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EVALUATING OAK ADVANCE REPRODUCTION
IN THE MISSOURI OZARKS

Ivan g. Sander, Project Leader,
l___,,! S. Johnson, Pn'nc/pa/saviaatumt,

and Robert Itoge_, Mensurationist,
" Columbia, Missouri

APPLICATION 4. Distribute these 1/735-acre plots uniformly

This guide presents a method for determining in throughout the stand.
advance of final harvest whethei, reproduction is 5. Measure the tallest stem of advance oak repro-
adequate to reasonably ensure the regeneration of an duction on each 1/735-acre plot and record (advance
oak stand: The guide is based on studies of sui-vival reproduction inventory (fig. 1)). Tally these stems by
and'growth of oak reproduction on a range of sites 2-foot height classes and ½-inch ground diameter
from site index 50 to 70 for black oak in the Missouri classes (table 1). A 6-inch caliper graduated in either
OzarkS. The guide assumes oaks Will be grown in tenth or quarter inches can be used for measuring

even-aged stands as recommended by Roach and ground diameters. Measure only trees 1.5 inches
Gingrich (1968)and Sander (1977). d.b.h, or less; stems larger than this should be con-

The guide requires inventories of (a) the overstory sidered part of the overstory and tallied as such, even
and (b) the oak advance reproduction. Both inven- if below the main canopy. If no oak advance reproduc-

, tion is present, record zero for height and groundtortes should be made at the same time and tallied on
diameter on the tally form.

a form (fig. 1). If the oak advance reproduction
' inventory shows there are insufficient oaks to replace 6. Record on the advance reproduction tally form
the stand, the 0verstory inventory is used to determine the aspect of each plot by quadrant (NE, SE, SW, or
whether or not stump sprouts from overstory oaks are NW) and its slope position (upper, middle, or lower
likely to be numerous enough to make up for deficien- thirds). For plots on level topography (all slopes less
cies in advance reproduction, than 15 percent), narrow ridge tops, or bottoms, code

as LE, RI, or BO, respectively, under slope position

To Use This Guide and use the stocking values for southeast/northwest
aspects (table 1).

•1. Tally all oaks 1.6 inches d.b.h, and larger on 10 7. Determine the stocking value (SV) for each plot
Or more 1/20-acre plots by species and size classes by referring to table 1 and record on the tally form.
(overstory inventory, see sample form (fig. 1)). Then calculate the average SV and round off to the

• 2. Determine average age of dominant and codomi- nearest whole number. If average SV is 30 percent or
nant oaks and site index from tables in Appendix II greater, oak advance reproduction is adequate; no
and record on the tally form. Also determine and further calculations are necessary and the stand can
record the average age of lower story (intermediate be harvested.
and,suppressed) oaks that are 1.6 inches d.b.h, and 8. If the average SV is less than 30 percent, oak
larger, advance reproduction is inadequate to reproduce the

3. Select the number of 1/735-acre plots (4.3 feet in stand if it is cut. But the stand can still be reproduced
radius) to use in the advance reproduction inventory if enough stumps of the overstory oak trees will sprout

after they are cut. To compute the contribution tofrom the following tabulation according to the acre-
age of the stand being examined: reproduction stocking from expected stump

• sprouting:

Usethis numberof a. Assume that the inventory of plots provides the
Forstandsize 1/735-acreplots data on the sample form (fig. 1).
(Acres) b. Note that there are 26 black oaks 2 to 5 inches in
<10 25 diameter per acre. Multiply 26 by 0.42 (from table
10-30 40 2) to find how many of the 26 stumps are expected
30-50 60 to produce codominant or dominant trees at age



Date _//_3 Compartment / Stand /O Site Index bO

Stand Age(Dominants) _ O Stand Age(Lower story) _O

Advance Reproduction
Overstory (1120-acre plots) (11735-acre plots)

Sample D.B.H. Black White Scarlet N. Red Other Plot Asp. Slope Hr. Grnd. SV
Point Class Oak Oak Oak Oak Spp. No. Pos. Dia.
Number

2-5 ....... 1 $_ LO 0 0 0
1 6-11 " " 2 s_ I..o /o ,I..,o 3%.....

12-16 " 3 sE LO 0 o o
17+ " 4 S._ L O _. . ._- A
2-5 ' " "• .. 5 5E z.o 2. .5" 2,..

2 6-11 .... 6 5-_ Lo 0 0 0
12-16 " 7 5d _o & /,_" _5.,

17+ 8 sa- Lo 4- .s- 4-

2-5 ..... 9 s_ L.o _ /,6" _R
3 6-11 ..... " 10 _£ Lo o o o

12-16 " " 11 ._E LO _ .,5- It•

• 17+ _ 12 _ L0 O o O

2-5 "" "" 13 SE .LO . 3. ,5" 3-
4 6-11 14 ._E ,_IT @ ..S" lit

• 12-16 "" " • "" 15 ._ NtZ g I,-¢ 72t
17+ 16 6F_- /14I _ ,S /E
2-5 .--. "" 17 5/5 44r _ I,_- 73

5 6-11 " "" 18 5E _lt- o o o
12-16 . . 19 sE /_.¢ _ t.o 3"/

17+ " 20 S £ .'_:¢ I - ,1.

2-5 ....... 21 3_" _ z _' I. o & 4L
6 6-11 " 22 56" M Z 0 o o

12-16 .... " " 23 ._._ _Z & /.S &5"

17+ 24 S£ M_ 4. /,-< _-_
2-5 : ..... 25 S£ M x g /,_" 7 3

7 6-11 • "" 26 3E _ r o o o
12-16 " 27 5_ UP IO ,_,o ?'l

17+ ' 28 5E _p O O O
2-5 "' . ...... 29 S --_ qP O O O

8 6-11 " . _0 5 £ H P g /, _ 6 8'
12-16 " " _1 s=" uP ( -- I

17+ ..... 32 . 5.E L4P /0 _.o 79
2-5 ....• 33 s_3 _p o o o

9 6-11 " " " 34 _c" UP o o
12-16 .... .. " 35 Sd U P . & /,._- ,.¢9

17+ 36 Sd _/P o 0 o
2-5 "" .-: " 37 5-_ _ p o o o. .

10 6-11 " " " 38 SE _P %' I, s" &
12-16 '" 39 _ F q P & /,..< Y't

17+ ;40 3/5 6/P I -- I

' . 2-5 _6 ' ..eo '_ _. _._, " ,_.o '
Total 6-1 1 _ . I _. ._. _ .__- _. 8' SV Mean _ 5"

• No. 12-16 18 _" 4, _ I_. _- (o
Per 17+ ,% 3. O _ o 6

Acre Total 3"4- _- 30 I1. &,l. 3.4.0 Advance Reproduction A/o
Adequate?

No. of 2-5 II t I _I ;L .....
Stump 6-I 1 I I _L 3- Total Advance Reproduction

Spts. 12-16 /. 0.. 3,,," I Per + Stump Sprouts _e&
Per 17+ o 0 0 O Acre Adequate?

Acre 'Total 13 13- I_" 5" 4--_- l .

. Figure 1.--Example tally form for recording overstory trees and oak advance reproduction stocking and for

computing the number of expected oak stump sprouts.



Table 1,--Stocking value'for advance reproduction inventory plots
°

Sizeof tallesttreeper plot Aspectandslopepositionof plot

Height Grounddiameter

class class Southwest Southeast& Northwest Northeast

(It) Upper Middle Lower Upper Middle Lower Upper Middle Lower
In. - ......... Plot Stocking Value(SV)

<, I All 1 1 0 1 2 0 1 1 0
2- 0.5 (0.3-0.7) 5 6 1 8 9 2 4 5 1

(1.!,3.0) 1.0(.8,) 14 17 3 22 26 6 13 15 3
4 0.5 (.3-.7) 10 11 2 15 18 4 8 10 2

(3.1-5.0) 1.0(.8-1.2) 22 25 6 32 37 9 19 22 5
1.5 (1.3,) 37 42 11 51 56 18 34 38 10

6 " 0.5 (.3-.7) 19 22 5 28 32 8 16 19 4
(5.1-7.0) 1.0 (.8-1.2) 32 36 9 45 50 14 29 33 8

1.5(1.3.) 45 50 15 59 65 23 41 46 13
, 8 1.0(.8-1.2) 44 49 14 59 64 22 40 45 12

(7.1-9.0) .1.5 (1.3-1.7) 54 59 19 68 73 28 49 54 17
- 2.0 (1.8,) 62 67 24 76 80 35 57 62 21
10+ 1.0(.8-1.2) 58 63 22 72 77 32 54 59 14

(9.1+) " 1.5(1.3-1.7) 62 67 24 76 81 35 58 63 16
2.0.(1.8-2.2) 66 71 27 79 84 38 61 66 19
2.5 (2.3+) 69 74 29 8,2 86 41 64 69 21

' Narrow ridgetops ' ', ',
Levelareas (<15 percent slopes other than ridge tops and bottoms) ' ',
• I

Bottoms

1StockingValue(SM)isthecontributionofa singlestemtostandstockingatage20.

20:26 x 0.42 = 11 (rounded off to the nearest whole 10. Because the computed value (45) exceeds the
number). The expected number of stump sprouts tabulated value (37), oak stump sprouts will make up
per acre for 2- to 5-inch black oaks, 11, is listed at for deficiency in the advance reproduction. Thus, the
the bottom of figure 1. oak component of the new stand will be adequate and

c. Similarly, compute the expected number of stump the old stand can be harvested.
sprouts for the other size classes of black oak (1 for 11. If the number of expected stump sprouts does
the 6- to ll-inch class, I for the 12- to 16-inch class,

• and 0 for the 17+ inch class) and note that all these not compensate for advance reproduction deficiencies,harvesting should be delayed until adequate oak
classes sum to 13. Do the same for all oak species, advance reproduction is established. The alternative

d: Summing all oak species and all size classes is to plant oak seedlings (Johnson [in prep.]).
gives a total of 45 expected stump sprouts per acre..

• (fig. 1). 12. To determine oak regeneration potential more
9. GO to table 3 and find the number of stump rapidly, a program for Hewlett-Packard _ program-

sprouts required in combination with advance repro- mable calculator is presented in Appendix III.
duction stocking to meet minimum stocking require-
ments. Opposite 25 note that 37 stump sprouts are
needed to make up the deficiency in advance repro-
duction. (Suppressed and intermediate oaks (parti-
cularly white oaks) may be younger than the stand
dominants. Thus if 2- to 5-inch white oaks had been 40
yearsold instead of 80, expected stump sprouts from
this diameter class would be 37 per acre--sufficient
by themselves to compensate for the deficiency in
advance reproduction. Consequently, the average age _Mention of trade names does not constitute endorse-

. of lower story oaks should always be determined.) merit of the products by the USDA Forest Servia.



Table 2.--Expected proportion of stumps that will produce, at probability 0.8 or greater, at least one eodominant or
" larger stem at age 20

Ageof parenttree[years)
Site D.b.h. All

Species index class 40 60 80 I00 ages
..

/n

Black oak_ 50 2-5 0.36 0.34 0.32 0.30 --
6-11 .13 .11 .10 .08 --
12-16 .06 .05 .04 .03 --

• 17* -- .02 .02 .01 --

60 2-5 .47 .45 .42 .40 --
6-11 .16 .15 .13 .12 --
12-16 .07 .06 .05 .04 --
17. -- .03 .02 .02 --

70 2-5 .61 .59 .56 .54 --
6-11 .21 .19 .17 .16 --
12-16 .10 .08 .07 .06 --

• 17* -- .05 .04 .03 --

Whiteoak_ 50 2-5 .47 .25 .12 .05 --
6-11 .18 .10 .06 .03 --

' 12-16 .06 .04 .03 .02 --
17+ -- .02 .01 .01 --

60 2-5 .63 .38 .19 .08 --
6-11 .26 .16 .09 .05 --
12-16 .09 .07 .05 .03 --
17* -- .03 .02 .02 --

70 2-5 .81 .55 .31 .15 --
6-11 .36 .25 .16 .09 --
12-16 .15 .11 .08 .06 --
17" -- .05 .04 .04 --

, • Northern red oak2 60, 2-5 .86 .86 .49 .49 --
,. 6-11 .86 .86 .46 .46 --

12-16 .86 .86 .38 .38 --
17* -- .86 .24 24 --

Scarletoak3 50+ 2-5 .... 0.46
6-11 .... .96

. 12-16 .... .46
17+ .... .10

1Valuesare basedondata from Johnson(1977).
2Valuesare basedon.datafrom Wendel(1975)andJohnson(1975).
3Valuesby parenttreeage are not available.Valuesgivenaremeansfor sawtimber-sizestandsof variousbutunknownages.



Table 3.--Number of stump sprouts required to quality--in general, oak advance reproduction is
compensate for stocking deficiencies of advance more abundant on average and poor sites than on
reproduction good sites (Sander and Clark 1971).

Abundance of oak advance reproduction alone is
not a good indicator of whether or not oaks will be a

Meanstockingvalue major component of a new stand after final harvest
[SV)for1/735- Stumpsproutsrequired cutting. This is because much of the reproduction may

acreplots be too small to successfully compete with associated
" Number per acre vegetation. Thus, tree size, as well as tree numbers,

30 ............................ 0 should be considered in evaluating the oak regenera-
29. ......................... 8 tion potential.

28. .... . ..................... 15 Variation in oak advance reproduction size is re-
27 ........................... 23 lated to recurrent stem dieback, which results in
26 ............................ 30 predominantly seedling-sprout populations in Ozark
25 ........................... 37 oak forests. Consequently, the root systems of large24 ........................... 45
23 .......... ' ................ 52 seedling-sprout reproduction are much older than the
22..... .................... 59 stems and are able to support much greater stem
21 ........................... 67 growth than recently established seedlings and small
20 ........................... 74 seedling-sprouts.

19 ........................... 81 Both stem height and basal diameters of oak
18 ........................... 89 advance reproduction are related to growth after
1.7........................... 96 overstory removal (McQuilkin 1975, Sander 1971).
16 ........................... 103 Thus both height and diameter are indicators of total
15 ........................... 111 plant size and the potential of the root systems to
14 ........................... 118 support vigorous shoot growth after overstory
13. ......................... 125 removal.

12 ........................... 133 Estimating fifth-year "success" probabilities.--To
11 ............................ 140 determine the relation between oak advance reproduc-
10 148 tion size and development after overstory removal, we
9 ........................... 155 measured 394 stems in 6 stands in the Missouri

8 ........................... 162 Ozarks before and after clearcutting. Eighty-five
7 ........................... 170 percent of these stems were black oak (Quercta_
6 ........................... 177 velutina Lam.)and white oak (Q. alba L.)and the
5 ........................... 184 remainder were scarlet oak (Q. coccinea Muenchh.)
4 ........................... 192 and northern red oak (Q. rubra L.). These trees were
3 ........................... 199 well distributed across all aspects and slope positions2. .......................... 206

" . 1 ........................... 214 in stands with black oak site index 50 to 70 (McQuilkin
" 0 ...... .................... 221 1974).

We chose oak stump sprouts as the standard for

DOC_ATIO1N determining oak reproduction success because of their
rapid growth and predominance in the upper crown

]Background strata of these 5-year-old stands. We defined a "suc-
' cessful" oak as one that had attained at least 80

In even-aged stands, the oak component after final percent of the mean height of all oak stump sprouts
harvest cutting depends on size, number, and distri- measured. These stump sprouts averaged 11 feet tall
bution of the oak advance reproduction (Sander 1971, at age 5 so to be "successful" an oak had to be at least
1972; Sander and Clark 1971). However, oak advance 8.8 feet tall. Eighty percent was chosen as the success
reproduction numbers differ greatly under mature criterion because nearly all oaks at least 8.8 feet tall at
stands. In the Missouri Ozarks, the number may age 5 were dominant or codominant. Using this
range from less than 300 to more than 2,000 stems per criterion for success and initial and 5 year measure-
acre. 2 Some of this variation is attributable to site ments, we developed equations for predicting the

probability of success for an individual stem of a given
size using logistic regression analysis (Engelman

• 1981). In addition to initial tree height and basal



diameter, we used aspect and slope position to predict ]F,ftiilL_gng the Contribution of
success probability (Appendix I). These success
probabilities did not differ significantly by species (P _ce Reproduction to Future
_0.05) so the resulting estimates are for all four Stand Stocking
species combined.

Advance reproduction's contribution to future stand
The regression estimates showed that success stocking depends on its future utilization of growing

probabilities increase with increasing initial height space. This is generally not practical to measure until
and ground diameter. In addition, probabilities were the stand reaches a mean stand diameter of 3 inches--
highest on southeast and northwest aspects and on the lowest mean diameter shown on Gingrich's (1967)

•middle slope positions. Initial size being equal, stocking chart. Because this occurs at about age 20,
probabilities of success were lowest on northeast we extended fifth-year success probabilities (P5) to
facing slopes and on lower slope positions. Probabil- age 20 to estimate the advance reproduction contribu-
ities of success ranged from less than 0.01 for 1-foot tion. We assumed a 1 percent per year loss of trees
tall trees of small diameter on lower slopes to 0.88 for deemed successful the fifth year to mortality and
trees 10 feet tall with large (2.5-inch) ground suppression over the next 15 years (Sander et al.
diameters on middle slopes of southeast or northwest 1976). The resulting probabilities (P20) are thus esti-
aspects. In general these relations reflect a low likeli- mates of the proportion of advance reproduction stems
hood of tree development in environments where soil expected to be codominant or dominant at age 20.moisture is extremely favorable or unfavorable. This
relation may in turn be related to high mortality Given these probabilities(P20), we then determined
and/or Poor growth on droughty sites and severe the number of oak advance reproduction stems (R)
competition on moist sites, required to produce, at probability 0.8 or greater, at

• least one codominant or larger stem at age 20 by
using the following relation based on the binomial

_lishing A Future Stocking Goal probability distribution:

Determining the minimum amount of oak advance R = log(1-0.8)/log(1-P20) (1)

reproduction for adequate stocking in a new stand (Johnson 1976, Leak 1969). We selected 0.8 as a
requires first defining "adequate stocking." At some "confidence" probability because, it is a compromise
future stage of stand development enough dominant between excessively high stocking requirements re-
and codominant oaks must be in the stand to furnish suiting from the use of a higher confidence probability
some minimum stocking level. The stage chosen for on the one hand and an unacceptably low confidence
this guide is when the mean stand diameter is 3 in P20 on the other hand. The probability that one
inches. The goal we've selected is to have the stand at advance reproduction stem of a given size becomes
least 30 percent stocked (C level) with codominant and codominant or larger 20 years after final harvest at
dominant oaks at this mean stand diameter. Total least 80 percent of the time is then 1/R. Expressed as
stand stocking will be higher because trees of other a percent, 1/R is referred to as a stocking value (SV)
Species and probably some smaller oaks will be because it defines the contribution of a stem to future

• present, stand stocking and can be used to quantify the
Unmanaged oak stands on average sites (black oak stocking of an individual plot.

site index 60-75) in a Missouri study reached a mean The average stocking value for a stand based onan
stand diameter of 3 inches at age 20 to 25, and the inventory using 1/735-acre plots is the percent of the
dominant and codominant trees averaged 4.5 inches 735 growing spaces expected to produce codominant
in diameter 2.According to Gingrich's (1967)equation or dominant oaks at a mean stand diameter of 3
for. defining minimum tree area requirements, one inches (about age 20). This percent must then equal or
4.5-inch tree contributes 0.136 percent stocking and exceed 30 (i.e., (221/735)100) for oak advance repro-
requires 1.36 milacres of growing space. To attain the duction to be adequate and fulfill minimum future
30 percent stocking goal requires 30/0.136 or 221 stocking requirements based on the 221 tree goal.
trees averaging 4.5 inches in diameter when the mean
stand diameter is 3 inches.

1

,

6



Sample Plot Size and Number diameter classes only. The latter values are averages
- for sawtimber-size stands in the Missouri Ozarks.

The appropriate unit for sampling oak advance Proportions for northern red oak are based on data
reproductionshould be related to the average size (4.5 from parent stands in West Virginia that were 50- to
inches d.b.h.)of dominant and codominant trees when 55-years-old on site index 60 to 80, and from stands in
the mean stand diameter is 3 inches. A 4.5-inch tree Wisconsin that ranged from about 70- to 110-years-old
requires 1.36 milacres or 1/735-acre of growing space, on site index 50 to 70 (Wendel 1975, Johnson 1975).
Theoretically, then, on any given acre the opportunity Season of cutting may also influence stump sprouting
exists for each 1/735-acre to contain one 4.5-inch tree. and subsequent sprout development (Wendel 1975,
At or beyond a mean stand diameter of 3 inches, more Clark and Liming 1953), so we took this into account
than one codominant or larger tree would not be when determing these probabilities.

expected topersist within this sample space. Thus the The minimum number of stump sprouts per acre
appropriate plot size is 1/735-acre (4.3-feet radius). (N) required to compensate for deficiencies in advance

The number of 1/735-acre plots shown on page one reproduction is:

is a reasonable estimate of the minimum number of N = 221 - SV(7.35),
sample plots needed for inventorying advance re-
production. If greater precision is desired, a prelim- where SV is the mean stocking value for oak advance
inary sample should be used to estimate confidence reproduction obtained by applying stoeking values for
limits and the required number of plots for a given advance reproduction inventory plots (table 1) to an
level of precision should be calculated based on the inventory of 1/735-acre plots (table 3). This minimum
binomial distribution (Freese 1962). number of trees can then be compared to the esti-

mated number of expected stump sprouts to deter-

THE RO|-_ OF _ SPROUTS mine if advance reproduction plus stump sprouts will
, be adequate to replace the old stand.

The potential for sprouting from stumps of over-
'story oaks can be used to compensate for deficiencies IN CONCLUSION
in oak advance reproduction when evaluating the oak
reproduction Potential of a stand. Stump sprouts are The guide presents a method for obtaining "best
the fastest growing oak component in new stands and available" estimates of the regeneration potential for
those of low origin generally develop into good quality Ozark oak forests based on currently available infor-
trees, mation. How well the guide works can be determined

only by how many oaks grow fast enough to maintain
Factors shown to influence oak stump sprouting in themselves in a good competitive position as the stand

a Missouri study include parent tree age and d.b.h, develops. We used data from six Missouri Ozark
and site quality. Sprouting frequency decreases with stands to make a small test of the guide's ability to
both increasing parent tree age and d.b.h, but in- predict "success." Based on the number of oaks per
creases with increasing site quality. These relations acre at least 8 feet tall at age 5 the guide predicted
were Used to develop equations to estimate the propor- "success" correctly in 5 of the 6 stands.

• tion of parent trees that would produce codominant or
larger black, white, and scarlet oaks at age 5 (Johnson We hope silviculturists will apply the guide con-
1977). These proportions were adjusted for anticipated scientiously and test its validity by inventorying re-
mortality to stand age 20 by assuming a population production at periodic intervals after harvest cutting.
reduction of 0.75 percent per year for 15 years. This We hope users will share their results with us. In this

adjustment was based on a 32-year stump sprout way we can be made aware of the guide's short-
study (Roth and Hepting 1969). Data from Wendel comings or strengths and what revisions may be
(1975) and Johnson (1975) were similarly used to needed. It will be revised as experience in application
estimate proportions for northern red oak. and new information dictates.

Using these adjusted proportions, values of R were
calculated by using equation (1); 1/R was then used as LITERATURE CI'IT_JD
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APPENDIX I. Valuefor X for vector
Slopeposition Slopeposition(Vii Slopeposition(V2}

Regression coefficients for the equation for estimating Upper third -1 -1
fifth-year success probabilities (P5) for oak advance Middle third 0 1• • - Lower third 1 0
reproduction I

To simplify application, we used categorical values of aspect
and slope position instead of continuous values such as degrees
azimuth and percent of distance from the ridge. The values of
these categorical variables are based on "effects" coding and are

Regression generated by the logistic regression program (Engleman 1981);
Independentvariable coefficient{B}2 the statistical properties of the resulting coefficients are dis-

Xl" Squarerootof treeground cussed by Kerlinger and Pedhazur (1973, pp. 121-128).

diameter (in) 5.10
X2: Total tree height (ft) 0.700
X3: Xl x X2 -0.444

X4: Log(successcriterion)3 -5.95 APPENDIX ll.--
X5:.Aspect(el)4 -0.284
X6: Aspect(V2)4, 0.404 Determining Site Index
X7: Slope position(V1)s -1.10
X8: Slope position(V2p 0.646 1. Select at least 5, preferably 10, straight undam-
Constant (B0) 19.0 aged dominant or codominant trees per stand that

show no signs of suppression. Selected trees should

_Theequationisoftheform: not differ more than 5 years in age from the trees
immediately surrounding them.

P5 = 1"+ exp['Bo, + BIX_ +... B,X,)] -_, 2. Measure tree height and breast-height age; add 2

where P5 is the probabilitythat an individualstemof oak advance years to breast-height ageto get total age.
. reproduction will attain or exceedthe successcriterionset by the 3. Calculate average height and age and look up site

valueofx4. index in tables4 and 5.
2All regression coefficients are significant at the 0.01 level. Good-

4. Approximate conversionsbetweenspeciesmay benessof fit was also evaluated.by chi-square (Engelman 1981).Total

numberof observationsinthe regressiondata set was2,364. made as follows:
Black oak SI = Scarlet oak SI-3

3X4= the natural logarithm of the selected success criterion (a Black oak SI = White oak SI+4
percent). Wesolved the equationfor a successcriterionof80, i.e.,80

Scarlet oak SI = Black oak SI+3
percent of mean stump sprout height at age 5. At that age stump White oak SI = Black oak SI-4.
sprouts averaged 11 feet tall, and those that were 80 percent or

more of that height (i.e., at least 8.8 feet tall) were usually
codominant or dominant and thus "successful". However, the

equationcan be solved for any successcriterion (e.g., 70 or 90

• percent).

_- 4X5and X6 are vectors(V) of the independentvariable "aspect"

that jointly expressthe aspecteffect on the estimateof P5.Coded

valuesof X for both vectorsare givenbelow for the four aspects
considered.

' Valueof X for vector
AspeCt AspectlVI ) AspectlV2i

SW -1 -1
SEand NW 0 1

NE 1 0

5X7 and X8 are vectors (V) of the independent variable "slope
Position"thatjointly expresstheslopepositioneffectontheestimate
P5.Codedvaluesof X for bothvectorsaregivenbelowfor thethree
slopepositionsconsidered.

9
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APPENDIX m
o

OAKREGEN: HP41C, a program for computing
average stocking value and expected stump sprout-
ing. This 1862 byte program can be run only on a
Hewlett-Packard HP41CV or an HP41C with four
memory modules added. A printer is desirable but
not neccessary. Clear the calculator of all programs,
reserve 51 registers for data by pressing the following
keys _ IALPHAI SIZE IALPHAI 051, and
then key in the OAKREGEN program listed below.

HOW TO USE THE PROGRAM

A. To determine if advance reproduction alone is
adequate press _ IALPHAI AR [ALPHA]

, and you will be prompted to enter advance
reproduction data. Press ]R/SI after you enter
each number. Use the following codes for aspect
and slope position:

ASPECT CODE SLOPEPOSITION CODE

SW 1 Upper 1
SE& NW 2 Middle 2

NE 3 Lower 3

if there are no trees on a plot, press [R/SI when
prompted for aspect.

After all data has been entered, calculate average
stocking value by pressing IXEQI IALPHAI
SV IALPHAI.

B. To determine the contribution of stump sprouts
to future stocking press _ IALPHAI OV
IALPHAI and enter overstory data when

•prompted. Press_-_afl_r entering each number.
After all data has been entered, calculate the
number of stump sprouts expected per acre by
pressing _ IALPHAI ST [ALPHA].

12



OI,LBL"OV" 53 "MO12-167" 185"17+" " 1570

i 02,LBL01 54 XEO90 106XEO05 158STO22
03 FIX 3 55 "MOl?+? " 1071.01701 159+LBLII
04 0 56 XEO90 108STO50 160 1
05 0.01601 57 "SO2-5? " 1096.00901 161ST+22
06 STO50 58 XEO90 110STO49 162,LBL39

-.

g?eLBL03 59 "SO6-11? " IIIILBL 10 163"PLOT="
08 8 60 XEO90 1123.5 164flRCL22

t 61 113XEOIHD49 165AVIEMg9STOIHD50 "SO12-167"
10 ISG50 62 XEO90 114 ISG5g 16623.02601
1! GTO03 63 "SO17+_" 115CL9 167STO50
12 STO48 64 XEO90 1168.5 168"ASPECT?"
13 "PLOTSIZE?" 65 "RO2-5? " 117XEOIg_ 49 169SF01

+ +_ PPONPT 66 XEO90 118 ISG50 1700
I_ _TO17 67 "RO6-127 " 11914 171XEO95
16 gRCL17 68 XEO90 128XEO[H949 172"SLOPE?"
17 flVlEg 69 "RO12-16?" 1211SG50 173g
18 FIX g 70 XEO90 122 19.5 174XEO95
19 'STAHD_GE?" 71 _0 17+?" 123XEOIgn 49 175"HEIGHT?"
20 PRO_T 72 XEO90 124 ISG50 176 .5

21 STO18 73,LBL90 125 ISG49 177FIX l
22 flRCL18 74 PROHPT 126 GTO18 178SFeg
23 AvIEX 75 ARCLX 127CLfl 179XEO95
24 "SITEINDEX?" 76 flVlEg 128tiDY 1808
25 PROflPT 77 ST+IND5g 129"SPROUTSPERtiC." 181"Olfl?"
26 $TO19 ?88 130flVlEg 182 .2
27 gRCL19 79 ISG50 131"BO.MO.SO.RO." 183SF02
28+AYIEX 8gRTX 132flVlEg 184XEO95
29 tiDY 81GTO02 1331.01304 185FIX O
38+LBL82 82+LBL"ST" 134"2-5 " 186RCL23
31 tiDY 83 RCL00 135XEO56 187 l
32 1.01601 84 l 1362.81404 188X:Y?
33 STO58 85 - 137"6-11" " 189GTO12
34 l 86 STO00 138XEO56 190RCL23
35 ST+gO 87 "**************" 1393.81584 1912
36 RCL00 88 flYlEg 140"12-16 " 192X=Y?
37 "POIH'= 89 tiDY 141XEO56 193GTO13

• " 38 flRCL08 98 "$TUHPSPERACRE" 1424.01604 194RCL23
39 AYIEX 91AYIEX 143"l?+" " 1953
40 8' 92 "BO.XO.SO.RO." 144XEO56 196X:Y?
41 "DO2-57 " 93 flVlEg 145tiDY 197GTO14.

42XEO 90 94 CLfl 146"TOTALSPROUTS=" 198,LBL38
43 "BO6-ll? " 95 1,01304 147"_ • 199"BADEHTEY"
44 XEO90 96 "2-5 " 148flRCL48 200 flVlEg
45 "DO12-167• 97 XEO85 149flYIEX 201GTO39
46 XEO90 98 2,81404 150STOP 202+LBL18
47"80 17+?" 99 "6-11 " ISI_LBL"fiR" 203RCL24
48 XEO90 180XEO85 1528 204 1
49 "gO2-57 " • 1013.01504 153STO31 205X=Y?
58 XEO9g 182 "12-16"" 154tiDY 206GTOL5
51 "gO6-11? " 103XEO85 155"tiDYREP" 207RCL24
52 XEO90 1044,01684 156flYIEX 2882
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21_X=Y? 261 - 313,LBL"SV" 365 ARCLX
210 GTO!6 262LH 314RDV 366nVIEII
211RCL24 263 .2 315 "STOCKIHGVALUE" 36?STOIHDSe
212 3 264LH 316 "FNERH=" 368 ISG50

213 X=Y? 265X()Y 31?RCL31 369RTH
214 GTO17 266 / 318RCL22 3?8RTH
215 CTO38 26? l/X 319 l 3?I_LBL6e
216*LBL19 268 leo 328 - 372CFel
2[7 RCL26 269 * 32l / 373X=e?
218 SORT 278,LBL48 322RHU 374 GTO48
2195.! 27! RHD 323STO32 375 GTO?e
228, 272 "STOCKIHGVflLUE=" 324flRCLX 376,LBL96
221RCL25 273 "_ " 325 flYlEY 377CFe8
222 .7 2?4RRCLX 32629 378X=87
223* 275 flVIEX 327X()Y 379GTO97
224 �276ST+31 328X)Y? 388SFeO
225RCL26 277tiDY 329GTO88 38l GTO?e
226SORT 278GTOII 338RCL32 382,LBL97
227RCL25 279,LBL[2 33[ tiDY 383 8

" 228, 288 -I 3327.35 384 ST, 31
229-.444 28[ STO27 333, 385R_CLX

238, 282STO28 334CHS 386 flVIEN
. 23[ + 283GTO18 335221 387FIX e

232-26.e73! 280LBL13 336+ 388GTO48
I 233 0 337 -tinyREPRO" 389,LBL65

234RCL27 286STO27 338flVIEX 3982.5
235-.284 287 I 339 "HOTnDEO." 39l X()Y
236, 288$TO28 348flVIEX 392 X)Y?
237+ 289GTO18 341 "H[HSPROUTSNEE" 393X()Y
238RCL28 290,LSL14 342 "_DED=" 394CF02
239 .404 291 ! 343 flRCLX 395RTN
248, 292 STO27 344flVIEN 396,LBL68
24[ , 293 9 345STOP 397 18
242RCL29 294 STO28 346_LBL88 398 X()Y
243-l.[ 295 GTO18 34? -flnvREPRO" 399 X)Y?
244, 296oLBL15 348flVIEY 488 X()Y
245 + 297 -I 349"flDEOUflTE" 481CF 88
246RCL38 298 STO29 358flYIEM 482RTH
247 .646 299 STO38 351STOP 483_L8L84
248* 388 GTO[9 352*LBL95 484RCL[HD58
249 + 381_LSL16 353PRORPT 405RCL88
258 19 3028 354FS?eO 406RCL17
251 + 383 STO29 355GTO96 407,
252 CHS 384 ! 356FS?8! 488 I/X
253EtX 385STO38 357GTO68 409,
254 ! 306GTO[9 358_LBL?0 410flRCLX
255 [7 359X(=Y? 4111SG50
256 I/X 388 ! 360X()Y 412GTO84
257 .85 389 STO29 361FS?88 413AYIEX
258* 3188 362XEQ68 414RTH
259 I 311STO38 363FS?82 415,LBL85
260X()Y 312 GTO19 364XEO65 416 STO50
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41?XEO84 469LN 521LH 5734.45376108
418CLfl 478 .2 522 .2 574 +
419RTH 471LN 523LN 575 IOtX
420*LBLO? 472X(>Y 524X()Y 576 RCL2l
421STO28 473 / 525 / 577 X()Y
•4221.1462 474 I/X 526 I/X 5?8 -
423* 475RCL]HD50 527RCL]N_58 579 STO21
424 .4323 476 * 528 * 588 .59484
425+ 477RHD 529 RHn 58! ,
426 STO21 478 ST+48 538 ST+48 582CHS
427 RCL21 479 STO[HD58 531STO[HD58 583RCL21

•428 RCL18 _88 RTH 532RTN 584Xt2
429* 481_LBL86 533_LBL88 585 108
439 .08211455 482STO28 534STO28 586 /
431 * 483 1.1462 5353.5 587+
432 RCLi9 484* 536X()Y 588 1.02390

• 433 Xt2 485 .4323 537X)Y? 589 +
434 .000511196 486+ 538GTO88 59e6.98428
435, 487STO21 539 .46 591 +
436+ 488 RCL18 548RCL[HD58 592 CHS
437RCL18 489* 541 * 593EtX
438 -.85648?3 498-.00181597 542RHB 594 l
439* 491* 543ST+48 595+

. 44g �492RCL19 544STOIHD58 596 I/X
441RCL21 493Xt2 545RTH 597RCL21
442 -.252517 494 .608415282 546oLBL88 5983
443* 495* 547RCL28 599YtX
444 + 496 �5481.1462 688 .00344484
445 2.23385 497-.785279 549, 681 ,
446 + 498 + 558 .4323 682RCL21
447CHS 499 CHS 551+ 683 Xt2
448EtX 588EtX 552STO21 684 .161127
449 1 581 l 553 .23848565 685,
458+ 582+ 554, 686 CHS

4511/X 583 i/X 555 RCL21 687+
452RCL21 584RCL21 556 Xt2 688RCL21
4531/X 585 I/X 557 .88278134 6892.11955

454 18.3965 586 24.3594 558, 618,
455 ,. 587, 559CHS 611+

456 -.847819 588 -2.5782 568 �6126.11437
457+ 589 21 613CHS
458CHS 518CHS 562 I/X 614+
459EtX 511EtX 5638.2488119 615CHS
468 1 512 1 564, 616EtX
461+ 513+ 565CHS 617 1
462 I/X 514 l/X 566+ 618 +
463* ' 515* 567RCL21 619 I/X

464 .8875 516 .8875 568 LOG 628*
465, 517, 569 5.68848348 621 .8875
466 1 518 1 578, 622 *
46? X<)Y 519 X()Y 571CHS 623 1
468 - 528 - 572 + 624X()Y
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625- 677X<)Y
626LN 678I
627.2 679llX
628LH 68eRCL]HD58
629X<)Y 681

" 630 / 682RHD
631 l/X 683ST+48
632RCLIXO58 684STOIN9 50
633 ,_ 685RTH
634RNB 686,LBL55
635ST+48 . 687 .5
636STO]H9 58 688RCL[HD58
637RTH 689X<=Y?
638oLBLe9 • 6988
639STO28 691 flRCLX
640RCL18 692 ]SG58
64! 68 693 GTO55
642X<)Y 694 flVIEX
643X)Y? 695 RTH
644GTO99 696_LBL56
645 .86 697STO58
646RCL'IXB58 698XEO55
647, 699CLfl
648RH9 788RTH
649ST+48 701 .EH9.
658STOIN9 58
651RTH "
652¢LBL99
653RCL28
6543.5 LflBELS
655X<)Y
656X)Y? CflTt
657GTO98 LBL'OV
6584 LBL'ST
659STO28 LBL'flR
660_LBL98 LBL'SV
661RCL20 .EH_. 1862BYTES
6623
663YtX
664 .N32
665 *
666CHS
667 57.3
668+

• 669 .@_J_5
.670*
671 1
672X<)Y
673-
674LH
675 ,2
676LH

• ";,"U.S. GOVERNMENT PRINTING OFFICE: 19_--767_4_10047
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•Sander, Ivan L.; Johnson, Paul S.; Rogers, Robert.
Evaluating oak advance reproduction in the Missouri Ozarks. Res. Pap.

NC-251. St. Paul, MN: U.S. Department of Agriculture, Forest
Service, North Central Forest Experiment Station; 1984. 16 p.

This guide presents a method for determining in advance of final
• harvest whether reproduction is adequate to reasonably ensure the

• regeneration of an oak stand in the Missouri Ozarks.

KEY WORDS: Quercus, stump sprouts, inventory, and final harvest.
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