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INTRODUCTION TO 11IE REGIONAL COPPER-NICKEL ST1,

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 Mlnnesota.
This study is being conducted for the Minnesota Legislature and state
Executive Branch agencies, under the direction of the Minnesota Environ
mental Quality Board (N:EQB) 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, Al~X and International Nickel Company, have
considered. commercial operations. 1bese 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 ~omprehensive 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 }ffiQB organized and initiated
the Regional Copper-Nickel Study.

The major objectives of the Regional Copper-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
environmental, 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 }linnesota 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 "Jill 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 prod~ction 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 diversity or production. In genera~ 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 bacteria, fungi, protozoa,

and a-I 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 comprising about 90% of the algae cells (Hynes 1970,

Potter et ale 1975). Diatom species are widespread and occur under a wide

variety of conditions. 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 velocity,

substrate, 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 while the green algae become more important

during midsumner. The spring diatom maximum occurs as water temperatures

and light intensity increase and before leaves 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

~yptoce~ have mi dsummer max ima whi 1e other speci es occur as wi nter,

spring, or fall dominants (Peters et ale 1968). Primary. pr'oductivity
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generally increases with warmer temperatures and greater light intensity,

although Waters (1961) and Peters et al. (1968) reported spring and fall

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) .reported that similar diatom communities developed under

similar eco16gical 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 anyone 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

comnunities can be expected as chemical and physical parameters change

along the length of a stream (Regional Copper-Nickel Study 1978b). Butcher

(1946) stated that there is a decrease in planktonic diatoms and an increase

in planktonic green and blue-gt~een algae as one moves downstream from the

source of a stream. Increased primar'y production by periphyton occurs

between the headwaters (1st through 3rd order streams) a~d the midreaches

(4th to 6th order streams) followed by a decrease further 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 petiphyton communities as

PRELlf\~INARY Df-1AFT SUBJECT T f\~AJ R REVISION 0 N T U T
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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 \vater qual-ity, they are sessile

organisms subjected to all water quality changes, and sampling is relatively
_.

easy in comparison to other stream organisms. Lowe (1973) compiled the

available autecological data for diatoms to facilitate the assessment of

water quality through biological sampling.

Several parameters are used to analyze periphyton communities: chlorophyll

~, ash-free dry 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 Copper-Nickel Study Area (Study Area) was initiated in May,

1976. This study was designed to characterize: 1) the relative produc

tivity of periphyton communities in various Study Area streams; 2) diatom

species distributions and dominant species within the Study Area; 3) the

relation of diatom communities to stream order; 4) the effect of current

mining practices on periphyton communities; and 5) some of the factors

responsible for the observed 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

\vere intensively sampled and to a -lesser' degree in streams which were not

fc:lRELlfVliNARY DF~AFT SUBJECT T I\~AJ R REVISI N 0 u 'T',
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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 Area encompasses 5516 km2 in Lake and St. Louis counties in northeast

ern Minnesota"(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 ~ay. 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, low pH is found in

headwater streams; median pH 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.

Samp~ 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. In 1976 sampling stations were located

in riffle areas within those watersheds which had the greatest potential for

PFlELItv1INARY Di~AFT SUBJECT T MAJ Fi REVISION DO N T U T
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impact from copper-nickel mining. Stations were designated "primaryl',

"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 sampled quantitatively

and qualitatively but less frequently than primary stations and were located

in upstream portions of watersheds or in areas already impacted by taconite

mining or copper-nickel exploration. Tertia'ry stations were sampled only

qualitatively 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 suspend~d between 5 and 15 cm below the

water for three week colonization periods in an area of moderate current.

Individual slides were analyzed for chlorophyll, total cell counts, and

diatom species proportional counts. In 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 sl'ides

PRELHvHNARY DRAFT SU8~J T TO ~Jit'tJ R REVISI N DO N T U
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were analyzed for chlorophyll while four replicate diatom species propor~

tiona1 counts were made. During 1977 two diatom species proportional

counts and three chlorophyll analyses were made at secondary stations and

at SCS stations. Chlorophyll sBmp1es were analyzed by the methods described

by UNESCO (1966) and Lorenzen (1967). Cell counts were made by sedimenting

an aliquot of sample for 24 hours. These samples had been preserved in

Lugol's solution. Subsamp1e size was estimated by scanning a wet mount

of the slide.· Cells '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 lI po tassium persulfate oxidation ll

method in 1976 (Weber 1973) and the lIpermanganatell method (Hendley 1974)

in 1977. Diatoms were then mounted in Hyrax 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 quali·tative 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 "samplell is defined as the mean of the

available replicates from a station on one date for the parameter discussed

(i.e. chlorophyll ~, cell counts, and species proportional counts). For

qualitative collections and quantitative collections where only one

PF{ELIMINARY Dr-~AFT SUBJECT T tV1AJ R REVIS I NON T U
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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 always analyzed separately.

Annual means discussed are the average of the samples from three selected

sampl ing dates in each, of the sampl ing years: 1976 and 1977. These

dates were selected betause they had samples available from the greatest

number of stations. These dates were the following: late May, mid-

August, and late September, 1976 and late May, late July, and mid-August,

1977. Where samples were lacking for 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 stream

order) used samples from the six dates listed above. When statistical

comparisons were made between groups of ~tations, 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. lIFrequently collected taxa ll were taxa that had a

frequency of occurrence greater than or equal to 50% for all stations

sampled in any sampling date.

Domi nant taxa compri sed at 1e.as t 5ib of any sample on. any da te. Domi nance

values were c~lculated' 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% = o.

These numbers were then sun~ed across sites for each taxon on each date.

The ratio of each sum to the maximum for that date was converted to a

pF-~ELlrV1INARY DFiAFT SUBJECT TO MAJ R REVISI N D f"'-J T U
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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/IPi 2) was calculated using sample values. The

index was calculated on the data from species proportional counts. Species

and varieties were treated as individual taxa in the calculation of

diversity. Genus level identifications were used in diversity calculations

for six genera: Cymberla, Melosira, Navienla, Nitzschia, Pinnularia and

Synedr'a. 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 similar'ity was

selected from many possible coefficients because it gives most weight to

large differences in percent relative abundance rather ,than small

differences (Boesch 1977, Clifford and Stephenson 1975). Because of the

variability present in the data it was thought that small differences

mi9ht not be significant and therefore should not determine the similarity

or dissim-jlarity of stat-ions.

JEeT T rV1j\JOH F: VISI N 0 N T I!
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The percent similarity coefficient is as follows:

x' .
Sjk = L min (Pij, Pik) where Pij = L~~j 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 betv-Jeen sites in one sampling period were based

on an edited data matrix including only those taxa conprising at least 5%

of the "mean' sample 'l .for 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 analyses and saves considerable amounts of computer time. The matrix

of sinlilarity coefficients between pairs of sites was analyzed by cluster

analysis to determine whether sites could be ~lassified 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 Jsed 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 descr-ibed above.

FT S JEC T AJ R R VI N 0 N T u T
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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 1

indicates the distribution between watersheds of diatom taxa collected.

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

and ~'ynedra are not indicated but the species are listed in Appendix 1, Table

2.

The number of taxa collected within any watershed was correlated with

sampling effort 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 1978c), no difference in

- the species lists 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

PHELIMINAHY Dr:~AFT SU ~JECT TO IV1AJ R FiEVISI N DO N T U
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during all qualitative and quantitative sampling periods. This species.

comprised from .45% to 16.07% of the mean relative diatom abundance for

sal~lples collected at stations sampled quantitatively (Table 6)

and overal"1 it comprised 40.96% and 27.99% of the diatoms enumerated in 1976

and 1977, respectively (Table 7). As these data indi~ate, ~ minutissima

was less abundant in 1977 than in 1976. In 1977 taxa such as Synedra

spp. and Cocconeis placentula increased in abundance.

Dominance of per'iphyton communities by A. minutissima has been reported in

lakes (Stockner and 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

.~ placentula is unclear.

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

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

~illa., h 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 flocc~llosa, Fragilaria pinnata and L

crotonensis occurred in the t6p three taxa only in qua~itative samples,'

Tables 4 and 5 also list 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.

F)I=iELHJlINARY DFi FT S ~I C T' MAJ R fiEVI ION 0 N T U
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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

'oTable 8 lists the sampling periods during v/hich dominant di·atom 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 stations where the most continuous sampling was done

and the species was abundant. A. minutissima is the most dominant taxa

at all times of the year and exhibits a spring and fall maximum with a

m-id-summer lm\l (Figure 2). A. linearis (including ~l:- var. pusilla)

tends to be inversely related to !l:-. minutissima; it exhibits a midsummer

maximum, at least in the presence of ~ minutissirna (Figure 2). As

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

var. pusilla can peak in the fall.

h placentula had a midsummer bloom (Table 8 and Figure 3). Most other

dominant diatoms 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. ~yned}~

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

The seasonal patterns for diatom speci€s are poorly understood. Lowe (1974)

presents limited data on seasonality and much of the seasonal data are

conflicting. For example, Lmve (1974) reports a fall maximum for C.

placentula but in the present study and in data reported by Peters et al.

(1968) ~_ J2las:.entL!J~ had a midsummer maxima. Summer maxima have been

reported for ~ rninutissima (Stockner and Armstrong 1971, Moore 1972) which

PRELlfvllNARY DF( FT SUBJ CT T r\/IAI..J Fi REVISI NON T U T
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;s contrary 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 differently in relation to

season in different st~eams.

Diatom Diversity

Tab1e 9 presents the 1976 and 1977 divers i ty C:p~2 ) for quant-i tat i ve

samp1es co11 es::ted at prima ry and seconda r'y sta t ions averaged over' three

sampling periods per year. Great~st mean annual diversity was observed at

KC-l 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 app~ar to be related to changes in

the relative abundance of the dominant taxa such as ~ minutissima, ~

linearis, and ~ placentula.

presented in Figure 6.

1

Two examples of this relationship are

Diversity (IPi 2) was calculated for qualitative samples collected in 1977

(Table 10). Diversity in qualitative samples ranged fr'om 2.4 to 28.4 in

April, ,1977, and from 2.8 to 63.0 in August, 1977. No clear" patterns in

cI i versity \'Je re evi cI ent, a1though di ver sitY was gene ra11 y greater i n qua 1i -

tative than in quantitative samples.

Diatom species diversity in the Study Area is misleading because of the

corninance of A__ mint~_tissillla at many stat'ions. Arch'ibald (1972) reported

that the dominance of !l:-. minu~issima, a clean water species, in some South

Afri can streams cau sed divers'j ty. in lie 1ean II streams to be 10"-Ier than divers i ty 1n
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II po ll uted ll streams. Therefore diatom diversity in Study Area streams does

not adequately reflect water quality differences.

Similarity of Periphyton Communities

The cluster ana.lysis of qua.ntitative 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 of similar stations the percentage of times that stations

occurred in the same cluster at the .5 level in 1976 was calculated

(Figure 7). !\fter examining the clusters,. this level \vas chosen as a leve'l

at which clusters could be interpreted. Values from .4 to .75 have been

used to define significance in other aquati~ 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 0-1; and

2) P-l and SL-1. The sites BB-1, 0-1, P-l, SL-l, P-2, and P-5 clustered

together in greater than 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 detenllining these groups is the' abundance of A. 1111nutissima.

Because of the overall dominance of a few diatom species in Study Area

streanls, a comparison of stations was made based on mean abundanc~ 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

p LI it\! r~Y DFiAF JEC T r\~t\J R F{EVISI N D NOT U T



Page 15

sampling dates. Three general groups were defined based on the relative

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 \'Jere defined as follows: 1) group 1 stat-ions \~here !l:-lwinutissima

. 'is' greater than 49 percent; 2) group 2 stations where the r'elative abundance

of ~ minutissim~ 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-l. SR-l 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-l 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 pa rvu 1um compri sed 27.5 per'cent 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 L placentula at K-2 and A. linear-is at K-5

(Fig ur'e 8).

In 1977 the three groups were'composedof a slightly different set of

stations. One of the reasons for this appears to be the increased abundance

of ~ynedra spp. at seve)~al stations. Group 1. consisted of stations SL-l,

0-1 and SL~2. P-l could also be included in this group although the

abundance of Il'-. minutissima v~as 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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Synedra spp. Also within group 3, K-2 and B1-1 formed a subgroup domina~ed

by ~ placentula. K-l was different from other stations because of the

dominance of L 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 conductivity 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 !1.-- minutissima. A. linear'is and A. linearis

var.. pusilla are closely related to ~ minutissima ecologically although

~ minutissima appears slightly less sensitive to the addition of any

material into the environment (Reimer personal communication). This

sensitivity is reflected in the increased relative abundance of these two

taxa vvith decreasing conductivity. The high relative abundance of T.

flocculosa defined the subgroup of F-1 and KC-1, which were stations with

lOVJ pH. The presence of h 21 acentul a probably i nd i cates

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 Stu'dy Area (Regional ~~ater Quality Study 1978c) although it seems

possible because of hi~h nitrogen and phosphorus concentrations in Shagawa

Lake upstream. Another explanation for the dominance of h placentula

could be selective grazing by invertebrates at K-2 (Reimer, personal

commun'ication, Patrick 1975; 1978). The dominance of ~ angustatum and

Ii:_ par'.Y_LD~~ at K-1 and K-8 is difficult to explain since' these prefer
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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 ~ showed similar

seasonal patterns for all sites and for primary sites only 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 late July and

August chlorophyll production was low.

High mean cel) numbers were recorded in May, 1976, at primary stations when

chlorophyll ~ 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 literature (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 g~een and blue-green

algae. These samplers are more efficient in sampling diatoms than other

groups (Reimer, personal communication).

Stations P-l, P-2, K-l, and K-2 were the most productive sites based on 1976

mean annual chlorophyll ~ values while'lrighest average cell densities were

at 81-1 and K-l (Table 11). Lowest cell densities were recorded at KC-l

and F-l. KC-l also had low mean annual chlorophyll ~ as did SR-3 and F-l.

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 ~ generally increased

with increasing stream order (Figure 12), although in L977 a decrease was

noted in fifth order streams. These patterns are similar to those discussed

by Cumm ins (197 5; 197 6) . Tab1e 12 presen t s wa t er qua1i tY val ues averaged

by stream order. Because pH increases with increasing stream order the

relationship .be~ween·the realtive abundance of acidophilous diatoms to

stream order was 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 relativ~ abundance of acidophilous diatoms

found in qualitative and quantitative samples and average pH in relation to

stream ordei. 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 presents a scatter plot of pH versus percent relative abundance

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

samples. Linear regressions were 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 in May. The correlation coefficients (r valu2s)

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 abundance of acidophi-

lous diatoms.

In 1976 quantitative data, decreases in the relative abundance of Eunotia

spp., 1. fenestrata, and 1. flocculosa, the most abundant acidophilous taxa,

can be noted with increasing stream order (Table 15). An exception is the

"'~"'increase of T. fenestrata in fifth order streams. Generally.G- placentula,

~ linearis (including L linearis var. pusilla), and species of Gomphonema

increase in abundanc~ with increasing stream order.

Diatom taxa that occurred at greater than 50 percent of the stations within

any stream order during 1977 qualitative collections are listed in Tables

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

rhomboides decrease in frequency within increasing stream order. In the

April/f·1ay 1977 sampling period ..!2..:- tenue var. elongatum and L capucina

increased with increasing stream order. T. "fenestrata and T. flocculosa

generally became less 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

(Table 18). A one-way analysis of variance of qualitative data showed no

significant differences (p > .05) between the mean number of species or

between mean spee i es di versity ( l:P i1 ) among stream orders from both the

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, with sites in

an adjacent stream order or with closely situated sites in the same

watershed. Table 19 lists 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 small' 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 characteristic of bog drainages. In the other

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

as alkaphilous, indifferent and acidophilous.

These data indicate that there is a relationship between stream order and

diatom communities in the Study Area. As stream order increases there is

an increase in periphyton production and a decrease in the relative abun

dance of acidophilous diat6ms. Although not studied it is probable that

there is 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 Itnl2.9cted 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 Dewaterin[--Currently operating taconite mines are pumping mine water

into the Partridge River, Dunka River and Unnamed Creek. The effect of ihis

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 lJ mho/l compared to 54 p mho/1

at other sites. Stations 88-1, P-5, P-1 and SL-l are' all impacted by

taconite mine dewatering, and form a group of stations which in 1976 were

characterized by high abundance of f1- minutissima. At unimpacted stations

with physical conditions similar to impacted sites, A. minutissima is still

dominant but A. 1inearis became more abundant and A. minutissima less

abundant (Table 6). Another species change occurs in first and second order

impacted stations. T. f1occulosa and other acidophilous diatoms which are

abundant at un impacted first and second order sites were rare at impacted

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

Table 20 pr'esents 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 product-ivity 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.

minlLt:.:Lssima in affected stY'ea.ms. In first and second order streams acido

philoliS 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 Cree~ elevated levels of heavy metals are present

···rn' 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 Creel, 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 lower in Unnamed Creek at 88-1 than in other

first and second order streams, although at upstream sites on Unnamed Creek

diversity was higher than in Filson Ol~ Keeley creeks (Regional Copper-Nickel

Study 1978a). These apparent inconsistencies are probably caused by the

fluctuating flows in Unnamed Creek although insufficient data is availab10

to prove this hJPothesis.

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 IL:- ten~ var. elongatum,

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

on the list of dominant taxa for the Study Area (Table 4), were not found

in the rest of the Study Area. during the same time periods as they Vlere

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

found in the Study Area in general.
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As in the impacted; sites 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 ~g Cull discussed by Patrick (1977). On the other

hand, nickel concentration in Unnamed Creek is at a level (123 ~g/l)

where some effect may occur. Patrick (1977) reported nickel levels as low

as 2 ~10 ~g/l would cauSe shifts in the major periphyton groups while

Hutchinson (1973) reported that 100 ~g/l was toxic to algae. Because

diatoms are still dominant in Unnamed Creek it does not appear that such

an effect has occurred. The dominance of D. tenue var. elongatum has

probably resulted from the high dissolved solids and cold temperatures.

Q:- tenue var. elongatum is very tolerant of high dissolved solids or

conductivity (Lowe 1974) and normally blooms in the spring v1hen 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 ~g Cull

and 5.95 pg Ni/l). Comparisons can be made w-ith Keeley C}~e'ek which is a

similar headwater stream with lower heavy metal levels (median values of

1.95 ~g Cull and 3.3 ~g Ni/l}. No effect in the dominant taxa, produc

tivity or' diversity is evident betvJeen Filson and Keeley creeks (Table 21

and Figure 8). Copper levels in Filson Creek are lower than levels where

effects have been reported by Patrick (1977).
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INca Seeps--In the vicinity of Filson Creek copper-nickel exploration by

INCa has caused elevated concentrations of copper (20-59 ~g/l) and nickel

(14-37 ~g/l) 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 glass slides appeared

normal at the time of collection.

No effects were' observed nor would be expected from copper and nickel in

the seeps whi9h were sampled because copper and nickel levels were below

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

Besch et ale (1972) found that groups of di~toms were good indicators of

heavy metal pollution during field surveys in eastern Canada. Species

groups which include ~ 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 INCa seeps. Therefore the

results reported by Besch et ale would seem to indicate that there has

been no effect from heavy met.als in Filson Creek, the INCa seeps, or

Unnamed Creek since sensitive species are still abundant.
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SU~1t'1ARY

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 Qlacentula, Synedra spp., Diatoma tenue var. elongatum

and Ta bella f'i a flo ccu1os 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.

T\'10 aspects of the periphyton community are related to stream order.

First primal~ 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 stations are eV'jdent 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 to 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 in these stream orders.

In first 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. Distribution of diatOTIl taxa in Study Area watersheds.

Table 2. Species of the pooled genera: .Q.)rrnbella) Helosira,
Navicula, Nitzschia, Pinnularia, and·Syn~dra.
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Table 1. DJ.

(con.tc. .. )

~bution of diatom taxa in Study Area watersheds (l=present, O=absent)
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Table 2. Specles ;of the pooled genera: ~ymbella, Melosira, Navicula,

Nitzschi~, Pinnularia, and Synedra.
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Table 2 (contd~)
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Table 2 (contd.)
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Table 2 (contd.)
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Table 2 (contd.)
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Appendix 2. Cluster analysis of quantitative diatom data.

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

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

Figure 3. .Dend rogram of diatoms collec ted quanti ta tively
in late-September, 1976. Original data matrix
was edited at the 5% level of relative abundance
before clustering.

Figure 4. Dendrogram of diatoms collected quantitatively
in May, 1977. Original data matrix was edited
at the 5% level of relative abundance before
clustering.

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.

Figure 6. 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 co~lected 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
matrix was edited at the 5% level of relative abundance before clustering.
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Figure 3. Dendrogram of diatoms collected quantitatively in late-September, 1976. Original data
matrix was edited at the 5% 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 collected quantitatively in August, 1977.
Original data matrix was edited at the 5% level of relative ab~ndance before clustering.
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Table 1. leriphyton sampling intensity.

CHLOROPHYLL CELL COUNTS ~PECIES PROp·. COUNTS QUALITATIVE
STATION DESIGNATION YEAR

A B r> A B C A B C A B Cv

Primary 1976 6 3 6 6 3 5 6 3 5
,., 6 3..)

1977 6 3 6 0 0 0 6 3. 3 2 14 2

Secondary 1976 6 3 6 6 3 3 6 3 3 3 18 2

1977 6 3 6 0 0 0 3 3 3 2 14 2

Tertiary 1976 0 0 0 0 0 0 0 0 0 2 18 2

1977 0 0 0 0 0 0 0 0 0 2 14 2

Primary (SCS) 1976 0 0 0 0 0 0 b 0 0 0 0 0

1977 3 3 3 0 0 0 3 3 2 2 14 2

Secondary (SCS) 1976 0 0 0 .0 0 .0 0 0 0 0 0 0

1977 0 0 0 0 0 0 0 0 0 2 14 2

A. Number of scheduled sample periods.

B. Colonization period (weeks).

C. Number sample sets analyzed.
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Table 2. Mean number of blue-green, green and diatom
cells per mm2 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-l 42 38 Lf58 85

P-5 34 35 1875 96

BI-l 188 162 3471 91

D--1 55 35 1115 93

E-l 17 Ll3 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

"i\'1'1ean for sampling periods Hay, August and late September, 1976

j\ T 1\11 f\. I \! nT
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Table 3. Number of taxa identified and the number
of samples collected within each watershed.

Watershed It Specie.s Found It Samples Taken

Range 24 1

Fall 78 12

Shagawa 65 10

Km.Jishhvi 93 24

Isabella 87 23

Filson 67 8

Birch 130 48

Dunka 80 18

Stony 97 38

St. Louis 79 27

Partridge 104 45

Embarrass 84 19

Hhiteface 64 4

Cloquet 30 2

FT T R r~E N D N



TABLE 4. Dominance values CD) and frequency of occurrence (F) for diatom species
collected qualitatively. -- '.. ':"

"'0
eu
to
CD

JJ }I'l/ In 76 L Sept 76 Fb/Mr 77 Ap/Hy 77 Aug 77
(J1
(J1

V"'::'CA D F D F D F D F D F
C
:s: Achnanthes lanceolata v. dubia 0 17 0 3 0 I 1.5 9 0 33-- --- I
Z i.\..... lirh2aris 13.8 90 1.8 65 0 I 11. 8 85 19.8 93

I> A. linearis v. curta 1.7 31 0 6 0 , 0 32 0 44
JJ I

A. linc1.ris 'I:. pusilla 0 69 a 13 a I 2.2 74 15.1 88-< Ia 0 0 a I a 47 a 51
0 I

67.2 100 53.2 100 83.3 I 62.5 100 95.3 Ina
.),J

,
> a 17 3.7 71 a , a 9 0 23,

tU vitcea a 66 3.7 58 a I a 65 2.3 47
I

-\ fornosa 1.7 31 1. 2· 23 a I a 6 a 9,
en Cocconcis placentula v. lineata 0 38 a 35 0 I 0 63 5.2 63

I

~'~C~:~:~~~n~~~:eLuta 0 31 a 16 0 I a 11 a 14I
1.7 21 a 32 '0 , 0 37 2.3 37

'"- ,
0 34 8.1 34 0 , 0 44 0 74,

() 0 0 1.2 97 0 I 0 0 0 0I-I , 4.3 100 3.7 97 0 , 5.2 0 0 0I
-I 0 100 0 97 0 (::1 0 88 2.3 100r-., W
........J 1.7 0 0 0 0 Z 0 0 0 0H

~ 10.3 52 1.2 13 25 ~ 13.2 41 0 16
)::- 0 62 0 42 0 w 0 50 0 63
'::.- H

Cunoti~ "pcctinalis v. minor 0 0 0 16 0 w 1.7 24 0 370 (::1

JJ E:unotia spp. 2.6 66 8.1 69 0
H

8.8 50 10.5 98
Fragilaria ~pucina 0 10 5.0 13 8.3 0 0 29 0 23

JJ construens 0 76 5.0 61 0 l' 0 32I

< construens v. pumilia 0 24 0 3 0 , 2.2 68 7.0 91I- F .. construens v. venter 0 79 8.1 48 0 I 7.4 68 6.4 91GO I- F. crotonensis 0 0 12.4 52 0 I 0 18 0 14
a - I

F. 10.3 79 3.2 42 0 , 16.9 65 26.2 95
Z ,

1:' • 10.3 79 4.0 39 16.7 I 2.2 56 0 56,
0 F. virescens 0 3 0 0 0 I .7 32 0 16
0 I

Fragilaria spp. 0 0 21.1 52 0 I 0 59 0 40I
,c,:, GO~D t-i2nema an'2;usta t u..rn 0 76 0 42 50 , 7.4 76 a 70
0 I

Q..:.- cl~-v'ei_ 0 0 0 0 0 I 0 27 0 51
-l I

Q..:.- 91i·t.",1r('oides 0 a 0 0 0 I 0 a 0 0
0

,
G ~ LJ::i~\~t.11lL..~ 0 52 0 84 0 , 0 68 0 77

C
,

f.0rllDb,:nl2I:.2 spp, 0 0 0 0 I 0 41 0 37
~:::~ I

>1 e 10 S-.iJ:.a. ZY" 3 n11 1 aJ:...a I 1.5 88 0 0-\ . 7.8 83 5.6 84 0 I



TABLE 4. continued

v
OJ

(,Q

CD

U1
0'1

Ny In 76 L Sept 76 Fb lvir 77 Ap My 77 Aug 77
n f n Ii' D F D F D F

0 82 2.5 84 0 I 0 88 5.2 98I

a 34 0 13 0 I 9.6 41 0 28I

2.6 97 5.0 100 a I 0 0 0 0I

a 0 1.2 100 0 I a 0 0 0I

0 a 0 0 0 I 1.5 a 0 aI

0 100 a 100 0 I .7 91 11. 1 97.7I

a 0 a 10 0 I a 15 .6 17I

1.7 100 0 0 0 I 2.2 91.2 a 0I

0 0 2.5 100 0 I
~ 0 a 0 0I

0 0 5.0 100 a 0 0 0 a 0>L1

a 100 0 97 0 z 0 91 3 5 1H

0 62 0 58 0 ~ 0 50 0 61
0 0 0 0 0 >L1 7.4 N.C. a aE-<
a 100 a a 0 >L1 2.9 100 0 a0
0 0 2.5 100 25 E-< 13.2 0 0 0
0 0 0 0 0 0 9.6 N.C. 0 0:z;
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a 100 1.2 100 a I a a a aI

1.7 100 a a a I .7 100 0 0I

17.2 100 2.4 100 16.7 I n.8 a a 0I

a 100 a 100 a I a 100 22.7 98I

9.5 79 1.6 65 24 I 5.2 79 2.9 72I

31 90 3.2 58 a I 34.6 91 18.6 95I
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______ spp.
spp.

~~~phicephala

S .delicatissima
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TABLE 5. Dominance values (D) and frequency of occurrence (F) for diatoms species collected
quantitatively

--;J
PJ

<.0
(D

tTl
'-J

-0 Ny Jun 76 L Jly 76 Ma Aug 76 E Sept 76 L Sept 76 L Hay 77 L Jly 77 Aug 77
JJ Tc'L'\A D F D F D F D F D F D F D F D F

r- 6:chns'Ll:thes 12nceolata 0 41.2 0 42.9 0 60. 0 66.7 0 40 0 9. l' 0 8.3 0 0
~- .l<-. lir:c:lr i...o-':.. 4.4 29.4 17.9 100 13.3 80 33 100 15.0 73.3 0 63.6 a 75 a 72.7
Z At J-i:1g~ri_~ ~v. pusilla 30.9 82.4 35.7 71.4 36.7 93.3 a 33.3 a 60 0 36.4 39.6 83.3 45.5 90.9
"'"t-,.,.;;..-

6-,,- Llj_'}ut--,-~~~im2 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-r"""l
..A./

-< pellucida a 35.3 0 42.9 0 53.3 a 83.3 1.7 60 a a 0 8.3 a 36.4

0
::ol2rions a 5.9 0 57.1 0 20.0 0 66.7 0 0 0 0 0 16.7 0 0

JJ A.""itre:L. 4.4 82.4 0 71.4 0 86.7 0 66.7 0 86.7 0 54.5 0 41.7 0 45.5
GQc::...c-'.:me:LB... 121acentula ·V. lineata 13.2 58.8 50.0 100 46.7 80 42 83.3 10 80 0 9.1 27 66.7 45.5 81.8

"T1 C>cl.Q.t.::::] 1.?-... spp. 4.4 35.3 0 71.4 0 40.0 0 66.7 1.7 80 a 27.3 a 16.7 0 27.3
-:1

CY'::...'J c·lla... spp. 5.9 94.1 a 85.7 0 9~.3 a 100 5.0 86.7 a 100 2.1 91.7 0 81.8
(j)

Di'2c'Y~'3_ ti'rru~ v.. elongatum 0 29.4 a 28.6 a 13.3 0 16.7 a 6.7 47.7 100 0 66.7 0 36.4
C

~';':ioti~:L sp 4.4 100 10.7 71.4 11. 7 93.3 0 50 0 66.7 a 0 0 41.6 a 63.6
tf" E.:LJ~::-,LlJ r -i a £..QJ1..5-...tJ:.11 e 11 S 1.5 47 10.7 57.1 1.7 80 0 33.3 3.3 80 0 18.2 0 0 0 a

L r:..c..D..SJ:J:.l.l2.Dii. v. p..J..lcin"L 0 a 0 14.3 a a 0 16.7 0 0 0 63.6 2.1 58.3 4.5 63.6

-1
L LQlJ.s...t 111 F' f1 C; v. :LeJ1.t.f'J:... 0 41.2 3.6 28.6 0 60 0 16.7 6.7 60 0 36.4 '0 33.3 0 36.4
L .e..:t::..QJ:J.JJ..0n.::-;c; 0 70.6 0 28.6 0 40 0 50 0 40 0 36.4 0 16.7 0 18.2

-'I E...~ ]]" nn'J l2... 0 47.1 0 28.6 0 46.7 0 50 0 46.7 0 9.1 0 25 0 27.3
0

F .. :L:1~lcr.G"ria 0 Ld .2 0 14.3 0 66.7 0 83.3 3.3 26.7 6.8 100 0 83.3 0 63.6
~ .E.L2.:::il2.r:....i....a... s pp . 0 17.6 0 71.4 0 26.7 0 50 8.3 53.3 0 ~5.5 0 50 0 36.4
»

G..QL-:'pl:~'2..k.f Gila...c....1..1.T1 ina t..1Jill.. 0 41.2 0 57.1 0 60 0 100 0 73.3 0 81.8 0 50 0 36.4::....
·0 G-L .at.F i n e.. 1.5 11.8 0 0 0 0 0 16.7 0 0 0 0 0 50 0 9.1
:0 S_ BLt~:l,LS-t.JJ:Jd."'R 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

JJ G...... .c.le~Le..i. 0 0 0 14.3 0 6.7 0 33.3 0 0 6.8 18.2 6.3 50 0 36.4
m G-..- :.- ,- 3 C i 1 ,,, 0 23.5 0 0 0 6.7 0 0 0 6.7 0 63.6 0 58.3 0 36.4
< ~ :2 r Ll.l.1Dldi 0 0 0 0 0 0 0 0 0 6.7 0 54.5 0 25 0 27.3-

.G- -IL:L.1:u.l.u.rrL. 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
- G('I0',~hi-l-nOTTl~ spp. 5.9 41.2 0 57.1 0 60 0 100 0 73.3 o· 81.8 0 50 0 36.4
0
Z '\ i '" 1 r~ "'.i:r:..a. s PP• 4.4 88.2 10.7 71.4 6.7 73.3 16.7 66.7 10 73.3 0 54.5 0 42 0 45.5

0 F'1-"''-'''1.''l. spp. 0 88.2 0 85.7 0 33.3 8.3 100 8.3 100 0 72.7 0 75 0 63.6

0 'Ij t~:3,...hia 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

Z
.s~-"l;or1-.., spp. 16.2 9ff.l 0 85.7 0 100 4.2 100 16.7 100 56.8 100 31.3 91.6 25.0 90.9

0
I~hojl)Li2 Fcno~trar~ 'J 70.6 0 71.4 0 46.7 0 50 0 53.3 0 63.6 2.1 41.7 0 45.5

"""';1 .I.- [1 0,..... ,--r11 n..:::~ 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
"0

c
0-
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Taole 6. Hean relative abundance of dominant diatom taxa. lvleans are caJculated for ~,lay, August, and late-Se~tember, 1976,

and May, late-July, and August. IS77.
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S TAT ION _~~~_ ~ .~ ~ _
Id order 3rd ord-.e.'-'--r_-.- -,--___:__

KC-l P-!:i 81-1 0-1 [-1 SL-2 \ SL-3

137 -- 0.03 0 0 U 0.13 0 0.27 U -- 0 I U.~7 --
Y7 -- 0.97 0.47 0.2 0 0.13 0.03 4.1 0.13 -- 2.25 I 4.G7 --
43 -- 4.3 5.33 27.1~ 12.6 1.~ 4.~J 9.17 18.73 -- 2S.US 1'd.33 -
37 -- 54,13 27.63 26.27 0.2 63.83 67.4 36.5 10.63 -- 6U.Y 32.U~ --
U3 -- U.<:! 0.U7 \ 0.73 U U.23 U.03 3.1 U -- U U.'d3--
73 -- 1.67 0.2 0.37 0 2.u3 1.'d3 0.53 0 -- 0.2 1.4 --
03 -- 0.03 16.9 I 4.43133.4 0.13 U 5.97 4.13 -- 1.3 0.07--
47 -- 0.1 0 1.2 0 4.07 0.U3 0.37 U -- 0 U.23--
57 -- 2.7 2.7 U.53 0.2 ,1.b7 1.9 1.17 O.~3 -- O.!:i 2.37--

-- 1.13 13.77 0 0 U.57 5.S3 0 4.93 -- 0.1 0 --
43 -- U.b7 1.17 1.37 0.13 1.43 0.07 1.U 1.47 -- 0 2.23--
3 -- 1.43 0.4 U.23 0 0.1 0.43 U.47 0.2 -- 0.4 3.e3--
97 -- 1.1 U I 4.33 0 G.67 0.07 U.a 0 -- 0 U.07--

-- 0 U.4 0 0 0 U.3 U U.43 -- 0.2 0 --
63 -- 1.U7 0.13 5.53 U 1.4 0.47 U.2 U -- 0 0 --
23 -- U.16 0.47 U.U3 0.2 1.33 U.U7 u.33 1.~3 -- U.1 0.03--
47 -- U.3 0.13 U.37 0 I U 0.17 2.4 U.4 -- 0.4 U.2 --

-- 0 u 0 0 i U U u U -- 0 U --
17 -- 1.73 U.9 13.93 0 II U.43 0.47 0.13 23.b -- 0.3 5.1 --

-- 0 U U 0 U U.13 U U -- 0 U --
-- 0.1 0.u7 U U.2 U U U U -- U.4 U --

4- -- 2.1 U.43 \ 0.e7 0 i 1.33 !J.l7 1.. 33 U.67 -- 0.9 L.b7--
~ -- U.67 U.13 1.27 U : 1,77 U.13 U.SJ U -- 0.1 2.47--
6 -- 3.63 0.47 I ~.Y3 U I ~.Y U.~7 'd.7~ u.t.! 1-- U.3 2.77--
43 -- 5.~7 1.27 3.67 0 I 7.Y U.27 Ib.Y, 1.13 -- u.6 S.'d3--
~r -- 7.~7 21.i)3 4.U~ 0.2 L.~ 1U.. 7? 3.;3 2Y.43 -- t..? 3.17--
/3 -- 0.2 U U.43 U U.3 U.43 U.2 U -- U.L U.97--
4 -- 1.137 1.87 2.u7 U I U.37 ~.77 U.17 0.U3 -- 3.U 1.2 --

I

lo:;t order r 2n
88-1 I F-l

. .
mi s::' ima

TA.':<P-
Ach nthe lanceolata
A. near s
A. near s v. pusilla

0.27 -- 2.4 -- U.
1.'07 -- 4.'d -- U.
3.U3 -- 2.4 -- 5.

4Y.b3 -- 31.77 -- 26.
0.43 -- U -- U.
1.17 -- 1.'03 -- 1.
2.2 -- U.U3 -- U.
u.t.7 -- 1.13 -- 2.
3.Y -- 1.73 -- 1.
2.23 -- U -- 0
1.77 -- 5.3 -- 6.
U.U3 -- 0 -- 2.
2.2 -- 4.17 -- 4.
U -- U -- U

G.Y -- 1.Y3 -- 1.
U.17 -- 3.U6 -- O.
U.4 -- 0.3 -- O.

U -- U -- 0
1.U7 -- 1.3 -- 1.
u -- U -- U
U -- U -- 0

2.3 -- 1.U -- 1.
1'\el:Jsira sp • U.C57 -- !::J.Y7 -- 9.

icul so. 4.2 -- 2.3 -- 2.
itzschi s p. b.4 -- 4.3 -- 3.

00. ~.27 -- 2.Y7 -- 3.
lar ii' fenestrata U.47 -- 2.2, ::1 1~'

T. flocculosa 1.'d7 -- j.U~.

eura pel1ucida
Anomaecneis vitrea
Cocccneis placentula

lotc::lla spp.
1a spp.

ato~a tenue v. elongatum
Eunotia spp.
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F. construen s
F. co~struens v. pumila
F. construens v. venter
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G. angustatum
G. clevei
li. qrurlmdi
'..J. oatvul um
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Table 6. Continued

1" r\ '/ (\
l/-'l.)\t\

Achn nthe lanceolata
A. 1 near s
p\. 1 near s v~ pusilla

nutissimd
ipi2ura pellucida

Anonoeoneis vitrea
Cocconeis placentula

atell a spp.
1a spp

Di ato!na tenue v. e10ngatum
Eunotia s;JP.,
Fragilaria spp.
F. co::struens
F. construens v. pumila
F. const~uens v. venter
F. v2.ucheriae
liomphonema spp.
G. affine
G. angustatum
b. clevei
G. gruno\f/ii
I~. parvul urn
1'\ e los ira s p
i\la icula s p

tzschia pp.
spp

1arl a fenestrata
T. f1occulosa

i 3.03 U U.3 0.07 U 0 0.03 0 0 -- 1-- 0 0.3 U 0.U3 U I U.b~ u.1 U.2
\ 4.~ 0 0.3 0.4 1.43 1.25 0.63' 0.u7 U -- ,-- 0.2. 26.7 U.37 U.4 O.L 0.1 U.b5 1.7
I U.U3' U U.U7 0.1 11.3 3U.65 4.6 26.2 15.6 -- -- 3.7S 1.77 1.4 19.77 U.b5 ~5.4 26.7 1.~5

9.97 U.4::; '07.3 4S,'.93 54.U3 34.U5 176'0,7 51.6 'I 72.U -- -- 36<2 22.47 15.2 31.::17 3.45 111.35 23.~5 2Y.~
U 0 U.3 0.U7 U.L 0 0.03 0 0 -- -- 0 1.77 U U 0 10.05 0 U
o 0 0.33 0.47 U.13 0.2 0.67 0.23 1.9 -- -- 0.05 3.B7 0.7 U.13 0 i O.uS 0.2 0.65

14~.43 9B.b5 .23 16.~~ 12U.37 4.0 3.e3 7.U7 0 -- --0 _ G.?3 0 19.1~ 2.b 124.~5 2U.~S O.~S
1.7 U 0 U.U3 0 '0.1 0.17 0 0 -- -- 0.U5 U.37 0 I U.13 O.US I 0 U.2 U.2
l.b U 4.77 2.~ 0.27 U.7 0.5 0.7 0.7 -- -- 1.1 2.27 0.77 I 0.7 0.15 0.4 U.S 0.55
o U.2 U.13 1.43 0 b.l 0 0.5 0.3 -- -- 14.1 U 3.27 0 1.45 0 0.1 2.25

U.23 U 0.07 0.03 0.4 0.1 0.47 0.07 0.4 -- -- 0 b.1 U.13 U.13 0 U.95 U.1 0.U5
U.7 0 U.27 U 0.63 0 0 U 0 -- -- 0.55 3.S3 U.4 0.03 0.55 0.2 U.l 0
u.7 U 1.U U 0.2 0 0.37 0.03 0 -- -- U U.4 U 0.2 0 G.U5 U U.5
o U 0 0.27 U 0 0 0.53 0 -- -- 0.15 U 3.77 U O.US U u.s U

1.b3 0.1 0 0.1 U 0.2 U.13 U.U3 0 -- -- 0 u.03 U.B7 U.1 0 0 U U
0.33 u.l U.U3 1.43 0.03 O.B 0.67 0.4 U -- -- 5.L 1.13 U.b 1.S 6.15 0.U5 2.35 U.b
2.57 U 0.37 U.27 0.2 0 1.S7 0.u3 1.7 -- -- 0.9 2.0 U.07 0.47 U.35 0.2 U U
U 0 0 0 U 0 U 0.1 0 -- -- U 0.27 U U 0.U5 0 0 2.05

2.Ll U U.13 1~.37 0.1 U 0.57 U.4 U -- -- U.B 1.57 U.57 1.5 35.75 U.j 3.U 1U.3
u U U 0.~7 0 0 0.33 5.7 0 -- -- 3.1 U U 0 Y.L 0 2.4 U
U U U U U U U U.U3 0 -- -- 0.2 U 0.9 U 0.35 0 3.45 U

2.3 0 1.2 U.~ 3.U 0.75 3.U3 4.U 4.4 -- -- 9.0 U.17 1.43 5.77 9.b5 1.35 5.7 27.45
1.U3 U.2 U.u3 U.2 U U 0.U3 0 0.3 -- -- U 1:~ U.27 5.57 2.95 U.YS 0.75 5.U5
4.d U.1 2.73 2.9 U.77 U.2 0.33 U.U7 0.7 -- -- U.2 3.d3 0.2 1.4 0.4 U.l 0.2 U.25
b.~3 0.1 4.43 2.73 2.73 0.7 2.S3 U.l U.3 -- -- 0.~5 5.67 U.57 2.67 U.b u.3 U.S 1.25
L.b U 2.76 3.9 3.57 15.9 2.67 1.23 0.9 -- -- 17.6 3.~ 5b.73 1.9 15.15 U.75 5.1 1U.1
U.l U U 0.07 U U.4 0 0 U -- D.bb O.S? 0.7 2.7 5.1 1.2 1.45 1.15
0.03 U 0.b3 U.2 U 1.25 0 0.03 U -- -- 3.55 1.23 10.d U U U.2 U.5 l U.25

o
0.17
U.37

14.c.7

~:~3 i
U.l
LJ.U3
1. c.3
7.2
U.U3

U
u

0.53
0.13
2.53
U.17

U
11. 97
1.2
U.03
4.U3
1.77
U.17 i
u. cU

49.73
U.77
O.Y
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Table 7. Annual mean percent relative abundance of
dominant t~xi collected quantitatively.

--IAL<J.jXAc.t.-' ]_,9_7_6 1_9_7_7 _

Achnanthes lanceolata
A. linearis
A. linearis var. Eusilla
A. minutissima

A"0phipleura pellucida
Anomoeoneis vitrea
C~C'~ 0 n e-:rs-pl acen t ula
Cyclot_e)la sp p.
C~~lla spp.
Diatoma ten~ val'. elongatum
Eunotia, sPp.
Fragilaria, sPp.
F. construens
F. construens var. pumilIa
F. construe~s var. venten
F. vancheriae
Gornphonena spp.
G. affine- ----
Q. allgustaturr~

G. clevei
G. .grunm"ii
G. ,paryulum
Melosira spp~

Navicula spp.
Nitzschia spp.
SY~1eQr a sPp.
Tabellaris fenestrata------
T. flocculosa

0.52
3.13
10.69
40.96
0.51
1.09
8.2Lf
0.73
1. 61
0.39
1.7
0.77
1.27
a
0.86
0,,58
0.80
0.17
2.15
0.02
0.01
3.62
2.22
0.39
4.66
3.63
0.78
1.73

o. 01.
0.44
11.18
27.99
0.01
0.31
18.25
0.04
] .a1
4.33
0.28
0.22
0.01
0.51
0.15
1.59
0.21
0.01
6.65
1.62
0.40
2.74
0.46
0.41
0.73
16.43
0.69
1.86

Fi L IN u T VISI N 0 N u
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Table 8. Number of stations Vlhere 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.

~Month
1976 ksl 1977

Taxa l'fY JY A E-S l-J -JY A

Achnantpes l' - . 1 2 4 3 5 1 0 1_lne,q r].s
1L. linearis v. 12usi lla 9 3 Lf 0 0 0 5 5
~ -L1nceolrrt.a 0 0 3 0 1 0 0 0
A.. ~1liDJ1 ..ti.~i.D:lE. 8 0 2 2 6 4 5 3
Amp..b_ip_Leru:.a p..ell1-lCida 0 0 0 0 3 0 0 0
Anomoeoneis vitrea 1 1 3 1 3 2 0 0
GQ.ccQQ..~iE J!.la_Cf'Il 1'111 a 0 3 5 1 1 0 2 8
Cyclotella spp. 1 0 0 0 4 0 0 0
c;.;~lla spp. 6 2 1 1 2 3 1 1
IlJ-at.oma_ ~~nue v. elongatum 2 0 0 0 0 9 0 0
Eunotia spp, 3 3 4 0 0 0 0 2
Frag i1...a1'ia ~0Il:..s t ruens_ 3 1 2 0 2 0 0 0
F. construens v. pumila 0 1 0 0 0 0 1 0
f.... construens v. venter 1 1 2 0 2 0 0 0
F. vaucheriae 2 0 2 1 2 2 3 1
Fragilaria spp. 1 0 0 0 4 0 0 0
G0l11Bll 0 nema spp. 2 1 1 2 1 0 0 0
G. angl1statum 5 1 1 0 1 1 3 2
G. clevei 0 0 0 1 0 0 4 2-----
G. gUl1O\vii 0 0 0 0 0 0 1 1
G. par\~ulum 6 1 1 0 6 0 3 3
G. affine 1 0 0 0 0 0 0 0
Helosira spp. 0 3 2 1 4 0 1 1
Navicula spp. 3 0 1 3 8 0 1 0
Ni t z schiel spp. 0 0 2 3 12 0 1 1
.§..ynedra spp. 6 0 3 1 6 9 2 0
TaheLlari.~_ fene:=;tra~~~ 4 0 0 1 1 1 -2 0
I... tJ.o~~ulosa 5 1 1 1 0 3 2 0

D U ,J Iv'j A J lSI N D hI
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Table 9. Species diversity (Ip1i 2 ) of diatom
communities colonizing glass slides at primary
and secondary stations.

Site M A L-S x M L-JY A x

P-1 1.4 2.2 3.0 2.2 1.9 3.3 5.0 3.4

BB-·1 Lf • 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

S1,-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 Lf • 9

K-2 5.5 1.4 7.5 4.8 1.04 1.01 1.0

F-1 10.1 7.4 5.0 705

KC-1 9.98 8.0 6.1 8.0

SL-1 1.27 2 0[~3 1.62 1.8 1.45 3.31 3.29 2.7

E-1 2.19 7.4 1.76 3.8 2.0 2. [1 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. [,- 2.2 2.8

K-1 2.50 4.79 5.3 4.2 2.,97 7.52 5.3

K-8 4. LJ,9 6.04 2.92 4.5 2.86 1.51 5.08 3.2

----------=.<,
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Table 10.- SpeCi:s'diversity (l:~i2) of qualita tive diatom
samples col~e~ted in 1977.

Site Ap/Hy A

BC-l 2.32 5.73
BI-1 6.97 8.12
C4-1 8.-49 6.30
D-l 11.62 9.35
D-2 16.37 15.12
D-3 8.1 Lf

DC-I 4.36
E-l 11.04 4.41
E-2 28.36 8.72
F-1 10.06 11.44
I-I 19.98 6.31
K--] 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-l 3.29 9.24
KC-2 2.40 5.31
LJ--1 19.7
LI-2 5.97
LI-3 6.84
N-1 3.38
t-TR-l 8.75
NH-1 5.40 20.42
P--l 4.01 6.07
P-2 9.58 4.25
P-3 2.46 12.75
P·-4 11./f 3 2.71
P~,5 10.7 13.79
SC-l 6.42 16.12
SE-l 11.25
SE-2 12.67 14.42
SG-~ I 5.99
SH--l 5.37 12.34
SL-1 5.03 7.82
SL--2 19.21 5',59
SP-l 7.17
SR-l 5.78
SR--2 10.81 4.56
SR-3 16.49 7.10
SIZ--4 9 31 50
SR-S 9.67 5.86
1'--1 6.96 13.23

LI I
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Tab Ie 11. Hean anI~uaIi, chlorophyll ~ and cells /mm2

determined from samples collected on glass
slide artificial substrates.

x x
Sites Chlorophyll a cells/mm2

BB-l 3.97 1109

KC-l 2.70 385

F-l 4.21 388

P-5 5.59 1819

BI-l 6.03 3784

D-l 4.34 1225

SL-~3 6.27 1104

K-2 8.13 1148

P-l 8.93 1923

P-2 12.66 2179

SL-l 5.29 2290

SR·· 3 3.09 2095

K-1 7.15 3669

K--5 4.86 2128

K-8 6.69 1496
------------

*mean of samples collec ted in 1'1ay" mid-Augis t, and
late September, 1976.

I I T .IFf~ 1\/1 \fISl N D T U
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Table 12. Median water quality data
averaged by stream order.

Stream Specific Total Total
Order Conduct ( mhol/l) p ( g / Hl) N (mg/l)pH Alk. (mg/l) Ca(mg/l) Turb (NTU)

1* 18.5 90 2215 6.7 55 1L~.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 50.8 18.8 612/5 6.9 18.8 6.2 1.9

II () \11 n
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"
Table 13. Acidophtlous diatom taxa

found in the Study Area. 1

Achnanthes flexella
Cyclotella bodanica
.f. glomera ta
Eun~i~ spp.
Frustulia rhomboides-----
Gomphonem~ subtile
Melosira distans
Navicula seminula val'. hustedtii
Stauroneis .9ncep~_

Sten terobia intermedia
Syneclra nana
S. tenero.- _.~-----

Tabellaria fenestrata
T. flocculosa

1 Based on Lowe (1974)

T ~r' N
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Table 14. Correlation coefficientslfor comparisons
between strea~ order and mean percent relative
abundance of acidophilous diatoms.

Stream order vs. acidophilous diatoms.

Period 1 (Quant.) -.8

Period 1 (Qual.) -1.0

Period 4 (Quante) -.8

Period 6 (Quant.) -.8

Period 8 (Qual. ) -.5

Period 13 (Qual.) -.8

lSpearmans rank correlation test.

I ! 1111 , j I!
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Table 15. Hean annual ;', percent relative abundance
of dominant diatom taxa averaged by stream
order. Samples collected from glass slide
artificial substrates in 1976.

2nd
STREAJ:vl GlIDER

3rd 4th 5th

Achnanthes lanceolata--------
,."A. linearis

A. ~inearis v. pusilla
A. minutissima
Amphipleur~ pellucide
Anomoeoneis vitrea----------
Cocconeis lacentula'----
Cyclotella. spp.
~clla spp.
Diatoma tenue v. elongatum
Eunotia spp.
Fragi1aria sp p.
F. construens
F. construens v. pumilIa
F. construens v. venta
F. vaucheriae
Gomphonema spp.
G. affine
G. angus tatum
G. c1evei
G. gruno\\1ii
.Q.. parvulum
Melosir~ spp.
Navicula sp p.
Nitzschia spp.
Synedra sp p.
Tabellaria fenestrata------
T. f1occulosa

1.1
2.25
4.04
37.65
0.31
1.74
0.03
1.23
2.0
0.38
4.1
1.24·
3.41
o
1.54
1.15
0.36
o
1.4
o
0.03
1.5
5.38
2.84
4.33
13. 7 l+

1.71
7.11

0.17
2.13
14 "II
39.76
1.22
1.08
2.56
1.47
1.44
0.14
1.51
1.01
1. Lf2
o
1 .. 78
0.43
0.74
o
3.65
o
o
1.53
1.51
4.09
8.34
3.38
o,Ll-8

0.95---

0.61
5 .. 66
5.56
50.31
0.38
1.15
13.85
0.37
1.69
0.07
1.28
0.855
0.45
o
0.30
0 .. 37
1.40
0.05
0.77
o
o
2.35
0.53
2. 19
3 .. 70
2.73
0.11
0.32

0.29
0.73
25.67
24,,41
0.02
0.28
14 .71
0.11
0.55
0.75
0.38
0.08
0.25
o
0.03
0.78
0.22
0.85
4.03
o
o
11.52
3.86
0.58
1.41
4.25
1.68
0.15

* Mean of sampling periods May, August and late September, 1976.



Page 69
Table 16. Percent frequency of occurrence of diatoms by stream order in April, 1977.

Taxa included have a 50% frequency of occurrence in any stream order.

STREAM ORDER

J

Achn~nthes linearis

A. linearis var. pusilla

A. linearis var. curta

A. marginu1ata

A. minutissima

Anomoeoneis serians var.
brachysira

A. vitrea

Cocconeis placentula

Cyclotella spp.

Cymbella spp.

Diatoma tenue var.
elonga.tUm

Eunotia spp.

E. curvata

E. diodon

E. elegans

E. incisa

E. pectinclis var. minor

E. praerupta var. inflata

Fragilaria spp.

Fragilaria capucina

F. constricta

F. construens

~. construens var.
pumilIa

F. construens var.
venteJ:

F. pinnata

F. vancheria

F. viresens

Frustula rhomboides

Gomphonema spp.

G. angus tatum

G. clevei

G. gruno,vii

G. parvulum

Nelosira spp.

Meridian circulare

Navicula spp.
----
Nitzschia spp.

Pinnularia spp.

Synedra spp.

Tabellaria fenestrata

T. flocculosa

1st

50

50

50

a
100

25

25

100

25

75

25

75

50

50

50

50

50

50

25

a
50.

50

50

50

o
a

25

50

75

50

a
a

75

75

75

75

75

75

100

100

100

2nd

83

83

17

83

100

50

67

33

83

83

17

83

83

a
a

17

17

50

50

17

33

50

83

50

17

a
50

100

17

17

67

100

67

83

83

33

100

83

100

3rd

100

75

42

58

100

33

75

42

42

83

25

50

58

a
a

25

33

25

75

33

a
42

83

67

58

42

33

42

58

75

25

8

50

100

25

100

92

75

100

75

92

4th

71

71

14

43

100

28

71

57

28

100

57

14

28

a
a

14

14

28

57

28

a
28

86

71

43

86

28

14

14

71

57

14

86

57

43

86

100

28

100

57

86

5th

100

80

40

20

100

20

60

20

60

100

100

20

a
a
a

20

a
a

80

80

a
a

20

40

40

100

60

a
a

80

a
80

80

100

a
100

100

a
100

100

80

PF<ELlM1NAF\Y DRAFT SUB.JECT TO MAJOR REVISION DO NOT OUOTE:
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Table 17. Frequency of occurrence of diatolns by stream order in August, 1977.

Taxa in~luded have 50% frequency of occurrence in any stream order.

Achnanthes flexella

Achnanthes lanceolata var.
dubia

Aclmanthes linearis

A. linearis var. pusilla

A. linearis var. curta

A. m;uginulata

A. minutissima

Amphora ovalis

Anomoeoneis vitrea

~1omoeoneis serians var.
---b~sira

Asterionelia formosa

Cocconeis piacentuia

Cyciotelia meneghiniana

CycIote11a spp.

Cymbe1Ia spp.

Eunotia spp.

E. curvata

E. pectinalis

E. pectinalis var. minor

Fragilaria construens

F. construens var. pUJniIla

F. construens var. venter

F. pinnata

F. vancheria

Frustulia rhomboides

Gomphonema angus tatum

G. clevei

~ parvulum

~lelosira spp.

Meridian circulare---------

Na~icula spp.

Nitzschia spp.

Pinnularia spp.

Synedra spp.

TaheJlaria fenestrata-----

T. f locculosa

1st

a

a
100

100

50

100

100

17

50

35

a
50

33

83

100

100

67

50

67

17

83

83

100

17

67

67

50

67

100

67

100

100

83

100

83

100

2nd

22

22

77

89

33

56

100

11

56

33

o
56

33

78

100

78

44

33

44

44

89

100

100

56

33

78

67

78

89

67

89

100

47

89

67

100

STREAN ORDER
3rd

33

60

93

87

60

53

100

20

73

47

o
73

40

87

100

93

80

27

33

53

93

93

100

39

20

67

47

80

100

7

100

100

87

100

80

100

4th

25

o
100

88

13

25

100

63

50

63

13

50

50

38

100

87

38

a
13

25

87

87

100

97

a
60

50

87

100

13

100

100

38

100

38

75

5th

60

60

100

80

50

20

100

40

80

60

60

80

20

80

100

60

80

20

o
20

100

80

60

100

40

80

60

80

100

o
100

100

20

100

100

100

Pf-IELlMlf\l/\RY DFU\FT SUBJECT '1'0 MA,IOR 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.

PR LlI'vi N/\FiY DF1AF"T U J T T
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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
C~O\'}l'

(Sec STHi-:gt
~~_r_e_l_6_)_OC<_'O_I:_R Il..'.ll\~~"' _

COl\¥Qon

3

4

5

6

7

8

All

1 &. 2

2 <'I. 3

3,4,5

4

1,2,3

44.5

Achn,1nthes 1inenr1s
7:... ll·~-;;rl s-~ar. Pt; 5 i 118

~. U1inus-!cs_~~n1.:1

Anomacnc i 5 vi trea
Cymb~Q.~---;pp: -
fra~ilari~ construens var. ~illa
F. con5t~cn5 v;~~nterI . .2InrLl !;.'!.. ---

G01:l.phon~<:!. parvulurn
~~spp.

Navicula spp.
Helosira spp.
~.1!,edr~ spp.
Tilbell~riB floceulosa
i~~t-;ata

Ach~ marginulata
~~ pectinJlis
frustllll~ rhc~~oides

Gomph~n,c-nCl ..i1...m;ustat;~
~feridion eit-culare

A. linearis val'. curta
Coceone~ J2.laecntula var. lincata
Eunotia pecti~alis var. minor
Gomphon~~ a~~tur:l --
Q.. gracile

Amphora ovaHs
FragilarT;-vauc heria
Gompho-~~;~~~

A. laneeolata val'. dubia
Ach~-;:;:the"s m:Irgil1~lat;.~
f.pcco...~~ .pl_!!cen!;'y~ var. l.!..tleata
F. cc.l1strUCI1Sr. ~tost~uron var. dubia
Fragl.l~;-vall~he.ria-
Gompi~o-;;';'~~~um

~.~~~
A. flexella
!;;,Jpho;;- ov~lis
£ul10tl~ £u_r~;ta

Ac.:.b.n<lth..£.fc l1nC';)ili v~r• .c1c:,'el
( ~~oq~e~~i~ ~trc~)

fo~c.2.np.~ £~3s:~_~~uTa val' • .li.~~
£y£lot-'U_1..~ l:1.£'l..J;hi!..'....i.3!0..
FI::il..& i} .1r 1.1 can ~ tru(~ns

Ira...EJJ...~u:"i; l~~c~t-:~l:on var. du~
g_~hon..£..~ Z"l L.,7{';.-t---

1; Absent from thill group

p LI I\F~Y DH F u T 'I' R Fi v N 0 T T
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Table 20. Compari~on of productivity and diversity
at impacted and unimpacted sites in the Study
Area. Data from 1976 sampling season.

Impacted
I

(range) Unimpacted 2 (range)Sites Sites

Mean total cells Ut/mm 2 ) 1673 (1109-2290) 1909 (385-3669)

Mean chlorophyll ~ Cmg/mm2) 5.62 (3.9-12.9) 6.18 (2.7-12.7)

.t>lean diversity 2.74 (1.8-3.9) 5.02 (2.3-6.3)

Hean number of species 59.8 (34-68) 49.4 (35-68)

I p _ 1 , SL~I, D-I, P-5, BE-I.

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

If\/1 N !=<V n T tIR.!F: 1" ·rC) r~~ .Ion F~EVI~:~! N D I''-J T U
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Table 21. Comparison of productivity and diversity
at F-1, KC-I, and BB-1
Data from 1976 sampling season.

F-1 KC-1 BB-1

Mean cells/mm2 380 385 11.09

.. ....)'fean chlorophyll a (mg/mm2) 4.21 2.70 3.97-

Hean diversity ~[ii2) 7.5 8.0 3.9

Number of species 49 57 4.9

DFL4 T SU .1 CT J n nEVi N D N
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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 INca eArploration site. Samples col~ected July 5, 1977
from glass slides.

=~TION
TAXA -___

Achnanthes cleve!

A. linearis

A. linearis v. curta

A. marginulata

A. roinutissima

A. sp.

Arnphipleura pellucida

Anomoneis vitrea

Cocconeis placentula v. lineata

Cymbella minuta

Diatoma tenue v. elongatum

Eunotia arcus

E. curvata

E. curvata v. capitata

E. diodon

E. elegans

E. fallax

E. flexuosa

E naegelii

E. parallela

E pectinalis

E pectinalis v. minor

E praeminor

E praerupta

E praerupta v. bidens

E praerupta v. inflata

E rostellata

E septentrionalis

Esp.

E tenella

E vanheurckii

Fragilaria.construens v. pumila

F pinnata

F sp.

F. vaucheria

c

<1

2

<1

<1

30

<1

o
<1

< 1

1

2

<1

3

o
2

-0

1

<1

5

o
<1

<1

o
<1

<1

<1

<1

<1

7

<1

o
<1

<1

<1

<1

AR

o
<1

o
o
4

o
<1

o
o

<1

o
o
9

3

o
<4

<4

7

9

<1

<1

8

<1

<1

o
<1

o
o
6

6

, < 1

o
o
o
o

BR

o
2

o
o
3

o
o
o
o
o
o
o

13

<1

o
o
o
7

23

o
o
3

o
o
o

<1

<1

o
14

2

o
o
o
o

<1

r=, 1.. 1 li\l ny DR T U .J A.J Fi n V I SIN D T
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Table 22. continued

-==== STATION
TAXA C AR BR-
Frustulia rhornboides 1 2 2

Gornphonema angustatum 1 <1 0

G. clevei <1 0 <1

G. gracile t+ 0 0

G. grunouii 2 0 <1

G. parvulum 2 <1 <1

G. SPA <1 0 <1

Meridion circulare 1 <1 0

Navicula arvensis 0 <1 0

N. cocconeiformis <1 0 0

N. gysingensis <1 0 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. seminululll v. hustedti <1 <1 0

N. SPA <1 0 0

N. td.punctata <1 0 0

Neidium bisulcatum <1 <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

N. sp. 0 <1 <1

N. sublinearis <1 <1 0

Pinnularia abaujensis 0 <1 0

P. subcapitata v. paucistriata <1 0 0

P. sp. 0 <1 0

11
• substornatophora 0 0 <1

Surirella sp. 0 '< 1 0

1\

v n II J \11 i () 1\1 L!
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Table 22. continued

STATION
TAXA C AR BR

Synedra amphicephala <1 <1 0

S. minuscula 2 0 0

S. radians <1 0 0

S. rumpens <1 0 <1

S. sp. <1 0 <1

S. tenera <1 0 0

S. ulna 0 <1 0

Tabellaria fenestrata <1 8 5

T. flocculosa 20 30 23

L"I I /lltd!\D\f in 0 I::) r:: \f I (~ In f\l n (l f\! n.,,, nil
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Page 79 Figure 2. Relative abundance by sampling period
of Achnanthes ndnutissima and 1\.. linearis
(including /2.. lint'dris var pusTlla) at
s ta ti on SL-l,
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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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1

Figure 6. Species diversity LPi2 and relative abundance

of Achnanth{;s minutissima at stations D-'J. and SL-1.
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Figure 7. Percent of time statioITs occurred in
clusters at the .5 level of similarity



Figure 8. Hean rela tive abundance of the Achna.fithes minutissima, !!:.. lineuris (including.6.. linearis
var pusilla), Cocconeis placentula (including~. placentula var. lineata), Tabellaria flocculosa,
and Synedra spp. at primary and secondary stations in 1976. Stations are ordered according
to the abundance of A. minutissima.
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Figure 9. Mean relative abundance of the taxa Achnanthes minutissima, A. linearis (including A. linearis'
var. pusilla) , Cocconeis placentula (including f. placentula-var. lineata), and Syn;dra spp.
at primary and secondary stations in 1977. Stations have been ordcqed according to the
abundance of A. minutissima. -
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Figure 10. Mean chlorophyll ~ in 1976 and 1977

averaged over all stations sampl~d

in each sampling period.
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Page 89

Figure 12. Mean chlorophyll ~ averaged over all sites

within each stream order in 1976 and 1977.
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Figure 13.

:: of

Average percent relative abundance by stream order

of acidophilous diatoms collected on glass slide

artificial substrates in 1976 and average pH by stream order
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Figure 14. Average percent relative abundance by stream order

of acidophilolis diatoms collected qualitatively in

1976 and average pH by stream ord"_e_r -..
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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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Figur~ IG . Dendrogram for diatom species collecLed qlwlLt<lLlvl'ly during August 1977.
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Figure 17. Shift in dominant species bet\veen unimpacted sites

(SR-l and KC-l) and impacted sites (SC-l and P-S)

"7i thin q th order and 2nd order s trearns.
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