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PREFACE

This essay is, in part, an outgrowth of a research 
project carried on by the Research Division of the British 
Columbia Forest Service. Most of the material in the essay 
represents personal observations made on the project during 
the summer of 1956 on the Forest Experimental Station at Aleza 
Lake, British Columbia.

Members of the research party were called upon for 
guidance and assistance in technical matters. In particular,
I wish to express my appreciation of the continuous encourage
ment lent me during the whole course of the work by Mr. A. 
Prochnau, assistant forest agrologist.

Other Information has been drawn from the best 
sources available. The technical reports that were of value 
have been acknowledged in the bibliography.

Vancouver, British Columbia _
September 25, 1956 Everett B. Peterson



A STUDY OF CONIFEROUS REPRODUCTION 
BY DIRECT SEEDING METHODS ON 
VARIOUS FOREST SITE TYPES 

AT ALEZA LAKE, BRITISH COLUMBIA

Introduction

The Research Division of the British Columbia Forest 
Service is conducting a research program to compare coniferous 
reproduction on various forest site types in a virgin stand, on 
a selectively logged area, and on a clear-cut and burned area. 
The experiment is designed to compare reproduction on several 
different seedbeds within each site type and to observe the 
changes in site caused by the selective logging, and by the 
clear-cutting and burning.

The project will be of value as an aid in obtaining 
guiding lines for treatment of the forest site types so that



the best natural reproduction possible is obtained, and the 
information gathered should be useful in explaining the 
differences in productivity of the various sites.

This essay presents a general summary of the 
historical background, the experiments that have been set up, 
and the conclusions that can be dravm from the tests.

The lack of a final statistical analysis causes many 
of the conclusions in this report to be tentative. However, it 
is believed that, at the present state of knowledge, this 
report v/ill serve a useful purpose.

To evaluate the reproduction problems, soil profile 
descriptions, as well as physical, chemical, and biological 
analyses of the soil, are necessary. Climatic and topographic 
data must also be collected, and greerJaouse experiments should 
be set up •fro verify certain field results. A measurement of 
damping-off damage to the seeds in the seedbed is also needed 
for a proper analysis. Vfhlle most of this data has been 
collected and considered, this report is concerned only with 
the field design of the experiment, and with the results that 
have been obtained.



Historical Background

The problem of spruce reproduction in the Fort 
George Forest District of British Columbia has been studied by 
a number of research workers in the past. In 1929» Garman 
reported that natural reproduction following fires was unsatis
factory, 75 P®r cent of the area of all burned sites being 

1
understocked. During the following year, Barr studied the
relationship of soil moisture to the establishment of spruce
reproduction and concluded that the seedbed of moss and litter

2
limited the available moisture and restricted germination.
It was later suggested by Griffith that natural regeneration 
of spruce could be secured under mature forests by artificially

3breaking up the layer of raw humus and exposing mineral soil.

In 194-5> Pogue examined logged-over areas in the 
region east of Prince George, from Shelley to Dome Creek, to 
obtain an over-all picture of conditions on cut-over lands.
He found that, as a result of clear-cutting, the cut-over 
areas were poorly stocked, but not devastated, due to the 
recuperative powers of the residual stand. On the average.

1 E.H. Garman, Natural Reyoduction Following Fires in 
Central B.C.. For, Chron. 1929» PP» 2b-44.

2 P.M. Barr, The Effect of Soil Moisture on the Establish
ment of Spruce Reproduction in B.C.. Yale Univ. School of 
Forestry, Bui, 26, 1930.

3 B.G. Griffith, The Natural Regeneration of Spruce in 
Central B.C.. For. Chron. 7:4, 1931> PP» 204-219.



they can be considered as satisfying the barest minimum 
requirements for restocking if 120 years is allowed between 
successive cuts.

The virgin stands are patchy with small openings
alternating with clumps of large spruce trees and areas of
well developed uneven-aged forest. The openings and the
clumps of large spruce trees create a special problem in

( V / 'T V
applied silviculture. Standard cutting practises have been y 7

carried out, with the result that restocking has been lowered 
below that required for satisfactory regrowth. y

Pogue suggests that these problems could be overcome 
largely, by marking the trees to be cut. He recommends that, 
in marking, trees in the 12-inch diameter class (I3 inches 
d.b.h, and under) should be left in all cases, and that the 
trees associated with openings should be left regardless of 
d.b.h. if their removal would increase the size of the open
ings or unduly increase the amount of light falling on the 
forest floor in the vicinity of the openings. In the case of 
groups with a poorly developed undergrowth, marking should be 
done to leave some shade on the ground, distributed as 
uniformly as possible. Considerations should be given to 
improving the quality of the residual stand.

The objective of a method of cutting which would 
provide for adequate reproduction of spruce should be to leave 
behind the maximum number of undamaged spruce trees, from 
small timber right down to reproduction. At the same time.



some treatment which would ensure the establishment of suitable
seed-bed conditions and enable new seedlings to enter the
stand, without the usual time lag, would be helpful. Spruce
comes in quickly on roads and it is likely that caterpillar
logging, which is now general, will improve seed-bed conditions
by exposing much more mineral soil than horse logging.
Caterpillar hauling of tree lengths probably causes more
damage to the residual stand but this may be offset by the

4
beneficial effect on the seedbed.

On the completion of Pogue’s study, the results were 
incorporated into an experimental cutting area of l60 acres 
(Timber Sale X37528), on the Aleza Lake Experimental Forest.

5Experimental Procedure

A forest site type or forest association is the 
result of physical, chemical, and biological activity reacting 
with the soil and climatic environment under varying topo
graphic conditions. A systematic study of reproduction on 
various sites should, therefore, include a record of germina
tion, survival, mortality, and growth of seedlings, and an

4 H.M. Pogue, Regeneration and Growth of White Spruce After 
Logging. B.C. Forest Service, Tech. Pub. T, 29j 1946.

5 A.E. Prochnau, A Study of White Spruce and Alpine Fir 
Reproduction on Various Forest Site Types at Aleza Lake. B.C.,
B.C, Forest Service, Research Div., Working Plan, Exp. Plot 
No. 387, 1952.



analysis of certain important soil, climatic, and topographic 
factors which influence reproduction. The design of the 
experiment is described below, but no discussion is made on the 
procedures used for the soil, climatic, and topographic 
analyses, because these factors entail a separate study in 
themselves.

Method of Analysis

A. Stand conditions.

Three distinct stand conditions were used in the 
experiment. They were as follows:

(1) Natural stand— overmature spruce-alpine fir
forest, 170 to 200 years in age.

(2) Logging— spruce clear-cut logged in 194-5. Stand
before logging similar to (1).

(3) Burn— spruce clear-cut logged in 194-5> plus a
poor and patchy prescribed burn in I946. 
Stand before logging and burning similar 
to (1).

In addition to visual observations of stand condi
tions, light measurements were taken as the criterion to 
ensure that three distinctly different average light conditions 
prevailed in each stand condition.



Figure 1. Clear-cut and Burned Area at Alega Lake. B.C

B, Forest Site Types.

Seeding experiments were carried out on the four 
following sites:

(1) Devil's Club site (D.C.)
(2) Aralia-Dryopteris site (A.D.)
(3) Cornus-Moss site (M.)
(4) Equisetum-Sphagnum site (E.S.)

For a detailed description of these site types, 
refer to Appendix I,
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Figure 2. Devil's Club Site at Aleza Lake. B.C.

C. Seedbeds.

On the M, A.D., and D.C, sites, in 1953> the follow
ing seedbeds were used:

(1) Surface of the A© soil horizon.
(2) Surface of the A2 soil horizon.
(3) Surface of the B soil horizon.
(4) Mixed soil from Aq, A2 , and B horizons.

used:
For the E.S. sites, the following seedbeds were

(1) Natural.
(2) Top of a hummock,
(3) Side of a hummock.



In preparing seedbeds, ground vegetation was dis
turbed as little as possible.

It was suggested that a seedbed of decayed wood 
should be included in the project(j>/however, since the experi
ment is being used to determine the possibilities and values of 
direct seeding in that area, rotted wood was not used. It is 
unlikely that one would place seed on a rotted log if direct 
seeding was being carried out on a large scale.

In the 1954- seeding, a natural (undisturbed) seedbed 
was used in comparison to a mineral seedbed where the humus had 
been removed. There were also mixed seedbeds, which were dug 
shovel depth, and where the humus was mixed with the mineral 
soil. These natural, mineral, and mixed seedbeds were pre
pared on the M, A.D., and D.C. sites.

On the E.S, sites only two seedbeds were prepared.
One was a natural, undisturbed bed, and the other was a square 
12 in, by 12 in. mound with a height of 6 in. to 8 in. above 
the high water level in the spring.

In addition, some of the 1954- seeds were covered with 
4 in, of topsoil, to see what influence it would have on 
germination,

D, Species

In the 1953 seeding, only white spruce and alpine fir
were used.



The only extraneous influence that was considered was 
the effect of natural seed stored on the seed spots to begin 
with, A count of spruce germinating on alpine fir seed spots 
was taken as a measure of natural spruce seed stored in the 
seedbed before planting, and similarly alpine fir germinating 
on spruce spots was taken as a measure of natural alpine fir 
seed.

In 1954-» Douglas fir and lodgepole pine were added 
\ o  the seeding experiment.

E. Design.

Two randomized block experiments were used. One was 
on seedbeds common to the M, A.D., and D.C. sites, while the 
other was on seedbeds peculiar to the E.S. site. All other 
variables were common to both experiments.

For each stand condition and each site, four plots, 
widely scattered about the station, were selected, so that a 
good average could be worked out from the replications. In 
1953» each of these plots contained eight seed spots which were 
not absolutely contiguous, but which were -restricted to a 
reasonably small area. The exact individual locations were 
selected so that average light was nearly the same on each 
seedbed. Initially, all were equally suitable as control 
seedbeds.

The seedbeds and species were assigned to spots 
independently and at random in each and every large plot, by



randomizing numbers from one to eight and assigning a corres
ponding treatment to it. An example of a 1953 plot is given 
below.

Randomized Seed
beds on a plot.

EXPERIMENT ONE 
(M,A.D,&D.C. sites

EXPERIICENT TWO 
(E.S. sites)

No. Species
Spruce
apruce
Spruce
Spruce

Alp.Fir
Alo.Fir
Alp.Fir
Alp.Fir

Seedbed No

A2.B
Mixed

-̂•2.B
Mixed

Species
Spruce
Spruce
Spruce

Furrow.top
Alp.Fir
AlPtEiX.Alp.Fir

Seedbed
Natural___

Furrow.side
Natural

Furrow,top
Furrow.side

Fipcure 3. Example of Randomized Seedbeds on a Plot.

Discussion of Work Done

In the spring of 1953» 3^0 seed spots, l6 in. by l6 
in., were prepared, and l80 of them were seeded with 50 viable 
spruce seeds, while the remaining l80 were seeded with 25 

viable alpine fir seeds. All seedbeds were protected against 
rodents with 8 in. by 8 in. by 2 in. hardware cloth screens 
(1/3 in. mesh).

One year later, 744 seed spots were prepared at the 
same locations as the 1953 seed spots, 528 of which were 
screened against rodents. The 216 unscreened seedbeds served 
as a control.



Flggre 4. Scr#»n Over Seedbed for Protection from Rodents

In addition, during 1954-, 2l6 seedbeds were covered 
with ^ in. of soil after seeding, and the other 528 were left 
uncovered^ Of the total of 744 seed spots, l86 were seeded 
with 50 viable spruce seeds, l86 with 20 viable alpine fir 
seeds, l86 with 50 viable Douglas fir seeds, and the remaining 
l86 with 50 viable lodgepole pine seeds.

Seed germination, seedling survival, and seedling 
vigor, have been followed throughout the 1953> 1954-, and 1955 

growing seasons. Soil and climate data has been collected, 
but analyses have not been completed.

To make a comparison of seeding at various times of 
the year, a total of 400 seed spots were seeded in early and 
late fall 1955* in early and late spring 1956. All stand



conditions, the D.C. and A.D. sites, and the mineral and mixed 
seedbeds were included in this phase of the study. Spruce and 
Douglas fir were the only species seeded. Insufficient time 
has elapsed to warrant any conclusions about spring and fall 
seeding.

Observations From the Tests

At present, a formal statistical analysis has been 
carried out only on the results of the 1953 seeding at the 
end of the first growing season. Results since that time have 
been summarized on the basis of averages of the four replica
tions. The latter results, based on average number of seed
lings per seedbed, show the same general trends as the first 
growing season results of the 1953 spring seeding.

From the data given in the Appendices, some general 
conclusions seem obvious without a complete statistical 
analysis of all the results.

1. Screened versus unscreened beds:
A rodent problem is indicated for all four species 
because seedling survival on screened seedbeds is 
much higher than on unscreened seedbeds.

2. Screened seedbeds covered with ^ in. of soil versus 
screened uncovered seedbeds;

6 See Appendices II to V.



For spruce, alpine fir, and Douglas fir, results with 
both treatments are much the same, therefore there is 
no benefit in covering the seeds with in, of soil. 
Lodgepole pine survived best on uncovered seedbeds,

3 . Unscreened covered versus unscreened uncovered 
seedbeds:
Seedbeds covered with ^ in. of soil gave slightly 
better results than seedbeds uncovered. This would

f

indicate that the soil covering gave some protection 
against rodents.

4. Screened alone (uncovered) versus cover with ^ in, 
of soil alone (unscreened):
Although ^ in, of soil does give slight protection to 
seeds, as stated in (3)> the treatment gives much 
poorer results then screening alone,

5. Spruce does well on all sites, but does much better 
on disturbed areas. Survival is lowest in the virgin 
stand.

6. Alpine fir seems to prefer the wettest sites on 
disturbed areas. The Devil's Club site on logging 
had the highest survival,

7 . Douglas fir and lodgepole pine prefer the driest site 
on disturbed areas, such as the Moss sites on the 
burned area.

The points listed below, apply only to spruce and 
alpine fir, because they represent observations made from the 
1953 seeding, in which there was neither Douglas fir nor
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lodgepole pine.
8. Spruce and alpine fir survival Indicates a gradual 

increase from the Moss site, through the Aralla- 
Dryopterls site, to the Devil's Club site. In other 
words, survival increases from the driest to the 
wettest site, with the exception of the Equisetum- 
Sphagnum site, which is too wet.

9. Light is a very important factor. The net effect of 
all the factors controlling germination and first 
year survival are slightly more favorable under the 
virgin stand than in the burn and logging. However, 
it should be realized that subsequent mortality in 
the virgin stand is much greater.

10. On the burn and logging there is a very significant 
difference between the Aq and the mineral layers. 
Reproduction is much greater on the mineral seedbeds. 
There does not seem to be a significant difference 
between different mineral seedbeds although the B 
horizon is slightly better than the A2 and mixed beds,

11. In the virgin stand, for both spruce and alpine fir, 
the mineral seedbeds are again better than the A© 
horizon. In the A© seedbed there is a gradual 
increase of reproduction from the Moss site to the 
Devil's Club site. On the B horizon seedbeds there 
is a gradual decrease from the Moss site to the 
Devil's Club site, probably because of flooding on 
wetter sites.
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12. In the Equisetum-Sphagnum sites, the seedbed condi
tions are very important. Survival is much higher 
on the hummocks than on natural seedbeds. There is 
a slight difference between the top and the side of 
the hummock. Survival is better on the top.

13. Although the differences are slight, it would seem 
that the B horizon seedbeds are the best of the 
mineral beds. They are followed by the A2 seedbeds 
and the mixed seedbeds, in that order.

14. In comparing the two species, the indications are 
that spruce is much more successful on disturbed . > 
areas (burn and logging) than alpine fir, #hich is

HirC-if-h dmore closely bound with light conditions (shade of 
the virgin stand).

Conclusions

Preliminary investigations have shown that there are 
distinct differences in seed germination and seedling survival 
between the logged areas, the burned areas, and the virgin 
stand. Different site types within each stand condition also 
have an influence on the amount of reproduction that can be 
obtained. In addition, seedbed conditions on the various 
sites are correlated with germination and survival.

All of these factors must be taken into considera
tion, so that the best natural and artificial reproduction
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possible is obtained.

Although many experiments have already been carried 
out on the reproduction problems in British Columbia, the need 
of future testing for a number of years is apparent. Future ) 
experiments will indicate economical methods of exposing 
mineral soil for better germination conditions. More suitable 
silvicultural methods will be worked out to help provide for 
adequate restocking of logged-over areas. The results of any 
experiments, concerned with reproduction, will be useful in 
developing more effective and economical silvicultural methods.
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The following four spruce-halsafli forest associations

7were used in Exp. Plot # 3 8 7.

r ■

V

1. Devil's Club Association (Picea glauca-Abies lasiocarpa- 
Fatsia horrida-Athyrium filix-femina Association).— This assoc- 
iation usually occurs on level or gently sloping ground.
Devil's club (Fatsla horrida) is dominant in the shrub layer. 
Other conspicuous shrubs are thimbleberry (Rubus parviflorus), 
black twlnberry (Lonicera involucrata). raspberry.(Rubus 
sfcrlgosus). and occasionally red elderberry (Sambucus pubens). 
Ferns are prominent in the herb layer — lady fern (Athyrium ~ 
filix-femina), shield fern (Dryopteris austrlaca). oak fern
(D. Llnnaeana), and beech fern (P. phep;opterisTr Other herbs 
are horsetail (Equisetum sylvaticum). twisfeed-stalks (Streptopus 
amplexlfolius, S. roseus). Tlarella (Tiarella unifoliata). 
bunchberry (Cornus canadensis), and trailing Rubus (Rubus 
pedatus). Important mosses are Brachythecium spp, and Mniums 
(M. ins'igne. M. orthorhynchum. M. spinulosum).

This association occurs on two different soils - a clay 
and a loam. The stand on the clay is subject to wind-throw, 
which results in openings. On both soils the trees are rather v  
wide-spaced. Height of spruce dominants is 127 feet. ^

U - \
2. Sarsaparilla-Oak Fern Association (Picea p,lauda-Abies 

laslocarpa-Aralia nudicaulis-Dryopterls Linnaeana Association),
— This association occurs on the lower part of slopes. The 
shrub layer is moderately developed and characterized by thimble
berry (Rubus parviflorus) of small size, black huckleberry 
Vacclnlum membranacei^). black twinberry (Lonicera involuctata). 
hip;h-bush cranberry (Viburnum paucif lorus). and spiraea (Spiraea 
lucida). In the herb layer, oak fern (Dryopteris Llnnaeana)
and sarsaparilla (Aralla nudlcaulis) are the dominant species. 
Bunchberry (Cornus canadensis), small twisted-stalk (Streptopus 
roseus). Tiarella (Tlarella unifoliata). queen's cup (Clintoiala 
uniflora). and twinflower (Linnaea borealis) are also present. 
iVIosses are patchy to continuous but are thin in cover. The 
important species are Hypnum crista-castrensis. Galliergonella 
Schreberi. and to a lesser extent Rhytidiadelphus triquetrus. 
Mnlum Insigne. and Brachythecium spp.

The stand is usually very well stocked, giving good volumes. 
The height of spruce dominants is 117 feet.

J. W. C. Arlidge, Ecological Investigations in the Spruce- 
Balsam Forests. Report of the Forest Service, 1952, pp. 53-56.



‘5 3 » ’i^oss Association (Picea glauca-Abies laslocarpa-(Pseudo-
■ tsuga Bl^zleail )-Vacclnlum membranaceum-Oalliergonella Schreberl- 
Hylocoia>tiin splendens-Rhytidiadelphus trlquetrus Association). —  
On clay soils this association is confined to the tops of ridges 
but on. well-drained porous soils it is found on the upper slopes, 
It is characterized by a continuous thick carpet of mosses. In 
matur^ stands there^ is a dense undergrowth of small balsam. On 
clay soils there occur scattered small shrubs and some herbs 
such as black huckleberry (Vacclnium membranaceum). black twin- 
berry (Lcnlcera invclucrataTl thimbleberry (Rubus parviflorus), 
and Spiraea (Spiraea lucida); bunchberry (Cornus candaensis). 
twinfipwbr (Llnnaea borealis), queen's cup (Glintonla unlflora). 
sarsaparilla~~C^alia nudlcaulls), and small twisted-stalk 
(StrepT615us roseus)< On well-drained lighter soils the shrubs 
and herbs are very -dwarfed and scattered. The mass carpet is 
composed of Calliergonella Schreberl, Hylocomium splendens, 
Rhytidladelphus trlquetrus. and Hypnum crista-caatrensls in 
both pure patches and mixtures.

The stand is moderately stocked, the solitary Douglas firs 
often overtopping the main level of the canopy. The height of 
spruce dominants is 110 feet.

4', Horsetail-Peat Moss Association (Picea glauca-(Plcea 
'mariang)-Abies .lasiocarpa-Alnus tenuifolia-Equisetum sylvaticum- 
Sphagmam recurvum ABsociation). — This association occurs on 
level areas with impeded drainage. The shrub layer is character
ized by-alder (Alnus tenuifolia), hard-hack (Spiraea Douglasil). 
blue hackleberry (Vacclnium ovalifolium). and black twlnberry 
(Lonlcera involucrata). The herb layer is dominated by horse- 
tails TBquisetum syrvatlcum. E. pratense); other herbs are 
Indlani-reed pgrass (Ginna la'tifolia). lady fern (Athyrium fillx- 
femlnaO, oak fern (8ryopterls Llnnaeana). beech fern (D. pheg- 
opterla'). shield fejpn (P. austriaca). twisted stalks (Strep- 
topus aaplexlfollusX 3. roseus). rTarella (Tiarella unifollata), 
and star flower (Trientalls arctica). Sphagnum recurvum moss 
forms Targe patches^ Other mosses are Aulacomnium palustre. 
Poli^trlchum .luniperinum, and Br achy thee lum spp.

'-l̂e stand is v^ry poor and open. Black spruce occurs in 
some individual associations and not in others. The height of 
sprue^ dominants is*94 feet.
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Survival of spruce seedlings from the 1953 seeding 
at the end of the second and third growing seasons. 
The figures given are grand totals of the survivors 
on the four replications of each type of plot.
Second Growing Seaaon Third Growing Season

Total Survivors 
on 4 replications

Plot*
Type

Total Survivors 
on 4 replications

Plot*
Type

101 L-DC 61 B-AD
82 B-M 56 I/-DC
74 B-AD 52 B-M
64 L-AD 50 B-DC
53 V-AD 34 L-M
52 B-DC 32 L-AD
40 L-M 19 V-M
39 V-M 12 V-AD
26 V-DC 2 Y-DC

■ k~::'K'-.

Explanation of plot abbreviations 
L - Logging; B - Burn; Y - Virgin.
DC - Devil's Club site; AD - Aralla-Dryopterls site;
M - Moss site.
Example; L-DC means Devil's Club site on a logged area. 

V-M means Moss site in the virgin stand.
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Survival of spruce, alpine fir, Douglas fir, and 
lodgepole pine from the 1954 seeding at the end of 
the second growing season. The figures given are 
grand totals of the survivors on the four replic
ations of each type of plot.

End of Second Growing Season
Spruce Alpine Fir Douglas Fill Pine

No. Plot No. Plot No. Plot No, Plot
117 L-M 393 L-DC 195 B-M 100 B-M
109 L-AD 285 L-AD 162 B-AD 71 B-DC
108 B-M 270 B-M 156 L-AD 66 L-M
84 B-DG 190 L-M 131 Lr-DC 63 Lr-AD
60 I/-DG 141 B-DC 121 B-DC 56 B-AD
56 B-AD 119 V-M 94 L-M 38 L-DC
36 V-M 113 B-AD 42 V-M 4 V-M
24 V-AD 57 V-AD 12 V-AD 4 V-AD
8 V-DC 35 V-DC 6 V-DC 4 V-D8
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Comparisons of screened versus unscreened 
seedbeds, and soil-covered versus uncovered 
seedbeds, based on the 1954 seeding of the 
four species, spruce, alpine fir, Douglas 
fir and lodgepole pine. The figures given 
represent survival after two growing seasons! 
and they are the totals of four repllcatlonf.



APPENDIX V

Percentage survival of 1953 seeding.
■‘■'he figures given in the table represent the per
centage of viable seeds which germinated and sur
vived to the season indicated. Three stand con
ditions, logging, burn, and virgin , are consid
ered. All four site types are considered in the 
table. Seedbeds 1 to 4 contain spruce, while 
seedbeds 5 to 8 contain alpine fir.

i
Seedbed

No.
BURN LOGrGIlG STERGrIN
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MOSS SI'I:E
1 1 t 0 0 0 0 0 0 6 1 1 0
2 27 27 26 14 16 12 11 11 38 16 16 7
3 43 32 31 14 25 24 20 9 29 13 6 2
4 27 24 24 20 29 10 9 6 33 8 8 4
5 0 0 0 0 0 0 0 0 2 0 0 0
6 2 1 1 0 P 0 0 0 27 3 3 0
7 10 8 8 2 3 1 1 0 21 8 8 0
8 0 0 0 0 3 1 1 0 13 0 0 0

AR EA-BFlYOPTV.h(IS SI I!E1 3 3 3 3 0 0 0 0 18 12 12 02 32 29 28 18 U ' i;, 1C 9 41 24 24 0
3 27 10 9 5 31 26 23 15 17 0 0 04 31 30 30 1? 36 36 30 24 33 17 14 1
5 0 0 0 0 II 2 2 1 0 6 0 0 0
6 6 4 3 0 18 9 9 4 12 3 3 0
7 - - - - 6 2 2 0 15 2 2 0
8 1 0 0 0 1 1 0 0 17 9 4 0

DE VII LU^ SITE
1 1 1 1 1 2 1 0 0 35 20 4 0
2 30 25 21 7 31 30 27 22 38 19 15 33 32 21 21 7 62 53 51 29 9 1 1 04 6 6 6 4 26 25 23 20 27 19 7 0
5 0 0 0 0 0 0 0 0 20 5 5 0
6 6 4 0 0 6 2 2 0 15 0 0 0
7 15 8 8 2 24 6 6 4 7 0 0 0
8 4 0 0 0 19 16 15 8 22 12 6 2EQljise;PTT̂I-SPF ACtI' STT 2
1 17 0 0 0 i 20 5 2 0 30 21 5 02 52 10 10 4 48 46 39 12 49 26 18 3
3 51 20 14 1 46 34 24 11 35 13 11 24 7 5 0 0 12 4 0 0 17 2 0 0
5 19 6 3 0 23 4 4 2 20 4 4 Q6O____

8
a  J,

0 0 0 25 3 2 0 15 3 0 0
7 . 0 ----- aoix; are Q soil:
4&8 are mixed seedbeds. For the E.S. sites, 1&4 are natural: 
2&5 are on top of hummock; 3&6 are on side of hummock.




