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FOREWORD o

The 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). I[ITRI 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 sixth compilation of annual reports prepared by university
study teams. Each report chronicles the data collection and data analysis
activities for a monitoring project during 1987. 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.

Reports other than this compilation document electromagnetic exposures at
study sites and summarize the annual progress of the program. These reports
have been prepared on an annual basis since the inception of the program in
1982. A1l have been provided to the National Technical Information Service
for unlimited distribution. The results of monitoring studies have also been
presented at scientific meetings and as articles in peer reviewed, scientific
journals.
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IVv. SUMMARY

This research project is directed at determining the
effects of low-level, long-term, electromagnetic fields
(ELF) on natural stream ecosystems and their associated
plant and animal life. Detailed ecological sampling and
analysis are being conducted simultaneously at two sites:
(1) a control site, FCD, and (2) an experimental site,
FEX, at the corridor of the ELF antenna.

Element 1- Conduct Ambient Monitoring Program

Data for all chemical and physical parameters
demonstrated that the experimental and control sites were
very well matched. For the majority of the parameters,
there were no significant differences between sites.

When significant differences did occur between the
chemical constituents, they usually involved a slight
increase in a downstream direction. This trend was true
for hardness, nitrate, and organic nitrogen. These
differences could be related to an expected accumulation
of dissolved load in a downstream direction or to local
land use differences between sites. Whatever the cause,
the differences were small and probably would not lead to
significant intersite differences in productivity. We
initiated experiments in 1987 to determine the impact of
N and P inputs on the algal community and should be able
to determine if the slight differences in nitrate and
organic N are likely to result in increased productivity
as soon as analyses of these experiments are completed.
In addition, productivity between the two sites was not
significantly diferent (see Element 2).

Dissolved oxygen was only slightly below saturation
at both sites and was slightly but significantly higher
at FEX than it was at FCD. This difference was probably
related to differences in sample times between the two
sites. We expected to pair dissolved oxygen data on a
time basis using the automatically acquired data to test
whether these differences were real or not. However,
one of the two meters proved to be unreliable in 1987
making this comparison impossible.
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Chloride also was slightly but significantly higher
at FEX than it was at FCD. This difference might reflect
a slight amount of road salt influence from Highway M-95
at Channing, MI that is diluted in a downstream
direction. Even at FEX, chloride levels were only
slightly higher than typical rainfall values. Thus,
chloride should have little effect on the biota at either
site.

Chemical and physical parameters for FEX and FCD
demonstrated that these two sites were very similar with
significant differences between sites showing up for less
than one-third of the parameters monitored. The
differences that did occur were slight and should have
little impact on site productivity.

Element 2- Monitoring of Species Composition, Numbers,
Diversity, Biomass Production, Cell
Volume, and Chlorophylla/Phaeophytin a
Production for Periphyton.

1. hloro

Annual patterns for chlorophyll a standing crop and
acorual were characterized by large year to year
variability. The only consistent trend was for
July-August peaks in most years and winter lows. The
magnitudes of peaks also varied between years. Paired
t-tests for 1986-87 data showed no site differences,
although the five year three way ANOVA indicated a small
but significant difference between sites. Combining all
sample periods in a single paired t-test, however, showed
no significant differences existed between sites.
Likewise, in 1986 and in 1985, no between site
differences were detected (yearly paired t-tests).
Differences between sites occurred in 1983 and 1984
only. This parameter may be better used to test single : ™Y
point, or single sample period differences between sites
when production is high and the coefficients of variation
for chlorophyll a also low. Additionally, this
parameter seems suitable for testing with the new BACI
technique to detect differences between sites once ELF °
exposure begins. ’

2. Organic Matter
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Organic matter (AFDW-biomass) standing crop and
accrual rates showed considerable year to year
variability similar to chlorophyll a. These parameters
have consistently been characterized by showing no
significatnt differences between sites since 1983. The
combined paired t-test and three way ANOVA showed very
close agreement, analyzing all the data available, to
indicate no between site differences. The only trend has
been for a July-August peak in standing crop and accrual
rates and winter 1lows for both standing crop and
accrual.

3. Chlorophyll a to Phaeophytin a Ratios

This ratio continued to vary widely throughout the
year in 1986-87. The random nature of the fluctuations
appear to indicate that this parameter will not be useful
for detection of ELF effects.

4. Diatom Cell Density

Diatom cell density continued to be characterized by
no statistical difference between sites, regardless of
length of data set compared or type of analyses
performed. Density appears to be high throughout the
summer periods with some tendency towards a June peak. °
Density was always lowest during the winter periods.

5. Species Diversity and Evenness
Diatom species diversity and evenness were not PS

significantly different in 1987. This continues the

trend seen in 1983, 1984, 1985 and, 1986. Annual trends

show a high diversity and evenness during winter (except

winter of 1987) and lower values during the summer

periods. ®

6. Total Biovolume and Individual Cell Volume

Individual cell volume comparisons of diatoms
between sites showed no significant differences. Total °
biovolume was also not significantly different between 1
sites for 1987. Combined data from 83-87 used in both
paired t-tests and three way ANOVA’s showed no between
site differences for these two parameters. Individual
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cell volume generally is larger during the winter

. periods and smallest in the summer periods.

7. o tro ct (BAC
! alyses
% Stewart-Oaten et al, (1986) developed this

procedure for just the type of comparison we wish to
conduct. We further illustrated the applicability of
this procedure by comparing our AFDW-biomass and
chlorophyll a data between hypothetical ’‘before and

. after’ years. No significant differences wer~ observed
between the years examined. This procedure will likely
be used to examine both species changes, as well as
community level changes in our final report.

)

8. Correlation with Environmental Variables

A correlation matrix was generated using all the
available data collected from each individual site over
the past five year period. Aalthough some water chemistry
parameters appeared to influence the biological
parameters at one site more than another, there was
generally close agreement between sites regarding the
influences of either environmental factors or water
chemistry constituents. The results of the correlations
also agreed with our previously reported analyses using
multiple regression analyses.

9. Photosynthesis~Respiration Studies

Net production, respiration, and gross production
of the community on rock surfaces did not differ greatly
between sites. The lack of significance reported in last
year’s report between sites for 1984, 1985, and 1986,
plus the data from 1987, indicate that this parameter may
offer a precise means of detecting ELF effects on
community metabolism.

Element 3~ Effects of Insect Grazer Populations on
i t Co ities

Grazing macroinvertebrates can change the
composition of the diatom community at densities equal to
or greater than densities found in the Ford River.

4
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Specifically, Glossosoma nigrior (Banks), a grazing
caddisfly, caused a shift in dominance within the diatom
community with Cocconeis decreasing in abundance and
Achnanthes increasing in abundance as grazing pressure
increased. Such shifts in community structure occurred
at both FEX and FCD despite no significant changes in
community based parameters such as chlorophyll a or
AFDW-organic matter biomass accumulation. Results from
1985 were somewhat cdifferent from results from 1986. In
1986, the trend towards decreased abundance of Cocconeis
and increased abundance of Achnanthes occurred but was
not as significant as in 1985. This difference between
years may be related to different amounts of organic
matter on the colonized tiles at the start of the
experiment. Nevertheless, results are consistent enough
to suggest that this pattern of response is typical of
the pre-E.L.F. exposure period and offers a baseline for
comparison of results after the E.L.F. antenna becomes
fully operational.

Element 4 - Species Richness and Biomass of Stream
Insects from Artificial Substrates in Riffles

Structural community parameters, diversity (H’),
evenness (J’), and richness (S) had their highest values
in the summers and their lowest values in the winters
from 1983 to mid 1987. Values for S were very high in
the summer of 1986. Although they fell during the winter
of 1986-87, the drop was not as steep as in previous
winters. An unusually mild winter that year is proposed
as being the major factor. Taxon diversity (H’) and
evenness from 1983 to 1987 were highly correlated with
one another, owing to high chironomid abundances relative
to other taxonomic categories.

Distinct seasonal patterns were found for various
functional community parameters. Total biomass had
summer peaks and winter troughs; however, in the winter
of 1986-87, the total biomass values did not drop as in
past winters. Again, an unusually mild winter is
proposed as being the major factor involved. Regressions
of insect biomass against water temperatures and insect
biomass against diatom density were high in all years
except in the 1986-87 season as well. Functional feeding
groups including collector-gatherers, collector-filter
feeders, and predators were highly correlated with diatom

5
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densities until 1986-87. Shredder biomass values were
never highly correlated with diatom densities.

Mean dry weight per individual values (MDW/IND) were
plotted against time for seven taxa. Five of the seven
taxa showed distinct growth patterns with the largest
individuals being found in late spring-early summer.

They are: Paraleptophlebia mollis, Ephemerella invaria,
Epehemerella subvarja, Glossosoma nigrior, and Protoptila
sp. One taxon, Optioservus is holobiotic. Major adult
numerical peaks and major larval numerical peaks were in
mid-summer. MDW/IND values were highest in the fall and
winter months. The last taxon, Chironomidae, encompasses
many species. Even so, the largest individuals were
found in May for all years; the smallest individuals were
found in October and November for all years.

Element 5 - Move t i nsects

Naiads of a dragonfly predator, Ophiogompus
colubrinus, travelled in a downstream direction at both
FEX and FCD for all mark-recapture studies (1984 through
1987). Percent recapture success was usually 40 to 50 %,
making us confident that the data reflect movement
patterns of this predator rather well. Chi square tests
for distances moved showed that animals tend to be found
in the upper reaches of FEX and tend to be found in the
lower reaches of FCD over time. The data across years
are consistent. If this pattern changes after E.L.F. is
activated, we should be able to detect the change. The
animals’ numerical abundance in the stream,"markability",
and rather sedentary behavior make them appropriate for
movement pattern studies aimed at detecting the effect of
E.L.F. radiation on thier movements.

Element 6 -~ Lea j o

Fresh tag alder (Alpus rugosa) leaves were processed
significantly faster than were autumn-abscissed leaves
for all the studies (1982-87). The mean processing
coefficient, -k, for fresh leaves at FEX was 0.0170 (s.d.
= ,0089, n = 5); at FCD the mean was 0.0134 (s.d. =.0020,
n =4). The -~k values for autumn-abscissed leaves at FEX
was 0.0068 (s.d. = .0023, n = 4); at FCD the mean was
0.0046 (s.d. = .0016, n = 3). Both fresh and
autumn-abscissed leaves were processed slightly faster at

6
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FEX than at FCD. The slightly faster current and higher
numbers of shredders at FEX may be two important factors
for these differences.

Taxon diversity (H’) values for insect colonizing
leaves over time were similar across years. H’ decreased
over time after the initial conditioning phase, 9 days.
The same was true for evenness (J’). Taxon richness
patterns were similar for all years. After an initial
increase through the first three weeks of incubation,
richness declined. Chironomidae abundance steadily
increased over time for all treatments, sites, and years.

Total insect biomass was higher on leaves at FEX
than at FCD for 1984 through 1986. Shredders are an
important functional feeding group found on leaves, as
they process leaf fragments. Shredder biomass was higher
on fresh leaves than on autumn leaves in all years where
both fresh and autumn leaves were used. It appears that
fresh leaves are more "attractive" to shredders than
autumn-senescent leaves. Three species were anlayzed
according to changes in MDW/IND. A collector-gatherer,
Ephemerella invaria, and a predator, Isoperla

transmarina, showed increases in size over time. The
third species, Paraleptophlebja mollis showed no

consistent change over time. This species is
univoltine with its major growth peak occurring in June
of each year, as determined in studies on insects from
substrate samples (Element 4). For all Element 6
parameters, except for numbers of individuals, total
biomass and functional feeding group biomasses,
coefficient of variation values were below 18 %.

Element 7 -~ Fis ommun j und
1. Specjes Composition

Sixteen species from five orders and eight families
were collected at FEX in 1987. This represents a net
decrease of two families and one order from previous
years. Fourteen species from eight families and five
orders were collected at FCD in 1987 with a decline of
two species, four families, and two orders from previous
years. Overall, the species composition was similar at
the two sites with the only changes seen in rare species.
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2. Specijes Abundance

Numerically and by biomass, the fish community was
dominated by five species. Numerically, common shiners
and creek chubs made up over 45 $ of the catch at both
sites. Burbot catch was the least variable, and common
shiner and brook trout catches were the most variable.

By biomass, white suckers and brook trout were the
~dominant species, making up 60 % of the catch at both
sites. Brook trout and white sucker catch in biomass was
the most variable. Catch in biomass was more variable
from year to year than catch in number. Overall, the
fish species composition was similar from site to site
and from year to year. Species diversity was increased
at both sites in 1987 from previous values. No
significant differences were found between sites, and the
diversity values ranged between 1.6 to 2.2.

3. gatch sStatistics

Catch rates (catch per day) were variable for all
species and were seasonally dependent. Catch rates for
common shiners and creek chubs increased from 1984-1987
at FEX. White sucker catch rates increased in 1987 at
FEX. Brook trout and burbot showed negative trends in
catch rates at FCD. Brook trout, creek chubs, and white
suckers all demonstrated similar catch rates at both
sites, and the differences can be attributed to increased
habitat heterogeneity at FCD. The mean length of most
species showed no consistent year to year trends at
either FCD or FEX, and fish at FCD were significantly
larger for all species except for burbot.

4. Fish Community Mobility

Most non-salmonid fish species with adequate sample.
sizes demonstrated site to site movement with most
species showing a non-marking site recapture rate of 11
%. Recapture percentages were similar to previous years.
except for a decline in creek chub recaptures. Overall,
site to site movements were lower in 1986 and 1987 than
the previous years. These lower movement rates may be
related to significant discharge changes in these years.:
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5. Indivjdual Species Analvses

Age, growth, and condition factor analyses using
common shiners, creek chubs, northern pikes, and white
suckers were initiated as section of this element in 1986
with the premise that these factors are good indicators
of the fish stress. Growth analysis using scales
indicated that common shiners and creek chubs show better
than average growth when compared to literature values.
White suckers and northern pike both displayed poor
growth when compared to literature values. Fish
condition was examined using relative condition factors.
Standard weight formulae were derived fcr common shiners,
creek chubs, and white suckers from literature data.
Common shiner condition was above the species average in
each year. Creek chubs and white suckers demonstrated
below species average condition (Wr = 80-96). Creek chub
condition factors declined from 1983-1987 by 5 $. Common
shiner condition showed a cyclic trend with a modulation
of 7 ¥ per year. White sucker condition improved by 4 %
in 1987.

6. ixed ar Calibratjion

This new study is designed to determine a functional
relationship between fixed gear catch and actual fish
densities. Net and weir catches can then be used to more
accurately determine fish densities in the Ford River.
DeLury estimates showed that fish densities and biomass
declines from upstream sites to downstream sites.
Regression analysis of the relationships in this section
will be reported after the 1988 season.

Element 8 - Brook Trout Movement

1. veme s

Brook trout catches peaked in spring-early summer at
all sites except FCU. The peak occurred in June in 1984
and 1987, and in July in 1985 with the movement in an
upstream direction. Peak catches of 1984, 1985, and 1987
were not seen in 1986. Brook trout movement appeared to
be caused by mean water temperature exceeding the optimal
growth temperature (16° C) and the rate of this increase
which is related to acclimation time. Low groundwater
discharge and river flow volumes also may create thermal

[
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barriers to movement. Groundwater recharge and spring
precipitation are also important variables. Brook trout
(>190 mm) move from FCD and FEX upstream to the TM site
based on a total of 520 tagged and branded fish. 1In 1984
and 1985, TM was chosen over FCU on the basis of the mean
temperature being closer to optimal growth temperature.
Recapture rates yere consistent from 1984 to 1985 with no
movement found in 1986 and 1987. Movement rates were
found to range between 1.1 to 5.0 km/day. Ranges from
FEX to TM were similar between 1984, 1985, and 1987 with
no catches between these sites in 1986. Brook trout
movement rates were greater in 1985 than in 1984 from FCD
to TM with no movement detected in 1986 and little in
1987. Angler tag return data verified the above movement
rates indicating the fish move at a constant measureable
rate upstrean.

2. Population Analysis

Michigan Department of Natural Resources confucted
four electrofishing surveys at two sites on the Ford
River. The brook trout density at FS1 in June 1985 was
269 t 47.5 trout per ha with biomass of 2.35 kg/ha. Most
of these fish were YOY and yearling fish with very low
densities of adult fish. Trout densities at FCD were
estimated at 60.7 fish/ha (biomass = 1.28 kg/ha) in June
1985, 15.7 fish (biomass = 0.31 kg/ha) in August 1985 and
0 fish in August 1986. These densities were very low
when compared to literature values and are probably
indicative of the variable conditions of the Ford River.
These data also indicate that a large percentage of the
population moves out of the lower river (FCD site) in the
Spring movement period. Calibration studies conducted as
part of the ELF monitoring on this project determined
that the brook trout densities ranged from 4.2 fish/ha at
FCD to 364.3 fish/ha at TM and that biomass ranged from
0.3 kg/ha at FCD to 10.3 kg/ha at TM. Overall, values
are below Michigan averages and show that recruitment is
low at the sites sampled (except TM). Statistical
analysis of the population characteristics will be
reported in the 1988 report.

3. Brook Trout Age, Growth, and Condition

Age and growth analysis using scales indicated that
the brook trout in the Ford River exhibit average or

10
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better growth when compared to literture values. Brook
trout length at age 1 was approximately 90 mm, at age 2
was approximately 188 mm and at age I was approximately
285 mm. Statistical analysis of this data is in progress
and will be reported in the next report. Brook trout
condition was examined using relative weight condition
factors (Wr). A standard weight formula was calculated
from 45 literature populations for use in this analysis.
Ford River brook trout demonstrated average to below
average condition when compared to the species average
(Wr = 89~101). Condition factors declined from 1983 to
1986 and improved in 1987. Statistical analysis of this
data is in progress and will be reported in the next
report.

Element 9 - Fish Parasite Studjes

This element was dropped from the work plan in 1987.
Progress was made in finalizing the data from previous
years for publication and for comparison with studies to
be conducted after the ELF antenna becomes fully
operational.
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V. PROJECT RATIONALE AND APPROACH

our research plan is directed at determining the
effects of extremely low-level, long term
electromagnetic fields (ELF) and gradients produced by
the ELF Communications Systems on aquatic plant and
animal life. The integrated approach we have taken is
to combine the major interrelated and interactive
components of aquatic systems (i.e., periphytic algae,
aquatic insects, and fish) and to monitor sensitive life
history events and community processes critical to the
basic structure and function of stream ecosystenms.
These include: periphyton and stream invertebrate
colonization, migration, diversity, trophic level
changes in density and biomass, as well as primary
productivity; organic matter processing by
macroinvertebrates; dynamics of fish population growth,
reproduction, and survival; fish behavior including
movement patterns of homing and migration, and fish
pathogen and parasite loads. Since many of these
processes and events are mutually dependent on one
another and interactions are complex, we feel that a
holistic approach with a multi-disciplinary effort is
imperative.

Our research plan represents an integrated study of
stream ecosystems involving three aquatic components for
monitoring the potential effects of ELF. These
components are: (1) periphytic algae; 2) aquatic
insects; and 3) fish. The design incorporates studies
of ecosystem properties with studies of behavior and
biology of individual species so that any effects of ELF
can be quantified at the population, community and
ecosystem levels.

We selected stream ecosystems as representative
aquatic ecosystems rather than lakes or marshes because;
(1) upstream~downstream paired plots on the same system
provide less variability than between lake comparisons;
(2) migratory behavior are more likely to be important
in stream orgainisms; and (3) our expertise and
interests are oriented toward stream ecology.

12
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The effects of ELF on stream ecosystems will be
tested using a paired plot design of selected sections
of the chosen stream, the Ford River. Plots were
selected to afford one area of study away from the
antenna corridor for use as a control site (FCD), and
another area directly under the antenna cable for use
as the experimental site (FEX). These two stream
sections constitute our paired plot design. We have
intensively studied and sampled the river at these sites
since June of 1983, when the final site selections were
made. .

For each site we are continuously monitoring stream
velocity and water depth so the discharge can be
calculated. Water temperatures, dissolved oxygen, PpH,
and solar radiation at the surface and at the stream
bottom are also being continuously monitocred. We also
sample all other chemical parameters required in the
RFP.

The data generated from this research should; (1)
determine whether the ELF communications System affects
aquatic plant and animal life in stream systems; and (2)
contribute to a better understanding of stream organism
processes which will help clarify a number of important
aspects of current conceptual models of stream ecosystem
structure and function.
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VI. OVERALL OBJECTIVES AND SPECIFIC TASK OBJECTIVES
OVERALL OBJECTIVE

Our major objective in this study 1s to determine the effects of low
level, long term electromagnetic fields and gradients produced by the ELF
Communication System on aquatic plant and animal life in streams. The
study will incorporate studles of ecosystem properties with studies of
behavior and bilology of individual species so that any effects of ELF will
be quantified at the population, cammunity and ecosystem level.

SPECIFIC TASK OBJECTIVES

A. Periphytic Algal Studies
The objectives of the periphytic algal studies are:

(1) to quantify any changes in species diversity, algal
density, and chlorophyll a that occur as a result of ELF
electromagnetic flelds;

(2) to quantify any changes in primary productivity that might occur
as a result of ELF; and

(3) to monitor algal cell wolume and chlorophyll a to phaeophytin a
ratio, thereby providing an index to physiologlcal stress of
periphytic algal cells that might occur as a result of ELF
electromagnetic fields.

B. Aquatic Insect Studies
The objectives of the studies of aquatic insects are:

(1) to quantify any changes in organic matter processing rates that
occur as a result of ELF;

(2) to quantify changes in species richness, individual abundances,
and specles diversity of the aquatic insect comunities
associated with leaf packs and inorganic stream bottom
substrates;

(3) to quantify changes in upstream-downstream movements of selected
aquatic insects that might occur as a result of ELF; and

(4) to quantify trophic, behavioral, and comunity level changes in
selected specles of aquatic insects fram an array of functional
feeding groups (grazers, collectors, etc.).

C. Fish Studies
The objectives of the studies of fish are:

(1) To quantify any changes in the seasonal movement patterns and
abundance of the mobile fish community that occur as a result of
ELF;

(2) To quantify any changes in the rate of brook trout movement
through the ELF coridor that occur as a result of ELF
electromagnetic flelds;

(3) To quantify any changes in the rates of parasitism of one mobile
specles (longnose dace) and one sessile species (mottled
(sculpin) of fish that occur as a result of ELF,

15
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h VII. PROGRESS BY WORK ELEMENT
Element 1 - Conduct Ambjient Monitoring Program
Changes from workplan - None.

Objectives

The objectives of this work element are: (1) to
provide the background data on physical and chemical
h parameters needed to correlate observations on biological -
community dynamics with environmental parameters, and (2)
to monitor stream chemistry to determine whether or not
observed changes in community structure are related to
water quality changes rather than potential ELF radiation
L induced changes.

Rationale

The chemical and physical factors selected for study
are known or suspected to be important factors that may
control or influence growth, community structure, or
community dynamics of periphyton, insects, and fish.
Correlating these variables with biological data may
ultimately be useful in predicting the effects of these
environmental parameters on the biotic community. Thus,
they may be useful in separation of background
environmental variability from effects induced by
extremely low frequency electromagnetic radiation (ELF).
Even though many of these variables may not presently
correlate with biological data, unexpected large shifts
could lead to dramatic changes in the biotic community.
Thus, a second goal of the monitoring program is to
document the presence or absence of shifts in chemical or
physical variables that could occur if some perturbation
such as an unexpected discharge of a pollutant were to
occur. The physical and chemical parameters being
monitored include the major plant nutrients because of
their potential impact on trophic level dynamics (e.gq.
the various species of nitrogen and phosphorus as well as
silica since diatoms dominate benthic algal production) )
or parameters that are known to influence insects and )
fish (e.g. turbidity and suspended solids, dissolved
oxygen, discharge and current velocity, water
temperature, etc.). Many of the parameters were
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originally specified in the request for proposal and
offer general indices to site productivity or water
quality (e.g. specific conductance, alkalinity, hardness,
total dissolved solids, chloride, etc.). As correlations
between many of these parameters are to be expected, it
should be possible to eliminate some of them.

The goal of this annual report will be to present data on
all parameters collected since 1983 at our current
monitoring sites (the experimental site, FEX, and the
control site, FCD) to document trends and variability in
each parameter. We will also emphasize correlations
between related measurements (e.g. turbidity and
suspended solids, total dissolved solids and specific
conductance, etc.) and will suggest changes in the future
monitoring program based on these correlations.

Materials and Methods

Ambient monitoring stations were installed at the
experimental site (FEX) and at the control site (FCD) in
July, 1983 and were operated until the last week of
October. Each year since 1983, these stations were
installed in mid~April and were operated through the last
week of October. This period represented the period from
snow melt in spring until the time of some ice and snow
deposition in autumn. After late October, problems were
encountered with equipment maintenance and the stations
were removed and stored for the winter.

The stations automatically logged on Omnidata data
pods (models DP 211 and DP 213) the following parameters:
(1) Photosynthetically active solar radiation (PAR)

was measured in a clearing on the stream bank and
represented above water solar radiation. PAR was also
measured under the water surface, 15 cm above the stream
bottom in a riffle to pool transition area and
represented below water solar radiation. These
measurements were taken using Li-Cor Model LI-192SB
underwater quantum sensors. Data were taken at both FEX
and FCD through 1986, but measurements were deleted at
FCD in 1987 due to failure of one of the data pods. No
funds were in the budget for equipment replacement and
this, coupled with the expected relative constantcy of
solar input between the two sites, led to the decision to
cease measurement of solar radiation at one of the sites.
(2) Dissolved oxygen was monitored using L. G. Nestor
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Model 8500 portable dissolved oxygen meters with general
purpose submersible probes. These meters started to
deteriorate in performance in 1987 after five years in
the field. We had difficulty maintaining the meters and
probes in operating condition especially at FCD. We plan
to return these meters and probes to the manufacturer for
repair over the winter.

(3) pH using the Altex (Beckman) Monitor II System
with specially built long term, gel-filled submersible pH
probes from Fisher Scientific. These meters continue to
give us problems as reported in the last annual report.
Again, the meters will be sent back to the manufacturer
for repair over the winter.

(4) Water depth was monitored using Stevens Type F
strip chart recorders. These depth data were used to
calculate discharge using a stage height-discharge
relationship developed for each of the two sites on the
Ford River.

(5) Air and water temperature were monitored using
thermistors.

All automatically acquired data were checked and
calibrated at least twice per week. Thus, even if the
meters became inoperable, we still had at least two
determinations per week for each parameter. For example,
the field pH meters were calibrated twice per week with
pH 7 and 10 buffers, and field pH meters were checked
against an Orion Model 701 specific ion and pH meter in
the laboratory at these same times twice each week.
Dissolved oxygen meters were calibrated using the azide
modification of the Winkler procecure (APHA 1980). Air
and water temperature were recorded twice per week using
hand-held thermometers, and depth was recorded from the
manual staff gauges at each site.

Data from the data pods were transferred from the
EPROM chips in the data pods to diskettes using an
Omnidata Model 217 reader and an Apple II plus computer.
Data were read and summarized every two weeks throughout:
the April to October period. Daily summary data were
supplied to each task investigator (periphyton, insects,
fish tasks) as computer printouts and were archived on
the Apple diskettes at 30 minute intervals throughout
each day.

In addition to the manual determinations of pH,

18

@




dissolved oxygen, water and air temperature as described
above, samples were taken twice weekly for turbidity and
suspended and dissolved solids. Once per week,
alkalinity, hardness, and specific conductance were
determined in the field laboratory. Twice per week,
samples were taken and frozen for later determination of
total phosphorus, soluble reactive phosphorus (samples
filtered within three hours of collection), nitrate-N,
nitrite-N, ammonium-N, organic-N (total Kjehldahl N minus
ammonium), chloride, and dissolved silicate-Si (Si
samples were refrigerated instead of being frozen since
freezing can cause interference with this procedure).
The N, P, Si, and Cl samples were analyzed during the
winter months after preparation of the annual report.
Thus,there is a one year lag time in reporting these
data. Quality control was assured as reported in the
last annual report by addition of known quantities of
each chemical constituent to duplicates of samples from
at least one of the two sites each week. Recovery of
these spikes indicated that analytical procedures were
precise (see last year’s report). Recoveries are
calculated each year to insure the integrity of the
analytical procedures. During winter months, samples
were taken at one month intervals for all of the
parameters discussed above. This interval will be
decreased to once every other month starting in 1987-88
since the expense of taking the samples is prohibitive
given the minimal amount of biological data collected
during the winter months.

All chemical analyses followed procedures outlined in
Standard Methods (APHA 1980) or approved techniques of
the U.S. Environmental Protection Agency (U.S. EPA
1979a). Quality control procedures follow the
recommendations of the EPA also (U.S. EPA 1979%b).

Stream discharge was determined from stage (water
level) - discharge relationships determined for each
station using Gurley pygmy or Price-type current meters
using the velocity area technique (Gregory and Walling
1973, p. 129) with at least 20 verticals per
cross-section. At least 20 of these determinations have °
been made at various stage heights each season to insure I
that the relationship has not changed from previous
years. Discharge values were highly predictable from
stage height data using calculated regressions with RZ2
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values greater than 0.98 for FEX and 0.99 for FCD.

Stream velocity was also recorded for the periphyton
samplers (see element 2) using the Gurley pygmy meters
about once per week. These data were used to adjust the
positions of the periphyton samplers in the stream so
that samplers at each site were exposed to comparable
flow regimes. These velocity measurement will be
presented in Element 2 of this report.

Results and Discussjion

A. Field Chemistry

The dissolved oxygen (DO) data for the last 4.5 years
followed a highly predictable pattern at both sites with
winter highs and summer lows (Fig. 1.1). In general,
winter values were higher than 11 mg/L and summer values
never dropped below 7 mg/L. Since cold water contains
more dissolved oxygen at saturation than does warm water,
one would expect this type of pattern if the water in the
river is near saturation throughout the year. The Ford
River was typically 5-15 % undersaturated at each site,
and DO was highly, negatively correlated with temperature
at each site (r = -0.96 and -0.94 at FCD and FEX
respectively, p<0.05 at both sites). Daily values of
DO for 1987 at each site showed the expected relationship
with temperature (Fig. 1.2) with decreases to lows in
June, July, and August correlated with times of warmest
water temperatures. There was a significant (p<0.01)
correlation (r = 0.97) in dissolved oxygen values between
the two sites (Table 1.1) as illustrated by Figure 1.1.
Despite this high degree of correlation, paired t tests
indicated that there were significant differences
(p<.001) between the two sites (Table 1.1) with FEX
generally having slightly higher values than did FCD.
These slight differences were probably related to the use
of manually acquired data in these correlations. Travel
time between sites would lead to some warming or cooling
leading to these differences. The ideal is to match
values for the two sites based on time of collection from
the automatically acquired data. However, automatically
acquired data from the first two years still have to be
summarized, since summaries were not prepared routinely
at that time. We expect to complete these summaries
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during the coming year. Even so, data from 1987 will

still probably have to be derived from manual

determinations since the probe at FEX gave highly

variable results (Fig. 1.2). Differences between the two

sites, even if real, are small (Fig. 1.1) with values at

each site well above DO levels of 6.0 mg/L needed for

maintenance of trout populations in good condition (Mckee -
and Wolf 1963).

The pH data for the two sites followed a pattern of
summer highs and winter lows (Fig. 1.3) probably related
to higher levels of primary production in the summer (see
element 2) coupled with higher temperatures, lower stream
discharge, and higher values for alkalinity and hardness
(pH was significantly (p<0.05) correlated with all these
parameters with r values of 0.6 or higher for both sites
in all cases). Because of the large number of samples
taken since 1983, any r value greater than 0.3 is
significant at the p<0.05 level for all of the water
quality parameters. The most highly correlated
parameters with pH were alkalinity with r’s greater than
0.96 at both sites and discharge with r’s greater than
-0.84 at both sites. The pH values at the two sites were
significantly correlated with each other, and there were
no significant differences between sites (Table 1.1).
Automatically acquired data for the two sites for 1987
were of poor quality as they had been in 1986 and are not
presented. Thus, the data presented in Fig. 1.3 are data
from the manual, twice per week determinations.
Hopefully, repair of the pH meters will lead to higher
quality, automatically acquired data in 1988.

Alkalinity and hardness followed similar trends for
the two sites (Table 1.2. Figs. 1.4, 1.5) with high
values occurring during times of low flows and low values
occurring during times of high flows (Fig. 1.6, 1.7).
Correlation coefficients support these observations with
r values between discharge and either alkalinity or
hardness greater than -0.84 at both sites for both
parameters (p<0.05). Since these parameters are
correlated with discharge, other parameters correlated
with discharge also are correlated with hardness and
alkalinity. These include significant (p<0.05) positive
correlations with specific conductance, pH, temperature,
and dissolved solids amd significant negative
correlations with dissolved oxygen and turbidity for both
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Ford River, 1987.
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sites. There are significant negative correlations
between both alkalinity and hardness and suspended solids
at FCD but not at FEX. As expected, hardness and
alkalinity are highly correlated with each other (r>0.96,
p<0.05) at both sites, and it would be feasible to drop
one of these two analyses from our sampling program. 1If
we elect to drop one of these two in the future, we will
drop hardness. Alkalinity at FCD is highly correlated
with alkalinity at FEX (r=0.99, p<0.0l1), and there is no
signficant difference between the sites (Table 1.1).
Hardness is just as highly correlated between the sites,
and there is a significant difference between the sites
(Table 1.1). Hardness at FCD is slightly, but
significantly, greater than at FEX. This increase may be
related to the expected increase in cations in a
downstream direction.

Conductivity is significantly (p<0.05) , negatively
correlated with discharge at both sites (r = -0.81 and
-0.76 at FEX and FCD respectively) and positively
correlated with both alkalinity and discharge at both
sites (r greater than 0.78). Thus, the pattern for
conductivity (Fig. 1.8, Table 1.3) is very similar to the
patterns exhibited by alkalinity and hardness (Figs. 1.4,
1.5). Conductivity values at FEX are highly correlated
(p<0.01) with conductivity values at FCD, and there are
no signifcant diferences between sites (Table 1.1).

Turbidity (Table 1.3, Fig. 1.9) and suspended solids
(Table 1.4, Fig. 1.10) should be highly correlated.
These correlations are significant (r=0.64 and 0.75,
p<0.05 at FEX and FCD respectively), but the r values are
not as high as one might expect. These lower r values
are probably a function of highly variable suspended
solids data collected in 1983 and 1984 (Fig. 1.10). At
that time, an insufficient volume of water was being
filtered to yield enough dry weight for precise
measurement. The volume of sample filtered was increased
in the summer of 1984, and the quality of the data
increased accordingly (Fig. 1.10). Turbidity and
suspended solids values are always relatively low
reflecting the excellent water quality of the Ford River.
These low values may also be partially responsible for
the lowered correlation coefficients between turbidity
and suspended solids. Even so, the correlations are
robust enough to allow us to drop suspended solids
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analyses from our work plan for the coming year.
Suspended solids analyses are time consuming, do not
correlate strongly with biological parameters, and are
always well below the 30 mg/L (Fig. 1.10, Table 1.4) that
trout are known to tolerate with no problem (McKee and
Wolf 1963). The correlation of suspended solids with
turbidity will enable us to detect any potential problems
from upstream erosion linked to construction or other
such activities should they occur in the future. Thus,
we will delete this parameter from our work plan in 1988.
Turbidity at FEX is highly correlated with turbidity at

FCD, and there are no significant differences between the -

two sites (Table 1.1). Suspended solids at FEX is
significantly correlated with suspended solids at FCD but
the r value is much lower than it is for other field
chemistry parameters (Table 1.1). There are no
significant differences in suspended solids between FEX
and FCD.

Total dissolved solids (TDS) are generally low at
times of high discharge because of dilution effects
(compare Figs. 1.11 with 1.6 and Table 1.4 with Figqg.
1.7). Thus, the pattern for TDS is similar to the
patterns for alkalinity (Fig.1.4), hardness (Fig. 1.5),
and conductivity (Fig. 1.8), and the same significant
correlations exist between TDS and other field chemistry
parameters as has already been discussed for the other
parameters above. TDS at FEX is significantly correlated
with TDS at FCD, and there are no significant differences
in TDS between the two sites (Table 1.1). Given the
significant correlations between TDS and conductivity,
hardness, alkalinity, and pH, we propose to delete this
analysis from our work plan for 1988. Like suspended
solids, this analysis is time consuming, correlates well
with other field chemistry parameters, and does not
correlate well with biological data. Thus, dropping it
seems reasonable.

B. Nutrient Chemjistry
Nutrient chemistry samples are frozen and analyzed

during the following winter. Thus, data in this annual
report do not include data for 1987.

Trends in total phosporus were not obvious because of
high variablity of this constituent (Fig. 1.12, Table

®
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1.5), although values appeared to be somewhat higher in
the winter, spring, and summer in 1986 at FEX than they
were in previous years. There was cultivation of a
potato field that had been fallow for several years
several kilometers upstream from FEX in 1986. However,
the Michigan DNR operated a sediment trap between this
field and FEX. No other land use changes were obvious,
and this field is far enough away that any erosion from
it was not likely to have been transported to our sites
through this sediment trap and over a beaver dam upstream
of FEX. Therefore, the apparent rise in total P at FEX
during 1986 cannot be explained at this time. The values
for total P were low enough to represent excellent water
quality (Fig. 1.12). While we have not calculated land
use for the watershed upstream of our two research sites,
we know that there is some agricultural activity (potato
fields, mink ranch) and some low density urban areas at
Channing, Michigan but that most of the watershed is
forested. These forests are harvested on relatively
short rotation times, since the most common tree
harvested is Populus tremulojdes, an early successional
species. Omernik (1977) related N and P levels in the
streams of the U. S. to land use. The total P values of
the Ford River were characteristic of values for the
eastern U.S. (Omernik placed Michigan in this region)
reflecting land use that is 50 to 90 § forest. Total P
at FEX was not significantly correlated with total P at
FCD (Table 1.6). Despite this lack of correlation and
the apparent differences between sites in 1986, there was
no significant difference in total P between sites when
data from 1983 through 1986 were included in the analyses
(Table 1.6).

Soluble reactive phosphorus (SRP) consistently stayed
below 10 ug P/L except at FCD in late 1986 (Fig. 1.13,
Table 1.5). There did appear to be an increase at FCD in
1986 that did not occur at FEX. Even so, there was no
overall significant difference between FEX and FCD, and
SRP at FEX was significantly correlated with SRP at FCD
(Table 1.6). The SRP values for FEX and FCD (Fig. 1.13,
Table 1.6) were characteristic of values for land that is
50 to 90 % forested according to Omernik (1977).

Nitrate-N, nitrite-N, and ammonium-N values were

usually comparable at both FEX and FCD (Figs. 1.14, 1.15,
l1.16, Table 1.7). However, there was a divergence in
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nitrate-N values between the two sites in 1985 (Fig.

1.14), but nitrate-N was comparable for other time h
periods. One possibility for this difference is that
leaching occurred from a small area of forest just
upstream of FCD clearcut in 1985. This forest practice
is known to lead to high nitrate losses in the first year
or so after cutting for some northern hardwoods forests
similar to the forests along the Ford River (Bormann and
Likens 1979, Vitousek et al. 1982). Nitrate is the
predominant form of inorganic nitrogen present in the
Ford River. Thus, calculation of inorganic-N from the
three components (Figs. 1.14, 1.15, 1.16) results in
trends for inorganic-N very similar to those for
nitrate-N (Fig. 1.17, Table 1.8). These patterns
generally follow the pattern of mid-summer lows and
winter highs described for nitrate for northern hardwood
forests by Bormann and Likens (1979). These values are
characteristic of values for streams in the eastern U. S.
that are 50 to 90 % forested (Omernik 1977).

Even though nitrate-N values were significantly
correlated between FEX and FCD, there was a significant
difference between the two sites (Table 1.6). This
significant difference may be related to the increase at
FCD in 1985 already discussed above, or it might reflect
the tendency for ions to increase in a downstream
direction. FCD is downstream of FEX and had slightly
higher concentrations of nitrate-N than did FEX both
before and after the relatively large differences that
were characteristic of 1985 (Fig. 1.14). There were no
.significant differences between the two sites for eithel:
nitrite or ammonium, and correlation coefficients
between the two sites were 1low for these two parameters
(Table 1.6, Figs. 1.15, 1.16). Inorganic-N values were
not significantly different between the two sites either
(Table 1.6) despite the fact that the significant
differences in nitrate-N in 1985 led to increases in
inorganic-N at FCD as compared to FEX (Fig. 1.17).
Concentrations of inorganic-N at FEX were significantly
correlated to concentrations at FCD (Table 1.6).

Organic nitrogen at FEX was significantly different
from organic-N at FCD (Fig. 1.18, Table 1.6). Even so,
differences between the two sites were usually small
(Fig. 1.18). As was true for inorganic-N, total P, and
SRP values, organic~N values were characteristic of
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streams draining areas of the eastern U. S. that are 50
to 90 % forested.

There were no significant differences for silicate-Si
between FEX and FCD (Tables 1.6, 1.9, Fig. 1.19), and
concentrations at FEX were significantly related to
concentrations at FCD (Table 1.6). Concentrations were
relatively constant throughout the year at about 9 to 10
mg Si/L, although periods of dilution did occur during
high flows in April or May each year and during other
periods of high discharge (Fig. 1.19). 1In fact,
silicate-Si was significantly (p<0.05) and negatively
correlated with discharge at both FEX and FCD, although r
values were low (-0.52 at FEX and -0.39 at FCD).

Chloride at FEX was significantly different from
chloride at FCD (Table 1.6, 1.9, Fig. 1.20), although
values for the two sites were significantly correlated
(Table 1.6). Concentrations of Cl appeared to be larger
at the upstream site (FEX) than they were at the
downstream site (FCD). This gradient probably reflected
the fact that some of the chloride inputs were from road
salting near Channing, MI with dilution of these inputs
in a downstream direction. Chloride concentrations
increased in 1986 and have remained somewhat higher since
that time than they were in 1983 through 1985. The
reasons for this increase are unknown. However, these
values are not much higher than one would expect from
rainwater and are certainly much lower than any
concentration known to cause problems for fish or other
aquatic organisms (McKee and Wolf 1963).

dM i s

The primary physical parameters monitored include air
and water temperature, above and below water
photosynthetically active radiation (PAR), and streamnm
discharge. These data are automatically logged at 30
minute intervals from mid-April through the end of
October. Almost no data are available from the winter
months.

Solar radiation (PAR) was highly variable using the 30
minute interval data. An integrating instrument would
have provided more useful data but was not included in
our original equipment list. Our 28 day summaries have
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Periods for Experimental (FEX) and Control (FCD)

tean Chloride (+ S.E.) over 28 Day Sampling
Sites from the Ford River, 19683-87.

FIGURE 1.20

]

A

o




‘28-£861 “18A1Y PJOd
ay) wouj spojiag Bujidwes fieq gZ 3840 uoI0IpPLY
1U10S J31UM Mo|ag pue aAoqy filleq eBeseay 121 J3N914

N = N -
L ] | . |
» ¢ & > > o & » ¢ L ¢ » L ¢ o » ¢ &
g¥2cesdzelesdgrecsficesibscs
n._..rn.u,....r.r&mwrr&&&r&rrmmmmr&rrr
.l-LLI—LI—nggggsssssvvvv”sggg
Fh—,h----hnhnbnnnph--—D-°

L 0001

YIIVM M0138 - 0021
Y31VM 3A08V o f

ﬁ
ﬁoov—

56

(2W/33S/SNI3LSNI0NIIN) ‘WY d




been calculated as an average of the 30 minute PAR values
for the period from 1000 to 1400 hours daily (Fig. 1.21).
This approach results in comparative data for each 28 day
period but may have little meaning biologically. A more
appropriate measure might be cumulative solar input for
each 28 day exposure period. As reported in the last
annual report, we intend to calculate this cumulative
solar input data for all past periods based on the 30
minute interval data. Obviously, such 30 minute based
data calculations will not be very precise but will give
us a comparative index of solar input as it varies
seasonally. We have not yet finished this task but have
a student worker assigned to finish it before the start
of the next ice-free season.

Air and water temperature have been monitored since
1983 and are available as needed. The water temperature
for 1987 are typical (Fig. 1.22) of data over the growing
season with temperatures rising rapidly from at or near
zero under ice to 5 to 10° C before our monitoring
stations are installed. Temperature continues to rise to
mid-summer from mid-June through mid-August followed by
cooling to about 5° C when the stations are removed from
the stream. On subsequent monthly sampling trips from
November through April, stream temperatures are at or
near zero. The average temperature data for the 28 day
exposure periods for the benthic algal sampling are
summarized in Fig. 1.23. These data illustrate that
average summer temperatures are usually less than 20° C
and that the summer of 1983 had slightly warmer
temperatures than has been true since that time.

Stream discharge data have already been presented
(Fig. 1.6) for the 28 day benthic algal exposure periods.
However, the first three years of these data were
calculated from actual discharge measurements taken with
current meters once or twice per week. Initially, data
were logged on Omnidatapods using modified Stevens Type F
recorders. These data had to be converted to discharge
using two regressions. The first related electrical
output from the recorders to the datapods to actual water
depth. The second related water depth to discharge using
a standard depth-discharge regression. The first of
these regressions changed any time the float line was set
to a different position on the float wheel. Thus,
retrieval and conversion of these data proved to be guite
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FIGURE 1.22 Deily Water Temperatures for Experimental (FEX)
and Control (FCD) Sites on the Ford River, 1987.

58




L JJ v BRI MY M. ) Y ¢
‘J3A1N PJOJ B8Y) WOoi) 801IS AOqu&.”ﬂ.hndﬂcmaw
B ) nseeduiot sejom Mieg voon  £2°F 34N913
eeiiiacnannees it inanu b et sasnanueEb e nfasnnnuee e
wwwmwwwwwx””%””%”%””x”ammmmmmmmmnmannnnnwnwnnwnnmnmnunmn
1 f TUUUEET -
i E:, I v ||| - v
1 ;, I & {
1 - -l .4
~ 1 1 ” ; A_ i ;p_t 3
{1 LN O SO :
I I 1} w | ?
I - (I
| | | f | R
| : |
| ‘ [ 0z m

- 0g




a chore, and it has not yet been completed. 1In 1986,
this system was abandoned and the simple but effective
strip chart recorder has been used since. Data for 1986
and 1987 are currently available with mean daily flows
calculated for both years. We hope to retrieve the data
from the first three years and summarize it during the
upcoming year. Eventually, we expect to calculate
regressions of the biological parameters with mean
discharge, minimum discharge, maximum discharge, peak
discharge values, time since last storm event, etc. for
each of the 28 day benthic algal exposure periods. We
suspect, for example, that maximum production of benthic
algae occurs during times of low discharge with amount of
production probably correlated with the length of time
since the last storm.

Another way to get at the time since the last storm is
to correlate the biological data with time since last
major precipitation event. We are relying on National
Weather Service data for Crystal Falls for these
correlations. Entering this data in our data base is a
priority for the rest of this winter. We have collected
supplemental rainfall data for each site for the last
three summers. These data for 1987 are presented in Fig.
1.24.

D. Summary

Data for all chemical and physical parameters
demonstrated that the experimental and control sites were
very well matched. For the majority of the parameters,
there were no significant differences between sites.

When significant differences did occur between the
chemical constituents, they usually involved a slight
increase in a downstream direction. This trend was true
for hardness, nitrate, and organic nitrogen. These
differences could be related to an expected accumulation
of dissolved load in a downstream direction or to local
land use differences between sites. Whatever the cause,
the differences were small and probably would not lead to
significant intersite differences in productivity. We
initiated experiments in 1987 to determine the impact of.
N and P inputs on the algal community and should be able
to determine if the slight differences in nitrate and
organic N are likely to result in increased productivity
as soon as analyses of these experiments are completed.
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In addition, productivity between the two sites was
not significantly different (see Element 2).

Dissolved oxygen was only slightly below saturation at
both sites but was slightly but significantly higher at
FEX than it was at FCD. This difference was probably
related to differences in sample times between the two
sites. We expected to pair dissolved oxygen data on a
time basis using the automatically acquired data to test
whether these differences were real or not. However, one
of the two meters proved to be unreliable in 1987 making
this comparison impossible.

Chloride also was slightly but significantly higher at
FEX than it was at FCD. This difference might reflect a
slight amount of road salt influence from Highway M-95 at
Channing, MI that is diluted in a downstream direction.
Even at FEX, chloride levels were only slightly higher
than typical rainfall values. Thus, cloride should have
little effect on the biota at either site.

Chemical and physical parameters for FEX and FCD
demonstrated that these two sites were very similar with
significant differences between sites showing up for less
than one-third of the parameters monitored. The
differences that did occur were slight and should have
little impact on site productivity.
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VII. A. PERIPHYTON STUDIES

Element 2 - onit s Composjiti ers

Diversity, Organjc Matter Accrual Rates
tandi e \'{ m d -
Chlorophyll a/ Phaeophytin a Accrual Rates
] st 1 c for Periphvt

Changes from workplan- None. _

Objectives

The objectives of the periphytic algal studies are:
(1) to quantify any changes in species
diversity, species composition, species
evenness, species richness and cell
density that occur as a result of ELF
electromagnetic fields,
(2) to quantify any changes in primary
productivity that might occur as a —
. result of ELF electromagnetic fields,
(3) to monitor any changes in chlorophyll a
and organic matter accrual rates and
standing crops as a result of ELF

electromagnetic fields, and, -
(4) to determine algal cell volumes and
chlorophyll a to phaeophytin a ratios,
thereby providing indices of
physiological stress in periphytic algal
cells that might occur as a result of °.
ELF electromagnetic fields.
Ratjonale
Structural Community Indices: Community composition ' e

of the attached algae has often been used by researchers

to indicate subtle or dramatic changes in water quality.

The effects of toxicants, nutrients, or other pollutants

has often been linked to changes in abundances of

particular diatom species and often to the presence or o
absence of sensitive species.. The use of a species '
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diversity index coupled with measurements of species
evenness and richness allows between site comparisons of
attached algal communities which will include the subtle
shifts in species composition that may potentially occur
as a result of ELF radiation. The dominant diatom
community which develops on exposed glass slides often
consists of 50-70 species on a single slide out of an
estimated species pool for the Ford River of over 350
species. The potential changes in species abundance,
species diversity, and species evenness of this community
afford sensitive and statistically measurable parameters
against which to measure seasonal variation, site
variation, yearly variation and potential ELF effects.

In 1986 we investigated a new statistical procedure
defined by Stewart-Oaten et al (1986) to determine the
suitability of this technique for analyses of the kinds
of structural community indices that we were examining on
the Ford River. The analysis, referred to as the BACI
test, was demonstrated in the last annual report to
illustrate the technique and to see if it would be useful
for significance testing on single species population
abundances. On the basis of our preliminary results,
presented last year, we expect the BACI test to have the
potential to detect the more subtle changes, particularly
in single species abundance fluctuations, than we have
been able to document heretofore. We will also present
the results of our continued investigations into the use
of the BACI analysis concerning other structural indices
particularly chlorophyll a and AFDW-biomass performed
this year.

In addition to studying the species composition of
the attached algae, we are examining the relatively
simple parameter of overall cell density. This directly
determined density measure represents the numerical end
product of species succession and abundance or dominance
shifts by individual species in the attached algae
community, and also includes the effects of physical
environmental factors. The use of cell density, which is
affected by both biological and physical factors, may
thus reveal changes due to ELF effects. This single
parameter is also a very important correlate with other
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estimates of production, such as chlorophyll a, or
organic matter accrual . This labor intensive direct
counting procedure is thus the yardstick against which
other production estimates are often compared and should
help separate potential ELF induced effects from other
biological or physical influences.

Functional Community Indices: Measurement of the
amounts of chlorophyll a, the primary photosynthetic
pigment used by all algae, affords both quantitative and
qualitative comparisons between sites. The quantity of
chlorophyll a present can be directly measured through
the intensity of its fluorescence and can be correlated
with cell density and individual average cell volume to
indicate the relative or qualitiative physiological state
of the algal community. Subtle effects of ELF
electromagnetic fields on the photosynthetic pigment may
result in cellular "leaking" or a general physiological
weakening of individual cells. This weakening may
decrease both the total quantity of chlorophyll a
present, as well as reduce the amount of oxygen generated
through photosynthesis. Including the ratios of the main
chlorophyll a degradation product, phaeophytin a, can
also indicate the degree of physiological stress in the
algal community. Site comparisons of the relative
amounts of oxygen produced by the attached algae will
then compare the final results of photosynthesis.

This multiple approach of methodologies couples
direct determinations of quantitities of pigments present
with indirect physiological measurements of pigment
condition, with further direct measurements of oxygen
levels produced by that pigment. These paramenters thus
allow statistical comparisons of production between sites
thrcughout the year. Utilizing several different
approaches allows us to continue analyses at times when
we must rely on single approaches, for example measuring
chlorophyll a and organic matter accrual directly to
provide estimates of production when the more detailed
production studies of photosynthetic rates are not
feasible at all times of the year, due to weather or
labor constraints.
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Our rationale has thus been to provide multiple data
sets taken independently to be used in determinations of
structural and functional indices, incorporating several
methodologies in order to detect and separate any "real"
differences as a result of ELF electromagnetic radiation
from either backround variability or errors associated
with a reliance on a single method of data collection or
analysis.

Materjals and Methods

Plexiglass slide racks were designed to hold 8 or 10
standard 7.6 x 2.5 cm glass slides in a vertical
placement oriented facing the current in the river.
These slide racks were fastened to bricks and placed in
riffle habitats at the control (FCD) and experimental
sites (FEX). Slides were removed after 14 days for
chlorophyll a, phaeophytin a, and AFDW-biomass accrual
rates and after 28 days for species composition and cell

count determinations, chlorophyll a, phaeophytin a, and
AFDW-biomass standing crop determinations.

For species composition, cell counts, and cell
volume determinations, 5 slides were removed on each
sampling period from each habitat. Three slides were air
dried and the other two placed in a mixture of 6 parts
water, 3 parts 95% ethanol and 1 part formalin. The air
dried slides were later scraped in the lab with razor
blades to remove the diatoms for further specimen
cleaning and slide preparation. The other two slides
will be used to determine species composition of
non-diatom algae should this prove necessary.
Preliminary comparisons have indicated that non-diatom
algae comprise a minor component of the algal community
in the Ford River. Thus, we have chosen to emphasize
studies of diatoms.

Slides were prepared for specimen identification by
cleaning the diatoms removed from the exposed glass
slides in concentrated hydrogen peroxide (30%) followed
by further oxidation of the cellular contents with the
additon of small amounts of potassium dichromate (Van der
Weff 1955). The cleaned diatoms were then rinsed with
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distilled water and settled in graduated cylinders. The
final volume of concentrate containing the cleaned diatom
frustules was then measured and 1 ml subsamples pipetted
onto 22 mm? coverslips, until an adequate counting
density was achieved. The coverslips were air dried and
permanently mounted on glass slides using Hyrax medium.

Counting to determine diatom density calculations,
and species determinations was done at 1250X
magnification on a Zeiss microscope equipped with phase
contrast illumination and an oil immersion 100X
Neofluar phase objective with numerical aperture of 1.30.
Transects were taken moving across the coverslip until
between 300-400 frustules were counted. Estimates of
diatom densities were then calculated from these
quantitative samples via the equation:

Valves Counted a v VolumConcentrate

2, 2 (Area Transect)(Volume Subsample) (Area Sampled)

cells m

Diatom species composition was recorded for each
slide counted for determination of species richness,
diversity (H’) using the
Shannon-Wiener formula (Southwood 1978; chosen for its
more universal use and acceptance than other more obscure
diversity indices), species evenness (J), and dominance.
Cell volume measurements were taken by measuring lengths,
widths and depths and recording shapes of dominant
diatoms for calculation of cell volume based on geometric
formulae or combinations of various geometric volumes.

Analyses for both chlorophyll a and phaeophytin a
followed the fluorometric determination described in
Method 1003C in Standard Methods (APHA 1980). All
samples were analyzed within a month of collection.
Initial analyses suggested no differences in these
parameters whether or not the samples were ground first
with a tissue homogenizer to facilitate cellular rupture.
This step was therefore eliminated. Slides were
collected, frozen for at least 24 hours to promote cell
rupture, and then pigments extracted in 90% acetone.

Chlorophyll a and phaeophytin g were then Y
deternined following procedures outlined in Standard 1
Methods.
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Organic matter biomass determinations were conducted
following procedures 1003D for productivity estimates in
Standard Methods (APHA 1980). While using the gain in
ash-free dry weight per unit area as a measure of net
production (APHA 1980), we recognize that determining
rates of primary production from a temporal series of
biomass measurements results in minimal estimates of net
production. The losses that may occur from excretion of
organic compounds, respiration, mortality, decomposition,
emigration, or grazing are certainly not included in
determining this production estimate (Wetzel 1975). The
accrual of biomass is a combination of processes
involving dynamics of both colonization and production.
Results from our study of the colonization component on
biomass accrual should increase the accuracy of these
production estimates. Rather than list results as
production, however, we will refer to them as organic
matter accrual rates or AFDW-biomass accrual rates.

Statistical comparisons between sites emphasize the
paired-t test, as recommended by one of our reviewers in
past annual reports. Most of these tests for prior
annual reports were performed on either yearly data sets
of 13 values (28 day periods = 13 per year) or a
combination of two or three years data only. This report
will present the results of paired t-tests of all data
from June 1983 through June 1987, a five year comparison
between sites. Single year data will be presented for
October, 1986 through September, 1987 and results for
yearly paired t-tests on all parameters measured will be
presented in order to be consistent with previous
reports. However, the emphasis of this report will be on
presentation of statistical comparisons utilizing data
collected over the full, five year period. 1In the
future, each additional year’s data will be added on to
this five year data matrix so that completely up-to-date
analyses for all the years of the study should be
available in each future report. Biological parameters
included in both the five year and single year
statistical analyses include;chlorophyll a, AFDW-biomass,
cell density, species diversity, species evenness, total
biovolume and, average individual cell volume.
Calculation of a giant correlation matrix using all
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available data (53 total variables with sites separate)
collected from biological, ambient, and nutrient
variables shows a more complete picture of potential
relationships. Future analyses including multiple
regressions with additional variable transformations
(similar to those show in last years annual report),
particularly for variables showing significant
correlations in the large matrix, will be completed for
next year’s report. Additionally, both total biovolume
and individual cell volume have been calculated for all
samples since 1983, and these parameters are now complete
and included for analyses in the five year comparisons.

In addition to the paired t-tests performed on data
collected between sites, we also analyzed the data using
a three factor ANOVA for the five year period. Factors
representing Year, Site, and Month (Date) for each of
our biological parameters were used. This year we also
repeated some of the exploratory factor analyses
reported in last year’s annual report on the complete
five year data set, but interpretation is still
unfinished.

While we increase the degree of statistical analyses
performed, as well as the complexity of the analyses with
each report as more data becomes available, there still
remains a large inherent variablility between our
biological field samples collected at one point in time.
For example; chlorophyll a determinations had
coefficients of variation (C.V.’s) that averaged 32% in
84-85, 42% in 85-86, 37% in 86-87 (samples periods when
the numbers of samples were increased to 10 slides per
sample date), AFDW-biomass had C.V.’s that averaged 40%
in 84-85, 64% in 85-86, and 45% in 86-87, diatom cell
density averages were 38% in 84-85, 39% in 85-86, and 33%
in 86-87. All three important biological parameters,
thus, showed average C.V.’s possibly too high to detect
subtle differences due to ELF effects if comparisons are
made at one point in time or for a single random sample
period only. Derived measurements of species diversity
or species evenness calculated from the field samples
showed much lower C.V.’s ranging from 1% to 27% and
averaging 10% in 85-86 for species diversity and 10% in




86-87 as well, and species evenness averaging 7% in 85-86
and 6% in 86-87. The individual C.V.’s of many of our
monthly samples often fell below the 20% rejection level
commonly used in benthic studies (Cummins 1975), in spite
of the wide range in C.V. values observed over the course
q of a year. At such times, when the C.V.’s are low,
statistical comparisons made between sites therefore
provided a sample size sufficient to be 95% certain of
detecting a 40% difference in means between the two sites
at the .05 significance level (Sokal and Rohlf 1969).
o Coefficients of variation tend to be lower during low
flow periods in summer and more variable during the
higher waters seen in spring and fall periods. Thus,
statistical comparisons may emphasize these time periods
to be able to detect small differences between single
, time period comparisons. Our main efforts have been to
hl devise tests rigorous enough to detect differences using
larger samples over more than a single time period,
however. We expect overall trends to be examined through
the before mentioned 3-Way ANOVA, as well as BACI, and
through regression analyses comparing pre-ELF exposure
data with post-ELF exposure data and potentially time
series analysis. We expect to contrast not only monthly
but seasonally and yearly data as well. We have expanded
the use of the BACI procedure this year to show the
usefulness of this technique for analyses beyond the
species abundance contrasts used in last year’s report.
These results will be presented below and appear very
promising.

The abilities of both water chemistry parameters and
environmental conditions to predict levels of biological
variables were investigated through the use of extensive
multiple regression analyses reported in the last annual
report. In addition, all ambient data from the jin situ
probes and recorders were summarized and included. The
use of these multiple regressions, together with the
correlation matrices often indicated potential
interrelationships between the physical, chemical and
biological parameters. Such regressions were calculated
for the 1986 data for last year’s report . This year we
will emphasize the use of the entire five year data set °
through correlation analyses, the three way ANOVA and
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paired t-tests. Eventually all these methodologies,
including factor analysis will be performed on all
collected data.

Result 1 Dj .
A. Colonjzation Patterns

In previous annual reports (AE-020, AE-031 and
AE-045 for 1982-83,1983-84, and 1984-85), we summarized
data on colonization patterns for periphyton for the Ford
River. These data demonstrated that for determining
rates of productivity and organic matter accumulation, a
14 day period was best during the active growing season
(mid-June to mid-September). This 14 day period
coincided with rapid increases in chlorophyll a,
phaeophytin a, and accrual of organic matter. Selecting
this early period minimizes losses due to sloughing that
increase as the periphyton community "matures" or
approaches its maximum sustainable density on the slides
(Burton and King 1983). This period of maximum daily
increase in organic matter and chlorophyll a is often
used as a measure of net production (APHA 1980; Burton
and King 1983). Since the daily increases are less rapid
during the cold weather, we used the 28 day period for
estimates of daily productivity or accrual rate during
the winter months and the 14 day period from April
through October.

After 14-21 days during exposure periods without
major flood events, the periphyton community composition
was shown to change slowly through time (Oemke and Burton
1986), and qualitatively approximated the mature
community on natural substrates in the stream. Thus,
standing crop estimates of chlorophyll a, phaeophytin a,
organic matter, and all community composition parameters
(cell density, species diversity,species evenness, and °®
species dominance) are based on a 28 day exposure period
throughout the year. All data from 1983-1987 were baseqd
on this 28 day or this 14 day exposure period and
sampling regime. As reported in the 1°5z-83 annual
report (AE-20), differences between a slow flowing pool P
habitat, and the more rapidly flowing riffle habitat were }
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cither slight or insignificant as exposure length
increased. Thus, all samples are presently collected
from riffle areas only. Data on these colonization
dynamics were published in Hydrobiologia in 1986, and
presented as an appendix in the annual report far
1986-87.

. terns (o) a

Final site selection was completed in 1983. Data
from June 1983 through September 1987 for 28 Day
chlorophyll a standing crop showed that annual patterns
differed markedly through time (Fig. 2.1,Table 2.1).
Annual patterns do, however, indicate that each year a
peak occurs during the summer months in either July or
August. The magnitude of the peak varies from values
as large as 12-14 mg m~2 in 1983 to lows of 4~7 mg m~2 in
1984. The 1987 peak also occurred in August for both
sites (Fig. 2.1, Table 2.1) and reached levels of 9-12 mg
m~2. Another consistent pattern has been that
chlorophyll a standing crop has been less than 1.0 mg m™2
under the ice in winter (Fig. 2.1). However, in 1987 the
winter was characterized as being moderate in severity,
with substantially warmer temperatures resulting in less
ice cover for the Ford River. The fact that periphyton
produced substantially greater levels of chlorophyll a
for these winter months of January, February and March
is clearly visible (Fig. 2.1). The levels of pigment
observed for 1986-87 winter are much greater than those
observed in any winter for the previous years. This
period of cold water temperatures and ice covered water
has generally been 1less variable for the biological
samples taken during these periods. We intend to
investigate the climatic and potential hydrologic
conditions that may have resulted in the rather unusual
winter pattern observed in 1986-87 for many of our
biological variables (see discussions below). The period
of highest annual variability has generally been the
periods from late March through June. This period
sometimes contains secondary peaks in standing crop
production, e.g. May 1986, while in other years no peak
occurs (Fig. 2.1). This secondary peak seems to be
associated with dry spring seasons with low flows and
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relatively warm temperatures following snow melt runoff
events. Certainly, May, 1986 was one of the driest and
warmest Mays on record. The spring secondary peak for
1987 was very likely obscured by the continued high
growth of the winter-time algae which continuea
throughout the spring months (Table 2.1). As the spring
rains occurred, disrupting the established winter algae
community due to increased water currents in the river,
the levels of chlorophyll a showed a gradual and steady
decline from the high values recorded in the winter
months (Fig. 2.1, Table 2.1). Comparisons between sites
showed no significant differences using a paired t-test
for chlorophyll a levels (Table 2.2), and a high
correlation coefficient between the sites (r=.78, Table
2.3). The 1986-87 data were consistent with data for the
five year period. There was no significant difference
between sites for the five year period (Table 2.4), and
chlorophyll a at FEX was signifcantly correlated with
chlorophyll a at FCD (Table 2.5).

Daily chlorophyll a accrual rates followed the same
pattern as did standing crop with July-August peaks and
winter lows (Fig. 2.2, Table 2.6). For 1986-87 the
August peaks were roughly 0.4 mg m~2d~! for FEX and 0.6
mg m~2 d~1 for FCD (Fig. 2.2, Table 2.6). These peak
daily rates were well above those observed in previous
years. Both standing crop and daily accrual rates were
very similar between FEX and FCD, and there were no
significant differences between the sites in 1986-87
(Table 2.2) or comparing all the 28 day sample periods
for standing crop data since June 1983 (Table 2.4)
Differences were found to be significant between sites in
the report for 1983-84, analyzing only a single year’s
data by paired t-tests. The following year greater care
was taken to place slides in similar habitats with
respect to current velocity (See Fig. 2.3 for 1987
velocities ), shading, and depth. Subsequent reports
have shown no significant site differences in the last
three years. We may have to delete the first year’s data
from subsequent analyses because of the significant site
differences during that year. Results from the 3 way
ANOVA (Table 2.7) on the five year data set indicated a
small but significant site effect exists for chlorophyll
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a and that year and month show very highly significant
effects. Chlorophyll a is the only biological parameter
which shows this significant site difference (Table 2.7).
Correlation coefficients (r) calculated between sites
(Table 2.3 and 2.5) show highly significant relationships
of above 0.70 for chlorophyll a., Calculation of
coefficients of variation for this parameter by month
indicate that C.V.’s are often low (11-22%) when
chlorophyll a levels are at their peak. Thus, perhaps
single, monthly comparisons of peak standing crop
differences and daily accrual rates will allow us to
detect more subtle differences than will use of the
entire year’s data (but see presentation of BACI). Even
so, we consider annual patterns of chlorophyll a to be
important parameters in that they allow us to select time
periods of low potential variability (peaks in standing
crop) for single "point" comparisons and analyses.

C. Patterns of Organic Matter Accumulation

Organic matter measured as accumulation of ash free
dry weight (AFDW) on glass slides followed the same
trends as did chlorophyll a (Fig. 2.1, 2.4). There were
peaks in organic matter standing crop in July -august of
each year of 1200 mg m~2 or more and winter lows of
about 250 mg m~2 (Fig. 2.4, Table 2.8). Organic matter
standing crop maintained a clearer yearly pattern than
chlorophyll a, particularly between 1986 and 1987 (Figure
2.4. 2.1). The pattern for the colder winter months is
essentially the same for 1987 as for the previous 4
winter periods (Fig. 2.4). The milder winter in 1986-87
was reflected in the high levels of chlorophyll a
measured from that time period, as well as changes in the
diatom community, as discussed below. The effects of
this mild winter on organic matter standing crop appeared
much less noticeable compared to these other parameters
(Figs. 2.1, 2.4, 2.6, 2.7, 2.8, 2.9, 2.10). Organic
matter standing crop may be derived from some settling of
seston on the slides despite their vertical placement in
the stream, or it may be derived from a combination
of bacterial, fungal, and algal production. Seston
settling may be more related to the hydrologic regime
than are the other sources, while bacterial and fungal
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production may be related to leaf inprts, or
decomposition of other organic materials. At any rate,
these processes are probably less coupled to solar input
than is algal production. Thus, it is not surprising
that organic matter standing crop and algal standing crop
responded differently to the mild winter conditions of
1986-87.

Organic matter levels were found to vary between
sites and often within a site (average C.V.’s 44% for
1986~87). Paired t-tests between sites, however showed
no significant differences over the five year period
(Table 2.4) or for 1987 data (Table 2.2). Correlations
between both sites (Table 2.5) also indicated a highly
significant correlation coefficient (r=.71). The results
of a three way ANOVA (Table 2.7) for AFDW-biomass showed
no significant site effect over the five year period and
a highly significant year and sample month effect
(p<.001). Thus, variability between years and between
monthly sample periods were the only significant effects
on AFDW-biomass, followed by a smaller, but significant
interaction effect between year and month.

Organic matter accrual rates (Table 2.6 and Fig.
2.5) showed high variability but overall agreement
between sites for both long term and yearly data, but
there were major differences for certain dates. Despite
the occassional, high variability there were no
significant differences between sites for 1987 (Table
2.2).

D._ Patterns of the Ratio of Chlorophyll a to
aeo in

The ratio of chlorophyll a pigment to its primary
degradation product , phaeophytin a was determined every
28 days as part of the routine analysis of chlorophyll a
and to determine the physiological health of the algal
community (APHA 1980). This ratio continued to be highly
variable (Table 2.9) for 1986-87. Because of the
apparently random high, variability obtained with this
index, it will probably not be very useful for comparing
ELF effects between the experimental and control sites.
Paired t-tests between sites for 1986-87 showed no
significant differences (Table 2.2).
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E. Patterns of Djatom Cell Density

Diatom cell density was characterized by
wintertime low levels for each of the years studied at
each site (Fig. 2.6, Table 2.10). Typically the lowest
values occurred in January or February when the Ford
River was ice covered and light penetration and water
temperatures likely reduced the rate of photosynthesis
and subsequent cell growth. The wintertime season,
stretching from late October until April or even May, was
a period characterized by diminished levels of periphyton
production in terms of diatom density. Actual values
ranged from 107 to 108 cells per square meter. The
greatest periods of diatom production, as measured by
cell density, were more sporadic and less predictable.
The periods of highest cell density appeared to be the
most affected by the vagaries of climatic or
environmental conditions or hydrologic changes. The
highest monthly densities of cells were reported in
August of 1983, June 1984, June 1985, May 1986, and May
1987 (Fig. 2.6). Thus, the highest cell densities
measured were found to occur anytime within a four month
spring-summer period. The duration of continued high
cell densities also varied by year (Fig. 2.6), sometimes
continuing throughout the summer and at other times
restricted to only one or two months of very high
densities, e.g.,. May 1986. In 1987, this peak density
was for early May ( > 5 x 109 cells per square meter,
Table 2.10), and was followed by a continued steady
decline in diatom densities thereafter throughout the
summer and fall (Fig. 2.6). Thus, it appears that the
most predictable pattern was for lowest cell densities in
the winter and for greatest densities in the spring
and/or summer. The least predictable variable is
determining the precise magnitude of these density
differences. The peak is generally a period when cell
growth can be very fast and resulting densities
correspondingly large (Fig. 2.6, May 1986).

In spite of these problems in predicting variability
between years, within years both sites appeared to show
corresponding periods of high or low diatom densities.
Results of paired t-tests from cell density data
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collected from June 1983 through June 1987 (Table 2.2
and 2.4) indicated that between site differences in cell
density were not significant . The two sites also
appeared to be affected similarly in the timing of the
observed cell density fluctuations as determined from
correlation analyses ( Table 2.3 and 2.5) . Results of
the three way ANOVA (Table 2.7) for cell density over
the five year period showed highly significant effects
(P<.001) for yearly and monthly differences in diatom
density. Two interaction effects are also significant;
the most significant interaction between year and month,
followed by a smaller, but significant year and site
interaction. We will have to evaluate our data in
greater detail to determine the exact nature of these
interactions, particularly the one between site and year.

F. Patterns in Individual Cell Volume and Total
Biovolume

Major diatom species were measured individually for
volume calculations. Length, width, and thickness
measurements were used from light microscope
determinations along with electron photomicrograph
measurements. This allowed calculation of each species
cell volume by fitting the closest geometric figure or
set of figures to each single species morphology. Volume
estimates for each species counted per sample were
multiplied by the density of that species in the sample
and summed over all the species present to provide an
accurate picture of total biovolume and average
individual cell volume. Paired t-tests on both average
cell volume and total biovolume between sites were not
significantly different (Tables 2.2 and 2.4) for the
five year study period. Correlation coefficients (r) of
.96 for individual cell volume and .75 for total
biovolume for the five year period were highly
significant (p<.01, Table 2.3 and 2.5), indicating that a
fairly close pattern of fluctuations for each parameter
occurred at both sites.

Generally, the total biovolume of diatom cells was

low (Fig. 2.7). Notable exceptions occurred in May 1986
when a large peak was observed which corresponded with a
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similar peak recorded in diatom density for the same
period (Fig. 2.6). The large peaks in biovolume recorded
from Dec., Jan, Feb., and March 1987, occurred without a
similar rise in diatom density (Figs. 2.6, 2.7). This
was due to the presence of the very large diatom Synedra
ulna, which has an individual cell volume of about 1800
cubic microns compared to the more average volume of
about 225 cubic microns for other diatom species (see
also discussion under species diversity and evenness).
Thus, the presence of a small number of these extremely
large forms resulted in an overall large estimate of
total biovolume.

Individual cell volumes for the five year period
(Fig. 2.8) were characterized by a trend towards larger
volumes of diatoms in the periphyton occurring during the
colder, winter months of November through March and
smaller diatoms occurring during the summer months, a
pattern also characteristic of the 1987 data (Table
2.11). The three way ANOVA on the five year data set
indicated the same significant factor effects for
biovolume and individual cell volume (Table 2.7), i.e.
year and month and a strong, year x month interaction.
No significant site effect or interaction term appeared
which included the site factor.

G. Patterns of Species Diversity and Species
Evenness

Changes in species community composition may reflect
the effects of a host of environmental variables, such as
changing light levels, increasing or decreasing water
currents, or changing water temperatures that may act
individually or synergistically to subtly change the
abundance of various algal species. The presence or
absence of particular diatom species has been used as an
indicator of potential pollution (Patrick 1966).
Comparing the changes in the periphyton community through
the use of a species diversity index and a species
evenness index will measure the extent of changes in
number of species and the distribution of individuals
within that community. Such indices may indicate
potentially subtle shifts in community structure which
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are often unnoticed using other tests, such as
chlorophyll a , organic biomass levels, or cell
densities. The pattern in the Shannon Wiener diversity
index (H’) and Simpson’s Evenness index (J) over the
entire period from 1983 to 1987 (Figs. 2.9, 2.10) were
similar with evenness and diversity appearing to track
each other during most seasons. An exception to this
pattern of similarity was the winter of 1985-86 when
declines in diversity were accompanied by increases in
species evenness. In general, however, the pattern for
both indices was that greatest values occurred in the
winter months and lowest values in the summer. These
periods corresponded with predictable increases observed
for certain diatom species each year in the wintertime,
like Meridjon circulare, Gomphonema olivaceum, and
Synedra ulna. In addition, decreases in dominance by the
genera Achpanthes or Cocconeis from summer time highs of
40-60 % to relatively rare numbers in winter made it more
likely that less dramatic increases by otherwise rare or
seldom encountered diatom species would be detected in
the counts of 300 valves per slide. In winter, no single
diatom species reached the dominance levels found for
periphyton comnvnities in the summer. This reduction in
dominance exple .ns, in part, why the community indices of
diversi*v =~ :venness are generally larger in winter
months. oJne exception to this argument was observed in
the winter of 1987 (Figs.2.9, 2.10, Table 2.12) when both
indices were lower in the winter than in the summer when
dominance should have affected both indices to reduce
their magnitude. The large, spindle-like diatom Synedra
ulna var. ulna became dominant during the winter and
maintained this dominance until the first floods of
spring. December to May of 1987 was particularly warm for
the region resulting in little ice-cover on the river.
These unique conditions may have favored the growth of
this large diatom. We expect to correlate snow depth and
snow fall measurements with winter diatom dominance to
perhaps explain the abundance of this diatom species.
While the total cell density measurements made at this
time were not unusually high (Fig. 2.6, Table 2.10),
calculations of total biovolume and individual cell
volume which were based on cell size rather than cell
number showed very large peaks, the largest recorded in
the last five years (Figs. 2.7, 2.8; Tables 2.10, 2.11)
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Comparisons of diversity and evenness between sites
through paired t-tests (Table 2.2, 2.4) indicated no
significant differences in diversity or evenness between
sites. Correlation coefficients of .84 for diversity and
.78 for evenness indicated che close relationship of
these parameters between the two sites over the five year
period (Table 2.5) . The three way ANOVA (Table 2.7)
for species evenness corroborated the significance of the
previously discussed ANOVA’s on the other biological
parameters, with year, month, and year x month
interaction being significant.

. Before and Afte Cont and ac BACI
alysis

Our current methods for analysis of "before" and
"after" ELF effects as reported in previous annual
reports, include a traditional 3-way analysis of
variance. The variables include a year, site, and
month effect for each of the biological parameters.

The 3-factor ANOVA results were presented in Table 2.7
and discussed under each bioclogical parameter’s
sub-heading. While this analysis may prove to be the
most statistically robust of several analyses available,
they all may suffer from a lack of true replication or
"pseudoreplication" (Hurlbert 1984). Thus, to consider
the validity of such questions, and to remove ourselves
from dependancy on a single methodology, we have analyzed
our data according to the new techniques presented by
Stewart-oOaten et al. (1986). The methods discussed and
presented by Stewart-Oaten et gl. (1986) are intended to
meet Hurlbert’s objections (Hurlbert 1984) concerning the
appropriate design of sampling programs to assess
biological impact at a single point. The design requires
replicated sampling in time; PBefore and After the
antenna is operating at both Control and Impact sites
(the BACI design).

In the BACI test, Impact (FEX) and Control (FCD)
sites are sampled simultaneously with each sampling time
acting as a replicate. Only a single point is used to
represent a sampling time regardless of the number of
samples taken at that time, and that point is the

103

o

K ]

nJ




N=3.

ty (H') and Evenness (J)
Means + S.E.,

iversil

for Experimental (FEX) and Control (FCD)

Sites for 1986-87.

Species D

o~
L)
(3}
o
-1
Q
[}
€

FCD

FEX

N N =2 VW &N A A Y N &N =~
© O © © © © © © o o o o
()] . . . . . . . . . . . .
0
0 + o+ O+ H O+ H +
W O = & 1 NN N O~ O O
0 &~ VW @ @ N @ W [~~~ ™
L] [ ] L[] L] L] L] L ] L] L[] L] L) .
5 © © © © © ©o o o o o o o
n v &~ M 00 VvV T OO0 O v v
3 - < O N © O © &N «H A A ©
L ] L] 1] L] L] L[] [ ] L[] * L] * .
o
a +H O+ o+ o+ H H O+ +
@ N W M O O O O O N MM N O
> T O O YV N VvV o 1 o v <«
- L) . L] [ ] * L] . ) L[] L] L] L]
(=] ™ o~ N = - -l ~- - N N N ™
- N o -~ 4 O ¢ 4 N o o ©
3 © O © 0O © © © © © o o o
* L] . * L] L] L] 1] L] . . L]
Q)
E + H O+ O+ H H H H H O H
Q N N O N 9 O 0O ¢ N ~ O ™
4 W O M <« VB VMmO~ VvV VW
m . [ ] L ] L] L] L) L] . . . . .
© O © © O © © © © ©o o o
S ®© M ©~ 9 N VW O O ~ o ™
> © © 0 O M © H€H O H ~N H© o
p L] L] L] L] L ] L ] L] L ] L ] * [ ] .
@
s S 2 I o T T B I T I T I A |
> ] o © n o o ~ o o~ o (= ©
g € O O M ! O «H o0 v o 9~ =
M M 4 A A A A © - A ~
O
O Vv © [ o TR TN o S
o o ] ~ &~ M N O o o o
] i N ®©® o o | ] ] | )
N 0 I 1 ' ] OO N © +H
) | I [« (V) O = N (5] o ™ o
© =~ o | ] | | | t | | |
ot A N MmO v~ o O




difference between the Impact and Control sites for that
time. By plotting this difference between sites for each
sampling time throughout a year, a curve of differences
can be determined. The analysis is then used to detect
whether the variability about this curve of differences
for the two sites changes significantly after the antenna
is switched on, or the impact begins from the curve of
differences established before the impact started.

Last year, in order to illustrate the use of the BACI
analysis (Stewart-Oatén et al.1986), we compared
abundances of the diatom species, Cocconeis placentula
between our control (FCD) and impact (FEX) sites from
1983 to 1985, using 1985 as a hypothetical "impact"
year. This year, to further illustrate the applicability
of this technique to test other parameters, we have used
it to analyze our "community level" parameters of
chlorophyll a and ash free dry weight-biomass data for
the years 1984-1987, using 1984-85 as our "before" period
and 1986-87 as our "after" period. In fact, the site at
FEX received from 2-6 amps (usually 4 amps) ELF exposure
for variable time periods during the daylight hours on a
total of 31 days during the period from July 22 through
October 30, 1986. During 1987, the site at FEX received
15 amps for variable time periods during the daylight
hours on a total of 53 days from May 22 through August
31, 1987. These exposures are one tenth or less of the
expected exposures when the system becomes fully
operational at 150 amps. Nevertheless, the BACI tecnique
allows us to compare these two years of minimum exposure
to previous years of no exposure.

The BACI procedure examines the difference between
the means of any parameter measured simultaneously at
both the control and impact sites. The differences
recorded before impact are compared to the differences
after impact, by either a t-test or the Mann-Whitney U
test, in order to determine the effect of the impact. If
the magnitude of the difference between the control and
impact sites for any given parameter changes
significantly after impact, there is a significant effect
due to the impact. This procedure assumes that the
following conditions are met: (1) the measures of the
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parameters at any time are independent of the measures
of those parameters at any other time, and (2) the
differences between the control and impact sites are
additive. This second condition implies that the
difference between the two sites is relatively constant
regardless of the actual magnitude of the parameter. The
first condition is easily met by a proper study design.
In our example, the parameters were measured from glass
slides that had been exposed in the river for 28 days
prior to sampling. As new slides were used for each 28
day period, the parameters measured on the slides are
independent of the value of those parameters for any
other 28 day period. The second condition was usually
met by log transforming the original data (if necessary)
befcre calculating the differences. If regression of the
differences versus the averages of the parameter at both
sites (for either the actual or the transformed data)
produced a slope that was not significantly different
from zero, the differences were additive and significance
testing proceeded.

Neither the differences between the control and
impact sites for chlorophyll a or AFDW-biomass
untransformed data were additive. The original values
were therefore log transformed for both parameters and
both time periods; 1984-85 and 1986-87. The differences
between the log transformed values were plotted (Figs.
2.11, 2.12). Regressions of the differences in the logs
between each parameter and the average value of the logs
all produced slopes that were not significantly different
from zero (chlorophyll a before; p=0.28, after; p=0.20:
AFDW-biomass before; p=0.38, after; p=0.28). As the log
transformed data met the conditions of independence and
additivity, the differences in the logs for both
parameters were compared between the "before" and "after"
periods with a two-tailed t-test. The differences
between the control and impact sites for the log of
chlorophyll a were not significantly different
(t=1.46,p=0.23), nor were the differences for the log of
AFDW-biomass (t=1.46,p=0.15).

We feel that this type of analysis is very promising
for testing ELF effects. The results from the two types
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of parameters tested indicated that the BACI test
provided the ability to detect significant changes in
both single species population changes (as reported in
last year’s annual report) as well as the community level
parameters like chlorophyll a and AFDW-biomass ( reported
here). Thus, we expect to use the BACI analysis in
combination with our other statistical methodologies.

ts o nvi v e

Periphyton Community .

The entire set of five year data was separated by
site and entered for calculation of correlation
coefficients. All nutrient chemistry data were used to
determine the relationships between the biological
parameters and the nutrient resources available in the
water. Field chemistry data on pH, alkalinity, hardness,
dissolved oxygen, conductivity, suspended and dissolved
solids were also correlated to the biological parameters.
Additionally, the ambient environmental data were
correlated with biological data and included
photosynthetically active radiation (PAR) determined
below and above the water surface, stream discharge, and
water temperature. In addition to these correlation
coefficient calculations, exploratory factor analyses
were performed on the resulting correlation matrices.
These factor analyses will not be reported in detail here
but represent an approach that we expect to explore more
fully in the future.

The multiple regressions calculated for the June
1983 to June 1985 data sets for each site were presented
in the last two annual reports and were not repeated for
1986-87. Likewise, variable transformations were
performed last year to determine the linearity of
variable relationships. These will not be repeated for
this report but may be useful when the factor analyses
are more throughly investigated. Our conclusion from
last year’s report that "an overall correlation matrix
appeared to be as robust using untransformed data as any
transformation attempted" was one reason for the
determination of correlation coefficients on our entire
data set for 1983 through 1987. We will present small
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segments of this analysis as the entire correlation
matrix was over twelve pages in length, and the factor
analysis ran over seventy five pages.

Stepwise regressions in 1986 for chlorophyll a and
the ambient monitoring parameters indicated that water
temperature alone explained 61% of the variance followed
by conductivity of the water (33%). Water temperature
was the only significantly important factor for organic
matter standing crop and accounted for only 36% of the
variability. Between the biological variables, organic
matter biomass explained 55% of the variance in diatom
cell density. Only water temperature of the physical and
chemical variables was even weakly correlated with

density.

Comparisons of the five year data set between sites
indicated some differences in the correlations of the
biological parameters with the water chemistry
constituents (Table 2.13). Chlorophyll a correlated
significantly with pH at FEX but not at FCD (Table 2.13).
AFDW-biomass correlated significantly with conductivity
at FCD but not FEX (r=.50 and .09), while cell density
showed a significant negative correlation with hardness
at FCD but not at FEX. While most variable relationships
appeared generally constant in their magnitude and effect
on both sites (Table 2.13), the contradictions as noted
may deserve further investigation. Chlorophyll a again
appeared to be largely temperature influenced, and
negatively correlated to discharge. Thus, temperature, a
physiological constraint, and discharge, a physical
constraint, were closely correlated with chlorophyll a
levels. These relationships are not surprising in that
low flow periods in mid-summer are often the times of
highest temperatures and benthic algal production.

AFDW-biomass levels (Table 2.13) were correlated
strongly with temperature and dissolved oxygen, although
not as strongly as chlorophyll a. Cell density appeared
to be most influenced by the amount of sunlight or PAR
(Table 2.13), since high levels of PAR above the water
surface significantly correlated with high cell
densities. Cell volume showed inconsistent relationships
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Recirculated water was continuously recycled through the
chambers using submersible pumps. Each test lasted from
0.5-2.0 hours between 1000 and 1300 hours of each test
day in 1984. One site was tested during one week, and
the second was tested during the following week in 1984.
Even though 1984 results indicated no significant
diffference (t-test) between sites for net production,
respiration, or gross production, the relatively large
standard deviations led us to change procedures
concerning exposure durations and site selection for
1985. Since 1985, P/R studies at FCD and FEX have been
conducted on the same day with the test at each site
lasting one hour. Tests were begun at one site at 1000
hours and completed at the other site by 1400 hours.
Alternate sites were tested first in alternate weeks.

The assumptions made for the purposes of production
calculations considered algal periphyton to occupy only
the upper surface half of each rock. Surface area was,
therefore, determined by wrapping each rock in aluminum
foil, straightening the foil, and determining the area of
foil using a leaf area meter (LI-COR). Production
estimates; mg O, /mg Chl a_and mg oz/m2 were calculated

after subjecting the rocks with attached periphyton to
chlorophyll a extraction. We discovered errors in the
calculations from past annual reports. Thus, corrected
data are presented in this annual report since the start
of this procedure in 1984.

We agree with reviewers from past years that P/R
studies should be done for as many seasons of the year as
possible. However, these procedures are labor intensive
and can only be done with present level of funding during
times when student technicians are available (June 15
through September 1). Thus, these determinations will be
done in this period only unless additional funds are
forthcoming for studies during other seasons.

Gross and net primary production and respiration
were very similar between the control (FCD) and
experimental (FEX) sites for 85-87 (Tables 2.15 and 2.16
). The modified procedures used in 1985-86-87 resulted
in lower standard deviations for each parameter and in
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that did not hold between sites (Table 2.13). Species
diversity and species evenness were negatively correlated
with the amounts of sunlight (except species evenness for
FCD) (Table 2.13), This and the positive correlation of
PAR and cell density suggested that optimum growing
conditions for diatoms during the summer might result in
dominance by only a few species. In fact, Achnanthes and
Cocconeis become very dominant in the summer during low
flow and warm temperature conditions, and this dominance
decreases as temperatures cool and flows increase during
the autumn (Oemke and Burton 1986).

The correlations between the biological and
nutrient parameters (Table 2.14), indicated that
chlorophyll a, AFDW-biomass, and cell density were
significantly, negatively correlated to levels of nitrate
and inorganic nitrogen in the water at both sites.
Species diversity also showed a negative correlation with
chloride levels. These correlations appear to show
patterns generally reverse from expected. However, the
low r values coupled with preliminary experiments on
nutrient additions suggest that these results are
misleading. Additions of N and P stimulated chlorophyll
a and AFDW-biomass production under low flow, mid-summer
conditions in experiments conducted in 1987. We will
finish the analysis of density and changes in species
composition for this experiment during the upcoming year
and will better be able to predict the effects of
nutrient additions on these parameters at that time.

J. Photosynthesis-respjration ratjio studies (P/R)

A separate study was undertaken to evaluate primary
production using short term changes in dissolved oxygen
gas concentrations during the summer period of intense
algal growth. The dissolved gas procedures are
advantageous because estimates of net primary production,
gross primary production, and community respiration may
be obtained with one technique (Bott et al. 1979). Rocks
from the stream bed were placed inside each of six
plexiglass chambers occupying 1/3 to 1/4 of the total
chamber volume of 3-4 L. Three light and three dark
chambers were run simultaneously on each date.
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additional convergence of mean values between sites
compared to 1984. Differences between years were not
very great for these parameters (Tables 2.15, 2.16)
suggesting that this community based comparison offers a
robust means for detection of possible ELF effects once
the antenna goes operational.

K. Summary
1. C Q a

Annual patterns for chlorophyll a standing crop and
accrual were characterized by large year to year
variability. The only consistent trend was for
July-August peaks in most years and winter lows. The
magnitudes of peaks also varied between years. Paired
t-tests for 1986-87 data showed no site differences,
although the five year three way ANOVA indicated a small
but significant difference between sites. Combining all
sample periods in a single paired t-test, however, showed
no significant differences existed between sites.
Likewise in 1986 and in 1985 no between site differences
were detected (yearly paired t-tests). Differences
between sites occurred in 1983 and 1984 only. This
parameter may be better used to test single point, or
single sample period differences between sites when
production is high and the coefficients of variation for
chlorophyll a also low. Additionally this parameter
seens suitable for testing with the new BACI technique to
detect differences between sites once ELF exposure
begins.

2. Organic Matter

Organic matter (AFDW-~biomass) standing crop and
accrual rates showed considerable year to year
variability similar to chlorophyll a. These parameters
have been consistently characterized by showing no
significatnt differences between sites since 1983. The
combined paired t-test and three way ANOVA showed very
close agreement, analyzing all the data available, to
indicate no between site differences. The only trend has
been for a July-August peak in standing crop and accrual
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Substrates at the Ford Control Site (FCD) for 1984-87.

Table 2.15 Hourly Production and Respiration Rates for Rock

R
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Table 2.16 Hourly Production and Respiration Rates for Rock Substrates at the Ford Bxperimsntal Site
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rates and winter time lows for both standing crop and
accrual.

3. Chlorophyll a to Phaeophvtin a Ratjos

This ratio continued to vary widely throughout the
year in 1986-87. The random nature of the fluctuations
appear to indicate that this parameter will not be useful
for detection of ELF effects.

a. Diatom Cell Density

Diatom cell density continued to be characterized by
no statistical difference between sites, regardless of
length of data set compared or type of analyses
performed. Density appears to be high throughout the
summer periods with some tendency towards a June peak.
Density was always lowest during the winter periods.

5. Species Diversity and Evenness

Diatom species diversity and evenness were not
significantly different in 1987. This continues the
trend seen in 1983, 1984, 1985 and, 1986. Annual trends
show a high diversity and evenness during winter (except
winter of 1987) and lower values during the summer
periods.

6. jov ivi A/ e

Individual cell volume comparisons of diatoms
between sites, showed no significant differences. Total
biovolume was also not significantly different between
sites for 1987. Combined data from 83-87 used in both
paired t-tests and three way ANOVA’s showed no between
site differences for these two parameters. Individual
cell volume generally is larger during the winter periods
and smallest in the summer periods.

7. ct C
Analyses

Stewart~Oaten et al., (1986) developed this procedure

Ja




for just the type of comparison we wish to conduct. We
further illustrate the applicability of this procedure by
comparing our AFDW-biomass and Chlorophyll a data between
hypothetical ’before and after’ years. No significant
differences were observed between the years examined.
This procedure will likely be used to examine both
species changes, as well as community level changes in
our final report.

8. Correlation with Environmental Variables

A correlation matrix was generated using all the
available data collected from each individual site over
the past five year period. Although some water
chemistry parameters appeared to influence the biological
parameters at one site more than another, there was
generally amazing agreement between sites regarding the
influences of either environmental factors, or water
chemistry constituents. The results of the correlations
also agreed with our previously reported analyses using
multiple regression analyses.

9. Photosynthesis-Respiration Studies

Net production, respiration, and gross produciton
of the community on rock surfaces did not differ greatly
between sites. The lack of significance reported in last
vyear’s report between sites for 1984, 1985, and 1986,
plus the data from 1987, indicate that this parameter may
offer a precise means of detecting ELF effects on
community metabolism.
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Element 3- Effects of Insect Grazer Populations on

hyton S
Changes from workplan - None.
Rationale

Small E.L.F. effects on aquatic systems may be
unnoticeable, particularly if the impacts concern only
very small, microscopic single celled algae species. 1If,
however, these same impacted algae species are important
food sources for selectively feeding stream grazers,
severe disruptions of the trophic linkages within the
system could occur. Restructuring of the species
composition of the autotrophic community, leading to
dominance by non-selected, non-palatable, or
non-digestible algal species might be one such
consequence. This could result in reduced growth, or
lower overall production of benthic grazers. Thus, an
essential invertebrate food source of predatory fish
species might be significantly reduced.

Additionally the potential may exist for E.L.F. to
cause behavioral changes in the grazers themselves. This
might result in changes in feeding activity by increasing
or decreasing feeding rates or otherwise changing
"typical" grazer feeding behavior.

Little is currently known about interactions between
stream herbivores (grazers) and the attached algal
community in freshwater systems. Most research on
freshwater herbivore-algal interactions has been
conducted in either ponds (Kesler 1981, Hunter 1980) or
in laboratory streams (Kehde and Wilhm 1972, Sumner and
McIntire 1982). Many of these studies have only
documented grazer induced changes in periphyton standing
crop, either by extracting chlorophyll a or by measuring
accumulations of organic matter as ash free dry weight
(AFDW). These measures provide only gross approximations
of herbivore effects on the total periphyton community.
These techniques provide little or no information on the
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dynamics of the algal species interactions in the
presence or absence of herbivores. Ecological studies
on the species responses of the algal comunity to aquatic
herbivory have been largely ignored. Only a few studies
have attempted to evaluate the effects of herbivores by
examining other algal responses besides changes in
levels of chlorophyll a or biomass in the algal
comunity. These include the studies of Lamberti and Resh
(1983) on the impact of grazing by the trichopteran
larva, Helicopsyche. They measured algal turnover rates
as well as chlorophyll a levels and noted that grazing
resulted in an attached algal community consisting
predominantly of a diatom monolayer. When Helicopsyche
were excluded, the algal community changed from a diatom
film to a thick growth of filamentous green algae.
Eichenberger and Schlatter (1978) found that grazing by
Chironomidae in a stream channel maintained a mixture of
filamentous green algae and diatoms. Exclusion of
chironomid grazers from a second channel resulted in
succession proceeding from filamentous geeen algae to
blue-green algae. These studies have demonstrated that
grazers can alter the succession of algal species on
substrates. Dickman and Gochnauer (1978) indicated that
grazer pressure in a stream prevented members of the
algal genus Cocconeis from out-competing other algal
species. This reduced competition may have increased
the establishment of other algae and led to overall
greater algal species diversity on the grazed substrates.
To our knowledge, no detailed study of the effects of
grazing on periphytic algal species occurrence and
abundance in lotic systems other than that by Hill and
Knight (1987) or Colletti et al (1987) has been
conducted.

Several studies have documented the effects of algal
distribution on intra- and inter-specific competition
among grazers (Hart 1983, McAuliffe 1983, 1984, Wiley and
Kohler 1984). These studies indicated that periphyton
abundance and patchiness are important determinants of
grazer distribution and abundance. Recent work on the
Ford River by Webb and Merritt (1987) on the importance
of periphyton to the growth of the grazing mayfly
Stenonema vicarium (Walker) also supports the importance
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of further investigations into determining the magnitude
of grazing induced changes on the algal community and
measuring the impact of grazing on altering the
composition of this nutritionally important food source
(see Appendix A for a copy of this paper; it represents
initial attempts to study grazer communities in the Ford
River as part of this project). Our hypothesis is that
grazer abundance is an important determinant in
structuring the attached algal community, and that the
the consequences of grazing can dramatically alter the
algal species abundances in the periphyton.

Larvae of the trichopteran, 0SS0 igrjor
(Banks) are known to be specialized grazers (Cummins
1973, Oemke 1983). Recent investigations of in situ food
selections by various instars of the larvae (Oemke 1984)
indicated that small, unicellular algal forms were more
often ingested than were large, stalked or filamentous
types of diatoms. Those diatom species which were
preferentially ingested by grazing larvae sometimes
showed significant differences between gut contents
abundances and abundances of the surrounding periphyton
community. Similarly, work by Hill and Knight (1987)
indicated that mayfly grazing altered the community
structure of the diatoms present. Thus, we hypothesized
that grazing by Glossosoma would lead to reduced
abundances of small growth forms of selected diatom
species, like Cocconeis placentula var. euglypta and
var. lineata, which are known to dominate the algal
flora during the summer months (Oemke and Burton 1986)
and to a concommitant increase in abundance of other non-
selected diatom species or algal growth forms in the
periphyton algal community.

Objective

The behavior of typical grazing invertebrates and
their impact on the diatom community will be determined
to provide the data necessary for linking invertebrate
herbivores to the periphyton community based on trophic
level analyses. This objective includes the
determination of the effects of various levels of
herbivory on periphyton community dynamics. The ultimate
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objective is to determine whether or not E.L.F.
electromagnetic radiation affects the interaction between
grazing macroinvertebrates and their "prey", the benthic
algae.

Materials and Methods

In 1985 we designed and built small, microcosm
streamside flow-through artificial streams for monitoring
effects of grazers on periphyton. These plexiglass
streams were constructed from 1.27 om thick plexiglass
and were 1 m long with three 15 cm wide channels fed from
a common reservoir. This reservoir was filled by pumping
water from the Ford River through a 300 micron mesh
filter into the reservoir. The reservoir also contained
polyester fibers as an additional filter to remove
suspended sediments. This double filter system proved
necessary because of excessive settling of suspended
particles on substrates in its absence. The pumps were
powered by a heavy duty, marine 12 volt battery, which
had to be exchanged and recharged daily. Two of these
streams were constructed so that identical studies could
be conducted at both FEX and FCD sites simultaneously.

Each set of streamside channels was fed from a
common water source, and the three channels were
subdivided into four chambers per channel using plastic
screen dividers (Fig. 3.1). Since all three channels
were fed from a common water source, the 12 chambers
represented 12 replicates. This design duplicates use of
12 separate chambers placed in the Ford River and avoids
the problem of pseudoreplication as much as possible
given the need to use the Ford River as a common water
source. Use of additional stream channels would simply
increase the replicates without solving the problem of
the common water source. The 12 treatment chambers had
three levels of grazing assigned to them in a random
fashion and represented a randomized block design. The
grazing levels cHosen were: (1) no grazers, (2) a
grazing level which represented about the average level
of grazers found in favorable habitats in the Ford River
(e.g. shallow, rapid current areas of the Ford for
Glossosoma), and (3) a grazing level about double the

N




average rate of grazing in the Ford (these levels were
0, 15, and 30 Glossosoma per chamber for the primary
experiment).

In 1986 and 1987 simultaneous experiments were
conducted. Preliminary results from the most recent
experiments conducted this past summer (1987) will be
presented along with the final detailed species analyses
results from the 1986 studies. The details of the 1985
study were included in the final draft of last year’s
annual report as recommended by the reviewers.

Ceramic tiles (3.6cm 2) were placed in the river
25-30 days prior to experiments to allow time for algal
colonization. Twenty randomly selected tiles were then
placed in one of the four separated chambers along each
of the three channels of the artificial streams. Each
chamber was separated from the next by plastic screen
with fine mesh to prevent exchange of grazers between
chambers. Tiles were taken at random from each control
and treatment chamber at the end of each experiment for
determination of chlorophyll a, (n=8 per chamber),
organic matter biomass (n=8), and diatom species
determinations (n=4). Thus, each replicate treatment had
4 or 8 subsamples taken from it depending upon the
treatment. Each level of grazing was always replicated
at least three times (3 chambers with no grazers, 3 with
"average" density of grazers, and 3 with double the
"average" density of grazers). The colonized tiles were
exposed to grazing for a total of 6 or 7 days (usually 7
but 6 in 1986 when a storm event caused the experiment to
be terminated one day earlier than planned).

In 1986, the studies at FEX contrasted the effects
of grazing by limpets with the effects of grazing by the
insect larva, Glossosoma. In 1987, only the contrasts
utilizing the trichopteran larvae were repeated for both
sites.

Results and Discussion
A. The 1987 Study
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While the final detailed analyses of diatom species
counts remain to be completed for these experiments, the
data are relatively complete for the comparisons of
AFDW-biomass between the two sites (Table 3.1). One
factor ANOVA using results from both sites showed
significant differences between FEX control tile
AFDW-biomass and FCD control tile AFDW-biomass (p<.05)
as well as significant differences for AFDW-biomass
between FEX Glossosoma grazed tiles and FCD grazed tiles
(p<.05). Within a site however, comparing treatments at
FEX separately from treatments at FCD, no significant
differences were detected between AFDW- biomass levels of
control against grazed tiles i.e. between control and
grazed tiles at FEX and between control and grazed tiles
at FCD.

Chlorophyll a comparisons indicated no significant
differences between any combination of FEX and FCD
treatments nor between control and grazed tiles within a
site (Table 3.1). Thus, no overall clear evidence for
grazing significantly altering either chlorophyll a or
AFDW biomass levels was evident for the 1987
experiments, although grazed tiles showed small declines
in both parameters in three of the four comparisons after
grazing (Table 3.1).

Chlorophyll a and AFDW-biomass appear not to be
very sensitive to grazing induced changes. This may be
particularly noticeable in short term experiments run
over the course of several days. The same results may
not occur in grazing experiments allowed to continue for
several weeks. This pattern of ambiguous results for
significant and consistent changes in either chlorophyll
a3 or AFDW biomass as a result of grazing, is precisely
the pattern observed in all previously run experiments
(see Annual Report 1986 and 1987). More precise
examination of species composition changes due to grazing
for the 1987 experiments (similar to what follows for the
final analysis of the 1986 experiments and to what was
reported previously for the 1985 experiments) may
ultimately show a pattern of predictable and significant
change.
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B. The 1986 Study

These experiments were conducted at the same time
period in August at both FEX and FCD for no grazer versus
30 Glossosoma per chamber comparisons (0 versus double
the "average" grazer levels in the Ford River). 1In
addition, two potential new grazers, limpets and a
grazing species of Chironomidae, that were causing
obvious visual differences in the algal communities on
rocks in the river, were investigated to see if they
would represent better test animals than Glossosoma.
Chlorophyll a 1levels and AFDW biomass (organic matter
standing crop) were not significantly different between
any Glossosoma and control treatments within a site
(Figures 3.2 and 3.3 in the last annual report). At
FEX, a limpet was used and was found to reduce
chlorophyll a levels significantly below (p<.05) levels
from control tiles or Glossosoma grazed tiles. At FCD a
grazing chironomid was tested and, like Glossosoma,
caused no significant reduction in either chlorophyll a
or AFDW biomass.

Examination of the diatom community structure on
both grazed and ungrazed control tiles through
calculation of community indices of species diversity and
evenness (Shannon-Wiener H’ and Simpson’s J), as well as
determinations of cell density, individual average cell
volume, and total biovolume of the complete diatom
community, indicated general corroboration of previous
experimental results presented for 1985 in last year’s
annual report (no significant changes occurred in most of
these parameters as a result of grazing even though
species composition was significantly altered). Species
evenness, however, was significantly different (Table
3.2) between control and grazed tiles. This difference
was significant primarily because of the strong
differences between evenness means of FEX control tiles
and the FCD Glossosoma grazed tiles (see Table 3.3).

This across site comparison was difficult to evaluate
since it contrasted treatments exposed to potentially
different variables rather than a within site contrasts,
which control for such variables. No other contrasts of
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Table 3.2 Results of 1986 Experiments with Single Factor
ANOVA Tests on Biological Parameters Comparing
Ungrazed to Grazed Tiles with Sites Separate.

Comparison Significance
Species Evenness *, P < .05
Species Diversity N.S., P > .06
Individual Cell Volume N.S., P > .80
Total Biovolume N.S., P > .56
Diatom Cell Density N.S., P > .17
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the biological parameters was found to be significantly
different (Table 3.2), whether contrasting treatment
means within a site or between sites contrasting all
treatment means. Grazing activity thus appeared to show
only a generalized pattern of lowering species evenness
as well as diversity (Table 3.3) but not significantly
within a site. No consistent pattern was thus determined
for the 1986 series of experiments analyzing these
particular biological parameters.

Examination of species abundances, however, revealed
some patterns identical to those revealed in the 1985
Glossosoma experiments (see last year’s annual report for
details). Arcsine transformations of the proportions of
the major diatom species populations determined on grazed
and control tiles for 1986 showed nearly identical trends
to those reported previously for 1985. The diatom,
Achnanthes affinis increased in abundance as a direct
result of grazing activity (Table 3.4 and 3.5). Although
these results show probability values slightly larger
than the .05 level (i.e. .06 for FCD and .10 for FEX),
the pattern of increasing abundances observed for this
diatom species in 1986 was the same as discovered in both
1985 series of grazing experiments, where the abundances
of the same diatom species showed significantly higher
increases as a result of grazing activity. Given the
vagaries inherent in field experiments with the
influences of natural environmental variability making
precisely predictable outcomes rare, the data appear to
be strong evidence for a fairly consistent conclusion;
that grazing by the larvae of the trichopteran Glossosoma
results in increases in abundance by certain diatom
species above levels of abundance for the same diatom
species in ungrazed periphyton. The tiles used in the
1986 experiments were exposed for the same period as the
1985 experimental studies as well as the 1987
experiments, yet these 1986 tiles showed considerably
more visible accumulation of detrital material which may
have affected the overall accuracy of measuring the
individual species changes due to grazing. Larger
accumulations of organic matter are much more
likely to be affected by physical forces from water
currents, resulting in the phenomenon of ’‘sloughing’.
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Sloughing effects may have had more dramatic effects on
species changes in 1986 than in 1985 or 1987 because of
the larger detrital layer at the start of the experiment.
Earlier work on colonization dynamics in the Ford River
indicated that sloughing probably results in larger
losses as the algal layer increases in thickness (Oemke
and Burton 1986). Closer attention to avoiding such
large accumulation on the tiles will hopefully provide
Clearer, more consistent between year comparisons.

Summary

Grazing macroinvertebrates can change the
composition of the diatom community at densities equal to
or greater than densities found in the Ford River.
Specifically, Glossoma nigarior, a grazing caddisfly,
caused a shift in dominance within the diatom community
with Cocconeis decreasing in abundance and Achnanthes
increasing in abundance as grazing pressure increased.
Such shifts in community structure occurred at both FEX
and FCD despite no significant changes in community based
parameters such as chlorophyll a or AFDW-organic matter
birmass accumulation. Results from 1985 were somewhat
different from results from 1986. In 1986, the trend
towards decreased abundance of Cocconeis and increased
abundance of Achnanthes occurred but was not as
significant as in 1985. This difference between years
may be related to different amounts of organic matter on
the colonized tiles at the start of the experiment.
Nevertheless, results are consistent enough to suggest
that this pattern of response is typical of the
pre-E.L.F. exposure period and offer a baseline for
comparison of results after the E.L.F. antenna becomes
fully operational.
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Element 4 - Species Richness and Biomass of Stream Insects
from Artificial Substrates in Riffles

Changes from the Original Synopsis - None.

Objectives

1) To monitor structural (diversity, evenness, richness,
numbers of individuals) and functional community parameters
(total biomass, biomass according to functional feeding groups)
for benthic insect fauna from August 1986 to June, 1987 at FEX
and FCD sites; 2) to monitor changes in size classes of selected
insects over that period at FEX and PCD, and 3) to compare 1983
through 1987 data.

Rationale

Extremely low frequency waves may alter structural and
functional community parameters (A.I.B.S. 1985, Greenebaum et
al. 1979, Halberg et al. 1975) as well as life histories of
insects (Walters and Carstensen 1986, Greenberg and Bindokas
1981). The phenomenon that may be most sensitive to ELF
influence could be life history patterns as changes in growth
rates, age at sexual maturity and fecundity are reflected in
alterations in life history patterns. Toward this end, numbers
of individuals are being monitored, seasonal changes in numbers
and biomass of functional feeding groups are determined (after
Merritt and Cummins 1984), and changes in size classes of
selected aquatic insects are being followed to look for changes
in life history patterns of aquatic insects as related to ELF
effects. Size classes as determined by the ratio, mean dry
weight per individual (MDW/IND) are being followed for selected
aquatic insects, as not all species can be monitoried. We
selected species based on the following criteria: 1) large
population sizes, 2) discrete generation times, and 3) members
of functional feeding groups.&ypothesized as responding to ELF
effects on food resources such as periphyton levels.

Materials and Methods

From 1983 through 1987 60 um mesh-lined half cylinder
18 x 28 x 10 cm substrate sample baskets were filled with
benthic substrata and buried flush with the stream bottom at FEX
and FCD. Seven replicates for each site were collected monthly,
with replacement, from May through September of each year.
Meier et al. (1979) showed that in southern Michigan 36 to 39
days's incubation of samplers in substrates gave the maximum
numbers of individuals colonizing substrates, owing to emergence
of adult insects. 1In September, sufficient samplers were placed
at the sites to allow for collections from October through
April, without replacement. After 1986, January and February
collections were excluded, owing to past sampling difficulties.

Samples were processed by placing samplers in separate
buckets, washing substrata thoroughly and retaining the
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suspended animals in a 60 ym mesh soil sieve. Animals were
preserved in 80% ethyl alcohol. 1In the laboratory, insects were
picked from detritus and then separated to order level.
Specimens were identified to the lowest taxon possible and then
were measured to the nearest mm. for biomass estimates (after
Smock, 1980). Numbers of individuals, taxon diversity (H'),
taxon richness (S), evenness (J') and percent numerical
dominance for selected species were determined for each
replicate. Total sample biomass, biomass for functional feeding
groups (after Merritt and Cummins, 1984) and mean dry weight per
individual (MDW/IND) values were computed. Statistical analyses
included power tests, coefficient of variation values, Student-t
tests, linear regression analyses, 2-Way ANOVA tests for
differences between sites over time, correlation coefficient
values, and percent dominance of chironomids. MDW/IND values
were computed for insects that had high numerical abundances.
Those were: Chironomidae, Paraleptophlebia mollis, Ephemetella
invaria,, E. subvaria, Optioservus sp., Glossosoma nigrior and
Protoptila sp.

Overall Philosophy Regarding Power Analysis and
Environmental Testing

The issue of sample size and power analysis is very
complex. The sample variances have several components. Some
of the sums of squared deviations are due to sample metho-
dology, some are due to fluctuations in environmental condi-
tions (light levels, flow rates, water temperatures), and some
are biological (growth stage). All of these varied effects
may change rapidly and dramatically between seasons, months,
and even several days' sample collections. This is further
complicated when one compares two sites that are not exactly
equal, given the fact that we are dealing with a unidirectional
(a river) system. The selection of sample size is a trade-off
between precision, number of community parameters sampled, and
budgetary limitations. Since there are few existing
hypotheses identifying specific processes that are affected by
ELF fields, the decision was made to include a variety of
ecological processes. We have chosen a variety of parameters
for robustness rather than focusing on detection of subtle
effects on one or two ecological processes. The risk of not
including an adequate array is more important than missing
subtle shifts with only a few processes requiring large
investments of sample analyses.

The data gathered before the antenna becomes operational
represent the baseline pattern of seasonal and annual variation.
These data will then be contrasted witl. patterns observed at the
control site after the antenna is functioning. One is not going
to be testing ecological differences on a short-term single
point basis. The important ecological patterns are the temporal
patterns occurring between seasons and between years. A
description of statistical methods for the seasonal data (before
and after the antenna is operational) appears in the Future
Plans section of this element.
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August, 1986 to June, 1987.
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Results and Discussion

Structural Community Indices

1986 - 1987 Results:

Taxon diversity (H',Shannon-Weiner) fell from November
until April, Figure 4.l1A. H' was significantly higher at FEX
than at FCD from July 1986 through June 1987, Table 4.1.

Taxon richness (S') also fell in November, but it
remained rather stable throughout the winter, Figure 4.1B. 1In
April of 1978 it rose again. As with H', richness values were
significantly higher at FEX than at FCD (Table 4.1).

il

Taxon evenness (J') patterns were similar to H' and §'
patterns, Figure 4.2, and evenness was significantly higher at
FEX than at FCD throughout the period (Table 4.1).

o TABLE 4.1
Diversity (H'), Richness (S), and Evenness (J') of Insects
in Substrates at FEX and FCD
(Students' T-Test; ArcSine Transform for J°')
Parameter July-Oct.86 Nov.86-April 87/ April-June 87
FEX FCD FEX FCD FEX FCD

Diversity

Mean 2.889 2.179 2.274 1.707 2.209 1.820
T 5.090 2.598 2.176
d.f. 38 28 30

p value <.00001 .087 .819
Richness

Mean 42.2 33.2 34.1 29.6 36.9 30.1
T 4.803 1.831 4.426
d.f. 38 28 30

p value <.00001 .839 <.0001
Evenness

Mean 47.13 41.11 41.94 35.85 40.86 37.26
T 4.138 2.634 1.682
d.f. 38 28 30

o p value <.8001 .8a7 .952

Levels of significance for the above parameters over the
entire period were very high; H'= <.00001, S'=<.0000001 and
J'=<.00001.

Coefficient of variation mean values for above parameters
for each month at each site from July of 1985 through June of
1987 averaged below 28% (n = 21), indicating that sufficient
samples (5) had been analyzed to have 95% confidence that the
mean was + 40% of its estimated value at the .05 alpha level
(Table 4.2). Although seven samples were collected for each
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date, time and money constraints allowed processing of only five
samples.

Table 4.2 presents mean values for the above parameters as
well as for numbers of individuals for the two sites combined.
Only numbers of individuals had high coefficient of variation
values.

TABLE 4.2
Coeffxcxent of Vatxation Values for Monthly Samples From
July, 1985 through June, 1987; FEX and FCD Combined

Statistic Diversity Richness Evenness  Number
Individ. .

Grand Mean 16.33% 15.53% 14.56%  31.31%

S.Deviation 9.42 7.62 7.23 17.86

N = 42

Numbers of individuals peaked at FEX in March and again in
May, 1987 (Fig. 4.3A). This was also true for numbers of
chironomids (Fig. 4.3B). FCD samples were less variable than
FEX samples with respect to numbers of individuals and
chironomids. At FCD, a peak for both values occurred in April,
followed by decreases in numbers. In past years, numbers of all
individuals and numbers of chironomids have been low during
autumn, winter and early spring and have been highest during the
early summer and summer months. The winter of 1986 - 1987 was
very mild, relatively speaking in Dickinson County. It appears
as though the benthic insects responded to the milder winter in
a number of parameters. Total numbers of individuals were
higher than in the past. Functional community parameters,
including biomass and mean dry weight per individual values were
also higher during the winter and spring months than in the
past. Those data are presented in the next section.

Summary of 1983 through 1987 Results:

Diversity and Evenness values showed consistent depressions
during winters and early springs with consistent peaks in summer
months (Figure 4.4A, 4.4B). In the summer of 1986 the peak
lasted longer than in previous years. This may be related to the
unusually mild winter of 1986 - 1987. Taxon richness, Figure
4.4C, followed the same pattern in 1986 - 1987 as did H' and J°'.
The intensity of the summer peak of 1986 was even higher and
lasted longer than for H' and J' over this period. (Compare
Pigures 4.4A, B and C). Further, the winter-spring depression
was much less pronounced as compared with previous winter-spring
depressions for this parameter. One interpretation of the
results for the three parameters is that the mild winter allowed
the maintenance of taxa in surficial sediments that might
otherwise move deeper or go to stream banks during colder
winters.
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Figure 4.3A. Mean Number of Individuals per sampler at FEX and FCD,

August, 1986 to June, 1987.

Figure 4.38. Mean Number of Chironomids per sampler at FEX and FCD,

August, 1986 to June, 1987.
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Figure 4.4A. Mean Taxon Diversity per sampler at FEX and FCD, June,
1983 to June, 1987.

Figure 4.4B. Mean Taxon Evenness per sampler at FEX and FCD, June, 1983
to June, -1987.

Figure 4.4C. Mean Taxon Richness per sampler at FEX and FCD, June, 1983
to June, 1987
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J' and H' values are affected by changes in numerical
dominance of the family Chironomidae in our analyses (See
figures 4.4 and 4.3.). We identify chironomids in substrates
to family level, owing to the time necessary to identify large -
numbers of chironomids even to genus. When percent dominance 1
of chironomids increases, evenness and diversity go down. In
order to determine the affect that chironomids have on
structural community parameters, parameters were computed
with and then without chironomids. Differences in means and
standard deviations for the two parameters with and without
chironomids appear in Table 4.3. -

.

TABLE 4.3

Descriptive Statistics for H' and J', With and Without -
Chironomids in Substrates from July, 1983 through June, 1987.
(ArcSine transformation for J')

J""

Site and Descriptive sStatistics
Parameter . Mean S.D. Minimum Maximum

K )

FEX

H', with chironomids 2.284 6.507 1.246 3.413
without chironomids 3.086 g.674 1.308 4,324

J', with chironomids 43.64 5.82 35.43 54.39 T
without chironomids 53.49 7.28 32.71 67.49 )

FCD

H', with chironomids 1.915 9.663 6.497 3.226 o]
without chironomids 3.281 g.512 1.503 4.075

J', with chironomids 39.06 7.83 20,27 51.38
without chironomids 57.51 5.46 34.14 64.38

Percent Chironomid

Dominance

FPEX 48.33 8.32 28.52 62.94
FCD 57.51 5.46 34.14 64.38 0

The impact of chironomids on H' and J' means was dramatic.
The greatest affect was on substrates from FCD, owing to higher
numbers of chironomids relative to other taxa at that site.

In order to see whether the differences in mean values for
H' and J' affected correlation coefficient values (C.C.) among
the structural community parameters, C.C. values were computed
with and without chironomids. Table 4.4 presents those results.
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TABLE 4.4
Correlation Matrix for Structural Community Parameters.
Insects in Substrates from July, 1983 through June, 1987
(ArcSine transformation for J' and § Chironomids)

With Chironomids

———m—

FEX FCD FEX' FCD FEX FCD  FEX FCD
] S

H' H' J?! J?! § Chironomid
Dominance
FEX,S 1.00
FCD,S .84 1.00
FEX,H' .54 .59 1,00
FCD,H" .46 .54 .62 1,00
FEX,J' .99 .24 .88 .47 1.00
FCD,J' .30 <34 .53 .96 .46 1.00
FEX, $Chironomids -6l ~,62 -,65 -.59 1.00
FCD, % Chironomids -,43 ~,85 -,35 -.88 -.64 l1.00

Without Chironomids

FEX FCD FEX FCD  FEX  FCD
S

S H' H! J! J'
FEX,S 1.00
FCD,S .85 1.00
FEX,H' «56 .40 1.00
FCD,H" «57 .62 .58 1.00
FEX,J' 006 -001 082 039 l.ﬂﬂ
FCD,J°’ 13 .11 .46 .83 .51 1.00

Critical value (1-tail, .85) = + or - .275
Critical value (2-tail, .05) = + or - .324

In general, correlation coefficients for H' versus J' and
for S versus J for each site were only slightly higher when
chironomids were included in the analysis. Thus, although
means for each parameter differed dramatically depending on
whether or not chironomids were included, correlation
coefficients showed no dramatic differences. This was also
true when sites were compared with each other for each
parameter. There was-a large impact on H'and J' at FCD by
high numbers of chironomids relative to the other taxa (C.C. =
-9.85, ~0.88, respectively). Although C.C. values were
significant at FEX for H' and for J'as related to numbers of
chironomids (-0.61 and ~8.65 respectively) they were not as
highly correlated at that site. As chironomids usually include
many individuals for each sample, those numbers of individuals
depress the H' and J' values. The C.C. for H' versus J' at FCD
was high whether or not chironomids were included (9.96 with
chironomids and 0.83 without chironomids). The same pattern
held for C.C. values for the FEX site.
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Functional Community Indices

1983 Through 1987 Results.

Biomass and Functional Feeding Groups:

Seasonal trends for total insect biomass from June 1983
through June 1987 are apparent (Figure 4.5A) However,
coefficient of variation values for total biomass have been
consistently high. In the spring and summer of 1986, the
total biomass at FEX was the highest recorded since we chose
those sites in June of 1983. The high biomass is likely
related to the high early spring water temperatures in 1986.
That fall-winter and following spring, the expected reduction
in total insect biomass did not occur as in previous years.
Coefficient of variation values were the highest in the spring
when total biomass was lowest. The C.V. values in in Figure
4.5B contain black bars below the time axis. The bars denote
periods of low total biomass. Changes in species assemblages
and fast growth rates for five of the seven species intensively
studied occur in the spring. Higher variance relative to mean
biomass values appear to occur during periods of transition for
the insects.

We suspect that the extremely mild winter and spring
affected insect biomass in a positive way. We are now
speculating as to what the total biomass will be for July and
August of 1987. Those samples are currently being processed.
We hypothesize that the summer peak will not be as high as in
previous years, owing to possible early emergences as a result
of the mild winter and spring months.

Total biomass values were separated into functional feeding
groups (F.F.G., after Merritt and Cummins, 1984). Predators
contributed more to total biomass than the other three F.F.G.
(figures 4.6A, B, 4.7A, B). One major predator, the dragonfly
OEhiogogphus colubrinus contributed the most biomass to that
unctional feeding group (F.F.G.). Three F.F.G. showed seasonal
patterns similar to the total biomass patterns: Collector-
filter feeders, collector-gatherers (Figure 4.7A, B) and
predators (Figure 4.6A). Shredders had many peaks (Figure
4.6B). Collector-filter feeders and collector-gatherers were
the functional feeding groups (F.F.G.) that inflated total
biomass at FEX for 1986-87. Warmer weather and fewer days of
snow cover in the river appeared to influence these groups more
than others. The fact that increases occurred only at FEX is
difficult to interpret. There is more cobble and less sand at
FEX. Possibly, the site is more conducive to collector-filter
feeders and collector-gatherers under mild winter conditions
than the FCD site. Shredders showed no consistent pattern, but
one would have expected them to be more abundant in the fall and
winter, as they consume leaf and wood debris. Detection of
seasonal patterns for this group are best served by sampling
leafpacks, Element 6, rather than substrates.
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Figure 4.5A. Changes in Insect Mean Total Biomass (mg.) at FEX and FCD
from June 1983 to June 1987.

Figure 4,58B.
and FCD

Changes in Coefficient of Variation (C.V.) Values at FEX
from June 1983 to June 1987. Black bars indicate periods of

high C.V. values relative to total biomass values, Jan. through April.
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Figure 4.6A. Changes in Predator Biomass (mg.) at FEX and FCD from June
1983 to June 1987.

Figure 4.68B.

Changes in Shredder Biomass (mg.) at FEX and FCD from June

1983 to June 1987.
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Figure 4.78B. Changes in Collector-Gatherer Biomass (mg.) at FEX and FCD

from June 1983 to June 1987.
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Table 4.5A presents the correlation coefficients for the
functional feeding groups with respect to total biomass within
and and between sites. Table 4.5B presents C.C. values for
functional feeding groups between sites. Table abbreviations
are:

TB = Total Biomass . CF = Collector-Filterers
CG = Collector-Gatherers S = Shredders
P = Predators

TABLE 4.5A

Correlation Coefficients for Insect Functional Feeding Groups
Related to Total Insect Biomass at FEX and FCD

F E X F C D
TB CF CG s TB CF CG s
TB 1,60 1.60
CF .63 1.900 .59 1.00
CG .78 .62 1.96 - .52 .49 1l.00
s .30 .29 .56 1.00 .57 .26 .10 1.¢00
P .76 .22 .56 .25 .92 .43 .28 .64

Critical value (l-tailed, .05) = + or - .26
Critical value (2-tailed, .85) = = or - .30

TABLE 4.5B .
Correlation Coefficients Between FEX and FCD for Insect
Total Biomass and Functional Feeding Groups

F EBE X

TB CF CG S P
FCD
TB .49
CF .40 .16
CG .41 23 .64
s .GS -.us .GS .14
P .33 .94 «26 .85 43

Critical Value (l-tailed, .05) = + or -.26
Critical Value (2-tailed, .65) = - or -.30

Correlation coefficients were higher for parameters when
compared within sites (Table 4.5A) than when compared between
sites (Table 4.5B). Predators and Shredders were more highly
correlated with total biomass at FCD than at FEX; whereas, the
collector-filter feeders and collector-gatherers were more
highly correlated at FEX than at FCD. FEX contains more

cobbles of intermediate size (> 2.5cm). It could be that since
collector-filter feeders often use substrates for holdfasts and

collector-gatherers collect periphyton from stable substrates,
those functional feeding groups are more common at FEX.
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The biomass of collector-gatherers at FEX was highly
correlated collector-gatherer biomass at FCD (Table 4.5B).
Collector-filter feeders and shredders showed the least
similarity between the two sites. Each of those F.F.G.
had higher mean biomass values over time at FEX than at FCD.
(See £igs.4.6A,B, 4.7A,B). Different values for F.F.G. biomass
likely reflect differing environmental conditions between the
two sites. Again, FCD is not a true control for FEX for E.L.F.
studies. As we are studying unidirectional flows in a river
system, FCD is considered as a reference station rather than a
control station for FEX. Thus, seasonal trends within each site
will be studied more than direct comparisons between sites. 1If,
when the E.L.F. antenna is turned on and a change in seasonal
patterns occurs at FEX but not at FCD for any parameter, the
parameter (s) will become suspect as being altered by E.L.F.

Comparisons of Biomass Data with Periphyton and
Ambient Monitoring Data, 1983 -~ 1987

Figure 4.8 shows changes in total insect biomass, diatom
density and water temperature from June of 1983 through June
of 1987. The values are grand means for the two sites combined.
Until July 1986, the three variables were highly correlated with
one another (Table 4.6). This year's data for the Annual Report
shows a strong deviation from previous years.

TABLE 4.6
Regression Coefficients for Insect Biomass, Diatom
Density and Water Temperature, 1983 - 1987

A, June 1983 - July 1987 r2  Significance
Insect Biomass vs. Diatom Density .384 p<.006007

Insect Biomass vs. Water Temperature «342 p<.00004
Diatom Density vs. Water Temperature 339 p<.00004

B. June 1983 -~ May 1984
Insect Biomass vs. Diatom Density .610 p<.005
Insect Biomass vs. Water Temperature .678 p<.002
Diatom Density vs. Water Temperature «723 p<. 009

C. May 1984 - June 1985
Insect Biomass vs. Diatom Density .548 p<.O1*
Insect Biomass vs. Water Temperature «678 p<.83*
Diatom Density vs. Water Temperature «389 p<.@5*

D. July 1985 - July 1986
Insect Biomass vs. Diatom Density «595 p<.0063
Insect Biomass vs. Water Temperature «594 p<.003
Djiatom Density vs. Water Temperature .544 p<.066

E. July 1986 - June 1987
Insect Biomass vs. Diatom Density .912 p =,765
Insect Biomass vs. Water Temperature .918 p =.716
Diatom Density vs. Water Temperature .217 p =.174
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Figure 4.9A. Mean Dry Weight per Individual (MDW/IND) for Chironomidae
at FEX and FCD, June 1983 to June 1987.

Figure 4,98B. Mean Dry Weight per Individual (MDW/IND) for Paraleptophlebia
mollis at FEX and FCD from June 1983 to June 1987.
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we the time and finances to select one or two species for more
detailed analysis, a more distinct pattern might emerge.

b. Paraleptophlebia mollis (Eaton). A very distinctive
size-class pattern emerges for this mayfly collector-gatherer
(Fig.4.9B). It appears to be univoltine, with its emergence
being between late May and June in 1986. Number of individuals
for this species was highest in August when the MDW/IND values
are low. Apparently, eggs hatch slowly over the summer, as no
mature nymphs were taken after June. Also, nymphs remained
small throughout the winter and early spring. In the fall of
1986 and spring of 1987 strong growth spurts appeared, unlike
previous years over those seasons. The mild winter and spring
may have triggered early development for some individuals at FEX
and FCD. Accelerated growth appears to usually occur over a
one to two-month period in the late spring. This species has
the most consistent MDW/IND seasonal patterns of all the species
we are following. It has a very low growth rate for most of the
year and then increase in size quickly in May and June prior to
transformation. I1f ELF seriously affects this species, either
in numerical abundance or seasonal growth patterns, we should be
able to detect it.

c. Ephemerella invaria (Walker) and Ephemerella
subvaria McDunnough. There are distinctive size class
patterns for each species (Figure 4.16A and 4.10B). Ephemerella
invaria is most abundant in the early fall when its MDW/IND
value is low. It appears to be univoltine, with its major
emergence being in late spring. A comparison with data for
this species from Element 6 (leaf processing) shows that the
size classes are similar, an expected result.

Ephemerella subvaria's growth as inferred from
size class data, occurs from October through late spring.
Emergences may be staggered in late spring and early summer,
as some mature nymphs are found after the major peak has
passed. For both E. invaria and E.subvaria, their maximum MDW
values were in the spring of 1987 at both sites. It is
possible that the mild winter facilitated the development of a
larger individual prior to spring emergence.

c. Optioservus sp. No distinctive pattern emerges for this
collector-gatherer elmid. One major problem lies in the fact
that this genus is not univoltine. Even though this genus
does not meet the criteria of having discrete generations,
we will continue to use it, as it has high numbers and we
can gather considerable information as to larval and adult
numbers as the genus is holobiotic. There is a tendency for
larger larvae to occur in the winter (Fig. 4.11A). Certainly,
from April through October the MDW/IND values were lower.

Adults are most common in the late spring and summer months
(Figure 4.11B). Nymphal maximum abundances tend to lag slightly
behind maximum adult abundances (Figure 4.11C). After the 1986
sunmer adult peak, adult numbers did not approach zero as for
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other years. Their higher numbers during the winter and spring
of 1987 adults may be a function of habitat preference
differences during warm versus cold water periods. Again the
mild winter may have affected the distribution of the adults.
This pattern was not reflected by larvae of Optioservus.

d. Glossosoma nigrior and Protoptila sp. are members of
the trichopteran family, Glossosomatidae. In the previous
annual report, individuals in the family and not genera were
followed over time. We now have sufficient data at the genus
level to track both MDW/IND values and mean number of
individuals over time. The MDW/IND values for Glossosoma
nigrior indicate that this species is univoltine, with 1its
major emergence being between May and June (Figure 4.12A).

The highest numbers of individuals occur just after the
MDW/IND peak has passed, indicating that the high numbers are
young of the year (Figure 4.12B). This species is more common
at FCD than at FEX, indicating that the habitat at FCD is more
conducive to these collector-gatherers than habitats at FEX.

e. Protoptila sp. The MDW/IND peak values indicate that
this genus 1s univoltine, with its major emergence being in
April and May (Figure 4.13A). The maximum number of
individuals occurs just after the MDW/IND peak, indicating the
the high numerical abundances represent the young of the year,
Figure 4.13B). As for Glossosoma gig;ior, Protoptila is also
more common at FCD than at FEX, indicating that the habitat at
FCD is also more conducive to both these collector-gatherers.

Future Pléns for This Element

The same design and accumulation of data will continue as
in thée past. We have added more replicates for our collection
dates (seven as opposed to five in the past). However,
we have processed more than five only for the late fall and
winter samples thus far. The late spring and summer samples
are s0o large that one sample takes at least three times as long
as samples taken at other times of the year. 1In the winter of
1986 and spring of 1987 the samples were also very large, and
we could only process five of the seven samples. If time
permits, we will process the remaining two samples for each
site.

The principle change for next year will be in the form
of more sophisticated analyses. We have requested that ambient
monitoring data be made available on a monthly basis in the
future so that some of these analyses can commence this coming
summer rather in the fall. By the end of the 1988 summer
season, we will have five year'’s worth of pre-operation data
(i.e., without the lines being fully operational) and one
year's worth of operational data. We will take the most
consistent data sets and regress integrated degree days
against them. This will be done for the means and for the
variances for the integrated degree days. There are many
times when the variances "“give more information™ than the
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Figure 4.12A. Mean Dry Weight per Individual (MDW/IND) for Glossosoma
nigrior at FEX and FCD, July 1985 to June 1987.

Figure 4.

1985 to June 1987.

B. Mean Numbers of Glossosoma nigrior at FEX and FCD, July

160




M - —v" —

iy BRan

PROTOPTILA AT FEX AND FCD

0.07

0:05 -

0.04 ~

MDW /IND (mg)

0.03 ~

0.02

0.01 <

:

!

0 _ITITII"'ﬁII‘VT'IIIﬁI"'TI‘IUT

1985 1986 1987

MONTHS, 1985~ 1987
O  FEx PROTOP *+ FCD PROTOP

PROTOPTILA AT FEX AND FCD

60

40 -

20

MEAN NO INDMIDUALS
8

10 4

J'

o 'TTII'I—I I""'ITT"T'I‘III

1985 1986 1987

MONTHS, 1985-1987
O  FEX PROTOP + FCD PROTOP

o

Figure 4.13A. Mean Dry Weight per Individual (MDW/IND) for Protoptila
sp. at FEX and FCD from July 1985 to June 1987. )
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meansg with these sorts of biological data, biological
transition times being one of the most critical, so variances
will be analyzed around those times. Two seasonal plots of
variances regressed against means for total biomass data were
done for the present data set. The first plot was spring
"transitional™ data (January-April) and the second plot was
for a "stable" period (June-August). The results are
intriguing (Figure 4.14A, B). The transition periods have
higher variance relative to mean values for total insect
biomass than do the stable periods. Variability analyses
will be performed for pre- versus post-operational periods.
to see if FEX differs from FCD as a function of E.L.F. fields.

We will also look at differences between abundances at
FEX and FCD, using a BACI (Before and After at Control and
Impact sites) design (Stewart-Oaten et al. 1986). 1In this
design the difference between the means are plotted rather
than the means themselves. If there is no change, one would
expect a horizontal line. Changes would be reflected in the
direction, amplitude, and frequency of change. Our data
and design appear to fit the criteria necessary for the
application of the method.

A paper will be written in the summer of 1988, using
data from this element. Up to now, these data have not been
published in a peer-reviewed journal. During that process,
analyses will include degree day analysis for functional
community parameters. The changes in MDW/IND values for
selected insects may be more meaningful if degree day water
temperatures are used rather than chronological time.

Summay

Taxon diversity (H') and evenness (J') from 1983 to 1984
were highly correlated with one another. Both parameters had
their highest values in the summer months and their lowest
values during the winter months. Both H' and J' were higher at
FEX than at FCD. High chironomid abundances greatly affected H'
and J' and are highly correlated with those two parameters. The
affects of chironomids on H' and J' were most pronounced at FCD,
owing to the higher ratio of chironomid abundances relative to
other species abundances. When chironomids were excluded from
benthic insect analyses, correlation coefficients for J' with
respect to H' were lower -- especially at PCD, which is the site
containing high numbers of chironomids relative to other species
abundances. This indicates that high numbers in the
Chironomidae biases H' and J'. If we had the time to separate
the family to species level, this bias would be erased.

Distinct seasonal patterns were found for insect total
biomass over a five year period. These patterns were
highly correlated with diatom densities and water tempera-
tures at FEX and FCD combined until the 1986 - 1987 season.
Unusually mild weather conditions is suspected as being the
principal factor that altered reqression coefficients among the
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Figure 4.14A. Variance Against Mean for Insect Total Biomass. Solid
line: January through April each Year at FEX (slope = 0.714). Dashed
1ine: June through August each Year at FEX (slope = 0.427).

Figure 4.14B." VYariance Against Mean for Insect Total Biomass. Solid
Tine: January through April each Year at FCD (slope = 0.419). Dashed
line: June through August each Year at FCD (slope = 0.340).
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three parameters. It appears that water temperature alone was
not the controlling factor for diatom and insect biomass
values. We suspect that air temperatures and days of sun,
along with ground water inputs have a great affect on diatom
and insect biomass. From November through March, no daily
readings for these parameters are taken. Weather data from
nearby weather stations should be gathered to determine whether
ambient air temperatures and solar radiation has more affect on
diatom and insect biomass values than do the monthly water
temperature during the colder months of the year.

Functional feeding groups, collector-gatherers,
collector-filter feeders, and predators were highly correlated
with diatom densities until 1986-1987. Shredder biomass
values were never highly correlated with diatom densities.
These seasonal patterns will continue to be investigated,
using additional ambient monitoring data.

Biomass values, when coupled with numerical abundances

of certain taxa, had ‘ow variance over time. The following taxa
showed consistent size class patterns (MDW/IND) from 1983 to
1987 at both sites: Chironomidae, Paraleptophlebia mollis,
Ephemerella invaria, E. subvaria, Optioservus sp., Glossosoma
nigrior and Protoptila. They will continue to be monitored.
gﬁtiosetvus is a holobiotic genus. Both adults and larvae are

ound 1n samples, and so separate analyses for adults and larvae
will continue to be performed. MDW/IND data for this genus is
less reliable than those data for other species, given the fact
that adults and larvae co-occur. Glossosoma and Protoptila were
added to the list of taxa to be followed. 1ts total numbers
followed diatom density, water temperature, and total insect
biomass over the years. Both genera graze on diatoms.

From September of 1986 through December of 1987 we
collected 7 replicates per site at each collection date.
Unusually high numbers of insects in the samplers forced us to
process only 5 of the 7 samples for each site. If time permits
in the future, those additional 2 samples will be processed.
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Invertebrates

Element 5 - Movement Patterns of Selected Aquatic

Changes from the Original Synopsis - None.

Objectives

To monitor short-term movement patterns of a dominant
insect predator, the dragonfly Ophiogomphus colubrinus.

Extremely low frequency electromagnetic fields may affect
orientation and movements of birds, fish and honeybees
(Greenberg and Bindokas 1981, Larkin and Sutherland 1977,
N.A.S. 1977, Williams et al. 1976). They also may affect
movement and orientation of aquatic insects. We selected a
highly abundant predator whose normal travel distances are
short enough (5 m per 24 hr) to study feasibly. 1If E.L.F.
alters orientation and movements rates of this predator, we
expect (given the numbers of individuals and recapture success)
to be able to detect differences, if they occur, under the
influence of E.L.F.

Materials and Methods

In June and July, 1987, movement studies of naiads of
the dragonfly, Oghiogomghus colubrinus, were conducted at FEX
and at FCD. The same riffle at FEX (directly upstream from
the ambient monitoring station) was used in 1984 through
1987. The riffle used at FCD was 160 m downstream from the
ambient monitoring station there. '

Prior to initiating mark-recapture studies, one-meter
square grids were established with flagged stakes. Direction
of flow, and water depths were taken, using the stakes as
reference points. Flow directions were mapped by placing an
orange between each upstream stake and tracking the orange's
course downstream. Directions were taken prior to initiation
of each mark-recapture series. Depths were taken at one meter
intervals along four transects perpendicular to the flow. Each
transect was four meters apart, going downstream. Discharge
values from June 23 through July 6 from the FEX and FCD were
used to compare velocities.

Naiads were collected downstream of the riffle, using a
one meter square handscreen. The naiads were placed in a
holding pan with stream water until sufficient numbers had
been collected. No naiads smaller than 9mm were used. Naiads
were removed from the holding pan, measured, blotted dry with
a "Kimwipe™, and marked with Testors enamel paint on the
dorsal and lateral surfaces of the abdomen. They were placed
in a second holding pan for approximately five minutes to
allow the paint to dry. After drying, the naiads were placed
in a third holding pan with stream water to test the adherance
of the paint. Those individuals on which the paint did not
adhere were remarked as described above.
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Naiads were released in the upper end of the study grid
one meter square area (figs S.1, 5.2). The holding pan,
containing the marked individuals, was placed in the stream
at the upper end of the release area. Naiads were allowed
to wash out of the pan to drift downstream. Some made
contact with the substrate and held on. Those that conti-
nued to drift were captured in a kickscreen held one meter
downstream from the release site. The kickscreen was
then laid parallel to the substrate surface, with the
upstream side facing the substrate. The naiads on the
screen were allowed to crawl from the screen to the
substrate. A second screen was held lm downstream from the
first and 2m from the original release site. Naiads that
failed to hold onto the substrate were collected on this
screen. Those naiads were placed by hand on the substrate
in front of the screen and they were observed with a
facemask to assure that they did not release and drift
downstream.

Twenty~-four hr after the initial release, the grid was
kickscreen sampled in lm square areas, beginning at the
downstream portion of the study site and ending 2 m above the
release site. The number of marked individuals and unmarked
individuals collected from each square of the grid were
recorded and these naiads were placed in a holding pan.

After the entire site was kicked, leaving a border of at
least 2 square meters where no marked animals were
recaptured, all previously marked animals were remarked with
a new color. Additional unmarked animals were marked, giving
a total of at least 300 individuals. All animals were again
released at the original release site. Forty-eight hr later,
the area was resampled. The 48 hr recaptured animals were
those with the second day marks. After recapturing animals
left in the stream 48 hr, another color was placed on at
least 300 more animals for a 72 hr recapture experiment.
Twenty-four, 48 and 72 hr experiments were performed at FEX
and at FCD from 25 June through 5 July. Percent recapture
success, distances and directions travelled, and comparisons
between and within sites for distances travelled were made,
usikng Chi Square analysis. Population estimates, based on
the Lincoln Index (Southwood, 1966) were determined, using
data from the 24 hr release experiment.

Results

Physical Differences Between FEX and FCD.-- Mean
discharge values were lower at FEX than at FCD (FEX: @.551
meters cubed per sec; FCD: 0.756 meters cubed per sec; t =
-19.11, d4.f. 13, p <.90801). Mean water depths were not
significantly different between the two sites, FEX = 17.8
cm., FCD = 17.9. Water depths in June and July of 1987 were
the lowest recorded for any mark-recapture series. However,
heavy rains in August prevented mark-recapture experiments
from being repeated.
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Figure 5.1 Map of FEX with number of marked animals recaptured p
in one meter square grids. 24 Hour Recapture, =
June 26, 1987. Asterisk marks release point,
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Figure 5.2 Map of FCD with number of marked animals recaptured
24 Hour Recapture,

in one meter square grids.
June 30, 1987.
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Mark-Recapture Results.-- Najiads of 0. colubrinus
were rather sessile. The net movement direction was
downstream, and the marked animals were recaptured along the
current flows below the release site. Figures 5.1 and 5.2
show the current flow pattern, along with numbers of marked
animals found in each meter square grid. Figure 5.1 shows
results from the 24 hr recapture in June at FEX. Figure 5.2
shows data for the same time period at FCD. The pattern of
recovery was similar to flow patterns. Distances travelled
downstream were relatively short. Table 5.1 and figures 5.3
and 5.4 show that over 66% of recaptured individuals were
taken within 6 m of the release site, with one notable
exception. Prior to the 72 hr recapture at FCD, a heavy
rainstorm occurred, causing water depth at the FCD ambient
monitoring station to increase by 10 cm. Percent recapture
success on 5 July at FCD was low (Table 5.3), and recapture
distances were longer (Table 5.1) Over 26 m distance was
necessary before 68% of the marked animals were recovered.
Similar rains did not occur for any of the other mark-
recapture series in 1987.

TABLE 5.1

Distances and Uirections Travelled by Ophiogomphus
colubrinus at FEX and FCD after 24, 48 and 72 Hours

TIME MAXIMUM MEDIAN GEOMETRIC SLEFT S$CENTER S$RIGHT
DISTANCE DISTANCE MEAN RECOVERED ALONG WIDTH
FEX SITE
24 hrs
26/V1/87 15 g 1.03 1.71 34.29 64.00
48 hrs
28/V1/87 28 1l 5.37 3.52 88.73 7.75
72 hrs
1/v11/87 41 1.1 5.93 9.15 88.24 2.61
ECD SITE
24 hrs
3e/v1/87 36 5.5 8.24 5.26 77.63 17.11
48 hrs
2/VIi1/87 36 3 6.38 9.09 84.42 6.49
72 hrs
5/v11/87 44 21 18.92 23.81 71.42 4.76

The marked animals at FCD required more labor to
recapture, as they were found both farther downstream and
across more stream widths. Table 5.2 presents an index of
difficulty in recapturing animals; i.e., the area that was
necessary to recapture one percent of the total marked
animals recaptured. The table also gives the total number of
square meters sampled for each recapture experiment.
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Figure 5.3 24 Hour recaptures: percent recaptured every 2
meters from release point to farthest downstreanm
recovery site. FEX = e FCD=o .
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Just after releasing marked animals for the FCD 72 hr
experiment, it rained heavily. The rain and increased water
depths appear to have increased the difficulty we had in
recapturing marked animals. Over 17 meters were necessary to
capture 1% of the animals and we had to sample 366 sgquare
meters before we had two meter square areas devoid of marked
animals, our criterion for ending searches downstream and
upstream of the site.

TABLE 5.2

Index of Difficulty in Recapturing Animals
(Square Meters Sampled to Obtain 1% Marked Animals)

SITE  HOURS AFTER RELEASE  SQUARE METERS SAMPLED
24 48 72

FEX 1.65 3.33 4.74 91, 155, 226

FCD 5.35 5.19 17.66 271, 258, 366

Table 5.3 gives the overall percent recapture
success as well as population estimates for both sites.
Recapture success was always over 45% with one exception (72
hr at FCD). We do not assume that marked animals
randomly assorted themselves among the rest of the unmarked
population, owing to the sessile nature of the animals. Thus,
estimates of population size include that bias. Lincoln Index
estimates were computed using 24 hour recapture data for each
site.

TABLE 5.3

Percent Recapture Success
and Population Estimates of 0. colubrinus

SITE PERCENT RECOVERY SUCCESS POPULATION ESTIMATES
24 hrs 48 hrs 72 hrs (no.animals/square m.)
FEX 55.21 61.83 47.66 317/175 = X/329
N = 22.7 per
18 sqg.meters sg.meter
FCD 54.00 49.68 20.72* 306/162 = X/1187
= 36.6 per

60 sg.meters sg.meter

* Heavy rains intervened between release and recapture

Pigures 5.3, 5.4 and 5.5 show the percent marked animals
recaptured across the stream every two meters downstream from
the release site (z2ero on the x axis) to the last recapture
site after 24 , 48, and 72 hours. Animals tended to move
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longer distances with longer recapture intervals, which is to
be expected. However, animals tended to move farther down-
stream at the FCD than at the FEX site for each time period.
The figures show rather a negative exponentional pattern,
indicating that most animals were found near the release
site. Unlike in previous years, there was no kickscreening
between releases and recaptures for the 48 and 72 hr
experiments. All figures are similar in pattern, with the
longer intervening periods of recapture showing longer
distribution tails to the right. The only figure (5.5) that
deviates is for the 72 hr recapture at FCD where rains
affected locations of the animals.

Chi Square tests were used to compare distances the
animals moved at FEX and FCD after 24, 48 and 72 hours in
1987 (Table 5.4). The values above the slash marks show
the observed number of marked animals over a 10 m distance.
Values below the slash marks show the expected number of
marked animals.

TABLE 5.4

Chi Square Test for Distances Moved by Ophiogomphus
colubrinus at FEX and and FCD in §9§7

Meters FEX SITE FCD SITE

down-
stream 24 hrs 48 hrs 72 hrs 24 hrs 48 hrs 72 hrs

g - 10 72/148 114/120 36/122 109/124 1217123 26/35
11- 29 3/16 17/13 12/13 23/13 13/13 4/4
21- 30 g/12 11/9 3/180 15/1¢9 12/10 12/3

Difference Between Observed & Expected

g - 10 +24 -6 +8 =15 -2 -9
1l1- 20 -13 +4 -1 +10 9 0
21~ 30 ~12 +2 -7 +5 +2 +9

Chi Square = 78.18, d.f. = 10, p <.001

There are significant differences between sites and
intervals between recaptures. By looking at the signs for
the differences between observed and expected, one can see a
tendency for more animals than expected being found close to
the release site at FEX as compared with FCD. Also, more
animals than expected were found at the downstream sections
at FCD than at FEX.
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Data from 1985, 1986 and 1987 were selected for a
further Chi Square analysis across years. Data were
collected in June-July of those years, and only 24 hr
recapture data were used, as in 1985 and 1986 we kickscreened
between the 48 and 72 hr experiments. Results appear in
Table 5.5.

TABLE 5.5

Chi Square Tests for Distances Moved by Ophiogomphus
colubrinus at FEX and PCD in 1985, 198% and I§g7

Distances FEX SITE ' FCD SITE
Down-
stream 24 hr 48 hr 72 hr 24 hr 48 hr 72 hr

- 5712 5 95796 11e/128 109/126
11- 20 6/11 27/17 3/20 16/12 24/16 23/17
21- 390 8/3 3/4 8/5 8/3 6/4 15/4

Differencs between Observed and Expected

g - 10 +8 -’ ‘ +22 +5 -10 -17
11- 20 -5 +10 -17 -2 +8 +6
21- 21 -3 -1 -5 -3 +2 +11

Chi Square = 79.6, d.f. = 10, p < .001

The same pattern holds for the 1985 through 1987 data set.
There is a tendency for more animals than expected to be
recaptured near the release sitz at FEX as compared with FCD,
and a tendency for more animals than expected to be recaptured
at the downstream sections of FCD as compared with FCD.
Biological reasons for the differences in recaptures between
the two sites are: FEX has a mean lower velocity, it has more
more pebbles of larger size, and it has a shorter run before
ending in a pool area than FCD. Differences between the two
sites with respect to location of marked animals exist. But
those differences appear to be consistent for the 24, 48 and 72
hr periods as well as across years. If these patterns change
after ELF is turned on, the electromagnetic waves may become
suspect as causing movement pattern changes.

Discussion

1987 Studies.--This dragonfly predator, in searching
prey, appears to travel short distances -- at least during
summer months. Owing to its rather sessile habits, high
recapture success is possible. Also, movement patterns can
be determined with good reliability. On the other hand, one
assumption for population estimates based on mark-recapture
studies cannot be met: We cannot assume that marked animals
resort themselves randomly in the population after release.

176

o

ol A

AW SASEA.

AW




Rather, they are rather sessile and they also appear to
respond to current flow patterns more than to the substrate

. when they do move. Thus, population estimates are subject to
guestion. We chose to base population estimates using grids
_ that included marked animals. Bias owing to nonrandom

{ reassortment were hopefully minimized by excluding grids
devoid of marked animals.

The most powerful results from this element are those
showing distances travelled over time. If ELF effects alter
- movements of these animals such that they travel significantly
! longer distances, we should be able to detect differences if we
{ repeat mark-recapture studies under similar physical and
temporal conditions. Because gathering the necessary data is
labor intensive, and other elements must be considered as well,
- we plan to run the 24, 48 and 72 studies at both sites only
once during succeeding field seasons.

Comparison With Earlier Studies.-- Percent recapture
sucess was higher in 1987 than in 1984, 1985 or 1986. The
success rates for all years were very high, relative to most
L mark-recapture aquatic invertebrate studies (Stout, 1978, 1981,

Bovbjerg, 1952). The direction of movement for these animals
over all years was the same: downstream. The distances
travelled were also similar, Table S5.6.

TABLE 5.6

Distances Travelled and Percent Recapture Success Results for
June-~July of 1985, 1986 and 1987

A. * 24 Hour Recaptures

"FEX FCD

Year Geo. Median Max % Geo. Median Max $
Mean Dist. Dist. Return Mean Dist. Dist. Return

1985 4.9 5 13 31.45 3.6 3 17 33.85
1986 5.4 3 23 43.70 16.7 6 56 46.67
1987 1.0 ] 15 55.21 8.2 S 36 506.67

1985 7.5 5 25 30.92* 7.0 6 17 27.20*
- 1986 5.5 2 22 23.33* 15.5 11 40 41.14*

1987 5.4 1 28 65.83* 6.4 3 36 49.68*

C. 72 Hour Recaptures

1985 16.9 11 24 22.17* 6.8 S 14 6.47*
® 1986 10.4 6 30 1.76* 24.4 24 49 32.76*

1987 5.0 1 41 47.66 18.9 21 44 20.72

% = Intervening kickscreening prior to recapture.
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In 1984, the maximum distance after 24 hr at FEX was 10 m
and after 96 hr it was 7 m. No similar studies were done at

FCD that year.

Summar

Naiads of O. colubrinus travelled in a downstream
direction at both sites for all mark-recapture studies.
Percent recapture success is high (usually from 30 to 50%) making
us rather confident that the data reflect the actual movement
patterns of this predator. Finally, owing to their numerical
dominance, "markability", and sessile behavior, these animals are
very appropriate animals by which movement patterns can be
monitored in the event that ELF affects movement patterns of this
sit-and-wait dragonfly predator.
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Element 6 - Leaf Litter Processing

Changes from the Original Synopsis - None.

Objectives

1) To monitor fresh and autumn-abscissed leaf processing
rates during the fall-winter of 1987-88; 2) to monitor coloni-
zation patterns of insects on fresh and autumn-abscissed
leaves during the fall-winter of 1986-87 and, 4) to compare
1986-1988 results with those from prior years.

Processing rates of leaves incorporate the functional
responses of fungi, bacteria, other micro-organisms and
certain aquatic insects as they use leaves as both a nutritive
and substrata resource. Alterations in leaf processing rates
and microbial and insect colonization onto leaves in streams
have been correlated with a number of perturbation regimes;
e.g., chemical (Fairchild et al. 1984, Stout and Cooper 1983,
Wilhm and Dorris 1966), thermal stress (Gersick and Brusven
1981), forest cutting practices (Webster and Waide 1982). 1If
E.L.F. alters any of those communities, differences in
processing rates of the leaves themselves should be expected.
As data thus far show that fresh green and autumn senescent
leaves have predictable and consistent leaf processing rates,
rate changes as a function of E.L.F. should be detectable.

Insects colonize leaves in a general sequential pattern:
After conditioning by bacteria and fungi, insect functional
feeding groups such as shredders, scrapers, collector-gatherers,
filter-feeders and predators arrive in sequence. If any of
those seguence "groups" are missing as a function of E.L.F., not
only the sequence pattern, but relative abundances and growth
rates of insects on leaves over time can be altered. Changes
would be detected via changes in numbers and/or biomasses of
functional feeding groups as well as size class structural -
alterations. Changes in biomass for the functional feeding
groups shredders, collector-gatherers and predators (adjusted to
changes in leaf mass) are analyzed. In addition, size class
changes for three aquatic insect species are determined. A
collector-gatherer mayfly, Ephemerella invaria, and a stonefly
predator, lsoperla transmarina were selected as target species
as they are common on leafpacks and show consistent changes in
size classes over time. A mayfly collector-gatherer
Paraleptophlebia mollis is also included so that its size class
changes on leaves can be compared with its changes in the
benthos over time (Element 4).

Materials and Methods:
A. Leaf Processing

On September 16, 1986, fresh tag alder leaves (Alnus
rugosa) were collected from a grove adjacent to the Ford River,
weighed into 5.20 to 5.30 gm fresh weight leafpacks and taken to
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FEX and FCD that day. (A regression of leaf fresh weight
against leaf dry weight had an r2 of 6.94, showing that initial
dry weight estimates could be m~de from having fresh leaf
weights). Seven replicates per site were collected after 3, 9,
27, 58, and 106 days. Autumn abscissed leaves were collected
daily from parachutes placed under tag alder trees. After
drying leaves for 48 hr at 680oC, leafpacks ranging in dry weight
from 2.30 to 2.40 gm were lashed to bricks and placed at FEX and
PCD sites September 19. Seven replicates per site were
collected after 3, 9, 27, 58 and 88 and 1066 days. This Report
describes the leaf processing rates and the colonization of
insects on those leaves.

On August 28, 1987, freshly picked tag alder leaves were
prepared the same way as for the 1986 study and taken to the
Ford River at the FEX and FCD sites, lashed to bricks and placed
in the river. The previous year's autumn leaves, prepared the
same way as for the 1986 study, were placed at the sites on
August 28th. Leaves were recovered after 7, 14, 21, 26, 50 and
76 days' immersion. This report describes leaf processing rates
of the two types of leaves. The next Annual Report will
describe the insects on those leaves.

Leaf processing rates (-k) were computed after Petersen and
Cummins, 1975. Final dry weights for each collection date were
used. Data analysis for individual years included linear
regressions for -k values and Two-Way ANOVAS for tests of site
versus treatment differences for each collection date. Co
variance analysis was used to compare leaf processing rates
among years.

B. Colonization of Insects on Leaves

The insect taxa from the leaves were determined to the
lowest taxon possible except for chironomids. Time constraints
disallowed their taxonomic breakdown below the order level.
Identified insects were then measured to the nearest mm for
later computation of biomass values. Species diversity (H'),
richness (S) and evenness (J') were computed for each sample.
Numbers of individuals and total biomass for each sample were
computed. For select taxa, percent numerical dominance and/or
mean biomass per individual were determined. Finally, total
biomass values for functional feeding group categories
(including a special category, Chironomidae) were computed
(after Merritt and Cummins, 1984). Coefficient of variation
(C.V.) values for each estimated parameter from each set of
samples were computed. A powver test was used to determine if
sufficient replicates had been collected to have, 95% of the
time, confidence that the mean varied no more than + 406% with an
alpha of .85. (Seven replicates were sufficient if the
parameter had a C.V. value of 20% or less.) If values for
any parameter were not normally distributed, they were trans-
formed prior to analysis (e.g., percent data).
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Results and Discussion

Leaf Processing Rates
1986 Data:

Processing coefficients for fresh leaves were 6.0101 at
FEX and 0.06107 at FCD. Coefficients for autumn-abscissed
leaves were 0.0034 at FEX and 0.0028 at FCD, Figure 6.1.
Petersen and Cummins (1974) categorized rates of leaf loss into
three categories: -k>.910 = fast; .@16> -k >.005 = interhmediate,
and -k <.005 = slow. Thus, green tag alder leaves were
processed fast and autumn-abscissed leaves were processed
slowly. The differences were significant (two-tailed t-test for
slope differences: FEX, t = -5.99, d.f.: 68; FCD, t = -3.48,

dofo: 60).

Table 6.1 shows 2-Way ANOVA values for tests of site
versus treatment differences. Treatments (fresh vs. autumn)
were significantly different on days 3, 27 and 58. Sites
differed significantly on days 3 and 27. Green leaves were
processed faster at FEX than at FCD. Although ANOVA tests could
not be done after Day 54, owing to collection date differences,
Figure 6.1 shows that values between autumn and fresh leaves
after Day 54 were different, irrespective of site.

TABLE 6.1
Comparisons between Fresh and Autumn-Abscissed Leaf Losses, Ln
Percent Remaining Dry Mass Values
FEX and FCD, 1986. Two-Way ANOVA for Site Versus Treatment

Days in Source 4d.t. MSS F-ratio Prob.
Stream
3 site 1 663 92.664 <.0600001
treatment 1l 829 42.233 <.0000601
interaction 1l .901 1.537 «227
error 24 .00068
9 site 1l .96a7 <350 .5598
treatment 1l .8812 <576 4555
interaction 1l .916 7.690 .003
error 24 .002
27 gsite 1 .153 9.635 .9648
treatment 1l .972 4.506 .0443
interaction 1l «136 8.500 .0073
error 16 .916
58 gite 1 .0068 .682 «7774
' treatment 1 2.779 33.187 <.00001
interaction 1l .949 .583 .453
error 16 .984
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Figure 6.1 1986 Leaf progessing for fresh and autum leaves

at FEX and FCD. ' Processing coefficients, -k:
FEX fresh = 0.0101, FEX sutumn = 0.0034, FCD
fresh = 0.0107, FCD autumm = 0.0028.
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1987 Data:

Processing coefficients were higher for fresh than for
autumn leaves at both sites, Figure 6.2. At FEX and FCD fresh
leaves were processed fast (-k = 9.06115 and 6.0130
respectively). Autumn-abscissed leaves were processed at
intermediate to slow rates at FEX and FCD (-k = 0.0070¢ and
6.0049 respectively). Fresh leaves were processed
significantly faster than autumn-abscissed leaves (two-tailed
t-test for differences in slopes: FEX, t = -3,60, d.f.: 82;
FCD, t = -4.33, d.f.: 82.). Table 6.2 shows Two-Way ANOVA
tests for the 1987 leaf loss data for days 7, 14, 26, 50 and
76. There were significant treatment differences for days 7,
14 and 50 and 76. Figure 6.2 shows that fresh green leaves
were processed faster than were autumn-abscissed leaves at both
sites. At no time were there site differences.

TABLE 6.2
Comparisons between Fresh and Autumn-Abscissed Leaf Losses, Ln

Percent Remaining Dry Mass Values
FEX and FCD, 1987. Two-Way ANOVA for Site Versus Treatment

Days in Source d.f. 'MSS ~ F-ratio “Prob.
Stream
7 site 1l .0002 .843 .837
treatment 1 «175 38.210 <.00001
interaction 1 .801 .538 . 227
error 24 .0024
14 site 1l .0092 1.973 .1738
treatment l .101 21.743 <.00061
interaction 1 902 <526 .476
error 24 .80646
26 site 1 .0024 «262 .6133
treatment 1 .909 .986 «3306
interaction 1l .0088 .839 .3688
error 24 .9093
50 site 1 .927 <710 .4079
treatment l .370 9.852 .9044
interaction 1 .378 9.947 .0041
error 24 .938
76 site 1 .974 1.267 .2714
treatment 1 .877 14.990 .0007
interaction 1 .876 1.288 .2649
error 24
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Figure 6.2 1987 leaf processing for fresh and autumn leaves
at FEX and FCD. Processing coefficients, -k:
FEX fresh = 0.0115, FEX autumn = 0.0070, FCD
fresh = 0.0130, FCD autumn = 0.0049.
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Comparisons Among Years, 1982 - 1987:

Table 6.3 presents processing coefficient values (-k) from
1982 through 1987. Fresh leaves or oven-dried fresh leaves were
processed significantly faster than were autumn-abscissed leaves
for all the studies. A two-tailed t-test for differences between
slopes for a linear regression of fresh leaf dry weights at FS1
in 1982-1983 (days 3 through 111) and at FEX in 1984 (days 3
through 91) showed no significant difference (t = 0.965, 4.f. =
44, p> #.10). The same comparison at FEX for autumn abscissed
leaves also showed no significant difference in slopes (t =
0.200, d.£f. = 44, p> 6.106). Further two-~tailed t-tests were run
between 1985-86 fall-winter study of fresh leaves and summer of
1986 fresh leaves. At FEX and at FCD, there were no significant
differences between slopes for fresh leaves (FEX, t = ,699, d.f.
= 42, p= .244; FCD, t = 1.443, d.f. = 44, p = .078).

Table 6.3
Processing Coefficients (-k) For Fresh and Autumn Leaves
on the Ford River

Season and FEX FCD
Year Fresh Autumn Fresh Autumn
1982-83*
Fall, Winter
1984-85 «8152 .8081 .8150 .0060
Fall, Winter
1985-86 0320 - .8150 -
Summer (excluded from grand means)
1986 .8206 - .3266 -
Fall,Winter .0101 .0034 .3107 .0028
1986~-87
Fall,Winter
1987 .9115 .0070 .8130 .00849
MEAN .8170 .8068 .09134 .0046
s.D. .8089 .3823 . 9020 .9816
N 5 4 4 3

*1982-1983 site was FS1, 2 km upstream of FEX.

The high -k values for fresh leaves at FEX in the fall-
winter of 1985-86 may have been related to extensive flooding and
scouring prior to Day 54 collections. (FEX contains more cobble
and pebbles than does the FCD site.) Omne would expect that the
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processing rates for fresh leaves during the summer months (see
summer of 1986 values) would be higher than those for fresh
leaves put into the Ford River during the fall when water temper-
atures and bacterial activities lower. If the leaf losses in the
fall of 1985 at FEX are attributable to more extensive scouring
there and more deposition of sand at the FCD site, the data agree
with what one would expect for summer versus fall-winter
differences in processing rates.

" Insects Colonizing Leafpacks

Structural Community Parameters:
198¢ Data

Taxon diversity values after Day 9 decreased rather linearly
over time irrespective of site or treatment (Fig. 6.3). The
reduction in the evenness component (Fig. 6.4) of the diversity
index depresses the diversity index values. That reduction is
attributable to the steady increase in chironomids over time
(Fig. 6.5). The family was treated as a single taxon in the
analysis. Taxon richness, the other component of diversity,
had its major peak at Day 27 for autumn leaves at both sites
and for fresh lesves at FCD (Fig. 6.6). The peak for fresh
leaves at FEX occurred at Day 58 just after more than 50% of leaf
mass had been processed. Had we sufficient time to identify
chironomids to lower taxonomic levels, the diversity and evenness
indices may have more closely approximated the richness index.

Table 6.4 shows site and treatment differences in taxon
diversity. FEX usually had a more diverse insect community and

autumn leaves at each site supported a more diverse community than

fresh leaves.

TABLE 6.4
Comparison of Taxon Diversity Values for Insects on
Fresh and Autumn Leaves at FEX and FCD
Two-Way ANOVA for Site Versus Treatment Differences

Days in Source d.f. MSS F-ratio Prob.
Stream
3 site 1 .037 .568 .458
treatment 1 .204 3.111 .090
interaction 1l «206 3.169 .088
error 24 «965
9 site 1l «563 8.94 .906
treatment 1l «909 14.44 .9009
interaction 1l .0002 .003 955
error 24 .963
27 site 1 391 2.760 .110
treatment 1l 1.919 13.535 .001
interaction 1 .270 1.901 .180
error 24 «142
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Table 6.3, continued

Days in Source d.f. MSS F-ratio  Prob.
Stream
58 gsite 1 1.551 8.474 .008
treatment 1l 2.663 14.550 .9008
interaction 1l «250 1.366 . 254
exror 24 .183

Evenness values (J') lowered with time (Fig. 6.4).
After Day 9, there were both site and treatment differences
(Table 6.5). Evenness indices were higher at FEX than at FCD.
FCD substrata contain more sand than FEX substrata. FCD
supports more chironomids (Element 4). A more equitably
distributed community was found on autumn leaves than on fresh
leaves. It may be that chironomids prefer fresh over autumn
leaves. Coefficient of variation values for this index were less
than 28% through Day 54. Thus, sufficient samples had been taken
to reduce the probability of a Type II error.

TABLE 6.5
Comparison of Evenness Values for Insects on Fresh and Autumn
Leaves at FEX and FCD {(Arcsine Transform of Data)
Two-Way ANOVA for Site Versus Treatment Differences

Days in Source d.f. MSS  F-ratio Prob.
Stream
3 site 1 .911 .136 <715
treatment 1l 178.265 26.689 .00003
interaction 1 93.294 13.968 .001
error 24 6.679
9 site 1l 84.356 14.444 .0009
treatment 1 «179 .031 .862
interaction 1l 22.393 3.834 .0619
error 24 5.840
27 site 1 96.534 5.621 .@35
treatment 1l 93.733 4.876 .837
interaction 1l 26.132 1.359 . 255
error 24 19.224
58 site 1 165.094 5.421 .029
treatment 1l 257.975 8.471 .908
interaction 1l 6.176 .203 .656
error 24 309.454
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Chironomid dominance consistently increased through Day 58
(Fig. 6.5). The increase in chironomid numbers depressed both
the diversity (Fig. 6.3) and evenness (Fig. 6.4) indices. Table
6.6 shows site and treatment differences, with chironomids
being more dominant at FCD and within leaf treatments, more
common on fresh than on autumn leaves (See Fig. 6.5). Again,
had we sufficient time to identify chironomids to lower taxon
levels, the effect of increasing chironomid numbers would not
have been reflected in a lowering of both the diversity and
evenness indices.

TABLE 6.6

Comparisons Among Numerical Dominance Values for
Chironomids on Fresh and Autumn Leaves at FEX and FCD
Two-Way ANOVA for Site Versus Treatment Differences

(Arcsine Transformation of Data)

Days in Source d.f. MSS “F-ratio Prob.
Stream

1211.247 22.43¢0 .00008
367.213 6.860 .@15
58.349 l1.080 .309
54.000

3 site
treatment
interaction

error

N
>

211.420 10.462 .9035
371,134 18.365 .8003
27.761 1.374 «253

20.209

9 site
treatment
interaction

error

175.35¢@ 4.395 .847
14.674 .368 550
79.195 1.985 «172
39.901

27 site
treatment
interaction

error

N
N S Y ol

N

263.836 6.706 .216

4909.275 10.403 004
12.052 .306 . 585
39.342

58 site
treatment
interaction

error

(X
N )

At FEX, taxon richness (S) values for fresh and dried
leaves generally increased through Day 26 and then diminished
afterward (Fig. 6.6). In general, richness peaked at Day 27.
There were treatment differences but no site differences
for this index (Table 6.7). Autumn leaves supported a richer
community than did fresh leaves over time (See Fig. 6.6).
Coefficient of variation values were usually below 25% from Day
3 through Day 58 (mean = 19.98%, s.d. = 10.41, n = 16).
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TABLE 6.7
Comparisons Among Taxon Richness Values (S) for Insects
on Fresh and Autumn Leaves at FEX and FCD
Two-Way ANOVA for Site Versus Treatment Differences

Days in Source d.f. MSS ~ F-ratio Prob.
Stream
— 3 1 4.321 .965 . 336
treatment 1l 132,893 29.689 .00001
interaction 1 .836 .008 «930
error 24 4.476
9 site 1l +893 .984 «774
treatment 1l 170.636 16.0666 .98005
interaction 1 15.750 1.488 .234
error 24 10.583
27 site 1 14.286 .984 331
treatment 1 302.286 20.830 .9001
interaction ; 11.571 «797 .381
error «%  14.512
58 site 1l 46.286 3.289 .982
treatment 1l 137.286 9.756 .005
interaction 1 69.143 4.914 .836
exror 24 14.671

Numbers of individuals peaked at Day 27 (Fig. 6.7). There
was no general trend with respect to site or treatment
differences (Table 6.8). Coefficient of variation values were
higher than for previously described parameters (mean = 27.22,
s.d. = 13.65, n = 16), an expected result.

TABLE 6.8
Compaz1sons Among Numbers of Individuals on Fresh and Dried
Leaves at FEX and FCD
Two-Way ANOVA for Site Versus Treatment Differences

Days in Source d.f. MSS F-ratio Prob.
Stream
3 site 1l 803.571 4.506 «.044
treatment 1 19451.571 169.067 <.0000001
interaction 1l 1922.286 19.778 .903
error 24 178.345
9 gite 1 .0009 .0005 .982
treatment 1 11726.036 7.1067 .014
interaction 1l 3726.836 2.258 .146
error 24 1656.0612
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Tablz 6.7, continued

Days in Source d.f. MSS F-ratio Prob.
Stream

27 site 1l 3543.75@ <444 511
treatment 1 22458.893 2.817 .106
interaction 1 9694.321 1.216 .281

error 24 7973.631
58 site 1 15228.893 3.826 .062
treatment 1l 16758.036 4.210 .0851
interaction 1 7656.036 1.923 «178

error 24 39806.750

Comparisons, 1982 1986

The patterns for diversity (H') changes over time were
similar for 1982, 1984, 1985, and 1986. After the 9 days
conditioning phase, diversity continually declined over time.
The same patterns existed for evenness (J') for all leaf treat-
ments. In 1982, numbers of taxa decreased steadily over time;
in 1984 and 1986 numbers of taxa increased for the first month's
incubation period and then declined thereafter. 1In 1985-86
there was no significant change for the first month; afterwhich,
the number of taxa decreased. Thus, after three to four weeks,
taxon richness trends were similar for all the years. Mean
numbers of individuals peaked at three weeks of leaf incubation
for all years we conducted the studies. The increase in numbers
of individuals each year was primarily attributable to an
increase in chironomids. Percent dominance of chironomids
increased over time for all four studi:s.

Functional Community Parameters

1986 Data:

Total biomass values (adjusted to leaf biomass) showed a
consistent upward trend over time (figs. 6.8A, 6.8B). A 2-Way
ANOVA showed site differences (with higher biomass at FEX) on
days 3 and 58 and treatment differences (higher on fresh leaves
on Day 3 and higher on autumn leaves on Day 9), Table 6.9.
Coefficient of variation values for this parameter were very high
(mean = 46.04%, s.d. = 25.82, n = 16). When total biomass was
separated according to functional feeding groups, the coefficient
of variation values were lower.
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TABLE 6.9

Comparisons of Total Insect Biomass (Adjusted to Leaf ]
Biomass) Between Fresh and Autumn Leaves at FEX and FCD. o
Two-Way ANOVA for Site Versus Treatment Differences

Days in Source d.f. MSS F-ratio Prob. 4
Stream -9
3 site 1 7.465 10.8062 .903
treatment 1l 12.547 18.156 .9003
interaction 1l 1.682 2.434 .132 '
error 24 «+691 .’
9 site 1 22.323 3.0693 .091
treatment 1l 94.152 13.046 .901
interaction 1l 1.851 265 .617
error 24 7.217 o]
27 site 1 15.103 .892 «354
treatment 1 .163 .086 <923
interaction 1l 10.0689 «596 .448
error 24 16.939
®
58 site 1 276.467 15.328 .0006
treatment 1l 300.386 17.924 .00804
interaction 1 334.602 18.963 .00062
error 24 17.645
o,
Collector-gatherer biomass on fresh leaves peaked by Day
27 and then decreased (Fig. 6.9A). This occurred on autumn
leaves as well, except for an additional rise on Day 88 (Fig.
6.9B). Two-Way ANOVA tests show that within collection dates °
)

collector-gatherer biomass was higher on autumn than on fresh
leaves after Day 3 (Table 6.10). Shredder biomass was higher
on fresh than on autumn leaves (Fig. 6.16A versus Fig. 6.1¢B).
and leaves irrespective of treatment supported more shredders
at FEX than at FCD (figs. 6.10A and 6.10B). Two-Way ANOVA
tests show that on Day 3 and Day 27 more shredders were on ®
fresh than autumn leaves; shredder biomass was higher at FEX
than at FCD for each of the collection dates analyzed (Table"
6.10. Figures 6.11A and 6.11B show that biomass peaks for
predators for the first 54 days were at Day 27 for fresh
leaves at both sites and for autumn leaves at FCD. Predator
biomass consistently rose on autumn leaves at FEX. After Day ®
9, no site nor treatment differences were found for predators o
(Table 6.19).
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Figure 6.10A

Figure 6.10B

Biomass of shredders (adjusted to leaf biomass)
on fresh leaves for FEX and FCD sites.

Biomass of shredders (aajuated to leaf biomass)
on autumn leaves for FEX and FCD sites.
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Figure 6.11A Biomass of predators (adjusted to leaf biomass)
on fresh leaves for FEX and FCD sites.

Figure 6.11A Biomass of predators (adjusted to leaf biomass)
on autumn leaves for FEX and FCD sites.
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TABLE 6.10

Comparisons for Collector-Gatherer, Shredder and Predator
Biomass. Fresh vs. Autumn Leaves at FEX and FCD
Two-Way ANOVA for Site Versus Treatment Differences
Days in Source d.t. MSS F-ratio Prob.
Stream

A. COLLECTOR-GATHERERS:

3 gite 1l .649 2.036 .166
treatment 1l 4.981 15.63¢0 .080806
interaction 1 «676 2.119 .158
error 24 «319
9 site 1 4.996 4.388 .347
treatment 1l 41.089 36.095 .0006003
interaction 1l <246 «216 .646
error 24 1.138
27 site 1 .9083 .9085 «982
treatment 1 19.637 1.799 «192
interaction 1 «373 <963 .8064
error 24 5.914
58 site 1l 8.597 2.9084 .101
treatment 1l 17.049 5.760 .024
interaction 1l 13.626 4.603 042
error 24 2.960
B. SHREDDERS:
3 site 1l .588 45.572 <.000001
treatment 1l « 755 58.512 <.0000001
interaction 1l «1580 11.538 .802
error 24 .013
9 site 1l 2,039 10.885 .0083
treatment 1l .832 .169 .684
interaction 1l «548 2.930 .100
error 24 <187
27 site 1 4.067 9.331 .805
treatment 1l 5.967 13.689 .901
interaction 1l .616 1.413 . 246
error 24 +436
58 gite 1l 18.722 10.782 .603
treatment 1l 2.504 1.442 . 242
interaction 1l 7.426 4.278 .@50
error 24 1,736
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Table 6.10, continued
Days in Source d.t. MSS F-ratio ~Prob.
F Stream
C. PREDATORS
.I 3 site 1l .968 2.186 «152
treatment 1 «133 4.280 .850
interaction 1 .988 2.839 «105
error 24 .331
9 site 1l «452 1.156 «293
'l treatment 1 2.603 6.652 .816
interaction 1l 2.592 6.629 .817
error 24 «391
27 gsite 1l 8.270 2.723 «112
{ treatment 1 .911 .904 .952
o interaction 1l 5.399 1.778 .195
error 24 3.037
58 site 1l «726 .702 410
treatment 1l «375 «363 «553
interaction 1 1,559 1.506 «232
error 24 1.835

Because insect biomass values according to functional
feeding groups incorporate many species, the C.V. values are
sometimes high. For this reason, individual species from the
collector-gatherer and predator functional feeding groups were
analyzed separately.

The mean dry weight per individual (MDW/IND) of one
collector-~gatherer mayfly, Eshemetella invaria, increased over
time on both fresh and oven-drie eaf packs (Fig. 6.12A).
This was also the case for a predator, Isoperla transmarina
(Fig. 6.12B). An additional species, Paraleptophlebia mollis
was included in the analysis, as it is very common on leaf-
packs and in substrates (Fig. 6.12C). This latter species
showed no size class trend, which was expected, as its major
growth occurs in May-June of each year. (See Element 4 of this
report).

Comparisons, 1984 - 1986:

In 1984 and 1985 and 1986 the total insect biomass was
higher on leaves at FEX than at FCD. 1In 1984, there were no
collector-~gatherer biomass differences between the two sites.

In 1985, collector-gatherer biomass was higher at FEX than at FCD
on Day 26. In 1986 collector-gatherer biomass was higher at FEX
than at FCD on Days 9 and 58. Thus, across years, both total
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insect biomass and biomass of the major F.F.G. on the leaves,
collector-gatherers, were higher at FEX than at the FCD site.

In 1982 and 1984 shredder biomass was higher on fresh

than on autumn leaves over time. Shredder biomass in 1985-86
was significantly higher on fresh than on dried leaves on days
26, 165, and 135. In 1986 shredder biomass was significantly
higher on fresh than on autumn leaves on days 3 and 27. It is
possible that both autumn senescent and oven-dried green
leaves are less "attractive"™ to shredders than are fresh,
green Tag Alder leaves.

The mean dry weight of the mayfly collector, Ephemerella
invaria, consistently increased at similar rates over time at FEX
and FCD on all leaf treatments over the years, suggesting that we
are monitoring seasonal growth rates of this species, rather than
site effects or leaf nutritive quality.

Although no repeatable pattern emerged for predator
biomass in general, the stonefly predator, 1. transmarina, showed
a consistent and similar increase in MDW/IND in 1984, 1985 and
1986.

In general, total insect biomass values tended to show
repeatable patterns across years; biomass values according to
functional feeding groups did not; but MDW/IND values for
particular species within each functional feeding group
showed the most consistent and similar patterns across years.

Future Plans for this Element

Next year (1988), the fresh and autumn abscissed leaf
studies will be initiated on the same day (early September),
as we collected sufficient abscissed leaves in 1987.

Coefficient of Variation (C.V.) values for -k, H', J',
S and biomass of selected species were low. Using a powver
test, five replicates per treatment were sufficient over most
of the collection dates to state that 95% of the time the
true mean was within + 40% of the estimated mean at an alpha
level of .85. Even so, seven replicates per treatment
per collection date were taken in 1985, 1986 and 1987 to
increase the probability that C.V. values would be below 18%
for most parameters throughout all collection periods. Seven
replicates per treatment per site will continue to be taken in
future years, as there is sufficient person-power to process
the additional leafpack samples.

All parameters previously used will continue to be
followed at the FEX and PCD sites. Changes in predator
biomass along with selection of the most common predator
species, Isoperla transmarina, will continue to be
included in future work for this element.
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The next Annual Report will include an analysis of
covariance for processing rates of fresh and autumn leaves
over the years. It also will include comparisons across the
years for insect structural and functional community
parameters. Data for insects found on leaves in 1987 will
be ready the summer of 1988 so that comparisons across years
prior to full initiation of E.L.F. can be done. They will be
used for comparisons of data after E.L.F. is fully
operational.

Summary

Leaf processing rates (-k) were not significantly
different for 1982, 1984, 1985, 1986 and 1987 . H'and J°'
values were also similar. Numbers of species (S) remained
higher over time in 1984, but in 1982-1983, 1985 and 1986
taxon richness peaked at three weeks and thereafter decreased.
Percent dominance of chironomids on leaves was similar for all
the studies. The MDW/IND values for E. invaria, a collector-
gatherer, and for I. transmarina, a predator, were similar in
1984, 1985 and 1986. (1984 was the first year they began being
monitored.) C.V. values, except for total biomass and
functional feeding group biomass, were below 18%.
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Element 7 - Fish Communitv Composition and Abundance

Changes from Synopsis - An analysis of the relationship between
fixed gear catch and actual fish densities was added.

obj .
1

The overall objective of this element is to examine the
effects of the Navy's ELF project on the fish community structure
and movement in the Ford River. The specific objectives are to
determine and monitor: 1) The fish community species composition,
structure and relative abundance at both ELF sites; 2) The
relative mobility of the fish community excluding brook trout in
the Ford River; and 3) The age, growth, and condition of selected
species in the Ford River. An additional objective was added in
1987 to determine a functional relationship between fixed gear
catches and actual dens:;ies.

Materials and Methods
A C ity C ition Studi

Two fyke net sites (FCD and FEX) and two weir sites (FCU and
TM) were used in this study (Figure 7.1). The two fyke net sites
were used in all parts of the study, and weir sites were operated
only for the capture of fish marked at the lower sites for the
fish community movement study. Sampling dates for 1983 through
1986 were reported in previous annual reports. Sampling for the
1987 season commenced on June 5 and continued when weather
permitted until October 31. The number of sampling days for each
vear is reported in Table 7.1.

At FCD and FEX, two 1/2 inch bar mesh fyke nets were fished
(one facing upstream and one facing downstream). At FCU and TM, a
weir constructed of 1/2 inch hardware cloth was used. The weir
design was a variation of those used by Hall (1972). All gear was
fished continuously for 4 sampling days per week when possible and
checked every 24 hours.

All fish were enumerated, measured, weighed and marked by a
fin clip distinctive for that site. The live fish were then
returned to the water upstream or downstream from the station in
the direction of travel.

B. FEixed Gear Calibration Study

Fixed gear calibration was performed using electrofishing
gear, specifically a 250 volt DC wunit, at sites at least one
linear mile from net/weir sites to minimize site contamination.
Sites were selected with similar habitat characteristics as the
actual research areas. Site locations, sampling dates and length
are shown in Table 7.2. FCD and FEX were sampled on two dates
each and FCU, TM and FS1 were shocked only once. At least three
weeks were allowed between shocking dates to assure site recovery.
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Table 7.1. Number of net-days at each site from 1983-87.
Site Year

1983 1984 1985 1986 1987
™ --- 122 61 51 32
FCU --- &7 54 52 32
FEX 20 77 46 45 53
FCD 20 93 56 52 58
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Table 7.2. Location and description of electrofishing sites for
fixed gear calibration objective 1987.
Dates Site Length
Site Sampled Description of Section
FEX 870701 1.6 linear miles downstream 200 meters
of FEX net site.
870826
FCD 870727 1.2 river miles downstream 200 meters
of FCD net site. 300 meters
upstream of Norway Lake RA.
Bridge.
870829
FCU 870818 300 meters downstream of weir 100 meters
site.
™ 870817 1 river mile downstream of 200 meters
weir site. Directly upstream of
Turner Truck Trail bridge.
FS1 870914 Directly downstream of the 200 meters

sediment trap.
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Population estimates were calculated using a three stage
removal technique, the DeLury method. Three electrofishing passes

were made at each site. All fish were enumerated and held in a
holding cage constructed of 1/2 inch mesh hardware cloth until
electrofishing was complete. Brook trout and burbot were

additionally measured to obtain size distributions for comparison
with net data.
Calculations were performed using the methodology outlined in

Ricker (1975). Biomass estimates, for selected species, were made
from the mean weight of the fish collected multiplied by the
estimated number. Fixed gear catches will be related to

electrofishing estimates wusing regression analysis. Brook trout
density and site size structure data is reported in element 8.

Results and Discussion
A. Species composition

Sixteen species from five orders and eight families were
collected at FEX in 1987 (Table 7.3) using 1/2 inch bar mesh fyke
nets. One less order and two fewer families were observed in 1987
compared to 1986, but three new species were captured. Two
species, rainbow trout (Salmo ga;zdng;;) and pumpkinseed (Lepomis
Eibbosus), were added to the species list in 1987. The number of
families was two less than 1985 and 1984 and one less than 1983.
The changes in the overall FEX species .composition can be
attributed to changes in the catch of rare species.

The catch at FCD in 1987 consisted of fourteen species from

eight families and five orders (Table 7.4). This represents a
decline of two species, four families and two orders from previous
years. Again, as in the FEX samples, the only changes in the

species composition occurred in the rare species which occur in
low numbers.

Contrary to prior vears, the species composition was higher at
FEX than at FCD. All of the differences in the community
composition between sites were in the uncommon species, thus
overall the two sites continued to be similar in species
compositicn.

B. Species abundance

The fish community at FEX was dominated by five
species w1th the majority of the individuals caught from the
cyprinid family (Table 7.5). Common shiners and creek chubs
consisted of approximately 50% of the catch and this percentage
has been consistent from year to year. The species structure was
stable from year to year with all species having coefficients of
variation on their combined percent catch of less than 50%. The
catch component made up of burbot was the most stable with a
combined percent catch coefficient of variation of 12.3%. Common
shiners and brook trout demonstrated the greatest fluctuations in
number with coefficients of variation of &7% and 35.1%
respectively. Overall, the community at FEX continued to be
stable in relative numeric abundance with creek chubs and common
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Table 7.5.

Percent catch by number of the dominant fish species
at FEX and FCD from May 1983 to October 1987 using
1/2" mesh fyke nets.

Species

1983 1984 1985 1986 1987 Combined
FEX
Brook trout 12.3 10.2 16.0 10.6 14.7 12.8 + 2.5
Burbot 20.1 24.1 12.9 13.4 11.5 16.6 + 5.4
Common shiner 23.0 27.1 24.7 24 .9 26.7 24.9 + 1.5
Creek chub 22.7 16.6 33.3 29.7 22.4 24.9 + €.6
White sucker 8.8 8.6 5.6 14.8 20.8 11.7 + 6.1
Other species 13.0 13.2 7.5 6.6 5.9 9.2 + 3.6
FCD
Brook trout 13.8 11.3 10.6 6.7 4.9 9.5 + 3.6
Burbot 17.0 6.0 8.3 9.5 4.8 9.1 + 4.8
Common shiner 33.9 35.6 38.6 37.4 31.9 35.5 + 2.7
Creek chub 21.1 25.4 26.2 27.9 31.9 26.5 + 3.9
White sucker 5.5 13.1 7.6 9.3 .21.3 11.6 + 6.2
Other species 8.6 8.1 8.7 9.2 5.2 B.0 + 1.6
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shiners the dominant two species.
The relative numeric abundance of the catch at FCD was
dominated by the same species as at FEX with the majority of the

catch from the cyprinid family (Table 7.5). Common shiners and
creek chubs were again the dominant species with over 60% of the
catch and this percentage was consistent from year to vear. This

site also demonstrated a stable species abundance with all species
having combined percentage catch coefficients of wvariation under
50%. Burbot and brook trout maintained the most stable catch
components at FCD with a catch percentage coefficient of variation
of 6.6% and 8.2% respectively. Common shiners displayed the
highest variability with a catch percentage coefficient of
variation of 49.5%. The major difference between the two sites
was the higher percent catch of common shiners at FCD and lower
percent catch of brook trout and burbot at FCD. These differences
can probably be attributed to the differences in habitat between
the +two sites. Overall, the sites continued to be similar in
species composition and demonstrated stable relative abundances
from year to year.

Biomass. Catch percentage by biomass showed different trends
in community structure than by number at both sites (Table 7.6).
The FEX fish community was dominated in biomass by the same five
species as was found by the numeric analysis although the dominant
species changed. Brook trout and white suckers dominated the
catch biomass with just under 60% of the catch. Percent catch by
biomass was comparable to percent catch by number at FEX with
coefficients of variation of 1less than 50%. Burbot biomass was
the most consistent (C.V.=32.3%) and white sucker catches were the
most variable (C.V.=49.4%).

The catch biomass at FCD showed similar trends to FEX with the
same five species dominating the catch (Table 7.6). Brook trout
and white suckers were the dominant species with the cyprinid
biomass being higher than at FEX. Coefficients of variation,
however, were substantially higher at FCD than at FEX with values

approaching 80%. Common shiner percent catch by biomass was the
most stable (C.V.=32.2%) and brook trout percent catch by biomass
were the most wvariable (C.V.=278.9%). Overall, the relative

abundance by biomass showed similar trends at both sites with the
major difference in the increase in percent cyprinid biomass at
FCD.

Diversitvy. Shannon-Weiner diversity values showed an increase
at both sites in 1987 (Table 7.7). This trend was significant at

both FEX and FCD (Kruskal-Wallis Test, p=0.0%5). No significant
differences were found between sites in index values in any year
(Mann-Whitney U Test, p=0.05). Overall, diversity values

continued to be similar between sites and generally similar from
year to year.

C. Catch Statistics

Catch rates. Catch rates at both FEX and FCD showed a large
amount of variance for all species as one would expect from
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Table 7.6.

Percent catch by biomass of the dominant fish species
at FEX and FCD from May 1983 to October 1987 using

1/2" mesh fyke nets.

Species

1983 1984 1985 - 1986 1987 Combined
FEX
Brook trout 33.4 23.2 60.3 24.7 31.3 34.6 + 15.0
Burbot 16.2 13.6 9.2 12.3 9.3 12.1 + 3.0
Common shiner 10.1 3.5 9.7 13.8 11.5 9.7 + 3.8
Creek chub 16.9 7.5 15.9 23.5 13.3 15.4 + 5.8
White sucker 17.8 46.4 4.1 20.8 32.2 24.3 + 15.9
Other species 5.6 5.8 0.8 4.9 2.4 3.9 + 2.2
FCD
Brook trout 29.0 35.5 43.3 25.9 18.5 26.4 + 14.6
Burbot 12.6 2.0 8.6 6.9 5.7 7.2 + 3.9
Common shiner 17.2 4.0 18.5 18.6 20.8 15.8 + 6.7
Creek chub 22.5 6.2 17.6 21.9 24.3 18.5 + 7.3
White sucker 7.7 £9.9 7.6 15.6 28.4 19.8 + 19.2
Other species 11.0 2.4 4.4 10.1 2.3 6.0 + 4.2
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Table 7.7. Mean daily Shannon-Wiener diversity index values for
FEX and FCD from 1983-1987.

Year FEX FCD
1983 2.16 £+ 0.26 1.94 + 0.36
1984 2.20 + 0.56 2.03 + 0.33
1985 1.97 # 0.39 2.15 + 0.33 _»
1986 1.62 + 0.48 1.87 + 0.31
1987 2.13 + 0.18 2.11 + 0.45
{
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catches having a negative binomial distribution (Table 7.8).
White suckers, common shiners and creek chubs all have high
spring-early summer catch rates because of spawning movements.
Brook trout and burbot catch rates are also high in the early
summer but this is attributed to water temperatures increasing
above optimal for both species. White suckers also show an
additional peak, in juvenile fish, in the late summer-early fall.

FEX catch rates for brook trout, common shiners and éreek
chubs generally stayed the same from 1983-1986, however, in 1987
these species increased quite dramatically in catch per day.
White suckers showed a similar trend in 1987 (Figure 7.2) after
maintaining fairly low catch rates from 1983-1986. Burbot catches
showed no significant change during the 1983-1987 period.

Catch rates at FCD for common shiners, creek chubs and white
suckers followed patterns similar to FEX with abnormally high
patterns. Brook trout and burbot remained stable in average catch
per day (Figure 7.2).

Catch rates were similar for brook trout, creek chubs and
white suckers at both sites from 1983-1987. Common shiner catch
rates were consistently higher at FCD than FEX, and burbot catch
rates were consistently higher at FEX than FCD. These differences
can be attributed to habitat differences between the sites.
Overall, catch rates continued to be similar and both sites showed
a trend toward increasing catch rates for Cyprinid species. FEX
also showed increased catch rates for brook trout and burbot.

Catch length. Mean length of most fish at FEX showed no
trends from 1983-1987 (Figure 7.3). Creek chubs showed a decline
in mean size from 1984-85 but have 1leveled off since then and
brook trout mean length increased over 1986. This indicates that
the size structure is consistent from vyear to year within the
mobile fish community at FEX.

FCD also showed no consistent trend in mean length except for
brook trout which have decreased in 1length every year since 1984
(Figure 7.3). Brook trout, common shiners and burbot were all
generally significantly larger in mean length at FCD than FEX and
white suckers were smaller at FCD than FEX. Creek chubs showed no
significant difference in mean 1length between sites (TTest
P<0.05). Overall, the two sites continued to be similar in mean
length and in trends in mean length.

D. Fish C ity Mobili

Most non-salmonid species with adequate sample sizes
demonstrated site to site movement as shown by the approximately
11% recapture rate at sites other than the marking site (Table

7.9). In all, two to three times as many fish were marked in
1987 than in past years. Overall recapture percentages were
similar in 1987 to previous years except for c¢reek chubs which
continue to decline in recaptures by approximately 50%. Site to

site movement in 1987 for common shiners and creek chubs was
similar to 1986, and down 54.2% and 140.5% respectively from 1984
and 1985. White suckers showed a slight decrease in site to site
movement from 1986 but was higher than 1984-85. Burbot movement
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between sites decreased dramatically by 4.5 times from 1986, to
rates below 1984 and 1985. Movement in 1984 and 1985 was similar
for most species but showed more differences in 1986 which may be
attributable to the significantly lower discharge in 1986 than in
the previous two years (Freidman's Test, p<0.05). Differences in
movement in 1987 can also be attributed to significant differences
in the flow regime from previous years (Freidman's Test, p<0.05).
No fish were found to move more than 2 sites (26 km) in distance
in 1986 oxr 1987. Overall, site to site movement in 1987 was
similar to 1986 and down from 1984 and 1985 which can be
attributed to the lower spring discharges in 1986 and 1987.

E. Individual Species Analvses
Intyroduction. Growth and condition of fish can be important
indicators of a stressor on the well being of the fish. We have

chosen four species; common shiner, creek chub, white sucker and
brook trout as indicator species in this community +to examine the
potential effects of the ELF project on these two parameters.
Brook trout data is reported on in element 8.

Age and Growth. Age and growth analyses on common shiners,
creek chubs, northern pike and white suckers are reported in Table
7.10. Only 1983 common shiner data is reported as the 1984-87

scales are presently being processed. All analyses were done
using scales and the body-scale relationship was calculated using
the technique outlined in Smale and Taylox (1987).

Backcalculation of length was done using the linear technique in
Bagenal and Tesch (1978).

Common shiners exhibited better than average growth in the
Ford River when compared to literature data in their third and
fourth year (Carlander 1969). The first and second year growth is
similar to that found in the literature. Lee's phenomenon is seen
in all vyears which may reflect the selectivity of our sampling or
differential mortality of different sizes of common shiners.

Creek chub growth in the Ford River was above the average
growth rate in the literature for all ages (Carlander 1969). No
Lee's phenomenon was observed in any yvear class.

Both white suckers and northern pike showed below average
growth rates in the Ford River through all +the age classes
reported when compared to literature wvalues (Carlandexr 1969).
Reverse Lee's phenomenon was seen in white suckers with the age &
fish having the best growth rates of the four years examined.

Age and growth analysis is complete on the 1984-1986 fish, and
statistical comparisons to literature data and between years will
be completed and reported in the final 1988 report. Additional
investigations will include analysis of seasonal growth increment
and yearly growth increment, and an examination of the effect of
population size wusing CPUE and abiotic factors on growth. ,These
analyses should allow us to separate the environmental and
density-dependent factors from the ELF effects in the examination
of growth.

Condition. Fish condition factors for common shiners, creek
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chubs and white suckers were performed using relative weight (Wr)
condition factors as described in Wege and Anderson (1978).
Standard weight formulas were calculated from 3 literature
populations for common shiners, 5 literature populations for creek
chubs and 13 literature populations for white suckers using the
50% percentile method outlined in Wege and Anderson (1978).
Individual weights were then compared to the standard weights and
given a Wr value based on the formula: Wr=Fish weight/Ws * 100.
Mean values for 25 mm length groups for common shiners and creek
chubs, and 50 mm white sucker were calculated for an unweighted
analysis of the data with data pooled from FEX and FCD because of
the high amount of mobility seen in the Ford River.

The Ws formulas for common shiners, creek chubs and white
suckers are as follows:

-5.3907 + 3.1704*log tl (r=.999)
-4.8488 + 2.9295%log tl (r=.998)
-4.9820 + 3.0073*log tl (r=.98)

Common shiners log wt
Creek chubs log wt
White suckers log wt

w o u

Condition factors for creek chubs and white suckers were below
the species mean by from &4&-20% possibly reflecting the highly
variable abiotic conditions in the Ford River (Figure 7.4).
Common shiner Wr values were above the species mean in all years
which may be interpreted as showing that the Ford River has the
proper habitat to meet the requirements of this species. Creek
chubs continued to show a decline in c¢ondition in 1987 by
approximately 5%. White sucker condition increased by 4% in 1987
ending a 4 year decline in relative weight values. Common shiners,
which had shown a wave trend in Wr from 1984-1986, maintained a
level similar to 86 1in 1987. Additional analysis examining the
effect of population size using CPUE and abiotic factors on Wr are
in progress; and a statistical analysis of year to year variation
are in progress.

F. Fixed Gear Calibration Study

This study is designed to determine a functional relationship
between fixed gear catches and concurrent population densities.
This relationship will allow us to calculate actual densities from
all net catches and greatly increase the available analyses to
examine the effects of the ELF project.

Preliminary population and biomass estimates for all sites are
reported in Tables 7.11 A and B. Electroshocking efficiencies
ranged f:-om 0.441 for 1longnose dace to 0.805 for white suckers
(Table 7.12). Overall, fish densities and biomass decline from
upstream (TM and FCU) to Downstream (FEX and FCD). This can be
attributed to the increased complexity of habitats found at the
upstream sites. Habitat analysis from site mapping is currently
in progress and will be used to statistically analyze differences
in densities and biomass from site to site, and to check if
electrofishing sites are comparable to actual ELF sites.
Regression analysis of fixed gear and electrofishing catches will
be reported on in the 1988 report so to include the 1988 samples.
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Table 7.12. Electrofishing efficiencies for all sites in 1987.

Species N Mean Efficiency SD
Brook trout 7 0.771 0.234
Burbot 7 0.619 0.225
Blackside darter 5 0.464 0.248
Blacknose dace 5 0.655 0.266
Creek chub 7 0.515 0.215
Central mudminnow 4 0.713 0.110
Common shiner [ 0.7177 0.209
Fantail darter 1 0.643
Johnny darter 1 1.000
Longnose dace 7 0.441 0.200
Mottled sculpin 7 0.486 0.177
Pearl dace 1 1.000
Rock bass 1 1.000
Smallmouth bass 1 0.556
White sucker 6 0.805 0.183
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Element 8 - Brook Irout Movement

Changes from synopsis - Electrofishing of similar non-ELF sites
was added to calibrate fixed gear catches.
obiect]

The overall objective of this element is to examine the
effects of the Navy's ELF project on brook trout (Salvelinus
fontinalis). Brock trout are well known to be sensitive to
thermal changes and appear to move to avoid suboptimal conditions
in the Ford River as shown previously. Any changes by ELF could
cause severe physiological problems, The specific objectives of
this element are to determine: 1) The seasonal pattern and
magnitude of brook trout movement through the ELF corridor; 2)
Brook trout movement rates through the ELF corridor; 3) The
mechanism for these movements; and 4) The population
characteristics of brook trout in the Ford River.

Materials and Methods

The sites and gear used in this element were previously
described in element 7. All brook trout were removed on a daily
basis from the traps and anesthetized with MS-222 to reduce
handling stress at a 500 mg/l dosage as recommended by Meister and
Ritzi (1958), and Schoettger and Julin (1967) for hard water
applications. All brook trout were then enumerated, measured and
weighed. A subsample of fish was tagged using strap tags affixed
to the opercular cover. All fish were given a site specific fin
clip, and if marked an additional clip to examine tag loss. All
fish were released upstream or downstream from the site in the
direction of travel after a recovery period.

Data analysis examining the role of physical and chemical
factors on brook trout movement at FEX and FCD was done using
ambient monitoring data. Physical and chemical data at FCU and TM
was collected by the fisheries staff from 1984-87. Flow was
calculated from a calibrated staff gauge at both FCU and TM on a
daily basis. Temperature data was collected continuously using a
calibrated max-min thermometer at TM and FCU. Chemical data (DO,
pH, and alkalinity) was collected on a bi-weekly basis at TM and
FCU using standard methods and is summarized in Table 8.1.

Population estimates, in conjunction with the gear
calibration, were obtained using electrofishing gear as described
in element 7. Site locations are also listed in Table 7.2.

Results and Discussion
A. Marking Statistics
Numbers of fish tagged declined from a high of 314 in 1984 to

82 in 1986 because of a lack of fish caught in our gear (Table
8.2). The sample size of tagged fish increased in 1987 to 170

fish. The between site recapture rate was consistent in 1984 and
1985, fell to 0% in 1986 and remained 1low in 1987. Tagging
231
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Table 8.1.

Water quality data
Creek and FCU.

from 1983-1987 atrTwo Mile

AR

Parameter

DO

PH

Hardness

Turbidity

Alkalinity

Conductivity

Site
™ FCU
(mg/L) 9.3 9.9
7.5 7.6
(CaCoO3/L) 143.6 168.8
(CaCo3/L) --- 189.2
(NTU) --- 1.4
(umhos) --- 271.2
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Table 8.2. Brook trout marking and recapture summary for FEX and
FCD for 1984 - 1987.
Year Tag Summary Site
FEX FCD
1984 Number Tagged 71 243
Number Fin Clipped L8 37
Percent Tag Recapture 18.2%
Estimated Tagging Mortality 5.7%
Percent Angler Recapture 12.1%
1985 Number Tagged &5 81
Number Fin Clipped 38 53
Percent Tag Recapture 12.7%
Estimated Tagging Mortality 8.7%
Percent Angler Recapture 3.0%
1986 Numbexr Tagged 15 40
Number Branded 19 8
Number Clipped S8 32
Percent Tag Fecapture 0.0%
Estimated Tagging Mortality 3.4%
Percent Angler Recapture 3.0%
1987 Number Tagged 97 73
Number Clipped 127 el
Percent Tag Recapture 0.1%
Estimated Handling Mortality 7.1%
Percent Angler Recapture 0.6%
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moxrtality averaged 6.2% from 1984 to 1987 which is probably an
underestimate because we are only examining fish which float back
into nets and fish that we find on regular searches of the study
area. The percentage of angler returns also declined from 12.1%
in 1984 to 0% in 1986 and remained low in 1987 which probably
reflects the decrease in the total number of fish individually
tagged and the amount of angler effect.

B. Brook Trout Catch Patterns

Brook trout catches peaked in the spring-early summer at all
sites except FCU. Since catch patterns were similar at all sites,
data will be presented from FCD as example data in this report
{Figures 8.1 a and b). In 1984, the mean daily catch was at its
maximum in the first week of June at 15.8 brook trout collected
per day with the high catch patterns continuing for three weeks. A
similar pattern was seen in 1985 although delayed by one month
until the first week of July when 11.7 brook trout per day were
collected and this continued for only an one week period. Catch
rates decrease rapidly after this week to between 0-1 fish per
day. This pattern did not continue in 1986. Catch rates in 1986
were higher in late May and early June than later in the year but
the peak catch rates of 1984 and 1985 were not repeated. Results
in 1987 were similar in distribution to the 1984 catch rates
although the peak occurred two weeks later. Movement in the
upstream direction was significantly higher than the downstream
movement in all years at all sites (Mann-Whitney U Test, p<0.05).
In summary, the brook trout showed a consistent upstyeam movement
pattern in the spring-early summer of all sampling years although
the intensity and timing varied from year to year.

The 1985 annual report discussed in detail the relationship
between temperature "and movement in 1984 and 1985. This movement
was not repeated in 1986 although temperatures did exceed 16 C
which is the optimal growth temperature for brook trout. An
analysis of the pattern of water temperatures for each year shows
that temperatures in 1984 and 1985 rose rapidly and remained high
(Figure 8.2). Water temperatures in 1986, although not
significantly different from 1985 (Freidman's Test with multiple
comparisons, p>0.05), demonstrated a c¢yclic nature with gradual
increases to the two peaks. The pattern in 1987 water
temperatures was similar to 1984 through mid-July, with the same
rapid rise in temperature seen in June. Significant differences
in temperature were found between 1987 and all other years
(Freidman's Test with multiple comparisons, p>»0.05). The rapid
rise and maintenance of high temperatures through July were the
main differences between 1987 data and the 1984-85 data.
Differences in the 1986-87 data can be attributed to the rapid
cooling in late July-August. This indicates that the duration of
high water temperatures and the acclimatization <time to those
temperatures may also play important roles in determining whether
the brook trout move <to more suitable habitats. Additional
analysis of this trend is in progress and will be reported on in a
future report.

Two additional factors, although not significant in the 1985
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Figure 8.1a. Mean dally catch of brook trout plotted on & weekly
basis at ?CO from 1984 and 198S.
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Figurs 8.1b. Mean dally catch of brook trout plotted on a weekly
basis at FCD from 1986 and 1987.
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analysis of factors, which influence this movement were discharge
and population size. The spring drought created extremely low
water conditions in 1986 and 1987. Comparisons between years
shows that 1986 had significantly lower discharge than the other
vyears (Freidman's Test with multiple comparisons, p<0.05) and is

illustrated in Figure 8.3. Results from 1987 were also
significantly lower than for 1984 and 1985 (Freidman's Test with
multiple comparisons, p<0.05). These low water conditions coupled

with poor groundwater inputs to the river from low spring
precipitation may have created a thermal barrier to this movement
in 1986 although conditions were not as severe as in 1987. The
low water conditions and poor snowpack in 1987 coupled with high
temperatures caused a rapid rise in temperatures which was not
mitigated by ground water inputs. This situation was similar to
that seen in 1984 and forced brook trout to find other thermal
refugia. In 1986, low densities of brook trout may have also
contributed to the 1lack of movement by allowing those fish
impacted by high temperatures to find available cold groundwater
refugia without competition from other salmonids. In 1987, the
conditions were more extreme as in 1984 and the fish responded by
moving. Additional analyses examining these factors are currently
in progress and will be discussed in a future report.

C. Brook Trout Movement Characteristics

In general, brook trout moved from FEX and FCD upstream to the
TM site on Two Mile Creek based on both gear recapture and usable
angler data (Table 8.3). Only one fish was recaptured at FCU in
three sampling seasons. No downstream movement from Two Mile
Creek was found through November 1984 and through September 1985
or 1986. Three tag loss fish from the TM site in 1984 were
collected in 1985 at. FCD, thus some return movements occurred
between winter and early spring. The length of the brook trout
that made this movement was significantly greater for £ish above
190 mm than those below 190 mm (Chi-Square Test, p<0.05). Only
six clipped fish under 190 mm were captured at TM in 1984 and no
clipped fish under 190 mm were collected in 1985, 1986 or 1987.

Optimal growth temperatures also appeared to be responsible
for the movement up Two Mile Creek instead of continuing up the
Ford River. Groundwater inputs kept TM at or near 16 C during the
period from 1984 to 1986 (Figures 8.4 a and b) although reduced
groundwater inputs (Figure 8.5) did force temperatures higher in
1987 than in previous years. Little difference in temperature was
seen between FCU and TM which can be attributed to the poor
snowpack and drought which pr