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fhe U.S. Navy is conducting a long-term program to monitor for possible
effects from the operation of its Extremely Low Frequency (ELF) Communications
System to resident biota and their ecological relationships. The program is
being implemented by IIT Research Institute (IITRI) under contract to the
Space and Naval Warfare Systems Command (SPAWAR). IITRI provides engineering
support and coordinates the efforts of investigators. Monitoring projects are
being carried out through subcontract arrangements between IITRI and study
teams at several universities.

This is the fifth compilation of annual reports prepared by university
study teams. Each report chronicles the data collection and analysis
activities for a monitoring project during 1986. As in the past, each report
has been reviewed by four or more scientific peers. Investigators have
considered and addressed reviewer critiques prior to providing their report
- for printing. Reports have been printed from original copies without change
or editing by either IITRI or SPAWAR.

The 1986 compilation is one of a series that documents the activities of
the Ecological Monitoring Program since its inception in 1982. Other reports
document engineering support and summarize the progress of the Program.
Previous reports provide information on the background, overall design, and
early development of the Program. All of these reports have been provided to
the National Technical Information Service for unlimited distribution. The
results of monitoring activities have also been presented at scientific
meetings or as journal articles.
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4, Abstract:

BN The most outstanding aspect of the 1986 field season was the

bﬁ( drought that extended from May through August, which was
dae

524 catastrophic to farmers in the U.P. It also suppressed
’\‘n 1

Al

LG population growth of soil amoebae.

Antenna and control sites, used in previous seasons were

:&5: continued. A new ground wire site was used in 1986. The sites
R have been characterized as to electromagnetic background (by
‘ﬁﬁ IITRI personnel), physical and chemical properties, and

ﬁﬂ biological characteristics.

MY studies of soil amoebae in 1983 were desfigned to provide

$1 sufficient data to determine sample sizes and methods of

% statistical analysis suitable for comparing control and

fﬁh‘ experimental sites. These were utilized in the 1984, 1985 and
gﬁ' 1986 field seasons. Filuctuations in total amoeba number were
§~. observed in both the 1984 and 1985 growing seasons at control,
gf” antenna and ground study sftes. The 1986 drought suppressed
L significant growth of soil amoebae.

The genetic diversity within a species of soll amoeba was

o determined by isoenzyme analysis of clones fsolated from control,
ﬁwf antenna and ground sftes. To test the effect of ELF

ot

;ﬁ electromagnetic radfation on the growth of amoebae culture

\‘4.‘;

e chambers were designed and constructed by [ITRI personnel. These
:;;" were used at the Wisconsin Transmitter Facility In 1986.
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S. Summary:

Plot selectfon and characterization: Site selection has
beern completea. Soil chemistry was performed on al) sites in
1986, with a statistical comparison of sites. Unlike 1985, there
were some differences between sites in terms of soil chemistry.
Possibly this was due to the atypical, dry season.

Species ang strain characterization: Acanthamoeba polyphaga

was used to test for strain heterogeneity within the sites.
Isoenzyme ana'ysis was chosen as the technique to detect strain
agifferences. Sufficient heterogenefity was observed between
cloral isolates to make this a useful technique to detect
possibie effects by ELF electromagnetic radiation on
heterogeneity within a species. A paper on this is in press in
the J. Protozoology. Restriction fragment analysis of
mitochondrial DNA is stiili being developed. We have submitted a
paper on the taxonomy of Naegleria species using this technique.
Population size: The total population of amoebae increased
auring the 1984 and 1985 growing seasons. Toward the end of both
growing seasons, the total population of amoebae decreased.
Population sizes were the same at control, antenna and ground
sites. Tne ratioc between vegetative amoebae ang dormant cysts
was laopliie both within ana between sites. The biological basis
for poputation fluctuations are pbelinmg investigated.
rYrooably due to the drought, little growth was observed in the
1986 season although population size gig not differ statistically
between study sites. Therefore, even thougn 1986 was an unusual

year, populations dig not giffer between stugy sites.

vii
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Growth and feeding activity: In the 1984 season, studies on
growth in culture chambers by A. polyphaga cemonstrated no
significant difference In growth between sites. This was done to
test the experimental ang statistical means for examining growth
"under the wire" ana to test the culture chamber design. By the
1985 season, tre electrical circuits associateo with the culture
chamber was aesigned and constructed by [ITRI personnel. An
attempt was mage to test the unit at the Wisconsin Transmitter
Facility, out 1t was not satisfactory because the antenna was not
running long enough to do the experiments at those times chosen
to work. In 1986 1t was possible to do a growth experiment while |
the transmitter was running. The brief experiment failed to
reveal differences In growth between control and experimental
culture chambers, but it did provide an opportunity to test the
system.

Ampbient monitoring: Soil temperature and moisture were
monitoreag continuously auring the 1984 and 1985 field seasons
(June through September), In both seasons the ambient data did
not correlate to changes in amoeba population. The moisture
content of soii In 1986 was lower and this correlated to smatl
populations of amoebae in soll. Soil temperature was somewhat

nigher during the growing season, probably due to the drought.
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6. Progress report:

1

OBJUECTIVES: The project objective is to determine effects of ELF

]

V' radiation on amoebae in sofil. The sfites chosen for this study
;':- are adjacent to the Michigan ELF transmitter.

f[ N For the 1986 field season, as was true for the 1984 and 1985
N 'G seasons, the primary objective was to demonstrate that the

”&'a control, antenna and ground wire study sites were biologically
EJbPJ similar In regards to sofl amoebae. In addition a base 1ine was
‘:. accumulated for comparison with future data, especially that

obtained once the antemna is operational.
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WORK PLAN ELEMENTS:

#0. Plot selection and characteri{zation.

Synopsis: The ground wire sfite was moved to conform with changes
fn the antenna ground location. From the data afven in thts
report, it would appear that the new site is biologically similar
to the other sfites. Hopefully, site selection is now complete.
Statistical analysis of sofl chemistry shows variability between
sftes. This may have been due to the exceptionally dry season

(Fig. 14); 1987 data may be more meaningful.

#l. Species and strafin characterization.

Synopsis: wusing morphological and physiologfical markers,

fdentify speclies and strains of soil amoebae from the study areas

so that possible changes in the poputation due to ELF can be

detected.

Specifics: Species of soil amoebae present at the study sites

are lsolated from soill enrfchment plates. In this way, clonal

fsolates of A. polyphaga were obtained from control, antenna and

?\ﬁ ground sites for {soenzyme analyslis. Soll amoebae are asexual
i;}; organfsms, reproducing without apparent sexual, genetic

? 3 recombination. However, isoenzyme analysis reveals significant
gﬁ; heterogenefty between clonal isolates.
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'.‘ ! The f{soenzyme patterns are the same as those observed for

K

:: . sexually reproducing, diploid organisms. For this reason, the

W

analytical and statistical techniques developed for {soenzyme

analyses of higher organisms is used fn the present study. There

S |

v

by is a precedence for this approach, {t has been used recently to

examine laboratory fisolates of Naegleris specfes (l.e. Pernin et

k=g

al. 1985). The "genetic distance" between clonal! Isolates and

L %)

between sites were determined by Nei’s method (Nef, 1972), a

Sl ol ol
r

w
PP
=

widely used mathematical expression of the retationships between
related organisms. This approach has been used to study {nter

and intra-species relationships (e.g. Avise et al.,, 1975). We

sda KB

) have published a paper on the genetic heterogeneity observed at

-

=
-

|

the study sites (Jacobson & Band, 1987).

It was suggested last year that | use species

vy

diversity/richness indices. This is not feasible, as noted iIn

the 1984 annual report. Not enough personnel are avallable to do

.
)
=

' the work necessary for this analysis. Since all of the species

-

-
-

e

%

observed do not appear on similar dilution plates (see the next

-
[ &

work plan element), many more plates would have to be set-up than

x4
.
=1

B is required for counting amoebae. As pointed out by one of the

reviewers, possible changes In species diversity would be

preceded by changes In genetic heterogeneity within the speclies,
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Mitochondrial DNA techniques are in progress. We have
submitted a paper on mtDNA and evolutionary relatfonships within
the genus Naegleria. A mtDNA analysis of A. polyphaga clonal

isolates may be needed to demonstrate species relationships.

#2. Population size and activity.

Synopsis: determine population size of amoebae Iin sofl and the
ratio of vegetative to dormant amoebae over the growing season.
This is a productivity measure which could be affected by ELF
radiation, it could also be a reflectfon of changes In the

microbfal food organisms due to ELF radiastion.

Specifics: an established soil dilution counting technique fis
used (Singh, 1946 as modifted by Darbyshire et al., 1974). 1In

order to count vegetative amoebae and cysts, samples are first

divided in half, one-half is used to count total cysts and

vegetative amoebae while the other half is treated to kfl]
amoebae so that only cysts are counted. Differentisal counts are

used to calculate by subtraction the total vegetative amoeba

count. In the 1983 season | found that 8 random samples,
subdivided into organic and mineral horizons (i.e. B samples per
g horizon), provided statistically significant data. Two-way
:$ﬁ analyslis of variance was used to demonstrate that there was no
» 30
C.."
AN significant difference in total amoeba and cyst count between
;ﬁ; control, antenna and ground sites for each horfzon In 1986,
)
daysls
'% . Table 4B glves the error (!.e. among) degrees of freedom as 21.
R
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o
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. #3. Growth and feeding activity.
|‘,‘.'
b .
ar :ﬁ Synopsis. Determine the in sfitu growth and feeding activity of
o :
' q amoebae fn soi! submersible culture vessels. This will provide
oy N
qk B date on growth rate, feeding activity and mean generation time
:! £
L]
gg,‘: (i.e. the cell cycle between nuclesr mitoses).
"o"t, 3
$$ E Rationale. The approach utilizes a known amoeba species
fd N previously isolated from the study site, Acanthamoeba polyphaga
I
o Sy
- & and characterized as part of the isoenzyme study. Direct counts
%g =5 of amoebae are made with a microscope to determine increase in
A
RN
%d number of organisms and nuclei over time. A log transform of
bt -
v ' these data provides a straight line plot which can be quantified
.'.’
:}.. by regression analysis. Statistically significant differences
1 4] \'
‘;': between slopes can be detected with confidence 1imits of the
)
‘: g line, a version of the t-test. This approach will be used to
%ﬁ determine growth rate snd thus mean generation time. Mean
I:
3; Q generation time is comparable to the cell cycle measurement of
l‘.. A

' time between mitoses of Physarum. Cropping activity will be

<
-
e |

determined by varying the number of bacteria for amoeba growth

2% ] and then following growth rate and maximum yield. Culture

'$ chambers, containing electrodes to eventually use in conjuction
o _. with ELF induced currents, was designed with the help of [ITRI
*z .. personnel. These electrodes will be connected with electrodes
e

N o buried in soil adjacent to the culture chambers, to produce the
;é:\j necessary voltage drop from the current In the sol!l, induced by
;:E ™ ELLF radiation.
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In the 1984 field season, {t was demonstrated that counts from
chambers buried at the research sites yielded growth rates that
were statistically the same. For the 1985 season, [ITRI
personnel designed and constructed the electrical components to
interface between the soil electrodes and the culture chambers.
See appendix for test setup provided by IITRI. It was not
possible to test these under the Wisconsin Transmitter antenna in
1985 because it was only perfodically operational. We were able
to perform growth experiments In 1986 at the Wisconsin
transmitter. The electrical {nterface between the culture
chamber, containing electrodes to pass a current through the
culture saline from sofl! electrodes, is necessary because it is
not possible to mimic electrical properties of sofl in a
physiologfcal saline. The soil electrodes consist of copper
pipe, 4" diameter and 3’ long. Scofl water is a dilute saline,
suitable for amoeba growth, but it is not a continuous phase
across a significant space. Therefore soil exhiblits higher
resistance than would be the case for soil water. In the case of
physfologfcal saline in the culture chambers, the resistance
across the electrodes s much lower than a comparable distance In
sofl. If growth in soil were used, {t would mimic normal soil
properties but cell counting procedures would lose a significant
degree of accuracy since enrichment counting procedures would be
required. Therefore, two different culture chamber arrangements

are needed, one to mimic the voltage induced In sofl and the

other to mimic the current.
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. #4. Ambfent monitoring.

g‘ Synopsis. Soil temperature and moisture are monitored. Both
measures are useful for general trends but falled to correlate to
changes In amoeba populations in previous field seasons. The dry
spell during all of the 1986 growing season did suppress amoeba

populations.

#5. Data analysis.

| SRR

Synopsis. Statistical analyses mentioned earlier are summarized

‘o
IJ.

- here. For amoeba counts in sofl, by soil dilution procedures, a
ﬁ one-way analysis of variance with B8 replicates per cell was
i adequate. One-way analysis of varfance was used for soil counts
:ﬁ (Table 4B) and sofl moisture (Table 5) because it Is not possible
E to compare sol]l horizons or sampling dates. The lower, mineral
. horizon is roughly twice as dense as the upper, organic horfzon
& so that number of amoebae/g sofl and soil moisture differs
- between horizons. Likewise differences between sampl!ing dates
g preclude sfmilar comparfisons. Growth measurements {n culture
w- chambers were analyzed with regressfon !ines, comparing slopes
u with confidence intervals (a t-test). Other statistical

?{ ;‘ comparisons (e.g. sofl chemistry, sofil pH, etc.) are done by

:ba analysis of variance. For {soenzyme determinations the mainframe

=
=53

computer {s needed to do the calculations by Nei’s method (Nei,

1972).
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SCHEDULE OF WORK ELEMENTS (Nov. | to Oct 3! each year)

MONTH
Element | 2 3 4 5 6 7 8 9 10 11 12
0 X X X
1 X X X X X X X X X X X X
2 X X X X X X
3 X X X X X X
4 X X X X X X
5 X X X X X
Reports X X X X X X X X X X X X
8
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EXPERIMENTAL

Q Methods and results will be presented Iin reference to the
h 5. LI
[t work Plan, given above.

*u -

1

L}

0' ! #0. Plot selection and characterfization. Site selection fs
\

vyl
K now complete.
%m .

'.Q' ".

Since there was no significant difference in total amoeba

E} & numbers between sites, soil characteristics were not as critical
ey
§~ as they might be if blological differences had been noted.

=2

However, a change in soil characteristics in future years could

affect sofl-dwelling micro-organisms. Table | shows the chemical

Y,
LI
QK

properties of the organic and mineral horizons for the control,

antenna and ground wire sfites, with replfcates. In comparison

=
o
o

E’,‘ ‘ with the 1985 data, differences exist between sites which might
<+t
V% 3 be attributable to the dry season. Long-range trends are

appearing in chemical data but | think an additional season of
data should be accumulated before a judgement is made. Table 2

demonstrates some significant differences between sites and

rr 2N

sampl ing dates. Table 3 demonstrates the slightly acidic nature

;i § of the soi! In a northern hardwood forest, without significant

: 3'5 differences between horizons, sites or sampling dates. Comparing
W X the 1983, 1984, 1985 and 1986 seasons indicates slight

fg :; differences In acidity, poss!ibly due to operator error.
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#1. Species and strain characterization. Specfies of soll
amoebae present at the study sites were {solated from sofl
enrichment plates. So far no species differences have been noted
between sites; species composftion was the same as in the 1984

field season. Species included Acanthamoeba castellanifi, A.

polyphaga, A. astronyxis (small strain), Hartmannellis sp.,

Rosculus sp., Naegleria gruberi, Vahlkampfia sp., and Mayorella

sp. For the {soenzyme analysis, | have chosen A. polyphaga. A.
polyphagas ts no more common in soil isolates than other amoebae
but fts cyst fs very distinctive which makes it easy to pick out
from soil dilution, enrichment plates (see #2 below). Isoenzyme
analyses of 5 clone isolates from each of the 3 study sites are
befing done. I am usfng the same {soenzymes as those used by the
American Type Culture Collectlion (Daggett & Nerad, 1983). As a
control, | used a strain of this species from the ATCC in the
fsoenzyme study. Included in the isoenzymes are some that have
been used by others, e.g. Pernin et al., 1985. | soenzyme
patterns of A. polyphaga show differences between {solates
consistent with a diplofd organism. Nel‘s method for measuring
genetic difference (Nef, 1972) 1Is used in this study. The data
from the 1985 season revealed more diversity between clonal
fsolates of the amoeba than was observed among sexually

reproducing animals.

10
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However, it was consistent with the large genetic diversity
cbserved among bacterial populations (e.g. ;Howard et al., 1985;

Milkman, 1973; Musser et al., 1986; Selander & Levin, 1980).
Genetic recombinatlon is efther absent or not detected in amoebae
while in bacteria recombination is a rare event. In nelther case
fs 1t required for reproduction. A paper on this work has been
published (Jacobson & Band, 1987). The 1986 season data is stil)
being analyzed, | had trouble with one of the {soenzymes which
has just been solved. Data completed for the rest of the
isoenzymes indicated a significant drop in genetic diversity at
all sites. This genetic bottleneck may be due to the drought
which would imply that a signiffcant part of the amoeba
population died, leaving survivors with a narrow genetic
varfability. This supports the sensitivity of fisoenzymes to
physiological stress in the natural populatfon. If ELF radfation
fntroduces stress, it should be reflected in a reduction of
fsoenzyme diversity as well. Data analysis for the coming season
(1987) will be avaitlable at the time of the annual report sfince
all isoenzyme procedures are now perfected.

#2. Population size and activity. From the 1983 field data,
the number of repljcate samples used to determine population size
at each study sfte (i1.e

10) was more than adequate since the

coefficient of variation was <10% of the mean.
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For a single site, 10 samples, | date and 9 D.F., a sfgnificant
difference at the 90% probablility level would be 1.4 X S.D. (from
8 power curve); for 8 samples per site this would drop a little
to 1.5 to 1.6 X S.D. For the 1984, 1985 and 1986 field seasons |
chose to use 8 replicates per site since there was little loss iIn
power between |0 and 8 replicate samples per site. Darbyshire’s
86 multiwell adaptation of Sing‘s soil dilution method
(Darbyshire et al. 1974) was used. The results of the 1986
season indicate that the control, antenna and ground wire sites
have the same number of amoebae/g soll in both the organic and
mineral horizons (Table 4, 4B and Figs | to 5, 15, 16, & 17).
Data on the distribution of amoebae between the cyst and
vegetative stages indicates that a proportion of amoebae are in
the dormant state for much of the season and vegetative amoeba
distribution does differ between sites (Table 4A, 4B and Figs. |

to 3 and 6 to 9). Specifically, Table 4 gives total counts of

vegetative amoebae and cysts while Table 4A gives counts of cysts
alone, thus the mathematical difference gives the number of
vegetative amoebae present in a sample. Figs. |, 2 and 3
represent Tables 4 and 4A in showing total counts and cyst counts
by horizon and site at vartious sampling dates. Fig. 4 and 5
compare total counts by horizon, which do not differ

significantly (Table 4 and 4B).
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,"‘ . The mathematically calculated number of vegetative amoebae f{s
i;' given in Figs. 6 & 7, while the percent vegetative amoebae fis
:' E: given Iin Figs. 8 &8 9. Total comparisons are shown in Fig. 15,
:::" 16, &8 17. The 1986 season was dry, according to the

~ ! Climatological Data publications of the Climatic Data Center,

.

g’, ;:: NOAA, May through August were all below normal rainfall months

& (Fig. 14). This is reflected in the small number of amoebae

1 :.: observed in 1986; very atypical in comparison with previous
NEN

53 ' yvears. A small increase in amoebae was noted at all sites for
E s the July 23 (day 53) count (Table 4, Fig. 17).

.,..‘ :,.,: #3. Growth and feeding activity. In 1984 | did do growth
:::’ * rate experiments {in the sofl submersible culture vessels that
e i will be used when the antemna is operational. In 1985 it was not
, o possible to test procedures under the Wisconsin antenna, but this
A N

:::.: Q\' was done fn 1986. The data are shown in Tables 6 and 7, and the
‘:': s setup methods area given in the appendix. Table 6 demonstrates
;" that there was no significant difference in growth rate between
N

3 ;:j duplicate culture vessels exposed to voltage and current

::‘ densities vs. control cultures. Table 7 gives the voltages and
.*-{E current densities measured in the growth chambers. The current
;;i ::_‘ density cultures, J-1 8 J-2, match the current density in sofil

, 2 while the E-field voltage in culture tubes matched the E-field of
., :' soil. In current density cultures the E-field voltage was less
; . than the voltage in soil and in E~-field cultures the current

s ﬁ density was more than that in soil.
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Plans for the 1987 field season: Since the Michigan antenna
will be partially operated at reduced power sometime this year, |
plan to conduct growth experiments at Michigan facflity. Even If
there is insufficlient power for doing full experiments it will
help in developing procedures and logistics needed for in situ
experiments.

#4. Ambient monitoring. Table 5 (and Figs. 10 & 11) gives

the mean 7% (w/w) moisture for individual measurements, taken when

the soill was sampled, for each set of 8 replicate samples per
horizon/site/date. During the growing season (i.e. June, July
and August) the soil was drier than in previous years. This
correlates to the small number of amoebae observed in soil.
However, the soil was not too dry, especially the mineral
horizon, in comparison with previous years. Thus the small

number of amoebae observed in 1986 correlates in general to a

poor growing year, but this may reflect a nutrient lIimitation
rather than an absolute moisture effect. I[If 1987 also exhibits a
drought, | plan to artificially water (i.e. approx. | inch/week)
a small plot near the control site to see if this supports growth

similar to previous growing seasons.
Temperature recordings for the season were somewhat warmer
than the 1985 season, consistent with poor tree foliage and drier

sofl (Figs 12 & 13).

14
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cM AM GM
80,84 22,23 25,28
91,89 23,22 21,21
36,36 32,32 32,32
36,36 36,32 33,36

632,632 920,800 758,716

R
N w
TABLE 1. SOIL CHEMISTRY:
’ * W
l SITE/ HORIZON
LA 2
- ELEM. DATE co AO GO
b p 1 46,45 40, 41 35,36
2 39, 45 41,39 38,35
"
K 1 108,108 116,124 124,128
‘ 2 2 84,92 100,104 100,104
B
Ca 1 2280,2360 2600,2560 2840,2480
\ 2 2080,2400 2560,2480 2360,2440

| 34

- a e m

R

7

fo—

160,156 160,188 196,192
120,132 164,176 160,176

Mg

v NO, 1 0,0 0,7.4 0,0

2 9.4,9.0  3.6,4.4 0,0

‘ %0rg.N.1 6.6,5.8  6.6,6.8  5.6,7.2
~ 2 6.6,6.4  7.2,5.8  6.2,6.2

L g

expressed as ppm except for %org.N.

W

HORIZON: O, organic; M, mineral

LA & 4

Data was obtained June 15 and July 23,
from 20 random samples.

Y KA

-
e

5 -
’ )

19
o

840,840 840,716 920,840

SITE: C, control; A, antenna; G, ground.

63,59 92,76 68,68
84,72 104,80 84,68
3.8,4.4 3.7,4.4 3.6,3.6
4.0,4.0 4.3,5.4 4.0,4.9
0.8,0.9 1.2,1.2 1.1,1.2
1.1,0.9 1.1,1.2 1.2,1.2

w
Performed by Michigan State University Soil Testing Laboratory, data

1986, each of which were taken

c"_)- - v“ e k(. 0 MO OO0
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TABLE 2

ELEMENT

Ca

Mg

NO

30rg N

«

e

Ty vy

Site
Date

Interact.

Error

Site
Date

Interact.

Error

Site
Date

Interact.

Error

Site
Date

Interact.

Error

Site
Date

Interact.

Error

Site
Date
Interact.
Error

SOIL CHEMISTRY 2X

D.F.

[« 30 S IS ) NN NN Ny DN - N NN - N

[oalN S Iy N ]

ANOVA: Two-way analysis of
sites /dates:

ORGANIC
M.5. F

60.25 13.904 *~
2.9999 0.6923 NS
5.25 1.2115 NS
4,3333 -——-
289.33 19.727 »~
1281.3 87.364 *«
9.3333 0.6364 Ns
14.666 -
90533.3 4.2975 Ns
53333.4 2.5316 Ns
12133.3 0.5759 Ns
21066.6 -———-
1668 14.717 »~
1281.33 11.306 *
217.333 1.9176 Ns
113.333 ———-
24.3633 5.2621 *
30.0833 6.4975 *
27.3233 5.9014 ~
4.63 —~——
0.10333 0.2366 NG
0.00333 0.0076 NS
0.08333 0.1908 Ns
0.43666 -——

= 5% significance level
= 1% significance

level

variance between

MINERAL
M.S. F

5272.58 2041 ww
2.08334 0.8065 NS
46.0833 17.839 »~*
2.58333 -—--
11.0833 5.32  ~*
6.7499 3.24 NS
1.75 0.84 Ns
2.083 ———-
8170.34 2.5842 NS
24120.33 7.629 *
23158.33 7.3247
3lel.666 -—--

403 3.875 Ns
363 3.4904 NS
26.9999 0.2596 NS
104 -——-
0.2275 0.9512 NS
0.8008 3.3484 NS
0.2858 1.1951 Ns
0.2392 ———
0.08333 14.286 **
0.0075 1.2857 NS
0.009999 1.7143 NS
0.005833 ———-
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TABLE 3. SOIL pH:

DATE SITE HORIZON
26JUNB6 Control Organic
Mineral
Antenna Organic
Mineral
Ground Organic
Mineral
30JULY86 Control Organic
Mineral
Antenna Organic
Mineral
Ground Organic
Mineral
Three-way ANOVA:
D.F. M.S.
#1. Site 2 1.7121
#2. Horizon 1 0.0608
#3. Date 1 0.3968
#4. Site X Horizon 2 0.4067
#5. Site X Date 2 0.1022
#6. Horizon X Date 1 0.1267
#7. Site X Horizon X Date 2 0.2223
Error 108 0.1854

:
2

1+ )+

6.59
6.60

i+ |+

6.24
6.24

1+ 1+

»
[0 N
I+ |+

6.69
6.65

1+ |+

(e
N
[
i+ |+

F-TESTS

Test

177
277
3/7
4/7
S/7
6/7

0
0.

o

o o

+ 5.D0. (n=]10)

.49
43

.41
.29

.32
.35

.54
.1

.32
.21

.41
.34

(none signif.):

F

3.8518
0.2734
.7851
.8301
.46

.5702

O O re
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js Table 4. Total counts from 8 samples per horizon/site:

[ " *n

L SITE HORIZON DATE MEAN #/g soil MEAN

5 Y + S.E. (/9 soil)

\ ’ e

tﬁ“ Control Organic 6/16 7.449]1 + 0.1657 1868

e 1/23 8.8460 + 0.2632 8712
8/21 7.5659 + 0.1633 2119

. 9/13 7.9171 & 0.0963 2840

Aa 10/14 8.1682 + 0.0963 3650

o

$g; Mineral 6/16 6.7327 + 0.1132 878

o 7/23 7.7145 + 0.1419 2394

’ 8/21 7.2806 + 0.0783 1482
“ 9/13 6.9847 + 0.1227 1136
e 10/14 7.1285 + 0.1226 1311
Li) >
s Antenna Organic 6/16 7.3258 + 0.1381 1631
§~ 7/23 9.5938 + 0.2529 18313
v 8/21 7.9847 + 0.2030 3466
- 9/13 8.0000 + 0.0898 3062
‘:}: 10/14 7.9502 + 0.1383 3944
AT
!r)f Mineral 6/16 6.3888 + 0.0671 605
5 . 7/23 7.6807 + 0.1761 2410
' 8/21 7.3713 + 0.1156 1667
AR 9/13 7.3355 + 0.1259 1613
zﬂ' 10/14 7.4924 + 0.1156 1882
N
o {

53% Ground Organic 6/16 6.9676 + 0.1057 1100
e 7/23 9.1213 + 0.2975 12821

. 8/21 7.7325 + 0.1937 2613
1iﬂ. 9/13 7.6329 + 0.1753 2268
;?ﬁ' 10/14 7.9886 + 0.1788 3303
ﬁ"‘!

5&5 Mineral 6/16 6.5730 + 0.1346 763
) 7/23 8.1089 + 0.1757 3698

A 8/21 7.3121 + 0.1427 1610
i 9/13 7.0862 + 0.1411 1271
iﬁf« 10/14 7.1169 + 0.1213 1288
[ % ‘. *

f%: Mean expressed as the natural log of amoeba number, used to calculate
N analysis of variance (Table 4B).

*? '*The mean calculated from log transformed data and the mean calculated from
:{'a the original arithmatic data cannot be interchanged. Computer calculations
.:¢2 round off log transformations which give rise to this error. 1In the 1985
.Jﬁa report, the arithmatic mean was calculated from the mean of the log
s transformed data.
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i

\) v Table 4A. Cyst counts from 8 samples per horizon/site:

" .' SITE HORIZON DATE MEAN 3/ soil MEAN

! + S.E. (#/g soll)

g " Control Organic 6/16 7.1908 + 0.2354 1487

N 7/23 7.2839 + 0.1623 1627

8/21 6.9156 + 0.1352 1085
» 9/13 7.1901 + 0.1225 1405

SRS 10/14 7.4409 + 0.1224 1905

‘ »

i Mineral 6/16 6.3835 + 0.0894 610

LN 7/23 6.6305 + 0.4000 762

g 8/21 6.6304 + 0.0709 771 |

9/13 6.2266 + 0.0747 517 ;

S 10/14 6.3703 + 0.0747 597

i

o Antenna organic 6/16 6.9142 + 0.0728 1027

N 7/23 7.1947 + 0.1300 1410

" ﬁ 8/21 6.9985 + 0.0800 1121

A 9/13 7.6631 + 0.1313 1978

. 10/14 7.1277 + 0.0801 1275

S Mineral 6/16 6.2918 + 0.0749 552

-, 7/23 6.6080 + 0.0651 753

S, 8/21 6.3414 + 0.0278 569
' 9/13 6.2396 + 0.0656 521

) 10/14 6.4629 + 0.0278 643

b ‘. Ground Organic 6/16 6.7506 + 0.0627 866

g - 7/23 7.6662 + 0.1772 2391

3 8721 7.0387 + 0.1333 1222
. 9/13 7.0186 + 0.1024 935

S 10/14 7.4687 + 0.1024 1817

o Mineral 6/16 6.2044 + 0.0805 507

N oD 7/23 6.6672 + 0.0893 786

i 8/21 6.4684 + 0.0755 671
- 9/13 6.4030 + 0.1184 642

- -0 10/14 6.3783 + 0.0245 590

-. \'

A " Mean expressed as the natural log of amoeba number, used to calculate

RS analysis of variance (Table 4B).
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TABLE 4B. One-way analysis of variance by date and hor{zon, data transformed
to In (see Table 4 & 4A).

TOTAL COUNT

HORIZON DATE GROUPS DF MS F
ORGANIC 6/16 among 2 0.479270458
within 21 0.142334461 3.36721307 NS
7,23 among 2 0.501909971
within 21 0.19909824¢ 2.52091608 NS
8/21 among 2 0.355528116
within 21 0.281089192 1.26482314 NS
9/13 among 2 0.272109509
within 21 0.1130476 2.40703482 NS
10/14 among 2 0.104514122
within 21 0.155619884 0.67153876 NS
MINERAL 6/16 among 0.236403191
within 21 0.094525995 2.506222¢64 NS
7/23 among Y] 0.00713757
within 21 0.036843232 0.19372724 NS
8/21 among 2 0.01697731
within 21 0.106292213 0.1597.287 NS
9/13 among 2 0.260635R53
within 21 0.13544330] 1.924141704 NS
10/14 among 2 0.364740849
within 21 0.114912128 3. 17407935 NS
CYST COUNT
ORGANIC 6/16 among 2 0.396097422
within 21 0.103083247 3.84240043 -
/23 among 2 1.14410234
within 2 0.591390201 1.9 14598%0F N3
8721 among 2 0.03151369C9
within 21 0.113209361 0.278hr4R NS
9/13 among y) 0.83142251
within 21 0.113924254 T.B424r 141 «+
10/14 among 2 0.2869331504
within 21 0.0850521723 3.374:2403 NS
MINERAL 6€/16 among 2 0.06414¢0415
within 21 0.0535706773 1.197404%1 NS
/23 among 2 0.45352029R
within 2] 0.218675909 2.07393 NG
8721 amorg i 0.166992784
within 2l 0.03067931¢89 5.4431 ;53 0
913 among 2 0.077363471 i
within 21 0.06372027."° 1.21410113 NS
10/14 among / 0.020706057¢5
within 21 0.019040441¢ 1.08747781 NS

»
i

5% slanifiran.e Jevel
.. i% sfanificance level
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TABLE 5.

SOIL MOISTURE (%, w/w)l:

CONTROL SITE

ANTENNA SITE

W TEN TON VI O T e e

GROUND SITE

HORIZON: ORG MIN ORG MIN ORG
DATE:
6/16 38.5+9.7 14.8+41.9 35.5+11 12.2+2.4 27.3+6.8 13.
7/23 17.3+43.3 8.6+2.9 34.7+49.3 8.6+3 33.7+7.7 10
8/21 27.5+10 10.6+2.9 34.7+12 8.9+3.7 38.6+8.3 10.
9/13 43  +15 16.9+43.6 55.9+3.5 15.3+3.7 34.5+10.3 14.
16714 §5.7+8.1 23+3.8 42.6+7 19.3+4.7 58.3+7.6 21
CNE-WAY ANOVA:
ORGANIC MINERAL
Date D.F. M.S. D.F. M.S.
6,/16 Between 2 325.731911 2 27.148552
Within 1 70.660251 21 9]1.748976
F= 4.6098324 * 3.1069534 NS
7,23 Between 2 677.493515 2 6.016663
Within Jl 52.353803 21 7.250587
F= 12.9406743 *+ 0.8298174 NS
B,21 Between 2 374.934845 2 0.420549
Within 21 B85.708315 21 4.641707
F= 4.3745445 ~ 0.0906024]1 NS
9/13 Between 2 873.604965 2 13.231162
within Jl 117.445924 21 9.444602
F= 7.4385914 ** 1.40097274 NS
16/14 Between p) 476.271584 2 78.805769
wWithin 21 55.388226 21 13.687277
F= 8.535R7874 ** 2.10456531 NS
] Sample size, 8
* = 5% significance level
**= |% significance level
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MIN

1+41.9

5+2

2+1.5

.843

s re e

7

n;\'

@

A




T W T I T e e Y T Y e T O T T T W I T W W T T Y T g T Y P ey Y VT Y WYY T wrve W W " = ——— = .~ —ee — T

Table 6. Regression calculations for growth of Acanthamoeba polyphaga,
log transformed, in soi)l submerged culture vessels at the Wisconsin
transmitter facility. Correlation coefficient also shown, as a separate
calculation to indicate the distribution of data.

w L 8.4

Experiment Slope 95% Confidence Limits Correl. Coeff.
E-field 0.01845 Ll = 0.051837 0.9578

L2 = 0.088738
Current 0.01211 Ll = 0.055395 0.9111
density L2 = 0.079630
Control 0.01247 Ll = 0.036606 0.8283

L2 = 0.061564

w
Mean Generation Time = 7 hr.

* %
For the slope of the growth curve.
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TABLE 7. Culture cell current densities and E-field voltages, Wisconsin

Transmitter, 1986.

Electrodel date/time Voc vcl vr Ec12 Jcl3
(mv) (mv) (mv) (mv/m) (mA/m2)

- s e

-
\-.'
o J-1 8/14,0946 1210 0.23 1200 2 2.3 :
1429 1210 0.5 1200 4.4 2.3 !
g 8/15,0850 1222 0.61 1210 5.4 2.3
’ J-2 8/14,0948 1215 0.23 1210 2 2.3
- 1432 1215 0.32 1210 2.3 2.3
:s 8/15,0852 1220 0.35 1215 3.1 2.3 |
£E-3 8/14,0950 1920 158 13.5 1398 639 J
rly 1435 1920 171 to 12.7 1416 601
P 160
8/15,0855 1920 160 12.7 1416 601
34 g-44 8/14,0953 1780 370 to 9.5 1398 393
158
. 1438 1780 175 11.0 1549 435

{i 8/15,0859% 1780 175 11.0 1549 455

1J electrodes: current density; E electrodes: E-fields.

.-

ZE-field: Ecl(V/m) = Vcl / 0.113m (length between electrodes).

>
2 3Current density: Jcl (A/mz) =Vr / R X xs. area of cl (mz). see #4
. below.
! where R (ohms) = 2.5 X 10° for J ; 100 for E
4Adjusted Vcl by adding more fluld to the culture vessel so that the
o final volume was 15.6 ml rather than the 7.5 ml used in the other
.. vessels. Submerged electrode area ("area of cl" cited above) was:
» a. 7.5ml = 2.11 X 1077 n?
5 b. 15.6 mL = 2.42 x 10”4 n?
4
10,
B
~
Q‘-
o
N
I:$
~
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Control site total counts and cyst counts.
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Figure 2.

ANTENNA SITE (1986)

Antenna site total counts and cyst counts.
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Figure 3. Ground site total counts and cyst counts.
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Figure 4. Average total number of amoebae at the 3 sites, ORGANIC HORIZ@S

ORGANIC HORIZON (1986)
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' Figure 5. Average number of amoebae at the 3 sites, MINERAL HORIZON
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Figure 6. Calculated number of vegetative amoebae from Table 4 and 4A
(by subtracting means); plotted to same scale used in 1985,
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gl Figure 6A. Figure 6 replotted to larger scale.

10/14

g/13

/7] ANTENNA SITE

7
DATE (M/D)

B8/21

ORGANIC (1986)

NN
\ N

7/23

BRI
20,IHOUSANDS)
14
L
6/16
BB covtroL sITE
[] crounp s1Te

VECG.

181
16
12t
10
8
6
4
2
0

o 1I0S WI/7¥38WNN

> 'v'{ '--.‘(,\ o \.l\ -,yﬂ"‘q\

A o b TR M Y P s B

T S
‘{ \b o !.. \" -l..".,-) 0 c.—,l,

2. el



« .

ey e

.

-
-
.

)

YRy

YLy

718

[
&
-ty

”

..,
. l‘
P et

oA
* ,x‘.’;*.',nf,flf;?o'_.‘_»‘

Figure 7.

’

Calculated number of vegetative amoebae from Table 4 and 4A
(by subtracting means); plotted to same scale used in 1985
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Figure 7A. Figure 7 replotted to larger scale.
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Percent vegetative amoebae, ORGANIC horizon.

Figure 8.
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Figure 9. Percent vegetative amoebae, MINERAL horiz.n.
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' Figure 0. Moisture content o! samples taken for counting, ORGANIC horizon
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Figure 1l1. Moisture content of samples taken for counting, MINERAL horizon.
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do Figure 13. Figure 12 temperature data plotted with the same data from the 1985

:5\, season (points as darker, x's); for much of the season, by inspection,
the 1986 temperatures were warmer.
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Es Figure 14. Annual rainfall by month for 3 seasons vs. average rainfall for 195]
to 1980 (i.e. normal). Data exerpted from the Climatological Data for
Michigan, published by NOAA.
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given both as log counts and absolute

vegetative amoebae and 7 soil water.

Summary of 1984 amoeba counts,

Figure 15.

%

numbers,

MINERAL HORIZON -1984
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Summary of 1985 amoeba counts, given both as log counts and absolute

Figure 16.

numbers, % vegetative amoebae and 7% soil water.
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\: ~ Appendix: IITRI provided the following procedures for testing growth in
.‘ electric flelds.
TEST SETUP
r_.f*l 2 BAND
.::’ ‘.‘.‘; -
Q,: ATCHED E-FIELD PROTOCOL

" 1) Measure maximum E-field in soil using 1 meter probe - E.

2) Multiply E-field value by 0.15 to determine the minimum required
- drive voltage, Vor (min).

VDR (min) = € x 0.15 (volts)

i 3) Locate collector electrodes in line with the maximum E-field in the
earth, and spaced far enough apart to generate a voltage across a
2000 ohm resistor which is greater than or equal to V., (min).

?& See Figure 1. OR
4) Measure and record electrode spacing and the open circuit (no load)
3 electrode voltage, Vy..
N
5) Connect the test cell and monitoring box to the electrodes.
R Refer to Figure 2. While monitoring the voltage across the test
ol cell only, VCL‘ adjust the variable resistor so that the cell voltage
~ is equal to the value given by the following formula:
L‘ .‘-:
5 V. = Ex 0.113 {valts)

NN cL

6) With the cell voltage set, measure and record the voltage across the
100 ohm series resistor, VR' This allows calculation of the cell

current and current density.

%ﬁﬁb !!ﬂ

7) Measure and record the electrode voltage with the test cell and
menitoring box connected and adjusted as per Step 5, VDR'

Yo MATCHED CURRENT DENSITY P2CTCCOL

;j 1) Measure maximum E-field in soil using 1 meter probe - E.

2) Locate collector electrodes in line with maximum E-field with
a separaticn of 1 meter.

5
R 3) Measure exact electrode spacing and open circuit (no load) electrcde
voltage, VCC' Measured voltage should be within a few percent of

~: that measured in Step 1.  If not, correct electrode spacing as
b acpropriate,

4; Connect current-limiting test ohamber (see Figure 3) to electrodes.
., Plaie the current limit select swtich to the A S0 meohnposition

2.5M
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§) Measure and record the voltages across the test cell, V

L the
resistor, VR’ and the electrodes VDR’ using the test point jacks.
Refer to Figure 3 for test point numbering.

The voltages across the resistor and across the electrodes should
be close in value to VOC from Step 3.

v R

R 2 Vor 2 Voc

The voltage across the test cell will be much lower, and can be
estimated as:

VoL — 0.6 x 107 x v, (volts)

50
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To Measure Across
Vel TPl - TP2
VR TP2 -TP3
VDR TPI - TP4

Fig.2 TEST CELL HOOKUP FOR MATCHED E-FIELD
PROTOCOL
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abtundance of various

of Collexbcla, mites and
fluctuations in Test and Contrcl, or showed highly s

arnd development of their life stages.

as well as species population

—

potential ecclogical changes in the future. Leaf

differ signirfic
studies were reduced in scecpe, but

sensitive to analvsis of potential future changes.

samples taxen once a weex.
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est and Control sites were sampled, as in previous vears, from earlv
Samples of arthropods and earthworzs were obtained at
Surface-activity of arthropods was assessed by

Based cn

amples have been identified
in community structure and
species pcpulations was shown to occur. Several species
earthworms exhibited either svnchronous numerical
vnihronized appearance
Cverall changes in community structure,
phenclogies, will be useful as indicators of
itter inputs did not

antlv either between sites or vears. Litter decemposition

were also tightened to provide data
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Sazpling schedules in 1980 were adhered to rigorcusly in 1986, from Mav 7
to October 22 (2-week intervals for arthroped and lumbricid samples, weeklv
collecrzion of diurnal and nocturnal pit-trap samples). Unlike previcus vears,
a third B herizon sample (to a depth of 30 cm below the A horizon) was extrac-
ticn of earthworms, in order to better quantify vertical distributicen during
dreouzht.

Environmental variables (air and soil temperature, soil and litter
moiszure, RE, precipitation) were monitored throughout the season. In 1986,
precipitation was severely deficient, particulariv during the first half
cf the seascn. As a result, litter remained dryv into Julv, and soil mois-
~ o

ure dropped below 25% as earlv as Mav. Epigeic earthworms were essentially

absent from leaf litter during this time, while endoselc species retreated,

[al
9]
42
W
[19]
0
b
(48]
wn
[
V2]
@)
(1)
g}
b
th

ic degrees, into the A-30 cm stratum and probably even

farthwecrm population cvcles were shown to differ between vears, tizming
and extent of cocoon production, and of juvenile ezmerzence the following

vear, >einz governed mainly by moisture conditicns. Dendrobaena octaedra

m
3
+
i
(14}
)y
)
e
]

ccurs in both sites and will provide a means of comparing

pre- and post-~ELF population behavior. So will twe dominant Aporrectodea

spo. A, tuberculata in Test and A. turgida in Centrol) which proved to
be wverwy similar in their biolegy and response te meisture stress.
Collembolan communities fluctuated from vear to vear in terms of

overall densities (higher in 1935 than in 1984) and in terms of community

struzture and compusition. Whiie the most comman species in both sites
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remained dominant, a large number of rare species were first recorded fro:

t

1985 samples, and several species encountered in 198. were no loncer prezent
in 1985 soil or litter samples. Among Dite taxa which have heen analvzed
in detail, three species exhibited verv similar life cvcles in Test and

Control, with synchroncus emergence of larvae and zazuration pa

-t
(ad
m
la)
o]
1]
ya
3

Uniike 1984, pit-traps were provided with barriers in 1985, As a result,

atche

[¢]
18]
w

of surface-active arthreopods were increased. Although statistical

r

reatzment of data is not vet complete, it is clear that diel activity

r

petterns are species-specific, and mav varv from vear to vear in response
to dav and night temperature regimes. Flexible species, doth of Cellembola

and Carabidae, switch to diurnal activity following cold nizhts, while less

b

nitv structure cf surface-active zroups was aiso variadle from wear
to vear, which 1s only partlyv explained bv effects of barriers. Rather

it is likely that such variabilitv is du

m
T
-
3
2
-
i1
[+V)
-
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w
s ]
fo
<
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surges and declines.

Litter inputs in 1986 were similar tc those observed previouslv, and
differed significantlv neither between sites nor between vears. Data on
litter standing crops for 1986 are as vet incomplete. We implemented a
litter-washing technique which will improve data accuracy and will aliow
a more realistic estimate of forest floor litter decav rates. However, nc:t
all samples could be processed pricr to the onset of cold weather, and the
remainder were stored until spring of 1987. We have discontinued litterbhag
studies, which vielded unrealistic decav rates, as weil as nutrient analvses

due to lack of manpower and insufficient control over data guality. Teal-
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SITES

TEST AND CONTROL

SITE CCMPARISON
Vezctation and scoil analvsis: completed

ENVIRONMENTAL MONITORING

-Precipitation

-Air temperature and RH
-Soil temperature

-S0oil moisture

-.itter moisture

L{MBRICIDAE ARTHROT "DA

-Distribution !
~Community structure
-Seasonal densities

-Phenologv of species

structure
vnarics

-litzer input
~Natura. iitter fturnover
~Litter mass :0ss

vy

monitoring ochfeztives In Test and Control sites.
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: I1. ENVIRONMENTAL 4ONITORING
JP
'. ! 1. Temperature and humidity
; Nineteen hunired and ef{ghty-six was the first year i{n which virtually
Y
%:5 cont {nuous records were obtafned in both sites Jith Onni{data logging equipment.
' '! Temperature seusors that were to be {nstalled at various depths {n Test and
o Control were conpared in the laboratory, showing that minor di{ferences existed
| ii between them. Those used for air, soil surface and A horizon (5 cm depth) moni-
R o toring were comparatively the same (< 0.5°C difference detween Te2st and Control).
! ij Sensors to be finstalled at 15 and 25 cm depths differed occasinnally, but not con-
'
A Eé sistently, by up to 1.5°C. WYe concluded that daily averages of readings taxen at
2-hour i{atervals 1in both sites would yleld valid temperature profiles over the
? E: seison.
L The voluminous data are not shown hera, but for =xa-qple Jally nmeans of RH and
\ II tenperature for a randomly chosen period of 14 days ara given In Table 1. Cli-
: gi matic variables were clearly similar {a both sites. Relative humidity tended to
b be slizhtly higher in Control, but standard hyzrothermoyraph charts showed that
[ !! Jdu4i{ly maxima and miniwa occurred simultanenusly and had the sime nagnltudes I[a
t R Test and Control. Air temperatures conslstently d1fferel by < 0.5°C, and sotl
o surface means Yy < 1.0°C. Soil tenmperatures at S ani 15 ¢m denpth tended to be
; ;? Wi{zher in Test, which i{s 1ot totally explained by sz2nsor {nconsistencies. Rather,
3 the diifarence s likely to> be r=2al and due to the watar-holding capacltles of the
: }‘ A horizon fhigher {n Control, see Sectinn II.3.).
> In surmary, alr (confirmed by hygrothermogriph readinz) and soll surface
" - temperatures udnder litter cover Jere reliably recorded throughout the 1986 season
o and are now alsn availahle for much of the 1985 season.
b
| &
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:a Table 1. F%xample of daily mean temperature aad RH in Test and Control, June 1l-14,
v 1986.
o
o °C
A % RH Alr 0 cn 5 cm 15 cm 25 cm
e T C T C T C T C T C r C
-.":-
';§ 6/1 78 78 8.0 8.5 11.7 11.5 13.3 12.0 14.2 13.2 13.0 12,0
NN
6/2 57 62 8.6 8.3 10.2 10.2 11.1 10.2 12.4 11.5 11.4 10.8
Q} 6/3 54 53 14.4 14.6 13.0 12.9 12,1 11.4 12,5 11.9 11.3 10.6
ﬁzi 6/4 76 73 14,3 14.8 13.9 13.4 13.6 12.5 13,7 13.0 12,0 11.3
. 6/5 62 63 10.2 10.6 11.5 11.3 12,0 11.0 12.9 12.0 11.7 10.8
B w M
<
N 6/6 64 63 12,1 12.2 12.2 11.4 12,1 10.8 12.8 11.6 11.3 10.6
.
o e
;}: 6/7 89 91 14.2 14.2 13.3 12.7 13.0 11.9 13,3 12.3 11.6 11.0
%F% 6/8 65 69 13.9 13.9 13.3 12.8 13.2 12,2 13.7 12.8 11.8 11.1
oy
j: 6/9 61 62 14.0 13.5 13.1 12.5 13.0 11.9 13.5 12.6 11.8 11.2
-
‘¢: 6/10 34 88 13.5 13.0 13.2 12.4 13.1 11.9 13.7 12.6 11.9 11.2
6/11 95 99 9.8 10.2 11.6 11.5 12,9 11.7 13.7 12.7 12.1 11.3
ke .‘.
.
T 6/12 94 98 10.8 11.0 11.0 10.8 11.4 10.4 12.6 11.6 11.1 12.5
A
o 6/13 68 68 14.0 14.0 12.9 12.7 12.7 11.9 13,1 12.4 11.4 11.0
J
o 6/14 78 79 13.3 13,6 13.0 12.7 13.1 12.2 13.6 12.8 11.8 11,3
? .
e
ﬂn. 2. Precipitation
;& The 1985 schedule of reading rain gauges four times durlaog two consecutive davs
L
,f% per wWJeek was continued through 1986, so that rainfall events surrounding plt-
'....
Lo tranpling days could be recorded.
.}f Nineteen hundred and efghty-six totals {May 1 to October 20) were 36.2 cm for
::ﬁ Test, 38.2 cm for Control, signifizantly below previous years' totals (Table 2).
7
v This severe deficit occurred maf{nly during “tay, June aand July (Fig. 2) wnen raln-
A
' fall events were aot only few but alss of short duration ani generally low {nten-
o
o sity.
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Table 2. Preclpitation totals ({n cm) for 1984-86, approx. from May 1 to October
15 of each year.

TEST

CONTROL

3. Litter and soil moisture

Snowmelt {n mid-April of 1986 was rapid, and was followed by a severe drought

fy x %y
.'.l. 'v" v, 3

g
-
a4 KW

{n the study area. What rain di{d fall was mostly {intercepted by the developing

a

canopy. As a result, rain gauge data showed some precipitation in terms of weekly

b N
0] ").'

totals, but leaf litter remained dry until late July (Fiz. 3) and was generally

drier than on sampling days of previous year (Fig. 4).

X a g
Ao

Unlike 1984 and 1985 (Fig. 5), A horizon molsture fell below 25% at the
beginning of the season in both sites and remained low {a both sampled horizons

through most of the summer (Fig. 6) due to subnormal precipitation. After 3 years

of monitoring soll moisture, {t seems clear that the Control A horizon possesses

slightly greater water-holding capacities than that of the Test site (Fi{gs. S and

6).

- -y
{

% %
$¢:.t'\¢:$ PR

ek
VA P

4 %N

e
A

L)
be™

o




R i 13

1, R
F" ~
YW RN
DA

.
B
_.

A

U
14 .
LR
Ry
1".

.
‘- ol
=
>4

s
=
i
e
<)
N
pel
¢ .
-

v s
(S
(W]
[}
|43
[¥7]

“
»
[ )
)
~—
~

-p_ =
Lol of o
.
¥
b
1
—

+
b & :
. = - ii
th ¥ = (eI, ’r \
CR =~ o \
o -z i ,
L P - i
. ::v ‘&, = /_____J
) “ - - / '
» =~ -
- Y N /// -
-' - _-”—‘,(_—// *
] — sy
-
4 o, " T .
'“'J - { J RS S O
S
d
' SAMPLING DATE
J
RN '..
e
Kn! -
"
'- 'f,
R -
'3 Fig. 3. Litter mcisture, in @ of drv weight, on fau-a. <arrling dates in 1238k
ﬂ )
}ﬂ -
W
Ayl .
: g
o .
-2 .
L]
., “‘
. AN
LI o
W
i,
". ' --
“» .
‘—-
o
'v:,' ‘."'
N' .
-
QY




—y———

—

1 2]
[¥)
(2

V)
-

t

—-----Tes

—1
9]
2] i
Iy 4
[ 1 X
Q ]
o V]
) [
i 4
(1]
o
.- v q
LT Gy N
R ‘u 1
.~ (@] PSR (=
\nu\.! \\‘ - G v
= - s [ [
\\ PPle ~ i
ﬂ 'y
\ N ] - t
~-a \ Y] .
S.-a J \ ‘ LD
4 wy o L U, I4
... 1] —_— T~ [l f
. ’ T— R
.. ' e " J
.'l[ - = - R bt
oL - )
///, e i b .
, ¢ ve- "7 T . 29 o
/. [ <
! T~ i “ ‘4
w. - wae )
e 7" o . ¥
\\ o ' 3
\\ i 1 i
P .
PO ﬁ i o ,
T J 5 .
- *\ . . t o ]
e . r, — ', ..W .
~ [
—~ — ' L - at X
// e - N
N = ‘,y el o
N vl BRI : .
N r < tl P
~
) O - -, .-
et . v, 1 )
1 ' ! td
L. ! A
e ¢ . .
“\ . +
. U\.nul| \ I X ‘.
s 7 > A
= PR !
A b ! ;
o w
o
13
) [N «H T O
o V3 Y] [ [ [ [N [ -1 u
-4 ' oy w) V5 (] U
-t o4 . t

QUNLSTUN  LNULd "

- e e flfnf-'.- g P Al L \-.s \J\.. .n-l... .-..-.. -.n . Dhup:hi'lﬂn»ln,l *\*“J‘fﬂ l<lﬂ4 . .f f-ff
‘ Wl -~w.1wf~.wa (NI YUNVORLE. ~ YRLOAAL" X ..\..\-.;.-.V 1Sy




S D D R

.
e Ve T s aT M u Ny

ke

et

]

g -
-

PaNT ™

LR R

DL

al

k s’l“

P m0g

.
o o',

TP TTTOT T TTTTY .y vm

15

-

ey

at famem .
S<C 4 A BEILIZTN, 11

-~ T o~

~
(WY

S - .

/ \
1 ~~~-“ \ //-%T; /’lfii_/"’\:

5b4‘
|
R L VA N
A - L, Lz .
ey
P L e /." AN
— - - N
= { . -
= =3 C
= 1 \\~_-
—_ [ -
) N J S . S c
- e- |
= T AETIIZTN, 188
= ! C T
e —~— . .
t - s ‘ <« - - -
Nz - N SR ———
- T ‘.\\,__\/’, e N
N 7
\\‘~‘_____/,
o
T
{
P DS EI 5
-
- r
' T A~ - e ~——— T
-7 S BRI el =~ -
- .
\ v - . < -
R I ST
Molzzure, in0% ¢l Croowelznn, iAol noMoTir omooLno Lria

S AT
L . W

CPC LAY [ et Mt s m- g -
'n‘\. - \ A L) \-. ™ ,\'-f i '\-J.V( I’~l' G .»-P\l‘.‘-'j
'y 3 L {5 -0, 90N, ¢ '(‘d;_'t‘

A
BN Sl a XX,




'w‘-—‘—v—'--—v-'~v‘-v-v-w

- — . — -

-1
)
[+
b

CON
-----TEST
S
st soll

-
T
.
=

T
—

ING DA
]

L

PON}
P
99

2 e

178}

RIZAN

- - - S

16
Ho

A

[

1

!
[}
! £
|

]

[}

!

/

- RS B B TUr

Tal wy Ay (VY ¢
L (g ] t:

HNLSTOW INADY A n

.vlf..rll o

.‘ .,rl.r.. .x.....,..‘..\s.a-:..\\.... LA RRR LAY CINER] [TRRARRAE
St i T S R LXK .‘.M..\...,.....-.. A 3 g L ..._. ..a.,Jm. 2 ; xXr: A




|":
v
e
.
r.
Q
K
fa
o
[N )
N
b
N
¢
r

L S

3

"
P

AR
L

.
»

ll: » 3

S T T e e T R R AT W TR W T AT TR T Ty TR vy w
e i Al -Gt g A et ghas Mok Mo har bR AL Aad Ah B'a A0 0 sk B auh A Lo Lan iueg) i g ]

17

I1I. SOIL AND LITTER ARTHRCPLDA

1. Extraction efficienciles

The variable extraction efficiencies for soll cores discussed {n our last
report prompted us to perform sugar-floatation after extractlion of Test and
Control samples on all 1936 sampling occasfons. The method {s very labor-
{atensive, because all speci{mens recovered after Tullsrea-extractlion have to be
rehyirated on slide nounts. However, almost all can be {ientified to speciles,
yreatly adding to the accuracy of population estinates.

Althouzh floatatinn samples have now been processed, the corresponding soll
core (Tullgren) data are not yet available, For two dates, howaver, we give
exanples of efficiency values in Table 3. They confirm our earlier conclusions

the varlabllity and degree of dlas inherent in the Tullgren method, at.

regariing 3

least fer the forest soills we deal with, Not onlv 31id efficiencles vary with
date, they also varled greatly between individual samples. In agreement with
Tamura (1976) aad Loring (1979), Onychiuridae were affected nost, particularly

Tuiidergia spp. which are the dominant menmbers of the family {n Test and Control

sofils.

Tatle 3. Percent effilclency of Tullgren extraction for Onvchiuridae and
Isotomidae, 1986 (N = 10 samples / site). E = total number Tullgren-extiracted;
F = total number recovered by floatition; % = percent of grand total successfully

‘

extracted in Tullgren funnels.

ONYZrAI RIDAE ISOT MInAE
E F E+F b ‘Rance, ") E F et e fRange, )
I VS
June 15 25 424 704 39.8 {(7.9-68.6" T4 7 9] 91,4 (50=100)
saly 28 112 492 A 13.5 ( 5=75.4) 24 11 35 £8.6 ( 0-102)
TELT
June 1% 38 Y 47 2,9 ( 1700 112 3 115 SIRA ( 0-129)
Taiv 2% wh 223 oe 2 1T ~ELL TS 15 ) D 1.4 (20-17™M
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We do not have efficilency data for 1985 samples, and will discuss the
Collambola of Test and Control with partial exclusion of Onychluridae, as in our
last report.

we have also made sample floatation after extraction a permanent work element

of this project.

2. Status of data

All 1985 litter and soll samples have been sorted and {jentified to various
taxononic levels appropriate to the groups of interest. Complete {dentifications
and summaries are avallable for Collembola. As proposed {n 1985, focusing only on
selected taxa among the diverse Test and Control Acari has allowed us to close

earlier gaps considerably. “Species A" (Mesostigmata), Asca aphidioides and

Nanorchestes spp.1> have been processed, 1including 1985 materlal, which {s made

available in the preseat report. In the case of Rhagidiidae and Eupodidae, we
have not yet had the benefit of the outside expertise we solicited, hut are pro-
ceeding with {dentification of 1985 material.

Anong samples taken In 1986, pit-traps were glven priority as usual, and
specles determination of trapped material has begun. Rough-sorting of soll and
litter samples from 1926 has just been initiated, and to save time ldentification
of specimens will proceed simulZineously. Sugar-floatation samples from 1986 have
13ng bSeen sorted, and nost of the specimens have been nounted and identified.

Overall, although the gap between sampling and data availability cannot be
significantly reduced, we are accommodating additional work {a terms of sorting

and {dentification of floatation sanplec and of the more aumerous pit-trapped

RS

specinens obtalned Yy barrler-trapplag (begun {n 1325).

Dhe help of Dr. ULliniquist {n fdentifying and characterlzing Nanorchestes spp. s
hera sratefully acxaowledged,
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3. Collembola communities of Test and Contrsl

i. Density and dominance

The two full-season sampling periods of 1984 and 1985 allow a first
assessment of year-to-year fluctuations In Test and Control communities., Table 4
details some of these changes. In terms of species composition, 15 specias were
added to the 1list for Test, while 3 were no langer recoried i{n soil or litter sanm-
ples. In Control, 20 species were obtalned for the first time {an 1985, while 8
wer2 no loager reccrded. In most cases, they represaent rare nembers of the conmu-

alzles. Notable exceptions are Folsomia bisetosa and Neelus minimus in Test (from

zero to > 3% overall ijonminance value in 1985); and Anursohorus altus and, agala,

Neelus minimus {n Control (Table 4).

Jverall, 1. notabilis was the singie most common specles {2 both sites and
both years. Its dominance value in Control {acreased, together <ith that of T.
flavescens and F. bisetosa. In both sites, the niajori:y of specles showed some
change In relative dominance (Table 4), a direct reflection of year-to-year flu--
tyations in abundaace.

Agaln excluding Onychiuridae, dominance relationships at the family level did
not vary drastically between vears (Table 5). It should Y2 1oted that all domi-
nance {acreases and decreases in Test corresponded to {ncreasas and decreases in
Control, often of similar magnitude. Furthermore, total numbers {n 1985 we: :
higher than in 1984 in both sites (by 43% {n Test, »v 38% ia Contrnal),

Overall density 1Increases could be attributed —alalv to the dominanzs {n both

sites, although significant contributions were also made by hypogastrurids,

1eelids and fsotomids not so far encountered (Table 6). T»slssnia bisetosa and

“eelus minimus provide examples for Test, W. intermelia, A, furcifera and N.

mi~t-1s for Control.
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N 1i. Diversity and similarity

fix Year-to year fluctuation in species conposition and relat{ve abundance
affected the diversity measures of these communities (Table 7). The leaf litter
subcommunities were less diverse tn 1985 taan in 1984, dominance {ndices corres-
X pondingly increasing in both Test and Control. The single most likely cause for
;t*. these changes was the increased abuniance of 1. notabilis (more than 2~fold {n

‘;& Test, 3-fold in Control, Table 6). Similarity indices for these subcommunities

WJere not Jreatly altered.
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Table 4. List of Collembola species and percent dominance (DI within family in

parentheses) in Test and Control, 1984-85. 0 = absent; - = D 17X.
TEST CONT2OL
1984 1985 1334 LD
SMINTHURIDAE
Sminthurinus henshawi (Folsom) 5.2(57.0) 6.2(54.8%8) 5.1(75.2) 5.9 (60.8)
S. macgilliivrayi (Banks) - (2.9) - (5.9 - (0.4) - (2.3)
S. quadrimaculatus (Ryder) 0 0 0 0 - (2.1 - 0
Sminthurides lepus Mills - (3.2) - (3.%) - (0.4) - (1L.7)
Dicyrtoma aurata (Mills) 0 0 0 0 - (6.3) - (2.95)
D. marmorata (Packard) 0 0 0 0 0 0 - -
Archopalites spp. 3.4(36.9) 3.6(35.5) 1.2(17.5) 3.0 (34.7)
3ourleti{ella hortensis (Fitch) 0o o0 0 0 - (0.1) 0 0
B. russata Maynard 0 O 0 © - (0.1) 0 0
ISOTOMIDAE
Isotoma notabilis Schaeffar 39.1(74.3) 40.4(74.5) 44.4(59.7) 538.0 (74.7)
I. nigrifrons Folsom 3.1(5.8) 2.2(4.0) 1.5(2.0) - (5.4)
1. viridis Bourlet - (0.3 - {0.8) 0 0 - -
I. pseudocinarea (Fjellber3) 0o 0 - (2.2) 0 o0 0 0
Folsonia nivalls (Packard) - (90.6) 2.2(4.0) 6.1(8.2) 3.8 (4.9)
F. bisetosa Gisin 0 0 3.9(7.1) - (0.2) 5.1 (6.6)
Anurophorus altus Chris. & Bell. 0 0 0 0 0 0 3.7 (4.7)
A. binoculatuys (Kneseman) 1.0(1.9) 1.0(1.8) 2.1(2.8) 1.7 (2.2)
A. septentrionalis Palissa 0 0 0 0 8.6(11.9) 0 0
Isotomiella minor (Schaeffer) 8.3(15.7) 3.8(7.0) 10.2(13.8) 2.8 (3.6)
Cryptopygus exilis (Gisin) 0 0 - (0.2 0 O Q0 (0.4)
C. decemoculatuys (Folson) - (0.3) 0 0 0 0 - 0
Proisotoma minima (Absoloa) - (1.0) - (0.5) 1.3(1.8) 1.8 (2.3)
ENTOMOBRYIDAE
Tomocerus flavescens Tullbeug 7.5(26.6) 10.6(41.4) - (15.5) 1.0 (26.8)
T. lamelliferus Mills 3.1(10.8)  1.0(4.2) - (7.3) - (2.6)
Orchesella hexfasciata Harvey 3.7(13.1)  4.7(18.3) 1.4(22.7) - (20.5)
Entomobrya comparata Folsom - (2.3) - (3.4) 2.2(36.5) 1.6 (43.3)
E. nivalis (L.) - (2.8) 1.0(3.7) - (2.2) - (2.3)
E. purpurascens Packard - (0.5) - (0.1) - (9.7) - (0.3)
Leptdocyrtus violaceous Fourcroy - (0.5) - (1.1 - (2.0) 0 0
L. helenae Saider - (0.3) - (0.5 - {5.0) - {4.0)
L. lignorum (Fabricius) - (0.1) - - 9 0 0 0
Pseudoslinella violenta (Folsom) 12.1(43.0) 6.7(26.1) 0 0 0 0
Willowsia buski{ (Luhbock) 0 0 - (1.1) 0 0 - (2.3)
HYPOGASTRURIDAE
Pseudachorutes saxatilis Macnamara - (30.7) 0 0 1.4(20.1) - (1.2)
P. indiana Christfansen & Bellinger O O - (0.1) - (0.1) 0 0
P. aureofascliatus (Harvey) 0 90 - (1.8) 0 0 (1.2)
Neanura muscorum (Templeton) - (42.6) - (14.5%) - (9.2) 2.1 (27.7)
Xenylla acauda Gisin 0 O 0o 0 2.3(33.6) - -
X. pallescens (Scott) 0 0 - (2.7) 0 0 - (2.1)
Willem{a intermedia Mills 0 0 1.4(27.1) 0] 0 1.7 (22.1)
W. similis Mills 0 0 1.8(35.9) 0 0 - (0.1)
Anur{da granaria (Nicolat) - (13.2) 0 o 2.3(33.2) 0 0
A. pygmaea (Borner) - - (1.8) - (3.3) (2.1)
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Table 4. cont'd.

TEST CONTROL

1984 1955 1334 1385
Anurida furcifera (Mills) 0 0 - (18.0) 0 0 2.2 (28.8)
Friesea sublimis Macnamara ) 0 - (2.1) 0 0 - (6.5)
Paranura caeca Folsom 0 0 0 0 0 0 - (2.1)
Odontella substriata Wray 0 0 0 O 0 0 - (56.0)
WEELIDAE
Neelus tristani B.8(99.9) - (2.8) 5.7(92.5) - (2.1
N. minutus (Folson) - (2.1 - (5.9) - (7.5) - (2.2)
N. minimus (Willem) 0 0 3.5(92.1) 0 0 2.7 (77.2)
E. snideri (Bernard) 0 0 - (2.1) 0 0 - (20.5)
ONYCHIURIDAE
Tullberzia mala Christ. & Bell. - (37.8) - (44.7) - (74.2) - (58.0)
T. granulata Mills ~ (46.7) - (33.7) - (18.0) - (22.6)
T. yosii Rusek - (10.1) - (2.6) - (2.5) - (9.7)
T. clavata Mills - (3.7) - (6.4) - (2.9) - (3.2)
T. falca Christiansen & Bellinger - 0 - (2.1) - 0 - -
T. fowensis Mills - 0 - (9.4) - 2 - (3.0)
T. hades Christiansen & Bellinger - 0 - (0.1) - 0 - -
Oaychiurus similis Folsom - (1.8) - (2.9) - (2.4) - (1.7)
0. encarpatus Denis - 0 - 0 - (9.4) - 0
0. affinis Agren - 9 - - - 9 - (9.4)
0. parvicornis Mills - 0 - - - 0 - (9.2)

NOTE: Onychiuridae only used for family-level calculations.

Table 5. Annual average density (May - October) of collembolan familles, 1984-35 (in
parentheses, dominance in % of total N). Onychluridae excluded.

ANNUAL MEAN N / "2 (D%)

TEST CONTROL
1984 1985 1984 1985
Sminthuridae 268 (9.2) 472 (11.3) 247 (6.7) 436 (9.8)
Catomobryidae 821 (28.1) 1065 (25.5) 219 (6.0) 139 (3.7)
Isotomidae 1536 (52.7) 2261 (54.2) 2727 (74.3) 3937 (77.7)
Hypogastruridae 34 (1.2) 214 (5.1) 255 (7.0) 387 (7.6)
Neelidae 258 (8.8) 157 (3.9) 224 (h.1) 178 (3.5)

TOTALS 2917 4169 3672 5065
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Table 6. Mean annual density/m2 (May-~October) of Collembola with D € 1% (see
Table 4). 0 = absent; - = <1/m2.

Al i B A d Ade aad 02h aid oig afe oo 0 a0 oy

ff"
]

L)
.

- LITTER SOIL
TEST CONTROL TEST CONTROL
; ! 1984 1985 1984 1985 1934 1985 1984 1985
.- S. henshawi 36 39 57 90 117 219 129 212
:: Arrhopalites spp. 20 10 2 4 79 158 42 46
. I. notabilis 120 284 291 879 1021 1400 1338 2062
N 1. nigrifrons 10 25 13 6 79 55 42 15
~ I. nivalis - 7 15 21 38 89 208 173
F. blsetosa 0 - 0 9 0 162 - 250 |
o A. altus 0 0 0 52 0 0 0 135
e A. blnoculatus 9 2 40 27 21 39 37 62
A. septentrionalis 0 0 27 0 0 0 283 0
~ I. minor 0 - - - 242 158 375 142
‘_ P. minima 3 3 3 9 13 8 46 81
. T. flavescens 56 83 17 16 163 358 17 35
! T. lamelliferus 14 14 8 - 75 31 8 0
0. hexfascfata 16 22 8 8 92 173 42 31
. E. comparata 19 21 71 51 0 15 8 31
o P. violenta 3 - 0 0 350 278 0 0
»®
P. saxatilis 2 0 10 - 8 0 42 4
! N. muscorum - 4 - 7 - 27 - 100
A X. acauda - 0 77 - 4 0 75 0
. w. intermedia 0 - 0 - 0 58 9] 85
o W. similis 0 0 0 - 0 77 0 0
- A. pranaria - 0 - 0 4 0 83 0
A. furcifera 0 0 0 - 0 39 0 112
’ N. tristan{ 7 - 8 - - 4 - 0
N. minimus - 3 - 18 0 142 0 119
N I. mala - - 1080 1708 5350 4381
- T. granulata - - 1329 1285 1421 1458
T. yosit - - 275 100 195 39
o T. clavata - - 104 246 196 204
. ' T. lowensis 0 358 0 192

o
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Tne soll subcommunlity showed an opposite trend, with slizht {ncreases in
diversity and reduced Jdominance (Table 7), due to the contribution of several sre-
cles first recorded {n 1985, and to the less pronounced density i{ncreasas of the
dominant I. notabilis (Table 6). gain, similarity i{ndizes of the soil subcommu-
nlities of Test and Control remained overall at the sane level as {n 1984
(Table 7).

Using combined soll and litter abundance estimates for each specles, these
changes {n communi{ty structure became attenuated, and Sorensen's as well as Bray-
Curtis similarity indices (Table 8) showed little varifati{on between years. Com-
bined (litter + soll) measures of community structure represeat an “average” of
subcommunity characteristics; they seem a valiil descriptive tool in view of the
fact that nany specles, particularly 1. notabills, frequeat doth strata of the
forest floor.

11{i. Distribution of litter Callamhola

Litter mass of randomly taken samples varies witaln each date, aand exhibits
seasonal fluctuations as well. A preliminary analysis of factors affecting
collembolan distribution aimed to assess a potential correlation between sample
litter mass and numbers of animals extracted from them. Regression coefficlents

for each date were first computed using total N Collembola and dry litter mass/-

sample; without giving details, Table 9 illustrates results obtafined for Test Jata
(1985). Om &4 dates, a significant positive correlation between litter mass and
collembolan populations existed. However, more complex analvyses will be nezded %o
determine the effect of moisture (which may act as an equalizer), and to test
thesc relatfonships for each family (Entomobryidae and Isotomidae show discrepant
seasonal distribution). In addition, these analyses may be applied to siagle spe-
cies populations, to help explain seasonal distribution and numerical fluctu-

ation.
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Table 7. Diversity and similarity i{ndices of collembolan communities {n Test and
Control, based oun total N/species. Onychiuridae excluded.
LITTER SCIL
TEST CONTROL TES CONTROL
1984 1985 1984 1985 1634 139¢ 1334 1985
Shannon-Wiener H' 1.02 0.76 0.85 0.63 0.88 1.23 0.87 n.al
Slapson dominance 0.16 0.30 0.27 0.52 0.21 018 .23 0.30
Simpson-Yule div. 6.13 3.33 3.73 1.92 4,88 5.5%¢ 4,482 3.33
Bray—Curtis simil. 1984 0.53 .64
1985 0.45 Y
Sgrensen's simil., 1984 0.81 N.74
1985 0.79 2.77

Table 8.

ties/ m2 of each species in Test anl Control.

Diversity and similarity {ndices based on combined litter + soll densi-

fmychiuridae excluded.

TEST CONTROL

1984 1985 1395 1985

Shannon-iiiener H' 0.93 1.04 0.94 J.91

Simpson donminance 0.20 0.19 J.23 0.35

Simpson-Yule div. 5.0 5.21 4.35 2.85
Bray-Curtis simil, 1984 0.63
1985 0.65
Sorensen's simil, 1984 0.84
1985 0.85
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% molsture obtalned from 20 "litter moisture samples” on each date.

nean raage raage

Date I H,0 litter mass N Collzabdola r
5/7/85 9 8-31 J-29 0.88%
5/20/85 25 11-32 =51 D.u8
6/3/85 23 8-39 4-36 0.53
6/17/85 115 5=29 3-141 2.62
7/1/85 17 5-34 0-55 J.94%
T/15/85 35 10-32 19-177 J3.57
7/23/85 11 10-32 0-24 2.29
8/12/85 167 1-34 14-87 D.87=*
8/26/85 23 3-19 4-53 2.95
9/10/85 128 4=25 5-147 0.69
9/24/85 135 3-23 6-120 0.89
10/6/85 91 8-32 0-83 0.86%
13/20/85 55 14=40 3-139 £.73

*)siznificant at P < 0.01

iv. Seasonal abundance of common specles

Isotoma notah!lis, dominant in both sites, showed relatively snychronous

deasity fluctuations in Test and Control leaf litter {n 1985, while populations in
sofl fluctuated both nore widely and more discrepaatly (Flg. 7). The zreatar
abundance of the species in 1985 (Table 6) {s clearly shown in year-to-yaar com=-
parison within each sit=. 1In Control (Fig. 8), the litter subpopulation tended to
{ncrease {a July and August, while numbers ian soll decreasad. In late Jatober

(sampled only in 1985), the beginning of a winter movement into soll was {ndi-

cated. In Test (Fiz. 9), {invers= abundances of litter vs. soil subpopulations
were jarticularly clear in summer and fall of 1985,

Populations in leaf litter of both sites offer the most {ntriguing fluctua-
tions, drastic decreases coinciding in July 1 and July 29 samples. No obvious

correlation with litter molsture (Fig. 4) seems to exist in either 1984 or 1985.

Temperature records show that the first and last samplings in July o»f 1985 were
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preceded by a few dayvs with lower or more variable temperatiyres. At the saze
time, catches of 1. notabilis in pit-traps, which are activated on the eveninz »of
a routine sampling day, were either 3zreatly increased (Zontrol July 1-2), or
decreased (zero captured ia Test July 29-30).

The extreme fluctuations we see, then, particularly {n leaf litter, may
ref lect behaviorally {nduced short-term migrations, overlali by possibly broad
seasonal trends in c¢limatic or substrate preferences. we believe that the polnt
{an ti{me at Wwhich these samples are taken needs to be charicterized In terms of
possible causative climatic events., Relfable records of environmental var{ables
are avallable for 1986 and for much of 1985 (temperature and RH). We propose that
barometric pressure, in conjunction with alr and soll surface temperature, may
also be a parameter necessary for explalning population changes, since Zettel
(1984) has demonstrated that activity of some Collembola can be greatly influenced
by pressure changes over a time span of only a few hours,

Other species which occur frequeatly enough in samples for estimating their
ibundance are few. 1In soll, only the numerous Onychiuridae qualify, but they can-
not be discussed until floatation- and Tullgren-extracted samples are both conm-
pletely identifled (1986 samples). In litter, S. henshawi, O. hexfasciata and T.

flavescens are the most conmmon representatives of surface-dwelling families,

Tomocerus flavescens and 0. hexfasciata, abundant in Test, are not particularly |
useful for sites comparison (Figs. 10, l1), excenpt for their frequency in pit-trap

samples {a both sites (see section IV. 2. 1ii{.).Sminthurinus henshawil (Fiz. 12)

exhibited major fluctuations Iin Control in 1985, possibly {n response to unusual
tenperature changes. All three species, however, reinforce the consi{deratlons ani
arguments brought out above. Especially in 1985, when Collembola populations {n

general were more abundant than in 1984, fluctuations over time sesmed to be more
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similar between different species than those witiiin the same species over two

consecutive years (Figs. 8, 9, 10, 11, 13, for litter populations).

4. Acari

i. Abundance of major taxa

Average annual density of major taxa decreased from 1984 to 1985 in both
sites (significantly so, at P < 0.05, only for Mesostigmata in Control) (Fig. 14).
As in 1984, major soil-dwelling groups fluctuated relatively synchronously within
each site, and population increases in July, August-September and October of 1985
occurred in both sites, although they were not of equal magnitude (Figs. 15-16).

Until we succeed in determining the dominants within Rhagidiidae and
Eupodidae, we report thelr seasonal number at the family level. 1In both families,

abundances followed similar trends in Test and Control (Figs. 17-18), and although

‘densities appeared discrepant, the differences were generally not significant (95%

CL overlap). Year-to-year varlability within each site showed seasonal differ~
ences as great as those between the two sites (Figs. 19-20). Species population
analysis will clearly be needed to determine the potential usefulness of these

taxa to future conclusions.

11{. Species population dynamics

At the specles level, we can now preseat data on one mesostigmatid and two
prostigmatids, selected because they were among the most frequentlv extracted spe-
cies 1n 1983 and 1984,

Three species of Nanorchestes occur in both sites, N. gilli and two unde-

scribed species. The most common in both sites {s "Nanorchestes A", which fre-

quents soil as well as lltter, but shows highest frequency in litter samples. As
{llustrated in Fig. 21, hizhest population estimates were obtained for fall of

1983. During the following two years, populations were generally more sparse {n

IO UL
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Fig. 19. Densities/ mz of Rhagidiidae in soil, 1984 and 1985.
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CONTROL SOIL, 1984-95

Eupodidae
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Fig. 20. Densities / m2 of Eupodidae in Soil, 1984 and 1985.
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both sites, with maxima and minima alternating somewhat randomly. In both sites,
gravid females Jere present during every month from May through September, with
the exception of August and September in Test 1985: the very low numbers ex-
tracted from litter at that time (Fig. 21) probably masked their presence by sheer
chance. Year-round reproduction, with peaks in “ay through August, appeared to be
the rule in the specles.

The year~-to-year decline in numbers of Nanorchestes A was observed {n Asca

aphidioides (L.) as well. 1In both sites (Fi{g, 22), 1985 dens{ties were well below
1984 estimates and declined essentially to zero in early September. Populations
peaked {n June-July and August as a consequence of the appearance of larvae and
the increasing abundance of nymphal stages thereafter. Appareat population
declines may not have been a function of abundance, but rather of an Increasing
proportion of molting or newly molted immatures fn the population (resulting in
lower extraction efficiency). The life cycle of A. aphidioides was clearly
uaivoltine in both sites, as illustrated in Figs. 23 and 24: the specles over-
winters in the adult stage (males are unknown), and couststs mainly of gravid
fenales {n May and June. ULarvae hatch in June through August, and underzo devel-
opment through proto- and deutonymphs durlng summer and early fall, closing the
cycle with a late-autumn population consisting entirely of adult females. This
developmental cycle seemed prolonged in 1984, more rapid and tight in 1985,
whether cumulative temperatures differed enough between years to have had an
effect on developmental rates needs to be analyzed,

The mesostigmatid "Specles A" exhibited a year-to-year decline similar to
those discussed above, and discrepancies between Test and Control were relatively
pronounced (especially in 1984, Fig. 25). The yearly cycle of reproduction and
recruitment (Figs. 26, 27) was similar to that of A. aphidiofdes, but less well

defined: a small proportion of gravid females occurred in late fall, and larvae
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Fig. 21. Densities/m2 + SE of Nanorchestes sp. A in Test and Control,

August 1983 to October 1985.
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Fig. 25. Densities/m2 + SE of the mesostigmatid "Species A" in Test and

Wh Control soils, August 1983 to October 1985.

* . . . o N .
ity (O NG N U o0 T A B Ny B He P T T PR TP (T W SRR T TN R PR AN a( A )
R A DA IS B RIS MR NN N ST DS it .l‘,'i‘e» ORRERRAT R s Gl (i I




(3 A
U

&

.:'5.5 i)

*Sa[Pwadj plaeid-uou

A A‘,;‘t

né

‘sydwAvoinap ‘sydwduojoad :3yd11 o) 13a] woaj sieqg uado ‘sojrwa) pyaedd :sieq Jov]y ‘avaiv] :s1eq paydiey

Ty861 ‘ywow A4 powwns ‘N [EI01 Jo z uyp ‘(vlewd]1S0SaK) v safoodS Jo ainjoniys ofels uoyieindog ‘9z 914

ALVA DNITAWVS

e
-
-
-
-
-
o
o
- -
>
'
e
e
2
s
5
-
-~
3
- -
Y
-
%

150 3dag dny Apnr aung Aep

bl loa gy ] Ly | Ly pad | gl
- 07 2
e 4 —=- X
w861 "T10S TOULNOD i
- 09 S

IUTIN T I ly i Ly vl
- 09 28
Y861 1105 1SHl ! o

‘iﬁlbﬂm”&g%&%wﬁuiwﬁ&g..m.um...mﬂﬂm.w&wwmaum-v.

V- B - -
L - - - .- LA S e e i . o S N = P
M K e , LWL T e e - ST | winr o .’(.qu.fng (3 AL f(e - I.nulint‘ l'ldlv.— AH“. .nr\ : — r;.lll..ﬂl, PO

A -~ e e P e i

Bl g




> g

50

I
rl

]

Sept

[r

T fJi}:[J'T
» 1985
llll‘l‘rl' |r

v —
[« o) e
ol [
c-:1 . m!
= ) EEE-
— - cz' I~
c| - :-__{ -
[92] Z’

<
S ’Qt

TE
T
,,r,l_h

T T

60 |
204
60

. ) . (M AL
AN e 1 V0, h '
R R O R RO DA H AN TR R MR IRt P X LODO GO

Aug

July

June

May

l‘ol»

DATE

~
]

SAMPLIN(C

“u R
AS

'('\‘.".';

ontrol soil, expressed in

~

Fig. 27. Population stage structure of Species A (Mesostipgmata) in Test and (

r
"

from left to ripht:

open bars

s}

avid femal

1

black bars:

.
’

larvae

Hatched bars

of total N/ month.
protonymphs, deutonymphs and non-gravid females.

y

™ hY .,
& LRI
ot fin B _irx-‘ﬁ;,‘.'.‘.'.“ OGN




[

M

P
.
.

04
o

= A

A A
.

rE

Exx

1

Koy

A

L

P

A

51

were occasionally preseat {n the spring (Fig. 26). All developmental stages

overwintered, although July and August were the peak months of recruitment {a both

sites.

S. Statistical treatment

In the case of litter—-dwelling species, density data {ndicate that some cor-
relation between aumbers of animals 3nd enviroamental factors may exist. As a
first step, the siznificance of regression of counts on temperature and molsture,
choslag a relatively high oc (say, 0.3) will determine which variables are {mpor-
tant enough to use as covariates. Densities can then be tasted in a General Least
Squares program (ANOVA with appropriate covariates).

Since sampling dates correspond to each other from year to year, we also
anticipate using neans/date lumped over years; to give us three years of data, we
need to walit until 1986 density data become avallable.

For soil-dwelling species, lumped means of N/m2 over years provide an appro-
priate data base for analysls of varlance to test site and date effects and their
{nteractions.

All deastity data need to be log-transformed for use in parametric statisti{cs,

Seasonal stage structures (frequencles): data are first lumped {ato overall
yearly totals, to test whether numbers in Test and Coatrol are proportionally the

same (contingency tables, for instance, 2 sites x 3 vears). Expanded contingency

tables are then used to test detalled distributlions of numbers/stage/date.




>l S MR S IS

"
o

7 21

oy

2

‘2 -
J

| TR

e

.l - ‘( )l.‘

L)

2

e,

S T T YW WO Y WY

53

IV. SURFACE-ACTIVE ARTHROPODA

1. Methods and status of data

Since the bdeginning of 1985, pit-traps have been provided with four (1l m)
barriers shallowly embedded at right angles to each other and abutting to the rin
of standard pit-traps. For certain taxa, e.g. carabids and splders, barrier~
trapping resulted In greatly increased catch sizes. At this time, data on
Carabidae, Collembola and velvet mites are available. Deteraination of the ample
spider material nears completion, but we defer the pertinent account until the
second draft of this report,

Sorting of 1986 catches {s neariug completion, and identification of species

has begun,

2. Collembola

{. Barrier effects

As reported earlier, a preliminary experiment ijuring 1984 indicated that
barriers could be expected to yield approximately doubled numbers of captured
Collembola. Since captures are likely to be density-dependent, a barrier effect
might well be confounded with the influence of population density. Of particular
relevance here 1s the overall increase {n colie populations from 1984 to
1985 (3ection III1.2.).

Expressed as a simple multiplication factor, chan,. {in density and changes
in trap catches are summarized in Table 10: e.,g., while total Collembola popula-
tions 1in both sites increased by a factor of 1.4, trap catches were higher by 1.8
{n Control and 2.3 in Test. Among the dominant families, Sminthuridae were vir-
tually not affected at all by barriers, catches beinz almost unchanged from 1984
to 1985, and density {ncreases higher than capture {ncreases. The reverse was
true of Entomobryidae and Isotomidae, {n which capture were augmented by barriers

well beyond abundance {ncreases in the same year. Each specles (only dominants
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?gf are shown in Table 10) was affected differently, and no coansistent proportionality
*Cy
’ between densities and catch sizes existed. Analysis of possible relations, and
O
jfs thelr year-to-year constancy, between trap catches and abundance will be meaning-
5]
B

b ful only once 1986 (second barrier-trap year) data are at hand.

¥

v;;;!

:$~ Table 10. Changes in mean annual population density (N/mz, litter + soil), and {n
"t.‘

33. trap catches of dominant families and species, from 1984 to 1985; x factor

iyl

= N 1985 / N 1984,

) S,
beys
B x FACTOR FOR:

i&' TEST CONTROL

B N/m? Traps N/m4 Traps
B Smiathuridae 1.8 1.2 2.0 1.0
n‘_‘:-
A S. henshawi 1.7 1.0 1.6 0.9
B —

[

v Entomobryidae 1.3 4.2 0.9 3.0
.x; T. flavesceas 2.0 5.9 1.5 1.9
2 0. hexfasciata 1.8 3.1 0.8 2.8
D Isotonidae 1.5 2.1 1.4 2.3

)
oy 1. notabilis 1.4 5.3 1.8 4.7
. "\.‘
) Total Collembola 1.4 2.3 1.4 1.8
0,.
o

-5 11. Species composition and diversity

-
wey Trapping in 1985 ylelded essentially the same species as in 1984, with
- addftion of three {n Control and five in Test which had not yet been recorded and
0":0
:?" were captured in low numbers. Reeping in mind that year-to-year density fluctua-
Wy

2, ¢
:dﬁ tions as well as barriers exerted thelir effects on apparent community structure,
Table 11 summarizes dominance values at the family level. Clearly, they were

.

)

oo altered considerably. Sminthurid prevalence in 1984 was reduced in 1985 by the




s Qﬂ relative ineffectiveness of barriers (Table 10) on one member of this family.
2 l! Entomobryid dominance increased markedly {n Test, mainly due to barrier-augmented
Q ) (about 6~fold, Table 10) catches of the already abundant dominant I. flavesceaas.
.
*: An unexpected rise of hypogastrurids {n Control (Table 11) was traceable to a
" !. single species, P. saxatilis, which exhibfited unprecedented activity peaks ia July
o

and August of 1985,

The same considerations apply to the most frequently captured species, for

=

which Table 12 lists dominance values {a both years.

O]

"2
v
L K. 4

it AW 3

Table 11. Perceant dominance of surface-active collembolan families in 1984-85.

TR

o
-.l‘

s % OF TOTAL XN
TEST CONTROL

N 3-’ 1984 1985 1984 1385

Sminthuridae 46.1 21.0 63.2 36.1

ﬁ Entomobryidae 45,4 73.2 20,7 35.0

¢ Isotomidae 6.4 5.1 . 5.5 7.6

- " ind

Hypogastruridae 2.1 0.7 10.6 21.3

Total N 4,443 11,518 5,068 9,946

. m e m
-

N specles 31 36 27 30
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o
R Table 12. Perceat dominance of common surface-active Collembola, Test and Control
o) 1984-85.
,0:“
gl TEST CONTROL
o 1984 1935 1984 1385
"\
ﬁr‘ S. henshauwi 35.8 14,2 53.1 26.2
PLAN) S. lepus 7.4 5.8 4.2 4.0
X~ T. flavescens 16.0 36. 6 8.1 8.5
At 0. hexfasciata 23.4 27.8 7.2 11.0
Q E. nivalis 1.6 4.6 - -
g "
c."t
1. notabilis - 1.5 1.8 6.2
. I. nigrifrons 3.4 1.3 3.0 -
o I. virldis 2.3 2.2 - -
"k_.' = ———
b,
hi 4l P. saxatilis 1.1 - 10,2 19.4
n':’ - —
Sy
5}f Again with the coanfounded abundance-barrier effects in mind, we would expect
4'1:\.
:{f that diversity indices might change in 1985 (Table 13). For instance, relatively
A-.\A
' lower catches of S. henshawi and larger numbers of P. saxatilis and others, re-
;)ﬁ si.lted in a more than doubled equitability index for Control. H' diversity
o
X i{ncreased slizhtly {n both sites, as did community similarity taking into account
¢"‘
J abundance (Cy, Table 13).
l';;
.;:»
:& Table 13. Community indices for surface-active Collembola in 1984-85, based on
§
li‘.‘
DA total N/ specles.
e
o)
2 1984 1985
1 Test Control Test Control
s H' diversity 0.84 0.76 0.90 0.93
S Simpson dominance A 0.22 0.32 0.24 0.15
S';I Equitabilicy (1/ 1) 4.55 3.16 4.20 6.78
N Bray~Curtis simil. Cy 0.29 0.42
e
% Sfrensen's siail. Cg 0.79 0.79
) .‘)
b 4
"'

"l
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:.: 3 111. Seasonal and diurnal activity

1N

SV

Y Seasonal catches of the most abundant fam{lies are {llustrated i{n Figs. 28

ﬁ~; and 29. C(Clearly, sminthurids and entomobryids as a whole fluctuated syanchronously

in Test andi Control, which {s not surprising given the close agreement in air

,#.)

. A
W temperature and RH reglimes, and the relative concordance of specles composition,
:’- E? Activity patterns of three dominant species common to both sites are i{llus-
T

sz ;? trated in Figs. 30-32., Sminthurinus henshawil (Fig. 30), as discussed in earlier
X reports, is a flexible specles, switching between d{irnal and nocturnal activity
j;? 33 {n apparent response to temperature. OQrchesella hexfasciata, mainly diurnal,
V]

s &

»E

exhibited brief periods of nocturnal activity simultaneously in both sites

:j (Fig. 31). Tomocerus flavescens, on the other haund, i{s strongly nocturnal, day-
» .
"f. w act{vity being prevalent on only two dates ia 1985 (Fiz. 32), both times following
'N" v
\“" S
I a cold night.

i! All three specles exhibited clear overall seasonal patterns: entomobryids

were nmost active durinz mid-summer, while §. henshawi showed early summer and

o
- T
- -
B

e early fall peaks. All three also ylelded data in good between-site agreement, and

large enough numbers for anmalysis; although there are gaps in our environmental

dﬁik—
B o |

data for 1985, statistical treatment will be possible (see section IV.4.).

x“ )

Ty *W

\.: T4

. 3. Carabidae
i
‘hy :: {. Species composition and diversity
A

ud
’f:ﬁ-, The number of specles captured increased in 1985 from 16 to 21 in Test and
e .

o L

y = from 18 to 21 in Control, all new records belng rare specles. Dominance relation-
*:2 f: ships did not change drastically in Test, P. melanarius still leading the conmu-
oy _—
R, nity, followed by P. pensylvanicus and P, mutus (Table 14). In Control, greatly

S -~ - =2
'Y,

increased catches of S. impunctatus brought this species to first rank at 307%

i
A i doninance, and reduced the relative {mportance of E. coracinus, P. pensylvanicus
:‘~| o™
et and P. adstrictus considerably.
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.;g't
IR
:z SE Y' diversity increased in both sites, and equitability as well Bray-Curtls
C.
23- sinilarity with it (Table 15). The contribution of newly captured species, and
A " the redistribution of dominance values, obviously affected community structure,
;:" -

N 3
}g o~ Table 14. Specles composition and percent dominance of Carabidae, 1984-85.
Ay
& % SPECIES TEST CONTROL
" 1984 1985 1984 1985
é’ e Pterostichus melanarius Illiger 54.4 59.1 5.1 7.9
o a& P. coraclnus Newnan 5.1 6.7 19.1 11.4
) P. pensylvanicus Leconte 14.0 9.5 27.6 12.1

P. adstrictus Eschscholtz 1.0 0.9 15.4 10.9

A P. adoxus Say 0.4 0.1 1.9 1.3
.;S by P. mutus Say 12.8 10.7 1.0 1.0
,@4 Calathus ingratus Dejean 2.7 1.0 8.6 5.7
4 “% C. gregarius Say 0.2 2.7 0.8 6.9
e l Calosoma frigidum Kirby 3.5 0.3 4,2 1.3
et Synuchus impunctatus Say 1.8 4,8 10.3 30.4
BERS Agonum retractum Leconte n.8 0.8 0.5 0.6
LN A. deceatis Say 1.4 0.8 3.2 3.2
ij darpalus fuliginosus Duftschmid 0.2 3.5 0.6 2.4
2N Clivina fossor Linne 1.2 2.3 0.3 0.2
- i. Cymindis cribricollis Dejean 0.4 1.2 0.5 1.5
" Notiophilus aeneus Herbst 0.2 1.4 0.2 2.0
L. Myas cyanescens Dejean - 0.1 1.3 0.6
ey gz Sphaeroderus lecontei Dejean - 0.2 0.3 0.4
3&# ) Agonum placidunm Say - 0.1 - -
ﬁﬁ Trechus quadristriatus Schraak - 0.1 - -
P ! Carabus sylvogus Say - 0.1 - 0.1
e A Benbidion quadrimaculatum L. - - - 2.1
§§ Harpalus fulvilabris Mannerheinm - - - 0.1
-, &
R) ﬁ‘
‘24 B TOTAL CARABIDAE 514 2168 623 2307
. 4 TOTAL SPECIES 16 21 18 21
K<
DY
JV' ":

he b
- i1. Barrier effects

)

5 3 e
Fﬁ ¥ As expected (Durkis aand Reeves 1982; and our own fleld observations), total

o
.‘h.
Qj--w carabid catches were greatly augmented by barriers: by a factor of 4.2 {n Test
R ii and a factor of 3.7 in Control (Table 16). 3Barrier factors differed between spe-
’; E: cies and between sites for most specles. Several which were uncommon in both
Mn

o . sites in 1984, C. cribricollis, N. aeneus and C. gregarius for {nstance, were

" 3 j¥ ] S P N y { ™ D, . v ’ » r »
O 4
"&l.?v N LN ﬂ-'.,"-“!lu ) ;h'. .?-‘.'!-‘.'l:'.h‘?b:‘. ) .”‘?’?‘?lo"’a‘!h‘?‘l !'C‘n "‘ !‘:" t':.&ln ."'l o
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ff? Table 15. Community {ndices for Test and Control Carabiiae, 1984-35,

~ 1984 1985
i Test Control Test Contr»ol
A4
P Shannon-Wiener H' 0.69 0.93 0.85 0.98
N Simpson doa. 0.34 0.16 0.28 0.14
tl.c‘v
B Equitability 2.94 6.45 3.57 6.75
Ytgdh
X
'Qk Bray-Curtis simil, 0.35 0.42
N

3frensen's Cg 0.94 0.86

ot
e
o
]
XY Table 16. Barrier effects on Carablidae: 1{increase factor for catches of species
:ﬁ: with a total N of > 10 individuals in both sites {n 1985; x = 4 1385/ N 1984.

4t
Y Increase x

ot Test Contrnl
;dﬁ P. melanarius 3.9 5.7
5 ?. coracinus 5.6 2.2
K P. pensylvanicus 2.9 1.7
‘@u P. adstrictus 3.8 2.6

X P. mutus 3.5 4,0
vy C. ingratus 1.6 2.4
I C. gregarius 59.0 39.5
N X S. impunctatus 11.4 10.9
N C. cribricollls 12.5 17.5
KY C. frigidum 3.7 1.1

A. retractun 4.3 4.3

¥ N A. decentis 2.4 3.7
5 N. aeneus 31.0 46.9
P ';]
e

Lty N CARABIDAE 4.2 3.7
P

-
‘:R captured in much larger aumbers in 1985. If year-to-year population fluctuations

fx

v
S underlle these changes, then they occurred simultaneously in both sites
"
e (Table 16).
'.'zl‘
B
i
BN
o
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A

X T
:; .,\ {{. Seasonal activity
t‘- With larger catches, we were able to document seasonal activity patterns for
.“o -. 14 species common to both sites., Peaks generally coincide with the animals’
32 = reproductive perfod (Thiele 1977), and our observatlons do not differ from those
R
~ made by others {n the US and Canada (Levesque et al., 1979, Lindroth 1969, Rivard
g: ﬁ 1964).
:::: ™ In Table 17, monthly captures of these 14 species are listed, and species are
2 - arranged aloang an early- to late- season gradient. Compared to 1984, we have
'::.;‘3‘ :h added A, retractum and N. aeneus to the list of spriag-breeders, d. ful{zinosus to
' - -
:. i those actlve In early- to mid- season, and C. cridbricollis to species active in
)
‘"& g aid-summer. In general, 1985 data simply confirmed 1984 observations ia all
g', ::j cases, iand tr »bvious synchrony of activity in Test and Control makes these data
Z','. ~ useful for future between-site comparison.
Y
{‘: e 1ii. Diurnal activity
'ﬁ‘n e In 1984, we combined Test and Control catches to assess diurnal habits of
" h several comnon species. With the more ample material of 1985, we compared the
)
O E behavior of 12 speciaes between sites, and found a large nunb2r of species which
:‘E :‘ Joull be classified as ifarnal, {n direct contradiction to results »btained for
""_- - 1984, and to Thiele's (1977) conclusions about the nocturmal habits of forest
:: F; Carabidae {n general. Was i{ncreased diurnality a result of diffarential effects
:E_:? .- of barriers during night and day?
3 ;P“ In Table 18, we show that Increased day-activity occurred {a both sites {a
:-E :'{ 1985, particularly in species which were nelther strictly nocturmal aor strictly
\3 " dfurnal in 1984 (P. coracinus, P. melanarius, S. {mpunctatus, C. frizidun). Ve
K a also show that 1384 experiments {n which barrler- and standari-trips were run
v, siqulzanesusly 414 not result [a {ncreased day catches by harriers. Therefore, we
. :" may {nterpret 1985 Jata as f£5llows fTable 18Y:
(ARl ..
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Al table 17. Total monthly catches of Carabldae in 1985. “ajor activity periods
L0 Y
’ underlined. T = Test, C = Control,.
M
oy
AL
g" * May Ju Jy Au Sep dct
o
oy Calosona frigidunm T 60 6 1 - - -
c 25 2 1 - - -
:;::: Agogun deceatis T 3 10 3 - - 1
"3": c 33 31 5 1 2 1
::'0::'
e Yot {ophilus aeneus T 12 10 9 - - -
¢ 18 11 14 3 - -
[
:a" Agonum retractun T 7 5 4 - - !
7a o 4 4 4 1 - -
b
" darpalys fulizinosus T 14 10 43 9 - -
o C 15 5 25 10 - -
l‘ 3
L “tarostichas mutus T 92 79 21 - 7 13
,:'\ . C 9 10 3 - - 2
[} ] -
b
i Ptecostlichus adstrictus T 11 4 2 - - 2
. C 119 95 29 6 7
o
. '{" Pterostichus pensylvanicus T 75 71 26 2 9 23
‘f.‘- C 120 82 36 5 7 28
1 ——
J' Calathus ingratus T 1 1 5 7 - 8
" o 5 26 36 27 11 27
[} ' —
--:lf Calathus gregarius T 4 11 26 5 2 il
o 9 1 22 63 35 9 28
g o
i Pterostichus melanarius T 17 27 448 519 75 7
ks C 6 7 57 101 12 -
ft" »
)
,‘::' Pterostichus coraciaus T 5 25 50 53 11 2
" C 20 71 36 62 12 2
| synuchus impunctatus T - 2 60 38 3 -
:;',\ c - 12 423 244 21 -
2N
Ao Cymindis cribricollis T - 4 11 6 1
B3 C - 3 11 15 1
e
I
N[<s
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B8 2

:“ db Strictly nocturnal species, e.g. C. cribricollis, and the single strongly
v -
- ! diurnal specles C. fossor, did not change their activity patterns through the

u‘\.l

e season, Sut were s8imply caught in larger numbers during their normal period of
S g

RV, L e
fﬁ ; aovenent .

!

, Activity of flexible species, in response to unusually cold night tempera-

Y “~\

:g ™ tiras {n 1985, increased during the day, so that suspected "barrier factors™ which
. E: wer2 nuch hizher for day than for night catches la these species, now became tem-
(35 -

perature factors.

Lo "

f;f;ﬁ Uncdoubtedly, year~to-year abundance variations partly determined the relative
0,

X vy sagnityde of carabld catches in 1985. However, the degree of plasticity of

-‘"i h

B

- Jifferent species became clear ian 1984-85 comparison. For full analysis and

ij& Si interpretation of diurnal activity, we must await 1986 data (second darrier-year,
B
f: <4ith generally warmer and more stable temperatures than {a 1985). See Section
o i IV.6. for pending statistical treatment.
1: o
I.\
:5 A Table 18. Diurmality, in % of total N, of common specles of carabids {n: 1984
:3 (standard within-sitz2 trapping); 1984 barrier/ no-barrier experiment adjacent t»
) IE the Control site; and 1985 (within-site barrier-trapping). ( = = N < 10).
i O
g
W % DIURNAL
o " 1984 traps 1984 experizent 1685 traps
%? g Specles Test Control -barr. +harr. Test Zontrol
- T P. pensylvanicus 16.7 18.7 23.6 21.5 33.5 36.9
NI P. coracinus 26.9 20.7 20.0 25.9 55.5 60.5
i}j P. melanarius 39.3 38.3 - 27.8 71.3 73.3
AIEN S. impunctatus 33.3 19.2 36.4 23.0 50.5 37.7
L O C. 1ingratus 0.0 2.9 2.9 1.7 22.7 7.6
el P. adstrictus 20.0 25.7 23.5 2C.0 21.1 29.8
SR C. cribricollis - - - 9.0 0.0 0.9
.“, ‘- c - L] - . L3 .
37 C. frigidum 42.3 50.0 98.5 86.2
. P. adoxus - 0.0 - 3.6 6.7
o A. decentis - - - 0.9 0.0 2.7
: P?. mutus 9.1 - - - 19.8 16.7
C. fossor 87.5 - - - 89.9 -

e Lo o e
K9, SN e

+*79, 873,
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tv. Activity of common specles

Keeping {n mind the above results, three specles will be exanined for thelr

ict{vity fluctuations i{n 1985. P. pensylvanf{cus (Fig. 33) r2mained maialy noc-

tyrnal (Table 138), and exhibited the typical spring-dreeders' peak in ‘“ay to late
June, teneral 3dults of the next generation emerging {n September and Octobder.

Pterostichus coracinus, active in mid-season (Figz. 34), was more flexible {n

tts .flel responses, becoming temporarily diurmal 12 bot. sitz2s on, for instance,

august 5 and 12 (both cold nights followed bv aormal or warm days).
(:3 ‘,35’\
?terostichus melanarius, which would be consi{jered diurnal on Thiele's scale

-Thiele 1977: > 307 day=-activity = diurnal) was unusually numerous {n 1385 day
traps. It would thus be the most plastic of the three species, and by corollary,
iave the lowest threshold for cold teaperatures. Accordingly, {ts overall actliv-
{ty trend was the most strongly diurnal of the three {n both 1384 and 138%

Table 18).

4. Yelvet mites

Of five specles preseant in the study sites (four of thea common to hoth),

Trombiiium iuroraense Grandjean et al., and Abrolophus sp. were tripped with rela-

tively high frequency. We can now distinguish between L=matures of all specles,
1nd the two listed above are excellent candidates for yearly comparisons,

Both have a strictly univoltine life cycle. Abrolophus sp. (Fig. 3#) prob-
ably overwinter in the egg stage, larvae appearing in early “ay and di{spersling,
>resunably {n search of hosts, throughout May. Deutonymphs are most active {n
late June, and adults through July and August, disappearing {n Septenmber. In

{735, there was essent{ally zero overlap bYetween life stages {n both sites, and

activity peaks «ere synchronous.
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In Trombidlin aursraense, only adults and larvae seened t> be surface-active,

agaln with no overlap bdetween generations (Fig. 37 ). DOeutonymphs are occasionally

:;ﬁ recoverad from soll core samples, and may not frequent the soil=-surface or litter
}
o
:' W habitats. Presunadbly, development aad maturation occur during fall; by spring,
.-‘Q_n
" adults are active, and females lay orange eggz masses {n crevices of the surface
\::"
~ soil.
0
:t Both species were maialy 3iurnal, 3ad their 1985 activity patterns confirmed
e 1384 observations which were partly conjectural due ts lower zatch sizes.
AN
o
A 5. Statistical treatzent
o
o,
:‘; Climatic variables are obviously tlie main factors {mpiaging on overall
! K
N aunters caught in traps, as well as on changes in activity patterms (noctural vs.
.“q._ -
A
O ifumal). We plan to use »oth 1985 and 1986 data (barrier-traps) of catches of
specles common to both sites; regression analysls of counts on temperature and RH
4 Pall
':}: oriorc to and during trap days will test the siznlflicance of these variables, and
™ - :.:
.;#. all-ows testing of regression parameters between sites, Site and vear affects can
I be tested by ANOVA (using log counts, sites, vears, dates/year fixed, traps
b
. = juadrats random). Although the exact wodel t> be used has 10t yet heen deter-
l’, l-'
:,-:‘
’ig ained, results of regression analysis will {ndicate appropriate climatic factors
i
o as covarlates.
o
o
.:;
-'_ Pa
o,
s
A0
Ve
s;-.'
~ _,-\.'
Vi '\'
e
O,
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V. LUMBRICIDAE

1. Methods and status of datz

In general, methods used {n 1986 were no different than those in previous
years: 25 x 25 cm damples taken from litter, A and B horlizons; litter was
formalin-extracted, soll samples were hand-sorted and then wet-sieved (walther and
Snider 1385).

We d14, however, increase sampliag depth to lnclude an additional 3 horizon
{acrenent (A - 30 cm), to a total depth of approximately 40 c¢m. Formalin applied
to the bottom of A-20 cm sample holes in May of 1986 brought up a few worms with
tiie earmarks of estivators. Beginning June 3, 1986, we have therefore nade Jeep
saapling a routine work element of the project.

Approxinately 70Z of 1986 samples have been identified and wei{ghed to data,.
In the preseat report we include data for May 7 through July 14 (the last date
completed for both sites), later this spring, we i{iatend to prepare all 1983
throuzh 1986 data on specles phenology for publication, as 3 single pre-ELF data
package. Much detai{l wi{ll be left out of the preseat report; we focus on year~
to-year density and biomass fluctuations, distributlon, and seasonal patterns of

selzht frequency distributioa.

2. Vertical distribution

i. Dendrobaeana octaedra (Savigny)

we have shown in earlier reports (and in Snider and Snider, submitted) that
J. octaedra behaves as a typlcal epigeic litter-dweller, particularly the {qmna-
tures. Adults are relatively more frequent in the A horizon, where cocoons are
deposited.

Although the species prefers the litter layer, {ts presence there {s lim{ited

Sy 3dryness. A siznificant correlation (P < 0.00 for both sft2s) oxists betdeen ¥

molsture of litter and % of the population prasent {2 {2 (r = 0.75 for Control,




+ ]
(ﬁ
% 76
el
: Y
W 0.80 for Test). Without doubt, the leagth of time litter has been molst prior to
[0
WY
s sampliag, as well as temperature, may introduce varlabiliry to these iata.
. 4 Al
o
P f{.  Lumbricus rubellus Hoffmeister
I
‘}:‘ This tntermediate (epi-endogelic, Bouche 1977) specles invades the litter
ot X
Py layer less readily than D. octaedra, but a3 mar3zinal correlation between litter
™
‘fq molsture and ¥ of the population found in {t exists (r = 0.62, P < 0.1). The spe-
)
15-
aJ X zles prefers the A horizon (Snider and Snidesr submitted), which harbors 60-100% of
Av¢. the population at all times.
%
Wehls
U
s%g 111. Aporrectodea spp.
‘::"\l
hay’ Aporrectodea tuberculata (dominant in Test) and A. turzida (dominant in
L X }
[\ by
-{1 Contrsl) prefer the A horizon under favorable conditions, as evideanced by the
ﬁcij small proportion of both populations found at lower depths in spring and fall
D‘.
. (Fizs. 38, 39 ). Distribution of these endogeics is clearly similar, downward
. i
‘ »
g aigration belng evident {n July and August of 1984 and [985, when A horizon mols~
N
L
}‘!: ture was below 25%. Early-season 1986 data indicate that both species retreat to
N
y)‘ depths below A=-20 cm, although not to any significant extzat by comparison with
::a: other Aporrectodea spp. It {s likely that only a small proportion of these popu-~
e
o
G lations was missed prior to 1986 by not sampling a thiri B horizon fincrement.
jff; Aporrectodea trapezoides (Control) shows a distinctly different response
el
< pattern to decreasing soll moisture, resulting in an i{averted pyranmid of depth
;;{: distribution (Fiz. 40). Recurring mid-summer droughts in 1384 aad 1985 led to
TV pronounced concentration of the species in the B horizon, to the point of leaving
s
;i: the A horizon entirely (late July 1985). Predictably, the unseasonable drought {n
1':'1':
ps - the spring of 1986, which reduced A horizon molsture to < 25% {a May, resultad in
Sﬁ \ vertical redistribution of A. trapezoides: by mid-June, the majority of {ndivid-
y 2
%? uals were recovered from A - 30 ¢n (Fig. -0 ).
¢
)
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Aporrectodea tuberculata and A. turgida thus use a strategy of slizht

downward migration during water stress, enduri{ng {t malaly in the A and upper B

hori{zons. Aporrectodea trapezoides responds by pronounced vertical migration,

abondoning the upper horlzons almost entirely. A third strategy seems to be used
by A. longa {n Test (Fig. 41 ). Through most of the season, the species {s active
mainly i{n the A horizon, with few individuals recovered from deeper than A - 10 c¢cna
denth (e.g., May and June of 1984 and 1985). In late July of both years, when
endogelcs are found in the deepest horizons they are likely to occupy, A. longa
disappeared from the A-20 cm Iincrement. We speculate that thls deep-burrowing
form retreats to much deeper layers than we can sample, resulting {n a3 di{scontia-
yous distribution pyramid.

For both A. longa and A. trapezoldes, mid-summer populatinn declines -ust bSe
interpretad with caution, since we do not seem to catch the tail end of zhelr ver-
ti{cal Jdi{stridution. Unfortunately, samplinag to gr=2ater Jdenth is impossidle <ith-
out severe disturbance aad without fragmenti{ing most of the worms In the sample,

It {s preferable to continue established sampling nrocedures, knowing that sopula-
tion lJeclines may be due to re-stratification beyond our reach rather than to

mortality.,

3, Horizontal distributinon

Two questions were of interest with regard to earthworm distribution:
a) Given that the pre-ELF peri{od has now been extanded nauch beyond ori{zinal expec-
tations, we were concerned about the Impact of our {ntensive sampling regime on
the ecolozy of the sites. All 20 quadrats within each site were sampled briefly
in late 1983, Since May 1984, all even-nunbered quadrats were sampled at inter-
vals of 2 weeks, for a total of 38 §ampllng occaslons. Since “ay 1935, two
ali{tinnal odd=numbered quadrats Jere sanpled on a total of 26 datas. Wwe needed

Lty «now4 Jhether <Je could return to sanpliag olid-nu-derad jquadrats [ order >
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relieve the pressuare placed on even quadrats, without enlaagering the
canparabllity of year-to-year population estimates,

Usiag 1383 data (4 late-season dates, 20 samples/site), species distridutiosns
fn even- vs. odd-numbered quadrats were tested {n comparison with 3 polsson dis-
tributioa. 1In Control, all species were distributed evenly enough (P < 0.01) t»o
~arraat switching sample location 1f 1ecessary. In Tes-, A. tuberculata alone
oproved to bde unevenly distributed (P > 0.1) although total numbers recovered fronm
each set of quadrats were almost {dentical. We conclude that we can shift sam-
piing locations Jithout losing the Iintegrity of our data, if, {n Test, all 20
juadriats <ere sanpled simultaneously on two occaslions per year, {a order to verify
the ahove results,

b) Evenness of specles df{stribution was also of i{nterest {n terms of its

fadicative power for potential ecological zradients over the sites., The data are

Selng formatted for analysis; for aatliclpated procedures, refer to Section V. 5.
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ts enter the population through sumzer and fall. Of particular impor

the difference between vears in terms of reproductive agtivity and cocoon
densities (Fig. 43). Tn Control, cocoon densities in late 1933 - earlv 1984

w~ere nigh (mainlv cocoons in advanced stages cf develcrment) and bv June of

O
(9 9]
i
-

s
Ut

of the population consisted of small immactures (Fig. 44). A large

ce~rage of clitellate acdults were present throughout the summer of 1984,

AP
9
"t

oon densities were considerable, and recruitment from Mav to August of

NN
12333 was correspondingly elevated (Fig. 44 ). During 1983, however, clitellates

~ere .ess fregquent in the pcopulation, cocoon production was depressed, and

£}
U

slass ! juveniles made up less than 10% of the peopulation in Mav and

-
Tune of 1986 ‘data not included in Fig. 44).

-~

In Test, the pattern was assentially the same. Cocoon abundances of one
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vear furnished a good predictor o

ns in Test in late 1983 were relativelw less abundant than in Contrel;

)
9]
(4]
<
@)

1

onsequently, the smallest size class in spring of 1984 was less well repre-

V7]

ented than in Control (Fig. 45).

ii. Lumbricus rubellus
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Year-to-vear variation in abundance was proncunced
Nuzters were stable through 1384, but increased in 1983 through addition of
irmatures hatching from coccons present in zhe fall of 193., 3Both abundance
and cocoon densities were variable in 1985, However, there was azain a good

ce strulture.

v
b
(8]

correlarion between reproductive parametzars and pcpulation

In:reased cocoon densities in 1984 (Fig. 46) corresponded to high fre-

suencies of cilitellates, and resulted in a relatively prolconged emerzence
ceriod 1n 1935 (Fig. 47). Small imrmatures zereraliv were most frecuent in

- = B . P S < oy s EUE PN N e < -
the Spring, natching from overwintered <oc2ons, although some of the
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}‘\ o cocoons laid during spring and sumzer matured and hatched In the fall of the
¥
l‘" S5 Vo r Ak 1G8 Tia ")
A . same vear (e.g., October 1984, Fig. 47).
1)
‘0
5 At o
‘CV o iii. Aporrectodea spp.
) -
'F.
3v ELuropean nomenclature, A. tuberculata and A. turgzida wculd te ceonspecific

)
_" (~u

) . - - : . . : . .
fh i (Revnoids 1977). In cur sites, thev snowed essentiallv identical vertical
g
Y ) s . . ; . - .
:.,'u :&", distributicn patterns and responses to moisture stiress (Fizs. 38~39). Densitw
F‘q

estimates, however, were similar onlv in that mid-suzzer Jeclines occurred in

~
~
Uk N . . . > . -~ . .

k o ~oth species in 1985 (Fiz. 48). A more powerful toecl cf species comparisen

"‘I . . . . 3 > ] . . :

b@ e ~as provided by estimated cocoon densities (Fig. 49). Both species increased

P "..
i . . . . ..

. cocoon production in the fall of 19845 these cococons overwintered and zradual.v

- e ~atcmed during the first half of 19835. The seasonal repraductive pattern of

sl Te

-fl . N - . . . . ~ - -~ o~

v 128+ was not repeated in 1985, and cocoon densities in earlv 1933 were

H o

. il accordingly low for both species (Fig. 49).

‘:.’

e

|&j ;\ EZzergence times were clearly svnchronous for A. turgida and A. tuberculata,

AN

N and exemplifyv the general lumbricid adaptation to changing environmental

Ry o |
[§]

caditions: cocoons mav be produced at anyv time of the season, 1.e., there

L}
A,
o . . . o . L.
Ad - i3 nc set reproductive period, resulting in emergence patterns which can
0 ’s
| b . N . X . . PR .
o' I vars marredlv from vear to vear (@axizma in August-Septexzber 1%53; spring-
s [ ] . < : 1., 4 Ao
2y o7 summer 198.4; and Julv-September 1985, Figs. 50-51).
(s
R . ) . .. ~ .
o Abundance estimates of A. trapezoides, which cccurs cnlv in the Contrel site,

reflected moisture conditions rather than true densities, since the species

V e

4
1

retreats to depths nct sampled prior to 1986. Thus mid-summer declines in

g,
Sy o

Ty .Y . . = . . . . . :

: 1234 and 1935 (Fig. 52 ) simplv indicated vertical displacement. However, the
7

A . - : 1 . . .

) data indicated more clearly than in other species that cocoon develcorment in
r sir zlimate tares a full vear. Co-oons were most ahundant In August of 1¥3.
.’-
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1 vFig. 52)Y, vet smail immatures did not aprear in appreciable numbers until
+
K . summer of the following vear (Fig. 53). Converselv, virtual absence of

O\ cocoons in 1983 \Fig. 52 ) ceorresponded to absence of small juveniles in the
.',: K ~ , .

. second half of 1984 (Fig. >3V,

.:\ "

hl

e Population f{luctuations of A. lconga, an anecic species occurring onlv in
o - : . .

e Test, Tust be interpreted with as much caution as those of A. trapezoides,
"-'

o,

j N and for the same reasons. Deep vertical migration during the summer weeks
Ny -

» e . - 3

Tigz. =1y, possibly accompanied by obligatorw diapause (Bouche 1972),

‘ g .‘- - - e . -
~T arceared as spring and fall zaxima in our 193+ data (Fig. 54). Characteristic
o of aneci:s «Bouche 1977), A. longa produced verv few coccons, and total

Lo e

A 2 \

{ o smbers of both weorms and cococens recovered from samples were usually low.
l

‘{} . we expect that 1586 data, stemming from samples taxen to greater depth,

) - - =

[ .

i, .

f
[}
]
10
()

; will eluzidate the life cvcle of A,

o

3
. 5. Statistical treatment
o
v Analwvsis of horizental distribution of earthworzs Is currently being
e !l crapared for. we intend tc use Tultivariate ANCVA i(quadrats random, dates
\
G fixed), each cell containing un arrav 27 . 5 counts of individuals in

£ 7

4‘-‘.
:
P S !

1...5 species. Wwe will use an appropriate transforzaticon to normalize the

"~ p . o S e . ;

M data (v' = log  {v+l)). Results will indicare whether species arravs

] - e : .

‘:d (= community composition) differ significantly with quadrat = over the site
- .,

-.d P

L as a wholed

-d S a .

Py Density flultuations by themselves are protablv not verv sensitive measures
AR 3 ) : ) :

S

Lo e

) 57 the state ~f a ropulation of earthwerzs. What i{s more important is the

i}

”

N
! . . . . - X -
4 ‘\-‘ str.oture f corllztions in terms of nurocers/weizht class, and in terms of

.- S e - SO T LU T diqes 15" g i Nl s
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-t
o

Wwe antisipate analvsis of freguency distributions by means oF

1}
a
3
[#)

es. Ixamples, using arbitrary numbers,are given telow.

1

a: f2r anv one species, vear-to-vear variation can be tested bv, for

L/ . . . . . 5
o~ instance, a 24x6 table with three classifications: A = vear 1, 2; B = dates
oy
N Al - . : o -~ . - .
e S o 12 within vears; C = weight classes 1 to 6. fach cell centains N
é:J shservations  class [/ date. Useful summary statistics include: 2xH tables
£
N \ . . . .
O (2 wvears, 5 classes), with observations suzmmed over B (dates) to test overall
5 '
.‘. )
vearlv differences; 12x6 tables (12 dates, 6 classes) with chservations surme:
h" 7
hall cver A rvears!, to test overall seasonal shifts in freguencies as thev mav
B r}h‘
" . . . I3
;;n zharacrerize each species.
'-"‘{
SN N - . i . . A s -
" b) For taxa shared between sites (D. octaedra, and the ecolcogicallv similar
O
o species pair A. turzida and A. rtuberculata)., tables including an addisicnal
o : I a. Ldrg-ca a. Ltudoercu.atad 5
ol
Cad . . s . - .- . .
4;2; site classification for Test and Control test differences between sites.

with several vears of pre-ELTY data at hand, observations can be summed over -wezrs
and [2 ‘sices) x N (yearsi] tables will eventually test whether significant

cverall changes take place following antenna operation.
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A VIL UITTER CINTUTS ANT 2ECOMZOSITICON
q
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i

)] 1. Review

) —_

} .‘ .

£ 1

,ﬂ A Earlier hopes of documenting decomposition as well as nutrient loss rates
‘

‘l cannot be fulfilled. Several constraints prevent us frax pursuing nutrient

(]
»

- N - . . c e - . . . < N :
» anai-ses further. Primarily, available manpcwer, which was originally calculated
n j\- £ : 1 . - - i miead Sar acrmaiyrima - :

S for faunal analvses onlv, is far too limited for zatrering and processin
B RS A b = r
-
L0
nutrient samples with the degree of accuracy needed for valid results. Rather
A Y
) -
'.’ .-. . . I3 .
P - than chtain insensitive nutrient data, we cpfed to invest manhours into
- rsutine validation of faunal extracticns, and to zontinmue tarrier-trapping
A C

which increases sorting and identification time). We telieve that the

¢ 'r\ ".‘ ‘; o " “2
7

Y ‘.l .- x .

~ dezozposition work elements we did chose to continue will .;igc a restricted,
. cut useful Zata btase for gre- and post-IlT comparison.
y l' Scecifically, we retain monitering 2f litter inputs and standing croaps,

LIS

< the latter with scme changes in rechnigue; and =monitoring of decomposition rates
J. 2sing the leafpacxk technigue. Litterbaz studies, which have proven unsatisfacters
p !! with respect to obtaining reailistic decomposition rates (1985 annual repore)
o

Y wi_sl te discontinued, as will nutrient 3m3lvees of litter samnles

:n -f:'

n I

30 2. Litter inputs

R The temporal pattern of abscission in 1385 resezbhled that observed in

ol : '

SRS B . N e s . - .

1984, the bulk of maple leaves falling within a period of approximatelvw

’ Cu, - . . - . . ~ g - .

LR 1.5 weeks (Fig. 33). As in previcus wvears, .eaf fall in Test and Control

v -
[ ¥ P o . - -

; was tightiv svnchronized. Analwvsis of variance ~f 1379+ thr-ugh 1985 dara
. j RN
- &) . -
.I showed fthat neither site and vear =Tfects, nor thelr Interaction, were
. significzant (2 » .00,

.
.

.,“:,‘-;, .:" e
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3. Litter standinz croos

i. Methods
As in previous vears, standing crop estimates were obtained every two weexs

from two sources:

Y

a) litter meisture sazmples, 1/l15 &7, quicklv cleaned of woodv debris and

soil aggregates in the field, weizhed, oven-dried ani re-weizrned;
ggreg 2 g

5) litter archropod sa=mples, 1,16 @7, Tullzren-exiracted, cleaned of

non-leafy material when dryv, and weighed.

(¢5]

oth tvpes of samples tend to overestimate sianiing frops. Thew are conta-
zinated with scil and anizal faeces, whiczh are izpossible to detect and remove

zcmpletelyv, especially afrer thev have teen "haxed oo Zuring drving. In 138F,

3
3
8}
(9,3
td
W
2]
b]
O
(L
(XN
9]
]
ot
oy
114
n
[t}
0n
1
fi
C
N
1Y)
wn
[
(2l
[}
(9]
o
(¢4}
re
wn
(8]
n
(6]
N

we tegan to implezent a washi
sutmerging each saxzple inside a large sireen placed into a trav filled wizh
water, just long enough to allcw the litter to beccze flexible. The leaves
are then rubbed to clean them of soil aad sand, and are fished off the
surface, squeezed and bagged. The screens are turned over and hosed off iato

the trav. Szall particles are recovered by pouring the water (soil tends to

i

rezain on the botiom) through a fine-nmesh screen from which thev can be scraped
off, to be added to the crarse litter sample cbrtained in the first step.
In an effort tc gquantifv the difference between past and present methods,

'

300 samples’site. Unfcortunately, our

ry

both were exploved on a total o

rh

acilities necessitate that samples be washed cutdcors, and the onset of

cold weather prevented us from processing all samples of the 1986 season.

Not ountil May of the currtent vear will we be 2ble to wash the remainder, which
are st-ored, Jdrw, in the Uroer Peninsula

Available data Indizate tnit washing rslutes sizple mass by approxima ely
20 to 307, So far, we nhave wisred cnlv o osarmTles of litter which had been in th

e s
o AT, )
" ',\ - Al .

. PRCMEY
5T SN Y YT DY RN PO
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:: Tield over the winter, and leoss of soluble materials is likelv t> be negiizezble.
kﬂn However. for samples still In storage) taxken during the perizd of leaf fall,
AR ~e will juantifv mass loss encurred bv leachinz during the washing process.
SN - . . ; . .
;:}. For 1986, we report standing crop estimates tased onlv on litter rmoisture
~':~
%)

samples (not washed). Replication, ordinarily <G/ site’ date ‘moisture +

"G archropad samples) is thus reduced to 20. Data wvet to be obtainmed will allcw us
P

RNy "> re-_-z.culate iitter decav rates for previous vears, using sranding crop
P . P - = &
ASA

'~..!

- 2stimates adjusted for secil contamination.

S

-
‘-‘\d

{i:' 1. lesults

e

47 . . ; - . : s e 5 P . .~

+ cnaLsulldes T, Sud. PREY > cds5ee SN - Sad.utles, -~ -n -

N navoidabiv tanding crep estimates tased on 2J) samples. site in 1386
@ ]
.)u: Tiz. A ) were more variasble thanm in 1983 (Fiz., 37 ). However, fall zaxirma

“

— 2 2

O ~=7 ¢ 3 in Jontrel, 414 z'm in Test) were sicnificantlv different neither
=
T . .
W Sezween sizes ror between wears.

b -~ P24 . - i - -

jaf In 1385, we reported 95% decaw periods of 2.5 wvears f:r Test and 2.3 vears
-}-"

.\' . : . s ~ - 3 SoY .

e for Control. Again using Olson's (1963) method, we calculated 57 disagrea-
A rr
by o . . - . )

) rance as occurring in 2.7 vears ia Test and 2.3 wvears in Contral, based on
’\‘-\ T WA d' - *y o - Adpmo Ay~ - L ana & ARraimasd Taenmm ciaan A4 -
. 138 ata. we expect that standinz cro estimates obrtained ‘rozm washed sazples
~N

N - . - . .

-5 averiged over vears after adiutment of earlier Zata’ will redule these deca:
QA
W50

Fai rates “or both sites.

el
Ny
%f‘:’
"n{‘-'

'-).\' .

o~ 4. Litterbags

"t

we reported last wvear that litterbags of beth 1 == and 5 m= zesh size

vl
S retarded litter breakdown: after approximatelv cne vear in the field, 95%
Y ; ’
-
£
Ry turnover time for litter in ° tm Sags was estimated at a-out S5 vears. The
. .
zame series of litterhiazs, placed in the field in Novenmber 13354, were again

Tt AT et e A et e . - .
B e A At R
. SRR _ﬁi‘l&.’: xﬁn’_’\‘:‘nl’- abhal ad o'y B "
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’.::,:" LITTER STANDING CROPS 1985

SAMPLING DATE

I

est and Control,

,,__
e
w
s
-

e “iz. 7. Seasnnal lLitcer standing crops in

Tedns * >, confidence lLimit, N o= L0).
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o
§ L]
sy .-
,f‘ ™.
::ﬂ > sampled in 1986, ending with a last sample con Septenber 22, 1398k, Afcer 22 montts
e
€
v ' in the field, 50% of initial mass was still retaired in .=r mesh bags, and
y =
A ) . . ) ) .
};; 26 and 33% (Test and Control respectively) remained in 5 =m mesh bags. Final
~tM .
aogY
#:i O mass losses were identical in Test and Control for 1 rm mesh bags, and did not

differ significantlyv for 5 mm bags.

-
._
NE )

[X) " . . .
* In our sites, turnover rates obtained bv the litterbag method would be
Tl
> ra
ik o unrealistic. Furthermore, obvious contamination of these samples with soil and
D)
2% L8]
worz casts (of D. ccrtaedra) increasingly bisses the data as time progresses.
NI -
o
. - - - . PR . -
At - _nerefcre, we propose that these studies not be repeated in the future, even
.\d
\I
: Y though they seexm teo provide a means of comparing decempesition rates in Test

E

?}:' and Control.
7o
YRR
o
T PO - )
- 5. Leafracks
i‘
N~ i. Methods
et e Methods for assembling, sampling and processing leafpacks have been described
s
< . Ly . . .
. in detail in our last report, and have rezained essentiallv unchanged. Brieflwy,
J ; ! g A
3 !; ) . - . .
*}5 six dried, pressed zmaple leaves are assembled per pack, placed directly on the
{ W
-
S
IS IR scil surface, and secured bHv a locse hood of 2.5 om mesnh netting which is
=
@ . .- . c s
v pinned down. afzer retrieval from the field, leaves are separated from each
R
VO other and cleaned gentlv in water, oven-dried and weizhed.
-.‘ y bl - .
,#: - Series I leafpacks (3 subsets: sun, shade and randomlv mixed leaves) was
an o
: nplaced in the field in Novezber 1984. A replicate series, II, (2 subsets: sun
~ ..
S and shade leaves) was initiated in November of 1385.
SN
e L. . , . . . - . .
g In addition, a number of "litterpacks', consisting of air dried, locse leaves
LGN
_ ii which were not pressed, c-nfined in 2.5 cm netting, were sef out in Novermber
-J':'a
jw “a cf L3I0 At the time, we nad thrught to use litterracrs f0r cutrient ana.vses,
- T -
':' ".
@ N . ’ B B
$: “uT have since Tteen unazle T <ontinue this tarticular wore eleTent. we 314,
1 S
LLIE

-.')1
gl

.
.

o,"’
i ]

. el - R T T
J'f:m\fkigfif St _‘{$¢ Lo
QIR IYT o,

TN W o ) Yoy
Waashahs "w'\-.\.\ » ;:g



108

nowever, obrain mass loss data at monthiv intervals in 1385 apcroxiratelw
$2% of initial mass remained in both Test and Control afzer 11 months extosure

in the field (Fig. 58). Again, contamination with scil and worm cascts
rrovided a scurce of bias. We propose to validate mass losses by washing a nuzher
2f these samples in the spring of 1987. Thev have been stored, drv, for that

purpose.

.

ii. Leafoacx mass loss

(@]
(@]
o]
ft
"
O
p-s
~

ae nave sc far repcrted onlv the Tass loss data Icr one site |
.ntained froz leafpack series I started in Ncvember of 198-.

Tor entire packs, comp.ete resuils are presented in Figs. 59 and 60.

re
)
[1%
(a1

the second wirzer in the field, scome pactks were difficult to retrieve

>r nad apparentlyv been trampled. What we could retrieve in sufficient rep

re,

rozs bSoth sites were mixed packs (N = ls'site) in Mav ¢of 1388, Tollowing the

second winter, approximately 40% rezained of initial mass (Fig. 539). Means for

Test and Contreol differed at 0.01 L P <L 0.05., Circumstantial evidence indicated
that A. 1longa mav have contributed to this difference bv pulling leaves into
— —————— - - ~

its turrows: onlv in Test had entire leaves disappeared from 10 of the 1+ pactxs,

Tainly those in top and bottom pesitions. Over the course of the first wear

5f decompcsiticn of mixed packs, temporary differences between sites existel,

4 < 2O

S
Ny
COIN sut mass loss endpcints were virtuallv identical (Fig. 59).
\ A
\‘

100N

Sun and shade leaves of series I were sampled f ur times during 1987
{Fig. 6h0). Like that of randorly mixed leaves, remaining mass afrter antroximate.w
g ) E Pr

one vear in the field did not differ between sites.

Szries 11 leafpna:ws, set cut Novezmber of 1333, comsisted of sunm and shade
schsers. we irmireiaced sampling rvepliicatiom from 8 t: 10 orire date, ani were
3t le to ohrtain 4 late Wovexmber cample (onme Tull o vear notoe flelz o1nosrite of

LSRRI CR R T A S A R TPE S S
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&

o snow cover. Slightlyv less than 307 of injtial shile lea! mass redained at

that time, while sun leaves retalrned approxizazelv »07 of initial zass. |
Clearlyv, decompesition rates in Test and (o ontrol were equal (Fig. 61).
Comparison of series I and II sun and shade leaves shows some between-vear
differences as well as between-site similarities (Fig. 62). Sun leaves in bcoth
sites lost more mass during the summer of 1984, although October samples of

>mposition was

(o]

series 1 and Il did not differ significantlv. Shade leaf de

essentiallyv identical in 1984 and 1985 in Control, while series T and 11
differed 1n Test durirmg the first half of the seisonc
ne “ave also> reported differences in mass 1cse depending on position of a

civen le2f within the pack; top and bottom leaves experienced slightly greater

Zzcav than intermediate leaves cseries I, Control, 1983 smnual report). In
series 11 leafpacks, these relatisr-"ips were = re wviriadble, a.thrugh the sare
ce"era. trends exerged. In Fig., nd, we 110l .ctrate (hanges in zass Jhserved fov

top and tottom leaves onlv. in both sites, the Urrerzost leaves of shade

racxs, and the lcwest leaves of sun packs, decived tD & greater extent than
their respective ccunterparts. Although the divercence seemel great by Novenher
Sf 148k re.z., Test sunm, Fig. H3),in none oF the Jases wif o1t statisticall
sienificant.,

In rorolusicn, we note tle Close agTeeent P Tass 0S8 rates between sites,
Tartizulariy within the eame vear ‘e.g., Fig. ke Anv Jdifferences are partly

P e g . . .
srTritur e to Tle3r tvre foindividual leaves. lLeaf tvpe ix easilv ¢harac-
tericel Tvotne ratic o! surlile area !omass, which s unizue to eadh learl.

s ratic, together with the position of a givern leaf within a pasx, provide the
-7 TaTaTeteTs for et imalvsis ~f obreardiwn rates in Test aoi 0 artrol.
|
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or ANCVA with sites,
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We are currentlv assembiin
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dates and pesition within the pack as main facters, and initial area: mass

ratio as the single covariate. Results will answer the following main question:

Ziven a certain initial area: mass ratio, will leaves in a given pcsition
o]

excerience egual mass loss over time in Test and Control’

Cerending on these results, the model mav be expanded to include vears as

rn

IR

i2diricnal main factors, which would maxke it suitabdle for eventual testing o

or litter input data, we will continue to use ANCVA using sites and vears

15 main effezts, hased on total wearly litter input per lizter trap (N = 20
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High voltage transmission lines and mag.etic fields have
een shown to affect honeybee reproduction, survival,
rientation, and nest structure. ELF EM fields could have
imilar effects on native megachilid bees.

o oy

wn

Two species in the genus Megachile have been most
abundant in artificial nests at experimental and control
sites in Dickinson and Iron Counties Data on their nest
architecture, nest activity, and emergence/mortality have
been collected since 1983. Five hypotheses concerning the
possible effects of ELF EM fields are considered using these
data. Although some data are not yet analyzed, what has been
analyzed shows no indication of differences between
experimental and control sites prior to operation of the ELF

antenna. A number of changes in protocol are propcsed for
future research to facilitate detection of any differences
once the antenna becomes operational. Sample sizes of less

than 30 bees per site should bte sufficient to detect
reasonable differences between experimental and control areas
i1 future studies. Such sample sizes should not be difficule
to cbtain.

s s [P g N "

-

. -\"}‘.‘.




S Y « v ’ Caleathiecalinn ofiha A T S Y Y T O T W

X

A
..._ ;
o
N ’

S
W
_~ l II PROJECT RATIONALE AND OVERALL OBJECTIVES.

- Effects of high voltage transmission lines anad
\i-‘\ fluctuations in the earth's magnetic field have been reported
P to affect honeybees (Greenberg et al. 1981; Gould 1980). In
addition, honeybees have been shown to have an o¢rgan 1in the
Y abdomen that could be used to detect the earth's magnetic
" ‘ field and thus could be used as a compass 1n orientation
o, (Gould et al. 1978) Because such effects of electric and
‘:’-:' magnetic fields have been demonstrated, it 1is possible that
‘.::-; ELF EM fields may alter a bee's ability to orient or may
Nl i otherwise affect its behavior.

- Honeybees, however, are rare 1in the state forest where
AON ',::- the Michigan ELF antenna 1s located, and are unable to
-:::- - overwinter in the harsh climate of Michigan's Upper Peninsula
:-"_'-\' {fi:scher, 1983 Annual Reporc). Therefore, native bees are a
o _‘ better choice for ecological studies of the resident bee
{ - fauna. Native bees are particularly important in ecological
communities such as those in the vicinity of the ELF antenna
o N because they are pollinators of flowering plants, and are
P therefore important to the reproductive success of these
- plants.

! With the exception of bumblebees and some halicrtids,
N native bees are solitary, meaning that each female constructs
.'_-::'_ .. and provisions her own nest rather than having a special
S queen caste responsible for reproduction. Solitary bees have
-'.';-{ several advantages for ecological studies. As "mass
b~ provisioners", they create a discrete cell for each
J ! offspring, and fill it with a provision mass of pollen and
AR, nectar prior to laying the egg. The bee does not add more
" provisions after the egg is laid. A series of such cells,
SO each with a provision mass and egg, are created 1n succession
RN by each female. The provisions that go 1into each cell are a
wa direct measure of parental investment in an offspring
» .. (Strickler, 1979). The size of the adult bee that emerges
e from each cell is correlated with the amount of provisions
': provided it, and with the size of the cell in which the larva
s develops (Krombein 1967; Klostermeyer et al. 1973; Torchio
AN and Tepedino 1980). However, there is a tradeoff between the
ol . investment per offspring and the rate at which offspring are

produced. The more the bee invests per offspring (ie, the
e larger the offspring), the fewer offspring she will produce.
-: '.",- If bees are disoriented, agitated, or slower at foraging,
o they may 1invest less per offspring, produce fewer offspring
::‘: per unit time, or both. Solitary bees are unusual in having
."'E' this direct relationship between parental 1i1nvestment per
. offspring, adult size, and reproductive output.
L. - .
'_-'t‘ . The nesting biology of some species of solitary bees 1in
:;Z
_:.q' .
('
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tne fam:lv Megachilidae 1s espec:iallvy easy to study because
<

they accept artificial nests :n the ield. These bees
typically nest i1n abandoned beetle bores :n dead logs. "Trap
nests'" of drilled blocks of wood are alsoc used by bees as
nest sites. Such artificial nests can be placed in habitats

where bees are expected to nest, in order to 1iancrease the
sample of nests available for study, and to standardize such
characteristics of the nest as bore depth and diameter

(Krombein, 1967). Trap nests are used 1n the management of
the leafcutter bee, Megachile rotundata, for pollination of
alfalfa (Hobbs, 1972). Thus there 1s an extensive (rhough

unreviewed) literature on megachilid biology.

Research on the effects of high tension wires and
magnetic fields on honeybees suggests worklng hypotheses on
which to base our imitial analyses of native bee nesting
biology. Of possible relevance to megachilid behavior are an
alleged greater tendency for dispersal, and greater levels of
activity (Wellenstein, 1973), as well as reduced reproductive
output, lower overwintering survival, and modifications of

nest structure (Greenberg et al., 1981) when colonies were
exposed to electromagnetic fields from high voltage
transmission lines. In addition, disorientation due to

fluctuations in ELF magnetic fields 1is possible 1if
megachilids share the honeybee's ability to detect magnetic
fields. (Gould et al., 1978, 1980; Gouid 1980; Tomlinson et
al. 1981).
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LI METHOODS AND TYPES OF DATA COLLECTED

Tne hypotheses d:r:scussed later in this rtreport are
necessar:ly constrained by the types of data that have been

co.lected for the past four years. These 1include nest
architecture and nest orientation, emergence/ mortality data,
and nest activity. The first tw)> types of data are obtained

by placing trap nests 1n the environment, and allowing bees
to construct nests 1n their choice of traps during the
summer . The following spring, various parameters of their
nest archlitecture are measured. Bee and parasite emergence
and larval and pupal mortality are recorded at the same time.
Nest activity data are gathered during the summer season
while the bees are constructing their nests.

Trap Nesting Methodology

Trap nests consisted of elongate white pine pieces
19%x19x153 mm. drilled lengthwise to a depth of either 142mm
(smaller diamecters) or 107mm (larger diameters). Six
different bore diameters were used. "Blocks" of 12 nests,
two of each bore diameter, were bound together so that half
of the nest entrances faced one direction and the other half
faced the opposite direction (Fig. 1}. The bore diameters
were arranged randomly in the blocks, with these directional
constraints.

"Hutches'" consisting of a frame with four shelves and a
roof were used to hold che blocks of trap nests (Fig. 2).
Four blocks of nests were placed randomly on each shelf,
making a total of 192 nests present at any one time. The
hutch was open on both sides, so half of the nests opened in
each direction.

Four study sites were selected in 1984 for placement of

hutches. Two are experimental sites along the ELF antenna:
Ford | and Ford 2 (F! and F2), and two are control sites:
Camp 5 and County Line (C5 and CL). Further information on

the study sites can be found in the 1985 annual report.
Three sets of two hutches, making a total of six hutches were
placed at each of the four study sites. In each set of two
hutches, one hutch was oriented 1in a north-south direction so
that 1ts nests open to the east or west, and one hutch was
oriented 1n an east-west direction so that its nests open to
the north or south. The two hutches in each set were placed
close together in edge habitats between oOpen areas where
there are abundant flowering plaonts, and woods where natural
nest constructing mater.dals are ava:.able.

When a nest was occupied by a megachil.d bee, it was
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i given a number that i1ancluded site, hutcnh direction, bore
v direction and shelf height. Position on the shelf and 1in the
block of nests was not recorded. When tnhe nest was
.f completed, 1t was removed from the block, and replaced with a
;ﬁ nest of the same bore size. Completed nests were brought to
;:: Channing to overwinter, in order to avoid vandalism and
B - marauding animals. Each nest was stored in a large test tube
i with cloth covering the opening. Tubes were placed in wooden

boxes built to fit the hutch shelves. The following spring
tubes were checked daily for bees that had emerged from the

% nest and were in the tubes. Date of emergence, species, and
s sex of offspring were recorded. Finally, adult bees were
2 released at the sites where their nest had been constructed
0y the previous summer. Nest architecture measurements were
sometimes made before the bees emerged and sometimes after

{5 emergence, depending on year and species.
"
:ﬂf Bee species and sample sizes.

q;

The five most abundant species that were found at the
¥. study sites between 1983 and 1986 are Osmia tersula
S Cockerell, Hoplitis albifrons (Kirby), Megachile pugnata Say,
f; M. inermis Provander, and M. relativa Cresson. Less abundant
e representatives of the genera Osmia and Hoplitis also
- constructed occasional nests. Tables !-4 indicate the number

of nests made by the five most abundant species each year.
o Numbers of 1986 nests for each species have been estimated,
xj but these must overwinter before they can be cpened for nest
o architecture measurements and species confirmation. Also
'\j indicated in the tables are the number of hutches for which
o> at least 5 nests of a given species were constructed. This
J number should be compared with the total number of hutches
’i\ for the site; 6 1in 1985 and 1986, fewer in 1983 and 1984 (see
- top of the table) because sites were being selected and
dﬁ protocol was being developed. Hypotheses about the
4¢: acceptability of different nest orientations can be tested
»a most easily for species with at least 5 nests in all hutches.
I
" M. relativa 1is the only species that consistently
e constructed large numbers of nests at all sites, and that
e isually had over 5 nests per hutch. Osmia, Hoplitis, M.
w pugnata, and M. 1nermis constructed few nests at some sites,
and less than 5 nests per hutch at many hutches.
o Furthermore, the Osmia and Hoplitis tend to have nests with
}ﬁ few cells, and are highly variable 1n the presence and size
jq 2of unoccupied interstitial, basal and vestibular spaces. This
J: varlability will make changes due to ELF EM fields nhard to
Y detrect . Furthermore, identification of the species that
—y coastructed 0sm:a and Hoplitis nests 1s difficult for the
T untrained eve, especially if no adult bees emerge from the
‘ nest 1a the spring.
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We conclude that M. relativa is most suiltable for our

analyses of nest architecture. However, we are not yet
prepared to eliminate M. inermis from our study, because most
of the nest activity data collected to date are for this

specles. M. 1nermis has a number of advantages for
benavioral observations. Their large size and relatively
slow movements make them easy to observe both at the nest and
in the field. It is easy to distinguish whether they have

returned to the nest with round leaves (for cell caps),
oblong leaves (for cells), or pollen (see "Nesting biology of
a megachilid bee", below). Furthermore, they are the only
species that continues to forage during rain showers (V.
Scott, personal communication), when the sun 1is obscured by
clouds. Sun compass orientation is difficult at this time so
magnetic field orientation may be important.

In our future research we propose toO attempt to lncrease
the nesting populations of M. inermis at the control sites.
By focusing on only two species and thus using fewer bore
sizes, we will increase appropriate bore sizes for M. inermis
at the hutches. However, we doabt that appropriate bore
sizes were limiting at the hutches in the past. Observations
in previous vears suggest that M. inermis accepts Circium
flowers more readily than other plant species. Members of
this genus are rare at the CL site. Transplanting Circiux
flowers may increase the M. inermis population. Addiciona.
bees may be introduced to the control sites from other area:
in hopes of increasing the nesting populations a:z o
hutches. As a last resort we may consider alferni:
control sites from among those that are already be:ns S--:
other ELF projects.

In conclusion, our study in the future w:u!6.
the two Megachile species, M. relativa and M
analysis of the data for these two spe. N
complete. This report 1is primarily & s.m=Ti-
of our analysis.

Nesting Biclogy of Megachil:id Bees

M. tnerm.s and M. T
architecture 10 tnat n-oTo
.eaves. However, ' - = a
tnerel . -e Tarvtoic .
dJorter R .
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ké base of the first cell. Next she cuts and brings to the nest

;“M several elongate pieces of leaf in succession. These are
used to line a tube- or cup-shaped cell that is slightly

AN longer than her body. Next she makes a series of pollen and

1&2 nectar foraging trips to fill the cell with the discrete

-&% provision mass that will be the larva's food supply. When

hﬁ& provisioning is complete, the female lays an egg. Fertilized

eggs become a females while unfertilized eggs become males.
The female has voluntary control over the sex of the egg that

K she lays (Klostermeyer and Gerber, 1970). After laying the
%ﬁ egg, she cuts more round leaves to cap the cell, sometimes
&5 adding chewed leaves, sand, pebbles, or bits of wood to
W&v separate the cells. Next she cuts more elongate leaves for

the second cell, and repeats the process. Thus a linear
series of cells is constructed in the nest bore. Typically,

&?2 the cells at the base of the nest are more likely to contain
o females and the cells near the entrance are more likely to
el contain males (Krombein, 1967). Since females are typically
X larger than males in these bees, cells at the base of the

nest tend to be larger than cells at the entrance. When she
—_ has completed the last cell that she is going to put in the
nest, she constructs a series of plugs of round leaves,

-,
-~

oy

& chewed leaves, and possibly other material. Sometimes there
W are empty "vestibular" spaces between segments of plug.
T#Q Sometimes there is one long mass of plug material. There may

also be space between the outermost plug and the opening of
the nest, called an "indentation'".

é';
&%’ Each female may construct several such nests over her
%}l life time. Some nests are abandoned before they are finished
fﬁq because the bee has died, or for other unknown reasons.
{Q” Inside each cell the egg hatches, and the young larva
aﬂ feeds on the provisions prepared by its mother. Both
!$ Megachile species in our study are univoltine in Northern
:&ﬁ Michigan, and both overwinter as prepupae. Pupation occurs
RO in the Spring, and the adults emerge soon after, in mid-June
' at our study sites. A variety of parasites may emerge from
e the cell instead of the original bee. Oviposition of
¢$ parasite eggs usually occurs while the cell is being
i@ﬂ provisioned, when the mother bee is out of the nest on a
Q*; pollen foraging trip.
KRR
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A
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IV NEST ARCHITECTURE DATA

Condition of past data

R B 5 B

1983 nest architecture for M. relativa is available on
' data sheets and was entered into the computer before the
recovery team began work. The computer files are being
edited so that they are in the same format as the 1985 data
W (see below), as far as is possible. The original 1983 nest
architecture data sheets for M. inermis have been lost.

_,, -
S

Some 1984 nest architecture for the Megachile species
is on data sheets, but much is incomplete and unverified.
The reliability of cell sizes and species identifications are

Ek considered to be low for many of these nests because of the
fﬁ‘ inexperience of the individual who filled out the original

data sheets. No measurements were taken on many of the nests,
and no emergence data were taken on others. The original
- nests from which architecture data were measured have been
‘ lost or discarded. If information is retrievable from the

1984 data on Megachile nest architecture, it will be analyzed
at a later date.

B Oe

Although emergence from 1985 nests was recorded in early
summer of 1986, nest architecture meas irements were not made
until November and December, 1986. These data were added to
the computer data base in January, and were analyzed in
February and March. 1985 nests for M. inermis have not yet
been measured.

Nests constructed in 1986 will not be opened until the
spring of 1987, so no data are yet available about their nest

B} architecture.

P

W

o Measurement

25: Three people measured the 1985 M. relativa cells. Each
o person measured every third nest so that any biases 1in
R measurement would be distributed evenly between sites and
@, dates.
ﬁg 4 Nests.were split open lengthwise with a chisel. Non~-
*@ ﬁ: reproductive spaces (basal space, vestibular spaces,
g{ associated caps, nest plugs, and indentation) were measured
*3 with the cells 1intact. Each cell was then removed and
’~.! measured from the base of the cell to the position of the
- outermost leaf in the cell cap (Fig. 4). Since nest
aﬁ architecture measurements for 1985 nests were taken after
.ﬁ*‘ﬁ emergence, most cell caps had been destroyed and were not
I b, measurable, although a ring of leaf indicated where the cell

. . or LI b S A ATIY O WA T Bt oS0 T, Ny
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cap had ended, even if the cap itself was not present. If
the occupant died before emergence, then the cell space and
cell cap were measured separately (Fig. 4).

5314 Cell volumes were calculated using cell length and bore
ity diameter measurements, and assuming that the cells were
it cylindrical.

" Hypotheses involving nest architecture data.

iﬁr Hypothesis 1: The average size (length and volume) of cells
:¢& for each offspring, and/or the average number of cells
B produced per nest will be altered by exposure to ELF
electromagnetic fields.
LI
33? Rationale
Khi
@Q& Honeybee reproductive output decreased on exposure to
RN high voltage transmission lines (Greenberg, et al., 1981).
‘ ELF fields may have a similar effect on megachilids. The ELF
S electromagnetic fields may affect both cell size and nest
§§£ architecture in various ways. For example, if bees are
%‘r disoriented by the fields, they may gather resources (leaves,
oY pollen) more slowly when exposed to the fields than when not
f{* exposed. As a result, they may produce new cells at a slower
rate, or they may produce smaller cells.
UL,
méﬁ Previous studies have found that the weight of offspring
}ﬁz‘ of the generalist megachilid, Osmia tersula, is lower if
h@p their cells were produced late in the season rather than
e early in the season (Torchio and Tepedino, 1980). This
A species also showed an increase in the proportion of male
ﬂﬁﬁ offspring (the smaller sex) produced late in the season. A
3@” reduction in offspring size late in the season is thought to
ﬂf_ be related to reduced foraging rates due to aging of the bee
Sﬁ# (Torchio and Tepedino, 1980, Tepedino and Torchio, 1982).
LN Similarly, ELF EM fields may slow the foraging of M. relativa
. and M. inermis, resulting in smaller bees produced in smaller
N cells. A size reduction could affect cells with offspring of
ﬁ@c both sexes, or it could reflect the production of a greater
,@H proportion of male offspring, for species with smaller males
:ﬁ& than females.
i In contrast to the generalist megachilids, the pollen
R . . S . . . .
ot specialist Hoplitis anthocopoides did not show a reduction in
Sr} offspring weight late in the season, in spite of reduced
Aytiay foraging rates (Strickler, 1982). Rather, it was
:.::,.“ hypothesized that slower foraging rates led to fewer
o offspring per nest late in the season as compared with early
A in the season for this species. Similarly, M. relativa and
4RQ M. inermis may produce fewer cells per nest in response toO
fﬁhz slow foraging rates due to ELF EM fields.
NI
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In testing hypothesis | we are interested first in
determining whether there are differences between
experimental and control sites in cell lengths, cell volumes,
and number of cells per nest. Ideally, we hope to find no
differences between experimental and control sites, and
between years, before the ELF antenna is operational. Then,
if significant differences between experimental and control
sites do appear after the antenna is turned on, we can
attribute these differences to the effect of ELF EM fields.
Secondarily, we will examine the contribution of a number of
other factors such as nest diameter, date that the nest was
begun, and the offspring's sex, to the variance in cell
length and volume. Ideally, we hope to find some
contribution of these factors to variability in cell lengths,
cell volume, and cells per nest before the ELF antenna is
operational. If factors such as aging of the bee or sex
ratio contribute to the variance now, then changes in these
factors due to ELF EM fields are possible. Such changes will
be the underlying cause of differences between treatment and
control sites in cell length, cell volume, and cells per
nest. For example, if sex of offspring contributes
significantly to the variance in cell lengths before the
antenna is operational, then cell lengths could decrease
after the antenna is operational because a higher proportion
of male offspring are produced. An understanding of the
contribution of a variety of factors to the variance in cell
lengths, cell volume, and cells per nest will also help us

decide whether changes in protocol are needed in future
seasons.

Results: Cell lengths and cell volumes.

Analysis of variance was used to test for the
significance of a variety of factors on cell lengths and cell
volumes from all 1985 M. relativa nests. These factors were

nest diameter, experimental vs. control areas ("exp"), site
nested within experimental or control areas ("sitel[expl"),
complete vs. incomplete nests, date on which nest was begun
("date begun”), number of cells per nest, and cell order. In
addition, we considered two factors that relate to our
measurement techniques: person measuring (doneby), and
whether or not a cap was included in the measurement of cell
length (caplflg). Incomplete cells (cells for which a cap
was not constructed) were eliminated from the analysis. Our
first analysis treated each cell as an independent
measurement. This allowed us to test whether cell order
contributes significantly to the variance in cell lengths and
volumes as would be expected if females are more often found
in basal cells than are males. We used the GLM procedure of
SAS to calculate Type IV mean squares; all variables used
overall model error as the error term except exp, which used
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site(exp] mean square as an error term.

All factors contributed significantly to the variance in
cell leng:h except experimental vs. control sites, and
complete vs. incomplete nests (Table 5). The same was true
for cell volume, except that number of cells per nest was
also not significant. Because experimental and control sictes
were not significantly different, we are encouraged that
differences between the two types of sites after the antenna
is operational will be attributable to ELF EM fields. We
caution, however, that it will be necessary to analyze nest
architecture results from 1983 and 1986 to be sure that
experimental vs. control sites consistently show no
significant differences in cell lengths and volumes.

The effect of bore diameter

The overall variability in both cell length and volunme
is low (CV < 107 of the mean). More of the variance in cell
volumes than in cell lengths was explained by the factors
tested (r2 = .89 and .23 respectively). This difference 1is
primarily due to the greater correlation of nest diameter
with cell volume than with cell length, as illustrated for
basal cells (Cl) in Figures 5 and 6.

In 1985 M. relativa constructed nests in bores made with
four different drill bit sizes. Nest diameters varied
considerably within a bore size, so that bore sizes overlap
in actual diameters. Though nests of a given bore size were
all drilled with a bit of the same diameter, the actual bore
diameters can vary somewhat in the drilling process, and may
change due to shrinkage or expansion of the wood when exposed
to the elements. Figure 6 indicates the distribution of bore
diameters used by M. relativa for each bore size (note that
bore sizes are not ordered by mean bore diameter; size 3 1is
supposed to be a larger diameter than bore size 5. The few
nests made in bore size 3 were in bores that overlapped in
diameter with bore size 5).

The distribution of bore diameters used (all sites
combined) was skewed slightly toward larger sizes (Figure 7).
This is probably because a bee can always use a nest that has
a larger diameter than her body, but not one that has a
smaller diameter than her body. Bore diameters between 4.75
and 6.25mm appear to be most acceptable to M. relativa
(Figure 7). Bore size 4, made with a bit 5.6 mm in diameter,
encompasses this range. In future research we will restrict
ourselves to nests of bore size 4 for attracting M. relativa.

Nests of bore size 7, made with a bit |].! mm in diameter,
(the largest size) will also be used for attracting M.
inermis. Variability should be reduced by providing nests of
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only one bore size for each species.

The weak negative correlation between nest diameter and
cell length, and the strong positive correlation between nest
diameter and cell volume suggest that cell lengths are more
or less constant, whereas cell volumes increase with
increasing bore diameter. We hypothesize that a bee uses her
body length as a guide for cell size. In the next fiel
season we may try to test this hypothesis by correlating wing
length or head width (which scale with body size) of mother
bees that are constructing nests with the length of the cells
in the nest.

If cell length determines cell size, then why study
cell volume? This depends on whether the provisions in a
cell (and thus offspring size) correlate best with cell
length or with cell volume. The easiest way to answer this
question is to weigh the bees that emerge from each cell and
correlate these weights with both length and volume of the
cell from which the bee emerged. While some data on
offspring weights were taken in past years for M. relativa

and M. inermis, these cannot always be correlated with a
specific cell. To make such a correlation will require
keeping individual cells separate for emergence, so that
offspring weights and cell lengths can be matched. This will
be possible if nests are measured shortly before emergence,
and if each cell is kept separate for emergence. In the
future, instead of measuring nests after emergence as we have
done with the 1985 nests, we propose returning the nests to
the laboratory in late spring, about three weeks before

emergence, in order to get nest measurements. Cells will be
separated, leaving the leaf lining intact to minimize
mortality due to handling. Each cell will be measured,
weighed, and then stored separately in a vial until the bee
or parasite emerges. Species and sex of the adult will be
recorded before release at the appropriacte field site. The
leaf remains of cells from which Megachile emerged will then
be reweighed. The difference in weights before and after

emergence will estimate the weight of the bee that emerged,
without unduly stressing the bee.

The effect of including vs. excluding cell cap length

Cells with cell caps included were slightly (but
significantly) longer on average than cells with cell caps
excluded. However, summing the cell and cap lengths for
cells with caps excluded yielded total lengths that are
slightly longer and more variable than cells measured with

cell caps 1included. This 1is because there are two
measurement errors in the summed length, but only one
measurement error for cells measured with caps included. In

the future cells will always be measured so that cap length
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is included. Caps will be measured separately if present
(Figure 8).

The effect of cell order

As mentioned earlier, trap nesting species usually
produce cells that contain females near the base of the nest
(inner cells) and cells that contain males near the entrance
(outer cells). In species with males smaller than females,
the outer cells tend to be smaller than the inner cells. A
few known exceptions to this pattern are species with
territorial males that are larger than the females. In such
species, inner cells tend to contain males and outer cells
tend to contain females.

Based on a few weights of offspring from previous years,
M. relativa females are 1.4 fold larger than males (Table 6).
Larger female cells at the base of the nest could explain the
significant contribution of cell order to variance in cell
lengths and volumes (Table 5). M. inermis shows more size
dimorphism than does M. relativa so cell order should
contribute more to variance in cell length and volume for
the larger species than for the smaller.

Duncan's multiple range test was performed on mean cell
length for cells in different positions within the nest
(Table 7) The basal cell (Cl) is significantly larger than
the 10th cell (Ci10), but intermediate cell lengths were not
significantly different. C! had the highest proportion of
female offspring of all the cells (Table 8).

Number of nests to detect differences in cell lengths and
volumes.

In order to estimate the number of nests needed to
detect differences between experimental and control sites in
cell lengths and volumes, we calculated an ANOVA on mean cell
length or volume per nest, weighted by the inverse of

standard error per nest. If a nest consisted of only one
cell, the inverse of the overall standard error of the model
was used as a weighting factor. We restricted this analysis

to nests in bore size 4 and cells with caps included in the
length so that these data would be most comparable with our

future protocol. Nest diameter contributed significantly to
variance in mean cell lengths and volumes per nest, in spite
of the reduced range of diameters tested (Table 9). No other

variables made a significant contribution to variance.

Using a CV of 8.5 mm (Table 9, cell volumes), we
estimate that 24 nests for both the experiment and control
areas will be required to detect a 102 change in cell length
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with a power of .9 and an of .01I. We should be able to
reach this sample size for M. relativa.

ff A 10% change in cell length amounts to slightly over a

%é 5 millimeter. This value needs to be compared with the
:& Fg accuracy with which cells can be measured. Mean cell length
T > differed between people by as much as .5 mm., a difference

that contributed significantly to variability in cell lengths
and volumes (Table 9, doneby). A change in cell length due
to ELF EM fields will have to be greater than this to be

=z =

& considered biolqgically relevant. ‘However, within and
nw between person variability is needed for a better estimate of
M measurement errors. A sample of cells from the 1986 nests

will each be measured several times by the same person and by
@ ﬁ; different people. Thus we will be able to obtain estimates
R LC of within and between person measurement error. A change in
N0 cell length or cell volume between treatment and control

sites will not be considered significant unless it is greater
than the sum of the within and between person measurement
errors.

Sex of the offspring

2
e B

The sex of the M. relativa offspring that emerged from a
given cell is known only for a limited number of cells.
These cells were tested with an ANOVA, treating each cell as

-»
A

?% an independent measure. Offspring's sex does not contribute
P significantly to the variance in either cell length or volume
MP o (Table 10), although cell order does. We will be interested
ne to see if this result is true of the 1986 nests, and for M.

inermis, which has greater sexual dimorphism in size.
Date that the nest was begun

Mean cell length and volume for a nest 1is not
significantly affected by date that the nest was begun (Table

.-
2
.
=
=2 =9

M 9). 1If foraging rate is lower late in the season than early,
—— K there does not appear to be any associated change in mean
{:’. cell length and volume between nests. We will be interested
&ﬂ to see if such an effect appears after the ELF antenna 1is
i operational, or if it exists for M. inermis.

Results: Number of cells per nest

A .

2 . .

‘bﬁ o Mean number of cells per nest in complete nests in bore

.% size 4 was twice the mean number in incomplete nests (4.5 vs.

e 2.2). The distribution of number of cells per nest for
ﬁ complete and incomplete nests is given in Table 12. A chi-

“* square test of categorical data was used to determine if

g\ - exp., site [expl, or date ("early'", before July 20; and

ﬂb :: "late", July 20 or later), had significantly different

' .
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distributions of cells per complete nest (bore size 4 only).

None of these factors were significant (Table 13). Mean
cells per nest for these different categories varied from
close to 7 to just under 3 (Table 14), suggesting that it

will be difficult to detect significant differences in the
distribution of cells per nest for control and experimental
sites, unless these differences are substantial.

Incomplete nests, by definition, do not have a full
complement of reproductive cells, so we have not included
them in our analysis of cells per nest. In the future,
however, we may wish to compare the relative proportions of
complete vs. incomplete nests in treatment vs. control sites,
and early vs late season. Table |5 summarizes these
proportions for the 1985 M. relativa data.

Hypothesis 2. Bees will make thicker cell caps and nest caps
vhen exposed to ELF fields, or they will increase the
proportion of nest space that is not devoted to reproduction.

Rationale

Honeybees increased the amount of propolis at their nest
entrances under high voltage transmission lines, presumably
in response to stress connected with electric fields at the
nest entrance (Greenberg et al, 1981). This suggests the
possibility that megachilid bees will respond to disturbance
from ELF fields by increasing the amount of nest lining

material in the bores. This may be reflected in larger cells
(tested in hypothesis 1), increased cell cap length, and/or
increased nest plug length. More generally, there could be

an increase in the nest space that does not include cells for
offspring (ie. basal and vestibular spaces, nest plugs and
indentations).

This hypothesis has not yet been tested. The sample
size for cell cap length is considerably smaller than the
sample size for cell length because most cell caps were
destroyed when the bees emerged. We will use a nested ANOVA
to test for differences between experimental and control
sites in cell cap length of cells in which the occupant died,
and in nest plug length. Differences between treatment and
control sites in proportion of non-reproductive nest space
will be tested using a Chi square contingency table.

Hypothesis 3. The relative acceptability of nests oriented
in a MS direction vs. nests oriented in an EW direction may
change when bees are exposed to ELF fields.
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Rationale

The matched directional placement of the hutches and
nest openings is meant to allow us to detect preferences for
nest direction in the bees. Since honeybees may use the
earth's magnetic field under special circumstances to orient
their comb (reviewed in Gould, 1980), it is possible that the
fluctuating ELF magnetic fields could disturb any direction
preference that megachilids normally have, or could cause the
appearance of a preference for certain directions in order to
o reduce disturbance by the fields.

-
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Comparisons of the relative acceptability of different
nest orientations requires testing for independence of
discrete categorical data (eg. Chi square) and generally

(S

N t

-';:: E).‘ requires a minimum of 5 nests from each hutch. Differences
:&'* other than direction between pairs of hutches must be
:Q‘ minimized for this analysis to be valid. For example, solar
o ﬁ radiation and temperature exposures should be the same in all
B directions, and both hutches should be sufficiently close

that resource availability is the same for bees in both
15 AN hutches.
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oy IV NEST ACTIVITY DATA

Measurement

Q% Every year since 1983, one or more observers have
;bﬂ g} gathered data on behavior of individual bees at the nest. Of
-¢ o particular relevance is the timing and sequence of foraging
ot trips for different nesting materials, and the time spent in

the nest manipulating these materials. In this report we
‘.»;" focus on the collection of round pieces of leaf (LO), the
ﬁw : collection of elongate pieces of leaf (LR, because the leaf

pieces are rolled under the bee's body), and the collection
of pollen (F). Usually the observer watched a single bee for
several days in succession, until the nest was complete.
This protocol generated a great deal of information on the

-.
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N
343\‘

ff‘gi variability in behavior within a bee, but less information on
‘GQQ; between-bee variability. As will be discussed in the results
{ﬁ section, a different protocol that maximizes the number of
3& B bees observed will be recommended for future research.
SR
-~ Because behavior of insects is often affected by such
&Q 3 environmental factors as temperature and wind speed, foraging
°¢$: 9& trip durations could be correlated with weather conditions.
Q% ! Air temperature, relative humidity, solar radiation,
bﬁ rainfall, barometric pressure, wind direction, and wind speed
‘-" have been monitored automatically with Model TI-5X
" instrumentation modules at one experimental and one test
A site. The instrumentation did not always function properly.
v“ > The project recovery staff has not had time to evaluate the
3 s availability of these data, or to attempt the appropriate
Qv! correlations. We will, however, discuss possible changes 1in
';' ; environmental monitoring in our future research efforts.
ab
:4ﬂ‘ Condition of the data
T . .o
i\\j Five notebooks of nest activity data taken by four
1T different observers from 1984 - 1986 have been transcribed to
= the computer. Three more notebooks of activity data from 1983
Lap? S have not yet been analyzed. The five notebooks that we have
> transcribed thus far give us a good idea of how to sample
:): nest activity next summer.
S -
‘%E; Table 16 indicates the number of bees that were observed
during each year at each site, and the numbers of LO, LR, and
K . P collecting trips that were timed at each site. Few bees
h{:{ were studied at any one site or in any year, although
‘zw - numerous individual durations were collected for most bees
- studied.
Y, o
. ™ Hypothesis 4. The duration of a leaf-foraging trip changes
VV‘ wvhen bees are exposed to ELF electromagnetic fields.
' .
o
e
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Ju Rationale
o Honeybee activity allegedly increased under high voltage
S electromagnetic fields (Wellenstein, 1973). If ELF fields
> cause a similar effect on megachilid bees, the time of leaf-
ﬁp and pollen-foraging trips might decrease. Alternatively, if
it bees become disoriented or agitated in the field, their

foraging trips may increase in duration.

X

Qﬁ Leaf- foraging trips for M. inermis and M. relativa are
;E: easy to recognize behaviors on the order of a minute in
_ﬁﬁ duration. Many of these trips are taken in succession, so

¥ within and between bee variability can be analyzed, and a

potentially large sample of leaf collecting trips can be

X timed.
5 | .
b Weather may also affect leaf and pollen collecting trip
Y durations. Ideally, these nest activity data should be
s correlated with weather parameters using a canonical
-v% correlation technique to see 1if weather contributes
B significantly to variability in trip durations. If so, we
K E will have to restrict observation periods to a suitable range
S?T of weather conditions, and/or carefully monitor these
R conditions and incorporate them as covariates in our analysis
o of trip durations so that changes in weather do not confound
vy differences between control and experimental sites.
A ‘-{j
Etﬁ. Results
At
g}f Median durations for LO, LR, and P collecting trips, and
P median durations of times in the nest after these collecting
vy trips, are given in Table 17. The distributions of durations
\ﬁg of a given type of collecting trip (LO, LR, or P) and the
L86 durations of times in the nest after a collecting trip, are
-&‘ skewed, with a wide tail that may include very long durations
B (Figs. 10-12). We attempted to normalize these distributions
& %! 8 P

T with a log, a log-log, or a square root transformation. Only

the LO durations were adequately normalized by a log-log
: transformation (Kolmogorov-Smirnov test, P>0.15) Transformed
&&: LO durations were tested using a "repeated testing of
individuals" ANOVA model with weighted residual sum of
squares (Sokal and Rohlf 1969) to minimize the effect of

significant heterogeneity. No significant differences

#;& between years, time of day, or date were found for LO
ot durations (Table 18). We believe that the small number of
w*t bees sampled and the high variability between bees has made
?'3 it difficult to detect significant effects of these
e variables. There were not enough degrees of freedom to test
_ for differences between experimental and control areas, or
gf' sites nested within experimental and control areas.
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Using the coefficient of variation estimated in the
. ANOVA, we calculate that we can detect a 2.0 (or .5) fold

.
--

change in the average LO duration with a power of .5 with a

sample of 60 bees. A 3 (or .33) fold change in LO duration

)
1%»_ requires timing 27 bees. As can be seen in tables 3 and 4, 60
!z ﬂ or more M. relativa nests were constructed at most sites 1in
i, - both 1985 and 1986, when a full compliment of 6 hutches were
' present. I1f these samples sizes persist, it should be
. , possible to get adequate timings to detect the 2.0/.5 fold
SR changes. For M. inermis, it may be difficult to find
: adequate bees to detect a 2.0/.5 fold change. Qur hope 1is
LR that we can increase M. inermis sample size at each control
_:;: site so that at least a tripling of LO durations can be
’ detected. We believe that even a tripling of the LO
.- durations is worth testing for, because this reflects an
hiy increase of only 80 seconds in the LO trip duration. Such an
N ~ increase might occur if the ELF EM fields cause even a small
~ disorientation in foraging bees. Further refinement of our
NN analysis (eg., including effects of weather) should increase
. o our ability to detect differences between treatment and
. control sites.
>
SEOA We are continuing to search for a transformation that
. » will normalize the other durations that have been measured,
Ny or a nonparametric test that we can use to analyze LR and P
’ . durations. It may be impossible to normalize much of these
3 data, because bees are involved in more than one activity
). while they are out of the nest on foraging trips. For
:f% example, a bee leaving the nest while constructing a cell may
. first visit a few flowers to feed on nectar and then may cut
¥ a leaf and return to the nest. On other occasions she may
. spend time grooming or sunning herself before cutting a leaf
' for the cell. On still other occasions she may combine all
:5 three behaviors. She may cut the first leaf that she lands
¢ on, or she may test several leaves before cutting the piece
o o that she finally brings back to the nest. The observers
v sitting at the nest have no way of knowing what the bee is
- doing while she is out of the nest, except that she returned
AR with a piece of cut leaf. The duration of any one of these
N behaviors may be normally or log-normally distributed, but
i: the sum of the durations of trips involving different
Y combinations of these behaviors is not.
“'.

LO trips, whose durations are normalized by a log-log
transformation, probably involve fewer extraneous behaviors
than do LR and P trips. This is because most round leaves are
collected just after the bee lays an egg, to cap the cell.
The cap must be put 1in place rapidly to reduce the

“_ a0
A A A
AY

i probability that a parasite will find the nest, so the bee is
- less likely to spend time drinking nectar or sunning before
SO she returns with the cut leaf. However, round leaves are
~ also cut for nest plugs. Round leaves for a nest plug do not
N
A
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& have to be put in the nest as hastily as round leaves in a

cell cap. In our analysis we did not distinguish between

. duracions of trips to collect round leaves for cell caps and
Wy nest plugs, because we did not anticipate that differences
oy might exist. The information required to make this
GaN distinction is available in our original data notebooks, but
X 2 is not yet on the computer. We intend to separate these
¢ two types of LO durations in the near future to see 1if
. durations of LO trips for cell caps are less variable than
'ﬂ: are durations of LO trips for nest plugs.
ik*: Some of the variability in durations of foraging trips
hkﬁ and subsequent activity in the nest may be explained by
o differences in weather conditions. We have not yet had time
o to correlate nest activity with weather conditions. Duration
‘A of foraging trips should vary with time of day and/or time
é*f during the season if temperature affects foraging durations.
:ﬁf No significant effects of time of day were seen in our ANOVA
3&, analysis of the LO durations. Such an effect ought to be
:} discernable for within-bee samples, for which there are
Jitga] abundant data available. In contrast, LR durations may vary
f"i somewhat with time of day. Trip durations are more variable
ﬁﬂ between 12:00 and i8:00, with most of the shortest durations
‘§§ taking place in that interval (Fig. 6).

T It is clear that the protocol for measuring nest
N activity must change in our next field season. We will be
3% more systematic in sampling equally over all locations, times
({2 of day and times of season than has been the case in previous
:EQ years. Instead of timing a single bee for several days in
AN succession, we will try to maximize the number of bees timed
) per day. Because variability in LO durations is greater
4$' between bees than within bees, we feel it would be better to
:gg time many bees on one LO trip per bee than a few bees on many
;ﬁﬁ LO trips per bee. In fact, since both LO durations and LR
e durations are rapid, and several take place in succession, it
Yogh will not be difficult to time several such trips 1in
— succession for each bee. We will, however, reduce the length
ﬁ?' of time spent observing any one bee. Such data should allow
» . . . Dy .
BN us to analyze within and between bee variability in LO and LR
;ys durations much better than the current data available to us.
ik

. Because the duration of pollen collecting trips is much
'?: greater than the duration of leaf collecting trips, we will
ST give preference to timing leaf collecting trips. If bees are
f:»: disoriented by the ELF antenna, the effect is more likely to
als be detected for leaf collecting trips than for pollen
134 collecting trips. A disoriented bee might be a few minutes
= late returning to the nest. This could increase the duration
jfﬁ of leaf collecting trips several fold, but would have an
:J} insignificant effect on the duration of pollen collecting
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a trips. Furthermore, the duration of pollen collecting trips
% depends on the condition and abundance of flower resources,
i ' which can vary considerably from year to year. Without a
Ko good measure of resource availability, the variability of

pollen collecting trips will be difficult to interprec.

SEBS

; )

:75: While we have not yet tried to correlate trip durations
* with weather data, we expect to encounter problems. Ambient
il monitoring devices were present at only one experimental and
f'?) one control site. They were not necessarily close to the
:l hutches. Thus temperature and solar radiation may not be
& e accurate for the hutch where nest activity was being
) é: measured. In the next field season we will take temperature
’ readings, and note whether the nest entrance 1s in sun or
o - shade, prior to timing each bee. Ambient monitoring devices
,:}{ will continue to provide us with rainfall, wind speed,
' barometric pressure and relative humidity (assuming the
A equipment works properly).

L]

£ Hypothesis 5. The time to construct a cell or a cell cap,
' o and the number of leaf trips per cell or cell cap change when
X bees are exposed to ELF fields.

D)

-‘ Rationale

o Disorientation in the field or in the nest, or the
2 . attempt to pad a cell with extra leaves, will be reflected in
Wy E the time to construct a cell and number of leaf trips per
ﬁ - cell. The construction of a cell usually takes an hour or
¢ two. Sample sizes for these parameters will be smaller than
. for individual ¢trip durations, but could still be
N g sufficiently large for analysis.

"

.:E Results

+

" There are fewer durations of cell and cell cap
i construction, or pollen provisioning than of the individual
S trips that make up these durations. These durations consist
‘i"'-" of the sum of a number of individual leaf or pollen
o collecting trips, as well as some trips in which nothing
Py " visible is brought back to the nest, or in which wood, sand,
e ur or other materials are brought to the nest. There are
- problems determining when the construction of a cap ends and
’% < the construction of a cell begins. Occasionally the observer
ﬁ e misses the return or departure of a bee. Also, 1f the
O ’ construction or provisioning of a cell is interrupted by

nightfall, the observer may miss a trip or two after leaving
for the evening, or before returning in the morning. Thus,
the time to construct cells or cell caps, and the time to

-
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: provision a cell can wusually only be approximated, and 1is
», .

1N often somewhat underestimated.
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e Those times that could be estimated from the activity
data are summarized in Table 19. The duration of cell cap
ﬁﬁ; construction was estimated from the time that the bee left
§0S the nest to collect the first LO leaf after laying its egg,
.Vt until the time that the bee left the nest to collect the
e first LR leaf for constructing the cell. Although some of
e the LO leaves brought into the nest may be part of the next
o cell's base rather than the previous cell's cap, we could not
Wi (and thus did not) try to separate them. Only LO leaves
‘3¢ brought into the nest during this time were included in our
Hw counts of LOs in the cell cap. The duration of cell
O . . N
vt construction was estimated from the time that the bee left
the nest to collect the first LR leaf until the time that the
e bee left the nest to collect the first load of pollen. One
ﬁ@‘ to four LO leaves may be included in this cell, but were not
'ﬁﬂ counted among the number of LR leaves used in constructing
Ht the cell. The duration of pollen provisioning was estimated
el from the time that the bee left the nest to collect the first
. pollen load until the time that the bee left the nest to
o collect the first LO leaf for the cell cap. This includes
gbﬁ the time to lay the egg- When nightfall interrupted
o construction or provisioning, the last time given in the
pﬁk evening, and the first time in the morning were used as
{k) ending and starting points respectively for each portion of
the total duration.
;Q% While these data suggest some interesting differences in
yﬂ the way that the two species of bees partition their time and
'* pollen resources among offspring (Table 19), the paucity of
b data, the long time commitment required to collect it, and
) the high variability, suggest that it will be very difficult
Loty to detect differences in construction and provisioning
y“‘ durations due to ELF EM fields. On the other hand, the
:g* number of LR leaves that are used to construct a cell may be
o sufficiently constant to permit detection of differences due
oty to ELF EM fields. Rather than obtain this information from
' direct observation of foraging bees, we propose to count LR
?‘: leaves per cell in a sample of nests at the time that they
il are being measured for nest architecture data. This will
¢Q allow us to gather data on more cells than we can obtain by
<¢‘, direct observation.
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f Hypothesis 6. Overvintering survival of megachilid bees is
&z,g lower when exposed to ELF fields.
e . . .
- Rationale and Discussion
., High voltage transmission wires lower the overwintering
gq o survival of honeybee colonies (Greenberg et al., 1{981). We
I | would like to test for a similar effect in megachilid bees.
R‘Q Ideally, we would like to compare control and experimental
R, sites in the proportion of cells that suffer various sources
of mortality (parasitism, death of eggs, larvae, pupae, and
“ adults) and the proportion that molt to the adult stage and
’”'E emerge. This involves examining emergence data for the
‘o nests. However, the current experimental design presents
ik some problems with testing the hypothesis. In previous
’\ﬁ winters, nests have overwintered in Channing, rather than at
N field sites. Therefore, we have no baseline data about
K overwintering survival at the field sites. Furthermore,
nﬁ'{ parasitism rates seem to be high in many nests. The hutch
Jot o design creates nesting aggregations which tend to attract
more parasites than would isolated nests (see Eickwort,
b 1973). Sites with the greatest bee populations at the nests
ﬁ may have proportionally greater parasitism rates.
Ty Furthermore, parasitism might increase from year to year as
'3: the nesting aggregations remain in the same place. The

greater the parasitism rate, the fewer bees that are expected
to emerge, or that might show overwintering mortality.

' PPy o,
S
2 - LM
b o = o ]
- A,

We are still considering how to overcome these problems
in our future research. Since parasitism usually takes place
during the summer months, any ceils that yield parasites give

¢ ¥ us no information about overwintering survivorship of
gﬁ ;j Megachile. Thus we tentatively propose to focus our analysis
0 on the relative proportions of Megachile adults (including
o those that die in the nest, since molting takes place in the
rﬁ 3‘ spring, and dead adults were live prepupae that survived the
e ot wintered to become adults), dead Megachile pupae (which died
ﬁi .. in the spring), dead prepupae (which died between late summer
NS and spring), and dead larvae and eggs (which died during the
O summer) . We will analyze data from past years to determine
o whether site had an effect on mortality of the larval stages
.? " that died at the site where the nest was constructed vs.
B o> . . .
o o prepupae, pupae and adult stages that died at Channing. In
ﬁ\ future years we will leave at least half of the nests at the

site where they were constructed in order to expose the nests
to ELF EM fields over the winter.
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We have intentionally left out of our working
hypotheses, any mention of a change in bee population levels
due to ELF. While we recognize that population dynamics have
been a major focus of most other . ELF ecological monitoring
projects, we believe that it would be a mistake to put much
emphasis on the effects of ELF on overall megachilid bee
populations. As mentioned in previous annual reports, and as
shown in Tables 1-4 the sites differ in both quantity and
composition of floral resources, and in the numbers of nests
used by different species of bees. Without quantitative data
on floral resources, it is impossible to explain differences
in bee populations between sites. Furthermore, the
availability of artificial nests will itself change the
population we are trying to measure.

To avoid dealing with these problems, we feel that it is
best not to view the project as a study of the effect of ELF
on population changes, but rather as a study of the effects
of ELF on individual behavior and individual reproductive
output. Population levels at the different sites and hutches
are important principally to insure that adequate sample
sizes can be collected to be able to detect changes 1in
behavior due to ELF electromagnetic fields.
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VI SUMMARY

Studies of the effects of high voltage transmission
lines and magnetic fields 1in honeybees suggest several ways
that solitary megachilid bees might be affected by ELF
electromagnetic fields. In particular, honeybees show
greater levels of activity, reduced reproductive output,
lower overwintering survival and modifications of nest
structure in response to high voltage transmission lines. In

addition, honeybees can detect magnetic fields
them in orientation.

bees in similar ways.

and may use
ELF EM fields may affect megachilid

Megachilid bees are particularly well suited for this
study. Their investment per offspring and reproductive
output per nest are easy to measure because they provide each
offspring with a discrete cell, and because they readily nest
in artificial nests. Three types of data have been gathered

in past years: Nest architecture, nest activity, and
emergence/mortality.

Two abundant species at the experimental and control
sites, both in the genus Megachile, are the focus of our
analysis. These species differ in size and degree of sexual

dimorphism. Thus, they may be impacted differently by ELF EM
fields.

Three hypotheses regarding the impact of ELF EM fields
on nest architecture are being tested:

Hypothesis |: The average size (length and volume) of cells
for each offspring, and/or the average number of cells

produced per nest will be altered by exposure to ELF
electromagnetic fields.

Hypothesis 2. Bees will make thicker cell caps and nest caps
when exposed to ELF fields, or they will increase the
proportion of nest space that is not devoted to reproduction.

Hypothesis 3. The relative acceptability of nests oriented
in a NS direction vs. nests oriented in an EW direction may
change when bees are exposed to ELF fields.

Only 1985 data for M. relativa has been analyzed
far . These data suggest that, prior to the ELF
becoming operational, there are no significanc
between experimental and control sites in cell length and
volume. Fewer nest diameters will be made available 1in
future years, in order to reduce variability and increase
sample sizes of the bee species under study. A sample of 24
nests per site will be sufficient to detect a |07 change in

thus
antenna
differences
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cell length (mean approx. |lmm) with a power off .9 and an
of .05.

No significant differences between experimental and
control sites were detected in number of cells per nest.
However, it is difficult to estimate the number of nests
required to detect a specific change in the number of cells
per nest.

We have not yet analyzed the data to test hypotheses 2
and 3.

Two hypotheses regarding nest activity are being tested:

Hypothesis 4. The duration of a leaf-foraging trip changes
when bees are exposed to ELF electromagnetic fields.

Hypothesis 5. The time to construct a cell or a cell cap,
and the number of leaf trips per cell or cell cap change when
bees are exposed to ELF fields.

The duration of round-leaf collecting trips (used in the
construction of cell caps) was examined in detail.
Variability between bees was greater than variability within
bees. Because small numbers of bees were tested, it was
impossible to test for differences between experimental and
control sites or between years. However, we estimate that 27
bees per site must be timed to detect a tripling of the 40 s.
leaf collecting trip wich a power of .5 and an of .05.
This magnitude of change is possible if bees are disoriented
by ELF EM fields.

The effort required to gather dat 1 the time to
construct a cell or cell cap is too great he worthwhile.
However, in the future we will count the num... £ leaves per

cell (after recording nest architecture and emergcnce data)
to estimate number of trips required per cell.

éne hypothesis concerning emergence and mortality data
has not yet been analyzed:

Hypothesis 6. Overwintering survival of megachilid bees 1is
lower when exposed to ELF fields.

In the past, all nests were overwintered at Channing,
but in future years at least half of the nests will
overwinter at the site where they were constructed. We are
particularly interested in mortality of the prepupal stage,
the stage in which the bee overwinters.
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' ' TABLE |: Total number of nests of the five most abundant bee
', species at each site. (Numbers in parenthesis indicate
ﬂz number of hutches with more than five nests of a given
;§|}} species. This should be compared with the total no. of
:% 2 hutches at the site.)
Ny~
. g 1983a
:ﬁ ' Control Sites Test Sites
".'
gl .
e, ﬂ Site Camp County Ford | Ford 2
- 5 Line (north) (south)
o & No. hutches 0 2 4 4
1, .
R O
1% Species
'::s' S T R N I
i
W ﬁ 0. tersula NA NA NA
Wy H. albifrons NA NA NA
iR 3
oeb M. pugnata NA NA NA
i
‘», M. inermis NA NA NA
':‘ M. relativa 34D 136 24D
O (2) ey 3
-‘1 n_., """""""""""""""""""
1) :
l!qgl

4pData sheets are only available for M. relativa

.t bOnly nests constructed late in the season were collected at
these sites
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TABLE 2: Total number of nests of the five most abundant bee
species at each site. (Numbers in parenthesis indicate
number of hutches with more than five nests of a given
species. This should be compared with the total no. of
hutches at the site.)

19843
Control Sites Test Sites
Site Camp County Ford | Ford 2
5 Line (north) (south)
No. hutches 4 4 4 4
Species
0. tersula 7 24 17 27
. (0) (3) (2) (3)
H. albifrons 19 22 Nab 42
(2) (2) (3)
M. pugnata 3 10 15 42
(0) aP) (2) (2)
M. inermis 6 11 90 109
(1) 1) (3) (4)
M. relativa 17 30 43 44
(2) (3) (4) (4)

@Numbers for Megachile spp. are based on unconfirmed
identifications.

Ppata not yet on the computer.
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TABLE 3: Total number of nests of the five most abundant bee
species at each site. (Numbers in parenthesis indicate
number of hutches with more than five nests of a given
species. This should be compared with the total no. of
hutches at the site.)

1985
Control Sites Test Sites
Site Camp County Ford ! Ford 2
5 Line (north) (south)
No. hutches 6 6 6 6
Species
0. tersula 13 10 7 3
an (0) (0) (2)
H. albifrons 16 18 14 80
(1) () (1) (5)
M. pugnata 11 10 31 113
(1) (0) (3) (6)
M. inermis 32 22 232 136
(3) (2) (6) (6)

M. relativa
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Al TABLE 4: Total number of nests of the five most abundant bee
Vs species at each site. (Numbers in parenthesis indicate
Al number of hutches with more than five nests of a given
S0 species. This should be compared with the total no. of
ot hutches at the site.)

Ny 19862

) Control Sites Test Sites
1]

. Site Camp County Ford | Ford 2
o 5 Line (north) (south)

Wl No. hutches 6 6 6 6
EL Species

s Osmia spp. 25 20 17 16

o, Hoplitis spp. 11 23 6 38
Y’ (0) (3) (0) (5)

BN M. pugnata 15 9 12 123
e (2) (0) (0) (6)

i M. inermis 16 3 50 80
KR (2) (0) (3) (5)

;¢§ M. relativa 69 72 52 123
o (6) (6) (5) (6)

' AaNumbers for all species based on unconfirmed
identifications.
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! TABLE 5: ANQOVA of all cells from 1985 M. relativa nests.
nﬂ' »
3
S ; CELL LENGTHS
e
Source of variation df SS F P>F
+'8 ?;l
j o Diameter ] 70.7 76.16%%x% 0,000
: § Exp 1 3.5 0.27 0.6569
ol Site [exp) 2 26.3 14.15%%%  0.0001
f . Complete vs.
- incomplete I 0.9 0.97 0.3246
) Doneby 3 38.8 13.92%%*  0.0001
ol
'f - Date begun ] 14 .2 15.29%%% 0.0001
s Caplflg | 49. 1 52.90%*%*  0.000!
! Cell order 10 71.6 7.7 1%%x% 0.0001
l‘ A
o Cells per nest 1 5.1 5.54% 0.0188
N -
O -
N Model 21 294 .0 15.08%%% 0.0
”
v <. Error 1035 960.7
-
:
VS X = 10.6 CV = 9.1 t2 = .23
'. f.
i _:.
>
Lr.,
r
&
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TABLE 5: cont.
@5 CELL VOLUMES

gy Source of variation df §S F P>F

e Diameter 1 6739790 8063.89%%x 0.0
Exp 1 564 0.08 0.7996
Site [expl 2 13479 8.06%%* 0.0003

p 2 Complete vs.
incomplete 1 820 0.98 0.3220

A Doneby 3 35857 14 .30%%=* 0.0001
o] Date begun 1 9916 11.86%%* 0.0006
o

r)

bk: Caplflg ] 33768 40.40%%%* 0.0001
ﬂ# Cell Order 10 53088 6.35%%x* 0.0001

({ Cells per nest 1 1434 1.72 0.1905

Model 21 7256798 413.45%%% 0.0
g Error 1035 865052

o) X = 301 CV = 9.6 r2 = .89
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&\ TABLE 6: Average adult live weights (mg.).

(2

2 M. inermis M. relativa
” 1985 1983

& N X $s.D. CV N X s.D. CV

&

AR Males 15 87.6 20.0 22.8 122 34 .4 7.9 22.8

g Ratio
N F/M 1.9 1.4

- L e m - m A o . - " e - P e AR D - P m = P - YR am = S M e Em e e = -

Females 10 164 .6 10.8 6.6 32 46 .6 7.4 15.9
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TABLE 7: Duncan's Multiple Range Test on mean cell
length by cell order in the nest. Basal cell = CI.

e Cell Order N X Duncan Grouping
e (ol 277 11.0 A

A c2 217 10.6 A B
Ty c3 170 10.5 A B
C6 65 10.5 A B
S C5 94 10.4 A B
.-f.:;.. c9 14 10.4 A B
c8 31 10.4 A B
‘.&3 c7 56 10.4 A B
; g Ca4 128 10.3 A B
! cl2 ] 10.2 A B

D Cl10 4 9.5 B

. v,
‘l"‘..ve L1, 8.1,
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4 g TABLE 8: Sex ratio by cell order in the nest.

Basal cell = CI

E’E; F M
;.’Q Cell Order N b4 N 2
a Cl 24 25.3 71 74 .7
*: C2 12 18.2 54 81.8
.‘ c3 3 6.8 41 93.2
. Cé4 3 10.C 27 90.0
cs 2 10.0 18 90.0
h,,:‘

g Cé6 2 10.0 18 90.0
! c7 3 18.6 13 81.3
)
‘; c8 0 0.0 12 100.0
.' = c9 0 0.0 7 100.0
\ I"\": clo 0 0.0 1 100.0
b 3
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K TABLE 9: ANOVA of mean cell length per nest weighted by
l/standard error; includes only nests in bore size 4, only
Sy cells with cap length included.

K 1985 M. relativa nests

%0 CELL LENGTHS

. Source of variation df SS F P>F

A Diameter 1 3.51 4.50 0.0358

o Exp l 1.94 1.01 0.4205
e, Site [exp] 2 3.83 2.45 0.0900

whY Complete vs.
* incomplete 1 .23 1.57 0.2122

O Doneby 2 3.51 2.25 0.1097
S Date begun 1 2.64 3.38 0.068 1

Cells per nest 1 3.56 0.46 0.5010

- e
v

Model 9 21.11 3.00%x* 0.0027

- o uf ap*
- T
P ¥ e e T2 e e

Error 136 106.25

CV = 8.24 £l = .166

)
Fol X = 10.7
b
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TABLE 9 (cont.)

. CELL VOLUMES
_ Source of variation df SS F P>F
K
Diameter 1 122987 252.20%%* (0.000!
?} Exp 1 1055 0.92 0.4390
o Site {exp] 2 2297 2.36 0.0987
& Complete vs.
e complete 1 917 1.88 0.1724
' g Doneby 2 1870 1.92 0.1509
E Date begun 1 1264 2.59 0.1098
Cells per nest ] 105 0.21 0.6438
Model 9 132105 30.10%%* 0.0001
y Error 136 66321
X = 262 CV = 8.42 r? - .67
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[T\
bl TABLE 10: ANOVA of cells for which offspring's sex is known;
bore size 4, cap length included; 1985 M. relativa nests.
G
L]
01&
,:_": CELL LENGTHS
At Source of variation df SS F P>F
N
e
('; Diameter ! 2.00 2.07 0.1524
i
o Exp ! 0.00 0.00 0.9844
. Site [exp] 2 8.48 4.40% 0.0142
st
ot Sex 1 0.11 0.12 0.7321
NS
Mﬁf Complete vs.
- incomplete 1 1.41 .46 0.2295
‘Aol
o Doneby 2 1.25 0.65 0.5224
o
Bl Date begun 1 2.15 2.23 0.1381
o,
'. 4"
Cells per nest ] 4 .44 4.6 1% 0.0337
.
:i?: Cell order 7 23.47 2.70% 0.0065
Sate
e Model 19 54.13 2.95%*%  (0.0002
J
A Error 130 125.42
oD
15 —
A X = 10.8 CV = 9.1 r2 = 0.30
t.ﬁ
i
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TABLE 10 (cont

)
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CELL VOLUMES

Source of variation df SS F P>F
Diamecter 1 84873 126 .84%%x .0001
Exp 1 6 0.00 .9683
Site [exp] 2 6324 4.73% .0104
Sex 1 217 0.32 .5698
Complete vs.

incomplete ! 1144 1.71 . 1934
Doneby 2 966 0.72 L4879
Date begun 1 992 1.48 .2256
Cells per nest ] 3617 5.4 1% .0216
Cell Order 7 15102 2.51%* L0101
Model 19 199229 15.67%%%* .0001
Error 130 86990

X = 278 CV = 9.3 r¢ = .70
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Qq TABLE 1I1: Distribution of number of cells per nest in complete
A and incomplete nests.
o,
: > Complete nests Incomplete uescs
Wby,
W&y Bore
R Size 2 4 5 2 4 5
».’;*'| No.
“\J Cells/
K Nest
R} ! 4 28 L 5 43 8
afq 2 4 21 8 3 12 8
3 8 24 12 6 3
"t 4 7 20 8 2 !
XL 5 17 4 ! 4 !
Sy 6 9 6 2 2
A 7 I 13 10 2 ! ]
Qs 8 3 10 6 4
; 9 ! 9 ]
ahy 10 8
o 1
Re 12 !
¥
LI X}
Tl Total 28 160 66 I T4 24
e
%
2
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TABLE 12: Chi-Square Analysis of Variance of number
My of cells per complete nest; bore size 4 only.

7
[ T

. . Source of Variation df Chi-Square Prob.

S

oy Intercept 10 28.36 0.0016
ﬂ Exp 10 3.91 0.9511
Site [exp] 20 18.99 0.5228

&:" " Season (early vs. late) 10 3.59 0.9641

Residual 30 17.77 0.9621
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ﬁﬁ TABLE 13: Mean number of cells per complete nest at experimental
e and control sites, early (before July 20) and late (July 20 or
later) in the season (all bore sizes).

4'* N X S.D. Min. Max.

*0
m&' Experimental Sites
4 F1 early 24 6.96 2.56 2 12
‘- F1 1late 20 4.30 2.70 I 9
A F2  early 24 3.67 2.08 ] 8
A% F2 late 25 3.16 2.08 ] 7

3 .
"&5 Control Sites
BhGe C5 early 31 4.32 3.29 1 10
L

C5 late 11 4.91 2.91 ! 9

vy
‘&‘ CL early 18 4.44 2.77 I 10

i CL late 8 2.87 1.55 I 5
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5
o TABLE 14: Number (Percent) of complete and incomplete nests
~ site and bore size.
.; Complete Incomplete Total
] eaeemeceees | ceaeme—e-——e  eeeeee———-
Site N Y4 N % N Y4
Ny
o
Cc5 47 (78) 13 (22) 60 (16)

:-é CL 63 (76) 20 (24) 83 (23)

, Fl 68 (72) 26 (28) 94 (26)

I

f F2 78 (61) 50 (39) 128  (35)
' Total 256 (70) 109 (30) 365 (100)

~
o~

- Number (Percent) of complete and incomplete nests by bore size.

Bore
Size
& 2 28
7
4 16}
ﬁ
b 5 66
- 3 1
&
Toral 256

(72)
(69)

(73)

(70)

73

24

109

(28)
(31)

(27)

(30)

39

234

90

365

(i)
(64)
(25)

(ol)

(100)
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ne TABLE 15: Number of bees for which nest activity data 1is

7 available at each site for each year, and total number of

Al LO, LR, and P trips timed.

8 = P

SN

e SPECIES YEAR SITE  BEES Lo LR 3
et . .

ﬁ M. inermis 1984 CL 1 23 33 61
%\ﬁ Fl 11 146 97 193
B
R F2 2 31 22 77
Migry
gl 1986 o 2 43 30 26 H
B

7 Fl 4 49 90 114
y o '

iy

) F2 4 76 62 66
f“:;"

el M. relativa 1984 Fi 6 136 113 22}
gy
) 1985 Fl ! 29 33 51

1986 CL 5 78 12 63
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W TABLE 17: ANOVA of log log transformed LO durations for
M. inermis, using MS of individual bees as an error term.

o

$ ‘e ey
oy

Source of variation df SS F P>F

Cx ]
s w &

-

Exp 0
Site [exp] 0
Time of day ! 0.76 0.58 0.4616
Y Time of day, squared 1 0.90 0.69 0.4219
Date ! 0.26 0.20 0.664 1

~ Year ] 2.48 1.90 0.1932

» Error 348 66.82

‘ X = 1.31 CV = 33.48 r2 = .27
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By
’:x TABLE 18: Average number of LO, LR, or P trips and average
vy ' duration for constructing a cell cap, cell lining, or provisions.
c{:i M. inermis (10 bees)
A e e e e e e e c et e m e e —————————
:“’| : N # trips cv Duration (sec) CV
' B e e e e e - = = e = = ————— . ———— — - ——
o
. g LO trips 17 9.5 + 4.1 43 4292 + 3216 75
f‘i:g } cell caps
19t
A
e o LR trips 15 14.6 + 4.3 29 7550 + 3203 42
':c‘ % cell linings
N o P trips 16 17.4 + 3.7 21 24315 + 9429 39
B AN
- >
,,,-; "
) M. relativa (7 bees)
W ;'." """""""""""""""""""""""""
& ol N # trips cv Duration (sec) CV
f. S
-2~ LO trips 13 9.1 + 6.2 68 4693 + 2882 61
AR cell caps
S
' i LR trips 14 7.6 + 0.9 12 5151 + 2075 40
;.t cell linings
i
- u
e - P trips 12 17.6 + 2.3 13 10224  + 2794 27
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Figure 2

FIGURE 1. Nest blocks coansisted of 12 trap nests, two of
each of six bore sizes, each set oriented in opposite
directions.

FIGURE 2. Nest blocks were placed 4 to a shelf in hucrches
coasisting of 4 shelves. One nest block is illustrated here.
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a - Cell Lenhgth Including Cap' Length'

b — Cell Length and Cap Length
Measured Separately

FIGURE 4. A single reproductive cell, indicating two ways
that cell lengths were measured.
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Figure

1.

LIST OF FIGURES

Test and control plots in relation to the ELF
Communication System antenna line, Test plots as
referred to in the text are: CHT - Cleveland
Homestead; NTT - North Turner; FNT - Ford North; FST
- Ford South; PRT -~ Pirlot Road. Control plots are :
MGE - Michigamme; PPC - Panola Plains; TMC -
Tachycineta Meadows., FW is Floodwood work plot which
was used in the past for tree swallow studies and
used in 1985 for part of the tree swallow homing
study. Also shown are displacements directions and
release points used in tree swallow homing . . . . .
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) - This report begins with an extensive statement of the
Wew
E.‘" . rationale for the studies proposed (see next section, titled "Rationale
fLS
;:' for Proposed Studies"). Then a section is provided on the overall
-. '. research design and research facilitles. 1Individual elements of the
£ ~ work are then described in detail in a series of subsequent sections.
l"‘ ;; Each of the sections on individual work elements consists of three
It <

. . parts: (1) a brief restatement of the purpose (rationale) for the work,
:éi LJ (2) a detailed description of research methods, and (3) a presentation
;f%,c of representative results gathered during prior years. The
e

; - presentations of results include discussions of statistical
k; §: sufficiency, incliuding projections of the sample sizes required to
: ) discriminate between test and control plots in future years, The final
':.. i section of the report summarizes the evaluation of our statistical
")'; = procedures anc research design that was prepared recently by an outside
~J.: e statistical consultant,
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REPORT OF WORK ACCOMPLISHED IN 1986

Dozens of species of small birds and mammals are resident near the
ELF Communication System, and the operation of the Communication System
could in principle affect any of them in any of countless ways. Even
with virtually unlimited resources, it would be impossible to monitor
individually all ecologically important aspects of all species for
possible effects of the Communication System. Accordingly, we have
had to exercise informed judgement in selecting variables for study.
In this.process, we have been guided by two overriding goals.

Qur first goal has been to monitor the overall structure of the
communities of small animals. Qur work in this respect is limited to
mammals because the study of the structure of avian communities is the
responsibility of another research group. We systematically monitor
the species composition, richness, and diversity of the community of
smalle and medium-sizec¢ mammals, and we monitor the relative densities
of two major species. By virtue of this broad-scale study of
mammalian communities, we are in 2 position to detect diverse potential
effects of the ELF Communication System on the numerous taxonomically
diverse species of mammals that are resident near the System. Should
the System have any sizable deleterious effects on any one or more
species, many of the effects could be expected to affect measures of
community richness, diversity, or relative species density, and thus we

would be in a position to detect them., This is important in view of

the impossibility of monitoring directly all attributes of all species.
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Our second major goal has been to focus much of our effort on
attributes of individual animals that are particularly likely tc be
susceptible to perturbation by the ELF Communication System. The
reason for this focus is that laboratory research indicates that if the
ELF Communication System is to have effects on birds or mammals, the
effects will likely be small, and thus a statistically robust
experimental design will be required to detect them (AIBS, 1985).
Large numbers of independent measures can be readily obtained on
individual attributes, thus facilitating statistical detection of even
small effects that the ELF Communication System might have.

In our studies of attributes of individual birds and mammals, we
emphasize ecologically significant variables that are especially likely
tC be susceptible to perturbation, Reprcduction and development, for
example, receive particular attention because they not only are
demograpnicaiiy important but also are more likely to be sensitive tc
adverse environmental changes than many other animal properties (e.E.y
Goodposture, 1955; Koskimes, 1650; Kluijver, 1951; Krebs, 1970; Lack,
1954, 1G666; Nice, 1954; Perrins, 1965; Perry and Rowlands, 1973..
Behavior is studiec ir depth because it is sometimes modified reazilv
and such modifications can have major repercussions on the lives of
individuals and populations (e.g., Cohen et al., 1980; Green, 1973;
Morse, 1980; O0'Connor, 1978; Slobodkin, 1968),

In the following paragraphs we describe in detail the rationale
for each aspect of our work on individual attributes., This work is
concentrated on four particularly abundant species, The species have

been carefully selected witn a view to maximizing their ecological anc
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Ry
:: taxonomic diversity, so as to maximize the probability of detecting
R ! whatever diverse effects the ELF Communication System may have., The
Elﬁ. four are the tree swallow (Tachvcineta bicolor), the woodland deermouse

"5

& (Peromyscus maniculatus gracilis), the black-capped chickadee (Parus
’.ﬁ" = atricapillus) and the eastern chipmunk (Tamias striatus). To
::.:: facilitate readability in the remainder of the report, they will be
S?: ::-: referred to simply as the "tree swallow", "deermouse", "chickadee" and
R "chipmunk", respectively,
:;_j r Behavioral Studies
E Ir view of the established sensitivity of certain types of
‘,z 3 orientational behavior to alteration by the ELF fields (e.g., Graue,
-,-3 :j;‘ 1974; Keeton et al., 1974; Larkin and Sutherland, 1977; Southern, 1969,
-'_': ’ 1971, 1972a, 1972b, 1973, 1974, 1675, 1976), orientation and homing in
b . the tree swallow, deermouse, chipmunk, and certain other mammals are
:: being testecd to see if they are affected by the ELF Communication
R
:,“S " System, Specifically, the ability of animals to return to their home-

range or territory after displacement is being assessed, We know that

%
19N

‘.5':‘ animals are able to find foocd (Krebs, 1970; Royama, 1966) and escape
"
:::s p’g predators (Metzgar,19¢7; Watson, 1964) more effectively in their home-
"
.'.' »
iy range or territory than in less familiar areas. Thus, any disturbance
- b

o RS

j:.-. of their ability to return to their home-range or territory after
4

-

\-}' - wandering afar could decrease their probability of survival.

N EEN

AL o The attentive behavior of parental tree swallows and deermice is
5 .

f .. being assessed by monitoring visits to the nest containing eggs and
SN N,

e
:,: young. Disturbance of attentive behavior by the ELF Communication
e

ﬁ Syster, 1if it occurrec, cou.d impair development of eggs or nestlings
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inasmuch as the latter are dependent on parents for both food anc
~aratn (&,g£., Baien and Cove, 1972; Hill, 1972b),
Reproduction, growth, and developament

The frequency and type of prenatal developmental abnormalities are
examined in tree swallows (mammals are not studied in this respect
because reproductive females would have to be killed to examine
fetuses, and such deaths could have serious, adverse effects on
population demographics). Prenatal developmental stages are especially
likely to be susceptible to perturbation (Axelsson, 1954), There is, at
presenk. no evidence to demonstrate that electric and magnetic fields
of the magnitude generated by the ELF Communication System are capable
cf directly causing embryonic or fetal developmental defects. However,
indirect effects are possible,. Egg temperatures are extremely
important for norma. avian development. In particular, eggs must be
Kept warm by parental incubation. Thus should the incubation behavior
of parent birds be disturbed by the ELF Communication System,
developing eggs might suffer developmental abnormalities by virtue of
experiencing abnormal reductions or fluctuations in temperature.
Zwiliing, 195%; Hamilton, 1865,

We monitor aspects of fecundity in both tree swallows anc
deermice, In the birds, we count the number of eggs produced per
female and the number of viable eggs and young per clutch. 1In the mice
we monitor just numbers of young per litter, Fecundity is an
important variable to study not only because it is demographicaily

significant but alsc because it reflects on a number of variables that

coull, in principie, be affectec by the ELF Communication Syster.
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N
Alteration of malie or female reproductive physiology could affect
fecundity, Further, any serious disturbances of prenatal development
in mammals or birds would likely be reflected in a decrease in
o~
> . , .
o fecundity inasmuch as abnormal embryos frequently fail to be born
n (i.e., they are resorbed in utero or fail to hatch) or are eaten or
4,
i discarded by the parents soon after birth,
.
t} Postnatal mortality and the growth and development of nestling
tree swallows and deermice are also followed, Any effects that the
<
o Communication System might exert on the young themselves could be

reflected in altered rates of mortality, growth, or development,

¢

| %

Alternatively, disturbances of parental attentive behavior could be

;; influential because the rates of mortality, growth, and development of
- nestlings are dependent on the extent to which parents provide food and
ii waraoth (Hill, 1572bj. The size of nestlings at the time of weaning or
o flecdging is of particular interest because when young become
‘o~

- independent of thelir parents, they must become substantially self-
l' sufficient ancd their maturity can affect their likelihood of survival.
~ Evidence exists that young birds that are of relatively small size at
ES fledging are significantly less likely to survive than ones that grow
- to larger size while in the nest (Lack, 1966; Murphy, 1978; Perrins
X

Lo
l-

1965) .

Maximal aerobic metabolism

> w
hflf

In the region of the ELF Communication System, low temperatures
ff make winter the most physiologically stressful time of year, at least

for animals such as chickadees that live wholly or predominantly above
P y

i' the snow. Wwe study physiological variables that affect the ability of
o
2 7
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¥ chickadees anc small mammals to cope with the severity of the winter
|}

digd

climate. Deficits in the physiological ability to cope would be

v

e

expected to decrease the probability of survival to the nex:

-
- reproductive season.
Birds and mammals keep warm in cold environments by producing heat
,:{ metabolically to offset heat losses. The extent to which they can keeg
P -N:
L}, their Dody temperature above air temperature depends on how rapicd.y
¢ ,,:-
they can produce heat, In other words, the lowest air temperature at
s,
AN which they car maintain their usual body temperature is a function of
LY
B ‘. -
3 \ I3 . o .
s their maximal rate of aerobic metabolism (= heat production) (Hart,
&
-
y ) .. N - . s
e 1957,. In view of these principles, we measure the maximal rate of
Ny aerobic metabolism of chickadees and deermice during winter. This peax
:t rate of heat productiorn is informative not only because it determines
the lowest air temperature at which thermoregulation is possible bu:
:j- also because it lixkely provides an index of metabolic endurance. The
) higher an animal's maximal rate of heat production is, the longer the
- u
[~
‘) animal will be able to maintain any particular submaximal rate of heat
L . . : X
,\j production (Astranc and Rodahi, 1977; Wickler, 1980). Endurance is
>
4
-~ . ) ) ) )
xj impertant because lov air temperatures demanding high heat producticn
>y
> . ) .
a can persist for long periods of time.
. Beyond its immediate significance for survival in a cold climate,
{5 the maximal rate of aerobic metabolism is a valuable variable to
’.-
e measure because 1t provides an index of physiological health. In
=z
. fact, peak aerobic metabolism is widely used as such an index in
o
L .
o studies »of humans., In their classic Textbook c¢f Work Physiolcgy,
l Estran: anc fAodanl (1377, state that "the maximal oxygen uptaxke is
o
. 0
. “s
v
™
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probatly the best laboratory measure of a person's physical fitness" if

ry

4
L]

o

-
-~

by fitness we mean the capacity of the individual for prolonged heavy

¥
[ A

.':.-j wOrKk, Brooks and Fahey (1984), in the best of the recent texts on
R

‘: - human exercise physiology, state that the maximal aerobic metabolism is

"a good measure of fitness for life in contemporary society". Just as

A

-.N
-::é peak aerobic metabolism is used as an index of fitness for humans, it
-,i ::: can also be so used in studies of animals. A deficit in the peax

2 s
7 n metabolism among inaividuals living near the ELF antenna would indicate
-:' f— that some attribute of the all-important systems involved in oxygen
S
#‘S o supply and use has been adversely affected by the ELF electromagnetic
l - fields. Additional tests would then be required to determine the
\.. .-

:) : particular attripute(s) affected. The ability of the respiratory
E: system to provide oxygen, the ability of the circulatory system to
‘ ' transport oxyger anc nutrilerts to metabolically active tissues, the
"'

, - ability of storage tissues (e.g,, adipose tissue) to mobilize storec
'? - nutrients, anc tne enzymatic competence of metabolically active tissues
[ to catabelize nutrients are among the variables that influence arn
;':: animal's peax rate cf aerobic metabolism (Wang, 1978). In humar
Kon | . . .
o :.:_ studies, peax agerotic metabolism is usually elicited by havirg

y
b - individuals run on a treadmill. We elicit peaks by exposing animals to
-"- .

-. :':f cold, in part because the method is technically simpler than treadmill
;_ i~ running (given that animals require extensive training to use a
W

treadmill successfully) and in part because the cold-induced peak is of

immediate relevance to understanding winter ecology.
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! OVERALL RESEARCH DESIGN AND SUPPORT FACILITIES

W

‘:; To detect possitle effects of the ELF Communication System, we
FA S

‘jé ﬁ compare anima. atiributes on test plots (test sites) with those on
‘.“ 3 paired, spatially separatec control plots (control sites).

EE% - Test plots, as specified in the original IITRI Request for
~£§ 5: Proposals, are areas close enough to the Communication System that
D)

‘ h electric and magnetic fields attributable to the System, and measured
N

f:? ;S in the soil near the earth's surface, will approximate 0.07 volt/meter

L4

‘E; F’ and 0.03 Gauss, respectively, Furthermore, electric and magnetic
:fi & fields attributable to ELF sources other than the System are to be at
;;:?jﬂ least an order cf magnitude lower than those attributable to the
SRR

:; Syster,

- ii Control plots, according to the original Request for Proposa:s,
{Ei . are areas sufficientiy distant from the Communication System that
PSR

;:::}‘ electric and magnetic fields attributable to the System, measured in

the soil near the earth's surface, are at least an order of magnitude,

St \_
r=

and preferably two orcders of magnitude, below those at paired tes:

5
d
M
UQQ o plots. Furthermore, electric and magnetic fields in the air and ear:tn
O ) \
. attributable to ELF sources other than the System are not to differ by
"
AN =
-Eﬁ o~ more than an order of magnitude between the control plots and their
o
3 .
o N paired test plots,
v
- For purposes of experimental design, the test plot(s) used for any
i
'r: K particular work eiement are paired with particular control plot(s).
i -
e
N The plots of a pair are matched as closely as possible for vegetaticn,
I{I .
L% ] ‘(
soil type, drainage, and other such features. By pairing plots in this
o
%ﬁ -
W
GYERN -11-
Lo,
20

o
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way, we minimize the likelihood that non-ELF differences between plots
will introduce significant confounding effects into our results.

Different work elements are carried out on different pairs cof
plots for several reasons. For one thing, certain types of work could
interfere with other types if both were carried out on the sare
popuiations of animals; areas where we artificially remove animals
(e.g., bird embryos), for example, are not used for research on natural
populations. Ancther factor that demands the use of different plot
pairs for different work elements is that the various species we stucy
do éot all occur in similar habitat types; field habitats are requirec
for the swallows, for example, whereas forests are required for the
deernice,

gtngineers providecd 5y IITRI nave measured electric and magnetic
field intensities on our pairs c¢f test and control plots, and all the
pairs we now use adequately meet the standards for field intensities
aiready describec. Details of the results of the field=-intensity

measurements are outlinea in the 1G84 annual report (Beaver, et al.

-

% 19€5, pp. 3-9..

'::

_:\ To minimize pctentiall: confounding differences between test anc

--.'h

L]
control plots, sham corridors have been cu%t througn the forests at the
control piots, These corridcrs are clearings of the same widtnh as the
corridors cut for installation of the Communication Syster antenna
near ftest plots. They were cut with similar equipment, and they have
been treated similarly after cutting. In brief, the sham corridors are
as identical as possible to the antenna corridcr except that antenna
poies and wires have not been instai.ed in the shams. Areas for aninma.
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stucdy on contro. plots and those for animal study on test plots are
located about the same distance from the sham corridors and antenna
corridor, respectively.

Table 1 summarizes the pairs of test and control plots used for
the various work elements, and Figure 1 shows the locations of the
plots. The names given to the plots in Table 1 are the standardized
ones we use in all our descriptions of experiments and results. Thus,
the table should be consulted if uncertainty arises concerning a plot
name,

We have established the following standard of statistical
sufficiency in our work, In each element of our research, we aim to
gather data on a samp.e size that is at least large enough to give us &

§0% certainty

[¢]

f detecting a 2C% difference between test and control
sites at the S% leve. of significance., This is a minimal standarg,
Where higher stancarcs can be met, they will be., The sample size
needec tc achieve at least the minimal standard can be projected once
the intrinsic variability of the data is known. Research in 1984-1G8%
has given us information on this variability, For continuous
variables, we have usec the procecure in Sokal and Rohlf (1981, p. 26%°
tc estimate sample sizes, For discontinuous variables, we have usec a3
Chi=Square procedure described in Gill (1978, p. 82). Table 2 presents
necessary sample sizes as currently projected. The estimation of
sample sizes is discussed in more detail in many of the subsequent
sections of this repcrt.

Sur base of operations for the on-site field and laboratory

stugies is a lLarge nouse rented in Crystai Falls, MI (8C' Crysta:
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A Ave,). Tre physiology labcratory is installed there, as well as the

holding facilities for temporary housing of animals used in the

- physioclogy experiments. we have a shop for construction and

-4

~ maintenance of field equipment and a large shed for storage of traps,

cages, construction materials, and seasonal field equipment, We also

S
S \ )
p*v have a well established data management system housed there (see
e
P . . .
ﬂ . below), ancd living space 13 provided for employees. We rent and
‘h&;
maintain three picke-up trucks to provide transportation between our
- »
:;: base of operations ana field research sites in all weather conditions
o
[ Seh]
o . . . :
ﬁhﬁ on a year-round basis. In addition, we rent a snowmobile and three-
.A..
iy wheel all terrain venicle to gain access to our more remote sites
SE
ii{ during winter anc spring when travelling the entire distance by truck
X becomes impossibile.
; _,q.'
. LY
Fer data management we empioy an IMS computer system. The system is
e multi-user and allows stcrage of data on fixed and removable mecia.
;ﬁf Identical systems are mairtained at the field laboratory in Crysta:
o
) Falls and a: the MSU Museum 1in East Lansing. Data transfer anc
N , .. .
oy analysis are accomplished using both systems, Field data are collectec
Oy by NEI PC-B2C° A portable computers. We have developed software tc
.J: standarcize arc errcr check field data as it 1s recorded, Collectec
> data are transferrec directly into the IMS system at the field
s
'ﬁ:. laporatcry, each day. Transferred data are immediately edited and
\' L]
o
hh . . . . . .
. storeq on removadble and fixed disks for later analysis. Certain data
G 3
I\ 0y . .
A are ana.yzed as soon as they are collected., This data management
.'.:.',
L : o bl .
%\; design 3.1owWws us to ccllect and analyze large amounts of data ver:
ﬁ:ﬂ
efficiently and accurately., The large sample sizes required in many of
S
a
SHAN
et 1a-
‘: ‘n;
s
o
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our stucCy e.ements necessitate the careful and accurate data handling
the system provides.

Cther major egquipment is described in connection with individual
work elements in the sections that follow.

STUDY OF SMALL MAMMAL COMMUNMITIES

I. Purpose

The purpose of these studies is to characterize the mammalian
communities at test and contrcl sites and to test for possible effects
of the ELF Communication System on mammalian community structure,
More specifically, the following measures are compared for the two
sites and fo; each site from year to year: species richness (S,,
diversity (H', which takes intc account both evenness and richness?,
and species composition (Pielou, 1974). Relative densities of deermice
and chipmunks are estimated to test for possible effects of tre
Communication System at the population level, These studies alsc
provide information on the occurrence of any rare or endangerec
mammals at the control and test sites,
I1. Methods

This year's portion of the study began on 4 August and endec 2%
August. Trapping was preceded by a seven day prebait period during
which trap doors were locked open. Traps were baited on the first day
and then checked anc rebaited as needed on the fourth day of the
prebait period. The traps were unlocked and rebaited on the seventn
day and checkec once dai.y during the following two week trapping
period, Longer trap periods such as this increase the chances of

capturiny trap shy specles, anc increase the accuracy of relative

44‘- - . . ,.

T - ..'.r.,
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ziﬁ density estimates used in this study (Smith et al., 1971). Each
d captured animal was identified to species and marked by toe-clip,
"q furciip or fur dye to discriminate between recaptures and new

individuals. 3Sign surveys were conducted during the prebait and

trapping periods to detect the presence of species not likely to be

. X .
v trapped, such as deer and bear. These surveys entailed searching for
PN

I-". . . . . - <
a:: and identifying feeding signs, scats, etc., of mammals at each station
o

anc between stations. Ten trap stations at 125 m intervals were

Sy . . . .
iy situated adjacent to both the ELF right-of-way (ROW) at the test site
9 I8

\'.-

r: and the sham RCW at the control site with a buffer zone of 75 m at
R s
¥ each. One habitat type {(mixed deciduous forest) was chosen in order to
‘-.0\ - $ . . . .
R minimize the effects of macrohabitat differences on comnmunity

-‘.‘
\""' - Py v .
AR parameters. Each station consisted of six small mammal Leathers live-
xR

traps anc ore raccoon-sizecd, two chipmunk-sized, and three squirre.-

:ji sizea Tcmahawk live-traps., All traps were positionecd in suitacie
=;¥ microhabitats within a 15 m radius of each station center, Leathers
o

v
a

traps were suppliec with polyfil bedding and baited with peanut-butter

o

=%

B

anc rolled oats. Chipmunxk-=sized traps were set for small carnivores

11:
j»f (e.g.,, weasels) and baited with beef liver or fish. Two squirrel-sizec
‘.I
'
e traps were baited with cracked corn (for sciurids) while the third was
e . . s . .
D baited with both fisn and liver (primarily for skunks). The raccoon
T
;;5 sized trap was baited with carrots, apples, fish and liver. This
T e
“w
P . . X L. . .
regime of multiple traps per station helps eliminate bias for species
W
Doy o . . . .
S specific preference for certain traps or bait types (Smith et al.
A
LA N s . . )
~ 167%)., In adcdition to the ten live-trap stations, two pitfall trap
- ,,‘\-'
N , .
stations were set at each site to capture the smaller shrews (Sorex
s
CANd
J-.‘_.
o S
v,
v
L L
BN
o

-
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SMALL MAMMALS AND NESTING BIEDS ANNUAL REPORT, 1986
v spp.) which are difficult to live-trap. Each of these stations
' consisted of ten plastic, 4 quart containers which were set in the
. ground in a line with approximately 6 m spacing., Each pitfall station I
E? was situated midway between twdo live-trap stations. The positions of

'

these pitfall stations is changed every year. This and the relatively

Y . .. . . . :
- small number of pitfall traps at each site (20) should minimize the
o~ effects of kill trapping on shrew populations in successive years,
Species compositicn, diversity and evenness are calculated from
"
-:. trapping data for species that are trapped, marked and released (we
¥
] exclude species assessec as present based on sign). The number of
o
= animals capturec for each species is the sum of all unique individuals
- trappec over tne 1L days of trapping. Species richness is the count of
s
species in tne summed ‘14-cay sample, species diversity (H') is
i' calculate: as H' = - S.M P N4 Pj,» anc evenness is calculated as
E'/lnls, {fcllowing Pielcu, "%7Z,, wnere py 1s the proportion of the
N
- acuncgance o species i in tre sample anc s is the number of species,
'l The variance cf H' is calcu.ate: following Hutcheson (1970). The
- formulation usec 1s a ser.es expansion according to Bowmann et a:z,
<. (1955,, cited 1ir Hutcneson (%71,
= 5
- VARR = [SUM py 1n pg° - (SUM py 1n p%/n + (s-1)1/2n2 +
'.' - -q 2
e - - . gwM : . : - .
(=1 + SUM py SUM py in pg + SUM py * SUM py 1n pyl/bm~ «+

where n is tne numte~ Cf all incividua.s of all species s in the
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A test of the diversity from two samples is also performec

following Hutcheson (1970) where

H‘1 - H'2

(VARh, + VARh,)'/2
witn degrees of freedonm

D.F.

[VARh, « VARR,1%/((VARR))2/n, + (VARM,)Z/n,}

where m = number of individuals of all species in the samgple.

Population densities are assessed using the re.ative measure xnowr
as Trappable Population Number (TPN). TPN values are caiculated us:irg
the linear regression method commonly usec in removal. studies (%ne
"Leslie method"; Giles, 1971, pp. 44G=45C; Smith et ai., 157" anc
'975). Removai of trapped animals, however, is not necessary in the
present study as individuals are marked when first capturec¢, thus
allowing identification of recaptures, Leaving all animals orn the pl.ct
minimizes the problem >f immigration of new individuals because "empty
space” 1s not created,
II1. Results - 1986

The adequacy of our sampling effort was demonstrated in prior
years following the method suggested by Pielou (1974)(see Beaver, et

a.., 1985,, Tota. species richness at Michigamme and Pirlot Road sites

was 3 and 1!, respectively, AS in the past, species composition of

the “wo commurities is quite sirmilar with most species being common and




Y ol g
= A

T

P SMALL MAMMALS AND NESTING BIRDS ANNUAL REPORT, 19B€¢
2o
) each community dominated (with respect to number of individuals
¢ . trapped) by tne deermouse and chipmunk,
;E = The Pirlot community had higher evenness and diversity (H') than
LS
I Micnhigamme, but not significantly so (Table 3; t = 1,208, P >0,05; t-
f_ - test due to Hutcheson 1970, d.f. = 357). In 1985, the two communities
:E N were also not significantly different in H', Bellinger's
e 3: coefficient, which indicated no difference between the plots (Table
! ;{ 3., indicated an overall similarity of abundance rankings at the two
j < plots. Correlation of frequency of capture at a station by species is
!
' i: marginally significant, and the slope of the rank of abundance of
;: ) Micnigamme control toc Pirlot Road test 1is significantly different frorm
a :; zero (t=3.,7'3, PLJ.CC"; (Tacie 3. Therefore, there is a high degree
:j - of similarity in the small mammal fauna on the test and control plots
o . prior to trhe cperaticn of the antenna system,
g; iﬁ Tne results of the TPN analyses indicate that chipmunk populations
fﬁ - were significantly cifferent at between plots (Table 4, P < 0.0C17,
f~ !! while deermouse pcpu.ations were not significantly different at the twc
g .. sites (¢t = "1,52 anc 1.,5£, respectively; two-tailed test), Bcuin
) E: species were mucr Lower in abundance in 1986 than 1985, We think the
-~ lower numbers in 'Gf{ may have been due to Tyzzer's disease. This

disease appears when animals are under stress, such as may have been

AARANSN,
A
4 &

o, caused by tne severe drought in the area in 1986, A number of deermice

b

used in the growth studies were found to be suffering from this

-
. ‘-(
X w
*fu o disease, and a high percentage of them died. However, populations are
1

»
3
L . . C . )
o . Kncwn to fluctuate wicely from year to year in both species whether the

” d1sease i1t present cr nct, It 1s our expectation that between year

o)

-
e

. -10-
)
r L,

~
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\"-

AI.H."

L,” comparisons will be of little value in assessing ELF effects., Our data
L 4

.

to this point do suggest comparison of abundance on plots within years

o will be useful
RN 1 ul,
o .
<4 Our adequacy of sampling community structure may be examined using
) the variables with variance estimates; i.e, H', regression of ranks by
LN
)
L Ny . . . .
'ﬂ plot and TPN, For H' the coefficient of variation is low for test and
N
l‘.\!
2;# control plots (C,V, = 6.5% and 4,7%, respectively), which will allow us
- to detect differences as small as 5% (Zar, 1984), Our estimates of TPN
[)
¥
Wy should alsc allow us to detect a 20% change, although there are no
S
‘.‘ . . . N .
f N statistical procedures available to estimate the precise levels of
3.
ﬁ:; difference we can expect to detect for regression parameters (Zar,
' '.r:',
v CERL
b= - GRU G,
ot ’
e:Q In summary, mammalian communities at both test and contro. sites
{prior to ELF cperation) are quite similar, and we shoulc be able tc
Ny detect a 20% change in community structure in terms of diversity,
R ™ -
W+ .‘!.
*\ similarity anc trappable population number of the dominant species.
.J

-
.
e
v e
L

PARENTAL AND NESTLING BEHAVIOR, AND FECUNDITY,
GROWTH AND MATURATION STUDIES - TREE SWALLOWS

.
')
.

o
.
Y

o 1. Purpose
s
:% Tne purpose of these studies is to characterize several aspects of
LN
i the reproductive process ir tree swallows at test and control sites and
.‘:::_
a:. to test for possible effects of the ELF Communication System on these
- N |
by v variables. Specifically, the following aspects of the reproductive |
f?? process are compared between test and control sites and for each site
o . .
‘:.—_: from year %c year: parental attentiveness to eggs and young, numbers cf
" esgs per ciutch, hatching success within clutches, rates of growth and
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3

development c¢f hatchlings, and nestling mortality., All of these work
i! elements are descrized together in this one section because they are
3\ all carriec¢ out on the same populations of birds.
A

11, Methods
] These studies are carried out in natural or artificial clearings
»

where we have erected arrays of nest boxes, The boxes are made of
o
™
}. cedar lumber anc are mounted on posts, 1.5 m above the ground. Tree
o Swallows reaci.y elect to nest in the boxes and will tolerate
.
o considerable disturbance by investigators. The boxes can be opened to
}-"Z permit inspection ancd weighing of young. Sheets of high-density

poiyetnylene wrapped around the posts prevent access by terrestrial
precators.

. wWhen possitle, acu.ts are captured on the nest after incubation
l' is completec and tanzec witn U. S. Fish and Wildlife Service bands fcr

- identification, Since it has been shown that certain reproductive

variatles are affectec 5y tne age of the female (DeSteven 1978), most

!l of our effor%t 1s p.acec on capturing females. In adadition, as mary

. young as possitle are bandec before fliedging.

L]

h.:

<. Active nests are cneckec daily or every other day to determine the

= dates that eggs are laid, how many are laid, the dates the young hatch,

= :
and overall hatching success. Monitoring of the nests for nestling

'. ) : .

s growth anc mortality then continues until all young have reachec 16

a

days of age. Ycung tend tc fledge unusually early if disturbed beyond

- day 1€. Therefore, after day 1€, nest checks are done every other day

- with minimal disturtance tc estimate flecging success.
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\"-:‘
e For stucies of egg incubatiorn, temperature-monitoring equipment is
\..-..
o
L used, The tip of an EME Systems thermosensitive probe is insertec
- oL . _ . _
P within a simulated egg, and the simulated egg is placed among the
Y
AN . A .
N natura. eggs of the clutch., The thermosensitive probe then signals
‘\j_.
A
° when the cluten is being warmed by the parent. Data from the probe are
) N
e recordecd every 3 minutes, 24 hours per day, using On-site Weather
AN
Sy - . . .
S Loggers made by EME Systems and NEC microcomputers. Simultaneously,
L \}'\
.‘ . ) . . . I3
the air temperature outside the nest box is monitored and recorded
. -
;i; using a seconc prooe.
"'.-1""
NN Parental attentiveness to nestlings is monitored using video
{‘-
- . . P -
Pl recording equlipment, The ma.e and female parents are marked for easy
a
s . e e - N . :
v identificatior ty ccloring their featners., A Canon VC200 video camera
AN
A : . ‘ . . s .
- is then trained on the nest box during daylight hours, and the videc
20N
NN

images are reccrze: continucus.y using a Canon VR=30A casset:
recorder, e entire system is powered by a storage battery., The
recorcings are later rev.ewel Ly personnel wno summarize the time of
day anc duration of each parental visit to the nest,

For studies of groweh and development, nestliings are welghec

on

aver,; otner day witn a3 Pescla spring scaie accurate to 0.1 gm. The

lengtns of the “arsus, uina, anc¢ wing (all from the right side of the

\ ‘V.‘ AN . . .

At bedy,; are measurec with dial calipers accurate to 0,1 mm.

T
S Sirce different observers differ sliightly in their techniques
S

= for measuring weights and bocdy parts and yet it is impossible for one
F.
Wi observer %to measurz all nestlings, we have multiple observers rotate
{ a -

SN

“ e . -
.- among tne p.cts sc tnat every nestling is eventually measured by all
S

g observe-s., FReguiar.y rotating tne observers in this way has the efflect
o Rt
Y,

=

3

A -
? \t"

<
N
A
-

e S

T T

B Y
4 e VALY A



SMALL MAMMALS AND NESTING BIRDS ANNUAL REPORT, 198¢

of submerging the variance in measurement due to observers into the
l. errcr in each nestling's growth curve, This measurement protoccl
unfortunately prevents us from being able to block observer effects in
the statistical design. However, as we show below, when we use data
from each individual bird's growth curve, even the significant effects
of differences in observer technigue do not prevent us from being able
. to detect very small differences in patterns of growth.
For analysis of growth data, we use the procedure for fitting
- growth data to models cf growth proposed by Ricklefs (1967) and used
previously for tree swallcws by Zach and Mayoh (1982). Briefly, the
;i data for each nestling are subjected to curve fitting using an
expcenential, logistic, and Von Bertalanffy's model in a regressiocn
routine in SAS (Statistica. Analysis System,. The model of best fit,
ii as judged by having the highest value of RZ, is used in subsequen:
analyses to obtalin the rate cf growth, the intercept, and the
. infliection point.
.[ In past years we have detected significant differences in growtih
rates of young t“ree swallows between test and control plots, Recent
evidence suggests that foocd availability on a plot can have &
significant effect on both clutch sizes and growth rates of tree
. swallows (Hussell arnc Quinney, in press; Quinney et 21., 1986). In
order to determine what degree of variation between test and contro.
plots in growth rates is the result of food resource availability, we
A have undertaken steps %o quantify the flying ins.ct abundance at each
site. We have communicatei with Dr. Hussell of the Ontario Ministry of

) Natura. Resources and have designed a sampling scheme basec on nis
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hy earlier worxk (see Hussell and Quinney, in press, for detailec

methcdology). At each tree swallow site we collect flying insects

"? during the daylight hours in two suspended conical nets with alcohol
l‘
L.
{?- traps. These nets are located among the nest boxes and are constructed
) to face passively in the wind so as to continually sample insects which
‘Qﬁ either fly or are blown into the nets. Previous studies show an
X
rq excellent relationship between the insects collected in this type of
!
system and the insects delivered to young swallows in the nest by their
25 A .
S parents (Quinney and Ankney 1985), Sampling begins before the
)
) '.-\
- initiation of any egg laying and ends when all young from the plot have
)
1 fledged, After insects are sorted into size classes we compute an
< . . X . .
‘:ﬁ index of the biomass of flying insects determined from daily catches on
.
'l
:ﬁ each pilot., This will allow us to compare the prey abundances between
test and control plots and help explain differences in growth rates
Y
Oy
NN between plots not due to age of the adults or clutch sizes, These data
Pl
-0
::j wiii further refine our abilities to detect possible subtle differences
e .
f
D) in tree swallow reproductive measures due to electromagnetic fields
;;a associated with tnhe Communication System,
A
Y IIL. Results - 1986
Wy
i Tree swallow plot names, numbers of boxes at each plot, and
i ":.1
Lo percent occupancy for 1986 are shown in Table 5. With the placement
s
.}{ of additional boxes on plots in the early spring we now have a full
<o
- compliment of bird boxes at test and control sites. Of the 306 nest
:iﬁ» boxes monitored, 205 (673) had egg-laying activity which is a
', <
‘o ) . - .
'a‘: continuation of the increase in activity observed between 1984 and
.l
e 1985, This increase is due, in part, to the completed cutting of the
: 3
| A:':-
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N
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sham corridors arounc the perimeter of some of the control plots, the
i' roller-chopping of encroaching aspen by the Michigan Department of

Natural Resources, a..d by our efforts at predatore-proofing of nest

;3 boxes, In early spring, all of the nest box poles were wrapped with a
'. high density polyethylene to help prevent access by terrestrial
- predators. With increased return rates of nesting adults observed each
tj year we have established plots which will provide adequate sample sizes
~ for all of the tasks reportec on below, Starting in 1986, we conducted
:3 all aspects of the research program on specific plots established for
. each individual task (see Table 1) and will continue with this protocol
:b as originally proposed,
o The age of adults breeding on the plots was quantified in earlier
years by categorizing a bird as an adult if it had a high percentage of
' its bacxk plumage colored iridescent green. Younger birds have mostly a
gray back plumage with little green (DeSteven 1978). In 1985, we found
:i many more young »irds nesting on control than test plots (Beaver, et al
, I! 198¢). In 1966, we were not able to make as complete a determination
h because many birds abandoned their nests due tc inclement weather prior
; ij to the time we designated to assess age of adults, However, we gid
: keep records of birds we saw on our daily visits to the plots. Less
;S than 10% of nesting birds were young birds and there appeared to be
- equal numbers of them on test and control,
S Summarized fecundity data for tree swallows in 1986 and comparisons
:i to 1685 are presentecd in Table 6. These data were taken from the
4 Pirlot Road test plot and Tachycineta Meadows control plot and exclude
E any renesting attempts, Mean clutch size in 198% at Pirlot Road (5.3

-

vr.1
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.:_\
N eggs/ness, was sigrnificantly larger than at Tachycineta Meadows (4.9
.-x
. eggs’/nest; t-test, P < UT,00%). Both of these values are within the
%{; range of those reportec for tree swalliows (Chapman 1955, DeSteven 197§,
LN
;f: Zacn and Mayoh 1982)., This is continuation of the trend shown in 1985,
Y
e Pirlot Road test plot has consistently had higher clutch sizes, We
i}ﬂ suspect there is mcre available food at Pirlot test than the controls
A
.'\'
ﬁ: and this could be influencing clutch size, a finding reported for tree
"N
' swallows in Canada by Quinney and Hussell (in press). We should be
,hJ able tc examine this using tne data we have on insect biomass as soon
]
4
:a as the analysis of our insect data by Hussell is complete., Although
"
.~
Pty the mean clutch sizes were significantly different, there was no
‘:A difference in the distributicn of clutch sizes between test and control
? Ll
\v
~ v . :
9:: piots during 16890 (X€ test cf ingepencence, X€ = 3.3, df = 4, P > 0.3).
)
w
N Hatching success (Tatle 7) was also greater at the Pirlot Roac
,r:: test plot (93.4%) than at Tachycineta Meadows (84,1%) during 1986 anc
Lﬁ these differences in likelinool to hatch are marginally significant (x¢
-,
K test of independence, X2 = 3.9G, df = 1, P < 0.05). When 1986 and 198%
J
‘Q? data are analyzec togetner, likelihood to hatch is shown to be
ot
Y
P
:a indeyendent ¢f botn plot and year (X2 = L4.38, df = 3, P > .2) Whern
oo
Y
¢ ) - . . N
4 J this & X 2 tablie is broxen down, into year (1985 vs, 1986 pooled over
b PRT and TMC) and plot (PRT vs., TMC pooled over 1985 and 1986)
-._-.
k)
5*2 components, there are no detectable plot effects (X = 1.6, P > C.1),
-
‘2
Pk year effects (x2 : 3,01, P > 0.3) or plot/year interactions (x2 =
e 2,716, P > 0.,0%5). Tne actual number of young which hatched per nest
;L- (Table 5, was not significantly different between test and control
=
:;:: -2 -
S
:-4_'
o
> . |
"
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plots during 198¢% (t-test, t = 1,5, P > 0,05), and is within the range

! of results reported elsewhere (Low 1934, Paynter 1954),
Fledging success was slightly lower at Pirlot Road (25.4%) than at
- Tachycineta Meadows (27.1%) in 1986 (Table 7), but these small
!! differences in likelihood to fledge are not significant (X2 test of

independence, X° = 0.07, df =1, P >0,3). When 1986 and 1985 data are

N analyzed together the results are highly significant (X2 = 40.245, df

3, P<0,001), due primarily to a highly significant year effect (xe

Zi- 38.14, P > 0,001). There were no significant differences in likelihooc
o~ to fledge over years between plots, nor was any significant interaction
-
L detected. The actual number of young to fledge per nest during 1G8¢
. (Table 6) was slightly higher at the Pirlot Road test plot (1.3
| young/nest) than at Tachycineta Meadows control (1.2 young/nest), but
li not significantly higher (t-test, t = 1,5, P > 0.25). Numbers of young
R fiedged was the lowest recorded in any years of our study, almost
E: totally due tc one episode of inclement weather which caused up to 6C%
l! mortality on some plots, The weeks preceding this cold and wet weather
" were very hot and dry and insect abundance was at low levels, Couplec
E; witn this lack of resource base, hatching was very synchronous in 16&:
" and most of the hatchlings in the nest were unable to thermoregulate
;E f: adequately at the onset of the inclement weather, During this two day
o
-tz ;; bad weather period very few adults were seen in the vicinity of nest
- < boxes and many seemed to abandon the nests., Weather caused mortality
?3 Ei has been recorded in other studies of tree swallows (Chapman 1955,

Paynter 1954) anc Low (1933) reports that S0% of the young he was

.
I

N !"
‘i studying diec in one week of adverse weather, Even though this
5 '-'_ °
‘G
‘i o
S -27-
O
i .
; \; !"
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.
‘:é severe.y reducec the numbers of nests and young tha%t were availatle for
o study, we still had sufficient numbers for all of the research tasks.
{? The landmark events of eye opening and primary feather eruption
f; are presented in Table 8. Mean number of days to eye opening was
R shorter at the Pirlot Road test plot (5.1 days) than at Tachycineta
ﬂ;& Meadows control (5.5 days), but these differences are not significant
;E (t-test, t = 1,95, P > 0.05). Mean number of days to feather eruption
e was also shorter at Pirlot Road (8.7 days) than at Tachycineta Meadows
f:} (9.4 days), and tnis difference is significant (t-test, t = 3.33, P <
tjg C.017,., This difference couid be due to food availability on the two
;i' plots. As for the case of differences in clutch size noted above, we
i;{ pian tc examine this possibility using the insect data we collected.
A
:? Exposure data for nests, eggs, and nestlings used to assess
v
A% mortality rates was calculated using the Mayfield method (Mayfielc
2&? '§€1, 1675) anc are presentec in Tacle G, Units of exposure are egy
.-
:Sﬁ days, nestling days, and nest days. For example, one nest with five
39? eggs observed for four days would represent 20 egg days and four nest
;&: days. Data presented here include all active nests from all plots and
‘§§ represent an overall nesting success analysis.
':g Egg mortality was significantly higher on the control plots (G
=); test of independence, Sokal and Ronlf 1981, G = 11.38, df = 1, P <
B~
.§§ 0.007), while nestling mortality was significantly greater on the
;S control plots (G = 15,77, P < 0.0C01)., Overall nest mortality (e.g.
}f; failure of an entire nest) was not significantly different between
;i: pooied test anc control plots (G = 0.06, P > C.3), nor were there any
-

significant differences between test and control plots when nest
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o o . . . ,
\3 AU mortality is partitionec between the incubation phase and the nestling
i)
? . phase (G = 1,57 and 1.05, respectively, both P > 0.2).
.cj - In 1966, 148 unique adults were captured and banded; 104 (7C.3%)
[\~
-I . Ay
.\: ~ were new individuals and 44 were returns (26.7%) which were banded by
SURAS

us during previous seasons, This 29,7% return is an increase from 1385

33 N when only 16.6% of adults handled were previously banded by us., In
'

»E 5 addition, as many young as possible are banded before fledging; in
2 1986, 271 young were banded in the nest. This number is a decrease

'i: g: from the 363 banded in 1985, and is a direct result of an episode of
':?‘. inclement weather which caused a high rate of mortality among
-‘r G nestlings.

35 - According to the RS values obtained from curve fitting to growth
. e

-iﬁ A data for individual birds during 19656 (Table 10), body mass, tarsus ana

r.v

tf* ii uina growth were best fit ty the logistic model while wing growth was

[ best fit by the exponential model,

;E: ;; The models which had the best fit to the data were then used to
>

produce values for use in an analysis of variance, Within the selectecd

-
N

: growth model, nestlings whose growth curve variables (growth constant,
SE . inflection pcint, differed significantly from zero were subjected to &
:3 ” nested ana.ysis of variance (NANOVA), with the effect of nests included
;ﬁ :’ within plots. The intercept was not used in the analysis since
~.

l:& interpretation of its meaning from a biological point of view is not
.

1:& Ca clear.

i“: - In general, growth rates and inflection points were most strongly
;ﬁ = affected by nests within plots and least by plot (test or
efq {; contro.)(Tables 11 - '4,, For growth constant, the only significant
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a9 -
\:‘-
:f~ plot effec: was growtn of dod, mass, For inflection point, none of the
-".n . . . .
variables was found to have a significant plot effect. However, for
o . -
o all variables, a highly significant effect was found for nests within
| 2]
if- plots. Thus, nests differ greatly between themselves, but not between
e
plots, for the measured variables. Table 15 presents the means and
Qj standard statistics for eacn variable,
7:? In 1985, we found significant differences in the test and contro.
B
A
plots. We attributed this difference to the age of the birds breeding
o
P-4 on them. The control plots were new in that year, and attracted a
iy
IC: larger proportion of young tirds, Young tree swallows have been shown
%_' to have poorer reproductive success (DeSteven 1978). Therefore, if
::f the differences in growth we have demonstrated in 1985 were due soley
S
- . N .
A to age of breeding tirc, we would expect to see no differences in
3
subsequent breeding seascns, The disappearance of the plot effect in
RN . X i
e 158€ appears to confirm our expectations.
EK Data for patterns of incubation have not been fully analyzed &t
| -i"
D) tnis writing. [This is because of a request by IITRT and the NAVY in
n/
\j late December for a complete 5 year proposal and budget for
e
o
lj continuation of our work., The proposal was requested by 15 January,
, ~.:
Rt 1987, and we were advle to finally complete it at the end of February,
e 1987.2 Data were obtainec on 12 nests on the test plot and 7 nests on
-i: the control plot, Representative analysis is presented for day time
B
- :ncubation by the female (the male does not incubate) for a single nest
~a
0 on each of the test and control plots. The variables examined are
}f total time spent incudating the eggs, measured as the percentage of
. time on the eggs per day, the average egg temperature during
0
(_.-
.'_.4
e
f,'- - 3 -
v
.l
@
-

:
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‘\-:.I e

2SN

:'l.' e 3 nae s o~ -~ - A th e * t bout of

P incutaticorn, exgressec as the average temperature per u {

Dy X

° . incubation, anc tne average minutes of incubation per bout. Incubation
N

:ﬁ does not begin abruptl in the tree swallow. Rather, the egg
-‘ ‘e

AR

_:J - temperzture anc persistence 1in setting on the eggs increases to a

‘ maximum level over the first four days, Similar patterns have been

X, % )

¢ A . . . . ,

*Q : reportec for incubation in other species (Zerba and Morton 1983, Skutch
Y

) -j 1962.. We have selected data for our analysis from the first day the

maximum egg temperature is reached, as determined by inspecting graphs

e , .
e of the egg temperature. Data beyond the eleventh day of incubation
were nct used because incubation becomes erratic just prior to the
MR

e i1 egg's hatcning. We present data on six days (we do not include data on
- incubatiorn at night here) of incubation for a control plot bird, and 11
j-' days for a test plot bird (Table 17). The average percent time spent
o

incubating tre eggs is about 81% for each bird., Similar values are

-

reported in the literature for a variety of species (Haftorn 1675;

Prescots 1964; Skutch 1962, 1975; Zerba and Morton 1983a). The

) [ coefficient of variation is highest for the control bird (12.5%). The
:-1: ) average time on the nest is not significantly different between the two
-:' .- -
- fj-- birds {(Qne-way ACV, F=C.C327, P > C.5). Mean egg temperature whi.e
= incubating (Table 16) was higher for the test plot bird (One-way ADV,
3 .
A F=25.587, P <G.0C'; test done on 1/egg temp transformed data to reduce
:-:' heterogeneity of variances), We do not place much significance in this
'.Q. -."
AT
R ™ result though because it is not clear how much of the difference is due
s
_",',' ‘«,, to placement of the probe in the nest. We plan further tests on
Ay '
L W
NP placing the probe in the clutch in 1987. The mean time spert (minutes’
J L]
Y
=t s on the nest curing a bout ¢f incubation is aiso compared in Table 1€,
Vi
25
7e -31-
\
o
L
e T
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. The mean times are longer for the control tirc, but the variance is

greater than the mear for each bird, and the means are no%

%
gl - N
? significantiy different (One-way AJV, F=1.97%, P>C.,2C). Other workers
)
) o .
§ j have reported similar values for average time on the nest, and have
n?
notecd tne high variability in this measure (Prescott 1964; Skuten 1962,
..
~ 157¢:; Zerba and Morton 1383b, Currently, our best variable is the
L
N )
:} percent time spent in incubation per day. Using the dispersion
statistics from the two nests analyzed to date, we estimate we need to
9
e menitor "0 nests per plot to be able to detect a 20% change ir
o
;ni incubatiorn time,
N
{» Data for parental care of nestlings were collected in 1986 using
SO . X ; : i
e video cameras. Our objective was to quantify the behavior of parent
RO tree swailows at their nest following the hatching of their young, e
set up video cameras on tw2> nests, The cameras were set up early ir
" ?
0 . . i : .
o tnhe morning starting with the day of hatching and allowed to operate
ES
AT all day. Tre amount of time the nests were monitored ranged between S

Lo

ang "2 ncurs per dJay. Analysis of video tapes consisted of counting
the numter of enterings and leavings of the nestbox, and the time spent
in tne aest box and absent from it. Male and female at each nest were
coinr marked and could be ciscerned in the video tapes. We scorec
their activities separately. We could also tell if foreign birds

visitec the nesct.

We obtained the following information for each nest: 1) the number
o
<.t of times a bir-d {male or female, visited the nest in an hour, 2) the
percent of the total video time that a bird spent in the nest per day,

and 3) the average length of time spent in the nest per visit, These

3 237
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XA
R | .
: are measures considered by other investigators studying incubation in a
U}
M ! variety of otner species {(Davis, et al., Haftorn 1979, and Morton and
e Pereyra 1985.. However, of the three variables presented in Tatle 17,
':o ;f.
Nt only visits per hour will be considered because the other two measures
i‘.‘
" aprear to be too variatle to be useful in meeting our statistical
. -_
;v sufficiency requirements,
q.. -
.'ﬁ S Two nests were studied in 1986. The data for visits per hour are
B -"s, -
D3
presented for each sex and nest, and for each sex with the data from
[re v ) i
N the two nests pocled, in Table 17,
A
‘
2 Examined singly, females visited the nest from 6 to 7 times per
N

-
Ko

hour whereas males varied from 5 to 8 visits per hour (Table 17). When

B &
-

.

x? -z visits are pooiec over nests, females have slightly lower visitatiorn
S

'ﬁ rates than ma.es, but are much less variable (Tatle 17), A similar
s

stucy bty Quinney (158, on tree swallows in Canada revesl.es nest

')

3 o X . - . .

'?« ) visitation rates as high as 13 trips/hr, However, he proviaged nc

IR
"q o statistics of dispersion so we are unable to ascertain if our data are

-.’

) ‘ as variable as his.

.‘" *- . . . .

o The pocliec datz for females yields a coefficient of variation of
[] IJ'. .
N about 18%., We would need to monitor about 18 nests per plot to be able

EX to detect a 2C% change in visits/hour. This is about twice the number

e

O of nests we predict we can monitor with our current equipment in a

‘I‘f'

"n' . N . I3 s

:ﬂ . single researcn season. Therefore, we plan to rent additional video

Ny
o cameras and to pool our data cver years to reach our required sample

,#: }- size, We feel it is among our highest priorities to obtain data on
o this potentially important variable, Our other, more physically based,

4 measures of potential ELF effects will allocw us to detect small
rx
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changes; measures of parental care will, in our judgement, allow us to
deduce cause anc effect since the young depena entirely on the parents

for warmth anc food.

PARENTAL AND NESTLING BEHAVIOR, AND FECUNDITY,
GROWTH, AND MATURATION STUDIES - DEERMICE

I. Purpose

The purpose of these studies is to characterize several aspects of
the reprocductive process in deermice at test and control sites and to
test fcr possible effects of the ELF Communication System on these
variables., Specifically, the following aspects of the reproductive
Jrocess are comparec between test and control sites and for each site
frorm year 1o year: maternal attentiveness to nestlings, numbers of
ycung born per litter, proportions of young surviving until weaning,
ana rates of growtn ancd deve_opment of nestlings., All of these worx
elements are describec togetner in this one section because they are
all carriec out c¢n the same families of mice.
II. Methods

Tnese stucdies are carried out within enclosures because free-
ranging mice have been found not to remain resident in nest boxes for
long enough periods for us to obtain the data desired. The enclosures
are large: €,1 by 5.8 m. Ten enclosures have been constructed within
mixec deciduous forests at both the test and control plots. They are
open at the ftop tc allow free passage of atmospheric electromagnetic
fields and free exposure tc weather, Furthermore, they are constructed

mostly of acrylic plastic sheeting, which is permeable to atmospheric

e.ectiric fields according o IITRI engineers., Briefly, the walls of

the enclosures consist of acrylic sheeting attached to cedar posts; the
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walls project about 15 cm below ground to prevent mice from digging
out, and they extenc about §C cm above ground, A Sl-cm-wice sheet of
acrylic is placed horizontally along the top of each wall tc prevent
animals from climbing over the wall, Tree trunks are sheathed with
sheets of high-density polyethylene to prevent mice from climbing in cor
out of the enciosures via the trees, Each enclosure is provided with a
nest box and a feeding and watering station., The nest box can be
openecd tc permit access to the mice,

Small enclosures (termed holding facilities) built according to
the same design, but measuring just 1.2 by 1.2 m, are alsoc constructec
at the same sites. These enclosures are used as holding facilities for
mice awalting study in the large enclosures.

¢ be studied are captured in mixed deciduous forest nesa

(&4

Tne mice
wre enciosure sites, They are set up as male~female pairs. Then later
~rhe females are transf{errec into the large enclosures when visibly
pregnant, They give birth in the enclosures and rear their young tc
trne age of weaning.

The attentive benavior of the mother mice toward their young is
monitorec using treadies attached to the nest boxes. A treadle is alsc
placec at the feeding station to monitor time spent there by the
femalie. Tread.es foliow the design of Hill (1972b) and Dice (13£13,
Each is enclosed ir a tunnel, which is positioned over the entry intc
the nest box or feeding station so that the mother must pass over the
treadlie to enter or exit., Movements of the treadle activate a mercury
switch whose signals are processed in an A/D device (EME Systems..

’

Sigrais from the A/C device are recorded continuously on a NIl

]
(95}
(&R

)
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microcomputer, 24 hours per day. From the records, it is possible tc

deduce the time of each entry and exit, and thus it is possible also to

4.

}f compute the durations of periods spent in and out of the nest box,.
-~ Because a treadie system of this sort can monitor the movements of only
N a single animal, the male parent cannot be present, and monitoring of
K.~
::z trhe fema.e can be carried out only until the young are about 16 days
o “-j
:r’ 0.3 (for at that age the young themselves start to exit and reenter the
R, nest DoXxi,.

I.\'

}j Newborn young are toe-clipped for identification when U days ols.
o

> From ther until they are 22 days old, their growth is followed by
25 weigning every other day to an accuracy of 0.1 g using a Pesola scale,
- Iritial litter size and subsequent deaths are recorded., The age of eye-
o opening 1is reccrded as arn index of developmental rate,
N2 III. Results - 1986

I . . . . .

- The growth and development of 7 litters from 7 females at Pirlot
1
N test pio- and § litters from § females at Michigamme control plot were

)

~1 monitored during 195£. About half of these litters were born in early
L. summer and the las® ones in early August (Table 18) as the deermice
"{ faiied tC exnibit a substantial late summer reproductive peait typlcal
= of deermice in this region (Baker, 1983).
)::

:n The results of growth studies are presented in Table '-. :
'{5 perusal of the growth in body mass of nestlings indicates that .- -
.. curves often appear non-iinear, Although littermates ccrsic--
‘b'..:

e exhibit similar., snaped growh curves, there are appare-" :

w:\-

e in curves among litters of gifferent females as we.. -

NG betweer litters of trie same female (i.e,, so~« &=+ =~

v
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sigmoidal, etc.). While this variability in the shape of growth curves

Gy s

among (but not within litters) is interesting, it precludes the use of

any particular non-linear model (e.g., logistic growth model) to

e
o

estimate and compare growth rates in these mice, Therefore, growth

rates have been estimated using linear regression analyses for growth

=3

of each individual, and combined growth of all individuals of each

T2

litter, For the sake of clarity, only the latter will be presented

here,

52

Lt The regression coefficients presented in Table 18a indicate that
Eg the linear model is adequate in describing growth of deermice (range
of R2 = ,04 to .94, overall R2 = ,52). Nested ANOVA of growth rate due
. Eg to mothers nested with plot yields a significant effect of mother but
none due to plot (Table 18b). At this writing, we do not have any
B hypotheses as to the nature of the mother effect.
[g Litter size and age at eye opening and incisor eruption are
g

similar between plots but exhibit large coefficients of variation
!! (12.7% to 50%, respectively, Table 19), Much of the variation can be
attributed to the frequency of visits we can make to obtain the data

(now at every other day). Thus an animal categorized as not having

A

eyes open on a particular day will not be checked again for two days.

el

This produces a built in error of two days. Thus, we do not feel we

SE can obtain fine enough resolution for these variables to meet our
Y

; statistical criteria without increasing the frequency of visits, We
TS

: Q{ are investigating this possibility within our present work schedules.

0

‘: R In our studies of maternal behavior, we have thus far examined the
. i' behaviors of two mothers in enclosures with treadles on both the nest
L)

s

N -37-
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box and the feeder, The following variables were measured: (1) the
number of visits to the nest or feeder, (2) the percent of time per day
spent in the nest or feeder, and (3) the amount of time spent for each
visit to the nest or feeder., These three variables were recorded from
the time of birth of the young to 16 days after birth, We are
presently in the process of analyzing these data, When the analysis is

complete, we will provide IITRI and the Navy with the results.

HOMING STUDIES ~ TREE SWALLOWS

1. Purpose

The purpose of these studies is to measure the homing success of
tree swallows at test and control sites and to test for possible
effects of the ELF Communication System on such success. Variables
measured are the proportions of swallows that successfully return home
after displacement and the time required for each bird to return home,
II. Methods

Adult birds are captured at the nest box using a simple nest box
trapping device (Cohen and Hayes 1984). Captures take place between
0930 and 1230 to allow adequate feeding of the young in the nest prior
to capture. Following capture, each bird is sexed (using the presence
of a cloacal protuberance for males and brood patch for females) and
aged using plumage characteristics, Birds are banded using a standard
U,S. Fish and Wildlife band and are color marked on the breast using
"magic markers" to provide rapid and positive identification while in
flight., Birds are placed in wire cages which are covered with black

cloths, and then driven to the release sites.

-38-
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In our first studies of swallow homing in 1984 and 1985, we
released birds at all four cardinal compass directions (east, west,
north, south) at test and control sites. The results revealed no
differences in homing success from one compass direction to another,
Furthermore, because tree swallows probably home without regard to
habitats they fly over, and they are not likely exposed to any
different hazards (predators, etc,) in homing from one directions as
opposed to another, we feel justified in releasing birds at Jjust one
compass direction. Using just a single release point at test and
control sites is more efficient in terms of personnel effort than use
of four release points and thus permits adequate sample sizes to be
obtained more expeditiously.

The release points are located in open areas that are at a
distance of 30 km from the nest sites and at a compass direction 20
degrees NE of the nest sites (see Figure 1), This value of 30 km was
chosen because it is greater than the distance corresponding to a drop
of two orders of magnitude of potential electromagnetic fields given
off by the Communications System, The direction of the release points
in relation to the nest sites was chosen so that birds attempting to
return to the test site in a straight line will cross both east-west
legs of the antenna configuration -- areas that would supposedly be
maximally infiluenced by ELF electromagnetic fields. Upon release, the
time, vanishing vector, and weather conditions are noted. Observers

located near the nest boxes record the time at which the birds return.

-39.
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II1. Results - 1986

The numbers of birds used for homing and the likelihood to return
are presented in Table 20, These data are from the Panola Plains
control plot and pooled from Cleveland Homestead and North Turner test
plots. Test plot data were pooled after confirmation of no significant
differences in return rates due to test plot location (X2 test of
independence, X2 = 0.09, df = 1, P > .3). Likelihood to return to the
nest site on the test plots was 90% (26 returned of 29 displaced) and
77% (24 of 31) on the control plots, but these differences were not
significant (x2 = 1,62, df = 1, P> .2). Mean time to return was lower
on the test plots (149.8 min.) than on the control (176.9 min.), but
these differences were also not significant (t-test, t = 1.6, P > .05).
All of the young in the nests of birds that returned were reported in
healthy condition,

HOMING STUDIES—~ SMALL MAMMALS

I. Purpose

The purpose of these studies is to measure the homing success of
small mammals at test and control sites and to test for possible
effects of the ELF Communication System on such success. Variables
measured are the proportions of individuals that successfully return
home after displacement and the time required for each individual to
return home, The principal species studied are deermice and chipmunks.
I1. Methods

The small mammal homing study is conducted on two trapping grids,
one at the Pirlot road test site (PRT) and the other at the Michigamme

control site (MGE). Each grid contains 100 stations spaced ten meters

-40-
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apart, with one Leathers live-trap placed at each station baited with

peanut butter and rolled oats. The grids were situated on the east

iy side of both the ELF ROW (PRT) and the sham ROW (MGE). A habitat

o
-
> %2

buffer between each ROW and its respective trapping grid was increased

this year to 50 meters, rather than the 10 meters of 1985. This

-
ZiR

increase helped insure that both the grids and their displacement lines

were located in more uniform habitat, one of continuous mixed deciduous

B 4,
R S Vo

forest dominated by sugar maple (Acer saccharum).

-
-
-
-

»
-
-

Trapping began on 6 July and ended on 23 July, 1986, Traps were

checked twice daily (ca. 0800 and 1700) and rebaited as necessary.,

e e
e

Because of the small sample sizes obtained for other species in 1985,

only eastern chipmunks and woodland deer mice were displaced this year.

I

Each animal was weighed, sexed, and toe-clipped or ear-tagged for

N R

L b

- Jy%

e,
|

individual identification. Reproductive condition, station number, and

capture time were also recorded, Individuals were kept for

---
s
;JJ

displacement after their third capture; such animals were deemed to be

"trap-happy" and hopefully insured their detection by continued

»
-
-

pﬁ recapture on the trapping grid upon returning from displacement.

Before being displaced, each animal was kept in a laboratory cage

s 503
&

supplied with nesting material, lab chow, and water. Cages were placed

=4

in screened-in storage sheds located near each site., Displacements took

i: 56 place during, or just prior to, the next activity period following
‘fg‘,L 3

capture; deermice (nocturnal) were displaced at dusk (ca. 1900) and
M
»w " chipmunks (diurnal) were displaced in the morning (ca. 0800). Each
N
O'I.Q

3y animal was displaced 450 m from the trap it was captured at when kept

4
==

for displacement, Displacements take place to the south and west of

:
-
‘(::‘
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the home grids. The exact point of release is adjusted to reflect the
point of capture on the home grid; this way all individuals are
displaced exactly the same distance from their capture point. Trapping
continued for five days after the last animal was displaced,

During our initial studies on mammal homing in 1985 (Beaver, et
al. 1986), we displaced chipmunks and deermice in all four cardinal
directions in order to investigate any directional biases in homing
ability. No such biases were found even though animals displaced west
and north on the control and test plots had to cross the sham corridor
or actual antenna corridor, as well as somewhat different habitat
types. However, our sample sizes were small for any particular
displacement direction (maximum of 10 animals) and we therefore could
not be certain of the robustness of our tests. Thus, in contrast to the
work on swallow homing, we decided to reduce the number of displacement
directions to two rather than one. Reducing the number of directions
from four to two increases efficiency of sampling. By using two
directions rather than one, however, we maintain the diversity of
habitats and corrider crossings at each site, thus helping to insure
that we are further able to examine the effects of habitat conditions
as well as potential effects of ELF on homing behavior,

Displacements take place to the south and west of the home grids,
The exact point of release of a displaced animal is adjusted in
relation to the point of capture on the home grid so that all
individuals are displaced by the same distance from their area of

residence on the home grid. The home grids and the release areas are

located within relatively continuous ncrthern hardwood habitat. Once an
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animal has been displaced, traps on the home grid are checked morning
and evening for at least 5 dayrs. In this way, we monitor the numbers
of animals that successfully return, and we can compute the minimum
amount of time required to return within about 12 hours.

The displacements to the south are through continuous forest,
whereas those to the west require returning animals to cross the
antenna corridor at the test site and the sham corridor at the control
site, Use of the two displacement directions thus specifically allows
us to test for directional differences in return rates which might
occur due to the fact that animals returning from the west must pass
beneath the antenna line == potentially the area of greatest
electromagnetic disturbance,

III, Results - 1986

The number of animals captured in 1986 was dramatically fewer than
in 1985, The assumed reason was the presence of Tyzzer's disease in
wild populations of deermice and chipmunks. We reported earlier that
trappable populations of these species were down from 1985 for the
presumed same reason.

A total of 9 deer mice (3 at MGE, 6 at PRT) and 41 chipmunks (22
at MGE, 19 at PRT) were displaced (Table 21) Likelihood to return to
the home area was assessed using a G=test of independence (Sokal and
Rohlf 1981, p. 737). No significant differences were shown between the
return rates of chimpunk males and females at either the test site
(PRT) or the control site (MGE) (G = 0.203 and 0,059, respectively,
both P > 0.3), nor was there a significant difference between the

return rates from the west and south at either site ( G = 1.438, at
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MGE; G = 0.642, at PRT; both P > 0.2). Also, no difference was
detected in the return rate of chipmunks between the test and control
sites (G = 3.161, 0.1 < P < 0.05). Return rates of chipmunks for 1986
and 1985 were significantly different (adjusted G = 7.689, P < 0,01)
with a higher proportion of the displaced individuals returning this
year than last, This was to be expected, however, since the
displacement distance for chipmunks was reduced from 1985 (500 m to 450
m). Differences in likelihood to return between years for deermice
was not assessed due to the large disparity in the number of
individuals displaced each year (9 in 1986, 71 in 1985). Generally,
deermice are the most abundant small mammal on our forest study sites
and hopefully, population numbers will increase to former normal
levels, Winter trapping during 1985-1986 showed that population
numbers had declined drastically since summer 1985 and these low
numbers persisted throughout summer 1986, as shown by the small numbers
of displacements during the homing study and the low TPN estimates
during the community study. In past years, deermice have been the most
abundant small mammal on our forest study sites.
DEVELOPMENTAL STUDIES

1. Purpose

The purpose of these studies is to determine the incidence of
embryonic developmental abnormalities in tree swallows at test and
control sites and to test for possible effects of the ELF Communication

System on the incidence of these abnormalities.
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I1. Methods

Embryocs of tree swallows are collected from test and control plots
in late May and early June. OQur procedure is to examine nests daily
and mark new eggs. When no further eggs are laid in a nest, incubation
is considered to have started. Eggs are then collected from the nest
at age 96 hours (4 days) of incubation, Each embryo is dissected from
the egg and placed in a fixative (Bouins solution), An initial
determination of whether the embryo is normal or deformed is made at
the time of dissection., At this time a determination of whether the
egg was ever fertilized is made, These eggs are identified by their
lack of any embryonic tissues.,

The preserved specimens are later cleared, stained, mounted whole
on glass slides and examined in detail for a final determination of
whether they are normal or abnormal. This final determination is
carried out according to a "blind" procedure, All specimens from both
test and control sites are assigned arbitrary and randomly selected
numbers. The person who carries out the final examination of the
embryos knows only these numbers, not the origin of each specimen.
Abnormal embryos are categorized according to the particular type of
abnormality they show. All embryos are photographed to maintain a
permanent record of normal and abnormal embryonic morphology.

III. Results - 1986

In 1986, embryos were collected from Ford North (FNT) and South
test plots (FST) and Panola Plains control plot (PPC), However, in
previous years as the program developed, other plots have been used.

We here present data from all plots used since 1983 and compare them.
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Embryos were collected from three kinds of plots: (1) a non-
experimental work plot named Floodwood, (2) control plots (Tachycineta
meadows (TMC) and PPC), and (3) test plots (Pirlot Road (PRT),
Cleveland Homestead (CHT), FST, and FNT).

Embryos from the Floodwood plot were collected prior to the
existence of control and experimental plots. Three seasons worth of
data exist on embryos from this plot beginning with 1983, These
embryos provided a basis for establishing normal morphologies and
developmental rates and alsoc provided a three year trend in the level
of developmental abnormalities.

Embryos from the control and test plots were collected in 1985 and
1986, Because of various problems, embryos were not collected from the
same sites for these two years. In future seasons, embryos will be
collected from the same test and control plots to eliminate possible
differences between plots within the same experimental treatment group.

The comparisons between embryos from the Floodwood plot and the
control and test experimental plots reveal a significant difference in
frequencies of developmental abnormalities and demonstrates that our
procedures are capable of detecting differences in the frequencies of
developmental abnormalities if the differences are great enough.

Floodwood: At the present time, the most extensive collection of
embryos is from the Floodwood plot. Because of its location, it can
not be used for a control or test plot. Table 22 presents the data for
1983 to 1985, Only one unfertilized egg was found in three years of
collecting, The data appears to be homogeneous. We detected a slight

but non-significant 1increase in the frequency of developmental
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abnormalities observed in 1985, If we pool the Floodwood data over the
three years, we observe a frequency of developmental abnormalities of
18.1% (Table 23). Compared to our other plots this is a very high
rate of developmental abnormalities and are in the process of trying to
determine why this plot should have a consistently high rate of
developmental abnormalities. We note that these abnormalities cannot
be a result of the ELF Communications System since it was not operative
during the time the embryos were conceived or collected.

Experimental Plots: Embryos collected from control and test plots
are presented in Table 24, Chi-square'analysis of these data indicate
that the plots are not homogeneous with respect to the frequency of
developmental abnormalities. In particular one plot, Ford North Test
(FNT), has an extremely high level of developmental abnormalities,
although the sample size is small. The individual contribution to the
Chi=-square for this plot is significant by itself and renders the Chi-
square significantly different at the P = 0,005 level of significance,.
If we eliminate the FNT data from consideration and pool the data for
control and test (Table 25), we observe that the data are homogeneous
and not significantly different. Thus the frequencies of developmental
abnormalities observed on control and test plots, excluding the FNT
data, are equal., Pooling these two sets of embryonic data together, we
observed that the frequency of developmental abnormalities is about
8.0% (Table 23). We observed no infertile eggs out of 188 eggs opened.
Finally, we observe that the FNT plot has a level of developmental
abnormality of 34.9% (Table 23). On this plot, there was one infertile

egg in 18 eggs opened.
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Qur data presently indicate that three different levels of
developmental abnormalities exist among the plots examined. The lowest
level observed was found on the experimental plots (excluding the FNT
plot), If we assume that this is the normal level of abnormalities to
be observed in tree swallows, we may compare this level with the levels
of abnormalities observed on the Floodwood and FNT plots. Our
comparison indicates that there is a significant difference between the
pooled experimental plots and the Floodwood and FNT plots (Table 23).
These differences are significant at least at the P = 9,005 level of
significance.

The frequencies of developmental abnormalities for the pooled
experimental plots and the Floodwood plot are probably reliable
estimates of the levels of abnormalities that we may expect for these
plots, The value for the FNT plot at this point is questionable., The
sample is small and could represent a single radical fluctuation unique
to the 1986 season, However, it might also mean that this plot, like
Floodwood, will have a consistently high level of developmenta.l
abnormalities every year because of some intrinsic factor(s). We will
examine this carefully during the next season. If the plot has a high
level of abnormalities for the 1987 season, we may have to choose a
different test plot to be used in our comparisons to determine the
possible effects of the ELF Communication System on the frequencies of
developmental abnormalities observed in tree swallows.,

Developmental Retardation: Among the embryos from the 1986
season, we observed a significant number of embryos which showed

developmental retardation (Table 26). That is, the embryos were
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retarded in their rate of development compared to their clutch mates,
The contingency Chi=-square comparing these embryos, assuming that these
retarded embryos are indeed abnormal, is homogeneous for all three
plots (Chi-square with 2 degrees of freedom = 5,324 where the critical
R value at P = 0.05 is 5.991, Table 27). The overall frequency of
) developmental abnormalities was 26.2% (Table 27). If the FNT pldt data
are excluded from this comparison the frequency is 22.4% (Table 27).

At this point, we are unsure of the exact nature of these retarded

g embryos. Two possibilities exist: (1) they are indeed abnormal and
E will eventually die, or (2) they are normal and will eventually catch

up with the other embryos. We may test these two possibilities by
ii': making an additional comparison. From plots not used for collecting

embryos (PRT and TMC), we have hatching failure data (Tables 7 & 27).

-
i While eggs may not hatch for many reasons, if we assume all hatching
{,) failure is due to abnormalities of the embryo alone, we can compare
£ rate of hatching failure on these plots to the rates of abnomalities on
! plots where eggs were collected, In many cases, the kinds of
’ developmental atnormalities we observed should have lead to the deatn
v‘-‘j of the embryo in the egg and thus prevented hatching. Using
= homogeneous data from PPC and FST for the embryology data and
e homogeneous data from PRT and TMC for the hatching data (Table 27), we
- observe that the frequency of eggs that fail to hatch (14.4%) 1is
g intermediate between the observed frequencies of embryonic
E:; abnormalities, assuming first that the retarded embryos are abnormal
v (abnormality rate overall of 22,4 %) or second that the retarded
i embryos are normal (abnormality rate overall of B8.2%) and will
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eventually catch up in development. From these results, we conclude
that some of the retarded embryos may be developmentally abnormal and
will die prior to hatching while others will hatch normally. It may be
possible to detect these young at hatching if they have lower body mass
or by if they exhibit abnormal growth rates as nestlings. At present,
we have not made comparisons which would allow us to evaluate the fate
of the portion of the retarded embryos which must hatch. We will make
these comparisons as additional data become available,
STUDIES OF MAXTMUM AEROBIC METABOLISM

I. Purpose

The purpose of these studies is to measure the peak aerobic
metabolism of animals during winter at test and control sites and to
test for possible effects of the ELF Communication System on peak
metabolism. The principal species studied are chickadees and
deermice,
I1. Methods

Collection and care of birds. To attract chickadees for study,

feeding stations are established in December and kept stocked

throughout the winter with sunflower seeds, Chickadees are mist
netted as needed from these stations, Upon capture, birds are weighed
to the nearest 0.1 g using a Pesola spring scale and marked with a
colored plastic leg band for individual identification. When released
from captivity, they are banded using a standard U.,S. Fish and Wildlife
Service band for permanent marking. Birds are housed singly in wire
mesh cages (28 x 18 x 31 cm)., Shelled sunflower seeds and snow or water

are available ad libitum, In addition, each morning and late
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afternoon, meal worms are .PA provided in excess. The cages are kept
in a screened outdoor holding facility, which provides natural lighting

and temperature conditions,

T R 2 X

Collection and care of mammals. Trap shelters are established in

late November, prior to any substantial snowfall. The shelters are

located along wandering lines situated approximately 75-250 m from the

antenna or sham corridor, Habitat is northern hardwoods dominated by

SLdl

maple, basswood, and elm, typical of the area. Each shelter is a

o

plastic waste container placed upside-down on top of the ground layer,

with a covered top opening which provides researcher access to the

=

ground layer once snow is present. Mice enter the shelters through the

interface between the ground layer and the wall of the shelter, One

;:"n:‘._l

Leathers live trap is placed in the bottom of the shelter and baited
i with rolled oats, peanut butter, and sunflower seeds. Polyester
: batting is provided in the trap for nesting material. Traps are

prebaited and left open one month prior to actual trapping to insure

g that small mammals will include the stations in their subnivean
runways. Researcher travel on the sites is by snowshoe along a sing.ie
g: trail to minimize disturbance of the subnivean air spaces which are
? critical to small mammal movements,
t*' Trapping is begun at the start of January and continued
E; intermittently — according to need for animals — through March, Work
is focused primarily on the deermouse. Upon capture, individuals
f: are toe-clipped for identification, sexed and weighed to the nearec.
- 0.1 g with a Pesola spring scale. Once at the lab, animals are
H transferred to standard plastic lab cages (29 x 18 x 13 cm) with wire
)
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lids and provided with wood shavings, polyester batting, and a diet of
sunflower seeds, lab chow, and apple and snow for moisture. Cages are
housed in an open outdoor facility which provides natural lighting and
temperature conditions,

Laboratory methods. To elicit a peak rate of oxygen consumption,

we use a refined version of the helium-oxygen (helox) method first
introduced to the study of small-animal physiology by Rosenmann and
Morrison (1974), Placing an animal in a helium-oxygen atmosphere at a
given ambient temperature greatly increases the individual's rate of
heat loss by comparison to the rate in air (mostly nitrogen-oxygen),
due to the relatively much higher thermal conductivity of helox. Thus,
the animal must produce heat more rapidly in helox than air if it is to
maintain a stable body temperature,

Whether the rate of oxygen consumption measured in helox is in
fact a true peak metabolic rate depends partly upon the ambient
temperature, Identifying the true peak for an individual therefore
entails studying the animal at a series of ambient temperatures,
Specifically, study at a minimum of three ambient temperatures is
required for a definitive determination: there should be a measurement
at the temperature that elicits the peak, and also there should be
measurements at temperatures higher and lower, demonstrating that the
rate of oxygen consumption in helox falls off if the temperature is
either raised or lowered from that eliciting the peak. Of course, the
temperatures of interest are unknown at the onset of work on an

individual, Thus, in principle, many measurements would have to be

made on an individual before its peak would be definitively identified.

]
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In practice, experience often permits us to know in advance the

temperature at which the peak will occur. Therefore, we often need to

am << P

test an animal at just three temperatures to establish its peak

08

definitively. The spacing we have used between temperatures is 5 °C.

Thus, if we test an animal in helox at three ambient temperatures that

i

are 5 °C apart (e.g. =10, =5, 0°C) and if the highest measured

rate of oxygen consumption occurs at the middle temperature, we

LE A

conclude that we have identified the animal's peak rate definitively,

Tests are not carried out on the day of capture to reduce any

effect of capture stress. To further avoid adverse effects of stress,

animals are tested only once on any given day.

Prior to a test animals are weighed to the nearest 0.1 g on an

Ohaus triple-beam balance, and their body temperature (Tb) is measured

by inserting a copper-constantan thermocouple probe 2-3 cm colonically.

Then each animal is placed into a metabolic chamber, Chambers are

LA~

. - . P

constructed from new one-half gallon paint cans, with inflow and
outfiow ports in the lid. The inside surfaces are painted with 3M ECP=-

220C, for an emissivity of nearly 1.0. A 0.5-inch-mesh hardware cloth

I —
o

1 308

floor coverecd with Dip=-It plastic coati.g is used to elevate the animal
above the bottom of the can, thus helping to insure proper airflow

-

5‘ around the animal and permitting urine and feces to drop away so as not
to wet the animal, The outflow port of each chamber houses a 36-gauge
copper-constantan thermocouple to monitor chamber temperature, which is

H: maintained by immersion of the can in a Forma Scientific 2325 water

bath using ethanol as antifreeze, All temperature probes are connected

ﬁ -53-
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to a Leeds and Northrup 25C Series Multipoint recorder which can be
read to the nearest 0.1 °C.

Measurements are carried out during daylight hours., Food is
provided during measurements, Specifically, apple is provided for the
mammals, and shelled sunflower seeds and a mealworm are provided for
the chickadees. The metabolism chambers for the birds are equipped
with a small light that provides dim illumination; without this light,
the chickadees (which are diurnal feeders) would not eat. Our decision
to provide food during tests is based on extensive preliminary
experimentation and is predicated on the following considerations: (1)
Animals in nature are atle to feed during the day; the birds are
diurnal foragers, and the mammals can feed from caches. (2) In the
mice, the variance in results is lower when food is provided than when
it is denied. <{3) In the birds, there is evidence that fasting during
these types of experiments increases the probability of death.

Oxygen consumption is measured using an open-flow system.
Briefly, gas (air or helox) is pumped through the metabolic chamber at
a measured fliow rate, and the reduction in its oxygen content is
measured, From these data, the rate of oxygen use of the animal car be
calculated., The oxygen content of gases is measured with an Applied
Electrochemistry S3A oxygen analyzer and recorded on a Houston
Superscribe potentiometric recorder, Gas flow rates are measured with
Brooks 1110 rotameters. The rate of oxygen consumption 1is calculated
according to the formulas in Hill (1972a, method B), taking cognizance

of the mathematical relationship between gas composition and the output
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of the S3A analyzer, We have empirically verified that the S3A
analyzer reads oxygen levels in helox with the same accuracy as in air.

Animals are provided with air during an initial adjustment period

(0.7-1.5 hr) and then switched to helox. Flow rates are 600 ml/min in
air and 900 ml/min in helox. The adjustment period in air is
terminated once the metabolic rate has remained approximately stable
for 15 to 20 minutes. Upon switching to helox, a rapid transition to

the new gas is made by purging the metabolic chamber at a rate of §

-

IR X 28

-

liters/min for two minutes, Then the rate of flow is reduced to the

-

< <
AL

5%

900 ml/min already mentioned, The maximal rate of oxygen consumption

under the test conditions 1is generally achieved within 15«20 minutes

4
SR
:a E: after the switch to helox, and animals are rarely exposed to helox for
oY
A
: more than 25 minutes. Following the measurement in helox, animals are
i' quickly removed from the metabolic chamber, and a final Tb and weight
N
A are recorded.
&
ﬁ : All thermocouples have been calibrated against thermometers whose
A
! calibration is traceable to the National Bureau of Standards.
" Flowmeters have been calibrated against a Brooks Volumeter also having
¢t
‘f gg a NBS=traceable calibration,

The one aspect of the measurement procedure that is open to

e |

significant subjective judgement is the determination of the particular

- -
GG

L.

oy time interval over which the maximum oxygen consumption occurred in

ke

p

each experiment,. Because of the subjectivity involved in this

$ tﬁ determination, a "blind" procedure will be used once the Communication
>

..

L

w System antenna has been turned on and high-resolution comparisons of
¢

LD

test and contrci sites are being carried out. The relevant raw data,
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as earlier noted, are recorded using a potentiometric recorder, These
records are not marked as to the origin of the animals (test or control
site) but instead are identified simply by arbitrary, randomly assigned
numbers. The final and definitive reading of the records will be
carried out by a person who knows only these arbitrary numbers.

IIL. Results - 1986

Results of the winter of 1986 are summarized in Table 28. None of
the differences between test and control sites in either the peak rates
of aerobic metabelism or weights of the animals is statistically
significant according to t=tests, The peak rates of metabolism are
expressed in weight-specific terms in the table. If instead we analyze
the peak rates, expressed on a whole-animal basis, we again find no
significant differences between test and control sites.

In Table 29, the data for the test and control sites in 1986 are
pooled in the second column., The first column presents our data from
1985 (only test sites were sample that winter). The differences
between the data for 1985 and the pooled data for 1986 are not
statistically significant according to t-tests.

irn summary, for both deermice and chickadees we have f Aer
rates of peak aerobic catabolism do not differ either from year to
or from one site to another (test vs, control).

The third column of Table 29 presents all of our data, pooled
across sites and years, The values in that table represent our bes:
estimates for the means and standard deviations for each species.
Accordingly, these values have been used to project sample sizes needed

toc meet our minimal standard of statistical sufficiency. For deermice,
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the required sample size is 6 animals per site, and for chickadees it
. is 5 (Sokal and Rohlf, 1981). The number of associated metabolic runs

needed to establish peaks on this number of animals is well within our
il capabilities.

!8 Data on peak aerobic catabolism in fresh.y captured animals during
the winter in Michigan have been published on a closely related species
Bs of Peromyscus by Wickler (1380). We note that our mean result for P.
maniculatus, 20.5 ml 0,/g*hr, is close to Wickler's mean result for P.

; E@ leucopus, 19.5 ml 05/g*hr,

g Effects of captivity on peak metabolism. Because the
determination of the peak metabolic rate of an individual requires

several experimental runs spread over several days, the question arises

[

of whether the conditions of captivity affect the peak aerobic

metabolism of recently wild=caught animals. If the peak metabolism

were to be rapidly influenced by captivity, a premium would have to be

ol

placed on completing our protocol as soon as possible after capture,
However, if the peak remains constant for a substantial period of time,
our protocol can be extended. In view of these considerations, we have

undertaken extensive experiments to determine if in fact the peak

ZZE R

metabolism of individuals changes over the course of 10-15 days in

=N

captivity.

Briefly, we have measured the peak metabolism of newly captured

5

5

animals, within 4=-6 days of capture, using the previously mentioned

protocols, and in the process we have identified the ambient

Sty
)

temperature at which the peak occurred, We have then held the animals

m‘b

in captivity and retested them, after 1 and 2 additional weeks, st the




- e
S T e W

o

-

AN

T

t g > BTN N
’? v!,',!",\f“"’"‘,!_ I,‘\‘-}‘L, "...,ﬂ.v_ .rf ‘Q.

SMALL MAMMALS AND NESTING BIRDS ANNUAL REPORT, 1686

temperature which had elicited their peak earlier, We have compared the
metabolic rates measured in helox during the retestings with the
original peak to determine if a change in the peak rate had occurred
with time in captivity. In these experiments, the overall length of
captivity (12-20 days, or more) was longer than will ever be used for
routine measurements of peak metabolism but was chosen to accentuate

any changes that might occur during the 5=7 days of captivity required

for routine measurements.

As outlined in our 1986 annual report, results are sometimes
confounded by fattening of the animals during captivity or by changes
in the body temperature they maintain from one metabolic measurement to
another, However, we now have collected relatively unconfounded data
on 11 deermice and 8 chickadees, and the evidence is that the peak rate
of aerobic catabolism does not change in either species during

captivity of the length under study.

APPRAISAL OF STATISTICAL PROCEDURES
In 1986, IITRI commissioned a well-known statistician to under-
take a comprehensive review of our statistical procedures as
pcesented in our 1985-1986 annual report. The statistician proposed
many small changes, most of which have already been made and are
reflected in this report. His overall appraisal was positive, as
reflected by his summary statement: 'Overall, this report is rather

well written. Clean explanations are typically given for procedures
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used, including explanations for why procedures were changed [in the
past]. There are some spelling and grammatical errors, but they are
few and not detrimental to understanding. In general, the statisti-
cal procedures employed or proposed are appropriate and well thought

out.l.."
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Table 1, Test-control plot pairings for the various work elements for

small mammals and nesting birds.

Plot code designations are those usec

by IITRI. They are presented here for reference.

TEST PLOTS

CONTROL PLOTS

WORK ELEMENTS CARRIED OUT

PIRLOT ROAD
(1T

PIRLCT ROAD
(1T

PIRLOT ROAD
(1T1)

CLEVELAND
HOMESTEAD
(1T2)

NORTH TURNER
RCAS (1T4)

FORD RIVER
NORTH (1T5)

FORD RIVEFR
SOUTH (17¢)

PIRLOT ROAZ
(171

PIRLCT ROAZ
(T

MICHIGAMME NORTH
(1C3)

TACHYCINETA MEADOW
(1ce)

PANOLA PLAINS
(1c4)

PANOLA PLAINS
(1cw)

TACHYCINETA MEADOW
(1Cé.

PANC_A PLAINS
(1C«)

PANOLA PLAINS
(3Cu,

MICHIGAMME SOUTH
(1C3)

MICHIGAMME NORTH
(1¢3)

Small mammal enclosure studies;
Small mammal community studies;
Small mammal homing studies
Tree swallow parental care &
growth studies (on plot areas
separate from other activities)

Tree swallow parental care &
growth studies

Tree swallow embryology & homing
studies, and parental care &
growth studies on separate p.ot
areas.

Tree swallow homing studies.
Tree swallow embryclogy studies.
Tree swallow embryology studies,

Small mammal physioclogy trapping

Chickadee physiology trapping

Note: Cleveianc Homestead, Ford River North and South plots are small.
This is why we designate them all as tree swallow embryclogy study sites.
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PR
g
133 Tacie 2. Minimum sample size requirements estimatec¢ for various stuly
C elements to mee: the statistical standard of 90% certainty of detecting a
o 20% change at the 5% level of significance. The procedure follows Soxa.
A k and Rohlf (1981, pg 247) for parametric statistics and Gill (1978, pg 8<.
%HN for frequencies, _
"y,
,Lk. STUDY ELEMENT SPECIES VARIABLE ESTIMATED N / PLCT
AN
yﬁﬁ Parental care, deermice litter size 11 females
St fecundity, growth, weight 21 individuals
Py d ' 6 individual
“o and maturation age eye open nd vi ua sab
it homing likelihood 59 indivxdgals
% time in nest 35 females
. Chipmunk
“;# homing likelihood 44 individuals®
L]
,Aﬁi tree swallow clutch size 23 nests
;q%g egg weight 17 eggs
b likelihood to
AL hatch 44 eggs
NN mean hatch rate 52 eggs
';;a growth rate:
N weight 58 nestlings
el tarsus 38 nestlings
i ulna 27 nestlings
" wing 6 nestlings
s feather
'-J.\ . .
'b& eruption 7 nestl}ngs
N age eye open 37 nes:llngsk
! fledging rate 337 nestlings*~
N likelihood to fledge 58 fledglings®
%ﬁ‘l time to fledge 14U fledgéinss
v homing times 67 birds
P likelihood to home 46 birds®
}“\j % time incubating 10 nests
hb: N nest visits/hour 18 nests®
- Developmertal
v Abnormalities tree swallow
*‘i“ frequency of
- > normal embryos 48 embryos?
I.J
3¢‘¢ Physioclogy deermice peak metabolism 6 individuals
= black-capped chickadee
o peak metabolism 5 individuals
8
i:f 28 Estimated using contingency table procedure in Gill (1578).
N
'1:2 b We consicer these semple sizes unobtainatle in a single year.
However, we expect “0 be able to pool data across years and therely
o meet the estatlished standards.
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Table 3. Summary o»f community variables for forest sites at Michigamre
(MGE = control) and Pirlot Road (PRT = test) during 1986.

-

MGE PRT
DIVERSITY MEASURES®

Mumber of unique individuals 182 179

Total Species Richness (S) 10 12

S used to calculate H! 8 10
Diversity : H' (variance) 1.332 (0.0057) 1.468 (0.0070)
Evenness : E (max = 1.00) 0.6u1 0.638
Statistics : t = 1,208 (P > 0.20)

. d.f. = 357 (2-tailec)
SIMILARITY MEASURES*

Bellinger's Coefficient

(BC based on frequency at which

Species are more abundant in

community one vs. two; X° BC = 0.33M™5 (vs. 3.84;

RANK CORRELATION OF GENERAL ACTIVITY®

Spearman's r = 6,53 (P <C.00C1)
Linear Regression (Rank MGE) = C.714 (Ranx PFT:
SE of slope = 0,226 (df = 11)

a H' = Shannon-wWiener diversity calculated using Pielou's (1675
method; Variance calculated following Hutcheson (1970).

are more abungant at Michigamme or Pirlot, respectively,

€ Ranks = number of stations with this species; total of 12 species,

SRS O _-~-2: a"\'\é. '
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Tatle 4, Estimates of trappable population numb»er (TPN) of eastern

o chipmunks anc deermice at Micnigamme (MGE) and Pirlot Road (PRT) forest
d sites during 1985 anc 1986, @

N —

o MGE PRI

l'i

T Species Year TPN (SED R TPN (SE) R

,’:}V)“ .

TR chipmunks 1985 g2.46 (9.129) .69 61.82 (3.954) LTH
Ky 1982 51.62 (7.313) .48 25.48 (5.,207) .28
(",';l

deermice 1982 144,28 (16,15 .62 152.54 (21.22) .63

O 198¢ 112.38 (15.69) .44 115.34 (14.,47) .52

.O »

:'. 3 8 TPN was estimatec using the Leslie method where TPN = intercept of the
."' curve described by lI = br + by (NI '5). CI = the cumulative number of
R individuals capturead to date, and NI = number of number of new
individuals capturea each day (N = 14 days; see text)., Estimates of
,, the intercept of this relationship were taken from the results of
et linear regresséon ana.yses of the transformed data ( i.e., CI as a
o function of NI*7).
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Tablie 5. 7Tree swallow plcts, number of boxes, and percent with egg
laying activity for on test and control plots for 198€. &Egg laying
activity is defined as a%t least two eggs laid before abandonment or
continuation of nesting.

PLOT NAME NUMBER OF BOXES % ACTIVITY
CLEVELAND HOMESTEAC TEST 37 62
NCRTH TURNER TEST 47 60
FORD NORTH TEST 17 47
FORD SOUTH TEST 20 55
PIRLOT ROAD TEST 36 72
PANOLA PLAINS CONTRIL 75 77
TACEYCINETA MEADOWS CONTROL T4 69
TOTALS TEST PLCTS 157 61
CONTRZL PLCTS 145 73

Tatle £, Tree swa.low fecuncity data compared for 1985 and 198€., Da:te
are fror the Pirlct Roac test plot and Tachycineta Meadows contrci plot
anc excludes any renests which may have occurred,

cLutcr size® HATCH RATE™" FLEDGE RATE"""

X st 0n X s n X SO n
TEST 198 £.3 (.88 23 5.1 1.54 14 1.3 2.27 1
CONTRSL 1686 4.5 1.07 46 b4 1,38 3C 1.2 2.00 27
TEST 1965 .4 C.ET 21 sod 1,12 M 3.6 0.8& 1<
CONTRCL 1985 4.8 C.86 15 4.3 1.06 10 2.6 1.9C 7

Clutch size is the maximum number of eggs layed in a nest,
Hatch rate 1s tne numter of eggs which hatch of those availabie tc
hatch -- not always the maximum number of eggs in the nest due to
Qigasional precation.

Flecge rate is the number of young that fledge from the eggs which
hatchr, anZ or.y incluce thcse nests which were followed to completion,

“, " e e s Y “a .
N TP A ey
2 Al AR »

o A, <

e T N LT T e T T
y - - -
SV B2 b :




R A A e Se . AR R el ahih ek - i At A i I S i R -",-"7'“,'-‘—'1

‘:Q.: SMALL MAMMALS AND NESTING BIRDS ANNUAL REPOFRT, 198¢€

:,e, Table 7. Likelihood to hatch and fledge for tree swallows in 1585 anc
. 198€. Data are from the Pirlot Road test plot and Tachycineta Meadows
o, control plot. Comparisons were made using a X2 test of independence
o (df=3).

<Za ** HATCHING SUCCESS *#
HATC NOT HATCH TOTAL
i TEST 1986 7 5 76 93.4%
i~ CONTROL 1986 132 25 157 84.1%
TEST 1985 48 8 56 85.7%

CONTROL 198¢ 43 5 ug 89.6%

s X2 = 4,38 P> 0.1

N #% FLEDGING SUCCESS ##

D FLEDGE NOT FLEDGE TOTAL

A TEST 198¢ 16 53 71 25.4%
TN CONTRSL 1985 32 8¢ 118 27.1%
Wy TEST 1965 32 1 43 T4, 4%

e CONTROL 1985 18 13 31 58.1%

” X¢ = 40,25 P < 0.007
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SMALL MAMMALS AN NESTING EIRCS ANNUAL REPORT, 198¢

Table 8. Age in days at landmark events of eye opening and primary
feather eruption in 1G8€. Data are from the Pirlot Road test plot and
Tachycineta Meacows contrcl plot., Sample sizes are nucbers of individual
young, and means are comparec using t-tests with pooled standard
deviations (SZ), Day of hatching is defined as day zero.

EYE OPENING PRIMARY ERUPTION

X sb N X sb N
TEST 5.1 0.91 U5 8.7 0.97 29
CONTROL 5.5 1.47 62 9.4 0.85 42
t-VALUE 1.95 NS 3.33 (P < .01)
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SMALL MAMMALS AND NESTINC BIRZS ANNUAL REPORT, 198¢

Table G, Exposure data arc numbers of incividuals dying for eggs,
nestliings, anc nests in 165¢ calculatec using the Mayfield method
(Mayfield 1967, 1673). Data are pooled from all test and control plots.
Comparisons Detweer test anc control were calculated using G-tests (Sokal
and Rohlf 1667,

8 EGG MORTALITY #¢

EGS EXPCSURE DAVYS EGC MORTALITIES
TEST
PLOTS £8e1 139
P < 0.001
CONTROL
PLCTS 726¢% 248
8% NESTLING MORTALITY &#
NESTLING EXPOSJURE DAYS NESTLING MORTALITIES
TEST
PLOTS 2377 135
P < 0.001
CONTRZLC
PLCTS 31CC 104
#% OVERALL NEST MORTALITY ##*
NEST EXPOSURE DAYS NEST MORTALITIES
TEST
PLCTS 178C 45
NS
CONTROL
PLOTS 2385 64
#% INCUBATION PHASE NEST MORTALITY #»
NEST EXPOSURE DAYS NEST MORTALITIES
TEST
LO7TS 2ke 21
NS
CONTRCL
PLOTS 162¢ 39
&% NESTLING PHASE NEST MORTALITY ##=
NEST EXPCSURE DAYS NEST MORTALITIES
TES
PLOTS I35 24
NS
CONTRZL
P_CTZ= Te” 25
- 75 -
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SMALL MAMMALS AND NESTINC BIRDS ANNUAL REPORT, 1G98¢€

Table 1C. Comparisor of RS values for growth rates of tree
swallows during 19&%.

Number of
Measure Model? individuals ke
Wing length Exponential 59 0.9764
Tarsus length Logistic 59 0.7929
Von Bertalanffy &9 0.7773
Ulna length Logistic 59 0.92¢55
Von Bertalanffy 59 0.8869
Weight Logistic 59 0.904€
Von Bertalanffy 59 0.8521

8 Model description: Exponential Y = exp(kt); Logistic Y = A / {1
expl=k(t=-I)]}; Von Bertalanffy Y = A{1 = [.333 exp(~k(t - I))]}; where
= growth the constant, t = age in days, A = the asymptotic value of
(here A = the maximum value for Y + 0.1) and 1 = the inflection point ir
days. k and I were determined using linear regressions of log-
transformed datag; transformed Y' values were 1n (Y), 1n [(A/Y) - 1] and

1n [3(1 - (Y/A)*333] for the exponential, logistic and Von Bertalanffy

models, respectively,
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SMALL MAMMALS ANI NESTING BIRDS ANNUAL REPORT, 19E€

Tabie 11a. Nestec ANOVA for the effects of plot (test or control},
location within a plot (LOCATION) and nest (NESTNO) on weight increase in
tree swallows during 1986 (logistic model for growth constant; excluding
individual growth rates which did not differ significantly from 0.0).

SQURCE DF SUM OF SQUARES  MEAN SQUARE F VALUE P>F
MODEL 13 0.13115475 0.01008883 5.36 0.00C"
ERROR us 0.08466728 0.00188150

CORRECTED TOTAL 58 0.21582203

R=SQUARE ROOT MSE

0.606 0.04233756

SOURCE Dr TYPE I S5 F VALUE P>F

PLOT 1 0.0u4888666 7.13 0.057
NEST(PLCT, 12 0.08226809 3.64 0.000¢&

Tabie 11p. Nested ANCVA for the effects of plot (test or control),
location within a plot (LOCATION) and nest (NESTNO) on the inflectiorn
point fcr weight increase in tree swallows during 1986 (logistic model;
excluding inflection points which did not differ significantly from C.Cl.

g

I 7% D Py

SOURCE DF SUM OF SQUARES MEAN SQUARE F VALUE P>F
MOCEL 12 31.20973563 2.40074861 5.65 c,0CC°
ERROR 4z 16. 12784065 0.4250€313
CORRECTEZ TCTAL 56 50.33757652
R=SQUAREL ROCT MSE
0.620009 C..65196865
SOURCE DF TYPE I SS F VALUE PR > F
PLCT 1 12.50140725 4,0 0.1C
NESTNO(PLCT) 6 18.70832859 3.67 0.00C7
“7é-
P e A e L L e N T NN L
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SMALL MAMMALS ANZ NESTING BIRZS ANNUAL REPORT, 198¢

Table 12a. Nested ANOVA fcr the effects of plot (test or control),
location within a plot (LOCATION) ana nest (NESTNO) on tarsus growth in
tree swallows during 1986 (logistic model for growth constant; excluding
individual growth rates which did not differ significantly from 0.0).

SOURCE DF  SUM OF SQUARES  MEAN SQUARE F VALUE P>F
MODEL 13 C.04333887 €.0033337¢ 5.8¢ 0.0035
ERRCE Ly 0.02521362 0.00057304

CORRECTED TCTAL s7 0.06855248

R=-SQUARE ROCT MSE

0.63220C 0.02393815

SOURCE DF TYPE I SS F VALUE PR > F

PLOT 1 0.00523381 1.65 0.2¢
NESTNO(PLOT) 1e 0.03810495 5.54 0.0001

Table 12b. Nested ANOVA for the effects of plot (test or control),
location within a plot (LCCATION) and nest (NESTND) on the infliecticn
point for tarsus growtnh in tree swallows during 1986 (logistic model,.
(Note small N due to exclusion of all birds with inflection point noct
significantly greater than C.CJ.

SCURCE DF SUM CF SQUARES  MEAN SQUARE F VALUE P>F
MODEL 7 3.39096915 0.48u442u417 5.82 C.Gz
ERRCF & 0.66603227 €.08325403

CORRECTED TOTAL 15 4,0570014¢

R=SQUARE ROOT MSE

0.835831 C.28853775

SOURCE DF TYPE I SS F VALUE PR > F

PLCT 1 0.32358616 0.63 0.5C
NESTNO(PLOT) 6 3.06698301 6.14 0.0112
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:::' Table 13a. Nestec ANCVA for the effects of plot (test or control),
R location within a piot (LOCATION) and nest (NESTNO) on ulna growth in
I tree swallows during 1986 (logistic model for growth constant; excludirng
‘-«:\j individual growth rates which dic not ciffer significantly from 0.0J.
A
G
"_‘-:' SOURCE DF SUM OF SQUARES MEAN SQUARE F VALUE P>F
e
~, -
W MODEL 13 0.06512783 0.00500983 4,08 0.00Cz
, ERROR 45 0.05527508 0.00122834
-,:” CORRECTED TOTAL 58 0.12040252
W'
b R-SQUARE ROOT MSE
- 0.54 0.035
"'L'
- SOURCE DF TYPE I 85 F VALUE P>F
DA R
Py PLCT 1 0.00470361 0.93 0.50
*. NESTNO(PLCT) 12 0.06042422 4,10 0.0003
e
:—3 Table 13>, Nested ANOVA for the effects of plot (test or control),
e location within a plot (LOCATION) and nest (NESTNO) on the inflection
»:-:j point for ulna growth in tree swallows during 1986 (logistic model;
':; excluding inflection points which did not differ significantly from 0.C).
r
O]
\ SOURCE DF SUM OF SQUARES MEAN SQUARE F VALUE P>F
y MOTEL 13 12.0274526¢€ 0.92518867 4.75 0.9G02°
ERROR us 8.80062G13 0.1955695¢4
S CORRECTED TCTAL 58 2C.52808181
™ R=SQUARE ROOT MSE
~- 0.57746% 0.44223245
W SOURCE DF TYPE 1 S5 F VALUE PR > F
»-I:i:.'
Xl PLCT 1 1.09972627 1.21 0.5C
e NESTNC{PLOT; 12 10.92772638 4,66 0.000°
ps
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SMALL MAMMALS ANZ NESTINC BIRDS ANNUAL REPORT, 1G6¢

Table 14a, Nested ANCVA for the effects of plot (test or control),
location within a plot (LOCATION) and nest (NESTNO) on wing growth in
tree swallows during 198¢ (exponential model for growth constant;
excluding individual growth rates which did not differ significantly fror

. X3

[}
! ( | 0.0).
[} ]
: SOURCE DF  SUM OF SQUARES  MEAN SQUARE _ F VALUE P > F
& MODEL 13 0.00556851 0.00042835 17.65 C.00C1
ERROE 4s 0.00109233 0.00002427
@ CORRECTED TOTAL 58 0.00666085
R-SQUARE ROOT MSE
0.836 0.0049
% SOURCE DF TYPE 1 5SS F VALUE Po>F
- PLOT 1 0.00007155 0.16 0.50C
E NESTNO(PLOT) 12 0.00549697 18.87  0.0001

Es\‘

Tatlie 14b. Nestecd ANOVA for the effects of plot (test or control),
location within a plot (LOCATION) ancd nest (NESTNO) on the inflectior
point for wing growtn in tree swallows during 1986 (exponential model;
excluding inflection points which did not differ significantly from 0.0).

) E SGURCE OF SUM OF SQUARES  MEAN SQUARE F VALUE P> f
R b MODEL 13 7.6638796U 5.20491382 8.44  C.000"
‘ ERRCR us 27.75208222 0.61671294
! CORRECTES TOTAL 58 95,41596187
: R-SQUAEL ROCT MSE
! E C.70G148 €.7831073
- SOURCE DF TYPE I SS  F VALUE PR > F
' F PLCT 1 0.04907802 .01 0.76
- NESTNO(PLOT) 12 67.61480162 9,14 0.000C"
X &I
p
xy
) .-
S
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Table 15, Mean values for growth constants and inflection points derivec
from fitted growih curves, Data are from test and control plots, 198¢.
See Tablie 10 for growth models anc regression parameters.

Growth Constant:

_ TEST _ CONTROL
Variabdble N X SD cv N X SD cv
WEIGHT 1€ 0.3¢  0.055 15.28 41 0.30 0.054 17.83
TARSUS 17 0.17 0.023 14,43 41 0.19 0.037 169.72
ULNA 1€ 0.3% 0,033 9.81 L1 0.32 0.049 15,48
WING 1€ 9.17 0.006 5.33 41 0.17 0.01 6.8z
Inflectior Point:

_ TEST _ CONTROL
Variable N X L cv N X SO cv
WEIGHT 1€ 7.02 0.58° 8,34 41 8.02 0.895 13.75
TARSUS®
ULNA 1€ 5.5& C.520  §.9% 4 5.88 0.£22 1C.5¢
winst

@ Inflecticn point inciuded because the sample size was too low.

Y Inflection point not applicatlie tc curves for wing growth.
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[*18)

Table 1€. Statistics for incubation during daylight hours for a single
female on test and control plot, 198¢€,

INCUBATION VARIABLES

% time/day min/bout T egg (°C)
Nest No Days X  SD N X SD N X SD
472 6 81.8 10.17 63 25.95 54.27 63 34,6 2.46
(Control)
274 11 82.1 B8.48 262 19.40 25.84 262 36,1 1.66
(Test)

Table 17, Visits to the nest per hour for male and female tree swaliows
during the nestling stage (days 0O to 1§ after hatching). Both nests were
located at Panoia Plains controi plot.

Nc. of Mean Coefficient

Nest Number Sex Days Visits/Hr S.D. of variation
Lss F S 6.72 1,181 22.5%
M 5 4,87 1.096 22.5%
L7 F 1C 5.95 1,060 17.7%
M 1C 8.3C 0.925 1.1%
LLS + 471 F 19 6. 3% C.260C 17.9%
M 16 6.68 2.013 30.2%

-83-
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SMALL MAMMALS AND NESTINC BIRDS ANNUAL REPORT, 19E€

Tatle 15a. Results of linear regression analyses of growth of deermice
in enclosures at Michigamme control and Pirlot Road test during 1986.2

Regression Statistics

Female Litter Start

Ne Size Date N R2 b*  (SE)
MICHIGAMME (control)

1001 5 5/11 80 .76 .305 (.0193)
1004 6 5/11 60 .58 .258 (.0286)
1011 6 5/C3 42 .94 L343 (.0142)
1012 6 6/22 47 .92 .280 (.0125)
1014 6 5/11 96 LU0 L3488  (.0443)
1023 4 5/22 32 .65 .302 (.0409)
1030 6 7/2¢ 48 .56 .258 (.0335)
1062 € 7/08 43 22 L1126 (,0374)
1102 £ 8/0% 54 .5C .228 (.0316)
ALL FEMALES 5C2 .51 284 (,0120)
PIRLOT ROAC (test)

1010 7 5/23 4g .8C 237 (.0173)
1051 7 5/C3 61 7 .281  (.0200)
2012 7 6/0% 28 .45 L4217 (.0905)
2025 € 7/1¢C 40 .20 160 (.0524)
204L1 s 7/3¢2 45 .78 267 (.0215)
2200 ) §/035 32 .04 106 (.,0926)
2335 ) 8/01 3k .39 .22C (.0487)
ALL FEMALES 28¢ 54 251 (.0140)
3 n"Female No" = identification number (toe-clip) of the mother;

"Litter " = the number young in the litter for this female.

1 ] . .
b= the slope of the regression line and SE = the standard error cf
the slope.

Table 18b, Nested ANCVA of deermice growth rates on test and cortro:
plots in 1986, Mother refers of growth rates of litter mates of a
particular female deermouse.

e R S N N L U S S SN P S O A T AN
BN ¥ie S0 < o GRS RN RN, "‘.”‘ N AL Lty

Source df SS MS F P>F
AMONG SUBGROUPS 15 0.186961 0.012464 10.545 0.0001
PLOT 1 0.007347 0.007347 0.573 C.50

MOTHER 14 0.179614 0.012830 10.854 0.00CH
ERROPR 58 0.068547 0.001182
-84 -
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[

Table 16, Relevant statistics for litter size and age of eye-opening anc
incisor eruption for deermice reared in enclosures and holding facility
at the Pirlot Road test site during 1986.

.

r, CONTROL TEST

<,

”, - -

B Characteristic N X SD cv N X SD cv
3

Incisors erupt 21 5.8 0.768 16.8% 20 5.5 0.826 18.5%

n (days)
N
Eyes open 28 15.8 0.66G 12.7% 17 14.1 1.167 28.3%
Ne (days)
& Litter size 11 5.5  0.686 20.7% 8 5.5 1.225 50.0%
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SMALL MAMMALS AND NESTING BIRCS

ANNUAL REPCFT, "5EC

Table 2°. Results of the 198f tree swallow homing stucy. Data are
from Pano.a Plains control piot and pooled from Cleveland Homesteacl arc
North Turner test plots. Ail times are in minutes from re.ease,
Returns are those birds which returned to the nesting area in less trar
300 minutes. Likelihooc to return was assessed using the chi-squarec
statistic anc mean return times were compared with a t-test using
pooiec standard deviations (SD'.

RETURN TIMES

:
RETURN NCT RETURN : X SD N
TEST 2% 3 ; 149,8 52.6 26
CONTROL 24 7 : 176.9 67.0 228
@z 1.6 NS ! t = 1.6 NS

@ Only 22 of 24 returns were used ir %“nis analysis because twc returns
hac inaccurate times recordec,

Tabie 2°. Results of tne small mamna. homing studies at Pirio:
Roaz test site ana Michigamme control site during the summer of 1637,

CHIPMUNES RETURN NOT RETURN TCTAL
PRT TEST PLIT 13 € 1c
MGE CONTRIL PLCT 2 2 2z
X = 3.16 P> C.O5
DEERMICE RETURN NOT RETURN TOTAL
PRT TEST PLOT 5 1 6
MGE ZONTROL PLOT 1 2 3
X2 = 1.82 P> 0.1
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SMALL MAMMALS ANT NESTING EBIRZS ANNUAL REPORT, 198¢

Tablie 22. Chi=square Ana.ysis cf Tree Swallow Embryo Data from the
Flooawood Site.

Year 1983 (c€/e) 1685 (d/e) 1985 (d/e) Total (d%/e)
Normal 65 (C.057) 73 (0.096) 70 (0.272) 208 (0.425)
Abnorzal 12 (0.260) 13 (0.433) 21 (1.227) 46 (1.920)
Total 77 (C.317) 86 (0.529) 91 (1.449) 254 (2.3u5)"

Chi-square with 2 degrees of freedom = 5.991 at P = 0.05. Thus, the
frequencies of developmental abnormalities are not significantly
different over years for the Floodwood site. In this analysis, abnorma:
refers to embryos with any observable morphological abnormality. In
addition, we have addec the small number of infertile eggs into the
abnorma. class.
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':::'
O Tab.e 23, Summary of embryc data from tree swallows collected over a four
year perioc (1652 to 198¢. frem various sites in the immediate area cf
$\¢ the antenrna syster in the Upper Peninsula of Michigan.
&2
S 3 Chi- 3 Chi-
~ Location N Abnormal Square Infertile Square
i‘§
) Pooled Sites® 188 8.c 0.00 0.00 0.00
POy
. "e
e Floodwood 25« 18.1 9.25 0.7% 1,34
IR 3
FNT & FST 18 36,5 16.75"* 5.56""*  g.u2""
s
N
:?: Pooled sites represent the data pooied from TMC, PPC, PRT and CHT
ﬁ > plots. The frequencies of abnormalities for these plots are homogeneous
b over plots and years and appear to be the basal rates. Assuming that our
- poolec rates are basal, we compared this pooled population with the
(e population from Flooawood and FST & FNT using a contengency Chi-square
. analysis with ' degree of freecom.
-7 . . )
" Cri~square witr ° degree of freedom = 7.879 and 10.828 at P = 0.CCS
> and C.2C7 respectively.
L7 LA . . : . : . N
COA we have comparec the freguencies of egg infertility; however, the
f}' sample sizes (C/ 188, 2/254 anc 1/18) are too small to be certain of the
i\: differences indicatec. The comparisons are again between the pocolec
‘tJ population anc the populatior indicated using a contengency Chi-square
A with one degree of freecom,
)
" ::.;
N
AN
P
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I
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N
N
w
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L A ]
. s

Taz.e 2w, Cnie=sguare ana.ys.s ¢f tree swa.iow embryo data frcrm contirc.
arc exper.rental sites, 1GES anc 193¢,

-

) Year Llocatiorn Norcas (cz/el Abnormal (dz/e) Totals (dz/e)
-
T™C L2 (0.088) 3 ( 0.737) 4E ( 0.825)
n 1985 PRT 42 (c.c2C) & ( 0.165) 46 ( 0.185)
t, CRT 12 (C.O0CW&; 1 ( 0.003) 11 ( 0,007
) PPC 49 (0.14€) 3 ( 1.20T) 52 ( 1.353)
E: 1966 PET 25 (C.008) &€ 0.07]) 33 ( 0.079),,
T 1101.616) 7 (13.689) 18 (15.305)
Totals T8~ (1.882) 22 (15.872)"" 206 (17.753)°""

Vs I'J =l

The sites where embryos were collected are as follows: TMC =

Tachycineta Meadows Control; PRT = Pirlot Road Test; CHT = Cleve.and
Homestead Test; PPC = Panola Plains Control; NTT = North Turner Test.
. Chi-square witrn & degrees of freedom = 12.833 and 16.750 at P=C.C2t
and 0.005 respectively. Thus, the embryo data is not homobeneous. Note,
a single cell causes the chi-square to be significantly different
(abnormal embryos from NTT. The remainder of the cells make smail, non-
significant coniributions to the overall Chi-square.

==

P

Table 25, Chi=-sguare ana.ysis of tree swallow embryo data from sites
other than Flioocwood and NTT using data pooled over 1985 and 19€¢,

-
0

i

Contrc. (c2/e) Test (d2/e) Totals (de/e)

s &

ﬁ_ Normal $z (C.036; 81 (0.039) 173 (0.075)

Abnorcal £ (C.418) 9 (0.45C) 15 (0.865)

R |

Totals 9E  (C.451)  9C (0.489) 788 (0.9u40)"

Chi-square with 1 degree of freedom = 3,841 at P = 0,05. Thus, the

L frequency of developmental abnormalities does not appear to differ when
t comparing control plots (TMC and PPC) and test plots (PRT and CHT), The

data were pooled over two seasons (1985 and 1986) since there were no
differences between seasons.
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SMALL MAMMALS AND NESTINC BIRDS ANNUAL REPCRT, 1G&¢

Table 2%, Tree Swal.ow Emtryos from Control (PPC) ancd Experimental (PRT.
Piots During tne 1G&: Seasor,

Nest Normal but
Piot Number Normal Retaraec Abnormel Infertile Totals
403 4 C 0 0 4
410 4 1 0 0 5
418 & | 0 0 5
423 4 1 1 0 6
PPC 424 “ C 1 0 5
427 3 J 1 C 4
uss 5 1 0 0 €
45C 4 1 C 0 5
45¢ ) 1 0 0 6
46z 5 C 0 C €
Totals L3 € 3 o 5¢
33 “ c C o} €
135 5 T c 0 6
PET 137 - 1 1 0 (&
132 2 ‘ 2 0 £
1472 s ) C C €
172 E C 1 C L
Totals X £ 4 o) 33
225 C C 3 1 4
FS7T 23¢% Z C 2 0 4
& 235 & 1 C C 5
FNT QL& L ¢ 1 0 5
Totals 1C 1 € 1 1€
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Tatle 27. Tree

Swallow ecbryos from the 1986 season,

Sites

fAtnormalities including

4Abnormalities with

Retardec and Infertile Infertiles

PPC, FST, FNT

26.2 (27/103) 13.6 (14/103)

PPC, FST 22.4% (19/ 85) 8.2 ( 7/ 85)
Hatching Results for 1985 and 1986
Sites $Fail to Hatch

PRT, TMC (1683

PRT, TMC (198%;

12.8 (43/337)

ana 198%)

, TMC (1985)" 16,6 (38/261)

* . -
The PRT (1G8%, %Fail tc hatch rate is significantly lower than the TMC
rate anc has been exclucec from tnis caiculation.

La'ig
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Table 25. Peax aerobic metabolic rates in deermice and chickadees
captured at the Pirlot test plot (PRT) and Michigamme control plot (MGE)
during the winter of 198¢,

SPECIES STUDIED MGE PRT
DEERMICE
Number studied 10 8
Mean peak rate of oxygen 20.6 20.0
ccnsumption (ml Oz/g'hr)
S.D. of peak rate of oxygen 2.0 0.9
consumption
Mean weight (g) 17.9 18.1
S.D. of weight 2.5 2.5
CHICKADEES
Number studied 9 8
Mean peak rate of oxygen 25.8 24.0
consumption (ml 0,/g*nr)
S.D. of peak rate of oxygen 1.9 1.9
consumption
Mean weignht (g) 1.7 1.6
S.D. of weight 0.6 0.7

Table 25, Summary of data on peak rates of aerobic metabolism in 19£¢
and 198£. All data for 1985 were gathered on animals from test sites.
The data listed here for 198f are pooled across test and control sites.

VARIABLE 1685 1986 1985 + 198¢
DEERMICE
Number studiec 7 18 25
Mean peak rate cf oxygen 20.7 2C.3 20.5
consumption (ml O5/g*nr)
S.D. of peak rate of oxygen 2.4 1.6 1.8
consumption
CHICKADEES
i Number studied 10 17 27
. Mean peak rate of oxygen 24,2 24.9 24.7
. consumption (ml Oz/g‘hr}
-~ S.D. of peak rate of oxygen 1.7 2.0 1.9

i} consumption
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Figure 1, Test and control plots in relation to the ELF Communication
System antenna line, Test plots as referred to in the text are: CHT =
Cleveland Homestead; NTT - North Turner; FNT - Ford North; FST - Ford
South; PRT = Pirlot Road. Control plots are : MGE - Michigamme; PPC =
Panola Plains; TMC - Tachycineta Meadows. FW is Floodwood work plot
which was used in the past for tree swallow studies and used in 1986
for part of the tree swallow homing study. Homing directions and
release sites are also shown for tree swallows.
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