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ABSTRACT 


An analysis of the stand-age profile of old-growth 


and second-growth stands of coast redwood indicates that 


there has been no significant change in the location of the 


inland edge of its distribution in Northern California 


within the past two hundred years. The inland limit is 


neither advancing nor receding. In natural stands all age 


classes of trees were well represented up to the inland edge 


of its distribution. Sufficient redwood regeneration was 


found where redwood had been harvested, with little beyond 


sites previously occupied by redwood. The ability of 


redwood to sprout is probably the most important factor in 


explaining why the distribution of redwood is not changing. 


Sprouting enables redwood to maintain dominance even under 


unfavorable environmental conditions for seedling develop-

ment and also in cases where the stand has been harvested. 
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INTRODUCTION 


This dissertation is a study of the adaptive strategy 


of redwood. It is designed to provide an assessment of how 


redwood is responding to its changing environment. In nature, 


both the biological and physical environments are changing' 


Those species that have been able to adapt to these changing 


environments in the past are still present. They must 


continue to adapt to avoid extinction' In this study geo-

graphical changes in the location of the inland limit of 


redwood are used as an indicator of the ability of redwood 


to maintain a successful adaptive strategy. 


An ecotonal study is applicable for the examination 


of the adaptive strategy of a species if the edge of the 


distribution at this ecotone is determined by continuous 


environmental gradients. Under such circumstances the 


environment is expected to be less favorable for the species 


toward the outer edge of the ecotone until that point is 


reached beyond which the species is absent. Consequently, 


conditions for the species are most intolerable at the outer 


edge of the ecotone' The failure of a species to continue 


to occupy a site at this ecotone would indicate that this 


species has a poor adaptive strategy. Conversely, the 


ability of a species to colonize new sites just beyond this 


ecotone and advance its distribution would indicate it has a 


good adaptive strategy. 


1 
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The objectives of this study were to determine 


whether the inland edge of the natural distribution of coast 


redwood (Sequoia sempervirens (D. Don) Endl.) is advancing 


or receding; to determine if timber harvesting has altered 


the geographical location of this edge; and to assess the 


role stump sprouting plays in regeneration in natural and 


harvested stands at this inland margin. These objectives 


were to be met through an analysis of the stand--age profile 


at the inland margin of its present natural range at selected 


sites in Del Norte, Humboldt, and Mendocino counties' In 


old-growth stan ds, such an analysis of the stand-age profile 


was expected to show: (1) if the trees recently invaded the 


site (all young trees), (2) if the trees occupy the site but 


there is presently insufficient regeneration to maintain 


dominance (mostly old trees present), and (3) if the trees 


occupy the site with sufficient regeneration but there has 


been no invasion inland (all-aged stand). 


Literature Review 


Redwood has been referred to as a relic species 


(Mason 1947; Khoshoo 1959; Stebbins 1971). It is the sole 


survivor of its Tertiary lineage with the morphologically 


identical fossil species (Sequoia langsdorfii) which once 


occupied a much larger range (Mason 1947). Redwood is 


presently confined to a narrow coastal belt five to 55 miles 


wide that extends from southern Oregon to southern Monterey 


County (Griffin and Critchfield 1972) . 
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Stebbins (1950 and 1971) cites redwood as an example 


of a "relict polyploid", a species that represents the "final 


stage of maturity of a polyploid complex" and, consequently, 


has no close relatives, Such polyploid complexes are composed 


of many similar species developed from different combinations 


of the same genetic material. Because of this overall lack 


of variation in genetic material within the complex, they are 


considered incapable of leading to a new line of evolution. 


Eventually, the entire complex usually becomes extinct 


(Stebbins 1950 p.35 0 ; Stebbins 1971 p.172). More recently, 


Stebbins (1980) pointed out that redwood is not a relict 


species only because of its polyploid chromosome number, but 


because of its longevity and ability to reproduce vegetatively 


as well. 


Khoshoo (1959) also suggests that redwood is an 


example of an evolutionarily "closed system" for a slightly 


different reason. He contributes the high redwood seed 


sterility (Hansen and Muelder 1963) and seedling mortality 


to the unbalanced cytological nature of redwood (Hirayoshi 


and Nakamura 1943). Only those individuals with almost 


identical parental genomes are able to survive. Such a 


condition is able to persist because of the ability of 


redwood to sprout and produce large numbers of seeds. How-

ever, this theory has not been well substantiated. 


Redwood reaches its ecological optimum in terms of 


maximum size of individuals on the alluvial flats and the 


gentle slopes below 1,000 feet (305 meters). Here it occurs 
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in nearly pure stands (Roy 1966; Becking 1968; Zinke 1977)' 


However, as one travels inland and up an elevational gradient, 


redwoods become smaller, and there is a greater mix of other 


conifer and hardwood species until the redwoods drop out 


altogether. Lorimer (1971) found an increase in the number 


of redwood stems per acre with a decrease in average diameter 


up an elevational gradient. Outside the distribution of 


redwood the redwood ecotype is either replaced by Douglas-fir 


forest types, hardwood forest types, or grassland (Sudworth 


1908; Becking 1968; Zinke 1977; Veirs 1980). Environmental 


variables that have been identified as important in deter-

mining the extent of the redwood distribution along this 


inland and elevational gradient include: the summer influx 


of cool marine air (Fisher 1903; Sudworth 1908; Freeman 1971; 


Zinke 1977); the frequency of fires of sufficient intensity 


to open the redwood canopy (Veirs 1980); increased exposure 


(Becking 1968), high summer temperatures (Zinke 1977); and 


large diurnal and annual temperature fluxations (McBride and 


Jacobs 1977). 


Other factors have been attributed to limiting the 


inland distribution of redwood such as soil (Zinke 1964) and 


aspect (Roy 1966). However, this study is only concerned 


with analyzing those sites where the distribution is defined 


by continuous environmental gradients. 


The stand-age profile of redwood at the redwood 


ecotone has not been studied, although several authors have 


pointed out that old-growth redwood fits an uneven aged
-
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distribution (Fritz 1929; Roy 1966; Boe 1968; Veirs 1980). 


After aging redwoods over 12 inches dbh (diameter at 4.5 feet) 


on 30 acres of redwood forest, Fritz (1929) found the ages 


ranged from one to 1,380 years with 55 percent of the 


individuals under 200 years old. More recently, Veirs (1972) 


supports this conclusion, and further states. the "success of 


redwood if, measured by attainment of canopy status, is 


virtually a process of individual tree replacement." After 


harvesting, redwood returns in an even-aged stand (Fritz 1959). 


Both Fritz (1959) and Stone; Grah, and Zinke (1969) 


point out that stump sprouting plays a greater role in 


regeneration at the redwood ecotone than on the more favor-

able sites farther inside its distribution. This character-

istic enables redwood to regenerate itself at the redwood 


ecotone when the environmental conditions are unfavorable for 


seedling-establishment. The establishment and development 


of the seedling is one of the most vulnerable stages in the 


life history of redwood (Stone, Grah, and Zinke 1969; McBride 


and Jacobs 1977). At this stage the plants are vulnerable 


to attack by both invertebrates and vertebrates (Pelton 1962). 


The roots are susceptible to damage by root pathogens 


(Florence 1965) and extreme temperatures (Boe 1975), and are 


not yet long enough to provide access to the deeper subsurface 


water during the summer drought periods (Roy 1966; Boe 1975). 


Redwood sprouts, developing from what Simmons (1973) 


referred to as the "bud collar," develop before the seedling 


reaches. , .six years of age (Simmons 1973). Sprouts can also 
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originate from other parts of the stump (Neal 1967), although, 


those that grow from the bud collar are generally favored for 


subsequent tree crops (Boe 1975). Powers and Wiant (1970) 


found that the sprouting potential of stumps increased with 


age up to 400 years and then decreased rapidly. Overall they 


found almost 77 percent of the stumps sprouted. This agrees 


with the conclusion made by Neal (1967) that small young 


stumps sprout more than large old ones. Person and Hallin 


(1942) found natural regeneration to be 7.8 percent of full 


stocking by sprouts and 9.8 percent by seed. 


Sprouting has been found to play an important role in 


the regeneration of harvested stands. Lindquist and Palley 


(1967) found many second-growth redwood stands largely or 


entirely of sprout origin. Fritz (1959) describes clearcuts 


where brush species have completely taken over except for 


redwood sprout clumps. Based on vegetation types mapped in 


the field, Zinke (1977) outlined successional seres starting 


with a redwood forest type after harvesting. He concluded 


that within 60 to 70 years after logging a redwood forest 


type would return. He also pointed out redwood returns 


first because of its ability to sprout. 


If regeneration is entirely of sprout origin, as 


indicated by the literature, and not all stumps sprout, I 


would expect to find a gradual decrease in abundance of 


redwoods toward the outer edge of the redwood distribution
 

. Over time this could lead to a noticeable reduction in the 


land area occupied by redwood. 
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When put in the perspective of its adaptive strategy 

and a dynamic distribution, the difference between regenera-

tion originating from sprouts versus seeds becomes more 

important. Since a redwood can only sprout from a previously 

established redwood, sprouting cannot enable redwood to 

advance its natural distribution. Also, pure vegetative 

reproduction limits the potential for genetic variability 

between individuals and leaves no mechanism for genetic 

recombination, both of which are prerequisites for genetic 

adaptation. 



 

METHODS 


To test whether the distribution of redwood has 


changed in the recent past, study plots were examined along 


transects through the redwood ecotone' For old-growth red-

wood, differences in the stand-age profile along the transects 


were evaluated. For second-growth, a comparison was made of 


the distribution of redwood along the transects before and 


after harvesting by evaluating the presence and absence of 


pre-harvest and post-harvest redwoods at each sample plot. 


In both the old-growth and second-growth sites data 


were collected using one-tenth or one-fifth acre (404.7 or 


809.4 square meters) circular plots along transects that 


extended perpendicularly through the redwood ecotone. Each 


transect consisted of seven to 11 plots distributed over a 


distance of 11 to 25 chains (221.3 to 503.0 meters). The 


first plot was located one chain outside the local redwood 


distribution and the second plot was located one chain inside 


the stand. The remaining plots were located every two chains 


(40.2 meters) along the transect for six to eight chains (120.7 


to 161.0 meters) and then every four chains (80.5 meters) until 


the ecotone had been sufficiently covered. A typical transect 


is presented in Figure 1. More plots were located close to 


the edge of the redwood distribution because this is where 


one would be most likely to detect any changes in the stand-


age profile. 
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Figure 1. Schematic of typical transect through redwood

ecotone' The numbers represent the number o f 


chains the plot center is to the inland edge of

the redwood distribution. 
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In each sample plot all the redwoods between one and 


21 inches (2.5 and 53.3 centimeters) dbh (diameter at 4.5 feet; 


1.37 meters) were cored to obtain an age estimation. In the 


old-growth stand the upper limit of 21 inches (53.3 centi-

meters) includes those trees up to 200 years old. Those 


under 12 inches (30.5 centimeters) dbh were also classified 


as either a seedling or a sprout by using the following 


criteria: (1) its position in relationship to other redwoods 


and redwood stumps, (2) the past radial growth rate when the 


tree was first established - sprouts grow quicker than seed-

lings, (3) the number of years it took the tree to reach 4.5 


feet (1.37 meters) - estimated through one increment boring 


close to the ground and one at 4.5 feet (1.37 meters)' All 


other species and all stumps were tabulated by species and 


five inch (12.7 centimeter) dbh group. An ocular estimation 


of the percent cover of the major understory species was 


also noted. At each plot center a one-hundredth acre (40.5 


square meters) concentric plot was located for sampling the 


regeneration. All trees over six inches (15.2 centimeters) 


tall and under one inch (2.5 centimeters) dbh were tallied by 


species. 


The adaptive strategy of old-growth redwood could 


then be evaluated by plotting the ages of the individual 


trees against the distances of the plot centers from the outer 


edge of the redwood distribution or by regressing the ages 


(independent variable) against the distance (dependent 


variable). By visual inspection of the graphs, trends in 
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the ages of the trees along the transect could be interpreted 


as follows: (1) if the redwoods tend to be younger toward 


the outer edge, the redwood distribution is advancing 


(Figure 2A); (2) if the redwoods tend to be older toward the 


outer edge the redwood distribution is receding (Figure 2B); 


(3) if there is no apparent change in the tree ages along the 


transect the redwood distribution is not changing (Figure 2C). 


This can be done statistically by employing a least squares 


regression. The sign and value of the regression coefficient 


would then indicate which direction and to what degree the 


distribution of redwood is changing along the transect. A
. 


positive coefficient would indicate that the trees are younger 


toward the outer edge (distribution advancing, Figure 2A) and 


a negative one would indicate the trees are older (distribu-

tion receding, Figure 2B). 


The theoretical basis for evaluating the adaptive 


strategy of second-growth redwood is different. Here, what 


is of interest is whether or not the distribution of redwood 


has been altered because the stand was harvested, and not how 


the distribution of redwood has been changing over the past 


two-hundred years. Consequently, the presence and absence of 


pre-harvest (stumps) and post-harvest redwoods at the inland 


edge of the distribution of redwood becomes most important. 


Changes in the stand-age profile through the redwood ecotone 


become less relevant. This presence and absence data is 


provided in the first three plots of a transect which covers 


the inland edge of both the pre-harvest and post-harvest 
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Figure 2' The three possible outcomes of an evaluation of 

the adaptive strategy of coast redwoods (A) the


redwood distribution advancing; (B) the redwood

distribution receding; (C) the redwood distribution

not changing. Each graph is a hy pothetical series

of stand-age profiles through the ecotone with the

points representing individual trees and the lines 

the least squares fit regression lines. 
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redwoods. Therefore, in five of the eight second-growth 

transects only the first three plots were sampled; one plot 

one chain (20.1 meters) outside the present distribution of 

redwood, and two plots one and three chains (20.1 and 60.4 

meters) within. 



STUDY SITES 


Old-Growth 


Only two sites were found suitable for study because 


of the lack of remaining old-growth redwood where a continuum 


of environmental variables exist on the inland edge of the 


distribution of redwood (Figure 3). One was at the bottom 


of the Skunk Creek drainage at the Northern California Coast 


Range Conservancy in Mendocino County. The other was on the 


north facing slope of the Smith River in Del Norte County. 


Both sites had had no timber harvesting. 


In both old-growth sites, redwood made up an average 


of 70 percent of the total basal area, with Douglas-fir 


(Pseudosuga menziesii (Mirb.) Franco) 25 percent, tanoak 


(Lithocarpus densiflorus (Hook. and Arn.) Rehd.) 4 percent, 


and madrone (Arbutus menziesii Pursh.) 4 percent. A summary 


of the species composition by transect is given in Table 1. 


The Skunk Creek site was on a west facing hillside at 


an elevation of 1600 to 2000 feet (488 to 610 meters)' It 


was characterized by xeric conditions, with redwood confined 


to the bottom of the drainages. The two transects located 


here (transects 1 and 2) ran down two converging drainages 


with Garry oak (Quercus garryana Dougl.) and canyon live oak 


(Q. chrysolepis Liebm.) outside the drainages. The dominant 


understory was a mixture of California huckleberry (Vaccinium 


ovatum Pursh), young tanoak, bedstraw (Galium spp.), and ferns. 


14 
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Figure 3. Location of study sites in Northern California. 
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Table 1. 	 Average basal area in square feet per acre

(.23 square meters per hectare) of tree species

found along each old-growth transect. 


Skunk Creek Smith River 

transect numbers 1 2 3 4 

Sequoia sempervirens 336.1 384.3 149.4 310.9 

Pseudotsuga menziesii 86.6 121.0 72.0 94.5 

Lithocarpus densiflorus 19.9 7.6 22.2 26.2 

Arbutus menziesii 42.8 16.0 0.0 5.3 

Umbellularia californica 0.0 5.3 0.0 0.0 

Acer macrophyllum 0.0 0.0 10.6 0.0 

Chamaecyparis lawsoniana 0.0 0.0 3.9 0.0 

total 485.4 534.2 258.1 436.9 
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The Smith River site was on a north facing slope at 


an elevation of 540 to 680 feet (165 to 207 meters). This 


site was not as xeric as the Skunk Creek site. Consequently, 


the redwoods are not confined to the drainage bottoms. 


Transect 3 ran parallel to and up the hill twenty chains from 


the south bank of the Smith River. Transect 4 was located 


perpendicularly to transect 3 and five chains higher up the 


slope. The direction of the transects were determined by 


where the redwood ecotone lies such that they would pass 


through the ecotone at a right angle. Outside the redwood 


distribution the forest was primarily composed of Douglas-fir, 


tanoak, and madrone. The understory was similar to that 


found at Skunk Creek except for the presence of Pacific 


rhododendron (Rhododendron macrophyllum D. Don.), salal 


(Gaultheria shallon Pursh), and redwood-sorrel (Oxalis oregana 


Nutt.). 


Second-Growth 


Three second-growth study sites were chosen, one near 


Snow Camp Road, one in Redwood National Park, and one near 


the Smith River. The criteria used in the location of these 


sites were that they be at an inland edge of the distribution 


of redwood that is determined by continuous environmental 


factors and where the timber harvesting practices have been 


the same through the entire sampling unit. This consistency 


in timber harvesting practices was selected to ensure that 


the changes found through this ecotone were the result of 
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the natural environmental factors and not different harvesting 


methods and schedules. In all cases the timber has been 


removed through clearcutting with tractor yarding. A summary 


of the species composition by transect is given in Table 2. 


The Snow Camp Road site was located on a west facing 


hillside at an elevation of 1500 to 2000 feet (457 to 610 


meters). One transect (number 5) was located close to the 


bottom of a natural drainage in a 65 year old stand' Two 


other transects (numbers 6 and 7) were located in a 15 year 


old stand. 


At the Redwood National Park site, three transects 


(numbers 8, 9 and 10) were located parallel with the slope 


on the north side of Redwood Creek at an elevation of 1500 to 


2000 feet (457 to 610 meters). The distribution of redwood 


extended much farther inland along the creek bottom. Just 


outside the distribution of redwood, Douglas-fir was the 


dominant tree species. Present among the second-growth 


redwood were Douglas-fir, Monterey pine (Pinus radiata D. Don) 


and Port Orford Cedar (Chamaecyparis lawsoniana (Murr.) 


Parlatore.) which were seeded following harvesting approxi-

mately ten years ago. 


The two second-growth transects at the Smith River 


study site (numbers 11 and 12) were located higher on the 


hillside and to the west of the old growth transects in that 


area. Transect 13 was located in a 13 year old stand and ran 


parallel to the contours, east to west. Transect number 12 


was located in a 38 year old stand and ran down the hillside, 
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Table 2. 	 Average number of stems per acre over 1 inch dbh

and average stand age for each second-growth

transect. 


transect number: 	 .5 6 7 8 9 10 11 12 


Sequoia sempervirens 142 52 40 48 18 a 47 75 


Lithocarpus densiflorus 8 2 8 0 0 a 13 10 


Psuedostuga menziesii i 0 3 0 0 a 0 20 


Average stand age: 65 15 15 10 10 10 15 40 


a nominal data 
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north to south. The direction of the transects were located 


such that they would pass through the ecotone at a right 


angle. 




 

RESULTS 


Old-Growth 


The observed stand-age data are plotted (Figure 4A) 


for transects 1 and 2 (Skunk Creek study site) and (Figure 4B) 


for transects 3 and 4 (Smith River study site). Each point 


represents one tree. The distance in chains (horizontal axis) 


is the distance of the plot center from the outer edge of the 


redwood ecotone. By visual examination of the graphs, no 


trend can be identified which supports the hypothesis that 


the redwood distribution is either advancing or receding; 


i.e . the distribution is not changing. 


To statistically verify this conclusion, a least 


squares regression was employed, regressing the age of each 


individual tree (dependent variable) against the distance 


through the ecotone in chains (independent variable). The 


regression coefficient represents how the ages of the trees 


were changing through the ecotone. No significant regression 


coefficients at an alpha level of five percent were found 


for any of the old-growth transects. The results of the 


regression are given in Table 3. This finding supports the 


conclusion that the distribution is neither advancing nor 


receding. 


An important aspect of the adaptive strategy of coast 


redwood is the respective contributions to the regeneration 


by seed and by sprout. If all the regeneration was by sprout 
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Figure 4. es of individual redwood trees between one and
4'
 
21 inches dbh plotted against the distance of the


plot center from the outer edge of the redwood 

distribution for transects 1 and 2 (A) and 3 and 


4 (B). 
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Table 3. Results of least squares regressions. An "*" 
identifies those t-ratios that are significant at
the five percent alpha level. 

Transect Regression equation r2 d.f. t-ratio Critical t 

1 Y = 74.8 - .066x .000 25 -.06 2.060 

2 Y = 7.1 - .178X .000 15 -.08 2.131 

3 Y = 85.4 - 3.53X .126 25 -1.89 2.060 

4 Y = 108.- 1.79x .014 19 -.52 2.093 

5 Y = 63.0 - .391X .017 126 -1.48* 1.197 

6 Y = 23.6 - .843X .136 30 -2.17* 2.042 

8 Y = 9.86 - .180X .142 28 - 2.16* 2.048 
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(as indicated in Table 4) and none by seed, redwood would not 


have the dispersion capability to extend its distribution. 


Unfortunately, the ability to discriminate between seedlings 


and sprouts was found to be unreliable for several reasons: 


(1) the difficulty in determining the exact age with increment 


corings (Fritz 1929), (2) the ability of redwood to sprout 


from seedlings that are very young (Simmons 1973), (3) the 


variability in the growth rate found between sprouts. 


Nevertheless, an estimation was made for those trees 


between 1 and 12 inches dbh; the results are listed in Table 


4. The number of seedlings here should be regarded as a 


high estimate since a positive classification was possible 


for most all those classified as sprouts but not for those 


classified as seedlings (i.e. those not positively classified 


as a sprout were counted as seedlings). Table 4 shows the 


contribution of seedlings is small. 


Second-Growth 


The transects made up of more than three plots 


(transects 5, 6 and 8) were first analysed using the same 


approach taken with the old-growth. The data are presented 


in Figure 5 with the age of each tree plotted on the vertical 


axis and the distance from the plot center to the outer edge 


of the redwood ecotone on the horizontal. The results of the 


least squares regression are given in Table 3' Even though 


the negative slope of these regression lines is small, it was 


found to be significant at the five percent alpha level for 
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Table 4. 

Transect 

number 


1 


2 


3 

Number of seedlings, and sprouts of redwoods

between one and 21 inches dbh sampled along the

old-growth transects. An "*" indicates a one-fifth 

acre plot was sampled; all other plots were one-

tenth acre in size. 


Chain of of 
number seedlings sprouts 

-1 0 0 
1 0 2 
3 0 0 
5 0 2 
7 

11 
0 
0 

7 
0 

15 
19 

1. 
2 

3 
4 

23 0 4 

-1* 0 0 
1* 0 1 
3* 
5 

0 
1 

3 
4 

7 2 1 
11 0 2 

-1* . 0 0 
1* 0 1 
3* 
5* 

0 
1 

3 
4 

7* 2 1 
11* 0 2 

-1* 0 0 
1 0 7 
3 o 3 
5 
7 

0 
3 

5 
0 

9* 1 0 
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Figure 5' Ages of individual redwood trees plotted against
the distance of the plot center from the outer 
edge of the. redwood distribution for transects 5
(A.), 6 (B), and 8 (C). 

• 



2 7 


the three transects. This indicates that the trees tend to 


be younger toward the outer edge of the ecotone at a rate of 


about three, eight and two years (transects 5, 6 and 8 respec
 

tively) for every ten chains. 


Even though the regression coefficients were found to 


be significant it does not indicate that the distribution of 


redwood has changed with timber harvesting, but that redwood 


establishment is slower after harvesting toward the outer 


edge of the redwood ecotone. To test for a change in the 


distribution of redwood with harvesting, a comparison was 


made between the geographical location of the edge of the 


redwood distribution before and after harvesting. To accom-

plish this the data were degraded to presence and absence of 


pre-harvest and post-harvest redwoods (stumps and stems 


respectively) for each plot. These nominal data are tabulated 


in Table 5. With these nominal data the geographic location 


of the inland edge of the old-growth (stumps) and second-


growth (stems) can be compared to determine if there has been 


any change. 


Little change was found in the geographic location of 


the outer edge of the redwood distribution (Table 5). In two 


out of the eight transects, redwood second-growth stems were 


found present beyond the presence of any old-growth stumps 


indicating that harvesting has resulted in an increasing of 


the distribution of redwood. For the other six transects the 


presence of stems was found to coincide exactly with the 


presence of stumps (no change in the redwood distribution). 
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Table 5. 	 Presence"+" and absence "-" of stumps, sprouts, and seedlings for the first.
three plots of each second-growth transect. 

chain -1 chain 2 	 chain 3Transect 

number stump sprout seedling stump sprout seedling stump sprout seedling 


5 	 - - + + + - + + 

6 - - - + + - + + -

7 - - - + + + + + -

8 - - - + + - + +, -

9 - - - + + - + + -

10 - - - + + - + + -

11 - - - + + + 	 + + + + 


12 - - + + + + 	 + + + 

CO 



None of the transects had stumps present without current 


redwood regeneration. 




DISCUSSION 


Old-Growth 


In agreement with the findings of Fritz (1929) and 


Veirs (1980), the stand-age profile of redwood was found to 


be all-aged. Furthermore, no significant change in this 


stand-age profile was detected toward the outer edge of the 


redwood ecotone. A visual observation made at the old-growth 


sites found the edge of the redwood distribution to be rather 


abrupt with very few trees occurring outside the contiguous 


distribution. The above finding supports the conclusion that 


the distribution of redwood is not changing geographically' 


It is defined by a rather abrupt line with little if any 


transition in the stand-age profile. 


Since only those trees under 200 years of age were 


included in this study, changes in the distribution of redwood 


as a result of rare events could not be evaluated. Redwood 


is a long lived species (Fritz 1929). Movement in the distri
 

bution of redwood could perhaps be a result of environmental 


conditions that only occur once or twice in a period of up to 


1500 years. This study would only detect the effects of such 


an event if it had occurred within the past 200 years. 


Despite the difficulties in discriminating between 


seedlings and sprouts, the lack of regeneration by seed 


suggests that sprouting is crucial in redwood regeneration at 


the inland ecotone. Here the conditions are less favorable 
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for seedling regeneration. Stone, Grah, and Zinke support 


this hypothesis, pointing out that: 


Redwood cannot regenerate by seed in the environments

that now prevail along much of its eastern and southern

limits. In these areas redwood was established under 

earlier favorable environments and is now a relic and 

exists only because of its ability to sprout. (Stone,

Grah, and Zinke 1969 p.103). 


Since sexual reproduction is supplemented by sprouting, little 


seedling regeneration is needed for redwood to continue 


occupying the site. 


Equipped with a reliable way to discriminate between 


seedlings and sprouts, the importance of sprouting in redwood 


regeneration would be a good area of future study. If, in 


fact, it is found that regeneration is entirely by sprouting 


at this ecotone, it would raise the following questions 


concerning the adaptive strategy of redwood: how genetically 


viable are the individual trees originating from sprouts 


versus seed? does this lack of sexual reproduction hinder 


the ability of redwood to genetically adapt to its environment? 


Second-Growth 


The conclusion that timber harvesting has not decreased 


and has possibly slightly increased the distribution of red-

wood is not surprising since redwood is able to sprout 


vigorously after logging (Boe 1975; Neal 1967). Fritz (1959) 


pointed out that: 


Redwood hardly needs favoring. It is so aggressive, so

definitely suited to the region, so easily reproduced

from sprouts and from seeds under favorable conditions

that- it is capable of being present whether the manager

wills it or not. 




Often in the past effort was put into converting redwood 


stands into sites for grazing by periodical burning of redwood 


stumps after logging. Nevertheless, once these efforts were 


discontinued these sites returned to redwood (Cooper 1965). 


Even though sprouting often does not provide suffi-

cient regeneration from a timber production perspective 


(Boe 1975) it does provide sufficient regeneration for the 


redwood forest type to continue occupying the site. Fritz 


(1959) points out that on the dryer south facing hillsides 


where there are problems with the failure to achieve conifer 


regeneration, a harvested redwood stand will usually return 


to redwood because of the ability of redwood to stump sprout. 


However, the time lost because of brush competition lengthens 


timber growing rotations. 


In conclusion, through an analysis of the stand -age
.
 

profile it was found that the redwood distribution is neither 


advancing nor receding, a characteristic which has been 


contributed to its ability to stump sprout. This dependence 


on vegetative reproduction suggests that as a species redwood 


is not adapting to its changing environment and could be 


therefore destined to extinction in the distant future. It 


is doubtful that this is the case with redwood since it is 


such a long-lived species, its sprouts are able to tolerate 


a wide range of environmental conditions and since there is 


probably enough regeneration by seed to provide the genetic 


variation necessary for adaptation to the changing environment. 
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