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INTRODUCTION TO THE REGIONAL COPPER-NICKEL ST!''7

The Regional Copper-Nickel Environmental Impact Study is a comprehensive
examination of the potential cumulative environmental, social, and economic
impacts of copper-nickel mineral development in northeastern Minnesota.
This study is being conducted for the Minnesota Legislature and state
Executive Branch agencies, under the direction of the Minnesota Environ-—
mental Quality Board (MEQB) and with the funding, review, and concurrence
of the Legislative Commission. on Minnesota Resources.
A region along the surface contact of the Duluth Complex in St. Louis and
Lake counties in northeastern Minnesota contains a major domestic resource
of copper-nickel sulfide mineralization. This region has been explored by
several mineral resource development companies for more than twenty years,
and recently two firms, AMAX and International Nickel Company, have
considered. commercial operations. These exploration and mine planning
activities indicate the potential establishment of a new mining and pro-
cessing industry in Minnesota. In addition, these activities indicate the
need for a comprehensive environmental, social, and economic analysis by
the state in order to consider the cumulative regional implications of this
new industry and to provide adequate information for future state policy
review and development. In January, 1976, the MEQB organized and initiated
the Regional Copper—Nickel Study.

- The major objectives of the Regional Copﬁer—Nickel Study are: 1) to
characterize the region in its pre-copper—nickel development state; 2) to
identify and describe the probable technologies which may be used to exploit
the mineral resource and to convert it into salable commodities; 3) to
identify and assess the impacts of primary copper-nickel development and
secondary regional growth; 4) to conceptualize alternative degrees of
regional copper-nickel development; and 5) to assess the cumulative
envirovnmental, social, and economic impacts of such hypothetical develop-
ments. The Regional Study is a scientific information gathering and
analysis effort and will not present subjective social judgements on
whether, where, when, or how copper-nickel development should or should
not proceed. In addition, the Study will not make or propose state policy
pertaining to copper-nickel development.

The Minnesota Environmental Quality Board is a state agency responsible for
the implementation of the Minnesota Environmental Policy Act and promotes
cooperation between state agencies on environmental matters. The Regional
Copper-Nickel Study is an ad hoc effort of the MEQB and future regulatory
and site specific environmental impact studies will most likely be the
responsibility of the Minnesota Department of Natural Resources and the
Minnesota Pollution Control Agency.
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ABSTRACT

Periphyton communities were sampled in the Regional Copper-Nickel Study
Area (Study Area) during 1976 and 1977. Diatoms were the most abundant

algal component and Achnanthes minutissima was the most abundant diatom

taxa. Periphyton production was highest in spring and fall.

Periphyton communities in the Study Area are related to stream order. As
stream order increases, production increases and the relative abundance of

acidophilous diatoms decreases.

Current taconite mining operations have caused some shifts in the dominant
species but not in periphyton divérsity or production. In general, streams
affected by mining have higher relative abundances of A. minutissima and

lower relative abundances. of acidophilous species.
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INTRODUCTION

Stream periphyton communities are composed of baéteria, fungi, protozoa,
and é]gae which grow attached to substrates. The primary producers,
composed of various algal groups, are the most studied component of the
periphyton community and have been referred to as the phyco-periphyton
(Collins and Weber 1978). Under most conditions, diatoms dominate the
phyco-periphyton comprfsing about 90% of the algae cells (Hynes 1970,
Potter et a]! 1975). Diatom species are widespread and occur under a wide
variety of coﬁditions. A large number of species is normally present;

as environmental conditions change different species flourish. The
factors considered most important in determining the distribution and
dominance of diatoms include: temperature, light, current ve]ocity,
substraté, pH,'nutrients, and the concentration of various anions and
cations. Their importance to diatoms has been reviewed by Patrick (1977)

~and Blum (1956).

Seasonal changes in stream periphyton communities are not well understood.
‘Most diatom species are present throughout the year and attain dominance
when conditions become optimal. Whitton (1976) described a spring and

fall diatom bloom in streams whiTe the green algae become more important
during midsummer.A The spring diatom maximum occurs as water temperatures
and 1ight intensity increase and before Teaves develop on overhanging vege-

tation. The fall maximum occurs as leaves begin falling and streams begin

to cool (Hynes 1970). Species such as Cocconeis placentula and Navicula

cryptocephala have midsummer maxima while other species occur as winter,

spring, or fall dominants (Peters et al. 1968). Primary.productivity
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generally increases with warmer temperatures and greater 1ight intensity,
although Waters (1961) and Peters et al. (1968) reported spring and fal]
maximums in chlorophyll a production, a measure of algal standing crops.
Douglas (1958) related seasonal changes in diatom population size to the
populations of grazing invertebrates. This aspect of seasonality has not

been extensively studied.

Patrick (1958)'rep6rted that similar diatom communities developed under
similar ecologicaj conditions and stated that most diatom species are
ubiquitous. Patrick (1967) also discussed the relation of the species pool,
invasion rate and size of habitat to diatom communities. As any one of
these factors increase, the number of rare taxa in the population also

increases.

Studies of community succession along a stream have been made but no defini-
tive data have been presented. Longitudinal changes in stream periphyton
communities can be expected as chemical and physical parameters change

along the length of a stream (Regional Copper-Nickel Study 1978b). Butcher
(1946) stated that thére is a decrease 1in planktonic diatoms and an increase
in planktonic green and blue-green algae as one moves downstream from the
source of a stream. Increased primary production by periphyton occurs
between the headwaters (1st through 3rd order streams) and the midreaches
(4th to 6th order streams) f611owed by a decrease furthér downstream |

(Wetzel 1975, Cummins 1976).

Periphyton communities have been extensively studied because they provide
most of the instream primary production in first through sixth order

streams. In recent years interest has grown in periphyton communities as
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indicators of water quality (Cairns et al. 1972 , Patrick 1973; 1975). The
use of periphyton to monitor environmental changes has been suggested because
periphyton respond rapidly to changes in water quality, they are sessile
~organisms subjected to all water quality changes, and sampling is relatively
";;sy in comparison to other stream organisms. LoWe (1973).comp11ed the
available auteco]ogicaj data for diatoms to facilitate the assessment of

water quality through biological sampling.

Several paraﬁeters are used to analyze periphyton communities: chlorophyll
a, ash-free d?y weight, cell counts and species proportional countes (Weber
1973). Measures of diversity and/or the number of species in the community
are also important parameters (Patrick 1973). With this information, an
estimate of the productivity and diversity of.the diatom community can be

made and the water quality assessed.

Because of the importance of periphyton to stream ecosystems and their
usefulness in assessing water quality, a study of stream periphyton in
the Regional Cobper—Nicke] Study Area (Study Area) was initiated in May,
1976. This study was designed to characterize: 1) the relative produc-
tivity of periphyton communitiés in various Study Area streams; 2) diatom
species distributions and dominant species within the Study Area; 3) the
relation of diatoﬁ communities to stream order; 4) the effect of current
mining practices on periphyton communiiies; and 5) some of the factors
responsible for the obéerved diatom distributions and dominance. With this
characterization, prediction of the potential impact of copper-nickel
development on periphyton communities should be possible for streams which

were intensively sampled and to a lesser degree in streams which were not

-
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sampled during this study. This characterization is not meant to be a
baseline which could be used to quantitatively assess the impact of copper-
nickel development in future years. A statistical analysis of the peri-

phyton data will be made available in another report.

METHODS

Study Area

The Study Aréa en§§m§asses 5516 km¢ in Lake and St. Louis counties in northeast-
ern Minnesotai(Figure 1). The area is divided into two major watersheds by

the Laurential Divide; water south of the divide flows to Lake Superior while
water north of the divide flows to Hudson Bay. Within the Study Area there

are 2623 km (1630 miles) of streams.

Streams in the'Study Area are generally bog stained, soft water streams.
Alkalinity ranges from 1 to 190 ppm CaC03 but is generally less than 50.
Because the source of many of the streams is in bogs, Tow pH is found in
headwater streams; median ﬁH ranges from 66 in headwater streams to 7.5 in
"downstream reaches. The streams consist of long flat reaches connected by
short riffles. Average gradients range from 4.7 m/km to .8 m/km. Sub-
strates in Study Area streams range from silt, sand, and/or detritus in

pools to gravel, rubble, or bedrock in riffles.

Sampling Area and Stations

Periphyton sampling was concentrated in the area east of Biwabik and south
of Ely in the area of greatest potential for copper-nickel development.
This area is unshaded in Figure 1. 1In 1976 sampling stations were located

in riffle areas within those watersheds which had the greatest potential for
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jmpact from copper-nickel mining. Stations were designated "primary",
"secondary", or "tertiary" depending on the sampling intensity scheduled

for the station (Table 1). Primary stations were located in downstream
portions of the watershed and were sampled quantitatively and qualitatively.
These stations were selected to reflect the culmination of conditions

within the watershed. Secondary stations were also sémp]ed quantitatively
and qualitatively but less frequently than primary stations and were located
in upstream portions‘o% watersheds or in areas already impacted by taconite
mining or coppér~nicke1 exploration. Tertiary stations were sampled only
qua]itatively'and were located throughout the Study Area so that overall

distributions of periphyton species in the Study Area could be examined.

Additional stations were sampled in 1977 and were located over a larger
portion of the Study Area. Emphasis was placed on sampling stations more
evenly distributed over the various stream orders found in the Study Area.
These stations, designated stream classification stations (SCS) were sampled
in an attempt to determine the relationship between stream order and peri-

phyton communities.

Field and Laboratory Procedures

Quantitative periphyton samples were collected from glass slide artificial
substrates. These slides were suspendéd between 5 and 15 cm below the
water for three week colonization periods in an area of.moderate current:
Individual slides were analyzed for ch]orophy11; total cell counts, and
diatom species proportional counts. 1In 1976, three replicate slides
were analyzed for each of these parameters. Cell counts were not made in

1977 because of time limitations. At primary stations in 1977 three slides
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were analyzed for chlorophyll while four replicate diatom species propor-
tional counts were made. During 1977 two diatom species proportional

counts and three chlorophyll analyses were made at secondary stations and
_.at SCS stations. Ch1qrophy11 samples were analyzed by the methods described
By‘UNESCO (1966) and Lorenzen (1967). Cell counts were madé by sedimenting
an aliquot of sample for 24 hours. These samples had been preserved in
Lugol's solution. Subsample size was estimated by scanning a wet mount

of the s11de; i¢e1]s‘were counted on an inverted microscope and separated
into general groups (e.g. filamentous Cyanophyta). Permanent diatom slides
were prepared by clearing the frustules by the "potassium persulfate oxidation"
method 1in 1976 (Weber 1973) and the "permanganate" method (Hendley 1974)

in 1977. Diatoms were then mounted in Hyraﬁ according to procedures
described by Weber (1973). Species proportional counts consisted of

counting and identifying 500 half cells (Weber 1973).

Qualitative samples were collected by scraping wood, aquatic vegetation
and rocks, and by pipetting samples from soft substrates at each station
sampled. Species proportional counts of diatoms were carried out on a
composite sample from the qualitative collection. Complete field and
laboratory methods are described in Operations Manual - Aquatic Biology

(Regional Copper-Nickel Study 1977).

Data Analysis

In the following results section "sample" is defined as the mean of the
available replicates from a station on one date for the parameter discussed
(i.e. chlorophyll a, cell counts, and species proportional counts). For

qualitative collections and quantitative collections where only one
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replicate was analyzed, a sample represents a single value rather than
a mean but is used synonymously with the sample described above. There-
fore, quantitative and qualitative data were treated similarly in the

analyses but were a1ways analyzed separately.

Annual means discussed.are the average of the samples from three selected
sampling dates in each of the sampling years: 1976 and 1977. These
dates were se]ected because they had samples available from the greatest
number of stations. These dates were the following: Tlate May, mid-
August, and ]éte September, 1976 and Tlate May, late July, and mid-August,
1977. Where sanples were 1ackinglf0r a station on any date, the annual

mean was calculated on the available samples.

The calculation of means for groups of sites (e.g. grouped by streém
order) used saﬁp1es from the six dates listed above. When statistical
comparisons were made between groups of stations, annual means from
~individual stations were treated as individual measurements within the
groups. Frequency of occurrence data was calculated individually on
-samples of each date. "Frequently collected taxa" were taxa that had a
frequency of occurrence greater than or equal to 50% for all stations

sampled in any sampling date.

Dominant taxa compfised at least 5% of any sample on_any date. Dominance
values were calcu1ated'by‘assigning dominant taxa the following values:
most abundant taxa = 4; second most abundant taxa = 3, third most abundant
taxa = 2; fourth most abundant taxa = 1; and other taxa greater than 5% = 0.
These numbers were then summed across sites for each taxdn on each date.

The ratio of each sum to the maximum for that date was converted to a
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percentage to obtain the dominance value for a taxon on a date. The
maximum number used in each ratio was four times the number of sites

sampled on that date.

Species diversity (1/:Pi2) was calculated using sample values. The
index was calculated oh the data from species proportional counts. Species
and varieties were treated as individual taxa in the calculation of
diversity. Genus Tlevel identifications were used in diversity calculations

for six genera: Cymbe]]a, Melosira, Navienla, Nitzschia, Pinnularia and

Synedra. The species in these genera were pooled to genus level as a
result of the quality control program in 1976 (Regional Copper-Nickel Study
1977). This program indicated that taxonomic errors were present in the

identification of species within these genera.

Cluster Analysis

Analysis of patterns of similarity between periphyton communities using
quantitative data was based on calculating of the Bray-Curtis similarity
coefficient using relative abundance percentages (Boesch 1977). This
coefficient is also called “percentage similarity" when used in percentage
data, or the Czekanowski coefficient. This coefficient of similarity was
selected from many possible coefficients because it gives most weight to
large differences fn percent relative ébundance rather‘tﬁan small
differences (Boesch 1977, Clifford and Stephenson 1975). Because of the
variability present in fhe data it was thought that small differences
might not be significant and therefore should not determine the similarity

or dissimilarity of stations.
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The percent similarity coefficient is as follows:

- X-o
Sjk =  min (Pij, Pjk) where Pij = E%%ﬁ is the relative abundance of the
ith taxon at site j. This coefficient ranges from 0 to 1 where 1 =

.. identical sites.

- Calculations of similarity between sites in one sampling period were based
on an edited data matr?x including only those taxa conprising at least 5%

of the "mean samp1e“(fof at least one of the stations sampled. Relative
abundance of‘a:taxon was still calculated relative to the total abundance

of all diatom taxa. Exclusion of the rare species has very little effect

on the anajyses and saves considerable amounts of computer time. The matrix
of similarity coefficients between pairs of sites was analyzed by cluster
analysis to determine whether sites could be classified into groups

according to the patterns of relative abundance of dominant species.

The method of clustering used has been called group average (Bresch, 1977)
and unweighted pair-group method using arithmetic averages (UPGMA) (Sneath
and Sokul, 1973); This is a hierarchical, agglomerative method in which
sites are grouped so as to minimize the distance between two groups of
entities, defined as the mean of all distances between members of one

group to members of the other.

This method has been widely used in aquatic ecology (Boesch, 1977) and
tends to preserve the original expressed in the matrix of similarity

coefficients.

Cluster analysis of qualitative data employed the Jacard coefficient of

similarity, and the group average method of clustering described above.
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RESULTS AND DISCUSSION

Distribution of Diatoms in the Study Area

Diatoms were the major component of the phycoperiphyton in the Study Area
comprising an average of 87% of the algal cells enumerated in 1976 (Table
2). This is similar to results reported by Potter et al. (1975). Within
the Study Area, 433 diatom taxa were identified. Appendix 1, Table 15
indicates the djstribufion between watersheds of diatom taxa collected.

Species in the genera Cymbella, Navicula, Nitzschia, Melosira, Pinnularia,

and Synedra are not indicated but the species are listed in Appendix 1, Table

2.

The number of taxa collected within any waﬁershéd was correlated with
sampling efforﬁ in those watersheds (correlation coefficient = .90). The
number of taxa found and the number of qualitative and quantitative samples
collected is listed in Table 3. Because water quality is similar in all
Study Area watersheds (Regional Copper-Nickel Study 1978¢), no difference in
the species Tists for individual watersheds of equal size in the Study Area
‘would be expected since diatom species lists are similar under similar
ecological conditions as discussed by Patrick (1968). Small differences

in stream conditions in the Study Area should be indicated by shifts

in dominant taxa.

Dominant Diatom Taxa

Tables 4 and 5 present the dominance values for species which occurred as
a dominant in qualitative and quantitative periphyton samples. According

to the dominance index, Achnanthes minutissima was the most dominant taxon
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during all qualitative and quantitative sampling perijods. This species
comprised from .45% to 16.07% of the mean relative diatom abundance for
samples collected at stations sampled quantitatively (Table 6)

and overall it comprised 40.96% and 27.99% of the diatoms enumerated in 1976
and 1977, respectively (Table 7). As these data indicate, A. minutissima
was less abundant in 1977 than in 1976. In 1977 taxa such as Synedra

spp. and Cocconeis placentula increased 1in abundance.

Dominance of péfiphyton communities by A. minutissima has been reported in
lakes (Stocknerband Armstrong 1971, Johnson unpublished) and streams

(Douglas 1958, Dillard 1968, Sherman and Phinney 1971, Archibald 1972, Moore
1972). This species is characteristic of clean well aerated water (Lowe 1974)
and has been described as one of the most ubiquitous diatoms known

(Peterson 1943 cited in Lowe 1974). The reason for increases in Synedra and

- - C. placentula is unclear.

Other taxa which were among the three most dominant taxa during any sampling:

period in quantitative samples were Achnanthes Tinearis, A. linearis var.

pusilla, C. placentula, Synedra spp., Diatoma tenue var. elongatum,

Navicula spp. and Nitzschia spp. (Table 4). In qualitative samples, the
same taxa occurred among the three most dominant taxa as in quantitative

samples. In addition Tabellaria flocculosa, Fragilaria pinnata and F.

crotonensis occurred in the top three taxa only in qualitative samples.’

Tables 4 and 5 also 1ist the most frequently collected taxa which are
taxa with a frequency of occurrence equal to or greater than 50%, in at
least one sampling period. Dominant taxa always belong to the most

frequently collected group.
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The taxa listed in Tables 4 and 5 are those which are likely to occur in

any Study Area stream.

Seasonal Patterns of Dominant Diatoms

“~Table 8 1ists the sampling periods during which dominant diatom taxa

. reached their maximum relative abundance in quantitative samples. Figures
2 through 4 graphically display the seasonal changes in four of the
dominant species at stétions where the most continuous sampling was done
and the specieé was abundant. A. minutissima is the most dominant taxa

at all times 6f the year and exhibits a spring and fall maximum with a
mid-summer low (Figure 2). A. linearis (including A. 1. var. pusilla)
tends to be inversely related to A. minutissima; it exhibits a midsummer
'maximum, at least in the presence of A;>minutjssima (Figure 2). As

indicated on Table 8, A. linearis can peak in the spring and A. linearis

var. pusilla can peak in the fall.

C. placentula had a midsummer bloom (Table 8 and Figure 3). Most other
dominant diatom§ had spring maximums. Species such as Tabellaria spp.

and Diatoma tenue var. elongatum probably have fall maximums but sampling

was discontinued too early to observe this peak if it occurred. Synedra

spp. exhibited spring and fall maxima (Table 8 and Figure 4).

The seasonal patterns for diatom'species are pdor]y understood. Lowe (1974)
presents limited data on seasonality and much of the seasonal data are
conflicting. For example, Lowe (1974) reports a fall maximum for C.
placentula but in the present study and in data reported by Peters et al.
(1968) C. placentula had a midsummer maxima. Summer maxima have been

reported for A. minutissima (Stockner and Armstrong 1971, Moore 1972) which
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is éontrary to the current study. These differences probably reflect the
complex set of factors governing the time when a diatom obtains its peak
abundance. Factors such as current velocity and temperature which are
important to diatom development will fluctuate differenf]y in relation to

season in different streams.

Diatom Diversity

, 1
Table 9 presenté the 1976 and 1977 diversity'(zpjz > for quantitative

samples co]]egtéd at primary and secondary stations averaged over three
sampling periods per year. Greatest mean annual diversity was observed at
KC-1 and F-1 with values of 8.0 and 7.5 respectively; SL-1 and P-1 had

the lowest diversity, with values of 1.8 and 2.2.

No clear seasonal trends are evident in the data from primary sites
(Figure 5). Major changes in diversity appear to be related to changes in
the relative abundance of‘the dominant taxa such as A. minutissima, A.
linearis, and C. placentulda. Two examples of this relationship are

“presented in Figure 6.
1
Diversity (£pj2) was calculated for qualitative samples collected in 1977

(Table 10). Diversity in qualitative samples ranged from 2.4 to 28.4 in
April, 1977, and from 2.8 to 63.0 in August, 1977. No clear patterns in
diversity were evident~a1thou§h diversity was generally greater in quali-

tative than in quantitative samples.

Diatom species diversity in the Study Area is misleading because of the
cominance of A. minutissima at many stations. Archibald (1972) reported
that the dominance of A. minutissima, a clean water species, in some South

African streams caused diversity. in "clean" streams to be Tower than diversity in
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“polluted" streams. Therefore diatom'diversity in Study Area streams does

not adequately reflect water quality differences.

Similarity of Periphyton Communities

The cluster analysis of quantitative diatom data from primary and

secondary stations (Appendix 2, Figures 1-6) provided a method of
determining patterns of similarity in periphytic diatom communities. To
determine groups ofvsihi1ar stations the percentage of times that stations
occurred in the same‘c1uster at the .5 Tevel in 1976 was calculated

(Figure 7). After examining the clusters, this Tevel was chosen as a level
at which clusters could be interpreted. Values from .4 to .75 have been
used to define significance in other aquatic biological studies (Herricks
and Stanhope 1976, Burlington 1962, Cairns et al. 1970). This analysis was
not performed on the 1977 data as fewer stations were sampled and there was

poor success in retrieving samplers.

Two sets of stations always clustered together: 1) BB-1 and D-1; and

2) P-1 and SL-1. The sites BB-1, D-1, P-1, SL-1, P-2, and P-5 clustered
together in greater tﬁan 66 percent of the analyses. Other groups formed
were less frequent. Station K-2 in the Shagawa River was unique as it
clustered only once with site E~-1. It appears that the most important

factor determining these groups is the abundance of A. minutissima.

Because of the averall dominance of a few diatom species in Study Area
streams, a comparison of stations was made based on mean abundance of
five dominant taxa in 1976 (Figure 8) and four dominant taxa in 1977

(Figure 9). In each year, the annual mean was calculated from data for three
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sampling dates. Three general groups Qere defined based on the re]ative‘
abundance of A. minutissima. The cutoff points for each group were chosen
to reflect the groupings evident from the data in Figures 8 and 9. The
groups were defined as follows: 1) group 1 stations where A. minutissima
'°i§'greater than 49 percent; 2) group 2 stations where the relative abundance
- of A, minutissima is between 15 and 49 percent; and 3) group 3 stations

where the abundance of A. minutissima is less than 15 percent.

In 1976 several other observations could be made concerning the similarity
of stations. -Group 1 includes those stations which cluster analysis
grouped together with one exception, SR-1. SR-1 is included in the cluster group

because it occurred in only one data set which was clustered in 1976.

In group 2, a subgroup of F-1 and KC-1 is evident based on the high abun-
dance of T. flocculosa (> 10 percent). Also, K-8, a member of group 2,

is different because Gomphonema parvulum comprised 27.5 percent of the

diatoms at this station, higher than at any other station sampled quanti-

tatively (Table 4).

The sites K-2 and K-5 comprise group 3 but are different from one another
because of the dominance of C. placentula at K-2 and A. linearis at K-5

(Figure 8).

In 1977 the three groups were‘composed,of a slightly different set of
stations. One of the reasons for this appears to be the increased abundance
of Synedra spp. at several stations. Group 1 consisted of stations SL-1,
D-1 and SL-2. P-1 could also be included in this group although the
abundance of A. minutissima was 45.9 percent. A subgroup within group 2 and

3 consisted of SR-3, K-8 and E-1, all of which had high populations of
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anédra spp. Also within group 3, K-2 and BI-1 formed a subgroup dominated
by C. placentula. K-1 was different from other stations because of the

dominance of G. angustatum (35.8 percent) at this station in 1977 (Table 4).

The groups of stations defined by dominant diatoms are similar to the
station groups defined by the Water Quality Section (Regional Copper-
Nickel Study 1978c). Group 3 stations which were characterized by high
relative abundance of A. minutissima were also characterized by high conduc-
tivity. Lower ?onduétivity resulted in less abundant A. minutissima and
higher abundance of other diatoms (groups 2 and 3). A. linearis is one
of the species which replaces AL_hinutissima. A. Tinearis and A. linearis
var. pusilla are closely related té A. minutissima ecologically although
A. minutissima appears slightly less sensifive io the addition of any
materja1 into the environment (Reimer personal communication). This
sensitivity is reflected in the increased relative abundance of these two
- taxa with decreasing conductivity. The high relative abundance of T.
flocculosa defined the subgroup of F-1 and KC-1, which were stations with
~ Tow pH. The presence of C. placentula probably indicates
‘inorganic nutrients, particularly at station K-2 since it prefers elevated
levels of inorganic nutrients, The Water Quality Section did not report
levels of inorganic nutrients significantly higher at K-2 than elsewhere in
the Study Area (ReQiona] Water Quality Study 1978¢c) although it seems
possible because of high nitrogen and phosphorus concentrations in Shagawa
Lake upstream. Anothef explanation for the dominance of C. placentula
could be selective grazing by invertebrates at K-2 (Reimer, personal

communication, Patrick 1975; 1978). The dominance of G. angustatum and
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alkaline conditions and pH at these sites is neutral to slightly acid.

Patterns of Production

Average values of production as measured by chlorophyll a showed similar
seasonal patterns for-all sites and for primary siteslonly in 1976 and
1977 (Figures 10 and 11). Peak production was recorded in late June and
early July; a second peak occurred in September. During Tate July and

August chlorophyl]l prodUction was low.

High mean cell numbers were recorded in May, 1976, at primary stations when
chlorophyll a was low (Figure 11). During the remainder of 1976 there was

a better relationship between cell numbers and chlorophyll a.

The seasonal patterns of periphyton production in Study Area periphyton

are similar to those reported in the Titerature (Waters 1961, Peters et al.
1968) and generally reflect a spring and fall diatom bloom. The use of
glass slide artificial substrates introduces a sampling bias in cell counts .
and probably does not reflect the midsummer increase in green and blue-green
algae. These samplers are more efficient in sampling diatoms than other

groups (Reimer, personal communication).

Stations P-1, P-2, K-1, and K-2 were the most productive sites based on 1976
mean annual chlorophyll a values while highest average cell densities were
at BI-1 and K-1 (Table 11). Lowest cell densities were’recorded at KC—1'
and F-1. KC-1 also had Tow mean annual chlorophyll a as did SR-3 and F-1.
Primary production, therefore, is generally higher in the larger streams in

the Study Area and can be related to stream order.
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Relationship Between Stream Order

and Periphyton Communities

Average primary production as measured by chlorophyll a generally increased
_ with increasing stream order (Figure 12), although in'l977 a decrease was
'ggted in fifth order étreams. These patterns are similar fo those dispussed
by Cummins (1975; 1976). Table 12 presents water quality values averaged

by stream order. Becaﬁse pH increases with increasing stream order the
re]ationshiﬁ_between'the realtive abundance of acidophilous diatoms to
stream order waé examined. The acidophilous taxa defined by Lowe (1974)

found in the Study Area are listed in Table 13.

Figures 13 and 14 present the mean relative abundance of acidophilous diatoms
Found in qualitative and quantitative samples and average pH in relation to
stream order. The abundance of acidophilous diatoms decreases with increasing
stream order with the exception of fifth order streams where a slight

decrease in pH occurs.

Figure 15 presehts a scatter plot of pH versus percent relative abundance

of acidophilous diatoms in May, 1976 and September, 1976 qualitative

samples. Linear regressions wére calculated for each data set after excluding
the circled points. These points were impacted sites which, it was thought,
would not fit the model. The shift in regression lines is a result of

higher pH in September than ih May. fhe correlation coefficients (r valuas)

for these data sets were -.69 (May, 1976) and -.85 (September, 1976).

Correlation coefficients (Spearman's Rank Correlation) between stream order
and percent relative abundance acidophilous diatoms are listed in Table 14.

These coefficients ranged from -.5 to -1.0, which indicated a strong
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relationship between stream order and the relative abundancé of acidophi-

Tous diatoms.

In 1976 quantitative_dafa, decreases in the relative abundance of Eunotia
spp., T. fenestrata, and T. flocculosa, the most abundant acidophilous taxa,
can be noted with increasing stream order (Table 15). An exception is the
““w-increase of T. fenestrata in fifth order streams. Generally C. placentula,

A. Tinearis (including A. Tinearis var. pusilla), and species of Gomphonema

increase in abundancé with increasing stream order.

Diatom taxé tbat occurred at greater than 50 percent of the stations within
any stream order during 1977 qualitative collections are listed in Tab1es

16 and 17. Acidophilous diatoms such as Eunotia spp. and Frustulia

rhomboides decrease in frequency within increasing stream order. In the
April/May 1977 sampling period Q;_Egggg_vér. elongatum and F. capucina
increased with increasing stream order. T. fenestrata and T. flocculosa
generally became Tess frequent with increasing stream order although

T. fenestrata increased in fifth order during April/May 1977 and T. flocculosa

was constant across stream orders during this period.

There was no observable difference in the mean number of acidophilous
diatoms occurring at sites within each stream order in August, 1977
(TabTe 18). A one-way analysis of variance of qua]itative data showed no
significant differences (P > .05) between the mean number of species or

1

between mean species diversﬁty. 5P 2 —> among stream orders from both the
i

April/May and August, 1977 sampling periods. This is in contrast to the
results of Mack (1953, cited in Hynes 1970) who noted an increase in algal

diversity in a downstream direction.
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A cluster analysis‘of stations was performed on the qualitative data from
August, 1977 using the Jacand coefficient of similarity (Figure 16).

This data set was chosen because the greatest array of stations was available.
In general, at the .58 level sites clustered by stream order, Qith sites in
an adjacent stream order or with closely situated sites in the same

watershed. Table 19 Tists those taxa which were present at more than 50%

of the stations within a cluster and therefore are responsible for the
formation of the cluster. A large number of taxa were characteristic of

all sites with.sma11’groups of species in each cluster. Group one (first

and second order streams) has a large number of acidophilous taxa and

Meridion circulare which is charaéteristic of bdg drainages. In the other

groups of sites there is a mixture of taxa which Lowe (1974) has classified

as alkaphilous, indifferent and acidophiloﬁs.

These data indicate that there is a relationship between stream order and
diatom communities in the Study Area. As stream order increases there 1is
an increase in periphyton production and a decrease in the relative abun-
dance of acidophilous diatoms. Although not studied it is probable that
. there 1is a corresponding increase in the relative abundance of alkaphilous
diatoms. It also appears that most diatom species occur within all stream
orders but that changing ecological conditions such as pH allow different

species and/or groups to flourish in different stream orders.

Currently Impacted Streams

Several streams in the Study Area are currently impacted by taconite mining,

contact with the copper-nickel resource, or copper-nickel exploration.
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Mine Dewatering--Currently operating taconite mines are pumping mine water

into the Partridge River, Dunka River and Unnamed Creek. The effect of this
pumping has been to raise the conductivity, alkalinity, and pH of the
receiving waters (Regional Copper-Nickel Study 1978c). The average conduc-
tivity at sites with mine dewatering is 270 u mho/1 compared to 54 p mho/1
at other sites. Stations BB-1, P-5, P-1 and SL-1 are all impacted by
taconite mine dewatering, and form a group of stations which in 1976 were
characterized by high abundance of A. minutissima. At unimpacted stations
with physical cénditions similar to impacted sites, A. minutissima is still
dominant but A. linearis became more abundant and A. minutissima Tess
abundant (Table 6). Another species change occurs in first and second order
impacted stations. T. flocculosa and other acidophilous diatoms which are
abundant at unimpacted first and second ordér sites were rare at impacted

stations. Figure 19 illustrates these two shifts in diatom species.

Table 26 presents comparisons of productivity, diversity and number of
taxa at sites impacted by mine dewatering and unimpacted sites. There
appear to be no major differences in the productivity of impacted and
unimpacted sites. Although mean diversity for 1976 at impacted sites
appears lower than at unimpacted sites, a t-test indicated no significant
difference (P < .05). A larger number of diatom taxa were found at

impacted sites than at unimpacted sites.

The effect of taconite operations has been to favor the development of A.
minutissima in affected streams. In first and second order streams acido-
philous species are less abundant because of increased pH and in third and
fourth order streams with elevated conductivity the abundance of species

such as A. linearis is reduced. The overall species list found at impacted
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and unimpacted sites are probably similar since water quality differences

are not large enough to produce dramatic shifts in the biological

communities.

Unnamed Creek-~In Unnamed Creek elevated levels of heavy metals are present

i addition to high conductivity. A further impact in this first order
stream is fluctuating flow as a result of erratic pumping of mine water.
Table 21 presents a comparison of several biological parameters from

Unnamed Creek, Filson Creek, and Keeley Creek. Primary production in
Unnamed Creek is similar to that in other first and second order streams.
Diatom species diversity was Tower in Unnamed Creek at BB-1 than in other
first and second order streams, although at upstream sites on Unnamed Creek
diversity was higher than in Filson or Keeley creeks (Regional Copper-Nickel
‘Study 1978a). These apparent inconsistencies are probably caused by the
fluctuating flows in Unnamed Creek although insufficient data is available

to prove this hypothesis.

Dominant diatoms are also different (Regional Copper-Nickel Study 1978a).
A. minutissima is the most abundant diatom species in Unnamed Creek as in

the rest of the Study Area. In addition D. tenue var. elongatum,

Denticula tenuis and F. construens were abundant. These taxa, while present

on the Tist of dominant taxa for the Study Area (Tab]e'4), were not found
in the rest of the Study Area during the same time periods as they were
found in Unnamed Creek in 1976. These taxa were also more abundant in
Unnamed Creek than in the rest of the Study Area. The diatom percentage
in Unnamed Creek ranged from 90 to 99 percent which is higher than that

Tfound in the Study Area in general.
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As in the impacted;s%tes discussed earlier, no significant impact seems to
have occurred in Unnamed Creek. No radical shifts in the dominance of
algal groups such as mentioned by Patrick (1978) in relation to heavy metals
has occurred. A copper effect would not be expected as levels are below
the toxic level of 70 ug Cu/1 discussed by Patrick (1977). On the other
hand, nickel concentraiion in Unnamed Creek is at a level (123 wug/1)

where some effect may occur. Patrick (1977) reported nickel levels as low
as 2-10ug/1 would cause shifts in the major periphyton groups while
Hutchinson (1973) reported that 100 ug/1 was toxic to algae. Because
diatoms are still dominant in Unnamed Creek it does not appear that such
an effect has occurred. The dominénce of D. tenue var. elongatum has
probably resulted from the high digsolved solids and cold temperatures.

D. tenue var. elongatum is very tolerant Qf hiéh dissolved solids or
conduptivity (Lowe 1974} and normally blooms in the spring when tempera-
tures are low (see Seasonal Patterns of Dominant Diatoms). No data are

available on Denticula tenuis while F. construens has ecological

requirements similar to Diatoma.

“Filson Creek-~ Filson Creek flows across the mineralized Gabbro contact

and contains elevated levels of heavy metals (median values of 8.0 ug Cu/1
and 5.95 pg Ni/1). Comparisons can be made with Keeley Creek which is a
similar headwater stream with lower heavy metal levels (median values of
1.95 pg Cu/1 and 3.3 pg Ni/1). No effect in the dom%nant taxa, produc-
tivity or diversity is evident between Filson and Keeley creeks (Table 21
and Figure 8). Copper levels in Filson Creek are Tower than levels where

effects have been reported by Patrick (1977);
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INCO Seeps--In the vicinity of Filson Creek copper-nickel exploration by
INCO has caused elevated concentrations of copper (20-59 ug/1) and nickei
(14-37 ug/1) to be present in seeps draining the exploration site. A.
minutissima was the dominant species at station C above the input of
copper and nickel while below this input species of Eunotia and Tabellaria
were more dominant (Table 22). Colonization of g]ass‘s1ides appeared

normal at the time of collection.

No effects were'observed nor would be expected from copper and nickel in
the seeps which were sampled because copper and nickel levels were below

the level of potential effects reported by Patrick (1977).

Besch et al. (1972) found that groups of diatoms were good indicators of
heavy metal pollution during field surveys in eastern Canada. Species

groups which include A. minutissima, Tabellaria spp. and Eunotia spp. were

reported as sensitive to copper and zinc pollution. These taxa were all
present in Filson Creek, Unnamed Creek and the INCO seeps. Therefore the
results reported by Besch et al. would seem to indicate that there has
been no effect from heavy metals in Filson Creek, the INCO seeps, or

Unnamed Creek since sensitive species are still abundant.
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SUMMARY

Diatoms are the primary component of the periphyton communities in Study
Area streams comprising an average of 87% of the algal cells. The most

important diatom species is Achnanthes minutissima which was dominant

throughout the year and the Study Area. Other important taxa included A.

linearis, Cocconeis placentula, Synedra spp., Diatoma tenue var. elongatum

and Tabellaria f1occu1b$a.

The diatom communities demonstrated a spring and fall maximum in production.
Also most of the dominant species were most abundant in the spring and fall.
No clear seasonal patterns in species diversity were evident although
diversity appeared related to changes in the relative abundance of the

most dominant taxa.

Two aspects of the periphyton community are related to stream order.
First primary production increases with increasing stream order and
secondly the abundance of acidophilous species decreases. The species

present is similar in all stream orders.

Several groups of similar stat{ons are evident based on relative abundance
of diatom taxa. In general, stations impacted by taconite mining were more
similar to one another than to unimpacted stations. Also, stations in
first and second order streams tend t0 be similar to one another while

stations in third and fourth order streams tend to be similar to each other.

The effect of current taconite mining seems to be a shift in species
which favors the dominance of A. minutissima in all streams and the reduc-

tion in the abundance of acidophilous species in first and second order streams.
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In third and fourth order streams the species‘ shift is not dramatic as
impacted sites are similar to unimpacted sites 1n these stream orders.
In ﬁ‘rst and second order streams the shift is more dramatic as the

impacted sites resemble third and fourth order sites more closely than

they resemble unimpacted first and second order streams.
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Appendix 1. Diatom species found in the Study Area.

Table 1.

Table 2.

Distribution of diatom taxa in Study Area watersheds.

Species of the pooled genera: Cymbella, Melosira,
Navicula, Nitzschia, Pinnularia, and Synedra.




Table 1. Distribution of diatom taxa in Study Area watersheds (l=present, O=absent)
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ACHNANTHES CLEYET Ve ROSTRATA L3 ] [:] 0 ¢ ] 1 ¢ N c" ? [] L] A - 1 a 2
ACRNANTHES EX1GUs s 9 2 1 1 1 1 1 H ! 1 1 1 i v
ACHMANTHES EXIGUA V. CONSTRICT 3 0 ) 0 o ° ) c' 9 ) 0 1 : L e '
ACHMANTHES FLEXELLA ) 7 ¢ 3 7 0 1 o 1 0 1 1 1 1 1 i 1 e
ECHNANTRES MUSTEDTID CoF, 8 . [ e ‘8 0 [ 0 ° 1 9 e [} [ [ e °
ACHNENTHES LANCEOLATA L] ° B 1 1 H 1 1 1 1 1 1 1 i 1 0
ACHNELTHES LANCEQLATA Ve APICU to [ o ‘e o e 0 ) o ) ) ) o i s o
SCHNANTHES LANCEALATA Yo DUBTA 1 ) 1 1 0 1 1 o 1 1 1 1 1 i 1 0
ACHNENTHRES LANCEDLATA va LANCE 12 0 [ o~ ‘o 0 0 ’ 0 [ [ [\ [ 1 o 0
ACRMANTHES LANCEQLATA Vo OMISS 13 .0 1 1 [ 0 0.' 0 [ 0 [} [ 1 0 L] e
ACHMANTHES LEMISTaNA 1s ] T o ) 0 ) 1 ) ) ) ) [} ° 4 1 0
ACHNANTHES LEVANDEQL 15 [ ] 1 1 1 1 3 1 1 1 ] 1 8 1 o
ACHNENTUES LINEARIS 16 0 1 1 1 1 1 1 1 1 i 1 1 i 1 1
ACHNANTHES LIMEARIS Ve PUSILLA 13 0 1 1 1 1 ' 1 1 1 1 1 1 i 1 1
ACKMAMTMES LINEARIS Ve CUATA 1a L] 1 1 1 1 1 1 1 1 1 1 1 1 1 3
BCHNANTHES LINEARIS Ve MUTICA ig 0 9 ) 1 o’ 0 0 0 1 o 0 0 e °
ACHNANTSES MARGINULATA 29 B o 1 1 1 1 1 1 1 1 1 1 1 1 1 1
ACHNANTHES CoFe WOLTI ) 2i ) 1 0 o ) 0 0 0 ) 1 1 [} 1 8
ACHNEMTHES PERAGALLY Y. FOSSIL 23 ] 1 0 [} 0 [ [ 0 1 [ [ ] 0 °
ATHNANTRES MINUTISSIMA 24 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3
ECHMANTHES PERAGALLI 2s 9 ] 1 1 1 1 0 1 ) i ° 0 ¢ 0 e
ACHMSNTHES SAXONICA - 25 .vi e [} 0 o 0 1 0 1 1 1 0 0 L 0 o
ACHNANTHES SMITHTT 27 9 0 0 0 1. ) ) 9 0 0 ° ° 9 o
BCHNANTHES STEWARTIL C A o 1Y e 1 1. 1 L3 1, 1 1 1 1 1 1 ]
A
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WATERSHED
TAYA T Bear
NUMBER Ifange Fall sShagawa Kawish Island Isabel. Filson Birch Dunka Stony  St. Louls Partr. Embar, gi:,e_jlpqug;__‘:
ACHMANTUES SUBLAEYIS Y. CRASSA 29 0 0 0 0 [ ® T 5 ) 1 L 1 0 v *
AupWIP FuRA SP. 35 [} [} 0 ! 0 [ 1 0 1 0 9 8 °
avpHlp Eups PELLUCIDA 3 0 [} 1 1 1 1 1 1 1 1 1 i e 9.
aMpmnps S0, 32 0 ] ) ) 0 - 1 ) ] 1 1 1 1 a 2 °
AMDHORA COFFEAEFORIS a3 ) 0 ) ! 0 [ ) o ¢ 0 0 v ] 0 8
BuPUORS OVALLS s -0 1 1 1 ] 1 1 1 1 1 1 1 1 ° °
amoHnaL OVALIS V., AFFINIS 33 9 0 L) 0 0 [ 0 1 0 0 0 0 ° 8 e
aRprORs PERPUSILLA 37 ) 0 1 [ 0 1 o -1 ° [} ] 9 6 0 9
ANn#AgnnE TS SP. 3 o 0. ] ] 0 1 1 [ 1 1 1 1 ? e 0.
ENGMOEANFTS SERTANS 39 ° ) 0 1 1 1 1 1 ° 1 1 1 i 0 9
ANOMOENNETS SERTANG Va ACUTA Ap [ 0 0 1 ] [ ] 1 ] 1 [ [ [ 0 ¢
ANDHOZAMETS SERIaNS ¥e APICULA o .0 9 0 9 0 ] 0 1 ® 1 1 ] 8 0 ¢
ANGHOEQNETS SERTANS Yo BRACHYS ¥ 1 9 1 1 1 1 1 v R 1 1 ] 1 °
INOMOEQNELS VITRES ‘ 43 9 1 1 1 1 1 1 1 1 1 1 1 i 1 1
ANDMOEQNETS ZELLENSIS a8 9 ) 0 9 0 ° 0 1 0 0 ) ] b Ul o
ESTERINNELLA FOOMOSA C us 0 v 1 1 1 1 ] 1 2 1 1 1 ] e
ATTHEYA ZACHARLASL ’ 4o 1) 1 0 ° ° ) 0 0 o 0 o o ] Ll 0
CaLNNELS SP. 49 ¢ ] ] 1 ] 1 0 1 9 1 3 L] - L] ] °
CALONETS ANPHISARENA L 0 [ 0 0 [} 9 ° ] 0 0 1 0 0 9
CALAONETS RACILLUM o i 0 T 0 1 1 0 0 0 1 1 0 9 1 ] 0 0
CALONETS LE¥ISTL 52 o 0 0 ] 0 0 0 ) 9 1 e 0 i 0 °
CALONETS VEMTRICOSA 53 9 ] 0 0 o ] ° 1 0 ] ° 0 . 8 ° e
CALONELS VENTHICNSA Ve TRUNCAT S4 [} 0 1 [} 1 T e 1 1 [} [ 1 [ ° °
CALONETS VENTRICOSA Yo SUBUNDU T s 0 ° ) ] o ° 0 1 ) 0 0 ) Ul o o
CALONETS WENTRICASA ¥a MINUTa 56 [} [} 0 1 [ 1 0 1 0 1 0 i o 0
CAPPTOG=AMA CRUCICULA 53 0 [ [ ] [ 0 0 [ [ [ 8 i L] ]
COCCONETS 5P 60 . ] [ 1 1 0 1 0 1 1 [} 1 1 8 8 L]
COLCOMETS DIMINUTA 51 0 0 0 0 0 [ 0 [ 9 [ 0 [} [ 9
COCConEDS PLACENTULS 62 ] 1 1 1 1 1 ] 1 1 1 1 1 1 0 ]
COCCONr1S PLACENTULA Ya EUGLYP ' 63 0 ] 1 9 B [} 4 9 3 ] 1 [ 1 1 0
COCCOMFTS PLACENTULA ¥, LINEAT L1 1 v 1 1 1 1 1 1 1 1 1 1 i 1 1
COCCOMETS PEDICULUS by 0 . [ ° 0 o [ 0 1 .0 o 1 1 o * 0 0
CYCLOTELLA SP, . 6o R TP 1 1. T, 1 1 1 1 1 1 1 i 1 1
A
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Table 1. Distribution of dfatom taxa in Study Area watersheds (l»present, D=absent)
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. . WATERSHED -
TAXA Bear White
TAXA ' Jy_"(mgzn ‘ Range Fall  Shagawa Kawish 1Island Isabel, Filson Birch Dunka Stony  St. Louis Partr. Embar. face  __ Cloquet ___ -

CYCLOTILLA CuFa SNTIGUA 89 0 T 9 [} 1 B o 0 [ 0 o ° [} 9 °
CYCLOTELLA BODANICA Te 0 1 [ 1 [ [ ] ) 0 [] L] [ 0 0 2
CYCLOTTLLA COMPTa Ti 0 [ [ e [] [ (] 0 .} [ [ 1 0 ?d ]
CYCLOTELLA GLOMERATA ‘{'2 0 1 1 1 ' 1 1 0 1 1 1 1 1 ’ LI 2 e
CYCLOTELLA GLOMERATA Yo AMGUST 73 (4 1 [ 0 4 [ ] ° [ ] 9 0 0 e 0
CYCLOTELLA KUTZINGIANA Y, RADI 78 0 [ 0 0 [ 0 0 0 ° 0 [ 1 ] 6 °
CrCLOTELLA MENEGMINIANA 13 0 1 1 1 0 1 1 1 1 1 1 1 i 1 [
CYZLOTFLLA STELLIGERA 77 ‘ [ 1 1 1 1 [ 1 0 [ 1 [ [ []
CYMAELLS SP. 85 1 1 1 1 3 1 1 v 1 1 1 1 i 1 1
DENTICHLA SP, i1p - ’ 0 1 1] 0 2 0 0 1 1 1 1 1 1 8 - "
DENTIC LA ELEGANS 111 [ 1 o 1 [ 1 [ 1 1 [ 1 1 i ° 8
DENTICULE TEMVUIS A S B 0 9 0 0 0 9 1 o 0 0 8 0 e
olaTous sp, 113 ° [ 1 0 9 1 [} ¢ 1 1 [ 1 i ] 0,
plalows ancEes ‘ C o 0 1 1 1 ° L 0 1 0 0 0 1 i ° ]
D1aToma ELONGATUH ’ ) 113 [} 1 0 0 1 0 o 1 0 1 n ] [
DI2Towa WIEMALE 11% [ 1 ] 0 (] 0 [} [ 2 1 n [ 0 9 ]
DIATOME HIEMALE Vo MESODOM 117 [ [ I 0 (] [} R 1 ] Q [} 0 0 ] 4 9 1]
OILTOMA TENUE 118 0 9 n 0 [ [ .0 [ o 1 9 0 [ o L]
DIATOWA TEMUE Yo ELONGATUM 119 0 . 1 0 1 ° 1 o 1 1 1 1 1 i 1 ]
DIATOMA YULGARE 12p o o 0 1 ) "o 0 1 1 0 ) ]

nlaTasa YULGARE ¥, BREVE C.F. 121 0 1 0 0 9 0 0 0 [ [ 0 [ ] ] [
DIFLONETS $2, 122 0 1 1 1 1 1 1 1 1 1 1 1 8 ] 1
DIPLONELS ELLIPTICA 123 0 [} [} ] [} 0 0 1 ) 0 0 [} [ o 4
DIPLONETS FINNICA 124 0 0 1 0 1 K [} 1 9 1 0 1 8 ]
DIPLONETS OCULATA 125 [ [ [} [} [ [ 0 [ 0 1 1 0 [] [}
DIPLOMETS OVALIS : 126 ° [ 0 [} [] [} ] 0 0 [ 0 1 9 ] 0
DIPLONETS PUELLA CoFe ‘127 0 1 ) 0 0 1 0 [} 1 [ 0 ) 6 0 e
DIPLONETS SHITHIL 128 0 1 ¢ 1 [ 1 [} 1 [ 1 ° [ [ 1 0
ENTOMONE LS §P. 139 0 0 0 o 6 0 ) 0 ° ) ) 0 1 ° ]
ENTOMDNELS CRNATA 131 0 1 [} 0 ] [ 0 ] [} 1 0 (] i ] ]
EPITHECTA §P. ) 132 0 ) 0 1 ° 0 ) i ¢ ) 0 i °
EPITHELIA SOREX 133 0 0 [ ] 0 | [} 1 0 ] [} 0 . [ o 9
EUOTIA SP, 135 1 1. 1 1 3 3 1 1 1 1 1 | PR | 1 1
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Table 1. NDiatribntinn nf' dlatom taxa Ly Study Area watersheds (i=prearnt, O=abaent)
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WATERSHED .
TAXA . j NE"AE;;R i Range Fall Shagawa Kawish ?:i:nd Isabel. Fil s face.
MBE 1 . son  Birch Dunka Srany t. Louis Partr., Embar. face Cloquet ___
FuNOTIa ARCUS 124 n T o_‘r' 0 0 6 T ‘ﬁ‘—k_—wl 1 0 [} [} 1 e ® o
EundTIa CUPVATA 135 o o v 1 1 1 1 1 1 1 1 1 i 1 b
FUNDTI2 CUBVATA Ve CAPITATA 13g o 0 0 0 [} 0 8 0 o 1 0 e # o e
EUMOTIA 1900 144 0 0 o 0 0 o o 1 1 o o 0 1 i °
FUNITIZ ELFGANS 14 1 ) 0 3 1) ) t 1 1 1 0 o i 1 o
EUNDTIE EXTGUA 142 0 0 0 1 1 0 1 1 1 0 0 ) 8 ° °
FULOTIA F23A 182 0 0 0 1 1 0 1 1 9 1 0 1 1 0 0
EUNATIR FLETUISL 144 0 o o 1 1 1 1 1 1 1 1 1 1 ! e
EUNATIA FORMICA . 165 [ 1 0 ] 0 0 [} 1 1 1 [ 1 1 9 8
EUN2TI8 InCISA lag 1 0 0 1 1 1 1 1 1 1 1 ° i 1
EUNDTIa PECTINALIS V. VENTRINS 147 9 ] 0 0 ) ¢ 1 o o 1) 0 ) ) 0 0
EUNGTIs LAPPONICA 143 . 0 ‘o 0 0 0 1 0 0 0 o 0 0 2 e ¢
TUNITTA wANDON 155 8 0 0 1 0 o 0 1 1 0 3 o i 0 s
EUNITIE NAFGELLIT 15) ] [} 0o 0 ] X 0 1 0 ° [ 1 8 ¢ °
FUNOTIZ PECTINALLS 152 1 1 o 1 1 i 1 1 1 1 1 1 i !
EUNOTIa PECTINALIS ¥, MINOA 153 _ 1 0 o 1 1 1 1 1 1 1 1 1 i i !
EUNIT1A PRAEMINOR C.F, . 154 o [} [ 9 e o 1 ) 0 0 ) 9 ] 0 o
EUNITIA PEATRUPTA 155 o ) ) 1 1 0 1 1 1 1 0 1 1 9 9
EUNOTIL PRAEPUPTA Vo BIDENS 156 ] 0 o 1 o 0 1 1 1 1 4 1 1 0 ¢
SATIA PERERUPTA v, MINOR 157 - 0 0 9 0 ] [ o 0 1 o 0 0 0 ¢ °
EUNDTI4 PRAEPUPTA V. INFLATA 154 0 ] [ i 1 1 1 1 1 1 1 1 i 3 °
FUNOTIs SEPTENTRIONALIS 159 ° ? o 9 0 o 0 1 9 o 0 1 1 e 9
. EUNATIa ROSTELLATA ’ 161 ° 0 0 o o 0 0 1 T 0 0 1) ] ° o
FUNOTIa SUECTA . 152 o 0 0 0 0 0 ) [} 9 0 0 1 0 0 o
TUNOTTA SEREA W, DIADEMA 163 1 3 0 0 o 0 1 1 1 o 0 1 i ¢ °
ECMOTIa TAUTOMEMSIS 164 . 0 0 0 ) 0 0 0 1 ) ) 0 o 9 2 0
CEUNDTIA TEMELLA 165 0 o 0 ° 0 0 1 0 1 1 0 1 i 1 ¢
EUNOTTA VaHHEURCKIT ) 167 0 o ° ] 1 o 0 0 1 0 ) 1 o o o
EUNDTTA yANMEURCKIT Vo IWTEMME 165 - 0 ) 0 0 1 0 0 1 0 ' 0 0 1 0 0 9
FRAGILA®IA SP. 169 ] 1 1 1 1 1 1 1 1 1 1 1 i 1 9
FRASILARTA RICAPITaTA 170 o ) ) ) 0 1 0 0 0 1 1 1 0 °
FRAGILARIA BREVISTRIATA 174 0 o 1 1 0 1 ) 1 1 ! 1) 1 i 1 ¢
FOACILARTA BREVISTRIATA Vo CaP 172 e . 0 0 0 0 1 0 0 1 [ 0 9 0 0 0
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Table 1. Diatribution of diatom tara in Study Area wntersheds (I=preacat, U=a68ent)

(conta.)

- WATERSHED
TAXA Bear White .
TATA | mnsER Range Fall  Shagawa Kawish Island Isabel. Filson Birch Dunka Stony  St. louis Partr. Embar. face _ Cloquet __ -~

FRAGILARIA BREVISTWIATA v, INF 173 0 0 I - [] ) o <o T 14 H N A-e B 14 . of“ '] 8 ] 8
£Ra510Am]a CaPUCTNG 174 0 1 1 1 0 AR 1 1 ° 1 1 : 1 1 1 2
FRAGILARTA CONSTRICTA 175 1 ] 0 0 1 1 1 [ ° [ ) 1 (] 1 1
FRAGIL22[A PINNSTA ¥, $TRICT2 174 0 9 0 0 0 (] 1 ] [} 0 [} 0 8 ¢ [
FRAGILARIA CONSTAULHS 177 0 1 1 1 1 1 1 1 1 1 1 1 i 1 1
FPGILATTIA CONSTRUENS Yo HIROD 17a ] ] 1 a o 1 [ o ] ¢ ] 0 ] ] [
FRAGILARIA CONSTRUENS Ve PUMIL 179 ¢ 1 1 1 1 i 1 1 1 1 1 1 i 1 1
FRAGILERIA CONSTRUENS Yo VENTE 180 [} H 1 1 1 1 1 1 1 1 1 1 i 1 1
FRAGILARIA CROTOMENS1S 181 - 1 1 1 1 1 1 1 4 1 1 1 i ) 1
FRAGILARIA INFLATA 182 Q [ 1 L] 1 L] [} 1 ] ] L] 0 [} L] D
FoaGILARlA LEPTOSTAURUN 183 ¢ ? 1 1 1 1 L} 0 1 1 [ 1 i 1 o
FRAGILABIA LEPTOSTAUNON Y. DUB 184 [ 6 1 1 L] 1 1 1 1 1 1 1 ] b) 8
FHAGILA®IA PINNATA . 185 1 0 1 1 1 1 1 1 1 1 1 1 i 3 1
FRAGILAGLA PINNATR Y. LANCETTY 126 0 0 0 [} [ 0 0 o 1 [ o 1 [ 0 o
FRRGILARTA PINNATA ¥. INTERCED 187 0. 0 ° 0 ot 1 1 1 1 e ° 1 8 l o
FRAGILARIA VAUCHERTA 188 .0 ) ‘1 1 1 1 1 1 1 1 1 1 i o [
FRAAGTLIRIA VAUCHFRIA va CAPITE 189 0 0 0 1 ° 9 ° o o ° 0 o 8 0 °
FHAGILARIA VIRESENS 199 1 1 1 1 ] 1 1 1 0 1 1 1 1 ] [
FRAGILARIA VIPESCNS Vo CAPITAT 194 [ e [ [} 1 ° [} 0 i 9 [
FAAGILARIA PARASITICA 182 0 -0 ] ] ) To ° ) o o 1 0 8 ) 9
FRUSTUL LA &9, 193 0 ] o [} 0 1 0 [} 0 (] 1 8 9 L]
FRUSTULTA FHOMKOIDES 19 i 1 9 1 1. R 1 1 1 1 1 1 i 1 [
FAUSTULTA RHOMBOIDES Vo CAPITA 195 ° [ [ [ L] [ 9 1 [ 0 [} [} [ L] ]
FRUSTULIA RHOMBOTDES Ve 52X0NI 196 ° 0 o e 0 0 0 e 0 ¢ ? 1 8 [ [
FRUSTULTA BHOMBOIDES Y. YIRIDY 197 0 o o [ ] 0 [ 1 ] 0 0 0 [ [} 8
FRUSTULTA wEINHMOLDII 19s [ L] ] 0 1] 0 0 ] 9 ¢ (] 1 9 0 [
COMPwONEME SR, 199 1 1 1 1 1 1 1 1 1 1 1 1 i 1 1
GOMOHONEWR APJCATUY 200 0 9 0 0 [ [ 0 1 0 ° [ 0 [ [] ]
GOMPHONEA ACUMINATUM 201 0 1 1 1 1 1 1 1 1 1 1 1 i 1 o
GOUPHONEME ACUMINATUM V. CORON 202 [} 1 0 0 B [ [} 0 ° 1 0. 0 [ 0 [
GORPHONEMA ACUMINATUM Yo CLAVU 203 0 1 )] [ [] 1 0 1 [} 1 1 1 1 [ ]
GOMPHONEMA ACUMINATUM Vo PUSTL 204 9 [ [} ] 0 [ [ 1 [ 0 [ 0 8 0 [
GOMPHONEMA AFF INE 203 [ 1 [} 1 0 [ [ 1 ] 3 1 9 [ ] [
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Fable V. Diatribution of diatom taxa In Study Area wntersheda  (l=present, O«=absent)
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WATERSHED
) TAXA Bear White
TAXA ) wnuER Range Fall  Shagawa RKawish Island Isabel. Filson Birch Dunka Stony _St. Louis Partr. Embar. face Cloquet -
GOMPHONEMA 2FFINE V, [NSTSNE 20 n : 0 o 1 o 9. ’ 0 0 o [ 0 ? L] e -] .
CNuP Q0 Er s ANGUSTATIH . 20y [} 1 1 1 1 S | 1 1 1 1 1 1 1 1 1
GOMPHONEMA ANGUSTATUM ve SARCP 209 ) [ 0 . 0 0 [ o ° 0 [ 0 1 ] 3 8
GOUPHONE~A ACUMINATUM Vo ELONG 21n [ 0 [} 0 T 0 0 1 0 0 0 0 [ 0 0
GRUBRANERA COMSECTOR 212 0 ] 0 0 0 ] ! 1 o ] 0 e 8 e Ll
COMPuONTNA BPEBISSANTT 213 0 1 0 ° 9 1 0 1 [ . 0 [ ° A e A
GO~PMONTRA CLEVET 214 0 1 [ 1 | S 1 ] 1 ) 1 1 1 1 i 1 ’1
GOMBHALENA CONSTRICTUM 215 0 1 0 1 0 0 0 o 1 1 1 1 1 ¢ °
GO¥PHONE“A G1BBA 216 ) 0 0 1 0 ) [) 0 ) ° ° 0 9 0 9
GOMPRONEMA GRACILE 217" [} 1 ] 1 1 1 1 1 1 3 1 H i 1 - ©
GOMPHONERE DICHOTOMUM Zin 0 1 [} 1 1 [} 0 [ [} L] [ 0 1 L] -0
GUMCHONFMA GRUNOWIT ) - 219 9 1 [} 1 ) 1 1 1 1 X 1 1 1 i s
GOMPHONEMA IMSTARILIS 229 0 ¢ ] 0 [ ] [} 0 [ 9 1 o 0 e 8
GOMPHONERE INTRICATUN C 22 v . e o ) 1 0 ) ° ¢ o 0 i ° 9
GOMPHONEME OLIVACENIOLS a2 0 0 1 0 0 o ) ° 0 o 0 o & '3 ) )
GOMPHOUEMA OLIVACEUM . 223 ] 1 1 0 [} [} 0 1 1 ° 0 1 i 13 0
GOMPHOLEML ANGUSTATUM Vo INTER 224 0 [ ) 0 [ o 0 0 0 0 1 ] 0
GCMPHONE“A PAMYULUM 225 1 1 1 1 1 1 .o 1 1 1 1 1 i 1 i
GONPHIMEMA GROVET 226 0 ¢ ° 1 0 2 ° 0 ° [} 0 [ ] ] ]
GOMPHONEMA SUBCLAVATUM 227 0 1 1 1 1 0 ° 1 I [ 0 1 1 0 o
GOMPHMONEMA MANTANUN 228 0 0 ] [ [ 0 0 0 0 ° [ [ 0 8 1
BCWPHONEMA SURTILE 229 [} 0 0 0 0 0 ] 3 e 1 o a ° 0 °
GOuPRONENA TRUNCATUM 23p e 3 1 1 5 1 1 1 ] 1 1 1 6 ) 0
GOMPHONEMA TRUNCATUM Yo CAPITA 23 0 0 0 0 [ [ 1 [ [ 0 ] 4] ° 9
BYPASIGHA SP, 232 o 1 0 1 0 ] [ ° 0 3 ° ° ° ° 8
GYROSIG¥A ATTENUATUM 233 ¢ 0 0 1 [ 0 0 0 ° 1 0 [ 8 e 9
MANNAEA ARCUS «235 0 1 0 ° 0 o 0 ° ? ] ° 0 0 g ¢
HANTZSCHIA 5P, 234 ) [ 0 0 o 0 ] ° 0 0 [} 1 o o ®
HANTZSCHIA AMPHMIOXYS 237 0 9 0 ) I 0 0 1 ° [ [ [ [ 1 [
WELOSIAS 5P, 23a 1 1 1 1 1 1 1 1 1 1 1 1 i 1 1
mERIDIAM SP, 249 0 0 [ 0 [ 0 [} 1 0 ° 0 o ° @ e
MERID [N CIRCULARE 255 1 0 1 1 1 1 1 1 1 1 1 1 i 1 :
MERIDION CIRCULARE ¥a CONSTRIC 251 0 0 0 0 ) 0 o 1 ) ° o e > 0 8 i
X
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Table 1. Blatribation of diatom taxa {n 5tudy Area waternheds (l=prescnt, O=sbament)
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TAXA Bear
TAXA NUMBER Range Fall Shagawa Kawish Island Isabel. Filson Birch Dunk St. Llouis P e
N _ . a Srany . uis Partr. Embar, face __ Cloguet
savityLs P, 252 1 1 1 ) 1 1 ) H Ml ) 1 1 B 1 1 1 1 T ] - ) B
REIDTUW 5P, 33y 0 1 n H 1 1 1 1 1 1 1 1 1 1 9
NETTTUM SFFINE 132 o - 1 ] 0 1 0 ) i 0 ] [ ° 0 1 ¢
NEIDIue 12InTS v, AMpLIATUM 333 ) s 0 o 0 s ) 1 1 DA [ I 0 [ L] ]
HEIDIUM HISULCATUM 334 0 ] P 0 1 1 1 1 1 1 0 0 ] 1 ¢
NETOTUM GRACILE Vo AEQUALE 335 . ) 0 1 0 0 [} 0 0 [ ° o 0 0 0 ¢ o
KE10TUS WERCYNICUM CoF s 337 o 0 o ° 1 0 o ) 0 ° 0 ) J e e
NEFDTUM BFFINE V. LONGICEPS 389 0 ° [} 0 ° Q [ "1 0 [ [ 0 8 [ [
PEICIUM IADIS L 1 ] o 9 [ ) 9 9 [} 9 0 ) 8 8 ?
MITZSCHTS 5P, 387 1 1 1 1 1 1 1 1 1 1 1 i 1 v
OPEO=ORL MARTYY 28g [ [ 1 H ) 1 0 1 [ [ 1 [4 8 8 )
PINVULARIR SP, 395 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
PLEUSASIGNA P, h a2¢g [} 1 [} E} ] 0 [} [} 0 o v [ a L] a
RMIZOSOLENTIA SP, T azs [ 1 0 1 [ [ [} [ 0 [ [} [ 8 o 4
AHICOSEHENTA CURVATA 43z ] 0 0 [} 0 9 [ 0 [} [ 0 1 9 ' ]
A=QPALNNIA SP. ' 433 e [ [} ¢ 0 [} 0 [ ] 1 o 0 ] € L]
RunPsLANTA GIEBA - 434 [1] 0 0 [} ] ) 1 Q ] [} [ ] ]
STAUST\ELS SPa 433 9 ' [ 1 o T [ 1 1 1 [ [ i e 0
STLUROLETS 2CUTA 436 s s ) ) 0 o 0 ] o 0 o 0 3 1 ¢
© STAURONELS ANCEPS 437, [ e 1 1 0 1 0 1 1 1 0 1 i ] ]
STAUROLETS ANCEPS Y. GRACILIS 43g ) [ [ [ 1 0 [ 0 1 ? 1 1 0 i [ o
STAURONEIS ANCEPS Ve LIMEARIS 429 [ [} 1 0 [ 0 ] 1 [ 8 [ L) 8 [ ]
STAURGUELS XRIEGER] 489 o 0 0 ) ] 0 0 1 8 1 0 1 1 1 0
STAURDYELS TGNORATA ] 0 ] [ 0 [ 1 [ 1 [ [ 0 0 9 o 0
.smuwowEIs PHOENICENTERDH V 442 [ 1 9 9 [ [ 1 1 [ [ L] 1 9 9 9
STAUAONE ]S PHOENICENTEROM V. @ 443 [ [} [ 0 1 0 0 1 [ [ [ 1 i ] L]
STAURGHEIS SMITHIL LET [} [ [ 1 [] 1 [ ? 1 1 1 1 [} 1 ]
sTaUPALFLS SHITHIL v, INCISA 45 [} e [} 1 4 0 0 [} [ [ o [ [} 1 a
STENOPTERDARTA SP, 444 . [ 2 0 0 Q (d 0 1 0 ) [] (] 0 8 q 0
STENOPTERDATA INTEAMEUIA &87 - 0 ¢ [ 1 (] [ [ [ 1 1 ] 0 [ L] 0
STEPHANNDISCUS SPe 489 [} . 1 1 1 1 1 ] 1 1 1 1 [ i [\ ]
STESRAMONISCUS ASTREA 469 o 1 1 0 0 0 0 0 0 ] 1 ) ) ] °
STEPHANODISLUS ASTREA Yo MINUT, 459 2 . 3 1 i ] 0 [} [ ) 8 o ° ] L] e R
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Table 1. Dy tbution of diatom taxa in Study Area watersheds (l=present, O=absent)
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WATERSHED
- TAXA Bear
TAXA » 'N.’TJMBER 1_?5nge Fall Shagawa XKawish 1Island Isabel. Filson Birch Dunka Stony  St. Lou':is Partr. Fumbar. ?:::Ze__cloquet_,

STEPRAYDDISCUS INYIS]TATUS 45 o 1 1 o 0 ° o 0 D . o s ° ° o 9
STEPHANAIISCUS NIGARAE 453 9 1 1 1 0 ) o 1. ) 0 1 ] ° 8 9
STEPMauADISCUS TENUIS 454 0 2 1 0 ) ° o 0 0 ) e 0 8 Ll 9
suzitils sP. as5 e ° 0 1 1 o 1 0 1 1 1 1 i i ¢
SURTRELLA ANGUSTA (TUM) 454 0 1 3 1 1 1 1 1 o 1 1 1 i 0 °
SURTPELLA TLELANS 857 9 0 ° o 2 [ o .o ‘. ° 0 1 ] 8 °
SUSIRSLLs RELICATISSIMA 453 0 ) ce 1 o 1 0 o ° 1 ° 1 f Ll 8
sualeELLa R10YHA 45g ’ 9 o ° s o 0 0 R o R R A 1 s
SURIRELLA LINEARTS 45§ 0 ) 0 0 ] 1 ) 0 0 0 " o, 8 Ul A
SUBIRELLA nVALTS ' sn] ' "o ) ) 0 o o ¢ ] 0 0 3 0 8 o °
SURTRELLA OYATA . a6 3 1 ° 0 0 1 1 [ [ s T 1 i 1 ®
SURIPELLA OYATA v, PINNATA 463 0 o o 0 0 I} 0 ° 0 [} 1 0 a 9 8
SuPImELLA ULNA 464 o s 0 o o o 0 1 ° P ) 0 T8 0 e
SYREDRA SP, : 465 1 1 1 1 1 1 1 1 1 1 1 ‘1 i. 1 3
TABfLLADTA 5P, 493 0 1 ° 2 1 1 o 1 1 1 1 1 i o o
128ELLaRTs FENESTRATA 4%4 ‘ 1 3 1 1 1 2 1 1 1 1 1 1 i 1 1
TABEL 2]A FLOCCHLASA 493 1 1 1 1 1 1 1 1 1 1 1 1 i 1 1

L] 1 1 “1 1 1 1 1 1 3 1 1 i ] ¢

1
AN

6¢ obed
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Table 2, Species;of the pooled genera: Cymbella, Melosira, Navicula,

Nitzschia, Pinnularia, and Synedra.

CYMRELLA ASUTIUSCULA
OYAUELLA kFFINIS
CYMBeuLlL A ANSUSTATA
CYMBELLA AS2E=A
CYMobLLA CISATIL CeF .
CYA3eLLA CISTuL.
SYA3ELLA CLSTULAR V.
SYMZELLA CUSPLIATA
CYMBELLA CYMOIFORIMIS
CYMSELLA CrH3iFo=MIS V.
CYMBELLA DILUVIANA.
CYMSBELLA 1Z32.2ICA UuoFa
CYMBELLA HITE<JFLEURA V.
CYABELLA INAESQUALLS
OYM3ELLA LAEVIS

SYM3CLLA LJNATA

SYHMueELLA MICROCEPHALA
CY.ABELLA MINUIA
SYABELLA <INUTA
CYMBLLLA MINJTA V. P
SYMSELLA MINUTA V. S
CYMBELLA R
CyipeELLA
CYMBELLA
CYM3ELLA
CYddeil b
CYM3ELLA
SYMOELLA
LY 15ELLA
CYABELLA

GL32h

HINPUN

SUYBRI

FROSTaTs Ve aVeERSWaLD I
FROXIMA CoF .

SINJATA

SIBATQUALTS

PRl AnNGULUN

TJ410DA

TUMLUULA Cere

TJ25i0ULA

=

MELUSTRA
MELOSIRA
MrLOZ1RA
MerJSiAa

A8 IGJA
ARZTICA
LUISTANS
wLOTANS

ALPLGENA

ol i<d,
eSS LA

GRANLLATA

GRANUL ATH W,

CMILOs LA ISOARSLOA
MeLOLLRA s TALLDA
SOLISIRA sTALISA Ve
Mo 3S1IRA vARTAND

ANGUSTIS

TrqU1ssTH4

PHELWMNARYDHAFT@UBJECT?@)HAJQRREVHHDN[MDN@T
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Table 2 (contd.)

NAVICULA
NAVICULA
NAVICULA
NAVICULLA
NuVICULA
NAVICULA
MAVICULA

NAVICJLA.

NAVIGULA
NAVICULA
NAVLICULA

NAVICUL A
NAVICULA

Mo I CULA
ﬂudLudLﬂ
N »\ x_]lu\JLA
NAY L CULA
NMAVICULA
NAVIGUL A
NAavICULA
NAVICULA
NAVICULA
NAavVICuLAa
NAYICULA
MAYLICULA
NAVICULA
NaVIouLA
NAVIGULA
NAVICULA
NAVICULA
NaviCULA
NAVICULA
NavLLULA
NAVICULA
NAVICULA
NAVICULA
NAVIGULA
NGYLCULA
NAVILULA
MAadpeuba
NAavI UL A
NAVEZULA
NAYILULA
SNadilULa
NAVILULA
NAYICULA
NAVICULA
NAVICULA
NAEVILULA

PRELIMINARY DRAFT SUBJECT TO MAJOR

AZSOLUTA )
A2200M100A
LMERLCANA
APAL3ULA
ERVENSLS
AT OMUS
2allolui
SISEPHALA
SRYOPHILA
CANALLS
LAPTTATA
CAMLITATA

LAPTTATA v RUNUARICA

LISJUNZLiFURnIS
CONTINTA
CONTINTA 4. 21CEPS
CRYPTOCEPHALA
CJsPrl0ATA
LIS L0ATA Ve ANMBLIUA
LIoJdoS1s
vIGNA
CLGLIMENSLS .
oo ENENSLS V. LAaTA
JGIMENSLS Ve NEGLEDT
CooIMNENSLS V. rROSTRAT
XL aUA
EXIGUL Vo,
GAST I
URACLILF
GReGARLIA CaF .
UY IwoeNsIS
ASSIACA
HJJJ~<JCA
HASTED L1
NS IEF CRErS
LAEVLSSI A
LANSIOLATA
LATEROPUNCTATA

Ca-ITaTA

wr4¢_uJLUS Ve UPSALIL

Ivl
LAUSZSUL A
|{JT_L\(A
SIJTIOA Ve SOrNMIN

PO<LAT JIKAS
PILLDoUL 0OSA
POROCENTA
Fao14A0TA

SEUAD LCUT IR =001 s

REVISION DO NOT QUOCTE
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Table 2 (contd.)

NAVICULA
NAVLICULA
MAVIGULA
NaviCULA
NAVICULA
NAVICULA
NAVICULA
NAVICULA
NAVICGULA
NAYLCULA
NAYLILULA
NAVLCULA
NV LLULA
NAYLGY.A
SAVICULA
NAVICUL A
Nuv1luLa
NAVICULA
NAYVICULA
NAVICULA
NAVICULA
NAvVICuLA
NAVICULA
NAVICULA
NAVICULA
NAVICULA
NAVLICOGULA
NAVICULA
NAVICULA
NAVICGULA
NAVICULA
NAaviLu_A
NAVICULA
NiTZSCHIA
NITZSCHIA
NITZSCHIA
NITZSUHIA
NLTZSCHIA
NITZ3CHIA
NI TZSOHIA
NLETZSUHLA
NITZSUHLA
NITZS6HLL
NLITZSUHIA
NITZoCHIA
NI TZLUHLA
NLTZSCHIA
NITZSCHIA
NITZSCHIA

FPRELIMINARY DRAFT

PJPULA
PJPULA

FJPJLA V. GCAPITATA
J2Uih V. ELLIETIOA
FJPULA V. HUTATA
FUPULA Yo REUTANGJLAR
nADTUSA

CAJIOSA Ve PATYA
PAJIOSA Ve TEMELLA
“AYNUHOCEPHALA

TrAY NLAQUEPHALL Ve GIX
SGALTINA UM

SApiwa-Ur Ve DOTERQMCS
SS#QJE?QNI Jo ES0AMIL
SReTA Ve ATCUCATA
JPA

ji
PRI
Lz Lﬁ(.

3‘{'
=

=chDnUL U
MIMULUM V. HUSTEDRTI
1ILIS

98] U]LJV"f"(

(_.Ut-—t

BFAorIﬁTA CaF e
SI3AAMULATA
SI3TILISSIMA
TANTULA
TZNEL_DIDES
TRIPUNCTATA
vIi=2InuLA
VIRICULA

s

VISITUULA Ve A26UNEWNSL
VIZI0ULA Ve LIHCARIS
vIRIJULA Ve <05TzZLuald
WALLAGE L
ACCOMMODATA
ACICJLANIS
ACILULATIS Ve AF2ICA
l?Jm

AMPHIZLA

ANSGUSTATA
JACGATA )
SAPLTUELLATA.
SUALSITT
OMAJETS
MAdTATA
1uis
FTOCTPHALA
(PALAECZEA)
JLOLITATA
EPIPHYTICA

DR ot

-

CALD LYYy
-
‘l]ef

»
K

SUBJECT TO MAJOR REVISION

DO NOT QUOTE
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Table 2 (contd.)

NLTZ5CHIA
NITZSCHIA
NITZSCHIA
NI TZSORTA
NITZSUCHLA
MITZSOHIA
NITZSOAHLA
NLTZSCOHIA
NITZo0HIA
NITZSUHIA
NLTZSGHTA
NMiTZOUHT A
HITZSC%LQ
NITZSCHIA
NLTZSCHER
NITZSCHTIA
NLTZSUnIA
NITZsuHIA
NLITZSCHIA
NITZSCHIA
NITZSCHIA
NITzZSCAHIA
NITZSCHIA
NITZSCHIA
NITZSUHIA
NLTZSUHIA
NITZSCAHIA
NLITZSCHIA
PLUNULARLA
PINHULARIA
SiNnULARL e
PINNULARL A
FraltiULARLA
FPLINMULARTA
FINRULOT
FLNNUCATA
PINHULARL A
PINNULART A
FaNEUL AL
= AL E 2L s

DINMULARL A- 32
o

PoNNULAR]T A
PLANULA ST A
Fonhi UL AT w
FINMULAZL &
FPLIHHULARLA
PLANULARL A
PINHULAZLA

LE@ ui&
STA]

PRELIMINARY DRAFT

IXPLANMATA CaF.
SASCLOULATA
FLLiFORMIS

FONTICULA

FzUusTULUA

TRUSTULUM Ve PEIMINJI
S2U5TULUY V. SU3SALIL
SRACILLS
AN Z S0 HIANA
IGNORATA CufF s
<JTZ[””1ANA

Lo NEA-L

4IVUSJULA

I3TUSA

2 _FA

RECTA

RIAANA

Siao iR

SIGHMOLDEA

SINUATA Ve TAOELLARLA
SPICJLUM

STAGNORUM
SJBLINEARIS

SJ8TILIS

TRAVICA

T<YSLIOWELLA
T-YSLIONZLLA Ve VICT
VIVAX

AZAJIENSTIS
ABAJJeENSLE Ve o IHEA
Aa3AJJENSIS V. wJ5Tw
AZpUJeNSLy Ve 3UBUN
LO<OSPHARLA

G20 NOICULATA

)1 L‘S

IIFE2TIMALLS
30~<EALTS
ﬂ{AJél

AUl Ve AAPRLCZIPH
Isouiias
J.550MLT V. 0041
JRcVICUSTATA
SAUDATA
GALTYLUS
DIVELGENS
FO~M10cAa
SeNTLLIS
INTE-w201a

R
AN

(»,:«

é g&?ﬁ

SUBJECT TO

) MAJOR REVIE

>ION DO NOT QUOTE
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Table 2 (contd.)

STIHNNULARTA
DIHMULARLA
FINNULARLA
STANULARL A
STdeaa b
PIMNGULART A
FEAMULARLA
FINNULCARTA
SLULARLR
PINMULARLA
PLMNULARLA
2UNMULAR LA
PLdULAZT
DT GULART A

PINWULARL A

LATEVITTATA V. DOML
AALOR
MESOLEPTA
MESOLEPTA Ve
GIoRISTAUNI
AO0<MONO= UM
NODO A
RUTTHNERT
STNESTOAARHE
S5J2CAPITATA
SUZSAPITATELE Ve
SULSOHMATURPADNA
TeoMiT LA
vInloios

I ITLS Ve

ANGUST
CefF e

FAUC

1NOR

SYNEDRA
SY U= e A
SYNEDA
SYNEDIEA
SYNEORA
SYHED=A
SYNEURA
SY Nz DizA
SYNLUKA
SYNE LA
SYwelrA
SYNEURA
SYNEDrA
SYHELRA
SYHZOOA
SYNEUSA
SYNe DA
SYNelrAa
SYNeDr A
SYnzU-A
SYWe U A
SY NI O A
SYNEU~A
LYz A
SY e el A
Sy U A
SY \J i; LH‘\A

PRELIMINARY DRAFT SUBJECT TO MAJOR REVISION DO NOT QUOTE

PULSHCLLA

ACTLNASTRIONDES
ALJdS

Lo 2+ LlEr-rAaLA
AMPHLIUGEPHALA V.,
CAZITATA
CYZooruH
UE_LCATISSIMA
DE.ICATISSINA Vo
DeMo RARLE C.Fo
FLILOLFORMIS Ve
LML ShA
MINJSCULA
NANA
FARASITLICA
FARASITICA
FUoorol LA

DI

AUSTRLACA

ANGUS

EXTLIS

SUBTONSTRICTA

Ve LACCHRATA
AILANS

LUMPENS

rAPENS VM FATTILIARLS
2UMF eSS Ve FilasllA2010
KUMPENS Ve SOCTLCA Cur

SCILA
TNz RA

ULNs
ULNS ve CUNTHACTA
JLNB Ve ALE0D
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Appendix 2. Cluster analysis of quantitative diatom data.

Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.

Figure 6.

PRELIMINARY DRAFT SUBJECT TO MAJOR REVISION DO NOT QUO™

Dendrogram of diatoms collected quantitatively
in May, 1976. Original data matrix was edited
at the 5% .level of relative abundance before
clustering.

Dendrogram of diatoms collected quantitatively
in August, 1976. Original data matrix was
edited at the 5% level of relative abundance
before clustering.

Dendrogram of diatoms collected quantitatively

in late-September, 1976. Original data matrix
was edited at the 57 level of relative abundance
before clustering.

Dendrogram of diatoms collected quantitatively
in May, 1977. Original data matrix was edited
at the 5% level of relative abundance before
clustering. )

Dendrogram of diatoms collected quantitatively
in late-July, 1977. Original data matrix was
edited at the 5% level of relative abundance
before clustering.

Dendrogram of diatoms collected quantitatively
in August, 1977. Original data matrix was
edited at the 5% level of relative abundance
before clustering.
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Figure 1. Dendrogram of diatoms collected quantitatively in May, 1976. Original data
matrix was edited at the 5% level of relative abundance before clustering
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Figure 2. Dendrogram of diatoms collected quantitatively in mid-August, 1976. Original data

Ly @bed

iy matrix was edited at the 57 level of relative abundance before clustering.
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Figure 3.

Dendrogram of diatoms collected quantitatively in late-September, 1976. Original

matrix was edited at the 57 level of relative abundance before clustering.
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Figure 4.

Dendrogram of diatoms collected quantitatively in May, 1977.
Original data matrix was edited at the 5% level of relative abundance before clustering.
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Figure 5. Dendrogram of diatoms collected quantitatively in late-July, 1977. .
Original data matrix was edited at the 5% level of relative abundance before clustering.
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Figure 6. Dendrogram of diatoms collectedbquantitatively in August, 1977.
Original data matrix was edited at the 5% level of relative abundance before clustering.
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Table 1. - Zeriphyton sampling intensity.

26 oabey

CHLOROPHYLL CELL COUNTS $PECIES PROP.. COUNTS QUALITATIVE
STATION DESIGNATION YEAR 7 B C N A c N B C N 3
Primary 1976 6 3 6 6 3 5 6 3 5 3 6
1977 6 3 6 o 0 0 6  3 3 2 14
Secondary 1976 6 3 6 6 3 3 6 3 3' 3 18
1977 6 3 6 0 0 0 3 3 3 2 14
Tertiary 1976 0 0 0 0 0 0 0 0 0 2 18
1977 0 0 0 0o 0 0 0 0 0 2 14
Primary (SCS) 1976 0 0o o0 o o0 o0 0 0 0 o 0
1977 3 3 3 0 o0 0 3 3 2 2 14
" Secondary (SCS) 1976 0 0 0 0 0 .0 0 0 0 0 0
| | 1977 0 0 0 0 0 0 0 0 0 2 14

A. Number of scheduled sample periods.
B. Colonization period (weeks).

C. DNumber sample sets analyzed.
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Table 2. Mean number of blue-green, green and diatom
cells per nm? of glass slide artificial substrate
and percent diatom cells observed in 1976,

Site Blue-green Green Diatoms % Diatom
BB-5 25 32 1068 95
KC-1 24 ' 48 638 90
F-1 42 38 458 85
P-5 34 ' 35 1875 96
BI-1 188 - 162 3471 91
D-1 - 55 35 1115 93
E-1 17 43 153 72
SL-3 78 331 667 62
K-1 139 150 860 75
P-1 21 12 1891 98
P-2 106 312 1764 81
SL-1 20 17 2255 98
SR-3 281 53 1761 84
K-1 96 650 2924 80
K-5 119 : 20 1990 93
K-3 65 13 1385 95
x 73 131 1339 87

*Mean for sampling periods May; August and late September, 1976

e PRALRL A YN I A T i 1T T RAA TOVEY DI ICIAN MOy MOYT Oty T
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Table 3, Number of taxa identified and the number
of samples collected within each watershed.

Watershed N # Species Found ## Samples Taken
Range _ 24 1
Fall | : 78 | 12
wShagawa E 65 ‘ 10
Kawishiwi | 93 24 |
Isabella - 87 23
Filson o - 67 8
Birch | - 130 48
Dunka | 80 18
Stony 97 38
St. Louis 79 ’ 27
Partridge 104 : 45
Embarrass 84 19
Whiteface 64 4
Cloquet 30 2

PRELIMINARY DEREAFT SUDRIECT TO MALOR REVISION DO NOT OUOTE
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TABLE 4. Dominance values (D) and frequency of occurrence (F) for diatom species
collected qualitatively-

GG abed

My/Jn 76 . L Sept 76 Fb/Mr 77 Ap/My 77
TAXA D F D _F D F D F
0 17 0 3 0 1.5 9
13.8 90 1.8 65 0 11.8 85
1.7 31 0 6 0 0 32
0 69 0 13 0 2.2 74
0 0 0 0 o 0 47
) 67.2 100 53.2 100 83.3 62.5 100
lzura pellucida 0 17 3.7 . 71 o] 0 9
Ancmneorais \'1' rea 0 66 3.7 58 0 0 55
Asterionella formosa 1.7 31 1.2 23 0 0 6
Cocconcis placentula v. lineata 0 38 o] 35 0 0 63
Cvc lla glomeruta 0 31 0 16 0 0 11
C. shinia 1.7 21 0 32 0 0 37
v sp 0 34 8.1 34 0 0 44
0 0 1.2 97 0 0 0
‘ 4.3 100 3.7 97 0 5.2 0
0 100 0 97 0 a 0 88
Yigtoma anceps 1.7 0 0 0 0 & 0 0
D. tenue v. elongatum 10.3 52 1.2 13 25 = 13.2 41
Funotia curva 0 62 0 42 0 = 0 50
Cunctia pectinalis v. minor 0 0 0 16 0 = 1.7 24
Lunctia spp. 2.6 66 8.1 69 0 e 8.8 50
Fragilaria capucina 0 10 5.0 13 8.3 g 0 29
F. construens 0 76 5.0 61 0 0 32
F. construens v. pumilla 0 24 0 3 0 2.2 68
F. construens v. venter 0 79 8.1 48 0 7.4 68
F. crotonensis 0 0 12.4 52 0 0 18
F. pinnata 10.3 79 3.2 42 0 16.9 65
F. vaucheria 10.3 79 4.0 39 16.7 2.2 56
F. virescens 0 3 0 0 0 .7 32
Fragilaria spp. 0 0 21.1 52 0 0 59
Gon nema angustatum 0 76 0 42 50 7.4 76
0 0 0 0 0 0 27
0 0 0 0 0 o] 0
0 52 0 84 0 0 68
0 0 0 0 0 41
7.8 83 5.6 84 0 1.5 38

= O = O
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w o
w
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W [ w
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TABLE 4. continued

9g abed

My Jn 76 L Sept 76 Fb Mr 77 Ap My 77 Aug 77

TANA D F D T D F D F - D T
spp. 0 82 2.5 84 0 0 88 5.2 98
1 circulare 0 34 0 13 0 9.6 41 o] 28
cryptecephala 2.6 97 5.0 100 0 0 0 0 0

0 0 1.2 100 0 0 0 0 0

. apiculata 0 0 0 0 0 - 1.5 0 0 0

0 100 0 100 0 7 91 1.1 97.7

Spp. 0 0 0 10 0 0 15 .6 17
Jitzschia acicularis 1.7 100 0 0 0 2.2 91.2 0 0
N inziana 0 0 2.5 100 0 0 0 0 0
; 0 0 5.0 100 0 a 0 0 0 0
0 100 0 97 0 g 0 91 35 1

0 62 0 58 0 3 0 50 0 61

0 0 0 0 0 = 7.4 N.C. 0 0

0 100 0 0 0 A 2.9 100 0 0

0 0 2.5 100 25 o 13.2 0 ) 0

0 0 0 0 0 2 9.6 N.C. 0 0

11.2 160 2.4 100 0 i 2.2 0 0 0

v. familiaris 0 100 1.2 100 0 i 0 0 0 0

1.7 100 0 0 0 | .7 100 0 0

17.2 100 2.4 100 16.7 | 11.8 0 0 0

0 100 0 100 0 i 0 100 22.7 98

9.5 79 1.6 65 24 i 5.2 79 2.9 72

31 90 3.2 58 0 | 34.6 91 18.6 95

N.C. = not calculated
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TABLE 5. Dominance values (D) and frequency of occurrence (F) for diatoms species collected

quantitatively

My Jun 76 L Jly 76 Ma Aug 76 E Sept 76 L Sept 76 L May 77 L Jly 77 Aug 77
TAXA D F D ¥ D F D F D F D F D F D F
0 41.2 0 42.9 0 60 . 0 66.7 0 40 0 9.1 0 8.3 0 0
4.4 29.4 17.9 100 13.3° 80 33 100 15.0 73.3 0 63.6 0 75 0 72.7
30.9 82.4 35.7 71.4 36.7 93.3 0 33.3 0 60 0 36.4 39.6 83.3 45.5 90.9
ima 91.2 100 53.5 100 66.7 100 95.8 100 91.6 100 56.8 100 58.3 100 70.5 90.9
ra p=llucida 0 35.3 0 2.9 0 53.3 0 83.3 1.7 60 0 0 0 8.3 0 36.4
cneis serians 0 5.9 0 57.1 0 20.0 0 66.7 0 0 0 0 0 16.7 o] 0
4.4 B2.4 0 71.4 0 86.7 0 66.7 0 86.7 0 54.5 0 41.7 0 45.5
13.2 58.8 50.0 100 46.7 80 42 3.3 10 80 0 9.1 27 66.7 45.5 81.8
4.4 35.3 0 71.4 0 40.0 0 66.7 1.7 80 0 27.3 0 16.7 0 27.3
5.9 94.1 0 85.7 0 93.3 0 100 5.0 86.7 0 100 2.1 91.7 0 81.8
T 0 29.4 0 28.6 0 13.3 0 16.7 0 6.7 47.7 100 0 66.7 0 36.4
E: 4.4 100 10.7 71.4 11.7 3.3 0 50 0 66.7 0 0 0 41.6 o] 63.6
Framilaria construens 1.5 47 10.7 57.1 1.7 80 0 33.3 3.3 80 0 18.2 0 0 0 0
E. construeps v. pumdlla 0 0 0 14.3 0 0 0 16.7 0 0 0 63.6 2.1 58.3 4.5 63.6
F. CODSCruens v. venter 0 41.2 3.6 28.6 o] 60 0 16.7 6.7 60 0 36.4 "0 33.3 0 36.4
E. crotonensis 0 70.6 0 28.6 0 40 0 50 0 40 0 36.4 0 16.7 0 18.2
F. pinnata 0 47.1 0 28.6 0 46.7 0 50 0 46.7 0 9.1 0 25 0 27.3
F. cheria 0 41.2 0 14.3 0 66.7 0 3.3 3.3 26.7 6.8 100 0 83.3 0 63.6
Eragilaxia spp. 0 17.6 0 71.4 0 26.7 0 50 8.3 53.3 0 45.5 0 50 0 36.4
Haly rena acuminatum 0 41.2 0 57.1 0 60 0 100 0 73.3 0 81.8 0 50 0 36.4
G i 1.5 11.8 0 0 0 0 0 16.7 0 0 0 0 0 50 0 9.1
fam 8.8 64.7 0 71.4 3.3 73.3 0 83.3 0 66.7 18.2 81.8 20.8 83.3 15.9 63.6
0 0 0 14.3 0 6.7 0 33.3 0 0 6.8 18.2 6.3 50 0 36.4
G. gracila 0 23.5 0 0 0 6.7 0 0 0 6.7 0 63.6 0 58.3 0 36.4
G. zrunowii 0 0 0 0 0 0 0 0 0 6.7 0 54.5 0 25 0 27.3
G. parvolym 2.9 100 14.3 71.4 0 93.3 8.3 100 11.7 93.3 0 54.6 14.6 83.3 4.5 90.9
Gomphanema spp. 5.9 41.2 0 57.1 0 60 0 100 0 73.3 0 81.8 0 50 0 36.4
Melrsira spo. 4ib 88.2 10.7 71l.4 6.7 73.3 16.7 66.7 10 73.3 0 54.5 0 42 0 45.5
Nazicenla spp. 0 88.2 0 85.7 0 33.3 8.3 100 8.3 100 0 72.7 0 75 0 63.6
Mirzschia spp. 7.4 82.4 7.1 85.7 10.0 93.3 8.3 100 48.3 100 0 90.9 0 75 0 90.9
Symadra spp. 16.2 94.1 0 85.7 0 100 4.2 100 16.7 100 56.8 100 31.3 91.6 25.0 90.9
Tzhelloris fonestrata bl 70.6 0 71.4 0 46.7 0 50 0 53.3 0 63.6 2.1 41.7 0 45.5
I. cculosa 10.3 70.6 0 71.4 5.0 60 0 33.3 0 66.7 9.1 81.8 6.3 58.3 2.3 63.6

/G abed
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Tanle &. Mean relative abundance of dominant diatom taxa. Means are calculated for May, August, and late-Sertember, 1976,
and May, late-July, and August, 1677.
STATION S
lst order Z2nd order » 3rd order
8B-1 F-l KC-1 - P-b BI-1 D-1 | E-1 SL-2 SL-3
TAXA

Achnanthes lanceolata 0.27 --| 2.4 --| 0.87 --=! 0.03 0 0 U 0.13 0 0.27 U - 0 .27 --
A, Tinearis ) 1.87  -- 4.8 -- 0.97 -=1 (.97 0.47 0.2 0 0.13 0.03 4,1 0.13 -- 2.25| 4.07 --
A. Tinearis v. pusilla 3.03 - 2.4 -- 5.43 -- 4.3 5.33 127.13 12.6 1.8 4.93 .17 18.73 -- 25.05 ; 18.33 --
A. minutissima 49,63 -~ | 31.77 --| 26.37 --1Dh4.8 27.63126.27 0.2 |63.83 67.4 | 36.5 10.63 | -- 6U.9 132.03 --
Amp ra peliucida 0.43  -- U -1 U.03 --1 0.9 u.07 1 073 U .23 U.03] 3.1 U -~ .83 --
Anomozoneis vitrea 1.17 ~- | 1.83 --| 1.73 =--1 1.67 0.2 0.37 v 2.03  1.83 1 0.53 0 - 0.7 1.4 --
{ 3 2.2 -- U.03 -- 0.03 -- 0.03 16.9 4,43 83.4 0.13 v 5.97 4,13 - 1.3 0.07  --
1oy ; v.27  -- 1.13  -- .47 -- U.1 0] 1.2 0 4.07 0.03 U.37 b -- 0] U.23  --
imped St 3.9 - 1.73 -~ 1.57 -~ 2.7 2.7 0.53 0.2 1.07 1.9 l 1.17 (.83 -- 0.5 2.37 --
Uiatoma tenue v. elongatum 2,23 ~- U -~ 0 - 1.13 13.77 0 0 U.57 5,53 U 4,93 | -- 0.1 U -
Eunotia spp. 1.77 -= | 5.3 ~=| .43 --| 0.57 1.17 | 1.37 0.8 | 1.43 0.07 | 1.0 1.47 | -- 0 2.23 --
Fragilaria spp. U.03  -- 0 --1 2.3 ~-| 1.43 0.4 u.23 0 0.1 .43 | 0.47 0.2 -~ U.4 3.23 --
- F. construens 2.2 == 4,17 --) 4,97 -~ | 1.1 0 4.33 0 0.67 0.07 | 0.6 U - 0 0.07 ==
F. construens v. pumila U -- 0 - 0 -- 0 0.4 U 0 v 0.3 5] 0.43 | -- 0.2 U --
F. construsns v. venter 0.9 - 1,93 -- 1.63 == 1.07 0.13 5.53 0 1.4 0.47 0.2 U - 0 U -
F. vaucheriae 0.17 =--1| 3.06 --{ 0.23 --| 0.l 0.47 | 0.03 0.2 | 1.33 0.07 1] U.33 1.43 - U.1 0.03 =--
somphnonema spp. U.d -- | 0.3 == 0.47 --} 0.3 0.13 ] 0.37 0 ) .17 | 2.4 0.4 -- 0.4 v.z2  --
b, affine U -- ¢! -- 0 -- 0 U Q V] 0 U U ¢] -- 0 U --
4. angustatum U7 - | 1.3 -] 1.17 -- | 1.73 0.9 8.93 0 0.43  0.47 | U.13 23.b - 0.3 | 5.1 -~
G. clevei U - U -- Q ~-- 0 0 U 0 0 U.13 U U -- 0 U --
G. grunowii U - 0 - 0 - 0.1 0.u7 0 U.2 U u U 0 - 0.4 V] -
G.oparvilum 2.3 - 1.0 - 1.4 - 2.1 0.43 0.87 0 1.33 .17 1.43 u.67 -- U.§ 2.57 -~
Melosira U.B7 == 1 5.Y7 =1 9.5 -~ U.67 U131 1.27 U 1.77 0 0.13 0 (.bh3 U -~ 0.1 2.47 -
vavicula s 4.7 - 2.3 -=] 2.6 -~ 1 3.63  0.47 | 1.93 0 2.9 V.27 | 8.77  0.27 | -~ 0.3 2.77 ~-
Nitzschia o.4 -- 4.3 - 3,43 ~- 5.27 1.27 3.67 0 7.9 V.27 | 1h.97 1.13 -- 0.6 5.8 ==
Synedra s 5.27  -= 2.97 -- 3.6 -- 7.17 21.83 4,03 0.2 2.9 10,77 3.43  29.43 - 2.5 3.17 --
Taballari 0.47 -- | 2.2 =-=1 2,73 --| (.2 0 .43 U U.3 U.43 | 0.2 U - 0.2 u.97 -~
T. flocculosa 1.87 -- | S.07 --| 10.4 = 1.87 1.87 | 2.07 0 .37 2.77 | uv.17  0.03 | -- 3.0 1.2 --

g6 abed
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Table 6. Continued

| STATIOQN

! 4th order’ th_order

TRXA K- P-1 SL-1 SR-1 K-1 K-5 [ K-8

Achnanthes lanceclata [ 3.03 0.07 0.03 0 0 -- 0.03 ] U.bb 0.l | 0.2 0
A. linearis 4.9 0.4 4 0.63 - U.U7 0 -- u.4 0.2 1 0.05 | 1.7 0.17
A. Tinearis v. pusilla 0.U3’ 0.1 .3 4.6 26.2 | 15.6 -- 19.77 V.65 [55.4  26.7 4 1.85  0.37
A. minutissima 9.97 45,93 W03 76.07 51,6 72.0 —= 31,97 3.45 111,35 23.95 129.9 14,27
Armohipieura peliucida U 0.07 .2 0.03 0 0 -- U 0 0.05 0 § .03
Anongeoneis vitrea U 0.47 .13 0.67  0.23] 1.9 -- u.13 0 0.5 0.7 0.6 0.2
Cocconeis placentula 44,43 16.43 .37 3.83  7.07 U -- 19.13 2.6 |24.85 20.45 | 0.15 U.1
Cyclotella spp. 1.7 0.03 0.17 0 0 ~-- U.13 0.05 0 0.2 u.?2 0.U3
Cymoella spp. 1.0 2.8 27 0.5 0.7 0.7 == 0.7 0.15 | 0.4 0.5 0.55 1.23
biztoma tenue v, elongatum| O 1.43 0 0.5 U.3 -- 0 1.45 0 0.1 2.25 7.2
Eunotia spp. 0.23 0.03 0.47 0.07 0.4 -- u.13 0 U.95 u.1 0.U5 .03
Fragilaria spp. u.7 U 0 U 0 == U.03  0.b5 0.2 0.1 0 U
F. construens u.7 0 0.37 0.03 0 -~ 0.2 0 U.Ub u u.5 u
F. consiruens v, pumila 0 0.27 0 0.53 0 -- v 0.05 ] U.5 0 0.53
F. construens v. venter 1.63 U.1 u.13  U.U3 0 -- 0.1 0 0 U U 0.13
F. vaucheriae 0.33 . 1.43 0.67 0.4 0 -- 1.5 6.15 | 0.05 2.35 | U.8 2.53
Gomphonema spp. 2.57 U 0.27 1.57  0.u3 | 1.7 -- i U.47 U35 { U.2 ¢ u.17
t. affine U U 0 v 0.1 0 -- } U ous H U 0 2.95 U
. angustatum 2.27 U 15.37 0.57  U.4 U -- u.8 1 1.5 35.75 i U.3 3.0 |1u.3  11.97
. clevei U 0 0.97 0.33 5.7 0 -- 3.1 0 9.2 4] 2.4 1.2
G, grunowii U U U U 0.03 0 -- 0.2 U 0.35 ¢ 3.45 V.03
. parvulum z2.3 0 U.8 3.03 4.0 4.4 —- 9.6 i 5.717 9.85 | 1.35 5.7 27.45 4,03
Melosira spp. .03 U2 0.2 0.03 0 0.3 -- t 5.57  2.95 | 0.5 0.75 | 5,05  1.77
Navicula spp. 4.3 u.1 2.9 0.33 0.7 | 0.7 -- ' 1.4 0.4 u.1 0.2 U.25  0.17
Nitzschia spp. L.53 0.1 2.73 2.53 0.1 0.3 -- 2.67  U.8 u.3 U.b 1.2 0.383
Syneara spp. 2.0 3.9 2.67 1.23 0.9 -- 1.9 15.15 U.75 5.1 10.1 48.73 1
Tabellaria fenestrata U.l 0.07 0 0 0 -- 2.7 5.1 1.2 1.45 | 1.15  0.77
T. fiocculosa 0.03 0.2 0 0.03 U - 0 U 0.2 0.5 0.25 0.4

" 6G obed
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[ a
Table 7. Annual mean percent relative abundance of
dominant taxa collected quantitatively.

TAXA ' 1976 1977
Achnanthes lanceolata 0.52 0.01
A. linearis 3.13 0.44
A. linearis var. pusilla 10.69 11.18
A. minutissima 40.96 27.99
Amphinleura De ' 0.51 0.01

Anphipleura pellucida

Anomoeoneis vitrea 1.09 0.31
“Tocconeis placentula 8.24 18.25
Cyclotella spp. 0.73 0.04
Cymbella spp. . 1.61 1.01
Diatoma tenue var. elongatum 0.39 4,33
Eunotia spp, 1.7 0.28
Fragilaria spp. : 0.77 0.22
F. construens 1.27 0.01
F. construens var. pumilla 0 0.51
F. construens var. venten 0.86 0.15
F. vancheriae . 0.58 1.59
Gomphonena spp. 0.80 0.21
G. affine ' 0.17 0.01
G. angustatum 2.15 6.65
G. clevei 0.02 1.62
G. grunowii ' 0.01 0.40
G. paryulum 3.62 2.74
Melosira spp. 2.22 0.46
Navicula spp. 0.39 0.41
Nitzschia spp. 4,66 0.73
Synedra spp. . 3.63 16.43
Tabellaris fenestrata 0.78 0.69

T. flocculosa 1.73 1.86

PREIIMINARY DERAFT SUBJECT TO MAJOR REVISION DO NOT QUOGTE
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Table 8. Number of stations where dominant taxa reach

their peak abundance during each sampling period.

Taxa must also comprise at least 2 percent of

sample to be considered at peak abundance.

1976 - 1977
Taxa Month MY JY A E~S L-S M JY A
Achnanthes linearis 4
A, linearis v, pusilla 4

A. lanceolata
A, minutissima
Amphipleura pellucida
Anomoeoneis vitrea .
Cogconeis placentula

Cyclotella spp.
Cymbella spp.

Diatoma tenue v. elongatum

Lunotia spp.
Fragilaria construens
F. construens v. pumila

F. construens v. venter

¥. vaucheriae
Fragilaria spp.
Gomphonema spp.
G. angustatum
clevei
grunowii
parvulum

G. affine
Melosira spp.
Navicula spp-
Nitzschia spp.
Synedra spp.
Tabellaris fenestrata
L. flocculosa

"
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Table 9, Species'diversity Zpiz of diatom
communities colonizing glass slides at primary
and secondary stations.

Site M A 1-S x M L-JY A x
p-1 1.4 2.2 3.0 2.2 |1.9 3.3 50 3.4
BB 4.6 2.9 4.1 3.9 - - - --
BI-1 2.7 2.2 10.2 5.0 — 1.4 — 1.4
SR-3 4.0 1.9  12.9 6.3 [2.0 2.5 3.5 2.7
51-3/2 3.3 9.0 5.8 6.0 | 1.5 — 2.4 2.0
P-5 3.2 2.7 3.5 3.1 |2.5 2.8 3.4 2.9
K-5 1.8 2.7 — 2.3 — 6.4 3.4 4.9
K2 5.5 1.4 7.5 4.8 —  1.04 1.01 1.0
F-1 10.1 7.4 5.0 7.5 — - - —
KC-1 9.98 8.0 6.1 8.0 | — — — -
ST-1 1.27  2.43  1.62 1.8 | 1.45 3.31 3.29 2.7
E-1 219 7.4 1.76 3.8 | 2.0 2.4 5.8 3.4
D-1 3.59  2.43 1.60 2.5 |3.88 1.5  1.65 2.4
SR-1/2 1.83  2.07 3.00 2.3 |4.8 3.2 — 4.0
p-2 1.74  2.97  2.71 2.5 | 3.4 — 2.2 2.8
K-1 2.50  4.79 5.3 4.2 |2.97 7.52  — 5.3
K-8 4,49 6.04 2.92 4.5 |2.86 1.51 5.08 3.2

EOEIMINARY MOAET SHRIECT TOMA IOR DEVICION DO NOT OUOTE
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I 1

Table 10. Species diversity Zpié> of qualitative diatom
samples collected in 1977.

Site Ap/My ‘ A
BC-1 2.32 5,73
BI-1 6.97 8.12
C4-1 8.49 6.30
D-1 11.62 9.35
D-2 16.37 15.12
D-3 — 8.14
DC-1 - 4.36
E-1 11.04 4.41
E-2 28.36 8.72
F-1 10.06 11.44
T-1 19.98 6.31
K-1 9.83 2.80
K-2 22.19 14,41
K-5 6.86 11.08
K-6 3.25 3.63
K-7 3,63 8.54
K-8 5.43 6.03
KC-1 3.29 : ' 9.24
KC~2 2.40 5.31
LJ~1 —— 19.7
LI1-2 : —_ 5.97
LT-3 —_— 6.84
N-1 — . 3.38
NR-1 . — 8.75
NW-1 5.40 20.42
P-1 4.01 6.07
P-2 - 9.58 4.25
P-3 2.46 12.75
P-4 11.43 2.71
P-5 10.7 13.79
Sc-1 6.42 16.12
SE-1 - 11.25
SE-2 12.67 14,42
SG-1 5.99

SH~-1 5.37 12.34
SL-1 5,03 7.82
SL-2 , 19.21 5.59
Sp-1 L —— 7.17
SR-1 —— 5.78
SR-2 10.81 4,56
SR-3 16.49 7.10
SR-4 . 9.31 50
SR-5 9,67 : 5.86
T-1 6.96 13.23

-

FRELIMINARY DEAFT SUBUECT TO MAIOR REVISION DO NOT QUG
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Table 11. Mean annual® chlorophyll a and cells/mm2

determined from samples collected on glass
slide artificial substrates.

X X

Sites Chlorophyll a cells/mm?
BB-1 3.97 1109
KC-1 ‘ 2.70 385
F-1 . L 4.21 388
P-5 . 5.59 1819
BI-1 K 6.03 3784
D-1 - ' 434 | 1225
SL-3 ' 6.27 1104
K-2 8.13 1148
r-1 8.93 1923
p-2 12.66 ‘ 2179
SL-1 ‘ 5,29 2290
SR-3 3.09 2095
K-1 7.15 3669
K5 4 .86 2128
K-8 : 6.69 1496

*mean of samples collected in Mayg mid-Augist, and
late September, 1976.
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Table 12. Median water quality data
averaged by stream order,

Stream Specific Total Total
Order Conduct ( mhol/1) p ( g/m) N (mg/1)puy Alk.(mg/l) Ca(mg/l) Turb (NTU)
1% 18.5 90 2215 6.7 55 14.8 2.5
2 55.5 25.7 1158.3 6.4 18 4.6 2.0
3 86.9 29.3 1109.2 6.7 36.3 8.2 2.7
4 89.3 . 21.7 716.2 7.0 33.2 8.6 2.7
5 - s0.8 18.8 612/5 6.9 18.8 6.2 1.9
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Table 13, Acidophilous diatom taxa
found in the Study Area. 1

Achnanthes flexella
Cyclotella bodanica

C. glomerata

Eunotia spp.

Frustulia rhomboides
Gomphonema subtile
Melosira distans
Navicula seminula var. hustedtii
Stauroneis anceps ’
Stenopterobia intermedia
Synedra nana )

S. tenera ‘ :
Tabellaria fenestrata

T. flocculosa

1 pased on Lowe (1974)

CRETIMINARY DEAFT SHIPRAFECT T MAJOR REVISION DO NOT OQUODTE
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Table 14. Correlation coefficientslfor comparisons
between stream order and mean percent relative
abundance of acidophilous diatoms.

Stream order vs. acidophilous diatoms,

Period 1 (Quant.) -.8
Period 1 (Qual.) A -1.0
Period 4 (Quant.) -.8
Period 6 (Quant.) - -.8
Period 8 (Quai,) ‘ -.5
Period 13 (Qual.) -.8

1Spearmans rank correlation test.
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Table 15, Mean annual * percent relative abundance
of dominant diatom taxa averaged by stream
order. Samples collected from glass slide
artificial substrates in 1976.

STREAM ORDER

0.95

2nd 3rd 4th 5th
Achnanthes lanceolata 1.1 0.17 0.61 0.29
~...A. linearis 2.25 2,13 5.66 0.73
A. linearis v. pusilla 4.04 14,11 5.56 25.67
A. minutissima 37.65 39.76 50.31 24,41
Amphipleura pellucide 0.31 1.22 0.38 0.02
Anomoeoneis vitrea 1.74 1.08 1.15 0.28
Cocconeis placentula’ 0.03 2.56 13.85 14.71
Cyclotella. spp. 1.23 1.47 0.37 0.11
Cymbella spp. , 2.0 1.44 1.69 0.55
Diatoma tenue v. elongatum 0.38 0.14 0.07 0.75
Eunotia spp. 4.1 1.51 1.28 0.38
Fragilaria spp. 1.24 1.01 0.855 0.08
F. construens 3.41 1.42 0.45 0.25
F. construens v. pumilla 0 0 0 0
F. construens v. venta 1.54 1.78 0.30 0.03
F. vaucheriae 1.15 0.43 0.37 0.78
Gomphonema spp. 0.36 0.74 1.40 0.22
G. affine 0 0 0.05 0.85
G. angustatum 1.4 3.65 0.77 4.03
G. clevei 0 0 0 0
G. grunowii 0.03 0 0 0
G. parvulum 1.5 1.53 2.35 11.52
Melosira spp. 5.38 1.51 0.53 3.86
Navicula spp. 2.84 4.09 2.19 0.58
Nitzschia spp. 4.33 8.34 3.70 1.41
Synedra spp-. 13.74 3.38 2.73 4.25
Tabellaria fenestrata 1.71 0.48 0.11 1.68
T. flocculosa 7.11 0.32 0.15

* Mean of sampling periods May, August and late September, 1976.
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Table 16. Percent frequency of occurrence of dlatoms by stream order in April, 1977.
R Taxa included have a 507 frequency of occurrence in any stream order.
. STREAM ORDER
“TAXA Tst 2nd 3rd 4th Sth
Achnanthes linearis 50 83 100 71 100
A. linearis var. pusilla 50 . 83 75 71 80
iA. linearis var. curta : 50 17 42 14 40
A. marginulata 0 83 58 43 20
X; minutissima 100 100 100 - 100 100
Xﬁomoeoneis serians var. ‘
brachysira 25 50 33 28 20
A. vitrea 25 67 75 71 60
Eﬁcconeis placentula ' 100 33 42 57 20
Cyclotella spp. 25 83 42 28 60
Cymbella spp. 75 83 83 100 100
mtenue var.
7 elongatum 25 17 25 57 100
Eunotia spp. 75 83 50 14 20
E. curvata . 50 83 58 28 0
E:bdiodon 50
E: elegans 50
E. incisa ' 50 17 25 14 20
- i: pectins lis var. minor .50 17 33 14
é;rpraerupta var. inflata .. 50 50 25 28
Fragilaria spp. ' 25 50 75 57 80
Fragilaria capucina ST 0 . 33 28 80
F. constricta o 50, 17 0 0
F. construens . fl‘:{ R 50 33 42 28
F.-construens var. ;.. ‘
T Tpumilla ’ 50 50 83 86 20
F. construens var.
- venter 50 . 83 67 71 40
g} pinnata 0 - 58 43 40
\ F. vancheria 4] 50 42 86 100
F. viresens ' 25 17 33 28 60
- Frustula rhomboides 50 0 42 14
Gomphoqsgi_spp. 75 50 58 14
| G. angustatum 50 100 75 71 80
| G. clevei 0 17 ' 25 57 0
q: grunowii 0 17 8 14 80
G. parvulum 75 67 50 86 80
Melosira spp. 75 100 100 57 100
Meridion circulare 75 67 25 43 0
Navicula spp. 75 83 100 86 100
Nitzschia épp. . 75 83 92 100 100
Pinnularia spp. 75 . "33 75 28 0
Synedra spp. ldO ’ 100 100 100 100
. Tabellaria fenestrata "100 83 75 57 100
T. flocculosa 100 100 92 86 © 80

.

j PRELIMINARY DRAFT SUBJECT TO MAJOR REVISION DO NOT QUOTE
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Table 17. Frequency of occurrence of diatoms by stream order in August, 1977.
Taxa inecluded have 50% frequency of occurrence in any stream order.

STREAM ORDER

TAXA lst 2nd 3rd 4th 5th
Achnanthes flexella 0 22 33 25 60
Achnanthes lanceolata var.

dubia 0 22 60 0 60
Achnanthes linearis 100 77 93 100 100
A. linearis var. pusilla 100 89 87 88 80
A. linearis var. curta 50 33 60 13 50
A. marginulata 100 56 53 25 20
A. minutissima 100 100 100 100 100
Amphora ovalis 17 11 20 63 © 40
Anomoconeis vitrea 50 56 73 50 80
Anomoeoneis serians var.

brachysira 35 33 47 63 60
Asterionella formosa 0 0 0 13 60
Cocconeis placentula 50 56 73 50 80
Cyclotella meneghiniana 33 33 40 50 20
Cyclotella spp. 83 78 87 38 80
Cymbella spp. 100 100 100 100 100
Eunotia spp. 100 78 93 87 60
E. curvata 67 44 80 38 80
E. pectinalis 50 33 27 0 20
E. pectinalis var. minor 67 44 33 13 0
Fragilaria construens <17 b4 53 25 20
F. construens var. pumilla 83 89 93 87 100
F. construens var. venter 83 . 100 93 87 80
F. pinnata 100 100 100 100 60
F. vancheria ' 17 56 39 97 100
Frustulia rhomboides 67 33 20 0 40
Gomphonema angustatum 67 78 67 60 80
G. cleved 50 67 47 50 60 .
G. parvulum 67 78 80 87 80
Melosira spp. 100 89 100 100 100
Meridion circulare 67 67 7 13 . 0
Navicula spp. 100 89 100 100 100
Nitzschia spp. 100 100 100 100 100
Pinnularia spp. 83 47 87 38 20
Synedra spp. 100 89 100 100 100
Tabellaria fenestrata 83 67 80 38 100
T. flocculosa . 100 100 . 100 75 100

PRELIMINARY DRAFT SUBJECT TO MAJOR REVISION DO NOT QUOTE
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Table 18. Mean number of acid-tolerant taxa, mean number
of species and species diversity found in qualitative
samples,

Mean Number
of Acid- Mean No. Mean No, Mean
Stream  Tolerant Taxa of Species of Species Diversity

Mean
Diversity
August, 1977

Order  August, 1977 April, 1977 August, 1977 April, 1977

1 6.5 33 31.0 5.18
2 6.2 - 42.6 29.6 7.72
3 6.2 45.3 34.5 11.63
p ' :.*4.‘3 41.9 28.5 10,2
5 64 42.6 35.4 9.14

8.18
9.00

9.40
6.70

6.94

PRELIMINARY DRAFT SUBJECT TO MAJOR REVISION DO NOT QUOT
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Table "19, Diatom taxa which have a frequency of occurrence
greater than 50% within groups from qualitative

. ¢+ cluster (Figure 16).

SITE (See STREAM .
GROUP  Figure 16) QrDIR TAXA

Comaon All Achnanthes linearis
A, lincaris var, pusilla
Ae minucissima
Anomoeneis vitrea
Cymbella sppe
Frapilaria construens var. pumilla
F. construens var, venter
F. pinnata
Comphonema parvulum

Nitzschia sppe

Mavicula spp.

Melosira sppe

Synedra spp.

Tabellaria flocculosa

I. fenestrata

1 142 Achnanthes marginulata
Eunotia pectinalis

Frustulia rhemhoides

Gonphonema angustatum
Meridion circulare

2 2&3 Ao linearis var. curta

Cocconeis placentula var. lincata
Eunotia pectinalis var. minor
Gomphonema angustatun

Go gracile\

3 3,4,5 Achnathes flexella
Ae lincaris var, curta
Anomoencis serians vare brachy
Euynotia curvata

& 3,4e5 " Achnathss linearis var. curta
Eunotia curvata
Eunotia flexuosa
Fo. leptostaurca vare dubia
Fragilazia vauchsria
Gomphonema clevef

5 3 4mphora ovalis
Fragilaria vaucheria

Gomphonema angustatum

6 1,243 4y lanceolata var. dubia
Achnathes marginulata
Cacconeis placentula var. lineata
F. ccnstruens
F. leptostauron var. dubia
Fragilaria vaucheria .

Gomphouema anpustatum

7 4 &5 A. exigua

Amphora ovalis
Eunotia curvata

8 2 Achnathes linearis var. cleyet
( Anomoencls vitrea) '
Cocconeis placentula var. lineata
Cyclotella menghiniana
Fragtlaria construens
Fragilarta leptostauren var. dubia
Cowphonema cleved

* Absent from this group

.
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Table 20. Comparison of productivity and diversity
at impacted and unimpacted sites in the Study
Area. Data from 1976 sampling season.

Impacted Sitesl (range) Unimpacted Sites2 (range)
Mean total cells (#/mm?) 1673 (1109-2290) 1909 (385-3669)
Mean chlorophyll a (mg/mm®) 5.62 (3.9-12.9) ' 6.18 (2.7-12.7)
Mean diversity : 2.74 (1.8—3;9) 5.02 (2.3-6.3)
Mean number of species 59.8 (34-68) 49.4 (35-68)

Ip_1, s121, p-1, P-5, BB-I.

2g-1, K-2, K-5, K-8, SR-1, SR-3, BI-1 KC-1, F-1, SL-3, P-2.

Sl FRAIN ADY MOADT CHID IEAT Ty MA IOD RDEVICSION DOV NOT OLUIGTYT
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Table 21. Comparison of productivity and diversity

at F-1, KC-1, and BB-1

Data from 1976 sampling season,

F-1 KC-1 BB-~1
Mean cells/mm2 380 385 11.09
-....Mean chlorophyll é_(mg/mmz) 4:21 0 2.70 3.97
. . 1.
Mean diversity éﬁ;;£> 7.5 8.0 3.9
Number of species 49 57 4.9

PRETIMINARY DRAFT SURIECT TO MAJOR BEVISION DO NOT
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Table-22. Comparison of diatoms collected from a small creek above
(Station C) and below (Stations AR and BR) a seep from
« .the INCO exploration site. Samples collected July 5, 1977
from glass slides. ’

STATION
TAXA C AR BR
Achnanthes clevel <l - 0 0
A. linearis 2 <1 2
A. linearis v. curta <1 0 0
A. marginulata : <1 0 0
A. ninutissima 30 4 3
A. sp. ' . <1 0 0
Amphipleura pellucida 0 <1 0
Anomonels vitrea <1 0 0
Cocconeis placentula v. lineata <1 0 0
Cymbella minuta 1 <1 0
Diatoma tenue V. elongatum 2 0 0
Eunotila arcus <1 0 0
E. curvata 3 9 13
E. curvata v. capitata 0 3 <1
E. diodon 2 0 0
E. elegans -0 <4 0
E. fallax 1 <4 0
E. flexuosa <1 7 7
E. naegelii 5 9 23
E. parallela 0 <1 0
E. pectinalis . <1 <1 0
E. pectinalis v. minor <1 8 3
E. praeminor 0 <1 0
E. praerupta <1 <1 0
E. praerupta v. bidens <1 0 0
E. praerupta v. inflata <1 <1 <1
E. rostellata <1 0 <1
E. septentrionalis <1l 0 0
E. sp. 7 6 14
E. tenella <1 6 2
E. vanheurckit ) 0 - <1 0
Fragilaria. construens v. pumila <1 0 0
F, pinnata ) <1 0 0
F. sp. <1 0 0
F. vaucheria <1 0 <1

ERELIMINARY DEART SURGEOT 7O VMALIOR BEVISION DO NOT
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Table 22. continued

STATION

TAXA Cc AR BR
Frustulia rhomboides 1 2

Gomphonema angustatum 1 <1

G. clevel <1 <1l
G. gracile 4 0
G. grunouii 2 0 <1
G. parvulum 2 <1 <1
G. sp. ' <l -0 <1
Meridion circulare 1 <1 0
Navicula arvensis 0 <l 0
N. cocconeifc'?rmis <1 0
N. gysingensis <1 0
N. pupula v. rectangularis . 0 <1 0
N. salinarum v. intermedia <1 0 0
N.. secreta v. apiculata <1 0 0
N. seminulum 0 <1 0
N. seminulum v. hustedti <1 <l 0
N. sp. <1 0 0
N. tripunctata h <1 0 0
Neidium bisulcatum <1l <1 0
Nitzschia bacata <1 0 0
N. frustulum v. subsalina <1 <1 <1
N. ignorata 0 <1 0
N. kutzingiana <1 0 0
N. linearis <1 ' 0 0
N. paleacea 0 1 0
N. parvula <1 0 0
H, sp. ‘ 0 <1 <1
N. sublinearis <l <1 0
Pinnularia abaujensis 0 <1 0
P. subcapitata v. paucistriata <1 0 0
P. sp. 0 <1 0
P. substomatophora - 0 0 ' <1
Surirella sp. ) 0 <1 0

SR IEST TO MA IODR REVISION DOy NOT OHOTE
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Table 22, continued

STATION .

TAXA C AR BR
Synedra amphicephala <1 <1 0 )
S. minuscula 2 0

S. radians <1 0

S. rumpens : <1 0 <1
S. sp. . <1 0 <1
S. tenera . ‘ o<l 0

S. ulna ‘ A 1 0 <1
Tabellaria fenestrata <1 8

T. flocculosa 20 30 23
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Page 79 Figure 2. Relative abundance by sampling period

of Achnanthes minutissima and A. linearis
(including A. linearis var pusilla) at
station SL-1.
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Page 80 Figure 3, Relative seasonal abundance of
Cocconeis placentula var. lineata

at P-1 and SL-1
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Figure 4. Relative seasonal abundance of Synedra spp
at P-1 and SL-1
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at fiv~ primary sites in 1976 and 1977.
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~Page 83 Figuré 6. Species diversity EPiZ and relative abundance
of Achnanthgs minutissima at stations D-1 and SL-1.
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Figure 9. Mean relative abundance of the taxa Achnanthes minutissima, A. linearis (including A. linearis'
var. pusilla), Cocconeis placentula (including C. placentula var. lineata), and Synedra spp.
at primary and secondary stations in 1977. Stations have been ordered according to the

, abundance of A. minutissima. : '
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Figure 10. Mean chlorophyll a in 1976 and 1977
averaged over all stations sampled

in each sampling period.
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Figure 12. Mean chlorophyll a averaged over all sites

within each stream order in 1976 and 1977.
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Average percent relative abundance by stream order

Figure 13.
of acidophilous diatoms collected on glass slide
artificial substrates in 1976 and average pH by stream order
.:‘?‘#2; w"@'n@@ﬁ@a 7
46‘660 o @
o’¢¢¢6
ﬁ‘ﬁ
o‘a‘
40¢6
@"“G‘e
% . : PH
25 — 6
<
f.a
< -
]
O
=
1 p 3 4 5]

STREAM ORDER

DRELIMINARY DRAFT SUBJECT TO MAJOR REVISION DO NOT QUOTE



Page 91 ‘

Figure 14. Average percent relative abundance by stream order
.of acidophilous diatoms collected qualitatively in

1976 and average pH by stream order
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1

Figure 15.

Scatter plot and regression lines
of the percent relative abundance
of acidophilous diatoms collected

qualitatively and pH in May and

September, 1976.
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Figure 10 . Dendrogram for diatom species collected qualltatively durlng August 1977,
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Figure 17. Shift in dominant species between unimpacted sites
(SR-1 and KC-1) and impacted sites (SC-1 and P-5)

within 4th order and 2nd order streams.
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