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Figure A. The range of aspen in the conterminous western United States.
Reproduced from Little (1971).
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APPENDIX B. Photographs
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Figure B.1. Photograph showing the newly clear-felling-coppice operation for one
of the study sites.



Figure B.2. Perimeter fence showing the contrasting browsing regimes inside and
outside the exclosure. See how heavily browsed the suckers are at the bottom left
corner of the photograph (as shown by the arrow).
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Figure B.3. Photograph showing a regeneration of aspen suckers inside the
exclosure after clear-felling operation.
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APPENDIX C. Tables
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Table C.1. Soil textural classes and particle size distributions for study sites on
Cedar Mountain, Utah.

Site! Soil texture Sand Silt Clay
%
1 Sandy-loam 70 20 10
1 Sandy-loam 70 20 10
1 Sandy-loam 69 21 10
1 Sandy-loam 70 18 12
2 Loam/Clay-loam 32 41 27
2 Loam 37 41 22
2 Loam 34 40 26
2 Clay-loam 24 45 31
3 Clay-loam 28 44 28
3 Clay-loam 26 46 28
3 Clay-loam 27 45 28
3 Loam/Clay-loam 30 43 27

'Four samples were collected from each site.

Table C.2. Soil moisture content (%) for study sites sampled at three seasons in
2007,

Season Depth (cm) Water Content (%) SE*
Early summer 15 9.43
30 9.55
Mid-summer 15 5.58 1.39
30 4.56
Late summer 15 3.33
30 3.33

'SE = standard error.
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Table C.3. Deoxyribonucleic acid (DNA) extraction results for samples of aspen
leaves collected at the three sites.

Sample | Allelel | Allele2 | Allele3 | Allele1 | Allele2 | Allele 3 | Allele 1 | Allele 2
1 210 224 119 122 156 169
2 210 224 119 122 156 169
3 210 224 119 122 156 169
4 210 224 119 122 156 169
5 210 224 119 122 156 169
6 207 210 224 122 156 163
7 207 210 224 122 156 163
8 207 210 224 122 156 163
9 207 210 224 122 156 163
10 210 213 119 122 156 169
11 210 213 224 119 122 156 163
12 210 213 224 119 122 156 163
13 213 230 119 122 128 162 169
14 210 213 224 119 122 156 163
15 210 213 224 119 122 156 163
1-5, 6-10, and 11-15 = samples from site 1, 2, and 3, respectively.
Table C.3. -continued
Sample | Allele3 Allelel | Allele2 | Allele3 | Allele1 | Allele2 | Allele 3
1 99 101 184 193
2 99 101 184 193
3 99 101 184 193
4 99 101 184 193
5 99 101 184 193
6 169 99 115 184 193 196
7 169 99 115 184 193 196
8 169 99 115 184 193 196
9 169 99 115 184 193 196
10 95 101 115 184 193 196
11 97 99 193 196
12 97 99 193 196
13 99 103 184 193
14 97 99 193 196
15 97 99 193 196

1-5, 6-10, and 11-15 = samples from site 1, 2, and 3, respectively.




Table C.4. Regression equations for basal diameter (cm) and biomass (g) for the

different seasons in 2006 and 2007.
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Year Season Regression equation R® n
2006 Early summer In?y=2.83 +2.32In"x 0.83 50
Mid-summer Iny=3.12+2.90 In x 0.89 50
Late summer Iny=3.20+2221Inx 0.90 50
‘October:Whole plant In y = 2.86 + 2.66 In x 0.89 50
"Twigs Iny=229+2.581Inx 0.65 50
2007 Early summer Iny=281+231Ilnx 0.76 50
Mid-summer Iny=3.07+2.521nx 0.90 50
Late summer Iny=292+235Inx 0.77 50
'October Iny=1.75+2.00 In x 0.37 50

“bIndicate biomass, and basal diameter, respectively.

‘Indicate whole plant biomass and basal diameters were used to develop the regression equation at the end
of the growing season. Because suckers in 2006 had emerged in spring and summer that year, whole plant
biomass was used in developing the regression equation. 'However, for the re-growth, basal diameter and

biomass of twigs were used instead.
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Table C.5. Mean initial current year biomass production (kg/ha) for aspen
suckers at the beginning of seasons in 2006 and 2007 on Cedar Mountain, Utah.

Year Season Intensity (%) Biomass 'SE
(kg/ha)
2006 Early 0 177.6 83.75
Summer 20 190.8
40 2154
60 164.9
Mid- 0 322.3 83.75
Summer 20 529.5
40 433.5
60 668.3
Late 0 462.6 83.75
Summer 20 824.4
40 536.7
60 575.5
2007 Early 0 1196.1 414.59
Summer 20 925.1
40 1037.1
60 1035.6
Mid- 0 987.1 414.59
Summer 20 1807.4
40 852.2
60 1370.4
Late 0 792.8 414.59
Summer 20 1950.4
40 1045.6
60 717.6

'SE indicates standard error.
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APPENDIX D. Statistical Programming Codes
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SAS Code for the Model for Analysis of Variance for Sucker Variables

Include SAS macro PDMIX800, available at
http://animalscience.ag.utk.edu/faculty/saxton/pdmix800.sas
Replace C:\WORK FILES\SAS RESOURCES in the %INCLUDE statement with
the appropriate location on your computer.
See comments within PDMIX800.SAS for documentation and citation.
PDMIXS800 uses IML, so IML must be installed on your computer.
Note that critical values (e.g., LSDs) are reported in the LOG window!
%include 'F:\KOKETSO TSHIRELETSO DISSERTATION DOCUMENTS\PROJECT
SAS CODE\pdmix800.sas';

PROC IMPORT OUT= KKproject
DATAFILE= "F:\koketso Tshireletso dissertation documents\dissertation
data\proj kk1 A"
DBMS=EXCEL2000 REPLACE;
GETNAMES=YES;
RUN;

proc contents data=KKproject varnum;
run;
proc freq data=KKproject;
table timenumeric -- later ns ;
run;

title 'Before clipping measurements data in both years';

data BLUE;
set kkproject;
*IF timeNumeric=1; * Alternative subsetting statement;
if time in ('B06', 'B07');

run;

proc print data=blue;
run;

proc sort data=blue;
by site season treatment time;
run;

proc means data=blue noprint;

by site season treatment time;

var suckerHt;

output out=suckerHt Means mean=suckerHt;
run;



proc print data=suckerHt Means;
run;

data suckerHt Means;
set suckerHt Means;
*logsuckerHt = log(suckerHt);
run;

Title ‘Model fitting’;

proc datasets nolist;
delete Ismeans solutionr diffs mix_out;
run;
proc mixed data=suckerHt Means covtest cl nobound;
ods output Ismeans=Ismeans solutionr=solutionr diffs=diffs;
ods exclude solutionr diffs;
class site season treatment time;
model suckerHt = season|treatment|time / ddfm=kr outp=mix_out;
random site / solution;
random site*season / solution;
random treatment*site*season / solution;
Ismeans season|treatment|time / pdiff adjust=tukey;
run;

/* Define macro variables: replace _ with pertinent variables
NOTE that many of these macro variables are case-sensitive
and MUST match the variable names (uppercase, lowercase, any
truncation) in the datasets!

This is set up for a three-way factorial (fixed effects factors)
with three variance components (random effects factors, e.g.,
block, whole plot, subplot) in addition to residual; add or
delete factors as need be. */

%]let factorl= Season; /* Fixed effects factor 1 */

%let factor2= Treatment; /* Fixed effects factor 2 */

%]let factor3=Time; /* Fixed effects factor 3 */

%let effect]12 = Season*Treatment; /* Interaction of factors 1 and 2 */

%let effect13 = Season*Time; /* Interaction of factors 1 and 3 */

%let effect23 = Treatment*Time; /* Interaction of factors 2 and 3 */

%]let effect123 = Season*Treatmen*Time; /* Interaction of factors 1 and 2 */

%let levell= Site;  /* Random effects factor 1 */
%]let level2= Site*Season;  /* Random effects factor 2 */
%let level3= Site*Season*Treatmen; /* Random effects factor 3 */
/* Create a new dataset with LSMEANS information to plot
+/- SE */
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data Ismeans;
set Ismeans;
hi = estimate + stderr;
lo = estimate - stderr;
run;

data Ismeans2;
set Ismeans;
y=hi; output;
y=lo; output;
run;

/* Plot interactions */

goptions reset=symbol;

proc gplot data=lsmeans2(where=(effect="&effect12"));
title2 "&factorl by &factor2 Interaction";
symbol i=hilojt;
plot y*&factor2=&factorl;
run;

proc gplot data=Ismeans2(where=(effect="&effect13"));
title2 "&factorl by &factor3 Interaction";
symbol i=hilojt;
plot y*&factor3=&factorl;
run;

proc gplot data=lsmeans2(where=(effect="&effect23"));
title2 "&factor2 by &factor3 Interaction";
symbol i=hilojt;
plot y*&factor2=&factor3;
run;

proc sort data=Ismeans2;
by &factor3;

proc gplot data=Ismeans2(where=(effect="&effect123")) uniform;
title2 "&factorl by &factor2 by &factor3 Interaction";
by &factor3;
symbol i=hilojt;
plot y*&factorl=&factor2;
run;

proc sort data=Ismeans2;
by &factor2;

proc gplot data=Ismeans2(where=(effect="&effect123")) uniform;
title2 "&factorl by &factor2 by &factor3 Interaction";
by &factor2;
symbol i=hilojt;
plot y*&factorl=&factor3;
run;

goptions reset=symbol;

/* Assess model assumptions */
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/* Level 1 variance */
proc univariate data=solutionR(where=(effect="&level1")) noprint;
title2 "&levell variance";
probplot estimate / normal (mu=est sigma=est);
histogram estimate / normal;
run;
/* Level 2 variance */
proc univariate data=solutionR(where=(effect="&level2")) noprint;
title2 "&level2 variance";
probplot estimate / normal (mu=est sigma=est);
histogram estimate / normal;
run;
/* Include &factors as appropriate, i.e., those factor(s) for
which LEVEL2 is the experimental unit */
proc sort data=solutionR;
by &factorl;
proc boxplot data=solutionR(where=(effect="&level2"));
plot estimate*&factorl / boxstyle=schematic;
run;
/* Level 3 variance */
proc univariate data=solutionR(where=(effect="&level3")) noprint;
title2 "&level3 variance";
probplot estimate / normal (mu=est sigma=est);
histogram estimate / normal;
run;
proc sort data=solutionR;
by &factor2;
proc boxplot data=solutionR(where=(effect="&level3"));
plot estimate*&factor2 / boxstyle=schematic;
run;
/* Residual variance */
proc univariate data=mix_out plot normal noprint;
title2 'Residual variance';
probplot resid / normal (mu=est sigma=est);
histogram resid / normal;

run;
/* Include &factors as appropriate */
proc sort data=mix_out;

by &factorl;

proc boxplot data=mix_out;
plot resid*&factor1 / boxstyle=schematic;
run;

proc sort data=mix_out;
by &factor2;

proc boxplot data=mix_out;
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title3;
plot resid*&factor2 / boxstyle=schematic;
run;
proc sort data=mix_out;
by &factor3;
proc boxplot data=mix_out;
title3;
plot resid*&factor3 / boxstyle=schematic;
run;
proc sort data=mix_out;
by pred;
proc gplot data=mix_out;
symbol i=none v=plus;
plot resid*pred / vref=0;
run;
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APPENDIX E. Plant Data Responses
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Figure E.1. Effect of clipping intensity (A), and season of clipping (B) on mean twig
density of suckers clipped once during their first year of growth. The twig numbers
for the three seasons were averaged over B06 and B07 sampling times. B06, BO7 =
before suckers were clipped at the beginning of seasons in 2006, and 2007,

respectively. Bars indicate standard errors. Means with different letters are
significantly different at P < 0.05.
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Figure E.2. Effect of clipping intensity (A), and season of clipping (B) on mean bud
density of suckers clipped once during their first year of growth. The bud numbers
for the three seasons were averaged over B06 and B07 sampling times. B06, B0O7 =
before suckers were clipped at the beginning of seasons in 2006, and 2007,
respectively. Bars indicate standard errors. Means with different letters are
significantly different at P < 0.05.



160

Intensity (%)

emerged after treatments were implemented shown under each intensity and season

of clipping. These suckers were noted in the summer of 2007. ES, MS, LS

Figure E.3. Total number of new suckers (in all plots for the three stands) that
mid- and late summer, respectively.
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Means with different letters are significantly different at P < 0.05.
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A06 and A07 sampling times. A06, A07 = end of the growing season in 2006 and
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Figure E.6. Effect of clipping intensity on mean bud density of suckers clipped
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significantly different at P < 0.05.



163

7 N

-2000 ~
-4000 ~
-6000 ~
-8000 ~
-10000 -
-12000 -

(ey/siaxans) Ausuap ul abuey

-14000 -

T
o
S
S
©
i

1
0]

-18000

60

40

20

Intensity (%)

NN
a

5000

-5000 ~
-10000 -
-15000 -
-20000 -
-25000

(eyssiaxons) Ausuap ul abuey)d

-30000

Late Summer

Mid-Summer

Early Summer

Season

(B) on mean

Bars indicate standard

ipping

Figure E.7. The effect of clipping intensity (A), and season of cl

sucker density changes averaged over 2006 and 2007

errors. Means with different letters are significantly different at P < 0.05.



164

40
30
20
10 +

3 2006
E1 2007

-10 B
-20 - CT oot
-30
-40
-50

&S

o

:-:-:8|_\ \Q

Change in sucker height (cm)

0 20 40 6
Intensity (%)

o

40
30 -
20 A
10 +

© 2006
2007

-10 -
-20 -
-30 -
-40 -

Change in sucker height (cm)

Early Summer Mid-Summer Late Summer

Season
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Figure E.9. The effect of clipping intensity (A), and season of clipping (B) on mean
leader length changes averaged over 2006 and 2007. Bars indicate standard errors.
Means with different letters are significantly different at P < 0.05.
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