"'l-..-

> » Effects of Different Levels of Canopy.Tree Retention on

Stockingrand-Yield of Understory-Cohort.in the~ =
Southern Interior of BC ——

“Temesgen H., Pat Martin, Doug Maguire, and “John Tappeiner

‘Dept. of Forest Resources, OSU
BC Ministry of Forests, Victoria, BC
Dept. of Forest Sciences, OSU

Presented at the Growth Model User’'s Group Meeting
Nov. 15, 2004
Vancouver, Washington



|. Objectives

Il. Background

» Reported impacts of retained trees (RTs) on yield of
understory cohort

Ill. Estimating impacts of RTs in the Southern Interior of BC
- Objectives
- Methods
- Results
- Summary and recommendation



1. Review the impacts of retained trees on regeneration stocking
and yield of understory cohort

2. Quantify the effects of different levels of tree retention on
stocking and yield (volume at rotation) of understory cohort in
dispersed retention strategy

“3. Develop yield curves and sampling protocols for two-storied
stands



Backaground

Variable-retention has become a prominent silvicultural strategy to meet
multiple resource management objectives.

Under this strategy, retained trees:
> contribute to structural complexity of subsequent stands

> provide habitat for wildlife, shelter for regeneration and understory
vegetation

> promote long-term ecological productivity and biodiversity, etc.

However, recent studies have shown that RTs reduce growth, yield, and
value of understory cohorts (Birch and Johnson 1992, Long and
Roberts 1992, Hansen et al. 1995, Rose and Muir 1997, Acker et al.
1998, Zenner et al. 1998).



Reduction in vield can be-due to:

1. withdrawal of retained area from future timber
production and effects of RTs on stocking

(% occupancy)

2. competitive influence (e.g., shading) of RTs




Varies by:

- spatial pattern of retention
- dispersed/group/mixed

- edge length and area
occupied by RTs

* species composition

lmpact of RTs on

leld



Impact.of RTs on vield (cont'd

Varies by:

« attributes of retained trees:

» Size and vigor - size of crown and rate of
crown expansion

» level and duration of retention

» other factors (e.g., site quality, slope etc)



Impacts of RTs on vield (cont'd

Methods used to quantify impacts of RTs include:

1. Retrospective studies — paired plots studies
(Acker et al.1998, Zenner et al. 1998)

2. Model extrapolation (Birch & Johnson 1992) and simulation
techniques (Hansen et al. 1995)



= & B Impacts of RTs.are reported in terms of effectson: =

-

* Individual tree attributes (e.g., Hansen et al. 1995, Wampler 1993)

» Basal area and volume/ha (e.g., Zenner et al. 1998, Rose & Muir 1997)

 Mean annual increment (e.g., Acker et al. 1998, Birch & Johnson 1992)

« Harvest value (e.g., Hansen et al. 1995)

 Stocking (e.g., Kobe and Coates 1996)

Compared to clear cut scenarios, impacts of RTs on yield of understory
cohort varied from 5 to 45%



Yield impacts by attributes —

0% reduction compared to clear Cut SCeNafioSss——

Attribute/Source

% reduction

Comment

Height and diameter
Hansen et al. (1995)
Wampler (1993)

Basal area
Rose and Muir (1997)
Hansen et al. (1995)

Total Volume
Long and Roberts (1992)
Zenner et al. (1998)

20

15
18 to 39

25 to 35
23 to 45

Yield loss even at 5 RTs/ha
Fir planted under RTs

15 RTs/ha
5to 30 RTs/ha

12 to 86 RTs/ha
5 to 50 RTs/ha




Simulation study

Background

* The Forest Practices Code of BC (FPC) requires that

RTs be an integral part of a silvicultural prescription
“' g s

* In the southern interior of BC, no large-scale, long-term
experiment or data exit to quantify the impacts of RTs
on stocking and yield in dispersed retention strategy

* A results-based FPC pilot project was established to
evaluate silvicultural performance using stand surveys
10-years after stand development and target
merchantable volume 80-years after harvest



Simulation study

Objectives

To quantify the impacts of RTs on:

1. regeneration stocking after 10-years of stand development

2. understory yield after 80-years of growth

To adjust yield to reflect impacts of RTs for timber supply projections
of two-storied stands



Methods

Metadata

* The Tree and Stand Simulator” (TASS, Mitchell 1975) individual tree
growth and yield model was used to simulate 268 pure pine and interior
spruce stands with varying establishment densities, spatial distributions,
and levels of retention.

Attribute Levels

Planting density (no/ha) 0, 600, 1200

Natural regen. (no/ha) 0, 600, 1200, 3000, 4000
Spatial distribution of naturals Random, Clumped

No. of RTs/ha 0, 12, 48, 96, and 144
Pattern of RTs Random

All possible combinations of the factors were not simulated. [SI=20 m]



Methods

* "TASS is spatially-explicit and generates 5
stem map data. Each TASS simulation was 25m
conducted for a 3 ha (300m*100m) area 25 m

\ 2

300 m

* In each simulated stand, 50 m2 (3.99 m
radius) plots were established on randomly
oriented 25 m grid, resulting in ~ 48 plots for
each survey

100 m
* For each of the 268 stands, 30 surveys

were simulated 10-year after harvest,

o _ [Not to scale]
resulting in 8040 simulated surveys



Methods (cont'd

Stand surve

» Each 50 m?circular plot was split into quadrants
along the north-south and east-west axes.

* In each quadrant, species and height of each tree
were recorded, and a quadrant was classified as
stocked (if it contains at least one healthy free-
growing tree) or not stocked

* For each plot, the number of stocked quadrant
was counted [0, 1, 2,3,4]

(1
N

(>

N



Methods (cont'd)

Stand survey

* For each survey, mean number of stocked
guadrant was calculated from ~ 48 plots

* Subsequently, each stand was grown for
80- years using TASS

* Mean number of stocked quadrant values
were related to merchantable volume 80-
years after harvest
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"5*" Summary-ef.Atiributes for overstory and understory

F oy

at start and end of Simulation [n=134.pine stands:

e

Attribute Overstory Overstory Understory
at start after 80-years after 80-years

# of tree/ha 12 -144 12 -144 189-1351
Basal area (m?/ha) 1.1-14 1.4-16.3 9.8-47.1
Merch. volume (m3/ha) 8-110 11-139 67-340
Average height (m) 22.2-23.6 24.4-25.9 17.2-19.3
Diameter (cm) 32.6-36.3 35.9-39.2 18.4-28.4
Crown width (m) 5.3-6.0 5.5-6.1 2.5-4.6

Similar ranges were observed for interior spruce



Mean stocked quadrant by levels of retentlon..h-
Pine stands

» For both pine and spruce, mean No.RTs | No.of ~ MSQ+SD  MSQ+SD
number of stocked quadrant (MsQ) | (n°/ha) | stands pine Spruce
decreased with increasing number 0 26 3.68+0.39  3.68%0.40
and basal area of RTs 12 27 3.58+0.63  3.66+0.41

48 27 3.57+0.61  3.44+0.71
96 27 3.55+0.58  3.43+0.64
144 27 3.52+0.55  3.41+0.62
Basal area class No. of MSQ+SD MSQ+SD
(m2/ha) stands pine spruce
2 53 3.63+0.52  3.67+0.40
6 27 3.57+0.61  3.46+0.71
10 27 3.55+0.58  3.45+0.66
12+ 27 3.52+0.55  3.44+0.61

-
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"'ﬁ ""‘" I\/Iean stocked.quadrant by establishment de_n

Pine stands

» As expected, mean number of
stocked quadrant (MSQ) increased
with increasing establishment density

Establishment | No.of | MSQ+SD | MSQ+SD
density stands Pine Spruce
(no./ha)

250 18 2.47+0.77 | 2.41+0.80
750 24 3.48+0.30 | 3.41+0.29
1500 36 3.80+0.07 | 3.69+0.48
2500 22 3.84+0.04 | 3.81+0.04
3500+ 34 3.85+0.02 | 3.84+0.03




Merch:velume 80-years after harvest overs——

establishment densit

Spruce
450 — — —

* At each level of establishment ey | I ‘
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Merch:velume 80-years after harvest overs——

establishment densit

* For establishment density >250 3507

trees/ha, merchantable volume 300+ 5 | I-I
80-years after harvest decreased I- -
with increasing basal area of RTSs,
indicating the effects of RTs on
understory yield
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Merch Volume 80-year after harvest under-cleareu
scenarios (solid lines) and-at 6m?/ha BA retention
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* At each level of retention, 500 -
merchantable volume 80-years after 430
harvest increased with increasing :Zz
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e Ratio of merch. volume under
RTs and clear cut scenarios

e Yield in regeneration layer was
reduced by 8 to 42%, varying
by the level of retention

harvest by BA retention

—

Retained basal area/ha (m?/ha)

Speces g o 4 & 8 10 12

Pine 1 092 083 0.75 0.66 0.60 0.58

Spruce 1 094 089 083 0.78 0.72 0.68

Note: merch. Volume of RTs was not
included in the analysis




Results

Summary

* Merchantable volume 80-years after harvest increased with
increasing MSQ and decreasing level of retention

* Compared to clear cut scenarios, retained trees reduced regeneration
stocking by 0.27 to 6.52% on a stocked quadrant basis

* Depending on the level of retention (2 to 12 m?/ha), RTs reduced the
final yield of understory cohort by 8 to 42%

* Negative correlations were observed between average crown width of
RTs and merch. volume 80-years after harvest



Recommendations

* To obtain actual impacts of RTs on growth and yield of
understory cohort, large-scale and long-term experiments
are required

* Impacts of RTs on tree species composition of future forest
should be examined
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