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Ii FOREWORD

> This document is the third compilation of Annual Reports on the Extremely

&3 Low Frequency (ELF) Communications System Ecological Monitoring Program
initially authorized under Naval Electronic Systems Command Contract N00039-

g? 81-C-0357 to IIT Research Institute (IITRI). The studies in this Program are
being continued under Space and Naval Warfare Systems Command Contract N00039-

{ 84-C-0070. IITRI provides engineering support and coordinates the efforts of
investigators in 11 studies, all of which are being conducted under sub-

L - contract arrangements (E06549-84-C-001/011) between IITRI and the study teams.

The purpose of the Ecological Monitoring Program is to determine whether
electromagnetic fields produced by the Navy's ELF Communications System will

& affect resident biota or their ecological relationships. Biological aspects
_ of 16 general types of organisms and ecological aspects of three ecosystems
?{ are being monitored in Wisconsin and Michigan.

. The originally proposed study objectives, monitoring protocols, and
ll analytical techniques were presented in the 1982 compilation of annual
reports. Subsequent changes and study progress are documented in the 1983
compilation and in this one. Major activities of the program initiated in
1983 and continued during 1984 are the collection of information to validate
ll assumptions made in proposals, the identification and characterization of
- critical study aspects, and the selection of study sites.

Commencing in 1983, each annual report has been reviewed by four scien-
tific peers. Two of the four are selected by the reporting investigator; the
- other two are selected by IITRI. Critiques are supplied to the authors for
- their consideration in finalizing their annual reports and in planning the
next field season.

This compilation was printed from original copies of each investigator's
report for 1984 without change or editing by either IITRI or the Space and
Naval Warfare Systems Command.

N T RESEARCH INSTITUTE

iid TITRI E06549-17
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INTRODUCTION

Since forest vegetation is dominant on the proposed ELF
communications antenna area, it is essential to include it in an ecological
monitoring program. However, there are several other considerations which
justify their study. Trees and herbaceous plants having both above and
below ground biomass will be more closely coupled to the ELF field than
those organisms solely in the air or on the soil surface (Anonymous, 1977).
Trees differ from herbaceous plants in that they are more deeply rooted and
are longer lived, while herbaceous plants have been found to be more
sensitive to site disturbance than trees (National Resear:h Council, 1977).
However, trees offer the unique opportunity to evaluate effects of the ELF
electromagnetic field on the same individuals over a much longer period of
time while also evaluating changes in stand dynamics. These considerations
would be of paramount importance in assessing the significance of ELF field
effects occurring at the organismal level.

A secondary consideration is that forest vegetation also exerts
strong influence on other organisms within the ecosystem, both above and
below ground. These effects include modifying microclimate, exerting
influence on soil organisms, particularly in the rhizosphere, and by
influencing soil development and fertility through nutrient cycling. By
studying the effects of ELF fields on individual plants and plants in the

ecosystem, information gained will also be useful to investigators studying

other ecological relationships in the ELF environmental monitoring program,




While there are many measures of tree response to any given stand
treatment, only a few are generally needed to quantify that response and
test its significance, These measurements must be chosen on the basis of
highest sensitivity, especially in the case of ELF field effects, since
previous work has indicated these may be extremely subtle (National Research
Council, 1977). In addition, the measurement must be practical so it can be
accomplished as part of a field study outlined for the overall ELF
ecological monitoring program. Based on these constraints, the Tree and
Herbaceous Plant study has been divided into the following separate
elements: (1) plot selection, (2) development, installation, and operation
of the ambient monitoring system, (3) tree productivity, (4) phenophase
description and documentation, (5) herbaceous vegetation cover and growth,
(6) mycorrhizal fungi collection, (7) mycorrhizal characterization and root
growth, (8) litter production, (9) computer program development and
analysis,

The broad objectives of the study remain: 1) to investigate and
characterize the growth of trees and herbaceous plants on selected plots
within the ELF antenna area prior to operation of the antenna and 2) use
this baseline data to evaluate the possible effects of ELF electromagnetic
fields on plant growgh.

The major emphasis in this years work has been to implement those
studies outlined as departures from our original research program. The most
significant of these changes included the planting of red pine (Pinus
resinosa) for the study of possible field effects on ectomycorrhizal fungi
and on the growth of rapidly growing seedlings. To this end, permission was
granted by the havy, and Michigan DNR to clear and plant red pine on

approximately 2 hectares at each of three sites. Although seedlings were




’

R I

planted somewhat late in the Spring because of delays in plot selection and
clearing, seedling survival has been good. All phases of our study were
operative until the occurance of extensive vandalism late in the year.
Because this damage occurred after the growing season, it had little effect
on the results presented in this report, but is of much greater concern as
we now plan for the next field season., The element most impacted was the
herbaceous cover and growth study. We are currently concerned with
restoration of the previous herbaceious plant study plots or possibly
changing the research approach, For a full account of vandalism, see

Eppendix A.




ELEMENT 1. Plot Selection

Detection of possible ELF electromagnetic field effects on forest
ecosystems requires the careful matching of plots to reduce variability
among sites. Therefore, environmental factors that influence vegetation

have been considered in selecting study sites. The Trees and Herbaceous

Plants study design required plots to be located along a portion of the
antenna, at the antenna ground, and at a control site located some distance
from the antenna. Soil characteristics, microclimate, site history, and the
vejetative community were carefully evaluated to insure as much similarity
between test and control plots as possible. Field measurements for

determining similarity among sites are shown in Table 1.

Selection of Ground and Antenna Sites.

The antenna site was located and established in 1983. Following an
update on the location of the antenna ground in October 1983, a study site
along the antenna ground route (T45N R29W Sec. 28) was selected for study.
This 1.8 ha (4.5 ac) area was selected to be cleared of existing vegetation
and planted with red pine. No overstory tree plots would be established
since buffer strips would result in trees being too great a distance from
the ground for meaningful studies (see 1983 Annual Report). Preliminary
characterization work was started, but due to the late season only the soil
description was completed. Evaluation of herbaceous vegetation completed

selection criteria for this site in the spring of 1984.

Selection of Control Site.
In November 1983, we were informed by IITRI that our established
control site (4C2) was unsuitable because background 68 Hz fields at this

location differed by more than one order of magnitude from the 60 Hz fields




gﬂ Table 1. Criteria Used for Selecting ELF Study Sites.

Trees

-

*Species Composition

[ P

*Basal Area

*Diameter Distribution

*Site Index

——
I
e
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Ground Flora

*Species Composition

'-5'\'
ERE A

*Frequency

" *Crown Coverage

LT

Soil Morphology

-

*Horizon Identification

v
‘e

*Horizon Thickness

*Texture

%

*Drainage

*Presence or Absence of Earthworms

e
)

*Rock Abundance

. Site
= *Slope
*Aspect
. *Landform
[ﬁ *Habitat Type
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at the antenna site (4T2). Much of the remaining fall, winter and ensuing -
spring was spent evaluating potential control sites. In May 1984 a control

site was chosen following testing for field strengths by IITRI (Results of

IITRI tests are in Appendix B). This site is located in Iron County south

of Crystal Falls (T41N R32W Sec. 3). Physical descriptions of each site

show minor variation in slope, aspect and elevation among sites while all

sites are classified as being in the Acer-Quercus-Vaccinuim habitat type

(Coffman, et al. (1983)) (Table 2).
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Tree Inventory

All trees with diameters greater than 10 cm were inventoried at the
antenna and new control sites. Tree species, total height, DBH, and insect
and disease damage was recorded for each tree. Diameters were measured to
the nearest 6.1 cm using diameter tapes and heights were measured to the
nearest 25 cm with a Sunto clinometer. From these measurements basal area
and total tree biomass were calculated; the regression equations used in
estimating total tree biomass for each tree species can be found in Appendix
C. A summary of inventory data is shown in Table 3. A Kolmogorov-Smirnov
two sample test was used to test the hypothesis of similar diameter
distributions for each of the five species on the antenna and control
sites. Diameter distributions for all species combined are shown in Figure
1.

Differences in diameter distribution were non-significant
(p>2.10) for bigtooth aspen (Figure 2), northern red oak (Figure 3), and
paper birch (Figure 4). However, the diameter distribution for red maple
was found to be significantly different (p<@.0085) with greater numbers of
larger diameter trees at the antenna site (Figure 5). All distributions
appeared to be unimodal. Lack of significant differences in diameter
distribution is probably the result of small sample sizes, but average tree
¢bh are close (as seen in Table 3) with the exception of red ~aple.

While all species of interest are present at each site, they differ
in numbers. For example, the number of red oak is much larger at the
control and the number of red maple is larger at the antenna site (Table
3). However, there are sufficient numbers of similar sized trees of each
species at each site to adequately evaluate growth between sites (See

Element 3).
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Figure 2. Number of Big Tooth Aspen stems by diameter class for control and
antenna sites.
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Figure 3. Number of Red Oak stems by diameter class for control and antenna
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t Figure 4. Number of Paper Birch stems by diameter class for the control and
antenna sites.
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— RED MAPLE

CONTROL SITE 1984

Number of Red Maple stems by diameter class for control and
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' Several similarity indices were applied to the tree inventory data
S to estimate similarities between the antenna and control sites (Mueller-
b
Dombois and Ellenberg, 1974). The presence/abscence of tree species was
e
- quantified using the Jaccard and Sorenson similarity indices where:
- Jaccard
- IS = common species X 100
all species
= Sorenson
. IS = C Where C = #species common to each
N 1/2 (A+B) A = #species on site A
y B = #species on site B
r
o The similarity of the two sites is not only a function of the common and
: unique species, but also of the amount of each species present. Similarity
) .. between the sites based on total tree biomass of the five species was
quantified by the Ellenberg similarity index where:
Ellenberg
) IS = c/2 = 98% Where C = total biomass of common
! A+B+C/2 species
-~ A = biomass unique to site A

B = biomass unique to site B

4 6 & & «

Taking into consideration quantitative differences in the abundance
of each of the five species an index by Bray and Curtis (1957) using poiar
ordination was also considered. Consideration was made to number of stems
and total biomass of each species occurring on each site. The two sites are
39.9% similar when looking at the abundance of stems per species and 65.8%
similar when considering abundance of total biomass per species. Results

from these tests show strong similarity between the control and antenna site

p—

o4
a0
.
-
-

------------
.........
----------
L3

................................ U g
....... - & T et .
P R P IR D IR T YO Ce " “» . R N PRI S

.. RICSR TR I SR SR SRR S Y
....... A S e S U L SNy

R A T 3




16

with indices of 8%, 89% and 98% for the Jaccard, Sorenson and Ellenberg
tests respectively. Not as strong a similarity exists between the two sites
with the Bray and Curtis index but this information will aid in explaining
results in later analyses. The ground was not included in the test since
there will be no studies of pole sized stands there. Sorenson's index
differs from Jaccards in that it gives greater weight to the species that
recur in the two test areas than to those that are unique to either area.
Concerns in this study are based on similarities between sites and not
uniqueness, thus Sorenson's index was given greater emphasis in site

selection.
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Soil Characterization

The soils on the new control site were sampled during the year. A
complete soil profile description and bulk samples were obtained to
characterize the morphological and compositional properties of the soil.
Composite samples were obtained from each subplot to characterize the
chemical variability within the rooting zone.

Reconnaissance investigations were conducted by making auger
borings to 1.5 meters and noting a profile description. This was done to
assess the uniformity of soil conditions acrossvthe study area. A soil pit
was excavated at a representative location adjacent to the study plots and a
detailed profile description made according to National Cooperative Soil
Survey Standards. Bulk density samples and soil samples for physical and
chemical analysis were obtained for each soil horizon., Composite samples
were obtained from each plot for the upper 4 mineral soil horizons, by
extracting five individual cores from a 2m2 area. Two sets of composites
were sampled from each plot. Each of these samples were returned to the
Soil Research Laboratory at Michigan Technological University for physical
and chemical analysis. Results are summarized in Appendix D.

Standard analytical techniques (Soil Conservation Service, 1972)
were utilized for the chemical and physical analyses. Complete analyses
were performed on the pit soil samples. The specific analyses for each pit
soil sample are presented in Table 4.

The soil on the control site is classified as an Alfic Haplorthod,
coarse-loamy, mixed, frigid. The soil is characterized by a coarse-loamy,
spodic solum which overlies a stratified argillic horizon. The parent
material on this site is a sandy glacial till. The spodic sequum has a
moderate water holding capacity with low amounts of available nutrients,
which is characteristic of spodosols. The argillic sequum, from 55 to 125

cm, has a good water holding capacity and fertility levels, with the base
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Table 4. Chemical and Physical Analyses of Soil from ELF Study Sites.

Y

Physical Analyses Chemical Analyses

Particle Size Distribution Ca, Mg, Na, K, Fe, Al
Mcisture Retention pH, CEC, total N, C,
Bulk Density H

g

. .
»

.“ -
- - - - . - >

."'*' ‘-" AT "-'.“"‘-‘\‘\' .‘\\\\-"-.'




saturation varying from 70 to 88 percent.

The soils on the three study sites are classified differently
(Table 5). These taxonomic differences reflect variations in both physical
and chemical composition. Morphologically the control site exhibits the
most development with the presence of the spodic and argillic horizons. The
antenna site classifies in the same soil order, but it lacks the presence of
the argillic horizon. The spodic development in these two soils are very
similar, as exhibited by the horizon colors and indexes of accumulation.
The ground site has a similar morphology when compared to the control site,
exhibiting a weakly developed spodic horizon and thin illuvial horizon.
However, the spodic sequum does not qualify taxonomically and the illuvial
horizon does not meet the requirements of an argillic horizon. These
variations result in its being classified into the Inceptisol soil order.

Compositional analysis of these soils demonstrate that there are
minor variations in the chemical and physical properties. Table 6 presents
the water holding capacity of the upper 1¢0 cm of the soil profile for each
study area. There are no differences between the ground and control plot.
The difference between the antenna and control plot is attributed to the
sandy solum and relatively lower carbon levels in the upper portion of the
profile. Table 7 presents selected chemical properties from the upper
profile for each of the study sites. The variations observed in these data
indicate only small deviations from the control., The differences between
the A horizons are a result of varying thicknesses and composition of the
litter. The minor differences observed between these soils is not expected

to affect the inherent site productivity of the study area. These sites

would be expected to respond similarily to any environmental changes.

19
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Table 5. Soil Classification of the Three ELF Study Sites.

Site Classification

Ground Typic Dystrocrept, sandy, mixed, frigid
antenna Entic Haplorthod, sandy, mixed, frigid
0 Control Alfic Haplorthod, coarse~loamy, mixed, frigid
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s Table 6. Water Holding Capacity in the Upper 108 cm of Soil.

! Site

Ground
. Antenna
S Control
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” Table 7. Comparison of Select Chemical Properties among ELP Study Sites.

Horizon Antenna Ground Control

Calcium (meg/100 gms)

A 6.9 9.8 3.4
- E 9.2 1.0 Tr
= Bsl 9.2 2.4 1.5
‘~: ESZ Z. 1 g. 3 1 * 1
b Nitrogen (%)
[
- A 8.570 0.044 0.240
2 E ¢.029 @.005 @.035
= Bsl 0.028 0.005 8.034
i Bs2 8.009 .004 8.017
' Acidity (meg/166 gm)
A 40.6 19.3 19.1
E 1.8 4.5 3.4
Esl 10.5 5.0 6.9
Bs2 3.8 1.2 3.4
Cation Exchange Capacity (meg/108 gms)
- A 50.7 18.8 23.4
E 1.9 3.4 3.9
&8sl 5.1 2.3 5.0
Bs2 1.7 1.3 2.9
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Analysis of the composite samples from the control site is
presented in Appendix E., Cross tabulations of selected nutrients are
presented in Table 8. These data support the need for replicated, composite
analyses for nutrients. The coefficients of variation of the presented data
range from 10 to 100 percent. Depending on the accuracy required of these
variables when they are utilized as covariates in the growth response
aralyses, additional sampling may be required. However, the observed
variation in the data is typical for glaciated soils within the region.
Comparison of the composite samples from the antenna site and control site
demonstrated that there are significant differences in selected properties
between the two study areas for the surface horizon (A), while no
differences were observed between the subsurface horizon (Bsl) (Table 9).
The analyses of the Bsl horizon corroborates the morpholegical
observations. Similarly, the differences observed in the surface (A)
horizon correspond with the variability of the forest floor on these sites.

The existing soil analyses may be sufficient to represent the
conditions of the forested stands. However, variables to be used as
covariates must be selected hefore this determination can be finalized.
Inclusion of the soil properties for analyses in the reproduction studies
should utilize data obtained from replicate-composite sampling to minimize
the variance. Seedlings rely on the fertility of the surface horizons for
tleir growth; given the observed variations in properties among sites,
contined sampling is warranted for these studies.

S50il Characterization - Continued Research

Morchologically the soils on the three study sites are similar -
the composition of the cubsoil has also been demonstrated to be similar
between study areas. However, significant variations between the surface

horizon exist, as do specific variables within a study area. Accordingly,

the following recommendations are made for continued research.
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Table 9. Analysis of Variance for Selected Properties of the A and Bsl
- Horizons from the Control and Antenna Sites.
‘ (F .05; 1, 13 df = 4.67).
e,
Variable Antenna Control F-Ratio Significance
m
- A Horizon
: Carbon 11.36 7.17 11.32 S
;‘.:, (%)
R Nitrogen 0.50 0.30 9.58 s
B (%)
=
[ ] Calcium 13.36 8.02 2.82 NS
(meg/108gm)
CEC 37.5 25.9 4.7 s
(meg/100gm)
' Bsl Horizon
Carbon .72 2.66 8.56 NS
(%)
- Nitrogen 0.052 ?.044 #.51 NS
X (%)
Calcium 8.78 ¢.93 2.25 NS
(meg/100gm)
~ CEC . 6.19 g.46 .32 NS
(meg/100gm)
[
r
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e o S A e S A I S

.........
Pl



TA PR atn  mt et At aRa AP Y R e e e e R e A e A AR A G Nl A A S

LR

p )

e -
P s a®s™ s

e e e
a0
LI I ]

l'.l
« B

T

R
Chd’ 2 SR

’
8,

(AN

(A) Determine those properties which will be used in the growth E
response analyses of the forested plots. Composite soil
samples should then be collected bi-annually for analyses.

(B) There is considerable variation in the properties of the sur-

o "¢ ®u

face soil horizon. To adequately address this variation with
respect to the growth response of red pine seedlings, periodic
composite sampling should be performed. Changes in macro-
nutrients concentrations should be monitored through continued
sampling of the A, E, Bsl and Bs2 horizons. The sampling and
analyses procedure'represent a cost effective method to assess
changes in nutrient concentrations that occur between plots.
To complete this initial phase of the soil characterization portion

of the Plot Selection Element a summary report is being prepared which will ;

contain all the pertinent soil data for the three study areas. Continued

rmonitoring of soil nutrients will be transferred to the free Productivity

element of this project.




Element 2. Ambient Monitoring

ﬁ The terrestrial ambient monitoring program is designed to provide

) for the collection and analysis of climatological and soils data which

L affect plant growth processes. These parameters include precipitation, air
temperature, relative humidity, solar radiation, soil temperature and soil

moisture. The ambient monitoring element is being conducted to support the

E research elements within the tree, herbaceous and litter decomposition

tasks. Accordingly, the ambient monitoring program has maintained a

- structure and design which is consistent with the data requirements of our

entire research program. The appropriate elements should be referred to for

ks discussions regarding the utilization of the ambient monitoring data.

System Configuration

Each of the study areas has been equipped with a Handar 540A data

. collection platform and a specified complement of sensors for each of the

subplots. The main plot with the data colletion platform contains the

precipitation, air temperature, relative humidity, solar radiation, soil

. temperature and soil moisture; the subplots contain air temperature, soil

temperature and soil moisture sensors. Appendix F presents the complete

5 configuration for each platform.

The MET Board (Meteorological Data Processing Board) had to be

modified on each platform to accomodate additional inputs for the soil

moisture and soil temperature sensors., The modifications were done at the

University after receiving a prototype from Handar, Inc. Modifications of

o one board on the ground and control platforms remains to be completed in

April, 1985. The modification will accomodate an additional 3 channels each

P

of soil moisture/temperature data on the ground platform and 3 air

temperature channels and 2 soil temperature channels on the control

.‘- '--..v.‘.

platform. Data integrity should not be jeopordized since the system

.....
------------------------
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configuration is redundant for the soil moisture/temperature and air
temperature sensors.

System Operation

The ambient monitoring systems became operational in Auqust 1984;
complete operational status was achieved in November, 1984, with the
installation of the snow pillows. Daily communications are accomodated
through the National Environmental Satellite, Data, and Information Service
(NESDIS), utilizing the GOES East Satellite. Each system transmits eight
times daily, at three hour intervals. Sensor data is queried every 30
minutes, during the 3 hour period, and computed into a mean value by the
piatform micro-processor. Precipitation data is logged once, each three
hour period. Accordingly, the transmitted data for each platform consists
of a one dimensional array comprised of a three hour mean for each sensor
channel, except precipitation which is logged. (A listing of each sensor
channel and sensor specifications are contained in Appendix F).

The data retrieval procedure for the NESS down-link site is
summarized in Appendix G. This procedure is now principally contained on an
I13M-PC micro~computer. Our previous intentions (1983 Annual Report) were to
utilize a VAX750 computer. However, subsequent evaluation of the data
retrieval procedure demonstrated that the PC would. provide more reliable
operations at greatly reduced cost, and provide the flexibility of
operations at multiple sites. Furthermore, the PC's are readily available
at the Research Center and Department which can facilitate data utilization
and processing.

Data summarizations are currently being provided to the project

groups (as indicated in Appendix G). Additionally, software is currently

being developed to provide independent analysis of the ambient data, in

order to assess climolological patterns and variations between study areas.




. Continued Research

'l Continued operation of the ambient monitoring system will provide
required data for assessing variations in climatological events and soil

properties between study areas. In addition to the routine operation of the

- ’
'l 'l

system, the following aspects will be pursued:
(A) Analyses of climotological events and resulting effects in the

- soil system. Specifically, relationships between soil

| moisture and temperature will be evaluated with respect to

precipitation and air temperature. These analyses are unique

to the Lake Stat;s Region and will provide the bais for

;ﬁ research publications as well as complement the ELF Study.

- (B) Conduct studies for data validation of the soil moisture
sensors and snow pillows. Evaluation of the soil moisture

ll content gravemtrically. Additionally, the nylon resistance
block sensor will be evaluated with respect to the current

;2‘ sensor. The snow pillow will be evaluated by periodically

" conducting a field survey with the 'Mont Rose Snow Sampler',

: to assess the snow pack depth and water equivalent. Consider-
ation will also be given to the need for obtaining a 'snow
triangle' will be.considered for: 1. more simplified and

reliable operations; 2. increased data resolution; 3. less

susceptible to vandalism and rodent damage.
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Element 3. Tree Productivity

™ Tree growth is sensitive to a variety of environmental
. disturbances. In order to detect any changes in growth due to site

[ disturbance, accurate tree measurements are essential. The most widely

[y

accepted tree growth measurements are diameter at breast height outside bark
A (DBH) and height. Of these two growth variables, height is the more .
> difficult to measure. The installation of permanent dendrometer bands on
the stem of a tree allow measurement of minute changes (@.254mm) in diameter
over a short time interval (Husch, et al., 1972). Two additional advantages

" in using DBH as a measurement of tree growth are the responsivness of

= cambial activity to environmental effects (Smith, 1962) and the strong H
:E? correlation existing between DBH and total biomass of the tree (Crow,

-; 1978) . Consequently, measurements of diameter increment will be the primary :
?: response variable for assessing ELF fields on stand growth. Tree height was .
EE used in initial stand characterization. )
:EE While DBH and height measurements can provide information on i
E present stand production and a means to predict future productivity, the

E? capacity of a stand to continue producing can be determined by monitoring

tree reproduction and mortality. Stand structure, the distribution of trees

by -diameter classes, changes from year to year due to natural ingrowth

(reproduction) and mortality of trees. Any environmental disturbances could :
produce an effect on these two factors; thus, natural changes need to be

monitored and recorded in order to distinguish these from changes produced

from site disturbances. Therefore, to achieve a complete picture of

- possible ELF effects on tree and stand production, DBH, height, ingrowth,

and mortality will be measured.




In addition to tree productivity in pole-~sized stand regeneration
studies involving planted red pine seedlings were initiated this year at the
antenna, ground and control plots. The necessity of such plots was fully

described in last years report. The major justifications for planting are:

i} Field examination of the study sites show an inadegquate number of

conifers necessary for the ectomycorrhizal studies; 2) We are responding
to Michigan DNR concerns on forest regeneration. Since young trees often
exhibit rapid growth rates, possible ELF field effects on plants may be more
easily detected; 3) Planting along the antenna ground will alleviate
conflicts between the original study design and construction scheduling by
allowing the establishment of plots for baseline studies before antenna
ground installation commences; 4) The magnetic fields associated with
antenna grounds rapidly decrease in strength over a short distance.
Consequently, any plot having a buffer strip of trees along the right-of-way
would be too distant from the antenna ground to meet nominal field strength
differences specified by IITRI in the original RFP.

In response to these constraints, a 4.4 acre area was clearcut
along antenna ground #5 and red pine seedlings planted on a 1M X 1M
spacing. This insured that once the ground is constructed, plots could be
located as close as possible to the ground for maximum ELF field exposure.
By establishing a seedling plantation in the cleared area, a buffer strip is
not needed between the plots and the antenna right-of-way to eliminate edge
effect is not needed. A 3.8 acre and 3.3 acre plantation were also

established at the antenna and the control site.
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Dendrometer band readings

Prior to the start of the growing season, permanent dendrometer
bands were constructed and installed at DBH (4.5 feet or l.4m above the
ground) for all trees greater than or equal to 1@ cm on both the Martel's
Lake and the control sites. Methods for construction of the bands was given
by Liming (1957). Bands were installed on 209 trees at antenna site and 275
trees at the control. Bands were read weekly beginning May 11 at the 5
antenna site and June 1@ at the control and continued until the start of
fall leaf coloration. Due to the slow diameter growth in the fall, bands
were read every other week until leaf fall was completed on October 17.

All data from these readings were entered directly into the
oOomnidata Polycorder in the field. The polycorder was interfaced with the
IBM-PC microcomputer to transfer weekly data to a floppy disk for permanent
storage. This procedure reduced error due to key punching, misreading or
transferring to less than 1%.

All dendrometer band readings were taken in inches of circumference
to the nearest 8.01 inch. Correction for initial slackness in these bands

was made for the data based on the correction procedure developed by

‘e
7

Auchmoody (1976) for black cherry (Prunus serotina). Several assumptions

were made in using this method. His correction model was developed for

trees whose bark was scraped smooth prior to dendrometer band installation.

The trees banded in our study are young and have similarly smooth bark. <
Linear growth from the first reading to the point of slack retention was

also assuned. The point of slack retention was subjectively picked for each

tree and the full correction factor applied to every reading afterwards. If

the tree did not show a measureable growth increment (less than 5 mm), then

AEPEIERTN



if the correction factor was not applied. This prevents overestimation of
growth and possible "negative®™ growth in the following years.

In the coming spring (1985), five trees of each species will be
"o banded a second time. Information on band slack will be collected and a

correction factor developed specifically for the tree species in this study.

Growth Analysis

Analyses of tree diameter growth will be approached in two ways;

Covariate analysis will be used to determine if there is any change due to
ELF fields in average seasanall(May through October) or yearly diameter
growth. At the same time, regression models will be developed and tested
for changes due to ELF effects in diameter growth at some specific time
period; in other words, it will test for changes in growth rates. Though
overall average seasonal diameter growth may not change due to ELF fields,
the rates of growth within the year and the relationships with stand and
climatological variables may alter and could be detected. Both analyses
will incorporate stand and climatological data. Tree growth does fluctuate
from year to year depending on weather and stand conditions and ELF antenna
effects may be subtle. By examining tree growth from these two different
vantages, an ELF effect may be more descerpable.

Covariate analysis will be used to test the hypothesis that there
is no change in average seasonal (May through October) diameter growth for
any of the five tree species under consideration. Assumptions necessary for

valid use of analysis of covariances (Cochran, 1980) are:

,,,,,,,,,,
----------
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1) the covariates are fixed, measured without error, and

independent of treatments

2) after the removal of block and treatment differences, the

response of the dependent variable from the covariates is linear

and independent

3) the residuals are normally and independently distributed with

mean zero and equal variance.

Before analyses can be completed all assumptions will be tested to determine
if any violations have occurred. The relationship of the dependent variable
with that of the covariates may or may not be linear, but a linear
relationship is often a reasonably good approximation for a nonlinear
relationship provided that the range in values of the independent variables
or covariates is not to large (Cochran, 1988). Tests will be made to check
for linearity of the response variable and to determine how robust this
relationship is. Depending on the sensitivity of a violation in linearity
or in unegual variances, transformation of variables can linearize variables
as well as stabilize variances and could aid in meeting the assumptions of
the analysis. 1If the data for this study is nonrobust, then alternative
covariates will be used to adjust the analyses.

Using the 1984 spring and fall measurements one average seasonal
diameter growth measurement is available on both the antenna and control
sites. Although an average dbh measurement was calculated for the antenna
site in the summer of 1983, many of the trees sampled were not the same ones
banded in 1924. Conseguently, growth for an individual tree could not be
established to later determine the variance of growth in that year. The

control site is rnew this year and no previous diameter information was

available.
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In order to calculate the sensitivity of our analysis based on one
average growth measurement for each site, several assumptions were made. We
assuned Si (variance of the growth in 1984) was equal to Si (variance of
growth in 1985) on a given site for a given species. We also assumed that
if the antenna is fully operational in 1988 we will have four years of
vaseline data. From this we can estimate the variance of growth from year
to year and calculate the sensitivity of our analyses. The variance of
growth from year to year can be estimated as

S=V¢'ar=82x + Szy -2 sxy
where Si and Si are as previously defined and Sxy is the covariance of the

two years of growth., Now

R=S8
Xy

Y szxs2

y

where R is the linear correlation or measure of the degree to which the two
growth estimates vary linearly together; R=1 is high linear correlation and
R=0 is no linear correlation. For varying values of R, Var can be estimated
and the sensitivity of the analyses or the bounds within which our

estimation is possible are then calculated as

2 2
n (t.OS,n-l)(s )
o2
or
2 7
E =t 05,n-15




.....

where
t.GS,n-l = 3.182 = the value of the student's t-statistic at
a= 0.05 with (n-1=3) degrees of freedom
52 = Var = the estimated variance of growth between years
n= nunber of years of baseline data
E = the bounds within which estimation of growth is

possible

Table 16 illustrates the varying bounds of estimation for different
correlations, R. The interval or bounds of estimation is much smaller when
growth from year to year is highly correlated and one would expect a high
correlation between the growth in one year to that of the next year. A
second consideration is that no climatological data has been added as
covariates; this additional information should reduce the variation of
growth between years, so that even if the correlation was not as high, the
covariates additional information should help reduce the variance. Finally,
if more than four years of baseline data is obtained, then the t-value in
the sensitivity test is reduced. By adding just one additional year reduces
the percentage of the mean for red maple and northern red oak on the antenna
site from 19.8 to 15.5.and 20.2 to 15.8 respectively. The table illustrates
gross estimates of the bounds of estimation which can be determined from the

available data.
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Seasonal growth (from May to October in 1984) for all species
within each diameter class is illustrated in Figure 6. Histograms and data
summary sheets for diameter growth of each species are contained in Appendix
H. Tests were made for differences between the antenna and cqntrol site in
average seasonal growth rates of each species. These tests did not include
any covariates at this time, but compared average seasonal growth of a given
species on each site for this year. Average seasonal growth was calculated
from the June 7th or 9th reading until the end of the growing season in
October to prevent any additional error resulting from growth not measured
on the control site prior to this date. There was no significant difference
in average seasonal growth of either northern red oak or paper birch
(p<.05). There was a significant difference in average seasonal growth of
both bigtooth aspen (p>.95) and red maple (p>.85). The results are found in

Table 11.

Table 11. Results of comparing average seasonal growth by species betwean
the antenna and control sites,

e O O T T
BTA P.3652 C.c187 15 8.2725 ' 0.1057 26 3.35%
NRO £.1551 6.1395 45 ?.1322 0.0825 175 1.41
PB 0.1020 2.8777 8 2.0831 0.2665 40 g.71
QA -_ — — 2.1713 ¢.0981 19 -—
RM 0.1638 2.0920 129 2.1839 0.08785 15 -3.23%
v/

Mean, standard deviation, and sample size of growth on the antenna site.

2/
3/

Mean, standard deviation, and sample size of growth on the control site.

t-value resulting from test of difference between two means at o=0.05
level With t (n1_1)+(n2-1)dfo




Figure 6. Seasonal diameter growth by diameter class for all species at the 41
control and antenna sites.
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Regression analysis will be used to study changes in growth rate
over time a. Multiple regression models will incorporate stand and
climatological variables as they affect diameter growth in the future.
These models will be tested to determine if there is any change in the
relationships of these variables on diameter growth due to ELF effects
(Reynolds, 1984). Though overall average seasonal diameter growth may not
change due to ELF effects, the rates of growth within the year and the
relationship with site and climatological variables may alter and could be
detected.

An initial multiple regression model for each species will be
developed from this year's data and will be of the form

yt = ag + alx1 + a2x2 + ...akxk

where
Yy T diameter growth of a tree at time t
xi = selected stand or ambient variable (i=1,2,...k)
a, = estimated coefficients (i=0,1,...k)

Because there will almost certainly be interactions among the environmental
factors being considered for the model, consideration will be given to
rulticollinearity. If multicollinearity is detected among the independent
variables then the regression analysis will be modified accordingly.

If a nonlinear relationship is more appropriate then steps will be

taken to fit a non-linear model. The model will be reevaluated and

paraneters readjusted each year thus allowing for a wider range in data;

-t
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with arbient variables included in the model with errors associated varying !

weather patterns can be accounted for. One model will be developed. Growth

-

Information collected after the antenna has become operational will be used

to evaluate the model to determine if the same trends hold true.

oy
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For both the covariate and the multiple regression analysis, the
first step is to determine which of the stand and climatological variables

are correlated and how they are correlated with average diameter growth of a

given species. Covariates reflecting individual tree characteristics
presently under consideration are initial tree DBH and tree crown ratio or a
crown competetion factor. Stand variables include basal area per acre, -
trees per acre and average stand diameter. Measures of stand density are
being considered instead of stocking levels because stand density is a
quantitative measurement of a stand while stocking levels are merely

ii relative terms. Ambient variables now being considered are averages for the

week before as well as the week during the tree's dendrometer band reading.

They include average daily temperature, daily precipitation, daily soil

> ——».
«r
a
N

y 3 ¥ )

P temperature at 5 cm, 10 cm, and 106 cm depth, daily soil moisture at 5 cm,

180 cm, and 108 cm depth, and total precipitation. Data received from the e
emhient monitoring study did not begin until August 2, 1984. By this point

approximately 88% of average diameter growth of each species had already

taken place (Table 12). The relationships of these ambient variables are

derived from the last 2€% of average yearly diameter growth which has slowed

cown considerably by this point. This gave lower correlation values, as

seen in Table 13, There are few strong linear correlations and graphs of o

these climatological variables yield little additional information. todels .

will be developed from this data, but should be more accurate in their




>
}% estimation of average diameter growth after the addition of next year's ;
jj’ data. The correlations in Table 13 provide an initial view of the
N relationships of tree and climatological variables. Subsequent combinations ;
Eé and transformations of these and additional variables (e.g. Soil data,
° insolation, degree days etc.) will be examined to identify those most
’ related to tree growth.

Table 12. Percentage of average diameter growth completed for each species
N prior to August 2, 1984.
i Site Big tooth Northern Red Paper Red Maple Quaking
- Aspen Oak Birch Aspen
' Antenna 80.4 81.3 86.2 76.1 —
Control  83.9 85.0 98.9 82.4 84.7 _
;;- g
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Seedling Growth Studies

Land Clearing and planting

Areas to be cleared for establishment of red pine plantations were
identified in the spring and cutting boundaries marked. Michigan DNR
personnel cruised all sites for volume estimates and set specification for
use of each site. Although IITRI measured backround field strengths on May
15 and found them to be acceptable, legal concerns within the university
caused substantial delays in plot establishment. Cruise volumes appear in
Appendix I. Robert Minerick, Inc. of Sagola, a land clearing contractor,
was chosen from several logginé firms to clear the plantation plots. Work
began on June 16 at the ground site. A feller-buncher was used to harvest
trees and two grapple skidders used to transport whole trees to the
landing. Sawyers delimbed trees before being skidded to a slasher where
they were cut into eight foot lengths and decked. Any brush or slash that
resained on the study sites was removed by chain saw or brush cutter by MTU
personnel., Clearing was then started at the antenna and control sites and
completed on June 27. Log decks were measured to determine the amount of
rmaterial removed and results appear in Table 14.

Red pine planting was started at each site immediately following
the clearing operation. Seedlings (3~2 stock from a Dickinson County seed
source) were obtained from the USDA Forest Service Toumey Nursery in
wWatersmeet, Michigan. To keep seedlings healthy during the planting period,
seedlings were refrigerated until planted. The seedlings were stored in a
cooler at a mink ranch near Channing, Michigan and moved to the planting
site daily in an insulated trailer packed with ice. A professional tree
planter was contracted to expedite planting at the late date, to ensure the
greatest uniformity in planting, and to maximize the chances for seedling

survival. Michigan Tech personnel transported seedlings and supervised the




planting effort. Twenty-one thousand (21,8080) red pine seedlings were hand

planted on the sites at a 1 X 1 meter spacing. A surmary of plot clearing

‘o
,

and planting operations appears in Table 15.

.
>
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e
T
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Table 14. Volumes of wood material (cords) removed during plot clearing*.

Aspen Pulp 85.2 96.5 54.5
Hardwood Pulp 60.2 78.8 114.0
Oak Sawbolts 4.5 4.5 6.3
Pin Sawbolts —_— 11.2 2.2
Mixed Sawbolts 5.8 ’ ——

Total 155.7 183.9 177.9

* Includes 108' wide right-of-way at test sites, wood less than 4" top
diameter inside bark and top wood of logs used for pulp.
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Seedling Moisture Stress

Plant moisture stress (PMS) analyses began prior to planting to
monitor the condition of seedlings during transport and planting. Following
planting, it was used as an indicator of seedling adaption to the planting
sites and an aid to determining the need for irrigation to insure acceptable
survival. It will also be used as a covariate in seedling growth analyses
to help quantify seedling vigor and growth since one of the most serious
environmental stresses in the antenna area is seasonal drought.

Starting on July 12 and continuing every 2 weeks until the end of
the growing season (only one sampling was done in October), 135 randomly
selected seedlings (15 per plot) were severed near the root collar and
tested for xylem water potential using a plant moisture stress meter
(pressure bomb) . Readings were taken in the pre-dawn hours of the morning
to allow the maximum time possible for plant recovery from daily moisture
stress. Prior to sampling, basal diameter and height (to top of candle)
were neasured, and seedling condition estimated. Seedling condition is a

- tlaa b e m
ig tne pcu.,cutagc O

ocular evaluation regardi
using the following scale: 1=0-25%, 2=25-52%, 3=5£-75%, and 4=75-100%. The
remaining stem and roots were excavated the afternoon following PMS sampling
for laboratory analysis including mycorrhizae evaluation (Element 7) and
cetermination of aboveground/belowground biomass (shoot-root ratios).
Foliar sarples from the initial planting stock and PMS samples taken in late
October are being analyzed for concentrations of N, P, K, Ca, Mg.
Comparisons made between individual plots within each site for
various sampling dates showed no differences at the #.85 @ level of

significance. Hence, reference will be made to the three study sites rather

than individual plots.




A summary of information for each seedling sampling date is shown
in Appendix J. Average seedling condition was relatively stable throughout
this first season, with nonsignificant fluctuations among sites between 1,2
and 2.0. Figure 7 shows between 65 to 75% of the seedlings to be in
seedling condition 1 throughout the summer.

Average plant moisture stress increased with time as shown in
figure 8. Values at planting averaged -1.2 bars for all sites and increased
to -28.0 bars for the antenna and ground site, and -11.8 bars at the control
site by the late October. Differences among sites in October were largely
related to the proportion of séedlings in each seedling condition class for
the site. Figure 9 shows the relationship of plant moisture stress and
seedling condition. While plant moisture stress increased with time for
seedlings in condition 1, values were lower than for conditions 2, 3, and
4. Thus a site with greater numbers of seedlings in the latter classes
would have a higher PMS value while the healthiest seedlings on the site
have fairly uniform values, In addition, little variability was evident
among sites for condition 1 seedlings before the beginning of dormancy
(approximately the end of August) (Figure 10). The significance greater
difference in PMS values among sites in the dormant season are unclear at
this time.

We expect that many of the seedlings with high proportions of brown
needles (conditions 3 and 4) are or soon will be dead. These seedlings will
be accounted for in survival estimates but will no longer warrant inclusion
in the plant moisture stress and seedling growth studies. Plant moisture
stress will be used as a covariate along with other ambient data to
partition the variation in growth due to environmental variables from that

possibly due to ELF fields.
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Seedling growth
Three hundred red pine seedlings were permanently marked at the ground,
antenna, and control sites and were measured at the end of the 1984 growing
season. The following information was recorded from each seedling:

* Basal diameter (cm)

° Height to top of candle or bud (cm)

* Condition - percent of red needles, where

l= 0 - 25%
2 =25 - 5P%
3 =50 - 75%
4 =75 - 100%

* Presence or absence of full bud formation (Bud set)

Seedling basal diameter was not different ( @ = 0.05 level) among
sites at the end of the growing season (Table 16). Diameters were .45 om,
.44 cm, and .46 cm for the ground, antenna, and control sites respectively.
Seedling height was similar at the ground (16.8 cm) and antenna (16.6 cm)
and only slightly greater at the control site (17.7 cm) (Table 17). A
subsarple of seedlings at the time of planting showed a mean diameter of .42
cm (n=105). However height measurements taken at the time of planting are
not comparable with measurements taken at the end of the growing season
because of varying planting depth. Future measurements taken to the top of
the terminal bud each fall will be used together with diameter to compare
growth among sites.

Error estimates varied by generally less than 3% for diameter and

height on all sites (Table 16 & 17). The number of seedlings measured in
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1984 to detect differences within 10% of the mean was more than adequate.
These low error estimates reflect the genetic uniformity which is
characteristic of red pine. However, the sample size will remain large for
several years as environmental factors such as microsite may increase
variation in diameter and height growth in subsequent years.

Percentages of seedlings within each condition class are presented
in Table 18. The majority of seedlings on all sites were in condition class
1 with higher numbers occurring at the control. These estimates taken in
late November are considerably lower than those for the last PMS sampling
date in October (Figure 7), ané may be due to a natural change in red pine
needle color which occurs in late fall. The number of seedlings in
condition class 4 is lowest at the control site and highest at the ground
site. No significant differences (a =.05) were found between mean diameter
or mean height and condition class among the sites.

Percentage of seedlings with bud set within each condition class at
the end of the 1984 growing season are shown in Table 19. Bud set is an
indicator of "hardening" of the seedling before the beginning of the dormant
season. The vast majority of seedlings in condition class 1 at each site
set buds while approximately 1/2 of the seedlings set buds on condition
class 2 seedlings. Only a few individuals set buds in condition classes 3
and 4. The control site recorded higher percentages of bud set in condition
classes 1 and 2 than did the ground and antenna sites. There was no
correlation between average diameter or height and occurance of bud set
among sites. Assuning 100% survival of all seedlings setting buds in

condition class 1 and 2, we project a minimun of 3880 seedlings surviving

per site. This sample size is more than adequate for future studies.
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& Table 18. Percentage of seedlings by condition class.
‘
o Site
a
- Condition
> Class Ground Antenna Control
1 52 54 61
2 16 20 19
3 6 10 9
4 26 16 11
Table 19. Percentage of seedlings with buds set within each condition class.
Site
Conditon
- Class Ground Antenna Control
: 1 88 86 ' 95
2 55 41 61
3 ] 25 4
- 4 ) 2 6
<
Y
1y
- €




Rl Pt it T i At Yads s T M N it S

i“' 59

Detailed growth estimates will not be calculated this year because

of the shock that most seedlings sustain in the planting process. However,
!! these data will be used to develope techniques for analysis starting next

year which will be similar to those outlined pole sized stands with the

P

s 'y
et

exception the PMS values will be included as a covariate in the seedling

studies.
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ELEMENT 4. PHENOPHASE DOCUMENTATION .
Trees

The objective of this element is to describe and document various
phenological events on selected tree species that would be used to indicate
possible changes in physiological processes due to ELF electromagnetic
fields. During the baseline study period efforts are being made to
describe, quantify and document bud burst, leaf out, flowering, cambial .
activity, seed dissemination, and leaf fall of northern red ocak, paper
birch, bigtooth aspen and red maple. Candle elongation and bud burst will
also be measured on red pine seedlings.

During 1983 phenophases of hardwood species were documented by
compiling a photographic record of key biological events. Since .
phenological observations are generally subjective in nature, photographs
must provide precise descriptions of specific developmental stages that
would be used as standards to insure uniformity in year to year
measurements. However, it was found that specific stages of bud burst, leaf '
out, and flowering were difficult to document using the photographic
method. These events appeared different depending where on the tree the
observation was made. Differences in bud burst and leaf out were recorded
between lower branches and those higher in the canopy which receive a higher
incidence of direct sunlight. Obtaining photographs from the upper portion
of the tree canopy was also difficult, In addition, the timing of these
events varied tremendously within individual trees and among species. This
was particularly evident in bigtooth aspen where clonal differences were
expressed,

Litter fraps were used in an attempt to document flowering and seed
dissemination of hardwood species. As flowers and seeds matured, they fell -

into the traps and weights obtained. However, these tree components
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partially disintegrate as they mature, making positive identification and
collection nearly impossible. The time required to empty traps and process
samples at intervals necessary to adequately document these phenophases was
also prohibitive, Because the identification of many small flower and seed
parts is difficult, our ability to confidently detect differences from year
to year is questionable., Consequently we recommend that the detailed study
of these events be discontinued.

Leaf fall timing of hardwood species was documented by using 15 1
m2 lTitter traps at the antenna and control sites. Litter was collected
monthly during the summer growing season and weekly during the leaf fall
period. Samples were separated into leaf, wood, and miscellaneous (seeds,

flowers etc.) components, dried at 600

€ in a forced air oven, and weighed.
On each sample date leaf litter from three traps per site were separated by
species. A summary of leaf fall percentage by species and time appears in
Table 20. Northern red oak retained its leaves 1ongef than other species,
with 83% and 88% occuring during the last week of the leaf fall at the
antenna and control site respectively. Red maple exhibited site differences
losing 77% of its leaves during periods 2 and 3 at the antenna site, while
at the control 73% fell in period 4. A similar leaf fall pattern was found
with bigtooth aspen., In contrast, 1eaf fall of paper birch/hazelnut
occurred faster at the control site than at the antenna site.

Error estimates for mean litter weight were very high for all
species at each site. Calculated sample sizes necessary to detect
differences within 10% of the mean are prohibitive in terms of time and
effort required for collection and processing. This is true for both litter
weight for each species at each sampling date, and cumulative seasonal

totals. These variable results were due in part to collecting only three

samples/site at each date. Sampling of all 15 litter traps at each site

........................
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would be necessary to obtain reasonable error estimates and confidence

intervals for each tree species.

The onset and termination of cambial activity was determined from
weekly readings of permanently installed dendrometer bands placed on all
trees 10 cm and larger at both the antenna and control site (See Element 3 -
Tree Productivity). However, because of dendrometer band inaccuracy for a
short period following initial installation, the dendrometer bands could not
detect onset of cambial activity this first year. However, termination of
diameter growth was determined and is expressed as the number of trees whose
growth stopped at a given date (Table 21). Generally, growth was completed
for all species at the control site between September 6 through September
20, At the antenna site growth stopped between September 20 and October 3
for northern red oak and bigtooth aspen, while paper birch and red maple
showed patterns similar to the control site. As would be expected, the
halting of diameter growth immediately preceded the méjor leaf fall (See
Element 8 - Litter Production). Trees in the smaller diameter classes
showed a tendency to terminate diameter growth at an earlier date. These
small diameter trees tended to be overtopped by larger trees and were in a
suppressed condition, Further investigation of growth termination will be

determined by time series analysis which will incorporate ambiant data as a

factor. This work will continue in 1985.
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Because of the late planting date, many red pine seedlings had

broken dormancy while in storage making the measurement of spring
phenological events impossible., Bud set observations were made and are
reported in element 3 but no temporal relationships were attempted this
first year due to normal seedling planting shock and associated mortality.
This coming spring, a regular schedule of phenological observations will be

made starting with bud burst and candle elongation as previously planned.

Herbaceous Plants

The herbaceous layer, of a northern hardwood ecosystem, is an
ecologically important component of the system with respect to edaphic and
vegetative factors. Phenology, the study of the timing of 1ife cycle events
relative to environmental cues (Barbour et al 1980), has been used to
quantitatively describe the herbaceous component of a northern hardwood
forest (Mahall and Bormann 1978). Many herbaceous studies focused on
phenology revolve around the observation and measurement of reproductive
organs, i.e, flowering parts, as well as vegetative organs, i.e. leaf
parts. Our approach thusfar has been to concentrate observations on the
period of flowering and fruiting.,

Forty permanent meter square quadrats were gstab1ished at each site

for Trientalis borealis, Aster macrophyllus, Anemone quinquefolia, and

Pteridium aquilinum. Relative cover was estimated per meter square quadrat

for each herb species within a quadrat. This data, to be compared from year
to year on a per quadrat basis, was collected to illustrate changes in cover
values for an herb other than the one chosen for phenological observation.
The period of flowering and fruiting at both sites lasted from late May
through mid August. However, the number of plants actually producing

flowers and therefore available for study, was low, For example only 38%
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of the Trientalis borealis at the control plot flowered while 44% at

Martell's lake flowered. Of those that flowered, the numbers of 1 and 2
flowered plants were similar between sites (Table 22) showing a high degree

of uniformity between sites.

Table 22. Proportion of 1 and 2 flower plants (Trientalls borealis) at the
antenna and control sites.

Site One flower/plant Two flowers/plant
—% of plants flowering—
Control 27 11
tenna 31 10

However, we feel that the number of individuals severely limits the
statistical validity of this approach. While increasing the number of plots
could improve the precision of this study, subsequent vandalism at the
control site, which destroyed 38 of 40 one meter squared plots has dictated
a closer look at the continuation of this work. The destroyed plots are
impossible to relocate therefore most of the work done to date is of little
use in future study. For these compelling reasons we propose a revised
course of study.

The specific objective of this new course of study will be to

guantify the timirj of certain phenological events, on Trientalis borealis,

on a continuous basis. Trientalis has been chosen for intensive study since
our past work has indicated:

1) there are adequate numbers of individual plants on the plots for

statistical sufficiency
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2) Trientalis flowers most prolifically of all herbaceous plants on

R AR ¥

effect on tree canopy, more or less light would reach the subcanopy

the plots
AE: 3) phenological events have been well defined and documented so that
E; little additional development work will be necessary. E
" To obtain a sample size of approximately 208 individual plants per
- site, transect lines of variable length will be used. The line will be ’
divided into subplots of 1 sguare meter to quantify the individuals found at .
each site. Parameters to be measured per plant on twice weekly visits are: |
1. Emergenence. Date noted on first visit. é
- 2. Number of leaves. R
. 3. Leaf measurement - length and width of largest leaf to determine leaf :
maturation (Brown et al. 1985). -
4. Plant height - measured from root collar to leaf whorl to determine time )
= to maximun height.
5. Flowering - both flower open and number of flowers will be recorded
Zz until calyx closure to determine the flowering period (Anderson et al. N
. 1983) .
6. Yellowing - the number of leaves with any yellowing will be recorded to
determine the senescence period. :
': 7. Death - the number of leaves completely brown will be recorded to
N determine the drying period.
; Photosynthetucally active radiation (PAR) has been chcsen as a co-
'f variate of major interest since it has been shown to be a primary factor in
é; controlling phenological events. 1In this study, if ELF fields have an

vegetation. Thus'effects on the canopy vegetation could have an effect on -4
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- the herbaceous layer. Other covariates include photoperiod and air

s temperature.
s 'PAR was also chosen since it is a precise measure of radiation
t available to herbaceous plants. Photoperiod alone is considered inadequate
[

since it is not a measure of radiation intensity. PAR will be quantified

’- using Licor 1985 quantum sensors connected to the existing ambient

s monitoring system.
Covariate analyses will be used to test year to year differences in
'.‘-.; intiation and duration of emergence leaf maturation, flowering, senescence
‘_ and death, |




Element 5 Herbaceous Vegetation Cover

Since composition of herbaceous plant cover has been commonly founc
to be influenced by environmental changes, a primary measure of response is
species diversity. This can be evaluated by using species presence,
coverage and/or biomass. Our original approach included biomass, however
last year's report showed the extreme variation associated with the model's
prediction of plant component weights making the development of equations
prohibitively expensive. This past year, we have concentrated on plant

coverage to evaluate changes due to ELF field effects.

Progress

Because of the high scientist traffic on plots due to frequent
dendrometer band readings, herbaceous reserve areas were established
immediately adjacent to the trees plots, Within these reserves, 3 blocks
were established with 3 - 35 meter long transects per block for a total of 9
transects per site. Relative coverage of each species on each transect was
measured using the line intercept method described by Canfield (1941).
Coverage measurements were made at the beginning of August.

Of the 14 species representing approximately 90% of the total

re]apive cover, only 4 species were common to both sites (Table 24).

The presence/abscence of herb species between the control and
antenna sites was quantified on the reserve area transects using the Jaccard
similarity index (Mueller-Dombois, 1974) Where:

1s. = Common Species

j {Species unique to + (Species unique to (Common Species)
one population) the other population)

X 100




The calculated index was 32% showing only moderate similarity between the
two sites, The Sorenson index, where:
Is = Common species

s L{#species in (#species in
1 population) = another population)

X 100

indicated greater similarity at 61%. Sorenson's index gives greater weight
to species that are common to both areas rather than those that are unique
which is more applicable to this analyses.

To monitor the developement of natural herbaceous communities in
the plantation areas, transects, using the same design described earlier,
were established adjacent to the seedling plots. These transects were
measured by the line intercept method in mid-June and relative cover
calculated, Thirteen (13) species comprise approximately 90% of the total
relative cover with 5 species common to both sites (Table 25). Again,
comparing the control and antenna sites for the plantation plots produced a
Jaccard index value of 33% and a Sorenson index va]ﬁe of 65%. To further
quanitify herbaceous cover and species diversity, 4 30X61 cm plots (Total
of 36 per site) will be established systematically along each transect on
both the herb reserves and plantation plots. Frequency of occurence and
coverage will then be determined at zach site.

Analysis of frequency and cover will follow in a covarrate analysis
as described for trees ( Element 3), Replicates will result from the four
30X61 cm plots along the nine transects at each site. Factors in the ANQOVA
design will include site and time where the two sites are the control and
antenna sites and time is considered at each year before and after the
antenna is operational, Covariates such as site and climatological

variables will be included to reduce random errors resulting from these
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compare ELF field effects.
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I‘ Table 24, Species comprising 90% of relative cover on herbaceous plant
) reserves,
------ Relative Cover % -~----

Species Antenna Site Control Site
Arelia nudicaulis ~—- ---
Ariemone quinquefolia 1.7 ~--
Asteri macrophyllus 4.2 5.6
Caultheria procumbens 5.9 1.8
Mignthemnum Canadense --- 3.7
Lycopodium Clavatum 1.7 a=-
Pteridium aquilinum 59.5 46.2
Pubus allegheniensis 2.6 ~--
Ruous idaeus --- 4.5
Rubus parviforus 4.0 ~--
Trientalis borealis -—- 7.9
Vaccinium membranaceum 4,2 3.3
Viburnum acerfolium - 11.1
waldsteinia fragaria --- 1.6
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v Table 25. Species comprising 90% of relative cover on plantation sites
Y prior to timber harvest, A
NP P T Relative Cover % ------- )
N "
.. Species Antenna Site Control Site
. Aster macrophyllus 2.1 35.9 -
- Gaultheria procumbens 4.4 -
7 Lycopodium obscurum --- 2.7 i
- Mianthemum canadense 1.9 3.2 -
Oryzopsis asperifolia 2.9 1.3 g
Pteridium aquilinum 50.8 17.1
Rubus allegheniesis --- 2.2
Rubus idaeus -——- 2.2
Pubus parviforus 16.2 ---
Trientalis borealis 7.0 ~——-
Trillium grandifliorum --- 1.6
) Vaccinium membranacem 5.6 2.2 .
- viburnum acerifolium --- 21.4
A ;
-
" N
P kN

-
-
-




ELEMENT 6. Mycorrhizal Fungi Collection

—— s - o e I s it e o e e > i

Mycorrhizae represent finely balanced physiological relationships
between the roots of higher plants and a number of highly specialized and
beneficial fungi. Mycorrhizal fungi parasitize the fine roots of their
hosts, utilizing host photosynthate as energy with which to forage for
minerals and water in the forest floor. The matrix of mycorrhizal mycelium
permeating the soil from infected roots provides the host with scarce
minerals and water much more efficiently than could the host’s roots alone.

Ectomycorrhizae are one of the two major types of mycorrhizae which
form on forest trees. They rebresent an ideal system for detection of
environmental perturbations in forest ecosystems for several reasons.
Ectotrophic mycorrhizae lend themselves readily to extensive population
dynamics study. Ectotrophic fungi produce a mantle which affects feeder
root development, resulting in more or less characteristic rootlet
morphology patterns. Also, ectotrophic fungi characteristically produce
relatively large and identifiable fruiting bodies (sporocarps) which aid
greatly in population studies. Furthermore, many ectotrophic fungi can be
isolated into pure culture from fruiting bodies or surface-sterilized
mycorrhizal feeder roots. Finally, mycorrhiza population dynamics reflect
the influence of perturbations on both host and parasite in such a way that
effects on either the host or the parasite component may be reflected by
effects on the other component. This relationship may prove valuable in
corroborating evidence of ELF effects which might develop in other work
elements of this research program,

The objectives of this work element are 1) to develop reference

collections of cultures and freeze-dried sporocarps representing as many as

possible of the presumed mycorrhizal fungus species occurring at the study




sites, and 2) to characterize the population dynamics of sporocarp
production for these fungi in the study plantations and pole-stands.

The reference collections serve two purposes. First, mycorrhizal
fungi isolated into pure culture from roots as part of Element 7 can only be
identified by comparison of their cultural growth characteristics with those
of known species isolated into pure culture from identified sporocarps.
Second, the reference sporocarp collection serves to vouch for the identity
of the species included in the sporocarp population dynamics component of
this element. Many of these species cannot be isolated into pure culture,
and are therefore only identifiable by microscopic examination of
sporocarps.

Population dynamics of sporocarp production is being studied by
periodic monitoring of sporocarp production on the three contiguous 1050
square meter herbaceous reserve plots located within the overhead antenna
and control sites. The herbaceous reserve plots represent the pole-stands
typical of each study site. The large study plot size should minimize the
variability of sporocarp counts between years by absorbing the effect of
annual spatial redistribution of sporophore production around host trees,
Sporocarp production is closely tied to host photosynthetic activity (Last
et al. 1979), and can be expected to proceed as regularly as relatively
stable forest stands and climate will permit. Sporocarp production will be
monitored in the red pine plantations as well, Periodic monitoring of
fruiting over an extended period each year is necessary because fruiting of
mycorrhizal fungus species differs phenologically and is relatively

ephemeral. Ambient monitoring data will be used to account for the

influence of moisture and temperature on fruiting over time at the different
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study sites. Techniques for characterizing and comparing fungal populations

via fruiting body production have been published (Grainger 1946, Parker-
Rhodes 1951, Hering 1966, Richardson 1970, Fogel 1976, Fogel 1981). Other
quantitative concepts which may prove useful in comparing data sets include
coefficient of community (Pielou 1977), and Orloci's sums of squares method
based on standardized distances (Orloci 1967). Similarities in overstory
species composition of ectomycorrhizal hosts between the study sites support
the presumption that mycorrhizal populations at the study sites should be
reasonably well-matched. The quantitative techniques to be used, however,
do not require that sites be ﬁerfect]y matched initially in order to detect
relative population changes which develop over time experimentally. Any
effects of ELF fields on the fruiting dynamics of mycorrhizal fungi will be
detected as shifts in the relative representation of fruiting species at

each site over a period of years.

Sporocarps of ectomycorrhizal fungi occurring on the 30 m X 35 m
plots were inventoried at 1 to 2 week intervals between early August and
mid-October, 1984, Each plot was divided into four strips 7.5 m wide to
facilitate survey. Each sporocarp tallied was slit across the pileus with a
sharp knife to prevent it from being tallied more than once. In order to
estimate the longevity of sporocarps in the field, 343 specimens

representing 33 species were flagged during the fall of 1984 for repeated

5 TR

observation., In this way, the 1ikelihood of under-representing certain

, L,

species through weekly or bi-weekly visitation intervals can be estimated.
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When possible, specimen. were collected for freeze-drying and for

jsolation attempts. In general, tallied specimens were left on the plots to
sporulate. The slit pileus was often the only mark of the survey. Al
cultural isolation attempts from fruiting bodies were made by plating small
portions of stipe or pileus context tissue onto modified Melin-Norkrans agar
medium (Molina and Palmer 1982), the same medium used for isolation attempts
from mycorrhizal root tips (Element 7). Between 10 and 20 isolations were
attempted from each selected specimen.

It is apparent from the 1984 survey data that mycorrhiza
populations on the study sites, and especially in the hardwood pole-stands,
should be monitored via sporocarp production. This method has the
advantages of including fungal species which cannot be isolated into pure
culture from roots as well as fungal species associated with tree species
other than red pine. Data collected in 1984 suggest that sufficient
fruiting by a number of mycorrhizal species does take place to permit
detection of any meaningful population disturbance.

Table 26 summarizes the seasonal production of sporocarps by 38
presumed mycorrhizal fungi. Only 15 of these species were found in the
first survey on 4 August, while only 4 species were encountered during the
last survey on 13 October. Only 4 species resulted in sporocarp frequency
modes coinciding with the first visit, and none demonstrated a mode in
October. This agrees well with the facts that litter fall on both sites was
nearly complete by 17 October (Element 8) and that the first frost on both
sites occurred in late September. Mycorrhizal fruiting has been shown to be
sensitive to declining photosynthesis in the host plants (last, et al.

1979). The data suggest that August and September are the months of peak
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fruiting by most of the mycorrhizal fungus species oberved to fruit on the
study sites. One additional sampling in late July might clarify the
seasonality of fruiting by the four fungi with 4 August population modes

Table 27 summarizes the data on longevity collected in 1984, The
number of flagged specimens representing each species is largely a function
of specimen availability and condition on survey dates. These data help to
identify those species for which weekly or bi-weekly surveys will most
precisely characterize sporocarp population dynamics., Species for which
sporocarps do not often survive for one week must be markedly under-
represented and would have to be relatively prolific producers of sporocarps
in order to provide useful data. Additional longevity data will be
collected in 1985, The 1984 and 1985 data will be evaluated together to aid
the identification of key .species.

Table 28 summarizes the spatial distribution of sporocarp
production over the three plots each at the overhead antenna and at the
control site. In general, 36 species are known to occur at both sites.
Additional species are well-represented at one site only. Large differences
occur in the apparent distributions of individual 'species between plots at
one or both sites. Population differences between plots and sites will
present little difficulty for purposes of data analysis. These differences
reflect site and stand characteristics rather than the intrinsic variability
in annual fruiting within plots. We presume, for the present time, that
plot size is large enough (1050 sq. m,) to account for much of the annual

variation in fruiting intensity by the fungus species studied, Ambient

monitoring data for 1985 should permit a more objective comparison of the

study plots and sites.
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Ly Tables 29 and 30 present the current status of the reference

- sporocarp and culture collections. Most of the presumed mycorrhizal fungi

fruiting at or near the sites are included in the sporocarp collection.

t'-'. Both collections have been improved substantially this past year.
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Element 7. MWycorrhiza Characterization and Root Growth

For reasons discussed in the 1983 Annual Report under Element 7,
bare-root seedling red pine plantations have become the focus of attention
for this work element, Mycorrhizal root tips are being quantified and
characterized for red pine seedlings used for plant moisture stress and
foliar nutrient analyses (Element 3). A1l outplanted seedlings were
originally obtained from a single nursery bed at the Toumey National Forest
Nursery in Watersmeet, Michigan. The seed source for the seedlings was
Dickinson County, Michigan. Mycorrhizae occurring on red pine seedlings in
the source nursery beds were studied in 1983, and those results were
presented in the 1983 Annual Report under Element 7. The plantation sites
offer ideal conditions for establishment of red pine, including abundant
natural inoculum for mycorrhiza development. This is especially true
because 1) no chem%ca] site preparation was administered prior to planting,
2) planting was accomplished immediately subsequent to site clearing, and 3)
ectomycorrhizal t-ee species are well-represented in both the pre-existing
and surrounding stands.

The experimental design for data analysis remains basically as
originally documented. Populations of mycorrhizae developing at each
plantation site are being compared with each other at monthly intervals,
The basic population units are individual mycorrhizal root tips, and the
field sampling units are individual seedlings. Only viable mycorrhizae are
counted, Individual mycorrhizae are categorized into morphological types
which are presumed to represent different fungal associations with red

pine. Changes over time, within and between sites, in the partial




frequencies of occurrence for different mycorrhizal rootlet morphology types

will be quantified, as will changes in total numbers of mycorrhizae. Data
for analysis will be expressed both as average mycorrhizal root tip counts
per seedling and as numbers of mycorrhizae per gram (oven dry weight) of
seedling root mass. Trends detected in mycorrhizal population development
will be evaluated in 1ight of the ambient monitoring data collected for each
plantation site. Developmental patterns for mycorrhiza populations should
serve well to detect possible ELF effects, because of the large sample sizes
and the uniformity of planting stock used. Due to the delicate
physiological balance between hosts and their mycorrhizal funqus associates,
patterns of mycorrhiza community development may be expected to respond to
possible ELF effects on either the host or its beneficial parasites.

The numbers and types of fungi responsible for producing the
mycorrhiza types observed are also being investigated, since there is a
direct relationship between the fungi available and the types of mycorrhizae
produced. The frequency of occurrence of culturable mycorrhizal fungi is
being estimated by isolating these organisms from active mycorrhizae using

standard techniques.

Progress

As noted in Element 3, bare-root 3-0 red pine seedlings from the
J.W. Toumey rorest Service Nursery in Watersmeet, Michigan, were planted on
1 m centers in clearcuts at all three study sites between 18-22 June, 1984,
Fifty seedlings were randomly selected from the nursery storage bags at the
time each site was planted to evaluate mycorrhizal condition of the planting

stock, In the laboratory, roots were soaked in tap water for several hours

and extraneous material was washed free in running water.
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Viable mycorrhizae were counted and characterized with the aid of dissecting
microscopes. Distinctive morphological types were separated and used for
fungal isolations. Modified Melin-Norkrans (MMN) agar medium was used for
isolations instead of Hagem's agar (HA) medium because MMN contains thiamine
as well as all of the constituents of HA, More mycorrhizal fungi may be
able to develop on MMN than on HA.

Forty-five randomly selected seedlings from each plantation site
were excavated and processed as described above at monthly intervals after
planting. Resulting mycorrhiza counts are presented in Table 31. These
cata show that nursery seedlings planted at all three sites initially
carried large numbers of one type of mycorrhiza, and that these numbers
decreased over the following two months. This decrease is attributed to
planting shock as mycorrhiza numbers rebounded during September and
October.

Only mycérrhizae of morphology type 3 were found on seedlings
sampled at planting and in late July. Type 3 mycorrhizae also dominated 3-0
seedlings prior to lifting in the Toumey Nursery (Table 13, p. 57, 1983
Annual Report). Types 1 and 4 have since been determined to represent
develcpmental stages of Type 3, based on microscopsic and macroscopic
evidence. Type 2 mycorrhizae, also found in the nursery, were not found at
the plantation sites until late August. In addition, two new morphological
types, Type 5 and Type 6, were found for the first time in late August.
While Type 5 seems to be increasing in abundance on all three plantations,
Type 6 is found sporadically and has yet to be observed on seedlings from
the antenna ground site. The sporadic observation of Type 6 is attributed

to its scattered distribution; the fact that it dominates those few
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Table 31. Mean mycorrhiza counts by morphology type per gram (o.d.w.) of
root mass for red pine seedlings sampled from each plantation
site, beginning with plantation establishment in June, 1984,

mmmmcmmem--aootudy Site

—.-Groynd ____ ___ Antenna ____ ~._.tontrol ___
Sampling Mycorrhiza Type Mycorrhiza Type Mycorrhiza Type
Date _ ______. 2__3__5_ _682 ___. 2 _3__5__.6_____. 2__3__.5.__6
22 June 0 426 0 © 0 295 0 O 0 35 0 0
24 July 0 190 0 O 0 218 0 O 0 282 0 0
21 August 68 87 19 0 65 92 35 426 82 38 6 0
23 September 112 64° 12 0 123> 143 20 o0 56 135 28 0
29 October 58 179 23 0 78 233 30 0 70 181 16 494

Type 6 mycorrhizae were not included in tests of significance because this
type only occurred on a total of 3 seedlings on 2 of the sampling dates.

Treatment means which differ significantly from the Control means
( «=0.05).




seedlings with which it becomes associated explains the relatively high

numbers of Type 6 mycorrhizae reported when it is collected. Types 5 and 6

mycorrhizae will 1likely become more abundant and more uniformily distibuted

at all three plantation sites as the seedlings become established in 1985.
Analysis of variance shows that the only significant difference (e
= .05) in total number of mycorrhizal root tips per seedling between the 2

three plantations occurred at the time of planting. The seedlings sampled

from the control site had fewer mycorrhizae than those planted at the two ‘
test sites. The control site was the last site to be planted and the delay :!

was initially thought to have caused a loss of viable mycorrhizae. This

initial difference between sites is not reflected in later counts. The

utility of expressing mycorrhizae counts on the basis of root dry weight is

evident from Table 32, which shows that the difference between sites in

initial mycorrhiza counts per seedling is probably due to the slightly i
Ej smaller mean size bf seedlings planted at the control site, rather than to -
Eg loss of viable mycorrhizae due to planting delay. Partial frequencies of Zg’
ﬁi occurrence for each mycorrhiza morphology type on each sampling date at each :%’
’ plantation will be characterized in greater detail, both on a seedling basis T~
end on a seedling root weight basis. This will facilitate evaluation of %&

type distribution and population dynamics within and between plantation

eed

sites.

Because the same seedlings are used for both mycorrhiza counts and

plant moisture stress (PMS) measurements, the relationship between seedling

moisture stress and mycorrhiza counts is being evaluated., Mycorrhiza counts

s v 0

for seedlings in the same condition class (See Element 3 for descriptions of

PR

condition classes) based on moisture stress should be more comparable and

.‘.-."\$ ®, \..-.\.n' -




v

v

O T 0 T e

% |

Table 32. Mean numbers of mycorrhizal root tips per gram (o.d.w.) of root
mass for red pine seedlings sampled from each plantation site,
beginning with plantation establishment in June, 1984.

- s D - - - - - D D D D D D WD D D . D WD D W D D o - - - Y G D D - Y - - - - - - - - - -

- - -

22 June

24 July

21 August

23 September
29 October

- — - - - D D D — - - —— - - . . - — - W - T —— - . - — - - - -

cemee-__Study Site ____________
Antenna_ Control

295 350

219 242

127 92

145 128

216 164

Treatment mean differs significantly from Control mean (a=0.05).

Table 33 Mean non-mycorrhizal root tip counts per gram (o.d.w.) of root
mass for red pine seedlings sampled from each plantation site,
beginning 2 months after planting.

Sampling

21 August
23 September

29 October

- - - W W D M D D D D o D Y We W R G R D G SR D W W G D G - -

Treatment mean

differs

_______ Study Site ...
Antenna_ Contro}

46 64

21 20

18 18

significantly from Control mean (a =0.05).
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provide a more rigorous test of differences between plantations or sampling
dates. During 1984, however, analysis of variance did not show significant
differences ( a = .05) between mycorrhiza counts fo~ seedlings in condition
class 1 from the three plantations, Additional analyses are being conducted
and will be included in the final version of this report,

Non-mycorrhizal root tips were not found on the seedlings at the
time of planting and few were observed in late July. Counts of non-
mycorrhizal root tips were initiated in late August, at which time large
nurbers were encounted; these counts are summarized in Table 33. Non-
mycorrhizal root tip numbers decreased greatly during late summer and autumn
of 1984, Development of non-mycorrhizal root tips is assumed to reflect
inadequacy of immediately available active mycorrhizal fungus inoculum as
the planted seedlings began to grow at the plantation sites. The decrease
in numbers of non-mycorrhiza] root tips later in the summer reflect the
increased inoculum potential available for mycorrhiza development. Counts
of non-mycorrhizal roots will continue in 1985,

Twenty-four new isolates of presumed mycorrhizal fungi were
obtained from the plantation red pine seedlings sampled in 1984, All except
three of the 1983 Toumey Nursery isolates re-occurred on the plantation
seedlings. The entire collection of isolates will be further characterized
in the laboratory. Consideration of fruiting records at the study sites in
conjunction with records of isolation attempts from sporocarps (Element 6)
will indicate which mycorrhizal fungus species may or may not be expected to
develop in pure culture from mycorrhizal root tips. Comparison of cultures

from mycorrhizal root tips with those from identified fruiting bodies will

permit identification of a portion of the root isolates. The frequency with
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which specific presumed mycorrhizal fungi are isolated from the various

mycorrhiza morphology types will help to further characterize the

mycorrhizal relationships represented by each type.
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Element 8. Litter Production
Litter fall and decomposition is important in the transfer of
nutrients and energy within a vegetative community., The sensitivity of
foliage production to both internal and external conditions make it a good
indicator of possible ELF field effects on trees. Since litter samples can "
be gathered at frequent intervals, they not only provide an estimate of -
changes in canopy production, but also give an insight on tree phenological 3
events such as leave fall, bud burst, seed, dissemination, and time of ~
flowering. Additionally, leaf samples taken during the growing season for i
nutrient analysis and weight deterninetion would monitor nutrient f
accumulation and subsequent translocation from the foliage tos the branches &
prior to leaf fall. This physiological process is also sensitive to ,S
environmental stress and would be a potential indicator of ELF field ;
effects. :]
Progress 21
Five 1x] meter litter traps are being used to monitor tree litter -
production on each permanent measuring plot at the antenna and the control ;!
sites, The fifteen traps previously established on the original control -
site were moved to the new control in May 1984. Litter was collected at tj
B intervals during the summer and weekly after the onset of leaf fall in early
i; September.,
ES In last years sampling foliage was taken from big tooth aspen,
IE paper birch, red maple, and northern red oak. However, an examination of .
g the nutrient concentrations in these leaves showed that, red oak foliage had E
2 the least nutrient variation of the four species tested. Consequently, Ei
E northern red oak was selected for an intensive study of crown nutrient
F: concentrations and translocation. Foliage samples were collected from more Ei
"
» 2
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northern red oak trees at both the antenna and control site in August,
September and October. An analysis of stem diameter data indicated that
sampling trees of 15 c¢m, 21 cm and 32 cm would adequately represent the
distribution of red oak on each site, Three trees of each diameter were
lTocated off of the permanent measurement plots at each site to minimize
disturbance. Leaf samples were obtained from near the top of the crown
using a 12 gauge shotgun with a full choke.

O¢c in a forced draft

A1l litter and foliage samples were dried at 60
oven. The litter was searated into the following categories: (1) leaves,
(2) wood, (3) miscellaneous and weighed, A representative subsample of ten
leaves was taken from each foliage collection and weighed, All samples were
ground to pass a 40 mesh sieve and are being analyzed for N by Kjeldahl
digestion, P by the vanadomolybdate method, and Ca, Mg and K by atomic
absorption.

Litter fall on the antenna site this year was much earlier when
compared to 1983 (Figure 11). Nearly all of the leaves had fallen by the
10th of October at both locations (Figure 12). A significant difference in
total leaf litter was found between the antenna and control sites (Table
34). Woody and miscellaneous tree components were a minor part of the total
litter fall and only small differences were evident between the sites. The
error estimate of the mean for total leaf litter fall was 356.6 g/m2 for the
antenna site and 29.6 g/m2 for the control site, or an error percent of 11.9
and 8.2 of the mean at « =0.05, respectively. This errror value is well
within acceptable variability standards for litter production studies and
indicates that no additional litter traps are needed for monitoring possible
ELF effects. While it is desirable not to have significant litter

differences between the two study sites, covariate analysis can be used to

separate possible ELF effects from the inherent site variation shown here.
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Periodic litter fall amounts varied significantly (P<0.05) between
the antenna site and fﬁe control site at all collection times in the fall
(Figure 13). These differences in weekly leaf fall were related to variable
tree species composition at each site. The antenna site has a much higher
proportion of dominant red maple and big-toothed aspen than the control. In
contrast northern red oak predominates on the control site. O0Qak leaves
remained on the trees longer than the maple or aspen and accounted for much
of the litter fall variations between locations, This species variability
in leaf retention is discussed more fully in Element Tree Phenology.

The average leaf weight of northern red oak did not show
significant differences (p<.05) between the two sites at any of the three
sampling dates (Table 35). No relationship was found betweeen sample tree
size and average leaf weight, Nutrient analyses of the foliage and litter
samples are being conducted and will be used to calculate total nutrient

losses to the trees from litterfall.
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\ Table 34, Total Litter Fall at the Antenna and control Sites. 51
Site Total Litter Fall
Leaves Woo Misc,
(gm/m°)
Antenna 1983* 264.1° 7.9L 3.5
1084* 307.2" 15.0% 19.0"
Control 1984" 341.88 101t 27.3"

* Litter collection period from August to November,

Litter collection period from June to November.

X e N L L T PP Y P P PR Y Y P PR YL R R L R LR Y L Y
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Table 35. Average Weight of Northern Red Oak Leaves at Aboveground
Antenna and control Sites. ~
3
Site Ave. Leaf Wgt. Standard Error .
(gm) Deviation % N
Antenna 0.52 *1.49 11.4
Control 0.55 1.22 8.8
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ELEMENT 9 DATA MANAGEMENT

The study design of the Trees and Herbaceous Plants and Litter
Decomposition Tasks requires the integration of ambient monitoring data with
biological data in statistical analysis in order to separate environmental
factors from possible influences due to ELF electromagnetic fields. To
facilitate this process SIR DBMS (Scientific Information Retrieval Database
Management System) was purchased. The database will allow the handling and
manipulation of large quanities of data as well as defining specific formats
for each data set. This will insure uniformity and compatibility in
integrating data sets within statistical analysis. In addition SIR provides
a convenient system for long term storage of data sets.

Meetings were held with each principle investigator to review the
type, amount and frequency of data being collected. As a result, the
initial database structure developed in 1983 has been revised in 1984 and is
shown in Appendix K. These revisions include the addition of two data
sets: 1) red pine seedling measurements (See Element 3 - Tree
Productivity); 2) red pine phenology (See Element 4 - Phenophase Description
and Documentation). The tree phenology data set has been discountinued as a
result of the elimination of sgvera] phenological events from the study (see
Element 4 - Phenophase Description and Documentation), Cambial activity and
leaf fall will be retained and data collected on these events will be stored
in the dendrometer band and litter trap data sets.

The data management plan for both the Trees and Herbaceous Plants
and Litter Decomposition Tasks remains unchanged from 1983 and is shown in

Figure 14, The field measurements are entered on a Polycorder (an

electronic data loggins device), or samples collected and tagged for further

103

B i Ko - %" B B s




BCAEA

Y

N

Bl R A A N A A AT A A Y A R o RS IR SIS MR

R A T A Y e v A D S 4

104

analysis. Data entered on the Polycorder is then transferred to the on site
IBM Personal Computer (1) for error checking. Laboratory analysis data is
also entered and error checked on the IBM PC as it becomes available. Data
is then transferred from the on site IBM PC to the UNIVAC 1100/80 SIR
Database using a 1200 baud asynchronous dialup line.

The daily ambient monitoring information is transferred via
satellite to Virginia (NESS) for initial storage (refer to Element 2). A
300 baud asynchronous dialup phone line is used to transfer data from NESS
daily to an IBM PC at Michigan Technological University (2, Figure 5). The
IBM PC will then transfer the data using a 1200 baud asynchronous dialup
line to the UNIVAC 1100/80 SIR Database.

The UNIVAC 1100/80 SIR Database (3) is then used to store, retrieve
and aid in the analysis of both the ambient monitoring and field
information. Data will be intermittently written to tape (4) for backup.

In addition, data’ not currently being analyzed will be unloaded from the

database and placed on tape to reduce file storage costs.
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E {;-: Figure 14. DATA MANAGEMENT FLOWCHART
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APPENDIX A

Summary report of vandalism
at the Trees and Herbaceous
Plant Cover Control Site.
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ra IIT Research Institute
L 10 West 35 Street. Chicago. Hlinois 60616
'_] 312/567-4C00

5 November 1984

70: Naval Electronics Systems Command, PME 110-EB
FROM: IIT Research Institute
Prepared by: 2
Approved by:
SUBJECT: Vandalism to Ecological Monitoring Sites - Michigan Technological

University

Over the last two years there have been several incidents of vandalism to
study sites occupied by the Ecological Monitoring Program. In late summer,
1933 boundary and quadrat marking stakes were removed at a Michigan State
University (MSU) site (Soil Arthropod and Earthworm Study). This summer
equipment was removed and emplaced in a nearby swamp (MSU-Bee Study). Most
recently, two study sites used by Michigan Technological University (MTU) have
been extensively damagzd. This memorandum documents the background, damage

and current status of the MTU sites.

Background

Michigan Technological University is studying physiological, population
and community aspects of upland flora (trees, herbs, fungi and soil
bacteria). One control site (Paint Pond Road) is located in Iron County,
Michigan and two test sites (iartell's Lake - Overhead; Martell's Lake -
Buried) are located in Marquette County, Michigan (see Attachment 1). All
sites are marked with signs indicating them as MTU environmental monitoring
On 16 October 1934 the control site was vandalized in the late morning
Subsequently, between 24 and 29 October,

sftes.
and possibly early afternoon hours.

the Martell's Lake - Overhead Test Site was damaged.
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Damage

Vandalism at the Test Site consisted of removal of 15 stakes marking the
boundaries of study plots within the site. The Control Site was more
extensively damaged (see Attachment 2). Repair costs at the Control Site are
estimated at $29,000 (see Attachment 3). Repairs at the Test Site should be
roughly equivalent to replacing boundary markers at the Control Site, i.e.
$700. As of 30 October 1984, the Martell’'s Lake - Buried Study Site had not
been harmed.

1984 as the field season was nearly complete. There will be some loss in the
continuity of data between 1984 and 1985, particularly for the herbaceous
phenology, and foliar analysis, study elements. In addition several project
personnel are adversely affected as they are using the data for postgraduate
thesis research.

Current Status

The Iron County Sheriff's Department has an ongoing investigation of the
vandalism at the Control Site; their report is enclosed (Attachment 4). The
Marquette County Sheriff's Department was contacted on 31 October concerning
the damage at the Test Site. Cost estimates (Attachment 3) have been
submitted to the MTU Research QOffice and will be made available to the Iron
County Sheriff after administrative review. Photographs of the damage have
been taken by MTU personnel and copies will be forwarded to the Project Office
when available. Sites are currently being restored, however several study
elements cannot be reestablished with the gpring of 1985.

Enclosures (4)

cc: PME 110-EC
Lt. C. Walker
J. Maurer, MDNR
{G. Mroz -
M.M. Abromavage
R. Carlson/file

............................................
................................................

The vandalism has not strongly affected collection of scientific data for
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-:': ~ ATTACHMENT 1

LOCATION OF UPLAND FLORA
STUDY SITES
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ATTACHMENT 2 118 |

LOCATION OF DAMAGE TO MTOD

PAINT POND ROAD STUDY SITE
T
Location of various damages to the Michigan Tech ELF research q
site located near the Paint Pond Road can be found on the attached “
map of the research area. Numbers circled on the map correspond -
»

to the damages listed below, .

1. On plot 312, the solar panal on transmitter housing was
unbolted and placed on the ground. Rain gauge was pulled N
out of the ground, moved approximately 20 feet, and layed
under the transmitter housing. Cable on the relative humid- -
ity-air temperature sensor was disconnected. '

2. Two cables from the ambient system junction box to the
soil temperature and moisture probes on plot 313 are missing. g
Cable on air temperature sensor was disconnected.

3. Plot cormer stakes on the red pine plantation were pulled
and tossed around. ) .

4., An unknown number of stakes marking red pine seedlings
were pulled and tossed around.

5. 172 out of 274 dendrometer bands were destroyed.

6. 38 out of 40 permanent meter square plots used for herbaceous
plant measurements were destroyed.

7. Plot corner stakes on the pole-sized tree plots were pulled
and tossed around.

8. Two of 15 litter traps were moved.

9. S5 out of 9 tree identification tags were removed from trees
S used for foliage sampling.

- 10. All plot corner and transect stakes on the herbaceous plant
1} reserve were pulled and tossed around. All flagging marking
: the transects was also removed,

* 11, Four soil temperature and moisture probes on plot 322 were -
N pulled out of the ground. i
N

v 1/'7?" (o7t -
s Peter J. Cattelino ]
: Research Associate :i
- October 22, 1984

ala 8o
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ATTACHMENT 3

ESTIMATE OF VANDALISM DAMAGE

o to ELF Envircaomental Monitoring Program
o Study Sites for Trees and Herbaceous Plant Cover
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38 of 40 plots.
no longer present on the sites.
spring to reinstall these.

a cause of concern.

PIP TS

HERBACEOUS PHENOLOGY

a. Jan Schultz
150 hrs. @ $12.63

b. Thompson Hill
128 hrs. @ $4.59

c. Pete Cattelino
60 hrs. @ $8.85

d. Beth Reed
30 hrs. @ $8.99

Fringes 26% of ¢ & d
3% of b

Travel 1600 miles @ .25/mile

35% OH

“« s u

Herbaceous phenologzy studies were seriously impaired with the destruction of
The locations of these are not known because the plants are
We will have to wait for emergence in the
However, by the time the plots can be
reestablished, we will have missed the phenophases in emergence.
addition, using different plots for these studies next year continues to be
At this time we estimate the value of dznzge as the
direct costs incurred this year. This cost is not reimbursable at this

1,8%

587

531

270

208
18

400
3,908
1,368

$5,276
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FOLIAR ARALYSES

Flags and labels were removed from hardwood trees used for foliage

sampling. New trees will have to be selected as these were scattered around
the plots. We will need to identify similar trees (based on crown position
and diameter) and find how next year's data compares to the bseline on -
treatment and control plots. If we find the same temporal relation in )
mutrient values across the study plots, this past year's data will be
useful. If not, it will be of diminished value. That value is estimated by
the costs of sampling and analyses given below. This value is not
reimbursable at this time,

Martin Jureensen

2 hrs. @ $23.28 559
Glenn Mroz

24 hrs. @ $13.81 (331

890

Fringes @ 19.6% 174

1,064

Analyses 5,380

6,464

+357. Indirect Cost 2,255

$8,699
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HERBACEOUS PHENOLOGY .

Herbaceous phenology studies were seriously impaired with the destruction of
38 of 40 plots. The locations of these are not known because the plants are

# no longer present on the sites. We will have to wait for emergence in the "
spring to reinstall these. However, by the time the plots can be
- reestablished, we will have missed the phenophases in emergence. In .
o addition, using different plots for these studies next year continues to be - 1
& a cause of concern. At this time we estimate the value of dznage as the -
F direct costs incurred this year. This cost is not reirbursable at this
time.
a. Jen Schultz 4
. 150 hrs. @ $12.63 1,894
: b. Thompson Hill
E:::’ 128 hrs. @ $4.59 587
- c. Pete Cattelino g
- €0 hrs. @ $8.85 531 N
d. Eeth Reed .
i 30 hrs. @ $8.99 270 §-
' Fringes 26% of ¢ & d 208 -
: 3% of b 18 -
. Trevel 1600 miles @ .25/mile 400
- 3,908 :@
35% Od 1,368 1
$5,276 -
3
‘9
s
:
-
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DENDROEIER BANDS

Portions of productivity and phenology studies depend on individual tree
diameter increment measuremnents. Vandalism involving the removal of 172 of
274 bands along with tree identification tags impairs each of these

studies. Replacement of these and re-identification of the trees is
imperative. This will entail exact measurement (to the closest .01 inch) of
the trees, matching these diameters to the last dendrometer band reading and
re-fitting the trees.

a, Glemn Mroz

80 hrs. @ $13.82 1,106
b. Peter Cattelino
160 hrs @ $8.85 1,416
c. Beth Reed
80 hrs @ $8.99 719
d. Thoapson Hill
160 hrs @ $4.60 736
e. Gary Lenz
160 hrs @ $7.40 1,184
5,161
Fringes
267, of b,c,e 3319 = 863
19.67% of a 1105 = 217
3% of d 736 = 22
' 1,102
Per Diem 753
Mileage 700 miles $ .35 a mile 245
Materials
Stainless Steel 250
Springs @ .60/each 103
Tegs _ 20
7,634
+ 35% OH 2,672
$10,306
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PLOT BOUDARY 144RKERS o

Most plot boundary stakes were removed from the study areas. In addition, ¥
flagping marking frequency and coverage transects in the herbaceous

reserve plots were removed. These can be replaced and costs are listed :3

below: ’

Peter Cattelino

24 hrs. @ $8.85 212 .

Gary Lenz ;;

24 hrs. @ $7.40 178 we

390
+ 26% Fringes 101
491 =

Plot Travel .
150 miles @ .35 52 -2

:;:}; @ 357 O 190 1
.
‘:.: $733 e
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k.
! " AYBRIENT MONITORING
. Damage to abient systems will require reconstruction of several cables,
reinstallation of some equipment and recalibration of sensors. In addition,
L scveral main cables received damage of unknown severity. These will have to
be tested. The estimated cost of this work is shown below.
L
1 Week
l Dave Wilson
40 @ $10.86 435
v Mark Anderson
: 40 @ $11.68 467
{ Carl Trettin
y 24 @ $14.23 342
Dennis Olsen
| 32 @ $10.13 324
. 1,568
g Fringe 267 408
[ ] Cables and Connector Replacement 480
| 2,456
Travel 300 miles @ .35 miles 105
. Per Dien 2 pers‘ons 5 days $21.50/day 215
2,776
: !
o 35% OH 972 }
$3,748
§ :
-
L.




[}

D

o
L A}

e Rttt AR MRS Mo Raf 2t i gl B B Aried S 2N arul AL o L SN . A I AN L A A AR A AR
~T N IR . e T T e - -

128
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Ch THE ATTLCIED COUPLAINT,THE ULOZRS1CNED WAS WIT AT THE SALRIFF DIP/RTNZST CFFICE 8

m

PETE

C/ATTELINDG RESEARCH BSSUCIATE FOR TiHZ CLF C"L CICAL KONITORING PAQCIAN WATCH 1S

B3TING CJUDUCTED BY RICHICAY TECH UNIVIRSITY ST DEPARTHZINT,

neand (INVESTIGATING OFFICCR) ZLTNE HITH C,'JTELI.‘IO,.‘..‘E.'«'T CUT _TO Tt DZSL/ACH

SITE (SIE ATTACHID I'AP) WHICH IS LCCATLD HEAR THT PAINT PCOUD AREA,TO JIVESTICATE A

PALICICYS DISTAUCTICY CHPLAIN

JPT A AL IT HAS HOTED THAT A SOLAR CGLLECTER PAGEL w/S RENDVED FRONIT'S

EAACNET (TIAE PANEL ,SRACKET KiD ATTACHED ASSEIBEY WAS CHEC/ED FOR TLOL MARKS.ALD OUSTED

FOR LATENT PRINTS, KO0 TOOL MARKS CJULD BE FQOUND 0‘{ THE UNIT,ONE PARTIAL FINGER PRINT

L0 CNE PARTIZL PALM PRINT WERE FCUID AND LIFTED WITH FINGER PRIKT LIFT TAPE, Td€ PaRTIEL

PAINTS ARE NMOT ENOUCH TC SEND 1HTQ THE STATE AYD FEDSR2l GOVEARN'THT TO ATTESPT 24
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CONTINUZI(STHIIRS) HAD SEEN PULLED FROM THD CROUND,THE GRTUID $C1SC2S

C2ILD NOT BE TOSTED FOR LATENT PRIGTS OUE TO THE FZCT THAT THEY ZRE WAL WITH

A R0IG TEXTURZD FIRISH AND PRINTS COULD XN2Y BE LCINTED,

A PRI GRUGE WICH IS LCCATED NEAR THE TRANSUITTER USIT H/S PULLED FRgM

THE CROULNDL,TAIS WAS ALSD DUSTED FOR LATELT PRILTS SUT NCHE CAILD ¢ E £2r9,
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RESEARCH
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PIa325CT TO COLLECTY LEAVES, TVICGS, STZD ETC. T:0 LITISR T2S UERE ¥Ovrd DISTURATUR
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APPENDIX B

Summary of Electromagnetic
field measurements
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‘|10 West 25 Strect. Chicago. Ilinois 60616
L] 31275672000

3 _!

29 November 1984

]
v

ety

Glen HMroz, Ph.D
Department of Forestry

£ Michigan Technological University

v Houghton, MI 49931

»

e Dear Glen:

. This letter is a summary of electromagnetic (EM) field measurements taken
r at your study sites. Please review and comment, if you wish,

k- On 15 and 21 May, personnel from the IIT Research Institute made EM field

measurements to assist in your final selection of study sites. EM field
intensities, comparison of data to exposure criteria, and site locations were
. detailed in a 27 June 1934 letter. Subsequently, sites 4Cl, 472 and 4T4 were
reneasured on 6 August and 9 August.

Y v r——— e w W v —
. -
)

e A summary of measured 60 Hz data for your study sites are listed in Table
!' 1. Estimated 76 Hz data was detailed in our 27 June letter. Both 1983 and

e 1984, 60 Hz data are provided for preliminary indications of exposure

. variability. Several new measurement points at your control site (4Cl-6,-7,-8
t iﬁ and -9) were established to determine the spatial variability of 60 Hz fields

from a nearby transmission 1ine. The location of these measurement points are
detailed on Figure 1. Fewer points were required to characterize your test

plots as they are remote from electric power distribution systems.
“leasurement point 4T2-3 is located in the northeast corner of the cleared

| plots at stake number 1, while measurement point 4T4-4 is in the northwest
t corner of the cleared plot at stake number 2. IMeasurement points 4T4-2 and
b .
_ 4T4-3 are 3 matars north and southeast of the GOES transmitter respectively.
. These later two points were occupied to determine EM fields strengths in the
[ vicinity of the transmitter.
v
!
b=
8 A R S S R I B S R RSt e AP A TS W




A1l of your sites will be remeasured during 1985. If available, please

forward plot maps for sites 472 and 4T4. Your comments on the required number
of measurement points for each site, or other inputs, will be appreciated.

Sincerely,

IIT RESEARCH INSTITUTE

S;;:<%. Zapotosky

JEZ/bjm O

cc: RBrosh iy

RDCarlson/File o]
JRGauger
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APPENDIX C

Equations used in determining
whole tree biomass.
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Equations used in determining whole tree biomass,

Species

Bigtooth Aspen1

Hard Map'le2

Jack Pine3
Northern Red Oak1

Paper Birch1

Equation (Author)

Y = .34LN [.6800+2,2234Ln(DBH)+.3390Ln(HT)]
(Young et al. 1964)

LogY = 3,186+2.35 Log(DBH) (Ribe, 1979)

]

LogY = 1.0368+2.4206 Log(DBH) (Hegyi, 1972)

u

LNY = (2.57 * LN (DBH))+.82 (Burks, 1981)

Y = .42LN [.8025+2.2238LN(DBH)+.3390LN(HT) ]}
Young et al. 1964)

Quaking Aspen3 LogY = -1.1115+2.3466 Log(DBH) (Peterson et al. 1970)
Red MapleZ LogY = 3.033+2.466 Log(DBH) (Ribe, 1979)
Red Pinel LNY = 0.8345622-2.4185 LN(DBH) (Winsauer and Steinhilb,
1980)
White Pinel Y = .36LN[.6502+2.2234LN(DBH)+.3390LN(HT)] (Young
et al. 1964)
1

height in feet.
2

3

Y is ODW in pounds, DBH is diameter breast height in inches and ht is

Y is ODW in grams, DBH is diameter breast height in inches.

Y is ODW in Kilograms, DBH is diameter breast height in centimeters.




BIOMASS IN KILOGRAMS
ANTENNA - 1984

TOTAL BIOMASS BY 1 CM. DIAMETER CLASSES

PB - PAPER BIRCH
BTA BIG TOOTH ASPEN
RED MAPLE

o -
.............

........
o 'e tat e N at it e,
L A A P L O S

DBR NRO PB BTA RM TOTAL

10 000.00 000.00 000.00 241,91 241.91

11 40.50 000.00 000.00 867.81 908.31

12 113.95 000.00 000.00 658.50 772.45

- 13 147.95 63.43 42.21 668.17 925.76

p 14 244,03 73.16 51.15 1240.83 1609.17

: 15 301.75 000.00 000.00 1304.98 1606.73

K 16 000.00 000.00 000.00 1514.79 1514.79

17 545.53 112.35 000.00 2010.44 2668.32

18 334,18 000.00 000.00 796.86 1131.04

19 365.78 303.85 000.00 466.93 1136.56

20 1062.28 184,10 120.88 689,27 2056.53

21 000.00 000.00 000.00 798.93 718.93

22 768.99 000.00 144,55 437.86 1351.38

23 883,26 000.00 000.00 000.00 883.26

] 24 960.79 000.00 579.36 000.00 1540.15

. 25 730.93 000.00 195,85 294 .49 1221.28

N 26 000.00 000.00 448,69 000.00 448,69

% 27 891.28 000.00 000.00 363.45 1254.73

- 28 000.00 394,18 258,13 000.00 652.32
29 1066.40 410.35 290.13 000.00 1766.88

_ 30 1771.14 000.00 620.33 000.00 2391.,47

y 31 633.24 000.00 000.00 000.00 633.24

- 32 1413,65 000.00 000.00 000.00 1413.65

- 33 755.67 000.00 400.80 000.00 1156.46

. 344 5643.65 000.00 000.00 000.00 5643.65

TOTAL 18674.93 1541,.43 3156.43 12355.20 35727.99

NRO - NORTHERN RED OAK

% % %

il

RN ‘... _" IR

- e . A
. I )
aca

{1

| O




..........................................................................

. TOTAL BIOMASS BY 1 CM. DIAMETER CLASSES
- BIOMASS IN KILOGRAMS
CONTROL - 1984

p DBH NRO PB BTA RM QA TOTAL
s 10 694.11 184,87 000.00 121.73 000.00  1004.71
: 11 267.71 562.53 000.00 331.29 000.00 1161.53
12 1141.16  264.23 000.00 167.26 000,00 1572.65
- 13 2355.23  426.38 000.00 000.00 000.00  2781.61
o~ 14 3332.79  520.07 000.00 000.00 000.00  3852.85
15 3004.32  472.08 000.00 000.00 172.17  3648.57
N 16 2558.94  397.45 86.64 000.00 79.41  3122.46
- 17 962.28 698.41 404.21 000.00 000.00  2064.89
18 1755.19 98.34 000.00 000.00 140.71  1994.23
8 19 3701.50 531.50 706.02 000.00 465.61  5404.62
- 20 3734.20 160.81 347.15 000.00 86.38  4328.53
: 21 4644.72 000.00 243.80 000.00 165.84  5054.36
22 2055.94 000.00 91.08 000.00 000.00 2147.01
.' 23 1831.13  131.95 406.94 000.00 154.62  2524.64
24 2617.84 84.04 134.46 000.00 222.15 3058.48
25 2233.58  126.17 289.41 000.00 41.76  2690.92
. 26 1727.38 46.50 744.12 000.00 253.77 2771.77
i 27 2054.48  000.00 147.58 000.00 131.45 1217.80
28 483.93  000.00 733.87 000.00 000.00 1217.80
n 29 681.73  000.00 000.00 000.00 000.00 681.73
30 174.18 000.00 000.00 000.00 000.00 174.18
31 87.42 000.00 000.00 000.00 127.59 215.01
32 433.23  000.00 000.00 000.00 000.00 433,29
33 964.93  000.00 000.00 000.00 000.00 964.92
34+ 595.34 000.00 000.00 000.00 000.00 595.34
.-
- TOTAL 46511.69 4754.32  4515.54 657.54 2110.613 56549.70
4 NRO - NORTHERN RED OAK
N PB - PAPER BIRCH
~ BTA - BIG TOOTH ASPEN
RM - RED MAPLE
QA - QUAKING ASPEN




-

ATl e e e e e )
.Q&&ﬁﬂﬁﬁﬁﬁﬁW@f(fY-

APPENDIX D

Soil Profile Description and

Compositional Analysis of the

Soil Occurring on the Control
Study Area.
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Feder Cleseification: A1fic Perlorthod; coerse-loery, cixed, frigid.

Series Cleesificetion: /Case)

Soll:

Flot ard Study: FLF (Control Site)

Locetion: Iron County, Fichigen. SF, SF Section 3, T41F, FI2V.

Clirete: Averege ernuel precipitetion is etout 250 rr; ceen ennuel eir terpereture is about eOc,

Vegetetion end Lend Use: Voodlend (Fed osk, white btirch, espen, suger raple).

Ferent Meterisl: Clecial till.

Physicgrephic Poeition: Polling urlend.

Topogrephy: Corplex slopes. Credient 1s 3 to 5 percent. Scutheest espect. Conceve, upper rlope
position. Slope length is 30 meters.

Croundweter: Felow 230 cms. .

Serpled ty: R. Kendell, B. Wilczynski. Fertember 20, 10€4.

(A11 colors ere for moist conditions.)

0f 548 5 to 2 cr. Undecorposed Ferdwood leeves end twigs; very sitrengly ecid; etrurt ercoth
tcundery. (2 to 2 co thick)

Ce 549 2 to 0 cm. Fertielly deccrpceed herdwood litter; very etrorgly ecid; etrurt rrooth
bourdery. (C to 2 cm thick)

A 550 C© to 4 cr. Terk reddish brewn (S5YP 2.5/2) fine sendy lcer; week fine grenuler structure;
very iriasble; reny fire rocte; extrerely scid; cleer srocth tourédery. (2 to S cr thick)

F 551 & tc © cr. Pinkish gray (5YP €/2) fine loery send; weok fine rutarguler tlecky ctructure;
fristle; rary fine and cocron mediur roots; extremely ecid; cleer wevy tourcery. (5 to € cm thick)

Pe1 552 C to 22 cr. Yellcwish red (SYP 4/€) fine lcery rend; roderete rediur esutzrguler tlocky
structure; frietle; many fine, ccmrmon pediur end few ccerse roote; ¥ percent pettles; reciur ecid;
greduel erootk tcundary. (1€ to 23 cr thick)

Fs2 551 22 to 55 cr., Yellcwish red (SYP 5/8) fine send; strong reciur suterguler tlocky structure;
frietle; few fine &end peny rediur roots; 4 rercent pebbles; slightly ecid; cleer rrooth tcuncery.
(20 to 22 cm thick)

F' 554 55 to €7 cm. Feddieh trown (SYP 5/7) fine sendy loer; roderste rediur subenguler tlocky
structure; frietle; few redium roots; few fine vesiculer pores; © rercent petbtles; meciur ecid;
greduel erocth tcundery. (12 to 14 cm thick)

(F/E)1 555 €7 tc 105 cm. Feddish trown (SYF &/4) grevelly fire rendy lcer (Ft) end light reddish
trcwn (SYF €/4) fine lcery send (E); strorg fire suterguler tlocky etructure (Et) end strong redium
suter puler tlecky structure (F); fristle; few fine end few rediur rects; few flne vesiculer pcres; 24
jercert jettles; rediur acid; gredusl erccth teundery. (2€ tc 40 cr ‘hick)

(F/E)2 55€  1CE tc 124 cr. Fed (Z.5YP 4/€) rerdy lcer (Pt) erd sellowieb red (S5YF £/€) lcery rend
(E); sireng redivir sutanguler tlocky structure; frietie; few fire rccte; few very fine vesiculer
peres; 12 rercent retties; slightly ecid; cleer ercoth tcundery. (17 to 1¢ cr trick)

C S57 124 %0 22C cr, VYellewish red (SYF 5/€) send; eingle greir; lccse; € rercert pettles;
sligrtly ecid; few irregulerly speced red (2.5YP 4/€) loery send terds.

ECTE: 2 leyer with 7C percent rettle content cccurred tetween €€ end 1CC em,

Reproduced from
best available copy.
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APPENDIX F

: Configuration of the Ambient
: Monitoring Platforms
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CCFTROL PLATFORM
Probe
Plot Cternel Sensor Furkter
321 1 Lir Termpereture Yot in Use¥*
2 Soil Temperature 5 cm 1328
3 Soil Moisture 5 cm
4 Soil Tempereture 10 cm 139
5 Soil Moisture 1C cm
z22 € Air Tempereture
7 Soil Temperature 5 cm 140
8 Soil Moisture 5 cm
S Soil Terperature 10 cm 141
10 Soil Foisture 10 cr
11 Soil Terperature 3C cm 142 Not in Use
12 Soil Moisture 30 cm
12 So0il Temperszture 10C cm 154 Yot in Use
14 Soil Moisture 100 cm
15 Soil Temperature 200 cm
1€ Soil Moisture 200 cm
322 17 2ir Terperature Kot in Use
18 Soil Terperature 5 cm 1432
19 Soil Moisture 5 cm
20 Soil Termperature 10 cm 144
21 So0il VMoisture 10 cm
311 22 Air Termrerature ot in Use
23 Soil Temperature £ cr 145
24 Soil Moisture 5 cm
25 So0il Terperature 10 cm” 14€
2€ Soil Yoisture 10 cm
212 27 Lir Terperesture
& Soil Terrerature 5 cm 145
2¢ Scil Yoisture 5 cm )
3 So0il Temperature 10 cr 15C
21 Soil lMoisture 10 cm
242 2 Lir Terpereture
3z So0il Tempereture 5 cm 152
z Soil VMoisture 5 cm
# 2 Soil Tenpereture 10 cm 152
- i: 2€ Soil Moisture 10 cm
3 . 2 Frecipitetion
Lo 2 Felative Huridity
( 2 Voltage
y 40 Snow Pillow Reprod
E. bes) ‘V:?'.Cilimc’:py_ o
TR
o *!veiting VET btoerd rodificetions.
N e AN A T




Plct Chernel

111

M WN -

112

|
O 03 N

-
N

113 17
18
12
20
21
22
22
24
25

B T S U

.
B . . :
TN P SR Wl SO, SO, P PR PO RS, P PRl P, AR P, S S SRR .

CFCUID PLATFCFE

Sensor

Air Terrpereature

Scil Tecperature £ cm
Soil Koisture 5 cm
Soil Terpereture 1C cm
Scil loisture 1C cm

Lir Terperature

Soil Terpereture 5 cm
Soil Moisture 5 cm

Soil Temperature 1C cm
Soil Koisture 10 cm
So0il Terperesture 30 cm
Soil Moisture 30 cnm
Soil Temrerzture 100 cr
Soil Foisture 100 cm
So0il Temperature 20C cm
Soil Moisture 200 cm

Lir Terperature

So0il Terferature 5 cm
Soil Moisture 5 cm
Soil Tempereture 10 cm
Soil Fceisture 16 cm
Fecistion

Peletive Kuridity -
Veltege

Frecipitation

Snov Pillow

*lveiting VET toerd modificetions.

.........
''''''''''''''''
---------

Frobe

Funter

126

127

Fot in Use*

Xot in
Fot in
Not in
Kot in
Not in

.............
-------

Use
Use
Use
Ucse
Use

1




< Probe
Plot Crennel fensor Numter
:2 221 1 Air Temperature
h- 2 Soil Temperature 5 cm 11€
- 3 Soil Moisture 5 cm
b 4 Scil Terpersture 10 cm 117
- 5 Soil Foisture 10 cm
f.-:
L 222 6 Lir Temperature
7 €cil Terperature 5 cm 118
3] Soil FMoisture 5 cm
o So0il Temperature 1C cm 119
10 Soil Yoisture 10 cm
v
r 2232 11 Air Teperature
. 12 Soil Terperature 5 cm 120
. 13 Soil Moisture 5 cm
- 14 Soil Tecperesture 10 cm 121
15 Soil lMoisture 1C cm
- 211 16 Lir Tercreresture
17 Soil Terrereture 5 cm 122
18 Soil FKoisture 5 cm
19 fo0il Terperature 10 cm 12€
. 20 Scil Foisture 1C cm
. 212 21 tir Terrerature
oy 22 Scil Terpersture § cr 127
b 23 Soil Moisture 5 cm
24 Scil Terperasture 1C cm 128,
=~ 25 Soil Voistrre 10 cm
- 213 26 Lir Tecpersture
St 27 Scil Terrerature 5 cm 129
- 28 Soil Moisture 5 cm
¢ foil Temperature 10 cm 130
20 Soil Foisture 10 cnm
- 31 Precipitation
! 22 Pelative Humidity
2 Voltege
g z Snow Fillow
r
T e oy e e L i e e D N

CVEFFEAD PLATFCRM
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APPENDIX G

- NESS Data Retrieval Procedure
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NESS DATA RETRIEVAL PROCEDURE

Fach Day

An IBM-PC is plugged into a timer which will turn it on after
midnight. Once turned on, the PC runs a BASIC program that reads a file
containing the date and time of the last transmission received. It then
prepares a CROSSTALK script file that will collect all data from that date
and time forward.

The script file is then used by the CROSSTALK communications
program to dial NESS and control the collection and storage of the data to a
file on the IBM-PC. After the data has been collected, another BASIC
prograﬁ is executed to scan the data and determine the date and time of the
last transmission received. The date and time are then written to a file to
be used to create the next days CROSSTALK script file.

The timer is set to turn the power off on the PC at 2:00 a.m. 1If
the collection is successful, the PC will be sitting idle waiting to be
turned off, If, however, the CROSSTALK communication program is still
trying to connect with NESS, the script will be aborted. In which case, the
cdate and time of the last transmission received remain unchanged and the
next night two days of data will be collected.

The next morning, the PC is checked to determine if the data was
collected. If it was, it printed and scanned for missing, partial or bad
transmissions, If the data was not collected, because the PC was unable to

connect with NESS, a decision is made to either collect the data that

morning, or let it be collected the next night,

167
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: Once a week 33
The daily data collected and stored on the IBM-PC is edited and :;

combined into a weekly data file. <3

The weekly data file is then run through a BASIC program that 3

currently produces three files of summary information. One file consists of R

the raw data in a form suitable for inputting into the LOTUS-123 Spreadsheet 5}

program for analysis. The second file consists of the daily average, _

maximum and minimum values. This file is also suitable for inputting into Z

the LOTUS-123 program for analysis. Plus, it is sent to the UNIVAC ]
mainframe for later loading into the SIR Database., The final file contains '

just the daily averages. This file is sent to the UNIVAC mainframe computer ;

for analysis by a statistical package. g

The raw data, as received from NESS, is transferred to the UNIVAC X

mainframe computer for backup storage should the IBM-PC fail. o]

—d

Once a Fonth $§

The raw data transferred to the UNIVAC is copied to tape for long g

term storage. ;
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APPENDIX H

Seasonal diameter growth of each species
on the antenna and control sites.
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RED MAPLE

SEASONAL GROWTH

CONTROL PLOTS 1984

1

T
32 34+

T YT T T T
18 20 22 24 286 238 30
DIAMETER CLASS (em.)

| L A L

16

T ¥

14

@.,.
AN
AN

)).A —

)

r 1
" o
Q o

0.5 -
1
0.4 -

("wo) HIMON9 HILINVIA JOVAUIAY

RED MAPLE

SEASONAL GROWTH

ANTENNA PLOTS 1934

0.6 ~— -

v 1 v 4 1
32 34+

30

NN /.Vr/l %

~

NN WNTNTN
/ NN Vl/uplr-ko

(o]
~
AN
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NN T
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28
28
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PAPER BIRCH

L

26

22
DIAMETER CLASS (ecm.)

Lr-rﬁ"'r“;;ﬂ"r-rr—#
PAPER BIRCH

ARG
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20
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RED OAK

CONTROL PLOTS 1884

SEASONAL GROWTH
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RED OAK

DIAMETER CLASS (em.)
ANTENNA PLOTS 1984

SEASONAL GROWTH
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AVERAGE DIAMETER GROWTH (em.)

SEASONAL GROWTH

CONTROL PLOTS 1984

— QUAKING ASPEN

0.6
0.5 -
0.4
7
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E g
0.2 — //g?g
)
0.1
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AVERAGE SEASONAL GROWTH BY 1 CM. DIAMETER CLASSES Q

GROWTH IN CM. OF DIAMETER )

ANTENNA - 1984 ;

3

DBH NRO PB BTA RM AVERAGE =

10 .000 .000 .000 .079 .079 :

11 .163 .000 .000 .044 .050 :

12 .275 .000 .000 .104 .126 ..

13 .180 .201 .521 .061 .126 e

14 .003 .208 .100 .168 .143 E
15 419 .000 .000 .148 .193

16 .000 .000 .000 174 174 %

17 .225 .000 .000 .165 .169 oo
18 .078 .000 .000 .229 .185
19 .134 .024 .000 .154 111

20 .278 .140 .270 .248 .254 e

21 .000 .000 .000 .203 .203 *

22 .264 .000 437 112 242 .

23 .150 .000 .000 .000 .150 -

24 .256 .000 .460 .000 .358 ~
25 117 .000 .567 .132 $272

26 .000 .000 .453 .000 W 452 e

27 .134 .000 .000 .224 .164 -
28 .000 .268 407 .000 .337
29 .330 .240 .391 .000 .320

30 .391 .000 432 .000 412 e

31 .292 .000 .000 .000 .292 o
32 .349 .000 .000 .000 .349
33 .000 .000 .529 .000 .529
34+ L4117 .000 .000 .000 417

-

AVERAGE 247 .172 L4628 . 140 .185 L

NRO - NORTHERN RED OAK .

PB - PAPER BIRCH .

BTA - BIG TOOTH ASPEN -

RM - RED MAPLE
o
G T G O Tty T T T S R R

N LY,



AVERAGE SEASONAL GROWTH BY 1 CM.

DIAMETER CLASSES

177

GROWTH IN CM. OF DIAMETER
CONTROL - 1984
DBH NRO PB BTA RM QA AVERAGE
10 .073 .121 .000 . 137 .000 .109
11 .008 .039 .000 .204 .000 .123
12 .066 .078 .000 .203 .000 114
13 .041 .099 .000 .109 .000 .063
14 .079 .003 .000 .000 .000 .064
15 .061 .070 .000 .000 .125 .068
16 .066 .083 .008 .000 .109 .069
17 .102 .079 .159 .000 .000 .104
18 .092 .125 . 125 .000 125 .100
19 .130 147 170 .000 .107 .134
20 .132 .124 .234 .000 .163 .149
21 .135 .000 .269 .000 .189 .160
22 .174 .000 +315 .000 .000 .185
23 .179 .102 .361 .000 .300 .218
24 171 .117 .300 .000 .224 .183
25 .197 .104 «357 .000 .208 .208
26 .160 .000 .353 .000 .368 .209
27 214 .000 .330 .000 .024 .208
28 .288 .000 .361 .000 .000 .332
29 .000 .000 .000 .000 .000 .000
30 .262 .000 .000 .000 .000 .262
31 216 .000 .000 .000 .117 .167
32 «235 .000 .000 .000 .000 .235
33 .208 .000 .000 .000 .000 .208
34+ .211 .000 .000 .000 .000 .211
AVERAGE 132 .083 . 273 .184 .171 144

NRO
PB
BTA
RM

QA

NORTHERN RED OAK
PAPER BIRCH
BIG TOOTH ASPEN

RED MAPLE

QUAKING ASPEN




NUMBER OF STEMS BY 1 CM.

DIAMETER CLASSES
ANTENNA -~ 1984

DBH NRO PB BTA RM TOTAL
10 0 0 0 7 7
11 1 0 0 18 19
12 2 0 0 13 15
13 2 1 1 9 13
14 3 1 1 16 21
15 3 0 0 15 18
16 0 0 0 14 14
17 4 1 0 17 22
18 2 0 0 5 7
19 2 2 0 3 7
20 5 1 1 4 11
21 0 0 0 4 4
22 3 0 1 2 6
23 3 0 0 0 3
24 3 0 3 0 6
25 1 0 1 1 3
26 0 0 2 0 2
27 2 0 0 1 3
28 0 1 1 0 2
29 1 1 1 0 3
30 2 0 2 0 4
31 1 0 0 0 1
32 2 0 0 0 2
33 0 0 1 0 1
34+ 3 0 0 0 3
TOTAL 45 8 15 129 197

NRO
PB
BTA
RM

NORTHERN RED O0AK
PAPER BIRCH

BIG TOOTH ASPEN
RED MAPLE

{

1




APPENDIX I

Timber Volume figures
for research plots.




"..\TURAL RESOURCES COMMISSION
Y TROMAS J ARCERSON
£ R CAROLLO
MARLENE J FLUMARTY
STEPHEN F MONSMA
n O STEWART MYERS
. RAYMOND POUPORE
+HARRY H WHITELEY

JAMES J. BLANCHARD. Guvernor
DEFARTMENT OF NATURAL RESOURCES

RONALD O SKOOG. Drrector

Regional Office

1990 South US-41
Marguette, Michigan 49855
January 3, 1985

Mr. Peter Catelino
Michigan Tech. University
Forestry Department

Houghton, MI

JCH: i1k

49931

Dear Pete:
Here is a breakdown of my cruise of the ELF research plots: (cords)
Main Line Test Ground Test Control
" Aspen pulp 32 50 20
2 Hardwood pulp 17 33 63
- 0ak sawlogs 1 2 7
' Pine sawlogs 6 2 1
56 87 91
My cruise did not include the 100' wide ROW, the wood less than 4"
l! top d.i.b. or top wood of logs that was used as pulp or firewood.

Sincerely,
j23444§¢ WA L2,

© NJack Maurer
Project ELF Field Coordinator
Phone: (906)228-6561
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APPENDIX J

-.‘ll'rr

Average values for seedling measurements by
site and date - first growing season
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APPENDIX J. Average Values for Seedling Measurements
by Site and Date - First Growing Season

DATE SITE SEEDLING BASAL PLANT NUMBERS OF SHOOT
CONDITION DIAMETER MOISTURE MYCORRHIZAL ROOT
(cm) STRESS ROOT RATIO
(bars) T1PS (WEIGHT BASIS)

GND - - 1.2 451 5.59

JUNE 20 ANT - - 1.3 348 5.35
(PLANTING) CTL - - 1.1 294 5.30
GND - .- 4.9 - S.14

JULY 12 ANT - - 3.7 - 5.22
GND 1.5 0.383 7.7 177 5.82

JULY 24 ANT 1.3 0.369 8.1 195 6.23
CTL 1.2 0.366 6.0 207 5.44

GND 1.4 0.360 8.7 - 4,99

AUG 7 ANT 1.3 0.367 7.8 - 4,01
CTL 1.4 0.347 7.0 - 5.11

GND 1.6 0.410 13.1 166 5.61

AUG 21 ANT 1.4 0.388 7.9 159 4,90
CTL 1.8 0.375 11.8 100 5.67

GND 2.0 0.376 15.4 - 3.67

SEPT 6 ANT 1.8 0.357 13.6 - 3.81
CTL 1.5 0.387 11.1 - 3.53

GND 1.8 0.468 16.5 190 3.95

SEPT 20 ANT 1.5 0.409 16.3 261 4,29
CTL 1.5 0.449 9,6 182 4,25

GND 1.6 0.465 18.8 289 3.43

OCT 24 ANT 1.6 0.428 21.0 383 3.97
CTL 1.4 0.501 11.3 412 4,19
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APPENDIX K

il Structure of SIR DBMS and description of record
associated with the Trees and Herbaceous Plants Task
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Description of records associated with the Trees and Herbaceous Plants
N Tasks. Each record is keyed to plot number.

. Ambient Monitoring Data: S

Element: 2 :ﬁ
: Contents: Daily precipitation, air temperature, relative i
! humidity, soil temperature and soil moisture values. g
t Collected on: All plots -

: Collection cycle: Daily

Dendrometer Band Data:

Element: 3

Element: 3

Contents: Diameter measurements of all trees 10 cm and
larger. .
Collected on: Control and antenna pole-sized tree plots. -
Collection Cycle: Weekly during the growing season. -
Pole-sized Tree Measurement Data: ;E
Element: 3
~
Contents: Yearly observation of tree height, diameter, crown b
position and tree condition on all trees 10 c¢m and larger. A
Collected on: Control and antenna pole-sized tree plots. =
) Collection Cycle: Yearly -
I Red Pine Seedling Measurement Data: ™
i L)

Contents: Yearly observation of seedling height, dizmeter,
condition and bud set on 100 red pine seedlings/plot.

Collected on: Control, ground and antenna plantation plots.

Collection Cycle: Yearly .
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e Red Pine Moisture Stress Data:
' Element: 3
o
Contents: Seedling height, diameter, condition, plant
:1 moisture stress value, top and root weight and mycorrhizal
LN counts.
- Collected on: Control, ground and antenna plantation plots.
b Collection Cycle: Biweekly during growing season.
100% Tree Inventory:
Element: 3
e Contents: Tree measurements on all live and dead trees 2.5 cm
P and larger.
| Collected on: Control and antenna pole-sized tree plots.
[ .
f Collection Cycle: Once
»
{ Red Pine Phenology:
S
{ S; Element: 4
Contents: Red pine seedling diameter, height, bud burst and
!' candle elongation values.

Collected on: Control, ground and antenna plantation plots.

T v

Collection Cycle: Weekly during the growing season.

Herbaceous Percent Cover:
. Element: 5 \
Contents: Herbaceous plant coverage measurenents.

oo Collected on: Control and antenna site herbaceous reserves
and plantation.

Collection Cycle: Yearly
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