
ti

t AD/A-001 924

IMPACT OF EXTREMELY LOW FREQUENCY
ELECTROMAGNETIC FIELDS ON SOIL ARTHROPODS.
ONGOING STUDIES AT THE PROJECT SANGUINE
WISCONSIN TEST FACILITY, 1973

Bernard Greenberg, et al

lIT Research Institute

Prepared for:

Naval Electronic Systems Command
Illinois University

November 1974

DISTRIBUTED BY:

National Technical Information Service
U. S. DEPARINMENT OF COMMERCE

i-



... . .. ...

* IMPACT OF EXTREkELY LOW FREJQUFNCY ELECTROMAGNETIC

FIELDS ON SOIL ARTHROPODS. ONGOING STUDIES

SAT THE PROJECT SANGUINE WISCONSIN TEST FACILITY, 1973

Bernard Greenberg and Noreen Ash

Depart•rent of Biological Sciences
University of Illinois at Chicago Circle

Chicago, Illinois 60680

"i/

•'D D 'C \

,•, ' .J rtATN I (-h ,>S 7 ":lW T-,.

ApproNW kv Pui MI
U\!e. I



UNCLASSIFIED
secutity Classification AD /4 gp

DOCUMENT CONTROL DATA. R & 0
frocop-Ory !efoslftie.Pl of litle. body of abstract and indesin~f annotation mwust be entered when the overall report is classified)

0. ORIGINATING AC TIVI TV (Corporate autho.) Ia0. REPORT SECURITY CLASSIFICATION

3Bernard Greenberg, Ph.D. .GRU

Impact of Extremely Low Frequency Electromagnetic Fields on Soil
Arthropods. Ongoing Studies at the Project Sanguine Wisconsin
Test Facility, 1973.

4. DESCRIPTIVE NOTES (lype of report and )nClusiv, dates)

S AU TI40RtI (First names, middle Iintial, feat name)

Bernard Greenberg

f~.REPORT DATE 78. TOTAL. NO. OF PAGWS 7b. No. or REF S

o-LJHY'7'3_ 4 . 5
$8 ONTRACT OR GRANT No so. ORIGIN ATOR'S REPORT NUMBERMS

N00039-73-C-0030
1S.b PROJECT N.0

c. 55b. OTHER REPORT MOM~ (Any other numbers that may be assijned
this report)

d.

O ISTRIBUTION STATEMENT

Unlimited Distribution

1I. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIV; t

U.S. Naval Electronic Systems

[3. ABSTRAC T Command, Sanguine Division

Possibl~e i~ong-term Sanguine impact on soil a--thropods was studied
in nine test plots and six control plots. Comparisons of test and
control po'nulations of mites and Collembola include statistical treat-
ment of within-year and between-year numbers, predator proportions,
Cryptostigmata: Collembola ratios, and Cryptostigmata: Mesostigmata
ratirns.

A striking result is the synchronicity and uniform amplitude of
population cycles seen in a three-year perspective in the control and
test plots. These similarities in population numbers are supported
by analysis of variance in all cases but one.

The observations support a corw'lusion that following four years
or operation, Sartguine ele~ctromagnetic fields have had no demonstrable
effect on the arthropod populations under study.

L.ý 1040M .1473 PCVICMSiNIn



UNCT.ASS IFIED
Security Classifica_ _ _

L4 LINK A LINK U LINK Clity *CO sO ..

"1O.I WT MOLl WY ROL9 WT

extremely low frequency
electromagnetic fields

soil arthropods i

collembola

cryptostigmata

prostigmata

mesostigmata

annual population curves
random natural fluctuation

biological impact of Sanguine fields

Ca

,p f

Ii

II
SJ'

• t +.I~curity Cllllelftcalltor



TABLE OF CONTENTS

1.0 Summary

2.0 Introduction

3.0 Methods

3.1 Sampling Sites

3.2 Sampling Schedule

3.3 Sampling Design

3.4 Sanguine Test Facility Operations

3.5 Electromagnetic Field Measurements

3.6 Statistical Treatment

4.0 Results and Discussion

5.*0 Acknowledge men ts

6.0 Literature Cited

Tables

1. Soil Types in Test and Control Plots.

2. Comnparison of Electric and Magnetic Fields at Test and

Control Plots. Antenna Current 300 amperes.

3. Magnitude of the Difference between Electric Fields at

Test and Control Plots at 75 Hz.[

4. Monthly Means/Core of Mites and Collenibola.

5. 95 Percent Confidence Limits of Mean Numbers of

Arthropods pe:: Core Sample.

6. Population Densities of Soil Arthropods in 1972 and 1973.

7. Analysis of Variance and Mean Proportions of Predators

in Paired Plots.

8. Inter-Year Analysis of Variance and Mean Proportions 1
of Predators in Paired Plots.



I

I Figures

1 1. Three-Year Summer Population Curves of Mites and

Coliembolans in Main and Experimental Plots, based on

& Monthily Means.

2. Three-Year Summer Population Curves of Mites and

Collembolans in Hazleton Experimental Plots, based

on Monthly Means.

3. Ratio of Cryptostigmata to Collembola in Hazleton

(Northern Hardwood Forest) Test and Control Plots.

4, Three-Year Ratios of Cryptostigmat, to Mesostigmata

in Mean Plots Show a Relative Increase in Cryptostigmata

in Test and Control Plots over the Last Two Years.

5. Site locations of Test and Control Plots.

?I

I

tii



- 1.0 S1UMMARY

Study of long-term impact of Sanv. 4ine electromagnetic fields

5 at the Wisconsin Test Facility was continued in summer, 1973, with

population analyses of 9 test and 6 control plots. The likelihood

of biological effects on predominant soil animals from long-term
exposure to Sanguine electromagnetic fields is assessed by com-
paring populations exposed to Wisconsin Test Facility fields with

I populations exposed to common 60 Hz electromagnetic fields of

various intensities. Three plots (Main, Clover and New Hazleton)
3hzre been monitored for 3 years, 5 plots (New Clover, North Leg,

GG, Hardwood and South Roadside) have been studied for 2 years.

I The original Hazleton plot was first sampled before antenna turn-on

in summer, 1969, and each year since, making a total of 5 years.

Comparisons of test and control populations of mites and

i Collembcla include statistical treatment of within-year and

between-year nunbers, predator proportions , Cryptost-'tmata:

Ccllembola ratios, and Cryptostigmata:Mesostiginata ratios.

In 1973, 13 out of 19 plots and subplots had fewer

arthropods than in 1972. The aven distribution (7 test and 6

control plots) rules o.\t a Sanguine electromagnetic effecL. This

is supported by inter-year comparisons of the 3 Main test subplots.

Although spaced only 30 ydz apart and w:.th the same flora,

soil, and exposure, these subplots differed from each other as

follows: in subplot Ala, the total count doubled from _ý98 in

1972 to 3287 in 1973; in Alb, the count remained about the

samc, while in Alc, it decreased almost by half from 2357 to

1 1291. The same prevailed in the control subplots.

In test and control plots there appears to be a stabilized

predator-prey system functioning at the microarthropod level.

1
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This is indicated by the following evidence. In 1973, there

were no significant differences i the proportions of predators

(Mesustiymatd, Prostigmata) in thq populations of 7 out of 9

test and control comparisons for the entire summer and on a

monthly basis. In 8 out of 11 test plots (73%) end in 5 out

of 8 control plots (63%) there was also no significant shift

in proportions of predators between 1972 and 1973. The 6

significant shifts occurred equally among test and control

populations.

Prostigmates and .nesostijmates in 1973 continued to have

similar densities in paired test and control plots, as they did

in 1971 and 1972. These micro-predator3 make up about 15% of

the arthropods surveyed, with 7 to 30% their approximate limits.

It is noteworthy that after 4 years of Sanguine operation the

ratios Cryptostigmata:Collenbola (the numericallý dominant

arthropod groups) are roughly the same in the Old Hazleton test

and control plots. Furtheriiore, they approximate the 1969

pre-treatment ratios.

Also noteworthy is the synchronicity and uniform amplitude

of population cycles seen in 3-year perspective in the paired

plots. This is best illustrated by Collembola and Cryptostigmata

of the Hazleton plots and of the Main plots. These similarities

in population numbers are supported by analysis of variance in

all cases but one.

The foregoing observations support a conclL'.t-n that,

following 4 years of operation, Sanguine electromacnetic fields

have had no demonstra le effect on the arthropod populations

under study.

2
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S 2.0 INTRODUCTION

5 hlie scil arthropod census as a possible measure of Sanguine

bio2ogical impact was begun in 1969 with a single pair of plots--

I the Hazleton test and control plots--and continued in 1970. In

1971, the census was enlarged to include five test plots and

-1 three control plots, and in 1972, it was fuirther expanded to

eleven test and seven control plots (Greenberg 1972, 1973).

This report for 1973 presents observations on nine test and six

j control plots--the 60-Hertz and .,:ne other test plot were

obliterated by a bulldozer and inundated (not Project Sanguine

I related), respectively. The loss of the 60-Hertz plot is

particularly regrettable because it represents more than a 20-year

exposure of the biota to electric fields that were 10,000 X (1971)

to 18,000 X (1972) greater than ambient. Although this exposure

was roucnly around-the-clock and seven-days-a-week, there hac

1 been no substantial changes in total numbers of Collembola,

Prostigmata, Mesostigmata, and Cryptostigmata.

IThis report contains analyses of three paired plots under

I investigation for three years, and other pairs that have been

t studied for two years; the original fazleton plots have been

J monitored for five years. Comparisons of test and control

populations include statistical analysis of within-year and

between.-year predator proportions, population densities,

I Cr'ptostiqm,-ta:Coil-•.mbola ratios, and Cryptostigrmata:Mesostigimata

ratios.

I Some confusion regardirg the purpose of these studies has

beccme evident from comments received on previous r~ports. It mayI



!| 4

be helpful, then, to discuss the objective 'and several underlying

principles involved in these studies before proceeding further.

The particular question which these yearly studies address
is whether the loi -level, nonionizing electromagnetic fields

produced by the WTF operations are affecting several natural

soil animal populations in an adverse way. These studies

attempt to find whether srch a relationship might exist by the

process of comparative analyses of statistically-adequate

numbers of soil animals from "paired" soil plots. These studies

are not intended to show differences between populations in

recently distrrbed (by mechanical means) soils and relatively

undisturbed soils. They are intended only to determine whether

electromagnetic effects are evident between plots that are basic-

ally similar.

The criterion for selecting a "test" plot is that it is so

located that the predominant ELF electromagnetic exposure is that

produced by the WTF antennas. This criterion is satsified

generally by selecting soil plots very near to, and preferably

adjacent to, the existing antennas.

The electromagnetic criterion for selecting "control" plots

is that the electromagnetic exposure predominant at the plot is

produced from some ELF source other than the WTF.

This criterion usually is satisfied by finding a com-

parable plot far removed from the immediate Wisconsin Test Facil-

ity area

Ceitain localized differences occur between test and control

plots which cannot be avoided. Insofar as is practical, however,

control plots have been selectead which exhibit basically the same

natural characteristics as test plots used in these studies.

4
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if 3.0 METHODS

3.1 SAMPLING SITES

I The floral cover, localion, %nd othezr features of each plot

i have been previously described in the reports for ±971 and 1972
(also Gr:eenberg 1972, 1973). The plots are: Main test with its

J 3 subplots (Ala, Alb, Alc) and Main control with its 3 subplots

(Bla, Blb, Blc); Clover test (A2) and control (B2'1, West or Old

I (A3) and East or New (A4) Hazleton tests and control (B3). Soil

classifications of the above plots are given in the report for

1972 (see also Greenberq 1973). Soil classifications of the

following plots are given in Table 1: North Leg test (A7) and

control (B7); Hardwood test (AE) and control (B8).- South

Roadside test (A9) and control (B9); New Clover test (A10) arid

control (B2) ; GG test (A12) and control (B7) (Fig. 5). Soil

analysis of each plot was made by borings immediately adjacent to

the plot*.

3.2 SAMPLING SCHEDULE

Each test and control plot was sampled four times at

approximately monthly intervals, from June to September, 1973.

The schedule coincided within a few days with the sampling

schedules of previous years.

*We thank Edward Neumann and James Wardensky, soil specialists
for the Forestry Service of the U.S. Departmeat of Agriculture,
for analysing and classifying the soils (see also R.S.A. Radtke,
Cheuuamegon Soils, U.S.D.A., 115 pp., 1972.I

'I5
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1 3.3 SAMPLING DESIGN

The sampling design of previous years was retained,

including coring, transportation, and extraction of samples.

SEssentially, 8 randontized core samples were taken from each

plot &t monthly intervals, except for the Main plots i/here 4

cores were taken from each of the 3 test subplots and from

each of the 3 control subplots.

3.4 SANGUINE TEST FACILITY OPERATIONS

The step-wise increments in Sanguine antenna output starting

I with 10 amperes at inception in July 1969, and levelling -ff at

300 amperes in Mai .h 1971, have been graphed (Greenberg 1971).

A buried antenna was added in the right-of-way of the North-South

overhead antenna in late 1972 and became operational in Spring

1973. The average depth of this antenna is about 30 inches. The

I three antennas are operated in various inodes according to opera-

tional and ecological experimental requirements. The maximum

antenna current is almost always used when the antennas are oper-

a ating (e.g., 300 ampere's for the overhead antennas and 260 amperes

for the underground antenna) and the frequency of operation is at

I or near 45 or 75 Hz.

Some experiments have called for CW operation and others for

4 modulated operation. The modulation i. a low chip rate (roughly

1 16 Hz) MSK. For example, during the 1972 calendar year, a modu-

lated sign3l was used for 36% of the total operating time. Dur-

I ing the 1973 calendar year, a modulated signal was used for 6%

of the t.otal operating time.

A summary of the operation of the Test Facility antennas is

presented in Table 9. Table 9 provides a comparison of overhead

6



7

vs. underground antenna time and, also, shows the simultaneous

operation of the antennas. This table represents 95% of the

operational hours. The remaining 5% was at lower level currents

for short-term experiments.

3.5 ELECTROMAGNETIC FIELD MEASUREMENTS

Electromagnetic field measurements at each plot were made

in summer, 1973, by Henry Hegner of the lIT Research Institute.

Instrumentation was the same as used in preceding years.

3.6 STATISTICAL TREATMENT

Analysis of variance was performed on all data. The

data were transformed using the angular or arcsine transfor-

mation which is appropriate for proportions to prevent the

variance from being a function of the mean. Tests were

performed after the methods of Sokal and Rohlf (1969) using

standard 2-way analyses of variance with replication for all

tests exzept the Main test vs control which was tested using

a 3-level nested anova. A single classification anova without

a transform was used to compare the numbers of Collembola and

Cryptostigmata in the Main, Clover, and Hazleton tests and

controls. The CL about the mean were calculated with a

formula that -isumes a normal population with unknown variance

(Huntsberger 1967).

4.0 RESULTS AND DISCUSSION

Soil types and drainage are given in Table 1; paired test

and control soils are the same or are very similar and have the

S~7
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same pH1 and upper strata characteristics.

Elcctric and magnetic field measurements were taken at each

plot during summer, 1973, and are compared in Table 2 with data

obtained in 1972. The measured variations between 1972 and 1973

are not unusual.

All of the test and associated control plots are significant-

ly different in electric and magnetic field strengths as required

for the study, although the E-field strength for the Clover con-

"trol plot is larger than would be normally desired for a control

site. This condition is due to the fact that the plot is located

near a long buried pipeline which enhances the electric field

somewhat.

It should be pointed out that the results obtained at

six of the ploL-s during 1973 deviate from the corresponding

data obtained during 1972. These discrepancies are in the

electric field strength data. For example, the E-field

strength for the South Roadside test plot was larger in 1972

than in 1973, 'Ae GG roadside test plot was larger in 1973 than

in 1972. Both of these test plots are directly above and near

a buried antenna at a road crossing. Because of this fact,

considerable variation in the E-field strength can be obtained

due to the position of the probe wires within the plot. No

attempt was made to position the probe wires within the plot in

identical locations during 1972 and 1973 other than to place the

probe wires approximately parallel and perpendicular to the

4 1 antenna under test. Also, since these measurements were made

with a cne-meter nrobe, they are susceptible to local variations

in surface ea:th conductivity.

8
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Similar differences in data were obtained during the electric

field strength measurements at the New Clover and the Hardwood

test plots. Both of these plots are near the north leg of the

overhead N/S antenna. As with the previous plots, E-field

strength variations can be obtained due to the position of

the probes within the plot with respect to the antenna under

test, and because of local variations in surface earth conductivity.

One additional control plot had a decrease in its electric

field strength during 1973. The decrease in field levels at the

South Roadside control plot could be due to a localized variation

in soil conductivity due to a change in moisture content, for

example. Of course, from an electromagnetic point-of-view, the P
lower 1973 readings also increase the differences in electric

field strength between the corresponding test and control plots.

The inter-year differences in electric fields citedI • above are relatively small and do not disturb the experimental

designs because they reach a maximum 2-fold difference in only

one instance (GG test, 45 Hz, E/W antenna). It is evident from

Table 3 that E-fields at test plots are many times greater than

they are in corresponding control plots, and thus satisfy the

basic electromagnetic criteria for these studies.

Table 4 summarizes mean monthly counts of mites and

Collembola per core sample per plot for the four sampling

periods. Table 5 gives 95% confidence limits of mean summer

populations.

Table 7 compares total numbers of microarthropods per plot

in 1972 and 1973. The data show that in 13 out of 19 plots

S~9
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total numbers decreased in 1973 (7 test au•d 6 control plots).

i Rainfall was cunsidered a possible determinant and precipitation

records for the study area were obtained f com the U.S. Weather

Bureau. These showed that from mid-April to mid-September

total precipitation was 24.43 inches in 1972 and 25,98 inches

SI in 1973. This small difference in precipitation over a

5-month period is probably unimportant. Large fluctuations

in otal numbers were found in both the Main test and the

1 Main control subplots. For example, test subplot Ala yielded

a total of 1598 arthropods in 1972 and this doubled to 3287

Ii in 1973; in Alb the counts remained approximately the same,

while in Alc they decreased almost by half from 2357 in

1972 to 1291 in 1973. All groups of mites and Collembola

I participated in these inter-year shifts, upwards or downwards,

with the one notable exception of Cryptostigmata in Ala which

alone contributed to a doubling in 1973 (Table 8). These
subplots are only about 10-30 yards apart and have essentiallythe same soil, plant cover, and exposure. We do not know what

I factor(s) are responsible for these differences in arthropod

production but they are evidently not due to a Sanguine

electromagnetic effect.

The four groups of arthropods under study divide fairly

well into predators (Mesostigmata and Prostigmata) and prey

1 (Collembola ai1d -.ryptostigmata). The former consume the

latter and '-he latter break down litter thereby contributing

to soil humification, and they also consume such microbiota

1 as fungi and bacteria. Statistical analyses were made of

predator-prey proportions in each test and control plot in 1972

10
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S and 1973. In 1973, there were no significant differences in 7

out of 9 comparisons of test and control pairs; except in two

cases these proportions also did not differ significantly on a

monthly bazis (Table 7). Nor did they change signi'icantly

in the last two years in the majority of cases. Thus, 8 out

of 11 test plots (73%) and 5 out of 8 control plots (63%) had

a stable predator-prey system functioning at the microarthropod

level. There were 6 significant shifts but these divided

I equally among test and control plots (Table 8). Micro-predators

make up about 15% of total mites and springtails, with 7 to

I 30% their approximate limits (Figs. 1, 2).

I With the exception of the Hardwood control (B8), all of the

hardwood sites (A3, A4, B3, A8) exhibited a higher productivityII
as evidenced by total numbers of mites and springtails over the

two-year period.

I The observations that follcow and the accompanying figures

1-4, deal with the Hazleton, Clover, and Main plots that have

been monitored for 3 to 5 years.

Hazleton

After 4 years of ELF electromagnetic field exposure the ratio

I° of Cryptostigmates to Collembola at the Old Hazleton test plot (A3)

approximates the control and the 1969 pre-treatment ratios (Fig. 3).

Note the regularity of the 3-year Cryptobtigmatid population curves

j in the New Hazleton test plot (A4) matched by the annual

oscillations of the control, at slightly lower amplitude

i (Fig. 2). Both populations appear to be well regulated and

absence of any statistically significant difference (.25>P>.10)

in their numbers over a period of 3 years reinforces the conclusion
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that the mites are undergoing natural fluctuations unperturbed

by Sanguine Test Facility operation. The same is true of the

springtails although their curves show less symmetry (P'..75).

j The typical dynamics appear to be a midsummer peak followed

by a decline to about the level of our June sampling. We do

I not know if there is another population peak in the fall as

3 reported for more southerly populations. We tend to doubt

this as usually therF is snow on the ground from 6 weeks after

3 our last sampling to about 6 weeks before our first sampling.

Our spring and fall numbers compare so consistently that it

I appears that we are observing the main pulse of one oscillation

per year with a low overwintering mortality.

Clover

The red and white clover that was planted along the gas

pipeline (control) and antenna right-of-ways (test) has now been

largely replaced by grasses in the control plot and by grasses,

wild strawberry, hawkweed, large leaved aster, etc. in the test

plot. This floral succession may help to account for the absence

of a uniform pattern of fluctuation among Collembola and crypto-

stigmatids in test and control plots. For example, test

springtails had a fall peak in 1972 but not in 1973 (Fig. 1).

This burst was preceded in 1971 and followed in 1973 by much

lower numbers and indicates that in summer, 1972, constraints

on population growth were relaxed, allowing a 10-fold rise

instead of the usual 2- to 3-fold rise. Comparison of test
and control springtails for 3 years underscores their unpre-

dictability: in 1971, the two populations were in phase but

| the controls were more numerous (p<.0 2 5 ); in 1972, test and

12
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control were wholly out of phase and controls were still more

numerous (p<.01); in 1973 the two groups were in phase and

the difference in their numbers was statistically highly

insignificant (p>.75).

Main

Perhaps most noteworthy are the generally sAnchronous

population curves for Collembola and cryptostigriatids

seen in 3-year perzpective (Fig. 1). This is even clearer

when one connects the curves between years. This feature

of test and control groups is supported by statistical

analysis of Ccllernbola (.501p>.25) but not of Cryptostigqnata

(.0 2 5 "-p'-.O). it is interesting that in this open habitat

created by logging operations about a decade ago and which is

only slowly beinc reclaimed, the springtails are much more

tightly regulated than the oribatids, undergoing a seasonal

doubling while oribatids triple.

Three years of observation reveals that the oribatid

population crashes earlier in the control plots than in the

test plots. The test plots are in a more open area and

receive more direct sunlight than the control plots which are

in a scrubby area that is overgrown by September. This may

cause an earlier lowering of soil temperature in the control

plots and consequently an earlier population crash. Fig. 4

reveals an increasing ratio of Cryptostigmata to Mesostigmata

in the Main test and control plots during 1972 and 1973. This

is due to an increase in the numbers of cryptostigmatid mites

while mesostigmatids have held fairly constant or diminished

slightly.

13
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Ii The evidence presented in this report suppcrts a con-

•• I clusioa that microarthropod populations living in various

habitats along the Sanguine antenna continue to be unaffected

SI by its electromagnetic fields. This conclusion is further

supported by data on oxygen consumption and respiratory quotient

in slugs, two species of earthworms, wood lice, and red-backed

SI salamanders taken from under the Sanguine antenna and from areas

six to thirteen miles from the antenna. These data show no signi-

I ficant differences between test and control populations in any of

the five species living in nature and exposed to Sanguine-generated

I fields for four years (Greenberg 1974).
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Table 3. MagInitude of the difference between electric fields
-tL Lu-st and control plots at 75 Hz.

Test series Test/Control

Maip~c 9.5-105X

Old Co'ver 12X

New C ov.• r 12X
UI

North 1 ]456X

310X

Old 1 a z 1 o• 94'5X

e .r : . 344X

[i a dwo •'j:15 7.ý,

ra the o -nields Are larger in the test plots

4, rb,

.- ' i ,t,- na oI)Lorat j q.

C * .']rla OvgOratIf'lOJ.
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Table 7. Analysis of variance and mean proportions of predators in paired
T plots.

Average propor. Average propor. Test
Site predators1  predators vs Months

in test in test control

A Main (Al, BI) .1614 .1731 n.s.2 n.s.

Clover (A2, B2) .1312 .0979 n.s. n.s.

New Clover

(A10, B2) .1002 .0979 n.s. n.s.

Old Hazleton
(A3, B3) .0759 .1436 p<.001 p -0.024

New Hazleton
(A4, B3) .1098 .1436 n.s. n.s.

North Leg

(A7, B7) .0911 .2060 p<.001 n.s.

G G (A12, B7) .2773 .2060 n.s. n.s.

Hardwood
(A8, B8) .1850 .1610 n.s. n.s.

S. Roadside
(A9, B9) .2009 .2014 n.s. .005<p<.Ol

1 Prostigmata and Mesostigmata

2 Not significant at the .05 level of significance.

I
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T Table 8. Inter-year analysis of variance and mean proportions of predators
in paired plots.

1
1973

Site vs
1973 1972 1972

Main test Ala .1438 .2766 .001<p<.005
Alb .1848 .2205 n.s.
AIc .1557 .1864 n.s.

Main control Bla .1413 .2710 .001<p<.005
Blb .2245 .2681 n.s.
Blc .1534 .2047 n.s.

Clover test A2 .1312 .1473 n.s.

New Clover test A10 .1002 .1141 n.s.

Clover control B2 .0979 .0968 n.s.

Old Hazleton
test A3 .0759 .0674 n.s.

New Hazleton
test A4 .1098 .1425 p. .025

Hazleton
control B3 .1436 .1275 n.s.

North Leg A7 .0911 .1231 n.s.

G G Test A12 .2773 .2934 n.s.

North Leg-GG
control B7 .2060 .1457 p^.005

Hardwood test A8 .1850 .2061 n.s.

Hardwood control B8 .1610 .2246 p..,.025

S. Roadside test A9 .2009 .2502 p.,.05

S. Roadside
control B9 .2014 .1916 n.s.

Not significant at the .05 level of significance.
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Table 1

SUMMARY OF OPERATION (SPRING 1973 TO PRESENT)

Number of Hours/Month

.. ' ' Mode"

Month/Year NSOH EW NSB NSOH & EW NSB +EW

March 1973 93.5 20.5 - - -

April 82.0 75.0 61.7 - 7.5
May 38.0 81.1 - - 60.0
June 9.4 59.1 76.4 - -
July 59.1 12.9 1.6 --

August 11.6 10.9 10.1 16.7 -

September - 5.8 7.0 131.0 6.2
October 11.2 74.3 3.7 8.0 -

November - 74.1 - 97.5 -
December 5.2 70.3 - - -
January 1974 4.9 1.3 0.2 205.9 58.6
February - - - 22.0
March 110.3 - - 129.7
April - 26.4 -

NSOH - North-South Overhead Antenna at 300A

EW - East-West Overhead Antenna at 300A

NSB - North-South Buried Antenna at 260A

NSOH&EW - North-South Overhead and East-West Antenna
at 300A

NSB&EW - North-South Buried Antenna at 260A and
East-West Antenna at 300A

21
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7 Fig. 1. Three-year summer population curves of mites and

I ~collemibolans in Main and Clover experimental plots,

j based on monthly means.
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Fig. 2. Three-year summer population curves of mites and

collembolans in Hazletou experimental plots, based on

monthly means.
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I Fig. 3. Ratio of Cryptostigmata to Collembola in Hazieton

(Northern Hardwood Forest) Test and Control Plots.
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Fig. 4. Three-year ratios of Cryptostigmata to Mesostigmata

I in Main plots show a relative increase in Cryptostigmata

S• in test and control plots over the last two years..
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I Fig. 5. Site locations for the Wisconsin Test Facility soil

I arthropod survey: Main test (1); Main control (BI);

Clover test (A2); Clover control (B2); New clover test

I (AlO); West leg test (All); West Hazleton test (A3);

East Hazleton test (A4); Hazleton control (B3); North

Sleg test (A7); North leg control (B7) ; GG test (A12);

Hardwood test (A8); Hardwood control (B8); South

roadside test (A9); and South roadside control (B9).
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