which canopies

| intercept light is lrelatéd to above-ground net primary i)roductivity? This is likely why
;Mestel:n hemlock adjacenf to !arger priority gaps were associated with greater recent ﬁMs
'tha‘n seen on fhe edge of smaller gaps (Fig. 3,5c)’.
;.2 Site Chronologies

In Douglas-fir stands, radial growth differences between gap and canopy sites are

not seen until approximately 1943 to 1945 (Fi‘gsx. 3.6a and '§.7b). ’ ,Radial‘ growth
increments on western hemlock gap and canopy si;es do not show a marked difference
until after 1950 (Figs. 3.10a and 3 11a). Tappeiner and Zasada (1993) believe that vine

™
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‘maple does not likely irjtérfer’e, with ‘conifer ,regeng‘:ratio'n in 'cl‘earc'u,ts‘.j . EH'owevér; the'irl,_’ R

observation is not. consistent with other studies, as ‘Viné _maple é’l’ear!lyz, inhibits: t.hbelfl,: >
establishment of conifers on many sites it .occupies (Spies et al. 1990; ,McGhee 199‘@); : '

“otherwise priority gaps could not be established and maintained. Hoégever, in my study,

the vine maple did not appear to affect negatively the radial growth of Douglas-fir on the -

edge of priority gaps during stand injtiation (1532445; Fig. 3.6). |

“ The initial stage of development of an éveﬁ-aged, singlc-ép'ecit;s stand is
ch#racterized by small trees that grow without competitive intefactibn (Qliver and Larsén
1990). As the trees grow and begin to interact, this marks the onset of canopy closure and
the growth rate of individual trees is redu;:ed relative to their potential in the absence of
ir’1tra-specif1>c competition (Long and Smith 1984; Little et al. 1995). As I was unable to

detect any differences in radial growth between sites prior to 1945 for Douglas-fir (Fig. |

3.6a) and radial growth increments were remarkably similar for western hemlock until

1950 (Figs. 3.10a apd 3.11a), it is these times that mark the likely o

Rates of basal growtﬁ of Douglas-fir adjacent to‘ gaps in my study exceed'the
growth rates for Douglas-fir in other second-growth stands. In several- stahds in
southwestern Orégoﬁ, Little et al. (1995) report BAIs for dominant Douglas-fir, similar in
age to my study,~ that Ipeak at %5-35 cm’yr', depending on the stand. Comparatively, their
results show that the trees in the st;nds they'stydi;ed \outperformed Douglas-fir in other
second-growth stands in southwésterﬁ Oregon and w;efe more indicative of sites that have

been thinned and (or) fertilized. The mean BAI for Douglas-fir adjacent to gaps on my

sites has leveled off in recent years at approximately 45-50 cm® yr'' (Figs. 3.7a and 3.8a),

el

-
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much hlgher values than those reported by thtle et al (1995) In thelr chronologles

decada]Iy averaged BAIs tended to Ievel oﬁ~ ata relatwely early stand age (~ 3 0- 40 years),

~ similar to the chronology for Douglas-ﬁr m the closed canopy that I recorded However

LS

. develops (Figs. 3.7a and 3.8a).

£

in my study, BAIs for Douglas-fir on the edge of ga‘ps contmue to rlse as 'thestand t

I found the dlfference in BAIs between western hemlock gap and canopy sites m

L]

the year 1945 puzzling (Fig. 3.11b). The differing values cannot be attributed to -

differences in the radial growth of newly regenerating seedlings during early stand )

development (1932-45; Fig. 3.10a & b). If any growth differences did exist between sites

during this time, and were not detected, it would a'ppear that the radial growth of western

hemlock on canopy was higher than that of western hemlock trees on the gap 51tes (F1g

3.10a). Two altematlve hypotheses could account for this initial dlfferem:e m BAI

k-

between gap and-canopy sites. The ﬁrst hypothesls is that, 1mmed1ately after logging, the‘

- .
radial growth of already established seedlings and saplings adjacent to vine maple was

much faster than stems on future civzed canopy sites, perhaps due to the improved
nutrient status associated with vine maple clones (Ogden 1996). Western hemlock

adjacent to vine maple would then be able to establish larger diameter stems by 1945 than

trees on closed canopy sites. However, because the newly regenerated seedlings did not-

experience greater radial growth than the closed canopy seedlings, I would not expect the -

radial growth of established western hemlock to be greater.

-

My second hypothesis is that a higher number of older stems do occur on the edge .

of the gap compared to the closed canopy in the western hemlock stand, even though no
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~ significant diﬁ'eregt‘:‘gs were detected between mean tree age (Fig. 3 .42b)._ Nineteén western..

o hemlock adjia_cer-i,t to the gap wEre—Bidlogjcal legacies, defined as trees grcéter than 65

yeafs breast-\height agré; whereas only i3’ westt;rn ‘hemlotv;isé in the ;:ioSed E:anopy We;e (Fig,
3.2b).; The;ée legacies Wére already estéblished at stand initiation and Wdul’d obviously
have lafgér boles than newly regeneratjixigr séédlingg iAs :;boles wit’h larger diameters are
associated with greater B'AI, diﬂ‘erencegin age.structure between'éites wofﬁd fesult in thé
.;iiﬂ‘erencés in BAI between sjteé in 1945 (Fig._37.l 1b). i .

If my secbnd hypothesis is true, tﬁen’ the difference in BAI betweer'lbwestern
hemlock 'ori the periphery of gaps and thoée in the closed canopy, Jds partly a result ‘of

[ 4

inherent differences in tree age and size as well as differences in radial growth attributable

o«

to western henﬂbck’s adjacency to the gap. Thoﬁgh.ap’pargnt differences in radial growth

do occur after the years of suspected canopy closure in the west’qrp hemlock .stan(p, they

- are not of the same magnitude as seen Eet\x;een,i)ougias-ﬁr sites (Figs. 3.7a and3.11b),

nor do the differences between BAI widen with time (Figs. 3.7b-& ¢ and 3. 11b & ¢).
Competitive interactions between vine maple and conifers were not measured in

my study. However, given the decliﬁc in radial growth rates follo‘wizng canopy closure for

-

trees on closed canopy sites compared to trees adjacent to vine maple (Figs. 3.7 and 3.11),
it is likely that competition between conifers is much stronger .than vine maple--conifer

intéractions, even at this early age. This is consistent with studies that suggest that

competition for light is one of the driving forces behind radial growth respoilses of
conifers (Mitchell 1975; Law et al. 1992; Pacala et al. 1994). Since vine maple remains in

the understory, it does not compete with ‘adult conifers for light Similar patterns of

8
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~ conifer growth around understory hardwoods occur in central Arizona. r"C,’ompetiti'o'nl L

between anderosa pine and Gambel oak, Aa sh_rubby hardwood, is nliniﬁ)al, eyeri on dry

sites, when Gambel oak remains in the understory (Biondi et al. 1992). The oak naturally N

spaces the pine, decr,easing intra;speciﬁc 'c:ompetition,' and increasing the radial growth of - .
~ pine as the percentage of Gambefl oak in the understory increases. |

The radial growth releases associated with 'the formation of é d:evelopmental gap.
have been documented in several ecosystems and are based on suppression and ré}e_ase -
patterns. In teﬁperate deciduovus forests, Henry and Swan (1974) found that a 150%
increase in tree-ring width for a period of at léast four years me»lr‘kedo*a release from
suppression. This same definition was also uéed by Veblen (1986) in a temperate spruce-
Douglas-fir forest. In developmental gaps;" growth responses last from éeveral years to
several decades (Ciinton et al. 1993; Orwig and ‘Abrams 1994), but gap resources are
eventually utilized by species colonizing the gap, or crbwn expansion eventually closes ?he |
canopy opening (Runkle 1982; Frelich and Martin 1988). The size of priority gaps in my
As;udy is la;ge enough to have resisted éanopy closure by crown expansion for more :han
70 years (Mcdhee 1996) and the benefits of increased basal growth around gap sites have
been seen for approximately 50 years. Chronologies for Douglas-fir show little indication
that the trend in BAI will change in the near future (Fig. 3.7), though growth differences
between gap and canopy sites for western hemlock appear to be declining iﬁ recent years
(Fig. 3.11).

In the stands that 1 studied, the trend in BAI for Douglas-fir is to increase with

time (Fig. 3.8a). However, for western ilemlock, the last decade (19é5-94) has resulted in
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a sngmﬁcant decline in BAI on both gap and canopy sites (th 3 9b) W.hile DougIas—ﬁr -_ L

stems are Stlll relatively young (Fig 3. 2a) some stems in the westem hernlock stand are‘ o

approachmg 100 years bredst-height age (Flg 3. 2b) Growth in older stems slows relatlve o

“a

to younger stems (Oliver and Larson 1'990) and these stems exert an influence o;i the

" overall mean, resulting in decadal BAIs that are declining on these sites (Fig. 3.8b).

4.3 Site Productivity . . -
4.3.1 Site Index

s In the stand dominated by Douglas-fir, I found the site index for trees adjacent to

the gap to be higher than for Douglas-fir in the canopy (Fig. 3.12a). When all sampled

Douglas-fir were included in the analysis, I did not detect a significant relationship

between site index and the amount of vine maple foliage within 5 m of Douglas-fir stems

(Fig. 3.126). In an eastern hemlock (Tsug oanadensis) -- tulip poplar (Liriodendron
| .tuligifera) stand in‘ eastern -Kentdcky, Boettoher and Kalisz (1990) found that the soil
landscape is a mosaic which reflects the nutrient ‘cyoling ch'aracteristics;of the ground
cover and tree species present on a_site. Similarly, vine maple appears to be establishing

areas of influence. The presence of vine maple incteases the concentration of several
L 9

* bases in the priority gap environment (Ogden 1996) and this may be the reason for the‘

improved site index (Fig. 3.12a). o B L ' e -

k3

The presence of hardwoods is not ﬂlways associated’ with increasing the nutrient .
status of soils. Results obtained by Perry et‘al. (1987) in conifer stands with an# without ‘

hardwoods showed that total nitrogen levels and mineralizable nitrogen were lrﬁ?er in the

- . » =
= . - RS
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o ; standswuh harchoods Perry et a] (1987) attnbutes thrs eﬁ"ect to the fa

.?cycle mtrogen dlﬁ’erently when hardwoods are not present in the stand Blnkley (1995) S

) 'states that studles suggestrng hardwood specres 1mprove the sorl 18 based on weak

1

- qwdence and that no. StUdy has proven that any smgte SPCCICS posmvely or negatlvelY\* R

,L
H ® B -

PO

“stand to a single‘lspecies must be co’n_ducte,d withCautio’n., S s

-c - P y ‘f‘“

B

. The percentage- of vine maple within a 5 m radius of a subject tree.was not

: s1gmﬁcantly associated with site index (Fig. 3 12b) However, t,hr’e'e of theffo;gr Douglas-r‘ -

firs with ~low’s_ite'i'n'dices, but with a high 'pera,c"entage of vi'ne'maple within their 5 m radius,

‘;all' occurred on on'e ' steeplylsloped site (21°) St’eep sl’op‘e%s%are’ subject to er_0sion which

o can decrease the quahty of a s1te (Swanson et a] 1989) When thrs prronty gap s1te was .

: notuncluded in the analysrs the trend of mcreasmg s1te mdex wrth increased percentage of

 vine maple became srgmﬁcant (Fig. 3 12b) This suggests that s1gmﬁcant results may have

: been obt,amed had srte factors been constant throughout the stand These ‘results are’ |

consistént with result‘s obtained in the‘ r_nixed‘_Ponderosa pine -- Gambel oak stand in’

=

| 'Arizona, where increaSes in the density_ @f. Garnbe’l oak;is correlated withinc’rea’sing

; mtrogen concentratlons in the Qrgamc layer and _upper soil horlzons (Lefevre and/

PO s

Klemmedson ]980) AR n

'Though the trend in my results suggest that the bercentage of Vine -'maple in t"he'
understory may have a posrtrve mﬂuence on site mdex (F1g 3. 12b) Ogden (1996) found'v

that the size of the clone did not atfect the total amount of nutnents deposrted on the

forest floor. HoweVer., Ogden admits that diffe_rences may not have been detected given
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vine maple-foliage represent_sfa very, sthall proportion of the ‘t'omt‘a} wélght. of litter entermg -
. \ ’ i /-\ ‘ . * - L e °‘g‘_‘ - L - “, )
thesystem, and her.tatistical power was low.”™ - . BRI R
s ® - s : - ' Ry I! )
\ ' 7‘. - : P . . l‘ . - ) . ) t‘ :/i
~ 4.3.2 \Basal Area Productivity . | , L | ;/, _ -

Slte BA and current BA produetmty are not 51gmﬁcantly dlfferent bet/;ween gap

e * A
and canopy sites in the Douglas-ﬁrstand butare s1gmﬁcantly lower for canop}/ sites in.the " .

S

western hemlock stand (Table 3. 3) Doﬁglas-ﬁr is ableﬂto compensate for thF 61% greater E
grow1ng.space ;[ occuples around gaps by utlllzmg thls sp:ace to mcreaseflts BA by 46% ] |

| verlDouglﬁ'lr in the closed canopy (Table 3 3. Aan’d F1g 3. 1Ba & c). As radlaL growth A ‘ ,

. for Dggglas\-ﬁr on pnorlty gap 51tes contmues to exceed radlal growtl?’for Douglas-ﬁr in ﬂ' .

the closed canopy (Flg 3.7a), athere is gno mdleat’mh that -site BA for E}ouglas-ﬁr in th,,e ,' .

%4 L . »_’-

- ‘,' f!@ JINEN

closed canopy w1ll become 51gn1ﬁcantly gggeate@éhan 51te BA on prgorlty gap sfftBes in the

= v B, - P s - N
o ‘,a ) ‘a, 3 f ) « - ’,"' o ';. .49
future, R : RSN T N R ,-‘v,

Western hemlock on the gap perlphery are unable‘to:'compensate fbg«zhejgtmcrqgseﬂ

amount pf grogmg space 1mposed by the large size of the‘ expanded pnorLty gaps m the : s
;s ec. s ‘ < L

western hemlock stand (Flg 3. l’b) Il'aough western hemlock adJacent to gaps have mean P

BAs that are 69% greaterrthafn closed canopy hémlock the potentlal growmg space for R

14 b

Western hemlock ad],acent to gaps 1s 150% greater. than in the canopy wTlns resul-ts in the o -

)

lower site BA and current BA productlvity on gap sites (Table 3.3 and Fi‘g. 3.13b &d).

,‘L

i

There is no indication that western hemlock adjacent to gaps ‘can compensate for this

difference in the near future, as the ratio of current BA productivity for western hemlock

»

adjacent to gaps to those in the closed canopy (0.62) is actually lower than the ratio of site
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o BA (O 64) ThlS-lS attrlbutable to the decllnlng dlfference in radlal growth rates a.nd BAIs.

-

”‘betweenr gap and -canopy siteg in- the past decade (1985 94 Frg 3: 11) iIf the western,,

’”hemlock stand persrsted well 1nto the mature stage, I would expect the d1ﬁ°erences

: between site BA betwee”n gap and canopy sites (Table 3.1) to decline; not because of

a . qg:.. “ B n » N L . . |

| increased basal growth rates around gaps, but because as dominant stems in the canopy .
grow larger and require a greater growing space (Oliver and Larson 1990), they will likely

i . R zof .
»

cause the mortality of adjacent trees and increase’ their own potential growing space. As

the patchiness of the stand increases throughﬁthe mature stage (Oliver_and Larson 1990),
. | %dominant western hemlock in the canopy may eventually occupy pc;_te’n*tial groWing spaces i
-+ similar to western hemlock adjacent to gaps. o L

I ’ . R N - q.
= K .

- gem

’ . » ) . : ‘_‘( ,
3 4.4 The Dlstmcglfs,s of , V,m,e}\Maple Priorlty Gaps ' ‘ \{\ o ;
3 i : . ! ; i
. . ‘ Y
. * . Vine maple is dlstmct because it is- a debrduous tree spec1es that is shade-tolerant;?
R ’7 whrch persrsts 1n the understor‘y of comfer stands. ) Other dec‘idu"ous"- species in ¢«

S .

E - L ® e

% oy ] . o > Y m me o ’ Nu
. R N . RN

R sou?hwestem B“C for example reda a}des and brgleaf maple are‘less shade tolerant and / J

hl

are part of the canopv layer in young to rmddle—aged stands they occupy (Haeussler et al Y e

. RN
s e o L W ° - »t

1990) For prlorlty gaps to develop, an understory specres must be able to prevent the.‘ a

ES »z

establlshment of comfers at stand initiation' and through Several successional‘ stages. The

» 9 [N

. . understory»»species must also be shade-tolerant enough to persist t‘hro‘ugh the dense stem-
: exelusron phase Salmonberry (Rubus spectabilis) 1 is an understory shrub specres whlch

'Tappemer et al (1991) sugges\f persists in the understory of west coast conifer stands,' = '~

» @

Q7 . * ;oo



' preventing the establishment of even shade-tolerant conifer species and holding opena gap =~
in the canopy for many years. -
“Because vine maple, remains in the understory, it does not compete for light with

mature conifers,_ and light is one of the major limiting factor to growth in témperate .

£

rainforests (Mitchell 1975; Law et al. 19§2). Thus, trees around vine maple pfio‘rity gaps |

are able to accumiulate basal WOdd faster than trees in the adjacent canopy (Fig. 3.9). As
potential growing space was highly correlated with BA in my stands (Table 3.2), Twould - 7
not expect similar rates of Basfa{l gfowth to occuf, where conifers are adjacent to overstory

L]

hardwood species, such as red alder or bigléaf maple, instead of the priority gap.
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CONCLUSIONS

5.1 Summ}nry of Findings

The recent discovery of priority gaps affered an excellent opportiiﬁtftb‘ quantify

the impact of vine maple priority gaps on the development and growth ofxconifers‘oni@the
S - .

per’iphery of priority gaps compared to conifers in the adjacent forest matrix. My research

goal was to determine the influence of vine maple priority gaps on the inorphology, basal
] - i

growth, and productivity of Douglas-fir and western hemlock within the coastal temperate’

»

rainforest of British Columbia. -
{ Median expanded priority gap size was significantly smaller in the Douglas-fir
‘ | ;

stand (80 m®) than in the hemlock stand (197 m%). Priority gaps in the Dougfas—ﬁr stand

- - a v
-were similar in size to the single tree developmental gaps ‘measured by Spies et al. (1990)

in coastal Douglas-fir stands; whereas, priority gaps in the western hemlock stand were
. . ' k-2 - LT R

.

similar in size to the gaps measured by Spies et al. (1990) in Qld-grovcth gemperate“

5

rainforest and to old-growth sdb-alpine forests in southwestern B.C. (Lertzman and Krebs
1991). The higher degree of interstitial spacing in stands dominated by D(;uglas-ﬁr
enables more diffuse light to reach thee vine maple clone than in stands dbnljnated by -

western hemlqck, réquiring a relatively smaller gap sige to allow enough light to reach the

clone to ensure its survival. -

&




-Douglés-ﬁr and "wé"étemr hemloc;k on the periphelfy, of priority" gaps utilized ‘thke,;

increased spacing associated wi’gh- the ga;; tcf)”i.nfcreas‘e their érbwn Qolume and béle» s-izé. -
. The larger crown Volﬁmes of gap cdnifers were a result of deep crowns and croM- '
e_;xpans’ion into the gap. 'Crown expansion in (ievelopmehtal gaps is an importéﬂt m’;ans of

=

gap filling (Frelich and Martin 1988; Spies and “Fraﬁklin 1989). Developmenfa] gaps often

il by,advanced regeneration or seedling establishment, but this rarely occurs on priority

- .

gap sites (McGhee 1936). i e :

-Trees of both speciés on the edge of priority gaps had significantly greater BAls
than trees in the closed éaﬁopy. No differences in radial growth patterns during the
earliest stages of stand development (1932-1945) were detected for either species. The

Y

canopy. of the Douglas-fir stand lilkely began to close in the years after 1945, initiating a

decrease in the ratio of canopy BAI to gap BAI, which continued to decline to a value of

. approximately 0.6in 1994, In the western hemlock stand, differences in annual ring width
Pa gt . : . s
‘ '1&__do not occur until approximately 1950. The ratio of closed canopy BAI to gap BAI for

v oe
-8
-

.- SN : i}
ﬁamlock has been relatively steady between 1945-1994, fluctuating between 0.6 and 0.7.

-

Douglas-fir on’the periphery of vine maple priBrit‘y gaps h;.d .a significantly higher

©

s site index than Douglas-fif in the forest matrix. An ‘increasing percentage of vine maple .

within a 5 m-radius of Douglas-fir was significantly positively correlated with site index -

* only after 3 outliers, which all occurred on a steeply-sloped priority gap ‘site, were

-~

removed from the analysis. The high concentration of bases in vine maple litter '(Krajiné et

al. 1982; Ogden 1996) may be responsible for the higher site index measured .around ' 7

priority gaps. This relationship has important implications on the long-term health and .
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productivity of forest ecosystems where vine maple is present in the understory (Edmonds

et al. 1989).

>

B

In the stand where Douglas-fir was the dominant canopy tree, site BA and current

BA productivity were not significantly different between vine maple priority gaps and -

paired closed canopy sites. The BA of Douglas-fir on the edge of priority gaps was 46%
larger than Douglas—ﬁr in the canopy and this largely compensated for the 61% greater
spacing between conifer stems associated with the $resence of\khe priority gap. For k
western hemlock on the_edgeof the priority gaps, the BA was 69% greater than trees in
the canopy, ,but this was not large enough to compensate for the 150% greater potential
growing space that western hgmlock on the gap occupy.

Managing: for biodiversity means ensuring that distinct habitat niches, such as vine
maple priority gaps, rernein an i'ntegral part of forest stands. Vine maple is an important

species in west coast ecosystems, and its shade-tolerance offers an opportunity to retain

-

hardwood* species, and their beneficial effects,, in the unrierstory of conifer stands.
k4 - N /‘ . .

Integrating vine maple- priority gaps info stand management .practices promotes the

-t - *

development qf stands that are rich in biological and structural diversity while still meeting

the socio-economic needs of our society. o
* . : ¥ - L. . ]

»

5.2 Management Implications

kS : *> . ) @

~ The body of new knowledge being“ generated by ecologists has given scientists and

managers an appreciation for the enormous ‘f complexity of forest ecosystems. Simple

a
o

forest practices, such as clearcutting, that create uniform, even-aged stands that lack both _

k)

.
Y
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biological and structural diversity are being abandoned for more ecologically respénsible

alternative forest practices (Coates and Steventon 1994, Lippke 1996, Kohm and Franldin'
1997). The emerging theme of ecosystem management is to manage for the long-term
integrity of the whole ecosystem and not only for the production of merchantable timber

(Lertzman et al. 1997). Timber production is now often a secondary objective for many .

forest managers:

Today, multiple objectives typically include maintenance of specific levels
of ecosystem processes, including habitat for elements of biological
diversity. Tree regeneration and its subsequent growth are often still  *
concerns, although these objectives -- especially for rapid growth of
regeneration -- often are subordinate to other goals. ...Recent research on-
-~ forest ecosystems has clarified the importance @f structural complexity to

forest ecosystem functioning and the maintenance of biological diversity.

~ (Franklin et al. 1997)

e

Tappeiner et al. (1997) believe that two management philosophies will begin to emerge in
forestry over the next few dp_cadgs.P_One sys;érp would manage for the retention of old-

~growth charactéristicg, while the second mapagement philosophy wpijld aim to produce

high yields of wood whifé still incorporating “considerable -habitat. diversity ‘and _(;ther )

values.” Based.on my émalysis’ of priori{y gaps and adjacent conifer species, I ﬁa'{ze

T
;

identified two main recommendations from‘my research and provide the rationale behind .

these recommendations:

2
/ )
. . ‘ -
.

2196



-

5

1y, Silvicultural practices should enhance the diversity of stand structure and- wildlife’
habitats, partzcularly during earlier successional stages, by incorporating vine maple e
priority gaps within a matrix of continuous forest cover.

The inclusion of vine maple. priority gaps. in earlier successional stages helps -

>

managers deveiop stands that are divers-in structure (Tappeiner et al. lj997j and ensures

“that distinct habitats are retained in B.C. coastal forests. Vine maple isédistini:t in that it is

an understory hardwood specres that-is shade-tolerant. It has the abilrty to persrst inthe

understory of comfer stands even through the dense stem-exclusﬂh stage (Russel 1973

&

. O’Deéa et al. 1995), By preventing the establishment of conifers on sites that it o,ccupies'

(McGhee 1996), vine inaple plays an important role in adding structural diversity;in the

yonng to middle-aged stands of B.C.’s west coast forests. ]\ﬁGhee found-<only 6.3% of

‘the forest area in stands emerging from stem exclusion was influenced by developmental

- LTI

expanded gaps, but 19.7% of the forest area was inﬂueneed,by expanded priority gaps.p‘

Stands with a diversity of tree species will’support more wildlife than a stand with .

KA

, only . one tree species (B C Mmistry of Forests and B. C E“nv;ronment 1995b) V1ne

i maple and viné maple prlority gaps can a1d managers ‘in ‘meeting habltat and brodivﬂrty A

+
- a

objectrves, as-Vine' maple’is important to a v_arietjg of wildl¥fe. Vine maple is an important

.
4

species for deer and elk populations (Brown- 1961, Mi_llertl968;; Singleton _'1976;

~ Tappeiner and Zasada 1993), which browse on its leaves and twigs. MMogntiain beavers

— forage on vine maple, climbing séveral meters to cut off small limbs (Harestad 198i3). Vine

3

maple _comninnities‘provide excellent habjtat for rabbits (Haeussler et al. 1990). In the
Pacific Northwest, larée trees with extensive llarge-diameter branching systems, rlilfe the

i, » K

trees with “deep crowns that grow adjacent to priority' gaps (Figs. 3.3 and 3.4), are

2 .
-
—

7




3

| _significantly hlgher within the vine maple gap than in the adjacent Vclosed canopy, and

attribute this to the diversity of resoufces associated with vine maple aps. oo

&

2) Forest managers should promote the development of vine maple jpriority gaps through

all successional stages due to the benefits of long-term site productlwty that are
assoczated with vine maple and vine maple przonty gaps. - {{ i

_ The posrtrve 1nﬂuence of vine maple in terms of the” hrgh concentratrons of -

' AN
nutrients m its fohage (Ogden 1996) suggests that vme maple-magr play an important role .

“ o

in enhancing the productlvrty of a stand through many rotatlonsf (Edmonds et al. 1989)
. “’5 .

Its ablhty to colomze on most sites wrthrn a stand (Haeussler et al 1990 Tappemer and

N P
cd A . 68® 2 '.as o mqg .,§& . et

Zasada 1993, McGhee 1996 Ogden 1996) would grve managers th@..ﬂex1b1hty to allow

2
&
‘J wh

" vine maple to propogate on relatlyeP nutnent poor srtes thus replemshmg\sorl nutrlents

‘8 v e ‘
. A oo

< and retar‘mng h1gh levels of produetrv;ty through successrve rotatlons Wlth the mcreaseg

o K .

site quahty (Table;3 I and F1g 3. 12a) assoc1ated with vine maple pnonty gaps also comes

;

greater herght growth addmg to the greater bole volume that would ‘be assocrated wrth

N i

greater basal size for trees adjacent t6- the gap (Nyland 1996) . e

PR B

' : a

'.(‘)ther implications of the benefits of vinelmaplde priority gaps afise from my

R
~
N =

- research. Allowmg v1ne maple to regenerate naturally reduces the need to control vine

Y
1) o
£ ¥
- _ 5
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sé’Dea‘et al 1995). ’ SR B

maple. This should help minimize stand management costs, particulaﬂy duﬁng the ea(liest s

stages of stand development when vinemaple is considered to be most c,omp,et,itiye _Wi‘thf

conifer species (Haeussler et al. 1990) Ideally, vine maple should be left to propogate
Wthh would likely result in the occurrance of prlorlty gaps through stem exclus1on and

later successional stages. However, in some coastal forests in Washington and Oregon,

" }

Viner maple is very prolific and can form dense thickets, preventing merchantable conifers g

from regenerating (Haeussler et al. 1990). In cases where vine maple is a ‘signiﬁcant- :

¢ompetitor, vine maple could be manually controlled to prevent the establishment of very ‘

large priority gaps. The natural priority gap size distribution in a stand would likely vary

.a

with slope, aspect, latitude, overstory species and ‘site index, and the priority gaps I'v;

measured are likely only representative of stands with very similar site characteristics to

- AN

those in my study. In order to ens'ure that priority gaps‘ persist through the dense stem-.

exclgsmn stagg, vine maple clones need to become ﬁrmly established, prlor to canopy

2 % '!‘3" R - r!'**w%se . am&@-cnva-

_clo_sure, as prOpogation'of vine maple rarely ‘occurs»during stem-exclusion (RnsSel 1973+ .

s .
P -

Slte BA and current BA product1v1ty do not- s1gmﬁcantly diﬁ'er between Douglas-

Sy

‘ 3
fir pnonty gap sites and sites in the adjacent canopy (F1g 3. 13a & c) suggestmg

>

b10d1vers1ty and stand) structural ’objectlves in these stands can bé met wlthout significant.

\ . N
N A : ) - M R o

losses ir timber producti‘oni. Howev;er, the value of the wood, ‘and therefore the economic

= L = N e ' P ® ¢ :
returns. from the stand, may differ betwgen™sites. Without an extensive analysis of the

valie .of timber harvested on gap and canopy sites, this question can only be addressed

N a 2
/

‘}: e ’

f SN

&

M&?Q 1:‘.~
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qualitatively, by inferring potential economic returns from the characteristics of gap and

. canopy trees and from ggneral guidelines which determine timber value.
In general, large-trees with straight boles command the 'highest returns to -

producers: ) o R

§
%

. Large trees .are increasingly scarce, as natural forests are
_progressively ‘‘creamed’, and short-rotation managed crops become
‘more dominant in tlmber supply.... A large tree or log commands a
higher delivéred price per. cubic -meter than svsmall one. It is also less.
costly per cubic meter to harvest: -felling several small trees requires a
repeated sequenceé of operatlons needed only once for a large one;
debranching a large tree is substantlally faster - than the equrvalent . o
volume of 'small ones; attaching extraction wires, chains or ropes may v )
- take no longer for a large log than a small one.. Econonnes of handling
large logs continue in processmg, and the la.rger the log, the higher -
percentage converston to-final products. (Price 1989) .4 '

'f“i'vl::argewdiametef stén&‘%soan,eb@?worth».-several,rtlmest the price perg,cubic' meter. ,than.’small

L] S N

dlameter stems (Nylmd 1996) dependmg on market trends and the quallty of the wood

¥

: "R '!'éﬁ o " W A
produced. - The largest dlameteg.stems 1n.the,'two s‘lands ocoUr~ adjacentito 'p-n,onty waps. -

+ 3 {fable 31) ‘ahd this may: increase the value qf;'t'he trees hawested. Hawever, rrwood gvallle

i4 alsg a’ Turiction .of quality; and® wood =quilitydecredsés- a$ the gercentagéhﬁﬁ;knots,'

partlcularly in the main trunk portlon ‘increases (Nyland 1996) Nyland (1996) reports that

¥
3

* the mrost valuable trees_have no branches on the lower part of the bole or only small, |

- O

diameter branches, and that t_hese‘ are usually found in the closed canopy. Fhe deep and»

&
1

wide crowns 'that develop adjacent to gaps (Fig.* 3.3) likely 1 relslilt inﬁmore ,and‘larg'erfknots

2 -*",

in the lower boles cfor comfers locatedﬂenext toaa gap Though sngmﬁcagt trade-oﬂ"s in

: \ ° &f r s
tlmber productlon are associated w1th pnonty jgaps in stands dommate@%y westem'

G. ) s )
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hemlock (Fig. 3.13b & d); the retention of vine maple priority gaps in theSe ecosystems is 3

still important, as “forests function to sustain the whole, not’to produce anyioﬁe part.

o . . .
K] - s

1991). | -

b

1

5.3 Suggestions for Future Research ¥

,Several areas of vine maple i‘esearch remain unexplored. Though the role of i/ine 7

maple as a ‘weed’ or ‘pest’ has been well documented in the Iiferature (Haeussler et al. ,

o~

Q
o %1990) only recéntly has resear@ into the beneficial influence of vine ‘maple on the health

“r

~and’productivit}5 of forests been conducted. The inﬂuence of priority gaps on t‘lrle quality

5
~
s 5

and value of wood produced on the edge of these gaps needs to researched. Also, studies
= N

¥ )

addressmg whether the ] presence of vine mapl&decreases eomfer seedling mortallty due to

3 2 f N < B - . o .

tingulate browsmg should be%dertaken Finally, contr(illed long-term vine maple studles
i wfirch -cait accuratelyo acfdfess wheilher vrﬁe ma‘ple)is responsrble for i mcreasmg 51te quathy e
B e RS LI
e’;.- IV LAY ".:'%’ . e s B T Y \\\Lf‘ RSN :
) gand‘ u;stainlng long-ter?m srte feﬁiiity ‘need t’o be cpgducted 2oh 0 e
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Every part is essential, but no part is more or less important than'another"’,k(Harnrnond—
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