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ABSTRACT

Seven outbreaks of Douglas-fir tussock moth, Orgyia
pseudotsugata McDunnough, have recurred in the interior of British
Columbia since 1915. But little is known about their impacts on
renewable resources in affected stands. A study wascundertaken to
examine effects of the most recent outbreak on understory vegetation
and tree productivity near Kamloops, British Columbia.

2 circular

Dry weight forage production was sampled from Im
plots under various levels of stand crown cover (0-96%) and density
(0—45.9m2/ha), as modified by defoliation. Crown cover was determined
using a moosehorn, and from vertical photographs obtained with a 160°
lens mounted on a conventional camera. Stand density was determined
using a 20 factor ptism. Increment cores were obtained at breast
heiéht, and radial growth analysed under the Addo-X. Ring width
behaviour was compared with occurrence of past outbreaks. The ecological
literature on 0. pseudotsugata was reviewed.

Negligible amounts of forage were obtained from many plots with
undefoliated trees. In defoliated plots with live trees, total forage
production ranged from 0.0 under 967% crown cover and 45.9 m2/ha density
to 648.9 kg/ha under 50% crown cover and 16.0 m2/ha density. The
average yield in small openings was 3667.4 kg/ha. High variability was
evident. In one sfand, two years following its defoliation and

consequent death, total forage yields exceeded those from nearby small

openings. Forage yield data were described better by logarithmic models
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than by hyperbolic ones, at 95% probability. Impacts én tree growth
were not demonstréble one year following defoliation. Many trees
recovered even from complete defoliation. Insect outbreaks and periods
of slow tree growth coincided,.but quite inconsistently. Apparently,
most scattered infestation patches develop independently of each other.
Grazing values should increase in seriously defoliated stands
even without range seeding. On poor sites and in stands managed
primarily for forage production, outbreaks of O. pseudotsugata may be
left alone without necessarily endangering remote stands. Selective
control favoring better sites managed for tree production should improve
efficiency of investing scarce funds in protection of the inventory.
Tree growth and insect outbreaks may be under the influence of some
regional climatic factor, but local factors are also important. A need
remains for long term impact studies on tree growth, forage yield and

nutrient status, and other resources.
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In the past, we have often worked on the premise that all
insect and disease outbreaks are detrimental and must be controlled.
Perhaps in most instances this has been true, but the effect of the
outbreak on wildlife and aesthetic resources may have been a

positive factor that needs more recognition.

_ A justification for Federal funds must now be very
carefully considered and prepared. The President's Office of
Management and Budget is not particularly impressed by the general
statement that millions of acres of trees are infested by insects
and that a large volume of timber is dying. Nor is it impressed
that many livelihoods are tied directly to the forest resource or
with similar arguments. What does impress the office are specific
benefits that can be derived from the expenditure of alternative
amounts of Federal dollars. In other words, the benefit-~cost
evaluation is directly associated with the proposed project. We
must never forget that every dollar appropriated for forest insect
and disease protection is one less dollar available for medical
research, mass transit, flood relief assistance or similar needs.

. We must be in a position to point out what effects are
specifically associated with forest pests or pollutants when no
corrective action is taken. And we must be able to quantify the
benefits that will acrue ... under alternative levels of spending
for forest pest management and environmental quality evaluation
activities. When we have good information, we can make good
decisions ....

The value of general estimates for analytical purposes
is small. We need reliable comprehensive data of forest insect and
disease losses (and benefits) that will stand up to close scrutiny.
If this information were now available we could evaluate our losses
more realistically and use scarce funds and manpower more
efficiently ....

John R. McGuire, Chief, U.S.
Forest Service. At the 1974
Symposium on the Spruce budworm,
Alexandria, Virginia.



INTRODUCTION

The latest outbreak of Douglas-fir tussock moth, Orgyia
pseudotsugata McDunnough (Lepidoptera: Liparidae), in the interior of
British Columbia is the most devastating of all seven recorded outbreaks
which have recurred there since about 1915. OQOutbreaks have occurred
quasi—synchfonously over a wide geographic region in western North
America. They also occur quite regularly with a mode of about eight
years between outbreaks in many places in southern British Columbia
(Fig. 1).

Outbreaks are confined to the interior Douglas—firl foresti, .
specifically to the ecotone between lower elevation Ponderosa pine and
higher elevation Douglas-fir types. Critical synecological data for
zonal ecotones here are lacking (Tisdale and McLean, 1957) even now.
Because plants continually contend with each other in the tension
zone, thére is no stable association in the strict sense of the term.
Notwithstanding, an edaphoclimatic "climax'" association may be defined
here as Douglas-fir-Ponderosa pine-Blue bunch wheatgrass, for purposes
of this thesis.

No region in the province has more renewable natural resource
values and uses converging upon the forest than the southern interior.
Critical values include timber, fish, range and forage for wild as well
as domestic ungulates, aesthetics, soil and watershed. Imasmuch as
various sectors of the public make overlapping demands on the resources
within an ecosystem, conflicts exist in their management. Compatibility

is possible, but it is not as evident as conflicts. As various

1 Scientific names of plants are available in appendix.
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Figure 1.

Major outbreaks of Douglas-fir tussock moth in western North America. The chart
represents outbreaks recorded in numerous accessible literature. Main sources:
Sugden, 1957; Cunadlan Forestry Service's Forest Insect and Disease Survey reports;
U.S.D.A.~U.8.D.T, ... Douglas-fir tussock- moth pest management plan, 1973).
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resource values converge on an ecosystem, so do their managers and
users. Since 1973, when the current outbreak surfaced, concern has

been expressed about its impact on the ecosystem. Arguments about the
impacts are mainly empirical, and are compartmentalized often with groups
promoting polarized views. Some graziers and wildlife managers contend
that defoliatdon is beneficial because it results in increased
understory foragé yield and quality. Some forest managers, on the

other hand, maintain that notwithstanding the low site quality of
infested stands, the wood, fiber and watershed values exceed those of
other sympatric resources. The problem of resource use becomes more
complex as various public interests become involved. Many arguments are
based on intuition and empirical evidence. Specific data are lacking.
As some arguments are speculative, they may provide questionable ground
on which resource management decisions are based. The need for relevant
‘data is obvious. This thesis investigates and reports some real and
potential ecological impacts of Douglas—-fir tussock moth outbreaks in a
part of the Kamloops Forest District, in the British Columbia interior.
The data should aid resource managers there in making well-founded
decisions regarding outbreaks. The thesis also examines some ecological
aspects of the insect, and discusses a rational approach towards a

strategy for its management.

The insect
The Douglas—fir tussock moth is a native of western North
America where it is one of the most destructive forest defoliators. It

was described by McDunnough (1921) from a holotype or specimen of
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several paratypes from Chase, B.C. It was he who separated the insect
from Hemefocampa vetusta gulosa complex. In the American literature,
the insect is still sometimes referred to as Hemerocampa pseudotsugata
‘(Grant.gg_gl,, 1975; Harwood, 1975). In Canada, the genus Orgyia
appeérs té have been completely accepted since about 1961.

The life cycle of the insect varies along ecoélines within
its Wide ggographic habitat. Adults emerge, mate and lay eggs within a
short period in summer. .The eggs, in diapause, remain unhatched
throughout tﬁe winter. Larvae emerge in spring and begin feeding in
the upper and outer parts of tree crowns. The larvae trek to those
parts immediately following emergence. The apparent photopositive
reaction is‘possiblyvtriggered by hunger (tension) as in Eastern spruce
budworm, Choristgneura fymife#ana (Wellington, 1948). In the European
Orgyia antiqua the photopositive reaction is inhibited by some tactile
sensors in the forelegs: at the end of a branch, absence of tactile
stimuli leads larvae to revert to exploratory maneuver (Zanforlin,
1970) so that the insect does not fall off. Five larval instars =— C?E?
may have one less - are most common. Although as many as seven instars
have been mentioned (U.S.D.A., 1973b), this has not been ascertained
in the scientific literature.? Sexual dimorphism of non-sexual
characteristics is exhibited by adult Douglas-fir tussock moths: 3‘(?’

have normal lepidopterous {,Jings, and $$ nonfunctional vestigial omes.

It is well known that rearing insects on low quality food may increase
the number of larval/meults (Leonard, 1970). To what extent the
endocrine system - corpora élléféﬁ;dééd&éiém_}8lands - is influenced
by the food is not clear. '
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Host "preference" also varies by region. In B.C., Douglas-
fir is the preferred host; sympatric trees such as Ponderosa pine are
rarely attacked. The pfeference for Douglas-fir was implied by
McDunnough (1921) in his classical paper where he reported some rearing
resultsf The preference is evident also from Forest Insect and Disease
Survey records, and field observations. 1In the U.S. Pacific Northwést,
White fir and Grand fir are preferred, but Douglas-fir is often
attacked (Eaton and Struble, 1957). Other hosts there and farther
south include Western larch, Western hemlock, Subalpine fir and
Engelmann spruce (Balch, 1932; U.S.D.A., 1973b). The insect also
feeds on lesser vegetation especially when tree foliage is depleted.
Beckwith (1976) points out that whether the variation in host

preference reflects biological races of the insect is not known.

Ecological impacts

Ecological impacts can be evaluated by assessment at three
stages in the sequence of events: before, during and following.
application of the ecological force. Potential impacts are evaluated
before the activity. 1In the U.S., this is often done as a necessary
part of environmental project feasibility analysis under the 1960
Federal National Environmental Policy Act Section 102. The resulting
Environmental Impact Statements éttempt to predict outcomes of
socioecological significance. The U.S. Forest Service has alrea&y
undertaken impact studies for a few forest insects including the
Douglas-fir tussock moth. The voluminous 1973 Draft Environmental Impact

Statement for the tussock moth (U.S.D.A., 1973b) in the Pacific Northwest
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centered on whether and how the insect should be controlled. A benefit-
cost ratio of 13 (D.A. Graham, 1974) clearly justified control. However,
it was difficult to decide on how to control the insect because, as
Harwood (1975) pointed out, after a survey of the literature Stark found
very few "'scientific papers' on this insect pest.

Impacts and their magnitudes vary with intensity, frequency,
severity and timing of the respective ecological force. Impacts are
also a function of the ecosystem prevalent when the force is applied.

Figure 2 illustrates possible relationships between many
factors involved .in determining the impact of an outbreak of Douglas-
fir tussock moth. The model becomes more complex when a management
" decision is superimposed on the system. Some of the relétionships are
hypothetical, but they should be appreciated by decision makers and
resource managers involved in the problem.

The tussock moth directly affects.various parts of the
vegetation. This, in turn, affects the stand of which secondary
vegetation may be a major component. The extent to which impacts are
evident .at various.levels of stand, forest etc., in the hierarchy depends
mainly on the spatial or geographic extent of an infestation.

Reciprocal impacts are real: I infer from. data. presented by Condrashoff
and Grant (1962) that depletion of tree foliage results in a change of
preference for oviposition and diapause to parts.of trees nearer to the
ground, where predation .may be intense. Weather, elevation and other
external factors also influence impacts of defoliation.

As the model indicates, there is an impact at any level in

the hierarchy. For a small outbreak, a pest management decision may
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probably be based on impacts at the stand level. For extensive outbreaks,
however, it is necessary that decisions be made following analyses of
impacts on resources at the regional level. Such analyses should

provide the rationale or raison d'etre and its basis for the fundamental

decision of control or no-control.

Until recently most ecological impact analyses were pre-
occupied with evaluating effects of (chemical) control decisions, ofteﬁ
bypassing the direct ecological impacts of the insect itself. It was
often assumed a priori that damage was serious enough to warrant some
control. Furthermére, emphasis was on investigationé of effects on the
animal community, mainly birds, fish and ungulates. Insects were
examined in followup studies by entomologists to determine efficacy of
the control measures. Apparently, the long time it takes for impacts
to show in some parts of the ecosystem discouraged serious research
there. Thus, impacts on the plant community have largely been ignored
in Douglas-fir tussock moth outbreaks. In this thesis I emphasize
impacts on the phytocoenose - the tree and lesser vegetation. Even
within this restriction, for practical reasons, the need for evaluating
only the more important impacts is evident. Other impacts are not

ignored, however.

The study area

The study area is in what is generally referred to as the
North Thompson and Kamloops in Forest Insect and Disease Survey reports.
It is tdominated!: by unevenaged, mostly second growth Douglas-fir-

Ponderosa pine stands.



-9 -

The interior is a part of the Dry Forest Biotic Area which is
"faunistically most closely related to, and indeed forms a northern
extension of the Great Basin Complex'" (Munro and McT. Cowan, 1947). No
detailed synecological studies relevant for the outbreak zonal ecotones
are available in the accessible literature. Broadly, the area is a
part of Rowe's (1972) M-1 or Ponderosa .pine Douglas-fir section of the
Montane Forest Region, and Krajina's (1959, 1965) Interior Douglas-fir
Biogeoclimatic Zone, Dry or Pinegrass subzone. . It approximates
Beal's (1974) Pseudotsuga Agropyron Spicatum association - "a
topoedaphic climax since both topography and soil are necessary for its
establishment”" -~ of the wetter Southern Cariboo Zone. 1In the
Similkameen valley, the broad Pseudotsuga menziesii zone (McLean, 1969)
embraces ecological conditions common in the study area. The ecotone
does not exactly fit in any of Brayshaw's (1965) distinct associations:
It lies between his Pinus ponderosa - Agropyron Spicatum var. inerme
and Pseudotsuga menziesii - Agropyron spicatum associations: I consider
the zonal ecotone as Pseudotsuga menziesii - Pinus ponderosae -
Agropyron spicatum quasi-association, which represents a dynamic
situation and is not truly climax.

Study plots were restricted fo the southern part of the North
Thompson Valley near Dairy.and Heffley.creeks, and Mountain View, and
to the south of Kamloops Lake near Cherry Creek and Indian Gardens
‘(Figure.B - folded .inside back cover). '@uiamagrostia‘rubescéns was a
minor part of the vegetation in a few plots. Other lesser vegetation
included Balsam root, Timber milk-vetch, Jﬁnegrass,:ﬁhgebyﬁSH,'Needle—

and-thread, and Kentucky bluegrass. Most of these plants are
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invadgrs on overgrazed si;es.ﬂAIn most. plots, soils were generally deep,
fine to medium textured. A description.of each stand follows.

. Cherry Creek — 1974: This stand was severely defoliated in 1974.?
Plots were located between 653 and 720 m elevation, and between 3 and
25 percent slope. Northeast facing slopes are dominant. The soil is .
deep, sandy loam. The forest floor depth averagedv3.3cm; in a few
plots it was as deep as 7.6qm. Two.years following defoliation, twenty
threé percent of trees tallied had been or was infested with bark
beetles. The smallest tree infested had a breast height diameter of
7.9cm. Only one Ponderosa pine tree was‘infestéd. Cattle and horses
were grazing in the area at the time of sampling. Plots for understory
vegetation were, however, located where Qisual evidence indicated no

grazing activity. (Figure 4).

Cherry Creek - 1975: This stand was defoliatéed in 1975. Plots were
located between 683 and 720m, and between 3 and 25 percent elevation
and slope respectively. It is generally similar to Cherry Creek - 1974.

(Figure 5).

Information of years when experimental stands were defoliated was
given by Dr. R.F. Shepherd, Canadian Forestry Service, Victoria, B.C.



Figure 4. A fisheye view of a part of Cherry Creek - 1974.

Figure 5. Cherry Creek - 1975.
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Indian Gardens: This is a dry site. The soil is loamy clay with a few
rock outcrops scattered throughout. The duff layer averaged 2.5cm in
depth. The stand approximates a pure Douglas-fir type as no Ponderosa
pine trees were tallied in the sample plots. Plots were within 827 -
921m and 15 to 25 percent ranges of elevation and slope respectively.

(Figure 6).

Figure 6. Typical Indian Gardens country.
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Mountain View: One stand sampled here was defoliated in 1975. The
soil is loamy clay. Plots were located between 518 and 636m, and
between 5 and 20 percent elevation and slope respectively. The stand
is on a southeast facing slope. Some plots were located in another
stand which was defoliated in 1974. Virtually all trees were dead at
time of sampling, two years later. A slope of 35 percent was quite

common; elevation ranged from 647 and 671lm. (Figure 7).

Figure 7. A part of Mountain View.
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Dairy Creek: The stand is characterized by deep loamy clay soil, and a
forest floor averaging 6.4cm deep. In many plots the forest floor was
severely cracked, indicating extreme dryness. Part of the stand was
fenced off from grazing for the second consecutive year. The stand
faces south. Elevation and slopes of plots were between 624 and 878m,

and 5 and 20 percent respectively. (Figure 8).

Figure 8. A representative fisheye view of Dairy Creek.
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Figure 9. Heffley Creek. Top: hillside

Bottom: roadside
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Heffley Creek: Two stands both along the creek were sampled here. One
stand on the north side of the creek was only iightly defoliated in
1975. Elevation of 588m and slope of 20 percent were typical. The other
stand is on the south side on a very steep hillside. I refer to these
stands as Heffley Creek - roadside and hillside. The soil is very deep
sandy loam. On the hillside, a steep slope of 88 percent makes the soil
prone to mass wasting; deep ravines are common here. Probably the angle
of repose is not much less than the prevailing 42°. Depth of the forest
floor averaged 7.6cm. Bunchgrass is exceptionally dense here. The
tussock moth swept through this stand in 1975 ‘and left virtually all

Douglas—fir trees completely defoliated. (Figure 9).

Methods
Understory vegetation

In the literature it is evident that forage (= herbage) yield
on forested range land is a function of interacting ecologiéal factors.
In this thesis I studied the influence of stand density and stocking as
modified by defoliation, on understory forage productivity. In each
location, temporary plots were chosen in a maximum of six groups of trees
representing different ecological conditions:-—

No defoliation - high density, low density;

Partial defoliation - high density, low density;

Complete defoliation - high density, low density.
Defoliation classes here refer to the patch rather than individual

trees, and the terms high and low density are relative.
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For each plot and adjacent area in the stand, I noted stand
type, aspect, slope, elevation, soils and the forest association. The
purpose was to define part of the ecological domain within which the
data would be valid. All plots reported here were within the ranges of
517 to 921m and 3 to 88 percent for elevation and slope.

From each plot center, a sweep was made with a prism of basal
area factor 20, to obtain the number of "in" trees. The patch density
was determined using principles of variable plot sampling (Dilworth and
Bell, 1972). I tallied all "in' trees taller than 1l.4m or breast
height and recorded the species, breast height diameter (dbh), height,
whether it was live, dead or undetermined, recovery potential if
defoliated, and presence or absence of secondary insects. For every -
crown I recorded the following: width, total length, length of dead
portion or top kill, and of partially defoliated, and undefoliated
sections. The proportion of current year foliage was estimated
ocularly. This was possible because of clear distinction in color and
position of current.and older foliage.

In the past, the use of 9.6 ft2 microplots was traditional
among American range ecologists. Its origin dates back to 1949 when it
was proposed independently by Frischknecht and Plummer, and Campbell
and Cassady. The rationale was that biomass from the plot in grams is
equivalent to one tenth of yield in pounds expected from one acre, or
43560 ftz. Later, Canadians adopted thé same plot size so they could
quickly judge the capability of their range land by comparing with
American data. .Currently, lm2 plots are used with increasing frequency

in forage productivity studies. Grams of biomass from a lm2 plot are
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equivalent to one tenth of yield in conventional kilograms-per-hectare
units.

Within each tree plot I systematically established four—lm2
microplots. - Circular plots have the smallest pefimeter per unit area
(Van Dyne et al., 1963), and this minimizes edge effects which may
bias results in forage yield studies. I used a metal loop to determine

microplot boundary:

Tree plot center

Tree plot with
imaginary, irregularly
shaped boundary
enclosing all "in"

trees.

microplot

Microplots were established also in openings.

In each microplot a field assistant and I clipped all lesser
vegetation - shrubs, forbs, grasses - rooted within the plot, at root
collar. Tree seedlings were counted but not clipped. The three
components of understory vegetation were separated in the field, put in
bags and later stored in a cold room. The vegetation was then dried at

50°C for 50 hours, and weighed to the nearest one hundredth of a gram
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in.the laboratory. We did this part of the field work during the
summer of 1976. |

We estimated crown cover under each plot in two ways. One
reading was obtained from above the center of each microplot using a
_ﬁoosehorn invented by Robinson (1947) and later described by'GarﬁiéﬁpW
(1949). For reliable and precise moosehorn crown cover estimates, as
many as forty readings per one quarter acre plot are recommended
(Robinson, 1947; Bonnor, 1968). Our readings fall within this
acceptable limit. In spite of difficulties involved in ﬁolding the
moosehorn vertically and steadily, especially in adverse Weather

conditions in the field, we found the technique quite precise (Table 1).

Table 1

Ecological conditions prevalent in tree plots where
understory vegetation was clipped. Data for crown
cover are based.on 172 microplots, and for basal area

on 36 tree plots.

Percent crown cover Basal area (mz/ha)
moosehorn - wide angle iens
Mean 50.10 : 50.90 .21.09
Minimum 0.00 0.00 - 0.00
Maximum 96.00 90.00 ' 45.90
Stand. deviat. 28.80 25.70 12.20

Coef. of Var. 0.58. 0.51 0.58
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The second .technique involved the use of hemispherical of“"fisheye".
(160°) lens{mounted on a conventional.Pentax camera (Brown and Worley,
1965; Bonnor, 1967), loaded with.a high speed color slide film. I

took crown photographs of each. tree plot from ground level, and
determined crown closure from prints.using a dot grid. This techndque
requires clear skies, calm weather and some familiarity with photography.
It becomes very expensive if the field should be revisited to take more
photographs so spoiled ones may be replaced. But it provides a semi-
permanent record of the plots. The risk of a film developer losing or
even mixing up good photographs is always present. Therefore, plots
should be marked, albeit temporarily, and.films developed as quickly

as possible so that plots can be revisited quickly without difficulty

if required. The use of a fixed angle lens in this technique gives
crowns of taller trees a better chance of being included in a photograph.
Yet it is recognized that shorter trees may have a shading influence of
their own. This probably biases estimates of crown cover in uheven

aged stands, especially if the angle is narrow and tree plots large.

In this study, most tree crowns appeared in the photographs, as in

each patch variation in tree height was small.

Tree growth, survival and salvaging.

To investigate possible association between occurrence of
outbreaks and trends in tree radialigrowth, and effects of the tussock
moth on tree survival, we obtained increment cores from trees in each
tree plot. We cored two Douglas-fir trees - one tree of average dbh,

the other of maximum dbh, and two Ponderosa pine trees both of average
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dbh. One of .the Ponderosa pine trees . was. from inside, and the other
outside the plot. The number of increment cores obtained in each plot
was variable as some plots did not have any Ponderosa pine trees, and
some trees outside one plot also served for another adjacent plot.
Increment cores.were.preserved in.plastic straws; later I analysed them
for earlywood, latewood .width using the Swedish Tree Ring Machine, the
Addo-X. Only two of 229 cores were discarded because of serious defect
of rot at a pitch pocket. The freezing technique (Francis et al., 1972)
used to detect rings, in rot pockets is valid for Studies involving only
ring counts for age and site .index determination. The technique is
inappropriate for studying.ring behaviour:because in situ moisture may
cause changes in cell width. For each Pondefosa.pine tree outside the
plot, we recorded similar parameters.as we did for each tree inside the
plot.

Because of apparent high variability in tree growth, I
suspected that in.order to detect reliable impacts on tree radial growth,
some intensive sampling of increment cores within one area was necessary.
So in addition to the above, I cored 40 trees for ring width behaviour
analyses on a medium site at Mountain View. I did this after tree
growth had. ceased in winter of .1976. I cored two trees from each of the
following 20 treatments: Diameter classes (cm): X 15.0, 15.1-25.0,
25.1-35.0, >35.0; and for each diameter class the following crown
conditions: Ponderosa pine.control; Douglas-fir defoliation classes:
.Aqontrol, 5-25%, 30-60%, >657%. All the cored trees had been defoliated
in 1975; they were live at. time of sampling.

The purpose was -to examine historical correlations between



Table 2.

Extent of sampling for historical radial tree growth, effects of defoliation-
by Douglas-fir tussock moth on tree growth and understory forage yields.
Site quality - B.C. Forest Service:

M - medium, L - Low,

P - poor.

Elevation % Site Tree Trees tallied Trees cored Cores Lesser veg.
(m) Slope quality plots 7=k. = analysed plots (incl.
Tot. ZF F Py open)
Dairy’i€reek 624-878- 19-26 M-P 6 72 97 12 3 27 28
Cherry Cr. - 1974 653-2720 3-25 - 6 57 93 12 8 32 28
- 1975 683-778 3-35 ~ 6 67 88 12 34 28
Heffley ‘Cr.- Roadside 558 20 M 2 13 100 3 1 7 12
- - Hillside 610 88 M-P 3 - 100 - - - 16
Mountain View - 1974 617-671 35 M-P 2 20 100 - - - 8
- 1975 519-636 5-20 M 7 89 96 12 8 31 32
- Growth

respoﬂée 561-702 5-20 M - 40 - 32 8 80 -
Indian Gardens 872-921 15-26 P 4 50 100 8 2 18 20
36 408 91 37 229 172

_zz_



Table 3.

Extent of sampling for Douglas-fir resilience to, and salvage-
ability of stands following defoliation by Douglas-fir tussock

moth.
Elevation yA Strip Trees tallied Trees dead Avge Basal area
(m) Slope No. Size(m) F Py F Py (mz/ha)
Heffley Cr. Hillside 610 88 1 8x31 48 - 15 - -
(unsalvaged)
610 80 2 12x40 121 3 21 - -
Heffley Cr. 824 5 1 9x214 44 3 2 - -
(Balco-Salvage Oper.) 800 10 5 8x972 12 2 9 _ _
800 10 3 8x122 79 1 31 - -
790 25 4 31x61 28 13 6 - -
(adj. stands unlogged) Prism plot
' 790 20 1 8 - 1 - 37
793 25 2 14 - - 32
793 25 3 12 - 2 - 28
793 10 4 5 - 1 23
793 32 5 4 - - 41

_gz_



- 24 -

past outbreaks and tree growth during corresponding périods, and tree
growth responses to different intensities of defoliation in 1975. All
increment cores.were obtained at breast height. Table 2 shows the
extent of sampling undertaken in this part of the project.

Remarkable resilience of Douglas-fir following defoliation
by the tussock moth in western U.S. was implied in the literature by
Caroline and Coulter. (1975). My field observations suggested that
mortality of infested trees varied mainly with size and degree of
defoliatioﬁ. Therefore tallies were taken of individual trees in 2
representative strips at Heffley Creek - hillside, where all trees had
been completely defoliated in 1975. The strips measured 8 x 31m and
12 x 40m. A total of 172 trees were tallied in both strips. For each
tree, we recorded the species, condition, dbh, height, crown width and
length, recovery potential (subjectively determined) and absence or
presence of secondary insects. Strips were also located in areas
where salvage logging had been undertaken. Trees from there were also
used in the resilience study. This part of the study, done in summer
of 1976, also served for investigating the nature and impact of

salvaging infested stands. (Table 3).

Results

The efficiency of a sampling system is often estimated as the

reciprocal of the sample variance. The efficiency of system "i" relative

e 2, 2 2,2 o
to "j" is given by cj / 9, -> Sj / Sj * When’costs of sampling per

BT o ¥ o he g o g e amyt c1ranvs LT 2 b 2 : . % '("
nit*are not“equals, effl‘ci-e?lc-y- is"modified to 1/ EXCV ](Freese, 1962) -

whier'e” € = gampling® cost perunit,” CVi==coefficiefit of variation.
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In this study, one film exposure cost on the average $0.15
for purchase, $0.12 for developing into transparencies, and $0.77 for
developing into prints for dot grid analysis for a total of $1.04. The
sample unit under consideration is one lm2 microplot where understory
vegetation was clipped. Whereas one moosehorn reading was required for
each microplot, four microplots fell within each tree plot whose crown
cover was photographed. Thus each sample unit cost $0.26. Stocking
estimates by the moosehorn and wide angle lens are compared in Table 1.
The relative efficiency of the moosehorn system:

_ 2
Emoosehorn (€ x CVY),lenS_.

(C x CVZ) moosehorn

= 26C x 0.512

1C x 0.582

= 20.10

Although it produces a higher sample variance, the moosehorn is
more efficient than the photographic system by more than twenty times. I have
ignored capital costs of the equipment, incidentals of mailing films and slides,
and riskg of losing a film, slides or prints. The relative efficiency of the

moosehorn calculated above is therefore a conservative estimate.
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Basal area and percent crown cover may be biologically
related, but correlation analysis showed the two variables to be
statistically independent (r = 0.26). The wide range of basal area
under similar levels of stocking or crown cover (Smith, 1974) and vice
versa, is indicative of the complex dynamics of stand development. . The
low correlation between stocking and density is not unexpected because
each varies with aspect, slope, elevation, soils and other factors
which are unaccounted for here.

In the first 46 microplots sampled, forage was not separated
into grass, forbs and shrubs because of limited manpower. However, it
was possible later to isolate the vegetation from 126 plots. 1In
developing regressions for total biomass I used the data from all 172
plots, while for regressions describing grass, forbs and shrubs I used
data from 126 plots. This means that regression coefficients in models
of the three components are not additive to those of total biomass.

Tables 4, 5, 6, 7, 8, 9 summarize the yield data from all
plots. Evidently, variation in yield decreases in the order of grass,
forbs and shrubs, and with increasing stocking and density. [Note that
coefficients of variation are not percentages].

In subsequent statistical analyses variables are defined as
follows:

Independent variables:
X, : Basal area (mz/ha)

1

X2 ¢ Percent crown cover by moosehorn

X3 ¢ Percent crown cover by wide angle lens
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Dependent variables:

Y : Total forage yield

tA
Yg : Grass yield
Yf : Forb yield
YS : Shrub yield

All yields are dry weight (Kg/ha) as described in methods.

Table 4

Average dry weight forage yields in the study
area. Data are based on 126 microplots, except

for total which are based on 172 micropolots.

Yields (Kg/ha)

Grass Forbs Shrubs Total
Mean 88.5 47.8 48.6 159.8
Minimum 0.0 0.0 0.0 0.0
Maximum 743.0 ©599.0 534.5 1175.4
Stand. dev. 139.3 108.6 97.7 216.3

Coef. of Var. 1.57 2.28 2.01 1.35




Table 5. Average Dry weight biomass (kg/ha) of understory vegetation
in tree patches in the study area. Each moosehorn and yield
datum is based on 4 microplots. :

Basal area %Z Crown Cover Grass Forbs Shrubs Total
(mz/ha) moosehorn lens
Cherry Cr. 1974 0.0 0 0 - - - 207.8
13.8 25 39 - - - 112.0
16.1 63 63 - - - 51.6
18.4 28 69 - - - 126.5
25.3 67 64 - - - 0.0
27.5 68 63 - - - 24.7
29.8 41 55 - - - 250.1
Cherry Cr. 1975 0.0 0 0 48.9 126.5 178.9 354.3
16.1 49 64 - - - 84.9
20.7 40 42 - - - 60.6
23.0 20 36 - - - 80.0
23.0 60 66 - - - 50.6
29.8 70 40 37.6 3.6 12.5 53.7
41.3 40 51 - - - 125.5
Indian Gardens 0.0 0 0 260.6 32.3 252.5 545.4
16.1 53 57 306.8 19.6 30.6 357.0
23.0 70 62 6.1 0.0 31.4 37.5
29.8 70 53 80.8 4.5 0.0 85.3
46.0 70 50 0.0 0.0 0.0 0.0

_8‘8_



Table 5 continued....

Basal area % Crown Cover Grass Forbs Shrubs Total
(m2/ha) moosehorn lens
Dairy Cr. 0.0 0 0. 417.3 344.3 142.,7 904.3
18.4 68 74 12.6 0.0 0.0 12.6
23.4 75 75 303.5 8.1 9.7 321.3
25.3 61 45 90.5 21.8 0.0 112.3
27.5 44 50 10.0 .0 0.0 10.0
34.4 69 68 6.8 .0 0.0 6.8
36.7 70 60 38.7 .0 0.0 38.7
Mountain View 0.0 0 0 102.2 262.1 120.5 484.8
13.8 61 62 53.9 57.4 9.0 120.3
23.0 60 71 3.9 83.0 28.1 115.0
23.0 61 49 28.8 .5 0.0 30.3
23.0 88 78 15.7 .8 19.8 36.3
39.8 91 90 2.3 .5 8.1 10.9
41.3 45 55 44.5 .6 0.0 53.1
Dead '74 20.4 39 40 66.0 278.5 129.9 474 .4
25.3 72 72 14.9 0.0 0.0 14.9
Heffley Cr. - Road 0.0 0 0 62.7 86.9 272.4 422.0
13.8 76 75. 19.0 13.7 60.5 93.2
16.1 83 67 4.7 0.0 0.0 4.7
Hill 0.0 0 0 554.4 61.6 132.2 748.2
20,7 52 57 104.9 10.5 0.0 115.4
20.7 64 58 48.2 10.7 68.0 126.9
20.7 71 75 77.8 0.0 2.0 79.8

_6Z_



Table:. 6. Grass yields (kg/ha) under various stand stocking and density.
Crown cover data are from moosehorn % CC class 1l: 0-10;
2: 11-30; 3: 31-70; 4: 71-96.
Basal area
(m?/ha) 0.0 - 11.5 11.6 - 23.0 23.1 - 34.4 34.5 - 46.0
Crown cover
class 1 v2 =3 4 sl 220 O L © 2 2 4 .2
30.7 13.6 6.3 6.4 0.5 21.9 35.7 25.8 .0 .0
76.6 526.4  11.5 23.3 83.5 .0 .0
2.7 234.5 0.0 80.5 9.3 63.4 13.5
88.6 217.6- 380.4 119.1 181.7 57.9 20.4
67.7 248.5 388.5 124.1 37.7 0.0 0.0
36.5 169.1 0.0 76.7 0.0 0.0 0.0
193.6 276.0 72.1 42.0 0.0 0.0 0.0
364.6 0.0 42.9 28.5 .6 0.0 9.0
263.0 .7 44.8 0.0 43.1, 0.0
221.1 0.0 14.1 11.1 44.1
360.3 45.1  15.7 16.4 108.2
412.4 .0 22.1 10.6
272.6 .0 11.0 10.0
623.7 15.5 4.0 0.0
124.0 .0 57.9
180.0 0.0 0.0

_OE_



Table 6 continued ...

Basal area

(m2/ha) 0.0 - 11.5 11.6 - 23.0 23.1 - 34.4 34.5 - 46.0
Crown cover
class 7" 1 2 3 2 3 4 1 "2 3 4 2 3 4
53.2 136.0 18.7
51.5 34.9 0.0
75.9 0.0 0.0
25.0 112.6 29.2
48.9 85.4 91.0
101.0 52.2 8.1
621.4 8.2 |
743.0 5.7 b
206.9 197.0 '
396.0 6.0
41.4
175.0
85.5
77.0
1.0
128.7
83.0
Mean 215.92 90.13 55.35 40.30 44.18 24.87 5.36
St.dev. 205.59 116.00 109.4 42.44 58.21 37.71 8.01
Coef Var. 0.95 1.29 1.98 1.05 1.32 1.08 1.49




Table 7. Forb yields (kg/ha) under various stand stocking and density.
Crown cover data are from moosehorn. 7% CC class 1l: 0-10;
2: 11-30; 3: 31-70; 4: 71-96.

Basal area

(m?/ha) 0.0 - 11.5 11.6 - 23.0 23.1 - 34.4 34.5 - 46.00
Crown cover
class 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3
254.8 499.7 0.0 0.0 0.0 0.9 0.0 34.0 0.0 0.0
18.5 0.0 0.0 0.0 0.0 0.0 0.0
197.8 0.0 0.0 0.0 13.6 0.0 0.0
178.7 78.4 0.0 12.6 0.0 0.0 0.0
110.5 0.0 32.4 0.0 17.3 0.0 0.0
18.7 0.0 21.7 54.4 0.0 0.0 1.8
0.0 0.0 .0 20.3 0.0 0.0 0.0
52.4 0.0 0.0 0.0 0.0 0.0 0.0
40.5 0.0 16.9 0.0 6.0 0.0
36.2 0.0 0.0 0.0 0.0
578.6 0.0 0.0 0.0 0.2
74.4 124.6 2.3 0.0
599.0 146.0 1.0 0.0
125.3 39.5 2.2 0.0
304.3 5.8 33.4
421.7 0.0 0.0
267.9 15.3 0.0
54.5 56.0 0.0
225.0 141.2 0.0
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Table 7 continued ....

Basal area

(m? /ha) 0.0 - 11.5 11.6 - 23.0 23.1 - 34.4 34.5 - 46.00
Crown cover
class .. 1 2 3 4 1 2 4 1 2 3 4 2 3 4
25.2 130.2 0.0
37.5 300.7 0.0
60.0 183.2 0.0
61.1 18.9
76.0 2 |
1.1 0 &
108.1 0 !
41.7
0.4
0.0
0
42.1
0.0
0
Mean 151.07 40.13  5.00 6.30  3.43 0.02 0.23
St.dev. 167.17 70.61 10.66 15.13  6.88 0.06 0.64
Coef.Var. 1.11 1.76  2.13 2.40 2.01 3.00 2.78




Table 8. Shrub yields (kg/ha) under various stand stocking and demsity. Crown
cover data are from moosehorn. ¥%CC class 1: 0-10; 2: 11-30; 3: 31-70;
4: 71-95.
Basal area
(m2/ha) 0.0 - 11.5 11.6 - 23.0 23.1 - 34.4 34.5 - 46.0
Crown cover
class 1 2 3 4 1 2 A A1 2 3 - .1 F 2

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
131.8 122.5 125.7 0.0 27.5 0.0 0.0
147.5 0.0 0.0 0.0 22.4 0.0~ 0.0
178.5 .0 .3 0.0 0.0 0.0 0.0

58.5 0.0 0.0 0.0 0.0 0.0 0.0
331.4 32.3 18.6 0.0 0.0 0.0 34.3

0.0 0.0 0.0 0.0 0.0 0.0 0.0
192.4 0.0 0.0 0.0 0.0 0.0 .0
534.5 0.0 36.1 0.0 0.0 0.0
283.2 0.0 20.8 - 0.0 0.0
236.5 0.0 27.2 0.0 0.0
117.3 0.0 13.0 0.0

0.0 9.4 18.0 0.0
217.1 34.4 121.8 0.0

35.9 0.0 0.0

0.0 0.0 0.0
165.4 0.0 0.0
280.5 0.0 0.0

_.<|7£_.



Table 8 continued ...

Basal area

(m?/ha) 0.0 - 11.5 11.6 - 23.0 23.1 - 34.4 34.5 - 46.0
Crown cover
class 1 2 3 4 1 2 3 4 1 2 3 4 2 3 4
141.0 0.0 0.0
393.8 306.1 12.9
321.0 153.2. 0.0
233.9 60.1 0.0
34.9 18.2
136.9 102.1
249.0 0.0
108.1 0.0
0.0
0.0
0.0
259.1
0.0
.0
7.9
Mean 174.20 33.49 18.20 0.0 5.54 0.0 5.41
St. Dev. 133.97 74.80 33.77 undefined-.11.08 undefined 12.09

Coef Var. 0.77 2.23 1.97 " 2.00

" 2.24
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Tablle 9. Total forage yields (kg/ha) under various stand stocking and density.
Crown cover data are from moosehorn. #%CC class 1: 0 - 10; 2: 11-30;
3: 31-70; 4: 71-95.
Basal area
(w?/ha) 0.0 - 11.5 11.6 - 23.0 23.1 - 34.4 34.5 - 46.0
Crown cover
class 2 3 4 1 2 3 4 2 2 3 4
1 186.5 111.3 163.5 124.6 57.6 0.5 235.0 34.3 124.5 182.5 0.0
132.6 59.2 132.4 147.0 111.4 298.5 20.5 59.8 89.5 0.0
285.5 181.5 85.4 38.6 6.4 147.4  23.6 105.5 0.0
226.7 126.2 59.5 137.2 323.2 .0 0.0 13.5
348.0 69.7 50.5 0.0 20.5 .0 63.4 20.4
445.8 99.4  33.4 386.7 0.0 0.0 57.9 0.0 &
326.7 59.3 98.9 420.9 22.8 35.7 0.0 34.3 '
386.6 20,0 11.6 40.3 23.3 111.0 0.0 0.0
193.6 513.2 66.9 72.1 80.5 45.3 0.0 9.0
609.4 60.7 42.9 131.7 181.7 0.0
838.4 100.6  97.8 124.1  55.0 0.0
- 540.5 80.0 34.9 131.1 .0 44.1
1175.4 86%5° 42.9 62.3 .0 108.4
604.1 32.5 37.4 28.5 .6
871.6 3.4 30.0 0.0 43.1
966.1 6.3 128.0 11.1
464.2 648.9 91.3 16.4
601.7 234.5 0.0 10.6



Table 9 continued .

Basal area

(m2/ha) 0.0 - 11.5 11.6 - 23.0 23.1 - 34.4 34.5 - 48.0
Crown cover
class 1 2 3 2 3 4 2 3 2 3
486.5 296.0 18.7 10.0
386.5 " 248.5 0.0 0.0
441.9 201.4 0.0 |
444.0 276.0 .42.1
407.0 0.0 91.0
394.9 5.7 8.1
717.4 0.0
955.9 45715
457.0 124.6
612.2 155.4
89.4
5.8
0.0
151.3
90.9"
141.2
336.1
43.9

128.7

_Lg_



Table 9 continued ....

Basal area
(mZ/ha) 0.0 - 11.5 11.6 - 23.0 23.1 - 34.4 34.5 - 48.0

Crown cover
class 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

90.
548.
539.
295.

45.
108.
197.

6.

83.
175.

85.

_8€_

v &~ H O N O W U1 W W W

Mean 518.08 117.33 141.02 133.33 79.07 83.85 37.12 92.15 50.10 8.58
St. Dev. 256.63 61.37 146.04 145.55 108.35 100.81 50.05 44,15 58.37 12.22
Coef Var. 0.50 0.52 1.04 1.09 1.37 1.20 1.35 0.50 1.17 1.42
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Scattergrams (Figures 10 to 24 inclusive) indicated non-
linear relationships between the dependent and independent variables.
Therefore, strict linear models were not examined for regression
modeling. Constants in X + 1 and Y + 1 in hyperbolic and logarithmic
analyses respectively are used to avoid mathematical problems because
in some cases X and Y equaled zero. The logarithmic transformation
makes variances along the regression line more uniform. For the
logarithmic model, thg,gpandard errors of the estimate were transformed

into nonlogarithmic form. The transformation procedure is as follows:

The SEE = Ss_/df
rr

where SSr sum of squares residual

1]

df degrees of freedom residual

Transformation:

N ’ . 2
n PN
SS = I Ey. +1) - 10(Po * § b1 XlJ):-I
T j=1 3j

i = jth forage yield

number of observations

n =
Y. =Y . - individually
j tys Bi» fj > 85
Xi = ith independent variable; i = 1, 2 here

b, bi = regression coefficients defined formally.
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dfr = n-m-1

m = number of independent variables in the significant

model under consideration.

SEE = SSr/dfr

| 1/2
(bg + Z by Xij) [n-m-1]
(yj + 1) - 10 1

The models reported below (Tables 10, 11) were significant
at 95 percent probability level. Analyses were by least squareé
technique - elimination procedure. Some dependent variables are
described by two significant models; the models are in the order they
were encountered through elimination. The second model is shown for
checking how much precision is lost by dropping one significant variable.
This becomes relevant when it may be costly to measure a variable.
Coefficients of detérmination aré not-tfansformed-to inonlégarithmic form:
therefore it would be unwise to compare fitness of hyperbolic with
logarithmic models using R2 values. It is acceptable to compare
between logarithmic models using these values.

Better fit of logarithmic models is evident. Yields are also
shown graphically in figures 10 -- 24 inclusive.

Enlarging plot size by combining data from 4 microplots
(Table 5) did not reduce standard errors significantly. This resulted

in an increase of standard errors in some logarithmic models. Apparently,
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Table 10. Hyperbolic models significant at 95 percent
probability level: forage yields.

= bytbyXy+by (1/X3+1) SEE %R F
141.356—2.9378Xl+365.387 (l/Xl+l) 147.212 54,238 100.150
: 71.7137+444.595 (1/X1+l) 148.468 53.178 193.097
47.9099+170.009 (l/Xl+l) 123.035 22.633 36.275
15.1861+136.377 (l/X1+1) 95.1174 23.952  -.39.056
9.0021+165.614 (l/Xl+l) 73,6212 43.673 96.143
= bo+b1X2+b2 (l/X2+l)
169.248—1.4151X2+345.O92 (1/X2+1) 146.974 54.386 100.748
: 81.902+164.971 (l/X2+l) 148.661 53.060 192.135
52.4075+164.584 (l/X2+1) 123.3043 52;295 35.578 -
144.7689-1.8557X, 92.9141  27.430 46.881
13.2240+161.056 (l/X2+1) 73.7918 43.410 95.126
b _+b X +b, (l/Xl+1) + b X, +b, (1/X2+l)
167.764+348, 384 (l/Xl+l)—l.5260X2 146.269 54.820 102.538
: 71.7132+444.595 (l/Xl+l) 148.468 53.178 193.079
47.9099+170.009 (l/Xl+l) 123.035 22.633 36.275
259.417—5.9193Xl—3363.590 (1/Xl+1)
+3255.490 (1/X2+1) 92.359 29.454 16.979
: 18.5076+133.330 (l/X2+l) 95.048 24,060 39.295

9.0091+165.614 (l/Xl+l) 73.621 43.673 96.143
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Table 10 continued...

= bo+b X +b2 (l/X3+l)

13
Yt = 200.798-1.8972X3+314.084 (l/X3+l)
Yg = 52.3948+164.643 (1/x3+1)
Yf = 144.550—1.9323)(3
YS = 13.216+161.093 (1/x3+1)
Y =0b +b1X1+b2(1/X +1)+~b3 3+b4(1/X +1)
Yt = 304.978—3.6461X1—2.07O9Xj?
+209.885 (1/X3+l)
: 170.698—3.4118X1+344.718 (l/X3+1)
Y = 213.932-3.1847X,-1.1880X
g 1 3
: 190.743—4.9396Xl
Yf = 144.550-—1.9323)(3
Y =

9.0021+165.614 (l/X1+l)

SEE %Rz
147.617 53.986 99.138
123,293 22.308 35.605
94.103 25.567 42.529
73.783 43.426 95.181
145.208 55.739 70.521
146.959 54.395 100.788
121.524 25.131 20.643
123.509 22.037 35.047
94.103 25.567 42.592
73.621 43,673 96.145



log(Y+1) =

Table 11. Logarithmic;, models significant at 95 percent
Qevelf forage yields.

b +b.X
o
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probability

171
log(¥t+l) = 2.5699—0.0423Xl
log(Yg+l) = 2.0582—0.0349Xl
log(Yf+l) = 1.6524—0.0443Xl
log (Y _+1) = 1.6258-0.0452%,
log(Y+I) = b0+b1X2
log(Yt+1) = 2.5206—0.0167X2
log(Yg+l) = 2.0173—0.0130X2
log(Yf+l) = 1.7835-0.0201X2
log(YS+l) = 1.5435—0.0163X2
log(¥+1) = b_+b X +b.X,
log(Yt+l) = 2.7357—0.0289Xl-0.0089X2
: 2.5699-0.0423%,
1og(Yg+l) = 2.0582—0.0349)(1
log(Yf+l) = 1.8897-—0.0228X1—0.0131X2
: 1.7835—0.0208X2
log (Y +1) = 1.6258—0.0452X1

SEE %Rz F
130.590 34.410 89.189
44,104 27.171 46.262
+16.505 39.514 81.007
13.373 38.477 77.550
124.434 29.930 72.610
41.084 20.364 31.709
22.399 43.455 95.293
10.810 26.955 43,745
200.815 39.428 55.003
145.987 34.410 89.189
44.108 27.171 46.262
29.945 48.619 58.195
22.398 43.455 95.293
13.375 38.477 77.550
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Table 11 continued...

log(Y+l) = b_+b X3

log (¥, +1) = 2.6169-0.0185%,

Log (¥ ) = 2.1062—0.0154)(3

log (Y +1) = 1.7829-0.0209X,

log (Y _+1) = 1.6382-0.0189%,

log(Y+l) = bo+le1+b2X3

log (¥ +1) = 2.7749—0.0296xl-o.0093x3
: 2.5699-0.0423%,

log (¥ +1) = 2.2138-0.0232X,~0.0080X,
: 2.0582-0.0350%,

log (Y +1) = 1.9013-0,0255X, ~0.0128X,
t 1.7829-0.0209X,

log (Y +1) = 1.7902-0.0327X,~0.0084X,

: 1.6258—0.0452Xl

. SEE 7R F
150.326 28.968 69.328
50.601 24.320 39.842
- 22.409 40.560 86.614
13.662 31.089 55.941
221.696 38.655 53.245
130.590 34.407 89.174
66.179 30.605 27.124
44,104 27.171 46.262
30.869 47.446 55.522
22.409 40.560 84.614
21.353 41.725 44.034
13.373 38.477 55.473
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FI1G.10. RELATIONSHIP BETWEEN GRASS YIELDS AND STAND DENSITY

Y=(114.341 X 0.923%)-1.
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FIG.11. RELATIDNSHIP BETWEEN FORB YIELDS AND STAND DENSITY
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F16.1 2. RELATIONSHIP BETWEEN SHRUB YJELDS AND STAND DENSITY

Y=(42.247 ¥ 0.901)()-1.
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F16.1 4. RELATIONSHIP BETWEEN FORB YIELDS AND STOCKING
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F16. 18. RELRTIONSHIP BETWEEN SHRUB YIELDS AND STDCKING
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FIG. 19. RELATIONSHIP BETWEEN 