C00-2283-4

RESPONSE OF A FOREST ECOTONE TO IONIZING RADIATION

Progress Report

'Peéer G. Murphy .

Michigan State University
East Lansing, Michigan

October 15, 1973 - October 14, 1974

‘:f_i,‘.,,,h T e e

NOTICE
This report. was prepared as an account of work
sponsored by the United States Government. Neither
the United States nor the United States Atomic Energy | i
Commission, nor any of their employees, nor any of f

|

|

|

|
' their contractors, subcontractors, or their employees,
I makes any warranty, express or implied, or assumes any
. . legal liability or responsibility for the accuracy, com-.
. pleteness or usefulness of any information, apparatus,
. product or process disclosed, or represents that its use J

would not infringe privately owned rights,

PREPARED FOR THE U.S. ATOMIC ENERGY COMMISSION UNDER

CONTRACT NO. AT(11-1)-2283

DISTRIBUTION OF THIS DOCUMENT 1S UNLIM\/]{D

Y




DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



Abstract

Compositional and structural characteristics of three forest
types, including aspeh dominated, maple-birch dominated, and an
intervening ecotone, were studied beforé and after irradiation in
northern Wisconsin. Prqirradiatién findings are reported in papers'
by Murphy and Sharitz (1974) and Murphy, Sharitz, and Murphy (1974).

Irradiation .occurred during theasummer of 1972. P?eliminary
data indicate that by the summer of 1973 thé*density oflviable tree
seedlings at 10 m from the radiation source’was éubstantially reduced-
~ in all three areas relative to the preirradiation denéities of 1971,
At 20 m and beyond, the density of seedlings in the thfee areas
increésed during the period between 1971 and 1973. The overall

density of seedlings of Populus tremuloides and Aéer rubrum increased .

markedly in the three areas and P. tremuloides invaded some areas in

which it had not been found prior to irradiation. The density of
viable trees greater than 2.5 cm d.b.h. decreased sharply at 10 m
in the aspen area and ecotone but decreased only slightly in the

maple-birch area where all Acer rubrum and Betula papyrifera in the

10 m transect were still viable in 1973.

Leaf litter production was reduéed.by up to 94% at 10 m and 64%
at 20 m during the period between 1971 and 1973 in the irradiated
areas. Leaf litter production was most severely reducéd in the
aspen area; The overall increase in seedling density ai 20 m from
the radiétion source and beyond may be associated with the opening
of the canopy as evidenced by the reduction in leaf litter production.
The fate and COmpositional characteristics of succéssion in the
ecotone‘reiative to aspen and maple-birch forest types is presently

under study.
e
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Preface

The investigations describedAherein and in the two appended
reprints were undertaken as a oooperative research effort with the
Radiobioiogy of Northern Fofest~Communities Pro ject of the Institute
of Forest Genetics at Rhinelander, Wisconsin. o

‘Approximately 15% of my time (Principal Investigator) has beenA
deVoted'to the project since the begihing of the. current term of
the agreement. At least 15% of my time will be devoted tu Lhe
projeot‘during the remainder of the current term. Dr. Rebecca
Sharitz (Associate Investigator) has devoted approximately 15% of
her time to the project and expects to devote.a similar proportion

of her time to the project during the remainder of the current term.




Preirradiation Studies

The collection and analysis of preirradiation data as described
in the original preposal has been completed. The results of this
work are summarized in two~pepefs that were published in the AEC
Qolume entitled The.Enterprise, Wisconsin, Radiation Forest (TID-

- 26113). Reprints of the two papers are~appended to this report. |
One of the papers,‘entitled Properties of the Tree Flora in the
Forest Transitien from'Aspen to Maple-Birch Type, describes in detail
the primary eccomplishments of the study preceding,irradiation as
‘set forth in the original proposal. The paper oharacterizes the
structure and floristic composition of the three forest areas an&i
serves as a'baseline for eﬁaluating the effects of radiation along
the ecotone. The second paper, entitled Leaf-Litter Produetion in the
Aspen and Maple-Birch Forest Types and the Contribution byllndividual
Tree Species, summarizes a pertion of the ecotone study which
developed subsequent to submission ef the original proposal:

Oral presentations of preiiminary findings wefe made at twe
conferences during 1973: the Annual Meeting of the Michigan Academy
- of Science and the Annual Meeting of the American Institgte of

Biologicel Science.

Postirradiation Studies

Using the permanent transects established.in tﬁe preirradiation'
study, preliminary data concerniné the response of the three forest
areas to irradiation were coliected during the summer and fall of
1972 and 1973. Two additional sampling trips are scheduled for the
present contract period. The coliection and analysis of postirradiation

data has, therefOre, not been completed at this time. The following



 sections review the preliminary data concerning changes in tree
.species composition and changes in patterns of leaf litter production

éubsequent to irradiation.

Tree Specieé Composition

- Figures 1 through 3 shqw the change in density of viable trees,
by siée class, in the aspen, ecotone, maple-birch; and control areas
from 1971, preceding irradiation, to 1973, nine months follow1ng
irradiation. Irradlatlon occurred during the summer of 1972. The
daﬁa for 1972 .were collected while irradiation was still occurring
and mortality was not fully expressed at that time. |

Aspen Area. In the aspen area at 10 m from the radiation source

‘the density of tree seédlings (léss'than 30 cm tall) increased from
24/10 m? in 1971 to-35/10 m? in 1972 and then declined, in response

to irradiation, to only 2/10 m°

nine months later in June of 1973
(Fig. 1-A). The only viable séedlings remaining in 1973 were of the

species Acer rubrum but even seedlings of that species were reduced

in numbers by'88% beﬁween 1972 and'19?3. 'The curves in Fig. 1-A
. Show that .seedling density at 20 m and beyond increased between 1971
and 1973. At 40 and 50 m from the source, the density of seedlings

increased by 130%.' Most of this increase was due to an increased

abundance of A. rubrum, Acer saccharum, and Populus tremuloides.

Between 1971 and 1973 the number of P. tremuloides seedlings increased

by 850% in the L0 m transect and 53% in the 50 m transect. In the
aspen control area the overall seedling dehsity incfeased from 0.5/
10 m® in 1971 to 3/10 m? in 1973. |

Class 1 sapllngs (30-100 cm tall) were eliminated at 10 m but

increased in density at greater distances except in the control area

v
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4. 3

where the density declined from 0.5/10 m? to 0/10 me between 1971
‘and 1973 (Fig. 1=-B). Class 2'saplings (greater than 100 cm tall,
less thaq 2.5 cm d.b.h.) were not present in the 10 m transect but
declined in density from 2/10 m? to 0/10 m?‘at 20 m during the
period between 1971 and 1973. A less pronounced decline was observed
in all other t;ansects (Fig. 1-C). .

Viable tréés (greater than 2.5 cm d.b.h.) declined in density
at all distances from the radiation source during the period between

1971 and 1973 (Fig. 1-D). The decline at 10 m was most pronounced

|
B - (4 trees/10 m? in 1971 to 1 tree/10 m? in 1973). AIl these trees
were of the species P. tremuloides. The extent of density decline
of trees ét distances greater than 10 m was,léss and fairly uniform
‘ among tfansects‘(Fig. 1-D). |
Eéotohef In the ecotone between aspen and maple-birch areas
| the density of seedlings at 10 m declihed éharply-from 23/10 m? in
1971 to 7/10 m? in 1973 (Fig. 2-A). All of the original seedlings
at 10 m were killed. Thé.seedlings present in 1973 established

themselves subsequent to irradiation. The new seedlings included

two species, A. rubrum and P. tremuloides, both of which were absent in

1971. At 20 m and beyond, the density of seedlings increased. The

sharp increase at 20 m was due largely to P. tremuloides which

2

attained a dehsity of 16/10 m eventhough it had not been present in

1972. Half of the Abies balsamea seedlings were killed ét 20 m.
Class-i saplings were absent from the 10 m transect over the

period observed but their density at all other distances increased

between 1971 énd 1973 (Fig. 2-B) partly because of the increased

density of A. saccharum, P. tremuloides, Amelanchier sp., Fraxinus

nigra, Prunus serotina, and Prunus virginiana. Class 2 saplings were
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‘absent from the 10 m transect-éﬁd they déclined in density at al;
.other distances (Fig. 2-C). Seven species in this size class
showed a decline and only three maintainéd their original densities.
No species in the class 2 éapling category increased in density
betwéen 1971 and 1973 in‘the‘ecotonalAzone,

There was only one tree greater than 2.5 em d.b.h. at 10 m in
the ecofone and it (A. balsamea) was dead by the end of the 1972
growing season. The density of trees at greater disﬁances from the

source declined only slightly; due primarily to.the loss of some

individuals of A, rubrum and P. tremuloides (Fig. 2-D).

Maple—BircH'Anea. In the maple—birch area the density of tree

séedlings at 10 m declined from 7/10 m? in 1971 to 1/10 2 in 1973

(Figa 3-A), The only viable seedlings present at 10 m in 1973 were

of the species A, rubrum and Quercus rubra. At all other distances
the overall number of seedlings increased. The large increase in

density at 20.m (240%) was}due'primarily to A. rubrum, P, trémuloides,v

Fraxinus américana, and A. saccharum. All of the other species
present at 26 m declined in density. With only a few exceptions
this pattern wés also obsefved at 30, 4o, and 50 m. Many of the
species present in the irradiatedlarea were absent from the coﬂtrol
-area'but-the overall number of seedlings in the control area did

increase, due largely to P. tremuloides, Betula papyrifera and Ostrya

- virginiana.

A nofable aépect of the pattern of change in seedling density

in the maple<birch area is the'appearance of P. tremuloides in 1973

-at all distances except 10 m. In 1971 and 1972 P. tremuloides had

been entirely absent; as seedlings, in these areas. The greatest

influx of P. tremuloides seediings was at 20 m where the density
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‘increased from 0/10 m? in 1971 and 1972 to 24.5/10 m? in 1973. The

.extent of P. tremuloides. influx diminished with distance from the

radiation source. In the control area P. tremuloides increased

-

from 0/10 m? to 0.5/10 m? during the same period. “
The density of class 1 saplihgs at 10 m declined from 3.3/10 m?
in 1971 to 0 in 1973. At all other distances in the irradiated

maple~birch area the number of cléss41 saplings increased slightly

,dﬁring the same period (Fig. 3-B). There was a slight decline in

fhe control area. At 20 and 30 m, class 1'saplings of P. trémuioides

.appeared in 1973, having been absent prior to that time. Presumably

these plants rebrésent fast growing individuals (possibly rocot

suckers) that grew to a height in excess of 30 cm within one yezr.
Class 2 saplings exhibited an unusual pattern of density change ,

between 1971 and 1973 as shown in Fig. 3=C. Density declined to 0

at 10, Zoland 40 m but-increased at 30 and 50 m. No 'class 2 saplings

were present in the:controi area during the entire period. The

increase at 30 m was due to Amalanchier sp. and F. nigra, both of

which declined in numbers, as class 2 saplings, at 40 m. The

increase in density at 50 m was dve largely to an increase in density

of 0. virginiana.

Between 1971 and 1973 the density of trees (greater than 2.5 cm
d.b.h.) declined only slightly at 10, 20 and 30 m, remained the same
at 40 m and increased slightly at 50 m (Fig. 3=D). The surviving

species at 10 m were A. rubrum and B. papyrifera, both of which

remained at their original densities. A. saccharum was eliminated

at 10 m. At 20 m A. saccharum, P. tremuloides and B. papyrifera

trees remained at their original densities whereas A. rubrum declined

by 37.5% and P. grahdidentata was eliminated. Trees in the control
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-area declined in denS1ty because of the death of several 1ndiv1duals’

of A, rubrum and P. tremu101des. The density of B. papyrifera

in the control area remained unchanged

. Overall Change in the Abundance of Tree Species. In all three .

areas the total (all distances frem‘the radiation source grouped)
density of tree seedlings increased, the total density of class 2
‘saplings decreased and the,tetel density of trees decreased.between
1971 and 1973Q The total density of class 1 saplings increased in
the aopen and ecolune areas but decreased slightly in the maple-birch
area. Con51der1ng all S1ze-c1asses pooled, the aspen,. .ecotone, and
maple-blrch areas showed increases in the density of tree species of
14.5%, 46.4%, and 55.6% respectively. In the aspen control area

the density of tree species'increased by36.4% between 1971 and 1973
and in the maple-birch control area the density remained constant

over the same period.

'Leef Litéer Preduetion

- One of the appended reprints ﬂMurphy et all, 1974) reports on
preirradiation rates of leaf litter production in .the experimentel
areas and, more specifically, the contribution by individﬁal tree
species to total leaf litter production. We found a direct relation
between the relative basal area for a given species and its relative
leaf litter prodﬁction (biomass bssis). We also found that it was
possible to estimate forest diversity patterns by determining the
diversity of leaves produced. Ve therefore intend to utilize data
on ieaf litter collected subsequent to irradiatioh to estimate and
interpret changes in the composition of the forest canopy. The data

for individuval tree speeies are currently being analyzed. Changes -




10.
in total leaf littef'production in response to irradiation are
summarized below.

Figufes L tﬁrough 7 show changes in leaf litter pfoduction in the
control and ;rradiated areas over the period 1971 to 1973. Thé
plots for the irradiated area show production according to distance
from the radiation source. | '

The curves in Fig. 4 for the control areas indicate that leaf
litter production was not constant ovér the observed period. In
ali control areas leaf litter production was greater in I972-than,
in 1971. In all but two plots leaf litteroproduction declined in
1973. 1In no plot was there more than a 28% deviation in leaf litter
production relative to 1971 and the largest difference between
production in 1971 and 1973 was only 12%. |

Leaf litter brodﬁétion in the irradiated areas was more erratic
‘over the three year period (Figs. 5=7). Some 6f the year t6 year

variation may be due to climatic variation (1972 was exceptionally

moist) and sampling érrér but it is clear that leaf litter production '

was influenced by irradiation, at least to 20 m, in the three fofest
types observed. The most pronouncéd reduction in the productibn of
foliage occurred at 10 m . In the aspen, ecotone and maple=birch
areas leaf litter‘production at 10 m was 93.9, 52.6, and 60.2% lower
in 1973 than in 1971, respectively. At 20 m foliage prodﬁction was
depressed by 61.9, 29.6, aﬁd 24 .8% over the same period in the three
éreas respectively. . At 30 myleaf litter production was depressed |
" by 4.1 and 5.3% in the ecotone and maple»bifch areas between 1971
and 1973 but increased by 22.0% in the aspen area. At this time it
seems safe to conclude that leaf litter production was definite1y~
reduced by irradiation at distances up to 20 m from the radiation

source. We intend-to analyze the épecies composition of the leaf
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1itter to determine if certain species were particularly influential
"in causing the observed increases or decréases in litter production
and whether the respohse of each species to radiation was dependent
upon the_forest type in which it occurfed. |
From the data .summarized above,it is apparent that the foliage
production was depressed most severely in the aspen area. The ‘
difference in depression‘between the ecbtone and maple-birch areas
was not gfeat and the extent‘of.depression was 1éss than in the aspen
area. In one of the appended reprints (Murphy and Sharitz, 1974)
we predicted the aspen area would be more extensively,modified by
radiation thén eifher of thé other two areas and leaf litter produc- -

tion patterns appear to reflect this.

. Future Sampling

o Aswpreviously indicated, two additional sampling‘trips are
spheduled for 1974; We are interested in determining the influence
of the opened canopy on the rate and compésitional characteristics
of succession.h We also wish to determine the rate at which leaf
litter production returns té original preirradiation levels. We
hope to continue these observations over a period of several years.
The overall impact of radiation stress will obviously depend upon

~ the rate‘at which forest succession proceeds in the damaged areas.
Information on succession in disturbed northern forest types is

extremely scarce.
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