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Foreword
benthic
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presents
report
This
raacroinvertebrates identified in sediment cores collected in
component
several
of
one
is
It
1987.
the St Marys River in
studies completed by the Ontario Ministry of the Environment
during the 1986-1987 MISA Pilot Site Study for the purpose of
assessing the impact of discharges from Algoma Steel
Corporation to St Marys River.
species and benthic community composition were
analyzed in relation to core depth, sample distance from
contaminant sources, and contaminant levels.

The benthic

Data and conclusions from this survey and other component
studies will be incorporated into the forthcoming St Marys
River Pilot Site Study Report.
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Executive Summary
In January, 1990, Tarandus Associates Limited was contracted by the
Ontario Ministry of the Environment to complete the identification,
enumeration, and statistical analysis of benthic invertebrate samples
collected from 5 stations in the St. Marys River in 1987. The sampling
locations consisted of A stations (155, 157, 169, and 87) downstream of
the Sault Ste. Marie locks and 1 control station (52) upstream of Algoma
Steel.

The objectives of the study were;

1)

the
and
tabulate
to
identify,
enumerate
macroinvertebrates from sediment core samples; and

2)

to

summarize and interpret the benthic data
relationships between the benthic community
environmental factors.

benthic

by examining
and various

Twenty benthic invertebrate taxa were identified at the 5 stations.
A
greater number of taxa were found at the downstream stations than at the
upstream station. Six invertebrate species collected in this survey were
not found in previous benthic surveys of the St. Marys River (McKee zi.
ai.,1984; Burt
al., 1988). These species were the naidids P/iUtinella
jankinae., P^U^tine^tia acwrUnata, Ve.jd.ou^kjjzJiJia -uxtejuiiejdJja and A/icte-oruLLi
lomondl, and the tubificids LimnodAjJju.^ p/ioprndLicota, and I^ochaziude^

^

upstream
station
was
dominated
such
by
chironomids
as
sp., PcuLachlA-onoma^ sp., and the Tanytarsini.
The
downstream stations 155 and 169 were characterized by large numbers of
naidid oligochaetes, whereas stations 157 and 87 were dominated by
tubificid oligochaetes. The large numbers of oligochaetes observed at
the downstream stations suggests organically enriched conditions at these
locations.
The

Cjiyptoch-i/ioaomu/i

Benthic invertebrate abundance generally decreased with increasing
sediment depth at all stations, with the exception of station 87 where
total abundance peaked in the middle of the core.
Statistically
significant negative correlations were found between total abundance and
core depth at stations 52, 155, and 157.

Benthic invertebrate diversity (Shannon-Weaver Index) ranged from a high
Diversities were
of 2.91 at station 155 to a low of 2.17 at station 87.
significantly greater at stations 155, 157, and 169 than at stations 52
Diversity also varied considerably with core depth at all
and 87.
stations, but generally decreased with increasing depth. The exception
was station 87, where diversity was highest at the mid-core depth.

Discriminant analysis of the stations based on the communities revealed
by cluster analysis indicated that the downstream communities were
associated with sediments with high concentrations of metals, PAHs,
In contrast, the upstream station 52
phosphorus, and organic carbon.
occurred in sediments with relatively low concentrations of these
Station 169 was
parameters and higher levels of Kjeldahl nitrogen.
characterized by sediments with higher levels of some PAHs, including
dibenzo(a,h)anthracene and benzo(g,h,i)perylene, as well as a higher pH.
Various sediment parameters were significantly correlated with total
benthic invertebrate abundance at some stations.
Total abundance at
station 52 was positively correlated with nutrient/organic parameters
such as phosphorus, organic carbon and loss on ignition, as well as
cadmium, lead, zinc, and some PAHs.
Invertebrate abundance at station
155 correlated with sediment metals such as magnesium, manganese, nickel,
and lead.
Total abundance correlated negatively with lead and several
PAHs at station 157.
In contrast, few significant correlations were
found between sediment parameters and total invertebrate abundance at
stations 169 and 87.

Mantel's test showed no significant relationship between inter-site
distances based on the principal components analysis of the benthic
invertebrate community and the discriminant analysis of the sediment
chemistry data. Consequently, the benthic community ordination does not
significantly correlate with the sediment chemistry pattern.
In all
likelihood the benthos reflects particle size (data unavailable) rather
than sediment chemistry.
summary, it was found that the downstream benthic invertebrate
communities are characterized by species which are relatively tolerant
of environmentally degraded conditions. The sediments at the downstream
stations generally had high levels of metals, PAHs, phosphorus, and
organic carbon.
In contrast,
the upstream station 52, although
exhibiting
a
lower
invertebrate abundance
taxa,
fewer
is
and
characterized by pollution-intolerant invertebrate species.
Sediments
at this station had low levels of metals, PAHs, phosphorus, and organic
carbon.
In

Sommaire
En Janvier 1990, Tarandus Associates Limited a e'te' engage' par le
1 'Ontario
comple'ter
de
afin
de
I'environnement
de
Ministere
1' identification, 1 'e'numeration et 1' analyse statistique des e'chantillons
d'invertebres benthiques recueillient dans cinq stations de la riviere
St-Marie en 1987. Quatres stations (155,157,169 et 87) ont ete localise'
en aval de I'e'cluse de Sault St-Marie et une station controle (52) en
amont de I'Algoma Steel.

Les objectifs de I'etude sont:
1)

2)

enumerer et classifier les macro-invertebre's
identifier
benthiques des echantillons de se'diments; et
,

resumer et interpreter les donne'es benthiques en verifiant la
relation entre les communaute's benthiques et les divers
facteurs environnementaux.

Vingt taxa d'inverte'rbre's benthiques ont e'te' identifie dans les cinq
stations. Un norabre plus eleve' de taxa ont ete' recueilli dans les
stations en aval plutot que dans les stations en amont. Six especes
d'invertebre's identifie's dans cette e'tude n'ont pas ete' recueilli dans
les etudes benthiques ante'rieures de la riviere St-Marie (McKee at at,.
1984; Burt et al,. 1988). Ces especes sont les naidids P/iLi>tineJiia
jankJjxae., P/vLiiUnelAa aoMrUnata, VcjcLov^kyeMa ini^AmexLia et AA.cte.oncu.-!>
lomondl, et les tubicifids LimnocUilu^ p/iopmdu.cola, et l-f>ochaeJJjie^
pie.yl.

tel
le
chironomides
les
domine'e
par
est
sp., PaAach-LA.on.omLU> sp., et les Tanytarsinis. Les
stations 155 et 169 en aval sont caracterisees par un nombre eleve de
naidid oligochaete, tandis que les stations 157 et 87 sont domine'es par
les tubicifides oligochaetes. Le nombre eleve' d'oligochaetes observe' dans
les stations en aval indique des conditions riches en matiere organique.
La

station

en

amont

CyiyptochlA.oriomu^

L'abondance d'invertebre' benthique ge'ne'ralleraent decroit avec une
augmentation de I'e'paisseur des se'diments et ce dans toutes les stations,
dans le
a I'excSption de la station 87 laquelle indique une abondance
centre de la carotte d 'e'chantillonnage recueilli. Une correlation
negative significative a ete' observe' entre l'abondance total et
I'epaisseur de la carotte pour les stations 52, 155 et 157. La diversite
d'invertebre' benthique (Shannon-Weaver Index) varie de 2.91 a 2.17 pour
la station 155 et 87 respectivement. La diversite' a ete' signif icativement
plus eleve' aux stations 155, 157 et 169 qu'aux stations 52 et 87. Aussi,
la diversite' varie considerablement avec I'e'paisseur de I'e'chantillon
pour chacune des stations, mais
generallement diminue avec une
augmentation de I'e'paisseur. Par contre, la station 87 de'montre une

diversite plus eleve
d'echantillonnage.

a

la

moitie

de

I'e'paisseur

de

la

carotte

analyse discriminatoire des stations base sur les comraunaute's
entre les
identifie'es par une analyse de classe de'montre une association
me'tals, en
communaute's en aval et les se'diments a forte concentration en
sediments de
HPA, en phosphore et en carbone organique. Par ailleur, les
de c'est dit
la station 52 ne contiennent que de faible concentration
station 169
kjeldahl.
azote
compose mais, contient un taux eleve en
dibenzo
est caracterise'e par des se'diments plus eleve en HAP, incluants
plus eleve'.
(a.h) anthracene et benzo (g,h,i) pe'rylene, ainsi qu'un pH

Une

U

parametres
Une corre'lation significative a ete de'montre entre divers
quelques
se'dimentaires et I'abondance total d'invertebre's benthiques pour
positivement
une des stations. L'abondance total a la station 52 correle
le carbone
avec les parametres nutriments/ organiques tel le phosphore,
organique et la perte de combustion et, le cadmium, le plomb,le zinc et
quelques HAP. L'abondance d'invertebre's a la station 155 correle avec les
metaux tel le magnesium, le manganese, le nickel et le plomb contenu dans
et le
le sediments. Une correlation ne'gative entre I'abondance total
contre, une
plorab et, plusieurs HAP a la station 157 a ete' observe'. Par
faible correlation a ete' observe' entre les parametres sedimentaires et
I'abondance total d'invertebre' a la station 169 et 87.
Le test de Mandel n'a de'montre' aucune relation significative entre la
distance separant les sites et 1' analyse discriminatoire de la
composition chimique des sediments et ce base' sur 1' analyse des
consequent,
Par
communaute' benthique.
principaux compose' de la
1' organisation des communaute's benthique ne de'montre aucune correlation
toute
1
Selon
sediments.
'organisation chimique des
significative avec
probabilite', le benthos est associe' a la grosseur des particules (donne'es
non-disponibles) plutot que la composition chimique des se'diments.
deraontre' que les communaute's d'invertebre's benthiques
caracterise'es par des especes qui sont relativement
environnementales. Les
de'gradation des conditions
la
tole'rantes a
se'diments des stations en amont en ge'ne'ral, ont un taux eleve' de me'tals,
de HAP, de phosphore et de carbon organic. Par contre, la station 52 en
aval, en plus de de'montrer une faible abondance en invertebre' et taxa,
cette station est caracterise'e par des especes d'invertebre's intole'rantes
a la pollution. Les sediments de cette station ont un faible taux en

En re'sume, il a
en amont sont

e'te'

metals, HAP, phophore et carbon organique.
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Introduction
In January, 1990, Tarandus Associates Limited was contracted
by the Ontario Ministry of the Environment (MOE) to complete
the identification, enumeration, and statistical analysis of
benthic invertebrate samples collected at five stations in
the St. Marys River in 1987 (Figure 1).

The objectives of the study were:

1)

benthic
tabulate
and
enumerate
identify,
to
macroinvertebrates in sediment core samples from each

2)

to

station; and

summarize and interpret the benthic data and
examine relationships between the benthic community
and various environmental factors.

The benthic invertebrate community of the St. Marys River
has been well documented (Veal, 1968; Hamdy et al .. 1978;
Veal (1968) found
1988).
McKee et al .. 1984; Burt et al
in a 1967 survey that the benthic community was severely
waterfront due
Ontario
Marie,
Ste.
impaired along the Sault
to industrial and municipal discharges to the St. Marys
River.
Several toxic contaminants were identified in the
sediments, including oils, phenols, cyanide and naphthalene.
The impacted benthic community extended along the Canadian
shoreline for at least A km downstream of the major
.

,

industrial discharges.
Results of a 1973 survey (Hamdy et al .,1978) confirmed the
findings of Veal (1968). The macr oinvertebrate community in
the St. Marys River was altered downstream of the discharges
from the steel and paper mills. High concentrations of iron,
zinc, cyanide, oils, and phenols were observed in the
sediments below the steel plant main trunk sewer outfall and
the paper mill outfall.
Further

benthic

surveys

in

1983

and

1985

by

McKee

jet

aJ^.(198A) and Burt et al . ( 1988) reported benthic communities
and zones of impairment similar to those described above.

Study Methods

Sediment Core Collection
i" the St
Sediment cores were collected at five stations
between the 2ist
Marvs River by Tarandus Associates Limited
At each station, a diver
and the 24th of September. 1987.
substrate
the
of
reconnaissance
initial
an
completed
Cores were
conditions to locate areas suitable for coring.
Where
generally taken from areas with silty sediments.
cores, each
suitable sediments were found, three replicate
The plastic core tubes
6.8 cm in diameter, were collected.
taken to the
were capped underwater by the diver and then
The length of
surface for sectioning by MOE representatives.
core collected varied between stations.

at 2 cm
The top 20 cm of each sediment core was sectioned
from each
increments. One-quarter of each 2 cm-thick section
washed through
of the three replicate cores were composited,
transferred to a sample jar.
a 500 um sieve and the filtrate
Ihe
All samples were preserved with buffered 5% formalin.
remaining three-quarters of each core section was combined
for
with its replicates and homogenized in preparation
All chemical analyses
subsequent chemical analyses by MOE.
were conducted according to documented methods (MOE, 1983).

Invertebrate Identification and Enumeration
benthic macroinvertebrate samples were
50
of
total
Each sample was manually
examined, 10 for each station.
washed, picked, and sorted to separate all organisms from
picked in their entirety
were
associated debris. All samples
processed with the use of a stereomicroscope at
and
magnifications ranging from 15X to 300X. Organisms found in
each sample were sorted into similar taxonomic groups and
subsequent
for
vials
labelled
separate
in
placed
identification
A

.

benthic invertebrates were identified to the lowest
practical taxonomic level by Dr. Richard Vineyard of the
to
Prior
Ontario.
Toronto,
Museum,
Ontario
Royal
identification, tubificids and chironimids were cleared and
mounted on labelled microscope slides with the use of Canada
some
of
forms
In
cases where the immature
balsam.
species,
to
identification
prevented
invertebrates
genus.
of
level
classification was usually completed to the

All

sorted invertebrate samples were provided on labelled
In addition, a reference collection was
slides to MOE.
prepared for use in confirming identifications and to ensure
the repeatability of the benthic invertebrate classification
Slides were labelled with the species
in future studies.
identification, date, station, and core depth.

All

All species counts were tabulated by station and core depth
abundance counts
to
and
also converted
(Appendix
II)
(number/m2) for subsequent statistical analysis (Appendix
III).

Statistical Analyses
Statistical methods were generally selected because of their
recognized utility in delineating spatial and temporal
summarize
quantitatively
variation,
ability
to
or
A brief summary of the rationale
associations and trends.
and
application, and the mathematical formula for each
analysis is presented below.

1 )

Indices

Indices are a simple method of summarizing complex data.
They are derived variables such as a ratio of one variable
divided by a standard variable. When applied to invertebrate
data, such indices generally involve ratios of numbers of
taxa and numbers of individuals in the collected samples.
These indices have interpretive value as data summaries.
i)

Shannon-Weaver (or Shannon-Weiner

)

Diversity Index (H')

Diversity is a measure of the distribution of observations
among categories (e.g. species). When applied to communities
of invertebrates,
diversity calculations incorporate the
counts of organisms within each taxonoraic group.
low
A
diversity is the result of a concentration of invertebrates
in
few
categories;
and
conversely,
more
uniform
a
distribution of organisms among all categories results in a
high diversity. The formula for the Shannon-Weaver diversity
index, H'

is:

N

H'

N

.

.

1--T

=

i=l

...

loi

2
i=l

;here n

N

.

=

the total number of individuals in the
sample

=

the number of individuals in the "i"th

sample
ii) Tests for Differences between Diversity Indices

Shannon-Weaver diversity indices calculated for each
station were tested to resolve the null hypothesis: that the
The equations used
diversities at each station are equal.
in this test (Zar, 1984) are presented below:

The

H\
H'l

where

-

H'

_ H«2

S2

J

+

s2

The variance of H' may be calculated as follows:

Vf

V
where

s

=

f ^=

n

=

log

1

2 f

.

-

(Vf

^

log

f

^)

2/„

=

the standard deviation of the sample
the number of observations in category "i'
the sample size

The degrees of freedom (DF) associated with the above t-test
can be estimated by:

(s

„.!

+

(s H'i)2 +

2

s

H.2)

(s

iv) Coefficient of Community

The

H'2)'

(CC)

coefficient of community is a measure of community
association defined as the number of species shared by two
samples expressed as a percentage.
Although CC tends to
over-value (or emphasize) rarer species, this weakness is
compensated by comparing results from CC with those from
another measure, the Percentage Similarity of Community
(PSc), described later.
Both CC and PSc can be evaluated
further with the use of cluster analysis.

CC

a + b-c

.

100

where

v)

a

=

the number of species in the first sample

b

=

the number of species in the second sample

c

=

the

number
samples

species

of

occurring

in

both

Percentage Similarity of Community (PSc)

Percentage Similarity of Community is a measure of community
association that includes the relative abundance of each
PSc neglects (or de-emphasizes) the rarer species
species.
that CC over-values, and for this reason PSC and CC are
In combination, these techniques
usually used together.
reveal whether the similarity between, samples is due to the
sharing of most species or to the occurrence of the species
in approximately the same proportion (Johnson and Brinkhurst,
Following is the formula used to determine PSc:
1971).
PSc = 100 - 0.5
=

where

2)

\

min (a

VU'
'

,

b

-

b'

'

and b' are the respective percentages of
the total number of invertebrates in each
of samples A and B for each species.

a'

Cluster Analysis

Benthic invertebrate communities were defined using cluster
analysis, which reduces the species abundance data to a
The
resultant groups or clusters
graphical summary.
characterize relatively homogeneous species assemblages
(Green, 1979).
The significance of the group separation
relative to environmental variables can be evaluated by
multiple discriminant analysis, which is discussed on the
following page.
In order to confirm the robust nature of the results,

cluster analysis techniques were used, including:
i)

Minimum Variance Clustering (Ward's Method)

ii) Group Average Clustering
ill) Centroid Clustering

several

Cluster analysis was completed on abundance data, presence/
coefficients using two
CC
PSc
and
and
absence data,
and
(Wilkinson,
1988)
SYSTAT
packages:
statistical
Reynolds,
(Ludwig
and
1988).
Ecology
Statistical
Some problems may be encountered in the use of cluster
analysis, including: (i) the subjective choice of clustering
method and similarity measure will affect the outcome; and
(ii), clusters may be produced when they do not exist
(Jackson et al
1989). The patterns revealed by the cluster
analyses were confirmed with the use of Principal Components
Analysis (PGA).
.

3)

,

Principal Components Analysis

Principal components analysis (PCA) was used to analyze the
benthic invertebrate data and to verify station groupings
PCA is a technique for
defined by the cluster analysis.
deriving linear combinations of the original variables,
called principal components, that are orthogonal to one
another, and that successively account for the largest
portion of the residual sample variance (Rogers, 1971). This
method, as with most multivariate statistics that reduce the
dimensionality of multivariate observations, is used to
generate a smaller number of variables that summarize most
of the information contained in the original variables.
The "factor loadings" produced during principal components
analysis are the correlation coefficients between each
original variable and each principal component.
Since
species abundance data rarely conforms with the linearity
assumptions associated with the use of correlations and
covariances in PCA (Ludwig and Reynolds, 1988), we chose to
use rank correlations in the PCA's (Rising and Somers, 1989).
The data were ranked prior to completing the PCA, and the
first two or three factors were graphed for presentation in
this report
.

The PCA's were calculated using SYSTAT computer software and
presented graphically using the SYGRAPH computer package
(Wilkinson, 1988).

4)

Discriminant Analysis

Discriminant analysis was used to contrast the defined
benthic communities with the measured sediment parameters
and to examine the communities with respect to environmental
multivariate
a
is
analysis
Discriminant
conditions.
technique used to distinguish groupings (e.g. communities)
(e.g.
descriptors
quantitative
of
on the basis of a series
The resultant discriminant axes are
sediment chemistry)..
discriminant functions or linear combinations of the sediment
chemical variables that maximize differences between the
Each axis is interpreted with
groups of communities.
discriminant
the
between
(r)
coefficients
correlation
functions and the original sediment parameters.
Thirty-one sediment variables were used to discriminate
between the benthic communities (Table 1). Grain (particle)
size data were extremely limited and therefore could not be
used in the analysis.
Table

1

METALS

analysis.
discriminant
used
in
Parameters
Sediment
Associated abbreviations are given in brackets.

ORGANICS

NUTRIENTS

Total Keldahl
Chromium(Cr) Acenaphthene (ACNE)
Nitrogen (TKN)
Acenaphthylene (ACNY)
Lead(Pb)
Loss on
Zinc(Zn)
Anthracene (ANTH)
Ignition (LOI)
Benzo(a)anthracene (BAA)
Cadmium(Cd)
Total
Benzo(a)pyrene (BAP)
Iron(Fe)
Phosphorus (TP)
Manganese(Mn) Benzo(b)fluorene (BBF)
Benzo(k)fluoranthene (BKF) Total Organic
Nickel(Ni)
Carbon (TOC)
Magnesium(Mg) Chrysene (CHRY)
Dibenzo(a,h)anthracene (DAHA)
Fluoranthene (FLAN)
Fluorene (FLUO)
Benzo(g,h,i)perylene (CHIP)
Indeno(l,2,3-cd)pyrene (INP)
Naphthalene (NAPH)
Phenanthrene (PHEN)
Pyrene (PYR)

OTHERS
pH

Moisture
Oil&Grease
(SOLEXT)

All variables were logarithmically transformed prior to use
The three missing data values for
in discriminant analysis.
pH at station 52, and the two missing values for TP and TKN
at station 155 were replaced by the station mean values of

these parameters.

benthic
on
the
was
completed
analysis
Discriminant
communities defined by the cluster analysis, as well as on
was
analysis
Discriminant
individual sampling stations.
Double precision
conducted using SYSTAT computer software.
was used during the analysis, as discriminant analysis is
particularly sensitive to rounding errors (Green, 1979),

5)

Correlation Analysis

Correlation analysis measures the degree that variables vary
together, or the intensity of association (Steel and Torrie,
The correlation coefficient (r) is a measure of this
1980).
Where linear correlation is small, r is near
association.
zero. In contrast, high correlation is represented by r near
+1

or -1.

Pearson's correlation coefficient is used when the data are
normally
not
normally distributed.
If
the
data are
distributed, a nonparamet r ic coefficient should be used (e.g.
Spearman's rank correlation). The use of both coefficients
presumes that a linear relationship exists between the
variables. Pearson's correlation coefficient may exaggerate
the overall importance of very large values in the data, and
it may be biased when there are many zeros in the data
(Ludwig and Reynolds, 1988).

Pearson's correlation coefficients and Spearman's rank
correlations were calculated between log-transformed total
benthic
abundances
and
log-transformed
sediment
data.
Comparisons between the two sets of coefficients were made
to evaluate the bivariate nature of the relationships between
the various parameters.

10

6) Mantel's Test

(Mantel, 1967) was used to examine the data
non-random association existing among distance
The distance matrices were based on the PCA of
matrices.
benthic invertebrates and on the discriminant analysis of
sediment-chemistry data for all stations. Mantel's test is
a randomization procedure that calculates the probability
that two distance matrices are more similar than would be
expected by chance (Jackson and Somers, 1989).

Mantel's
for

test

any

Distance matrices were calculated according to Euclidean
distances, and Mantel's test was completed with the use of
BASIC computer software (Somers, 1989).
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Results and Discussion
Species Composition and Abundance
total, 20 benthic invertebrate genera or species were
identified at the 5 sampling stations in the study area
The stations downstream of industrial and
(Appendix I).
municipal discharges had more taxa than the upstream control
station. For example, station 157 had the highest number of
More
species, whereas station 52 had the lowest (Table 2).
invertebrate taxa were found in the surface layers of the
organisms.
samples
contained
no
the
50
sixteen
of
cores, and
One adult dipteran species was also found in the top layer
of the core from station 155. This individual was considered
an artifact, given that adult diptera are never aquatic
(Pennak, 1978).
In

Six invertebrate species found in this survey were not found
in previous benthic surveys of the St. Marys River (McKee e_t
These species were the
Burt et al
1988).
aj^.,1984;
acuminata
Pristinella
Pristinella
jenkinae
naidids:
the
and
lomondi
Arcteonais
Veidovskyella
intermedia
tubificids; Limnodrilus prof undicola and Isochaetides freyi .
.

,

,

,

,

,

Table

2:

Number of taxa found at
associated core depth.

each

station and

Station

Core
Depth
(cm)

52

0-2
2-4
4-6
6-8
8-10
10-12
12-14
14-16
16-18
18-20

4

155

157

169

87

each

Core depth distributions of the various
by number/sample and number/m^ for each
in Appendix II and III respectively.
benthic invertebrate species found at
depths are summarized in Table 3 below

Table

3

:

invertebrate species,
station are presented
Total abundances of
each station for all
and in Figure 2.

Total abundance (number/m^) of species found at
all core depths at sampling stations.

STATION
Taxon or Species

52

155

157

169

87

15053

11381

9913

8077

Oligochaeta
NAIDIDAE
Pristinella jenkinae
Pristinella acuminata
Pristinella osborni
Veidovskyella intermedia
Slavina appendiculata
Stylaria lacustris
Arcteonais lomondi
Naididae (immature)

TUBIFICIDAE
Limnodrilus udekemianus
Limnodrilus prof undicola
Limnodrilus hof meisteri
Limnodrilus sp.
Quistadrilus multisetosus
Aulodrilus pluriseta
Aulodrilus piqueti
Isochaetides f reyi
Tubificidae (immature)
Diptera
CHIRONOMIDAE
Cryptochironomus sp.
Parachironomus sp.
Tanytarsini
Total

367
73A
73A

2937
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Figure

2:

Total diversity, abundance, and number of taxa
at all sampling stations.

Total Diversity

(Shannon-Weiner Index)

station

Total Abundance
16.000
c^ 14,000

^12.000
2 10.000

^

2,000

Number

of

Taxa

station
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Immature tubificids were the only benthic invertebrates
common to all sampling stations; however the densities were
higher at the downstream sites, especially at stations 157
and 87.

Station 52, located upstream of Algoma Steel, was dominated
by chironomids such as Cryptochironomus sp., Parachi ronomus
These species were not observed at
sp., and Tanytarsini.
any of the downstream stations and comprised 62% of the total
individuals found. Most oligochaete species were absent at
this station, with the exception of Pristinella acuminata and
A higher percentage of chironomids
immature tubificids.
relative to oligochaetes has been found to be indicative of
The exclusion of
oligotrophic conditions (Wetzel, 1983).
chironomid species from downstream stations could be due to
organic enrichment at these stations, as well as toxic
conditions from higher metal and organic contaminant levels.
The benthic community at station 155, downstream of Algoma
Steel and St. Marys Paper, was dominated by the order
Slavina
included
species
naidid
Dominant
Naididae.
appendiculata Pristinella acuminata Arcteonais lomondi and
multisetosus
The tubificid Quistadrilus
immature naidids.
was also common. The naidid oligochaete, Arcteonais lomondi
was only found at this station.
,

,

Station 157 was dominated by tubificids such as Limnodrilus
spp., Quistadrilus multisetosus and immature individuals.
The tubificids Aulodrilus pluriseta and Aulodrilus piqueti
were also found at this station, but not observed at any
Tubificids such as Limnodrilus spp. and
other station.
Quistadrilus multisetosus are characteristic of areas showing
organic enrichment (Lauritsen et al., 1985; Cook and Johnson,
1974), whereas Aulodrilus spp. indicate more mesotrophic
It should also be
conditions (Nalepa and Thomas, 1976).
noted that Limnodrilus spp. are not necessarily confined to
polluted waters (Hynes, 1971; Brinkhurst andCook, 1974).

Station 169, located below the sewage treatment plant (STP)
outfall, was dominated by the order Naididae. Naidid species
Pristinella
found here include Slavina appendiculata
acuminata and Stylar ia lacustris
Immature tubificids were
The absence of
also found in relatively large numbers.
various Limnodrilus species is noteworthy, as some organic
enrichment from the STP outfall would be expected.
,

.

.
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Station 87, located in Little Lake George, was dominated by
tubificids, which comprised 95% of the total number of
Dominant tubificid species included
individuals found.
and immatures.
Limnodri lus sp., Limnodr i lus hof meister i
Limnodrilus hof meister i and Limnodrilus prof undicola were
Naidid species were absent at
found only at this station.
The dominance of the various tubificid
this station.
would indicate
species, especially Limnodrilus hof f meister
organic enrichment. Little Lake George may act as a settling
area for suspended solids and associated nutrients from the
Station 87 was also
St. Marys River and the Root River.
characterized by high tubificid densities (especially L.
hof meisteri ) in the 1973 survey of Hamdy et al
(1978).
,

,

.

Stations located downstream of the Sault Ste. Marie locks
had higher total invertebrate abundances than the upstream
control site. (Table 3).
Station 155 had the highest total
abundance (15,053 individuals/m^) and station 52 had the
lowest (2,937 individuals/m^)
.

Invertebrate abundance generally decreased as core depth
increased for all stations, with the exception of station
where total abundance peaked in the 8-10 cm core depth.
A
station-by-core-depth summary of total abundances is
presented in Table 4.
Significant correlations were found
between total abundance and depth at station 52 (r=-0.797,
p=0.006), station 155 (r=-0.836, p=0.003), and station 157
(r=-0.802, p=0.005).
87,

Usually, invertebrates found at the deeper core depths were
tubificids.
The majority of the naidid oligochaetes were
associated with shallower sediment depths.
Oligochaete
species frequently segregate vertically within the sediments.
Naidids are usually concentrated at the sediment-water
interface,
rarely more than 2-4 cm below the surface
(Milbrink, 1973), whereas tubificid oligochaetes are most
abundant 2-4 cm below the surface, but can be found at depths
of up to 15 cm (Wetzel, 1983).
Robbins et al
(1989) also
found that tubificids occurred between
and 15 cm in
sediment cores collected from Lake Erie.
Some oligochaetes
were found at depths greater than 15 cm in the cores taken
from the St. Marys River, but they may have been displaced
deeper into the sediment during core sampling.
.
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Table

4

Core

Station-by-core-depth summary of total
invertebrate abundance (number/m^).

benthic

approach, the downstream stations are all considered highly
is
station
whereas the control
polluted or enriched,
considered to be in good condition.
All the above "pollution indices" generally indicate that
the downstream stations are organically enriched, compared
to the upstream control station.

Benthic Invertebrate Diversity
The Shannon-Weaver diversity indices for all stations and
In some cases
core depths are presented in Table 5 below.
the index could not be calculated (NA) as no organisms were
found
.

Table

5:

Core

Benthic invertebrate diversities for all sampling
stations and core depths (Shannon-Weaver index).

The benthic invertebrate diversity fluctuated a great deal
This is probably due to
with core depth at all stations.
Diversity generally decreased with
the small sample size.
increasing core depth, with the exception of station 87,
where diversity peaked at mid-core depths (6-14 cm).
The total invertebrate diversity ranged from a high of 2.91
at station 155 to a low of 2.17 at station 87 (Figure 2).
The diversities at all stations were compared statistically
to reveal significant differences.
Calculated t-values,
degrees of freedom and underscoring diagrams are presented
Benthic invertebrate diversities at stations 52
in Table 6.
and 87 were not significantly different from each other, and
the diversities at stations 155,
157 and 169 were not
significantly different (p=0.05).
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Table

6:

t-values, degrees of freedom, and underscoring
the
statistical comparison of
diagrams for
station diversities.

Benthic Community Classification
The benthic invertebrate communities were defined by means
Based on the total species composition
of cluster analysis.
at each station, the cluster analysis split the five sampling
locations into three groups or communities.
The taxonomic
composition of the three communities (A, B, and C) is shown
in Table 7.
The cluster analysis results were similar for
all clustering techniques employed (Figure 3).

Figure

3:

Example dendrogram from cluster analysis using
euclidean
distance
and
centroid
linkage
procedure.

Station
155

169
52
87

157

Principal components analysis (PGA) was used to verify
station groupings revealed by cluster analysis (Figure A).
The component loadings and percent of total variance for the
principal components are presented in Table 8. More than 70
variation is explained by the first two factors.
TK°^n^^®
The PCA results generally confirm those of the cluster
analysis. Stations 157 and 87 (community B) group together,
influenced by the relative abundances of the various
species and immature tubificids.
Stations 155
and!?"fAo^/
lb9 (community A) also group together and
strongly by the relative abundances of the are influenced
various naidid

represented by the high relativ
^
abunriflnroZ/Vu
u.
^^^ chironomid
species Cryptochironomus sp.
ParnrMrn
Parachironomn..^.
gp, ^^d Tanytarsini.
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Table

7:

Species composition (mean number/m^) of the
benthic invertebrate communities as defined
The stations representin]
by cluster analysis.
each community are in brackets.

ABC
Benthic Community

Taxon or Species

(155,

Oligocheata
NAIDIDAE
Pristinella jenkinae
Pristinella acuminata
Pristinela osborni
Veidovskyella in termed ia
Slavina appendiculata
Sty laria lacustris
Arc teonais lomondi
Naididae (immature)

TUBIFICIDAE
Limnodrilus udekemianus

73A

169)

(157, 87)

(52)

to

3

3 O

O.

Table

Component loadings and percent of total variance
invertebrate
benthic
of
the
PCA
the
for
abundances
.

Component Loadings

Taxon or Species

Factor
0.989
0.944
0.943
0.848
0.837
0.731
0.731
0.677

Slavina appendiculata
Quistadrilus mul tisetosus
Pristinella acuminata
Pristinella jenkinae
Sty lar ia lacustris
Arcteonais lomondi
Pristinella osborni
Naididae (immature)
prof undicola
1..
L. hof meisteri
udekemianus
L,.
Limnodr ilus sp
Tubificidae (immature)
Tanytarsini
Cryptochironomus sp
Parachironomus sp
Aulodrilus piqueti
Aulodrilus pluriseta
Isochaet ides f rey
Vei'dovskyella intermedia

-0.607
-0.607
-0.570
-0.570
-0.188
-0.428
-0.428
-0.428
-0.091
-0.091

Percent of Total Variance
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I

Factor II
0.146
0.281

0.274
0.402

0.197
0.014
0.014
0.649
0.341
0.341
0.821
0.821
0.923
-0.803
-0.803
-0.803

0.665
0.665

0.395
0.395

-0.217
-0.217

40.02

30.71

Environmental Quality Evaluation
Figure 5 illustrates the separation in discriminant space of
the three groups of stations defined by the cluster analysis
The correlations between the various sediment
and the PCA.
parameters and the first two discriminant functions are given
in Table 9.
The first discriminant axis (DA I) indicates that communities
with
high
characterized
by
sediments
B
are
A
and
concentrations of metals, PAHs, TP, oil and grease, and TOC
whereas community C occurred in sediments with relatively low
concentrations of these parameters and higher levels of TKN.
The absence of chironomid species, and the dominance of
pollution-tolerant oligochaetes in communities A and B could
be due to toxic levels of various metals, PAHs, and oil and
grease
The second discriminant axis (DA II) separates communities
This axis
A
and B in discriminant space (Figure 5).
indicates that community B occurred in sediments with high
magnesium, TKN, and TP.
Community B was more organically
enriched than community A, which would explain the dominance
of tubificids, especially the various species of Limnodrilus
found in community B.
Lang-Dobler (1979) found that a group
of tubificids represented by L_^ hof f miesteri L. udekemianus
and L_j_ prof undicola were associated with high TP levels in
the sediment.
These species were exclusive to community B,
which was characterized by a mean TP concentration of 1.01
mg/g, almost twice that of community A and over 4 times
higher than community C.
,

,

The analysis suggests that both communities A and B reflect
degraded environmental conditions with respect to metals,
PAHs, and oil and grease contamination, as well as higher
levels of TP and TOC relative to community C.
Community B
is also more organically enriched with respect to TKN and TP
than community A.
The mean concentrations of all sediment
parameters associated with each community are presented in
Table 10.
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Table

Correlations between the sediment parameters and
the first two discriminant functions for the
benthic invertebrate communities.

Table

10:

Mean concentrations of the sediment parameters associated
All units are
with benthic invertebrate communities.
expressed as ug/g, dry weight unless otherwise stated.
not
communities
that
are
indicate
Superscripts
significantly different. ANOVA was completed on logtransformed data.

Discriminant analysis was also completed on all sampling
This allows the sampling stations
stations separately.
Figure 6
themselves to be treated as separate communities.
illustrates the separation in discriminant space of the 5
the
between
correlations
stations and Table 11 presents the
sediment parameters and the first two discriminant functions.
The first discriminant axis (DA I) indicates that the
downstream stations 155, 157, 169, and to a certain extent
station 87, occurred in sediments with high concentrations
of metals, PAHs, TP, and TOC, whereas station 52 occurred in
these
sediments with relatively low concentrations of
parameters and higher levels of TKN.
The second discriminant axis (DA II) separates station 169
from the remaining stations (Figure 6). This axis indicates
that station 169 occurred in sediments with high pH and high
levels of some PAHs including dibenzo( a h)anthracene (DAHA)
and benzo(g,h,i)perylene (CHIP).
The analysis suggests that stations 155, 157, 169 and to a
certain extent station 87 reflect degraded environmental
conditions due to metals and PAH contamination, as well as
Station
higher TP and TOC levels relative to station 52.
169 is also characterized by a higher sediment pH and
(a h)dibenzo
elevated levels of some organics such as
The higher pH and
anthracene and benzo( g h i ) per ylene
elevated levels of some PAHs could reflect additional inputs
The mean concentrations of all
from the upstream STP.
sediment parameters for each station are compared in Table
,

,

.

,

12.

Both discriminant analyses generally revealed the same
environmental conditions with respect to the sampling
The
communities.
invertebrate
stations
benthic
and
downstream stations (155, 157, 169, and 87) and downstream
environmental
degraded
reflect
3)
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Table

11:

Correlations between the sediment parameters and
the first two discriminant functions for the
individual stations.
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Table

12

:

Mean concentrations of sediment parameters associated with
All units are expressed as ug/g, dry
sampling stations.
Superscripts indicate
weight unless otherwise stated.
ANOVA
communities that are not significantly different.
was completed on log-transformed data.

ANOVA
Results

Chranium

examine
to
performed
was
also
analysis
Correlation
relationships between total benthic invertebrate abundance
Total
and the various sediment parameters at each station.
abundances and all the sediment parameters were logcorrelation
Both Pearson's
transformed prior to analysis.
coefficient (r) and Spearman's rank correlations (r^) were
and r^ can be compared to
r
correlations,
Both
calculated.
confirm that parametric assumptions are met by the data.
and
r
r
for
both
significant correlations
Only
gj-e
Some caution should be used in interpreting the
discussed.
statistical significance of the large number of correlations
between total abundances and the various sediment parameters
at each station, since the various sediment parameters may
not be independent of each other.
The correlations between sediment metal concentrations and
total benthic invertebrate abundance are presented in Table
Significant relationships were observed for some metals
13.
Positive correlations were
at stations 52, 155, and 157.
found between cadmium, lead, and zinc concentrations, and
Although abundance counts
total abundance at station 52.
were only available from the top 3 depth increments of the
sediment core, this positive correlation indicates that the
higher cadmium, lead, and zinc levels were associated with
the higher abundance counts.

Significant correlations of sediment magnesium, manganese,
nickel, and lead concentrations with total abundance were
observed at station 155.
Manganese, nickel, and lead were
negatively correlated to total abundance, possibly indicating
toxic inhibition of the benthic community.
Magnesium was
positively correlated to total abundance, indicating greater
benthic invertebrate abundance with higher sediment levels
of magnesium.
Total abundance at station 157 was negatively
correlated with lead levels, possibly indicating a toxic
effect on the benthic community.
As noted above,

total abundance at stations 155 and 157 was
negatively correlated to lead levels in the sediment.
Sediments at these stations had mean lead concentrations of
186 ug/g and 167.5 ug/g, respectively (Table 12), which were
15 to 17 times higher those found at the control station.
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and
nutrient
chemistry
between
sediment
Correlations
parameters, and total benthic invertebrate abundance are
Significant relationships were
presented in Table lA.
observed for some parameters at stations 52, 157, and 169.
The total abundance at station 52 was positively correlated
Abundances at stations 157 and 169
to TP, TOC, and LOI.
were positively correlated to sediment moisture levels and
TKN
respectively.
,

results of the correlations between the various PAH
compounds and total benthic invertebrate abundance are
presented in Table 15.
Significant relationships were
observed at station 52 and station 157.
Correlations could
not be obtained for 13 of the 16 PAHs at station 52 because
their concentrations exhibited no variance. The significant
positive relationships that were observed for chrysene,
f luoranthene
and pyrene, however, should be interpreted with
extreme caution, since most of the PAH compounds were at very
low concentrations and were considered tentative values for
information purposes only.

The

,

A number of negative correlations were found at station 157,
possibly suggesting a toxic impact on benthic invertebrate
abundance
at
this
station.
Significant
negative
correlations were found between total abundance and the
concentrations
of
anthracene,
benzo(a)anthracene,
benzo(a )pyrene benzo( b ) f luorene and chrysene.
,

,

Mantel's test indicated that no significant association
exists between distance matrices based on the PCA of the
benthic
invertebrate
communities
and
those
based
on
discriminant
analysis
of
the
sediment
chemistry
data
(p=0.275).
Spearman's test statistic also showed no
significant association (p=0.217).
The weak association between the two distance matrices could
be due several factors.
These include: (i) the use of two
different statistical tests (PCA and discriminant analysis);
(ii) the effects of substrate characteristics (sediment
particle sizes); and/or (iii) the unknown effects of other
undetermined environmental parameter(s) not evaluated in the
discriminant analyses.
In addition, the response of the
benthic community at each station could differ because the
sediment chemistry varies from station to station.
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Table 13

:

Correlations and associated P-values between sediment
metal concentrations and benthic invertebrate abundance.
Significant
Data was log-transformed prior to analysis.
relationships are in bold type, r = Pearson's Correlation
Coefficient; r _ Spearman's Rank Correlation

Corr.

Metal

Coef.

0.870 (0.001)
0.785 (0.007)

0.373 (0.289)

0.637 (0.048)

-0.101 (0.781)

0.168 (0.642)

0.468 (0.172)

-0.240 (0.504)

0.114 (0.755)
-0.042 (0.908)

r

0.064 (0.860)

-0.634 (0.049)
-0.434 (0.210)

-0.384 (0.273)

-0.136 (0.707)

0.354 (0.315)
0.302 (0.397)

-0.157 (0.665)

r

-0.263 (0.462)

-0.541 (0.107)

0.504 (0.137)

0.359 (0.308)

-0.086 (0.813)

0.404 (0.247)

-0.671 (0.034)
-0.424 (0.222)

-0.292 (0.413)

0.601 (0.066)

-0.298 (0.402)

-0.221 (0.540)

-0.061 (0.866)
-0.265 (0.459)

0.360 (0.307)

0.816 (0.004)

-0.447 (0.196)

-0.111 (0.759)

0.365 (0.300)

0.742 (0.014)

-0.668 (0.035)

-0.204 (0.572)

0.437 (0.206)

0.339 (0.339)

-0.406 (0.245)

-0.169 (0.641)

0.506 (0.136)

0.460 (0.181)

-0.749 (0.013)
-0.761 (0.011)

-0.562 (0.091)

-0.413 (0.235)

0.316 (0.374)
0.232 (0.520)

0.398 (0.255)
0.486 (0.154)

-0.795 (0.006)
-0.834 (0.003)

-0.486 (0.154)
-0.771 (0.009)

0.150 (0.679)
-0.003 (0.993)

0.811 (0.004)
0.798 (0.006)

0.224 (0.534)

-0.789 (0.007)
-O.806 (0.005)

-0.643 (0.045)
-0.794 (0.006)

-0.398 (0.254)

0.351 (0.320)

0.785 (0.007)
0.788 (0.007)

0.401 (0.250)
0.588 (0.074)

-0.580 (0.079)
-0.569 (0.086)

-0.114 (0.754)

-0.387 (0.269)
-0.521 (0.122)

Mg

0.028 (0.940)

-0.469 (0.172)

Notes:
(1)
(2)

Parameter Abbreviations as per Table 1.
Correlations with probabilities between 0.01 and 0.05 should be
interpreted with caution as actual probabilities may be smaller.
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Table 14

:

Correlations and associated P-values between sediment
benthic
and
parameters,
nutrient
and
chemistry
invertebrate abundance. Data was log-transformed prior to
Significant relationships are in bold type, r
analysis.
= Pearson's Correlation Coefficient; r^ = Spearman's Rank
Correlation

Corr.

Param. Coef.

-0.434 (0.210)
-0.355 (0.314)

0.145 (0.689)

0.094 (0.796)

-0.412 (0.358)

0.028 (0.940)

0.035 (0.923)

0.299 (0.402)
-0.166 (0.646)

0.552 (0.098)
0.790 (0.007)

0.269 (0.453)
0.516 (0.127)

0.718 (0.019)
0.660 (0.038)

0.571 (0.085)
0.605 (0.064)

-0.357 (0.311)
-0.079 (0.827)

0.545 (0.103)

-0.454 (0.259)
-0.197 (0.641)

0.363 (0.303)
-0.104 (0.775)

0.757 (O.OU)
0.833 (0.003)

-0.153 (0.673)
-0.266 (0.458)

0.708 (0.022) -0.301 (0.468)
0.735 (0.016) -0.010 (0.980)

0.278 (0.437)
0.383 (0.274)

-0.233 (0.517)
-0.354 (0.316)

0.136 (0.707)
0.203 (0.574)

-0.281 (0.431)

-0.207 (0.566)

0.429 (0.216)

-0.353 (0.265)

0.147 (0.686)

-0.018 (0.960)

0.343 (0.332)

-0.202 (0.575)

0.829 (0.003) -0.078 (0.831)
0.768 (0.009) -0.191 (0.598)

0.082 (0.822)

0.451 (0.191)

0.390 (0.317)

-0.182 (0.615)

0.480 (0.161)

0.458 (0.183)

0.826 (0.003) -0.015 (0.968)
0.768 (0.009) -0.389 (0.266)

-0.231 (0.321)
-0.244 (0.497)

0.408 (0.242)

0.351 (0.320)

0.344 (0.331)

0.383 (0.275)

-0.148 (0.752)

0.713 (0.021)

-0.539 (0.108)
-0.500 (0.141)

Notes:
(1)
(2)

Parameter Abbreviations as per Table 1.
Correlations with probabilities between 0.01 and 0.05 should be
interpreted with caution as actual probabilities may be smaller.
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Table 15

Corr.

:

Correlations and associated P-values between sediment PAH
concentrations and benthic invertebrate abundance. Data
Significant
was log-transformed prior to analysis.
relationships are in bold type, r = Pearson's Correlation
Coefficient; r = Spearman's Rank Correlation

Table 15: (Continued)

Corr.

PAH

Coef.

-0.619 (0.057)
-0.835 (0.003)

-0.195 (0.590)
-0.296 (0.406)

-0.129 (0.723)
-0.016 (0.966)

-0.175 (0.629)

-0.194 (0.591)

-0.251 (0.485)

-0.180 (0.619)

-O.OOO (1.000)
-0.058 (0.874)

-0.311 (0.382)
-0.351 (0.320)

-0.361 (0.305)
-0.252 (0.430)

-0.537 (0.109)
-0.373 (0.288)

-0.417 (0.231)
-0.497 (0.144)

-0.112 (0.759)

NA
NA

-0.390 (0.265)
-0.252 (0.483)

-0.592 (0.071)
-0.483 (0.157)

-0.468 (0.172)
-0.574 (0.083)

-0.107 (0.768)

NA
NA

-0.424 (0.223)
-0.570 (0.086)

-0.301 (0.398)
-0.348 (0.325)

0.211 (0.559)
-0.073 (0.840)

-0.251 (0.484)
-0.479 (0.162)

NA
NA

-0.215 (0.551)
-0.320 (0.363)

-0.579 (0.080)
-0.736 (0.015)

0.610 (0.061)
0.424 (0.222)

-0.139 (0.703)
-0.394 (0.260)

0.566 (0.088)
0.643 (0.045)

-0.203 (0.574)
-0.385 (0.272)

-0.603 (0.065)
-0.826 (0.003)

-0.186 (0.606)
-0.355 (0.314)

-0.124 (0.732)

0.793 (0.006)
0.860 (0.001)

-0.226 (0.530)
-0.385 (0.272)

NA
NA

NA

NA

0.147 (0.685)

0.132 (0.716)

0.025 (0.945)

Notes:
(1)
(2)

Parameter Abbreviations as per Table 1.
Correlations with probabilities between 0.01 and 0.05 should be
interpreted with caution as actual probabilities may be smaller.
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Conclusions
benthic
the
following summarizes the analysis of
The
raacroinvertebrate data from the 1987 St. Marys River sediment
cores:
More benthic invertebrate species were found at the
downstream stations than at station 52, the upstream
control site.
The total benthic invertebrate diversity ranged from
a high of 2.91 at station 155 to a low of 2.17 at
station 87. Benthic invertebrate diversities did not
significantly differ among stations 155, 157, and 169
and diversities at stations 52 and 87 were not
significantly different.

Diversity varied with core depth at all stations, but
generally decreased with increasing core depth. The
exception was station 87, where diversity was higher
at the mid-core depths.

Stations located downstream of the Sault Ste. Marie
locks
total
and
industrial
had
higher
sources
invertebrate abundances than the upstream control
site.
Station 155 had the highest total abundance
(15,053 individuals/m^) and station 52 had the lowest
(2,937 individuals/m2).
Benthic invertebrate abundance generally decreased as
core depth increased for all stations, with the
exception of station 87 where total abundance peaked
in the middle of the core.
Significant relationships
were found between total abundance and core depth at
station 52 (r=-0.797, p=0.006), station 155 (r=-0.836,
p=0.003), and station 157 (r=-0.802, p=0.005).
The downstream benthic communities were characterized
by large numbers of oligochaetes whereas the upstream
station was characterized
various chironomid
by
species.
Stations 155 and 169 were dominated by
naidid oligochaetes and stations 157 and 87 were
,

dominated by tubificid oligochaetes.
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7

8

The large numbers of oligochaetes at the downstream
stations and the discriminant analyses indicate organic
enrichment at these sites.
the
downstream
stations
were
Sediment
cores
at
characterized by high concentrations of metals, PAHs,
and TOC.
In contrast, upstream station 52 had
relatively low concentrations of these parameters and
TKN.
was
also
higher
levels
of
Station
169
characterized by sediments with higher levels of some
PAH contaminants including d ibenzo ( a h )an thracene and
benzo( g h i ) pery lene
and a higher pH.

TP,

,

,

,

,

9

Significant correlations were found between several
sediment parameters, such as metals, PAHs and nutrients,
some
and
total
benthic
invertebrate abundance at
stations.

10

The multivariate summary of the invertebrate community
based on principal components analysis did not correlate
significantly with the summary based on a discriminant
This result
analysis of the sediment chemistry data.
suggests that other factors such as sediment particle
size also influences the biotic community.
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Species List

Oligocheata
Naididae
Pristinella jenkinae
Pristinella acuminata
Pristinela osborni
Veidovskyella intermed ia
Sla vina append iculata
St ylar ia lacustris
Arcteonais lomond i
Naididae (immature)
Tubif icidae
Limnodrilus udekemianus
Limnodrilus prof undicola
Limnodrilus hof meisteri
Limnodrilus sp
Quistadrilus multisetosus
Aulodr i lus pluriseta
Aulodrilus piqueti
Isochaetides f reyi
Tubificidae (immature)

Diptera
Chironomidae
Cryptochironomus sp
Parachironomus sp
Tany tarsini

Diptera (adult, head damaged, antennae gone) **
** -

found in top layer, considered
are no adult aquatic Diptera.

46

in

artifact as there

Appendix II
Species Counts

A7

station 52
TAXON
Depth (0-2)

(2-4)

(4-6)

(6-8)

(3-10)

(10-12)

(12-14)

(14-16)

(16-18)

(18-20)

TOTAL

NAIDIDAE

Pristinella jenkitiae

B

Pristineila acuainata

1

1

Pristinella osfaorni

B

Vejdovskyella intefiuedia

B

Slavina appeiidiculata

Stylaria lacustris

B

Arcteonais lomondi

B

Nadidae (iimaature)

8

TUBIFICIDAE

Limnodrilus udekeinianus

B

Limnodrilus profundicola

8

Lianodrilus hoffiseisteri

B

Liinodrilus sp.

B

Quistadrilus njultisetosus

B

Aulodrilus pluriseta

B

Aulodrilus piqueti

B

Isochaetides freyi

Tubificidae (iMsature)

B
1

1

2

1

2

CHIRONOMIDAE
Cryptochironoijus sp.

Tanytarsini

Total

1

1

ParachironoBus sp.

i

2

2

Depth

NAIDIDAE

Pristinella jenkinae

PristinelU acuainata

(2-2)

(2-4)

(4-6)

(6-B)

(8-12)

(10-12)

I'll

(12-14)

(14-16)

1

Vejdovskyella inttrmtdia
11

2

Arcteonais

3

Nadidae (imuature)

1

8

Stylaria lacustris
loBiondi

TOTAL

4

Pnstinella osDorni
Slavina appendicuiata

(18-20)

3

2

2

(16-18)

12

1

112

2

4

1

5

1

TUBIFICIDAE

Lisnodrilus udekeMianus
Liiinodrilus profundicola
Liiinodrilus hoffmeisteri

B

Linnodrilus sp.
Suistadrilus nultisitosus

2

8

13

G

Aulodrilus pluriseta
Aulodrilus piqueti
Isochaetides freyi

Tubificidae (imBature)

11

11

4

CHIRONOMIDAE
Cryptochironoffius sp.

Parachironoius sp.
Tanytarsini

Total

23

2

5

4

3

49

2

I

I
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Station 157

TAXON
(£-8)

(3-12)

rristinelU jtnkinae

1

1

Pristlnella acuiinata

1

Depth (8-2)

(4-6)

C2-4i

NAIDIDAE

Pristinella osborni

Vejdovskyella intermedia
Slavina appendiculata

2

Stylaria lacustris

Arcteonais loBondi
Nadidae (iniBature)

2

TUBIFICIDAE
LiionodriluB udekeciianus

Limnodrilus profundicola
Liianodrilus hoffrneisteri

LinnodriluB sp.

Quistadrilus muUisetosus

1

Aulodrilus pluriseta

1

Aulodrilus piqueti
Isochaetides freyi

Tubificidae (inmature)

1

1

1

1

113

2

CHIRONOKIDAE
Cryptochirononius sp.
Parachironoffius sp.

Tanytarsini

Total

7

3

4!

50

(10-12)

(12-14)

(14-16)

(16-18)

(18-28)

TAXON
Depth (0-2)

(4-6)

(2-4)

(6-B)

'12-12)

(B-IB)

(14-16)

(12-14)

(1B-2B)

(16-18)

NAIDIDAE

Pristinella Jenkinae
F'ristinella

acumnata

1

2

2

Pristinella osaorni
Vejdovskyella int(nii*Qia

1

Slavina appendiculata

5

Stylaria lacustris

4

1

Arcteonais lonondi
Nadidae (ismature)

1

TUBIFICIDAE

Lmnodrilus udekeuianus
Linnodrilus profundicola
LiiiDodrilus hoffmeisteri

Lianodrilus sp.

Quistadrilus nultisetosus

1

1

1

Aulodrilus pluriseta
Aulodrilus piqueti
Isochaetides freyi

Tubificidae

111

1
I

2

i

2

CHIRONDMIDAE

Cryptochironoaus sp.
Parachironoiius sp.

lanytarsini

Total

15

3

3

2

e
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station 87

Depth (0-2)

'2-4)

(4-6)

(6-6)

(B-IB)

NAIDIDAE

Fn5t:nella jenkinac
Pristinella acuiinata
Pristineila osborni

Vejdovskyella uitersedia
Slavina appendiculata

Stylaria lacustris

Arcteonais lotiondi
Nadidae (iiDDiature)

TUBIFICIDAE

Liimodrilus adekeimanus
Lianodrilus profundicoia

Ill

LiBinodrilus hoffmeiBteri

1

Liainodrilus sp.

Quistadrilus Bultisetosus
Aulodrilus plunseta
Aulodrilus piqueti
Isochaetiaes freyi

TuDificida«

2

CHIRQNOMIDAE
Cryptochironofflus sp.

ParachironoBus sp.
Tanytarsin:

Total

2

114

52

(lZ-!2)

(12-14)

(14-16)

(16-18)

(18-2B)

Appendix III
Species Abundances
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Abundance (fiimber/fi'2)

-

Station 52

TAXON

Depth (3-2)

Pristinella jenkmae

(2-4)

(4-6)

(6-E)

(B-IB)

(lE-12)

(12-14)

(14-16)

(16-18)

(18-2B)

TOTAL

Abunaance (nuuber/B'-Z)
lAION
Depth

-

Station 155

Abundance

inuiiiber/iii'~2)

-

Station 157

TAXON

Drpth (0-2)

(2-4)

(4-6)

(6-S)

(B-13)

(iB-12)

Z

367

367

e

(12-14;

(!4-l£)

(16-18)

2

2

Z

8

2

(18-23)

TOTAL

NAIDIDAE

Pristinella jenkinae

3

i

FYistinella acuiinata

367

Pristinella osborni

a

Vfjdovskyella intermedia
Slavina appendiculata

g

3

2

g

g

2

3

g

j

3

g

3

734

734

367
^
^

734

Stylaria lacustris

Arcteonais loEondi
2

j

Naaidae (uiiature)

734

g

g

a

i

734

TUBIFICIDAE

Limnodrilus udekemianus

2

367

3

367

lanodrilus profundicoia

imnodrilus hoffmeisten

g

Lianodrilus sp.
367

Aulodrilus pluriseta

367

367

3

367

Aulcdrilus piqueti

367

(iiBicature)

367

367

2570

367

1101

g

734

367

Isochaetides freyi

Tubificidat

3£7

l^b'i

Qtiistadriliis isultisetosus

367

367

1101

734

2

e

734

367

j

g

g

3571

CHIRQNQMIDAE

CryptochironoBus sp.
ParachironoBus sp.

^^"y^*"^"'

^""^

f

"0000300000
3

B

2

'570

g

g

g

8

1101

146'3

1836

2337

734

56

367

367

11331

Abundanc*

(niisber/ii''2)

-

Station 169

'AXON

Deprn (8-2)

NAIDIDAE
Pristinella jenkina*
Pristinella acumnati
Pristinella osborni

Vtjdovskyella intcriiecid
Slavina appendiculata

Stylaria lacustris
Ai-cteonais loaondi

Nadidae (intaturM)

rJBlFICIDAE
Lianodrilus udeke&ianus

Liinodrilus profundicoU
Linnodrilus hoffieisteri
Linnodrilus sp,

Buistadrilus nultisetoBiJS
Aulodrilus pluriseta
Aulodrilus piqueti
Isochaetides freyi

Tubificidae

(iiiiatiire)

CHIRONOMIDAE

CryptochironoBus sp.
Parachironoius sp.
Tanytarsini

'otai

B

(2-4)

(4-6)

(b-8)

;3-13)

(18-12)

(12-14)

(14-16)

(16-18)

(18-23)

TOTAL

Abundance

Depth

(nu[(iber/ii^2)

-

Station 37

