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ABSTRACT

Kathman, R.D., R.O. Brinkhurst, R.E. Woods and S.F. Cross. 1984. Benthic
studies in Alice Arm, B.C., following cessation of mine tailings disposal. Can.
Tech. Rep. Hydrogr. Ocean Sc i. 37, I-57.

Benthic invertebrates were collected and identified from Alice Arm and Hastings
Arm, British Columbia, in October 1983 to determine the effect of mine tailings
on the benthic community approximately one year after discharge from the
Amax/Kitsault mine. ceased. Current benthic invertebrate data were compared
with data from a study conducted prior. to mine closure. Taxonomic analyses
indicated that the total number of benthic invertebrates from a qroup of three
stations showing maximum impact of mine tailings in 1982 increosed fourfold,
while invertebrates obtained from transects further down inlet in Alice Arm and
Hastings Arm decreased .two- to threefold compared to 1982. Hierarchical
analyses indiccted that sampling stations along the two transects nearest the.
discharge (Transects CC and DD) could no longer be clearly differentiated into

.the pattern observed in the 1982 data. The sites further down inlet (Transect
0.5) showed only intermediate or fringe effects in 1983, and the area sampled
nearest the mouth of Alice Arm (Transect EE) showed no apparent effects.
Transects near the mouths of both Alice and Hastings Arms served as stable
reference areas.

Key words: benthic invertebrates, mine tailings, fjords.

RESUME

Kathman, R.D., R.O~ Brinkhurst, R.E. Woods and S.F.Cross.. 1984. Benthic
studies in Alice Arm, B.C., following cessation of mine tailings disposal. Can.
Tech. Rep. Hydrogr. Ocean Sci. 37,1-57.

En. octobre 1983, on a recuilli des inver tebres benthiques dans les bras Alice et
Hastings (Colornbie-Br ltcnnlque) et on les a identifies afin de .determiner
I'incidence des steriles rniniers sur 10 communcute benthique environ unah opres
queles deversernents de 10 mine Amox/Kitsoult eurent cesse, On a compare les
donnees actuelles sur les inver'tebres benthiques avec celles generees par une
etude rneriee avant la ferrneture de 10 mine.,· 'Selon des analyses taxonomiques,
le.' nombre total d'invertebres benthiques obtenus a trois stations reqroupees
indiquant les effetsles plus importants causes par les ster iles en 1982avait
quadruple, tandis que I'abondance des invertebres echantillonnes dans des
transects plus en oval dansles bras Alice et Hastings avait bclsse de deux a
trois foisen 1983. Des analyses hlercrchiques portent a croire que les stations

.d'echent i lIonnage Ie long des deux transects les plus pres du point de
deversement (transects CC et DO) ne pouvaient plus etre differenciees
clairement selon Te scheme observe en 1982. Les sites plus an aval (transect
D~5) ne revelcient que des effets moyens oU faibles en 1983 et la region 10 plus
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pres de I'embouchure du bras Alice (transect. EE) ne montrait aucun effet
apparent. Les transects pres des embouchures des bras Alice et Hastings: ont
servi de bonnes zones temoins.

Mots-cies: invertebr6s benthiqUes, steriles' miniers, fjords,

<:j'
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SUMMARY

Benthic invertebrate samples were collected in Alice Arm and Hastings Arm,
British Columbia during October 1983. Composition, distribution and abundance
of the benthos were analyzed to determine the effects of mine tailings on
infaunal benthic communities one year after discharge ceased.

In 1982 Sites ccu, CCM and DUM, contained very few species and individuals,
arid clustered as d distinct grouping, indicating that these areas were severely
stressed from the necrbytailings discharge. In 1983, however, all the sites on
Transects CC and DD· clustered together. Sites CCN, CCM and ODM could no

. longer be clearly differentiated,· indicating that benthic invertebrates had been
. recolonizing the stressed areas. . .

The areas in Alice Arm most adversely affected by tailings deposition in 1982
(Sites CCN, CCM, DDM) had a 256% increase in number of taxa and a 367%
increase in number of individuals during 1983. Most other sites in Alice and

.Hastings Arms had substantial decreases in both numbers of taxa and individuals
for 1983. However, both density and diversity increased as distance from the
former discharge increased.

Infaunal composition progressively changed from a dominance of polychaetes near
the former discharge to a dominance of molluscs near the mouth of Alice Arm
and in Hastings Arm. Polychaetes thus appear to be the primary colonizers in
Alice Arm following cessation of mine tailings discharge.
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INTRODUCTION

A study of the effects of mine tailings deposition on subtidcl benthic
lnvertebrotes in Alice Arm was undertaken in October 1982 after 18 months of
mine operation and tailings discharge (Kathman et 01., 1983). The areas nearest
the outfall had very few species and individuals, while the sites further down
inlet had greater individual' abundance and diversity. Reduced numbers of
species and individuals were noted in the deep middle sites in the inlet
cpproxlmofely 8 km down inlet from the discharge, suggesting that mine tailings
were beginning to affect the benthos in the seaward deeper section of Alice
Arm. -In November 1982 the Amax/KitsauJt mine closed indefinitely and all

. tailings discharge ceased. The same sites were then' resornpled in October 1983,
II months after closure to determine, what further changes had taken place in
the infounal benthic community.

The .mine closure afforded Or) excellent opportunity to determine:

a) the effects of mine tailings on the marine benthic community. after
cessation of tailings discharge,

b) the identity and numbers of initial colonizers of the tailings, and

c) infaunal benthic recolonization of the tailings.

TERMS OF REFERENCE

The overall objective of this study was to determine the composition, abundance
and distribution of the benthic invertebrate fauna in Alice Arm and compare
these results with findings from J982. Specific tasks ,were to:

I. .Collect infaunal benthic invertebrates from four transects in Alice Arm and
one transect in Hastings Arm.

2. Sort and identify the benthic invertebrates retained by a 1.0 mm mesh
screen.

3. Perform hierarchical .(cluster) analysis on the taxonomic dote, ensuring
comparable analytical techniques for !982 and 1983.

4·. Prepare a reference collection of the benthic species identified, to be
deposited with Ocean Ecology Division, Institute of Ocean Sciences.

5. Prepare a technical report incorporating the above information to determine
whether changes have occurred in the Alice Arm benthic community.
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METHODS

Sampling

Sampling in Alice Arm and Hastings Arm, British Columbia (Fig. I), was
conducted by personnel from the Institute of Ocean Sciences and E.V.S.
Consultants aboard the C.S.S. Vector in October 1983. Sampling procedures
were· essentially the same as those used in 1982 (Kathman et 01., 1983).
Duplicate samples were token at ecch station on predetermined transect lines
(Fig. 2) using a 0.1 m 2 Smith-Mcintyre grab. Transect D.5, located between
Transects DD and EE,. was added to more clearly delineate the extent of
tailings effects. A single transect in Hastings Arm (Z2) was retained as a
reference location for comparison with the sites in Alice Arm. Each sample
was washed through a .1.0 mm screen. The contents retained on the screen
were placed in labelled plastic bags and preserved with seven percent formalin
with phloxine-B, a histological stain used to facilitate sorting. Pertinent
information recorded during the sampling is presented in Appendix A.

Sorting and Quality Control

Upon receipt of the samples by the E.V.S. Consultants Taxonomy Centre, each
sample was washed through a 1.0 mm sieve to remove excess formalin. Aliquots
of each sample were examined using d Wild M5A stereomicroscope until the
entire sample was sorted and all organisms removed. Organisms were counted,
placed into separate containers filled with alcohol and labelled according to the
following major taxonomic groups: Arnphlpodc, Curnccec, Other Crustacea,
Polychaeta, Gastropoda, Bivalvia, Scaphopoda, Coelenterata, Echinodermata and
Others. Sample residues were returned to their original sample bags and
re-preserved with seven percent formalin.

To ensure accurate sorting, 25 percent (seven of 30) of the sample residues were
independently resorted by the taxonomic supervisor following the procedure
outlined .obove, If additional organisms were found, they were placed in the"
appropriate vial and all necessary changes made to the data sheets. Quality
control data are provided in Appendix B. Percent error ronqed from 0 to 1.6,
well within the requisite limits for accuracy of sorting of benthic invertebrate
samples.

Identification
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Fig .. I. Map showing general location of study area.
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Fig. 2.
5

Station locations in Alice Arm and Hastings Arm, British Columbia.
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Hierarchical Analysis

The 1982 data set (Kathman et ol ., 1983) was analyzed using Ward's (1963)
hierarchical. closslf lcction coefficient, which emphasizes similarity between the
number of individuals and number of taxa, but does not utilize information on
specific identities. In the present study we used the Bray-Curtis classification
(Bray and Curtis, I ~S7) to take into account the affinity or simi larity of species
among sites as a more viable measure of discreteness than the Ward coefficient
allows. The 1982 data set was re-onclyzed using the Bray-Curtis clustering
technique to allow comparison with the 1983 data.

The complement of the Bray-Curtis coefficient was employed as the index of
similcrl ty in all trio Is, and is defined as

"

( I )

where

C =
w

(o-sb)

= the sum of the lesser abundances for each species common
to a pair of sqrnples (in p-type analysis), and

= the sum of abundances for each sample under cornpcrison.

Va!!:-!es range from 0 for complete dissimilarity, to 1.0 for complete similarity.
Pair-group clustering was unwe[ghted (arithmetic means) and output was
displayed as on optimally rotated dendrogram. Analyses were performed on the
benthic invertebrate data to allow comparison of sites, based on the similarity
of species composition and mean obundonces (G-type).

The data matrices employed in all subsequent 1982/1983 comparisons were

MATRIX I (MI)

MATRIX 2 (M2)

MATRIX 3 (M3)

MATRIX 4 (M4)

the original data minus Site ZS, which was not
sampled if") 1983. Resultcnt - 79 species in 1982 and
67 species in 1983;

a first edit deleting taxa with recorded abundances of
10 or less in approximately 95% of the samples (1982
-22 of 23; 1983 - 29 of 30). Resultant - 31 species in
1982 and 21 species in 1983;

a second edit deleting taxa with recorded abundances
of 20 or less in approximately 95% of the samples
(1982 - 22 of 23; 1983 - 29 of 30). Resultant - 24
species in 1982 and 15 species in 1983;

a comparison of lists for M3, identifying the number
of species in common for 1982 and 1983. Resultant­
9 species.
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RESULTS

Hierarchical Analysis

This report focuses on the MI original data matrices to allow full comparison
between the years. However, the results 'of cluster analysis by site for all four
data matrices (MI-M4) showed the same patterns in 1982 and 1983, respectively,
(App. G and H), indicating that rare taxa present at low abundances do not
contribute siqnlficcnt ly to .the overall pattern or interpretation of the data.

Cornpor isons between the Ward and Bray-Curtis cluster groupings for the 1982
15-station data sets showed both simi lar and divergent patterns .among clusters
(Figs. 3 arid 4). Sites CCN, DDM and CCM comprised, a distinct cluster group
in both analyses', reinforcing the large differences thdtexisted between the
benthic invertebrates at these .sites and the remaining sites. Although these
three sites separated into distinct clusters using both analyses, the apparent high
degree of similarity within the cluster using Ward and low degree of similarity
using Bray-Curtis was due to the former considering only diversity and
abundance, whereas the latter also incorporated similarity among the species into
the analysis. Site DDS was an outlier by Bray-Curtis, while CCs was more
closely aligned with DDN, EEM and the Hosfinqs Arm stations (Fig. 4). Sites
EEN and EES showed a high degree of similarity in both. analyses, but combined
were dissimilar to EEM using the Bray-Curtis technique (Fig. 4) compared to
being very similar using Ward's technique (Fig. 3).

, Becouse the Hastings' Arm Z5 stations were not sampled in,1983, cluster cnolysls
was performed using the 12 sampling site M I data matrix for 1982 (omitting the
three Z5 stctions) for comparison with the full 1982 data set (Figs. 4 and 5).
Elimination of the three Z5 sites in the analysis resulted in only minor changes
in the general pattern. All further 1982/1983 comparisons are made with Fig.
5, the baseline cluster grouping.

The 1983 MI cluster groupings are shown in Fig. 6 and are compared to Fig. 5.
The two obvious differences' in 1983 are

(I)

(2)

the three stations comprising each of the Transects D.S, EE and Z2 cluster
together, .cnd

the sites on Transects CC and DD form a single larger grouping.

The stations on Transect EE, nearest Hastings, Arm, are loosely grouped with
those stations in Hastings' Arm (Z2), but it should be noted that both clusters

"are linked at a rather low level of similarity, (0.3).

Descriptive Analysis

A. comparison of the number of Indiv.idual organisms grouped on the basis 'Of the
Bray-Cu.rtis cnolysis of 1982 data (Fig., 5) shows a large increase in the fauna of
the Group, 1 cluster (Table' I), which is olso matched by an increase in the
number of taxa present (Table 2). There is a contrasting reduction in density

"and reduction in taxa at all but two of the other stations from 1982 to 1983.
These opposite trends combine to remove the distinction between stations on
Transects CC and DD, although it. is' of interest to note that each of the three
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. Fig. 3. Cluster _analysis station -groupings using Ward's index
(from Kathman er cl., 1983). .
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Fig. 4. Cluster analysis station groupings for
IS-station data matrix using Bray-Curtis index.
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Fig. 5. Cluster analysis station groupings for MI, 1982.
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Table I. Differences in numbers of benthic invertebrates between 1982 and 1983 per cluster
grouping (from Fig. 5).

Station
Number of
Individuals

1982

Number of
Individuals!
Cluster Grouping

Number of
Individuals

1983

Number of
Individuals!
Cluster Grouping

Percent
Change
in 1983

CCN 20 115
DOM, 25 75 90 275 +367
CCM 30 70

DDS 1,085 _ 1,085 205 205 - 81
......

CCS 665 665 220 220 - 67 ......

DON 520 165
EEM 1,040 1,190
Z2M 1,255 6,735.· 760 ·3,920 .. 42
Z2W 2,085 . -985
Z2E J,835 820

EEN "3,125 665
EES 3,440 - 6,565 1,655 2,485 .. - 62



T.ople,2. Differences .in-nurnbers 'of taxa .between -1~.82andJ983.perdustergroupil'1g(from Fig. 5).

Station
Number
of Taxa

1982

Number of
Taxa/Cluster

. Grouping
Number
of Taxa

1983

Number of
". Taxa/Cluster

Grouping

Percent
Change
in 1983

CCN. 4 15
DDM 4 9 9 23 +256
OeM 5 7

DDS. ',1'0 10 :1'0 . , 20 +200

\3CS :24 24 17· '17 -'29
I-'
N

'DDN 20 14
EEM 21 20
Z2M 30 57 3\ 50 -12
Z2W 37 27
Z2E 38 32

EEN 37 10
EES' 38 51 23 26 - 49

r
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stations of Group I (1982) still had the lowest numbers of individuols (115, 90,
70) when compared with the rest of -the CC and DD stations (205, 220, 165).
Shared species differences presumably prevented recognition of the /982 Group I'
stations in 1983.' .

.' , .

Polychaetes, molluscs (bivalves) and crustaceans were equolly abundant (33%, 31 %
and 31 %,respectively) at Sites CCN, r;:CM and DDM .(App, E and· F), . while
polychaetes were clearly', dominant (54%) at the remaining' CC and 00 sites.
Polychaetes and molluscs were both abundant· at Transect 0.5 (44% and 37%,'
respectively), while molluscs were overwhelmingly abundant· at . Transect EE
(83%) and' the Hastings Arm transect (81 %). These results show a progression
from high abundances of polychaetes and low abundances of molluscs CIt the
sites nearest ·the mine discharge creo to low abundances ofpolychaetes and high
abundances of molluscs at the reference sites. .

DISCUSSION

Changes in infaunal abundance were readily distinguished between .rhe 1982 and
1983 data sets. The three sites' that clustered as a distinct grouping (CCN,
CCM, oDM) and showed. the .stronqesr impact from tailings deposition in /982
had substantial increases in both. numbers of species' and numbers of individuals
during 1983. There . was a threefold increase in polychaete' species and
individuals, and three- and ninefold increases in species and individuals of'
molluscs, respectively, from 1982 to 1983. In /983 these sites could no longer
be differentiated from other CC and DO sites, indicating that' benthic
invertebrates were recolonizing the areas' most adversely affected' by tail ings
deposition and a slow recovery was occurring. However, the two deep sites
(CCM, DOM) midway along the bottom of the trough in Alice Arm continued to
have the lowest number of taxa and individuals compared with the 'other four
sites on Transects CC and DO. These deeper areas remained the most severely
affected possibly due to more extensive deposition and accumulation of tailings
coupled with slumping and differential recovery rates for deepwater benthic
organisms.

The uniform decrease in individuals throughout the system except at the '1982
discharge-affected sites' again reflects' the recovery taking place. in that· area.
With the exception of Site DDS, aU of the sites showed mcijor reduction in
numbers of individuals and slight to substantiql decrecses Tn numbers' 'of species.
Reasons for these declines were not lnves tiqcted, but seasonal end onnuo l
fluctuations in benthic invertebrate obundcnces in northern fjords' have been
documented by several workers (Blegvad, /950; Ellis, pers. ,comm. and 1960;
VTN, 1982a and b). VTN {1982b} found that seasonal fluctuations of, the
subtidal benthos caused long-term species and abundance variability in Boca de
Oucdrc, a fjord situated just north of Hcst inqs Arm.

A small number. of common species accpunted for the major dis tr ibut iono]
patterns of the infaunal benthos for both 19.82 and l·983. .Of the nine species
common to both years from data matrix M4 (Table 3), all but one' were
detritivores (filter or deposit feeders). The only exception, the polychaete
Nephtys cornuto cornuta, was a carnivore. Most of the species' found nearest
the former discharge (Transects CC and DO) were detritivores, but as the

.'.'.",



15

distance from the' discharge .Increosed the number of feeding groups also
increased, indicating a greater diversity within the benthic community down inlet
and in adjacent Hastings Arm.

Table 3. List of abundant species common to 1982 and 1983 samplings,
from data matrix M4.

Polychaeta: Myriochele oculata '
Nephtys ooimuiia coimuba
Levinsenia gracilis

Cumoceo:

Mollusca:

Eudprella pacifica

Cylichna alba
Cooperella subdiaphana
Nucu La tenuis
Psephidia Lordi
Yoldia martyria

An increased, but equal, abundance of polychaetes, molluscs and crustaceans was
found at Sites CCN, CCM and DDM, the most adversely affected sites in 1982,
II months after mine tailings discharge had ceased. In a three, year study of
benthic colonization in natural substrates, Arntz and Rumohr (1982), found
approximately equal proportions of polychaetes (45%) and molluscs (55%) after II
months of' colonization. Polychaetes were initially dominant but molluscs
increased' after the first six months and remained dominant during the following
two years of the, study. It is too early to determine if succession in Alice Arm
wi 1,1 follow a similar pattern.

Recovery of the infaunal benthos was noticeable I I months afterdischarge
, , terminated even at the most affected sites in Alice Arm (Sites CCN, DDM, and,

CCM). Diversity of all species groups increased at these sites, together with
significant increases in abundances. This pattern agreed with the study by Arntz
end Rurnohr ,( 1982)" who found that species numbers initially increased, very
slowly, abundance changed from low at the pre-opportunistic stage to high during
the opportunistic period, and numerical dominance changed very rapidly during

"the early stages. Although polychaetes were slightly dominant at these sites in
Alice' Arm, the largest percentage increases were recorded for bivalves and
crustaceans, The curnoceon Eudorella pacifico and the bivalves Nuculq tenuis
and Macomq carlottensis were common ecr.ly colonizing species. Similar results
have been reported by other investigators. In a study of benthic repopulation in
the Raritan River estuary following sewage' abatement, Dean and Haskin (1964)
found Macoma sp, to be a pioneer among the species of early invaders. Arntz
and Rumohr ( 1982) found that cumccecns often predominated during the summer.
However, ,-it is important- to note that although many studies have dealt, with
marine benthic invertebrate colonization (e.g. Arntz and Rumohr, 1982;

,Bonsdorff, '1980; Dean and Haskin, 1964; Kathman et cl., 1984; Pearson 'and
Rosenberg, 1978), no previous studies have dealt specifically with recolonization
following cessation of mine tailings discharge. As such this study is unique, end
it provides valuable data related to predicting the ultimate recovery of other
coastal areas presently (or proposed to be) impacted by mine tailings discharges.



16

R:ECOMMENDATIONS

The study of spct ioi and temporal marine infaunal benthic colonization at Alice
and Hastings Arms provides a unique opportunity to monitor long-term biological
effects after mine tailings disposal has ceased. We therefore recommend that
greater than minimum effort be expended in benthic monitoring. Specifically,
w~ strongly recommend initiation of a quarterly sampling program, to start
immediately and to continue for the next several years. The data from such an
intensified program would be fundamental to the development. of rates of
recolonization/die off, within season fluctuations, biological aspects of slower
recolonlzctlon in deep areas, and possible limiting factors of recolonization in
tailings affected sediments.

At a minimum, an annual benthic sampling program to monitor changes rn the
distribution and abundance of benthic invertebrates in Alice Arm should be
continued at a level consistent with the 1982 and 1983 studies while the mine is
closed, If mill operations resume, however, the benthos should be sampled
immediately prior to operations, followed by biannual sampling for the first year
pfter startup and onnuol sampling afterwards. This program would serve to
determine immediate and long-term effects of tailings discharges on the infaunal
benthic community.
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APPI;NDIX A

INFORMATION RECORDED
DURING SAMPLE ACQUISITION

Date Avg. Depth North Latitude
(October; 1983) Stqtion" (rn) West Longitude

as CCN 261.5 55°26'40"
129°31 '42"

05 CCM 271.0 55°26'36"
129°31'53"

05 CCS 249.5 55°26'3"
129°31'44"

05 DON 340.0 55°26'48"
129°33'37"

05 DDM 347.0 55°26'44"
129°33'35"

05 DDS 350.0 55°26'41 "
129°33'31 "

06 D.5N 327.0 55°27'10"
129°35'27"

06 D.5M 387.0 55°27'05"
129035'Z3"

06 0.55 3'76.0 55 °27'02"
129035'Z3"

06 EEN 375.5 55 027'IZ"

129°37'00"

06 EEM 394.}I 55°27'06"
129°37'00"

06 EES 394.0 55°27'00"
129°37'00"

06 ZZE 296.0 55°29' 19"
129°45'37"

06 Z2M 298.0 55°29' 17"
129°45'50"

06 Z2W 298.0 55°29'14"
129°45'57"

"Stations CCN through EES are in Alice Arm; Z2E through ZZW are
in Hastings Arm.

"
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APPENDIX B

RESULTS OF QUALITY CONTROL (QC)
FOR SORTING BENTHIC INVERTEBRATES

Sample
Identification

Total Number
of Individuals
During Sorting

Total Number
of Individuals

After QC
Percent Error

for Sample

DDS-B 21. 21 0

D.5M-A 40 40 0

EEM-B 121 123 1.6

EES-A 122 123 0.8

EES-B 209 210 0.5

Z2E-A 80 81 1.2

Z2W-A 85 86 1.2
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APPr::NDIX D

LIST OF ALL TAXA FOUND IN
ALICE ARM AND HASTINGS ARM

Coelenterata
Anthozoa

Actiniaria
Edwardsiidae

Edwardsia sipunculoides (Stimpson)

Pennatulacea
Virgulariidae

Virgularia sp. aff. tuberculata Marshal

Nemertea
Anopia

Heteronemertea
Cerebrctulidoe

Cerebratulus sp.

Bryozoa

Annelida
Polychaeta

Capitellida
Capitellidae

HeteromastLJS filobranchus Berkeley and Berkeley'

Maldanidae
Maldane glebifex Grube

Eunicida
Lumbrineridae

Lumbrineris lutl Berkeley and Berkeley'
. Paraninoe simpTa (Moore)

. Flobelliqer ldo '
Flabelligeridae

Brada vi Ilosa (Rathke)

Orbiniida.
Orbiniidce

Leitoscoloplos pugettensis (Pettibone)
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~ ..

Poroonidce
Levinsenia radJis (Tauber)
Aricidea (Allia suecica Eliason

Oweniida
Owenlidoe

Myriochele ocuitlta Zachs

POYI/odocida
Goniadidae

G6nioda annulata Moore'

Hesionidae
Gyptis brevipalpa (Hartmann-Schroder)

Nephtyldce , ,
Nephtys cornuta cornuta Berkeley and .~hkeley

. Nephtys Qunctcita. Hortrnon . ,
Aglaophamus malmgreni. (Theel)

Fiiiargidae
Ancistrosyllis groenlandica Mcintosh

Polynoidae
Harmothoinae
?Antinoella sarsi (Kinberg)

Sigalionidae.
Pholoe minuta (Fabricius) ..

Spionido
Cirratulidae

Chaetozone setosa Malmgren
Tharyx multifil is Moore .

Spionldce
Po!ydora sp. ,
Prionospio steenstrupi Ma!m~ren

Spiophanes sp. , .
Spiophanes kroyeri Grube

l"

Sternaspida
Sternaspidae

Sternaspis scutata (Renier)

Terebellida
Ampharetidae

.!j\rnphicteis sp.
Ampharete finmarchica (Sors)
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Pectinariidae
Amphictene moorei Annenkovc

Trichobranchidae
Terebellides stroemi Sars

. Arthropoda
Crustacea

Arnphlpodo
. Lysianassidae
. Koroga nlegalops Holmes

Pach).rnus. barnardi .Hurley

Oedicerot idoe
Bathymedon pumilis Barnard
Monoculodes d. emarginatus Barnard
Monoculodes sp. ?

Cumacea
Diasty Iidae

Diastylis pellucida Hart

Leuconidee
Eudorella pacifica Hart
Leucon subnasica Hart

Mysidacea
. Mysidae

Holmesiella anomala Ortmann

Ostracoda

. Mollvsca
Caudofoveata

Chaetodermatida
Crysfcllophrlssonldce

CrystalIophrisson sp.,'

Gastropoda
Cepha laspidea

Cylichnidae
Cylichna alba (Brown)
Cylichna attonsa Carpenter

. Mesogastropoda
Rlssoinldce

Rissoina ~ewcombei Doll .

35
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Neogastropoda
Muricidae·

Ocenebra interfossa Carpenter

$caphopoda
Dentaliida

Dentaliidae
Dentalium agasslzll Pilsbry end Sharp ..
Dentalium pretiosum Sowerby

Leavidentalidae
Rhabdus rectius (Carpenter)

Cadilida
Cadulidae

Cadulus tolmiei Doll

Bivolvio .
Myoida

Myidae
Mya arenaria Linnoeus

Nuculoidea
Nuculanidae

Nuculana hindsii (Hanley)

Nuculidae
Nucula tenuis (Montagu)

Yoldiidae
Yoldia hyperborea Torell
Yoldia martyria Doll
Yoldia scissurata Dall
Yoldia thraciaeformis (Storer)

Veneroida
Cardiidae

Clinocardium nuttallii (Conrcd)

Cooperellidae
Cooperella subdiaphana (Corpenter)

Lucinidae
Lucina tenuisculpta Carpenter

Tel/inidae
Macoma' calcarea (Crnelin)
Macoma carlottensis Whiteave's'
Macoma eliminata Dunnill and Coan

Veneridae
Psephidia lordi(Baird)2

"
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Echinodermata
Asteroidea

Paxillosida
Goniopectinidae

Ctenodiscus crispatus (Retzius)

37

Echinoidea
Echinoida

Strongylocentrotidae
Strongylocentrotus prob.pallidus (G.O. Sots)'

Holothuroidea
Apodida

Chiridotidae
Chiridota albafrossi Ohshima3

MoJpodida
Molpadiidae
. Molpadia intermedid (Ludwiq)

Ophiuroidea
Ophiurldo
. Ophiuridae

Ophiura leptoctenia H.l.. Clark

l of Filatova; = Chaetoderma of Sclvlnl-Plowen

2all Transenella·tantilla of Kathman et cl., 1983 = P. lordi

30f Ohshima; = ~. laevis of Deichmann
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APPENDIX E

DENSITY AND DISTRIBUTION FOR BENTHIC INVERTEBRATES FROM ALICE ARM

All Results are Given in Numbers Per m2
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A B 1 A ~ i A B i A 8 i A 8 i A 8 X

,Co~J enteraU
Anthozoa
,l.etlnlaria
'tawlrdsl! dae
'tawardsla ,Ipuneuloldes

10 5

p,ennatulaee.
V,l rgularll dae
Vlrgularla sp , arr. tubereulata

Nemerte.
Anopia
Ileteronemerte.
~~r.bratulleae

Cerebratul us sp.

8rY91'9a
10 5

AnneJIda
P01yehaeta
qpltell1d.

capl te 111da.
Heteromastus fflobranehus

10 5

nal dan1dae
'~ glebHex

50 25

Eu~1 ef da
Lumbrlnerl dae

Lumbrlneri s 1uti 10 10 10 10 ~
10 S

Piranln" sl'iii'pla 20 10

Flabelligerlda
nabelligerida.

Brada .fl10sa-,..-.----
Orbl nil da

Orbl n11dae
lei toseo1 opl os pug.t~ensl 5 10 5

raraonf dae
Levinsenfa f1"1 11S

40 40 40 20 1Q 10 5

Adeldea (~ sueelca

tNenlf da
OWenf fdae
'\lYrioehe1e oeula ta 10 10 10 10 80 45 60 20 40 10 5 10 5

P~yll odoc! da
~on1adl dae 5

~~
19 5 10 20 10 10 5

Heslonlda.
Gyptl s bre.l pa1pa

~ephtyld.e

~ eornut. eornut.
10 5 40 20 60 10 ~5

~ punetafa---

10 5

,g aop amus ma mgrenl

~t1argldae

'~~ehtrosy" f s groen1 andl ea
_.

polynol cae
'8armothol nae

10 5

lAnti nael1a~
10' 5

S..lgallonldae
I

"

~~

Splanld'
Cfrratul fdae
Chaetolon. setosa

20 10 10 5

Tharp multTITTTS
30 15

Splonldae
~alYdor. sp , 10 5

.r onospl0 steenstrupl
10 10 10

Spl aphanes sp ,
10 5

Splophanes ~royerl

.:
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Coelenterata
Antholoa
Actlnhrh
Edwardsll da.

Edwardsh slpunculoldes

P.nnatuhc..
V!r'gularlldae
Vlrguhrh sp , Iff. tubercuJata

Nemertea
Anopla
Heteronemertea
Cerebratull dae

Cerebralulus sp , 10 5

Bryozoa

Annelida
Polycnaeta
Caplte 111da
Capllellldae

Heteromutus fllobrlnchus 10 5 10 5

Mal dani dae
~ glebitex

Eunlclda
LlIObrlnerldae
lumbrinerls lutl 10 5
Paranlnoe sliiipTi" 10 5 10 5

flahelllyerlda
flabell gerldae
~ vl1'osa

Orblnllda
Orb!nlldae
lei tescot op' OS pugeHens Is 40 30 35 10 5

Paraon! dae
lev! nsenla flic~' Is 10 5 10 5 10 30 20 10 5
Adeldea (~ '~ 10 5 10 5 10 5

Owe nil da
Owenlldae

Hyrlochel e ocul ala 10 5 10 20 15 20, :10

pnyllodoclda
Gonlad!dae
~~ 10 5 20 10 10 '10 10

HisI on!ilae
~ brevlpa'pa' 10 5 10 5 20 10

NephtyldU
55~ cornutl corn uta 40, 20 50 10 ~O '40 10 40 20 30 10 5 10 20 15

~ punC£a}a--.- ,10 5 10 ~O 20 20 10 20 10 15 10 5

9 aop amus "a mgrenl " 10 5 10 5

Pllargl dae
groen' andlcaAnc! strosyll I s 10 5

Polynol cae
HanllOlholnae
TAntlnoella'sarsl .'

S!gallonldae
Pholoe "Inuta 1.0 5 10 5 10 5

Spl onl da
CIrra tUll dae
Chaetolone setoia 2(5 10 10 5

Tharp ",ultTnlTS

Splon!dae
~o1Ydora sp. ,
r onosplo steenstrupl 30 15 10 5 10 5

Splophanes sp,
Sptophanes kroyerl

..
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Sternospl d.
Stornuplda.
Sternupis~

Terebell f d.
Ampho re t 1doe

Amphfctef ssp. 19 5

IJiiph.rete flnrn.rchlco

Poeti narll doe
Amphfctene~ 10 5 10 5 20 10 IS

Trl chobranch fdoe
Ter.b.l11d,s~

10 5

1,rthropoda
Crus toc.o

Amphlpoda
lyslanassl dae
~orh2. 1lIe~.' ops

10 5

~~

O,dl c,roU d.'
BathtETdon pj!I11S

10 5 10 5

ROnocuodes c. ,marglnatus 10 5 10 5 10 5 10 5

Aonoculodes sp , 1 10 5

C....c..
Olastyll d.,
Dhstylls pellucida

10 5 10 5

leuconl d.e
Eudor.l 1a pacl flco 30 ,0 25 10 10 10 30 30 30 ,0 ,0 20 59 20 35 40 20 25

C,ucon lubnlS ca

, Mysldacu
Hysl da.

Holmeslella an"",a1o

Ostracoda

~ollusca

Caudofov.aU
, Chaetodernatfda

Crys tall ophri ssonl do.
'Crystal1ophrlsson sp , 10 5

Gastropoda
'C,ph.1aspld,a

CyllchnldU

EYl nna alba
10 5 20 10

~illOnsa
10 5

Mesog. s tropoda
Rlssolnldae
~ne"c""'bel

Neogastrcpooa
Muriclda,
Ocenebra lnterfosso

Scaphopoda
"b~ntall1da

O,ntall Idae
O,ntal lUll agasslzl1
DentoHUlI pr,UolUTll

leevldent.lldo,
Rh.bdus rectlus

~odn1d.
Codul1 dae
~tolml,1

,- ~1vil via
Myoid.

Myldo.
~ orenoria 30 15 20 10 20 fO 10 5 10 10 10

Nuculof de.
~uculanldae

~~

.'
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SUrnuplcl.
Sternuplcln
Sternuph~ 100 190 145 20 10

Terebel11 d•
.....ph.rtt I d.e'

","ph\cteh sp.
Mpharele rfnmarchlca

Pectlnar! Id.e
"'"phlctene lIlOorel

Trl chcbranchl cl.e
Terebell Ides stroeml

Arthropoda
Crustacea

Amphl pod.
lyshnaufdae,
~or~ga 1lIt~.1op's
~'~,

Oedfcerotfd.e
B.th~don Pill h 10 5 10 5

Ronoeuodes c '. em.rglnatus 10 5 10 5

Ronoculodes sp. 7

C....cea
01asty1l dae

Olastyl Is. pel I uct da

leuconf d.e
lUdorella pac: ff ca 10 80 45 30 10 20 30 20 25

[eucon subnas ca 10 5

Mysldacu
Mysfdn

HoI IlItsfella anOlllala 10 5

Ostr.cod.

Mollusca
C,udofoveata
Ch.etoderlM t fd. "

Crystall op~rl$sonf dae
Crysta 11ophrl sson sp , ro 20 15 10 5 10 5 10 5

Ga str'cpoda
Ceph.l aspldea

Cylfchnldae
Eync~na alba' 30 15 10 5
~monsa 10 20 15 10 5

'Mesogastropod.
Rlss01nldae
RIss01 na newcOItIbel

Neogas tropcda
Murlcfdae
Ocenebr. fnte,fossa

Scaphopod.
Oental11~a

Denta111dae "
DentaHUT'! agBsfzll
Oentaliu," pretlosU11l , 20 10

le.vi dent.l f dae
Rhabdu$~ 10 5

G.dl 11da
Cidu1.ld.e ,
~tol~lel

Sival via
Myol d. "

Hyldae
~ arenarfa 10 5 10 20 15

Nucul 01del
Nuculanfdn
Nuculan., hlnds11 20 10

, '
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DDSDDMOONCCSCCN CC

f A ~ i A ~ ,~ A ~ '~ A ~ i ~ B ~, ~ Ii i
..'

N~c~ll doe
, NlJcul.·ien~ts 10 S 20 20 20 40 20 , 10 S 30 15

YOldl1dae
Yol d ~'hy~rbOrea
Y'OT'il1a RIaj Yr Iarsrarr sc ss~rata
rotdll thraClaefol1llh 20 10

Venerol.da ,
Cardl1 dae
Cli nocar d! lim n~ttall11 10 5

Coo~rell f dae
Cooper,'h sUbdfaphana'

Luc1nldae
~ tenut scut pta 10 5 .11.' ,

Tell1nldae
MaCOfn.l 'calcarea
BaCOl1Ul Ca7I'Ot'te'nsis 10 20 ' 15 10 5, 10 ' 5 30 15
~ elhdnata

Venerl d~e "
Psephl d1l lordl ' 10 5 10 5

Echlnode..,.,aU
Asterol del

Phl11os1 da
Gonfopectlnldae '
Ctenodlscus crfspatus

EchlnOlde~
Echinoid! '
Strongyi'ocen trotl dae

, Stron!ii' ocentretus prob. P~" I dus

HoI othurol dea
Apod! da ' ,

v,Chiri dotl dae
Chirl data al batrossl 10 5 ~O 5..

tlol padl oa
tlol paMI dae
Mol padl a 1ntennedla 10 5 10 5 30 15 30 15

, QPhl ural den
O,phl ur1d~
. Ophluri dae

Ophlura leptoctenla

'I' • .,.. ••

",
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o 5S EEN EEH EES

I A y i A y i A y i A B X A B i A B X

Nuculf dl.
Nueula tenuis 30 20 25 20 CO 30 80 60 70 180 150 165 140 300 220
---.-----

V.Hildu
Voldh hy~rborea
YOTaTi" ..al yr'"marr sc Burlta 10 5
rsrnr thrac1aeforllis 10 5-- ,

Venerol da ,
Cudl I dae ,

Clfnoclrdl!Jlll 'nuttal1f1

Cooperell I die
Cooperella sUbdh~hana

Luclnldae
lutlnl tenul scul pta 30 50 CO 60 70 65 10 10 '10 20 70 c5 50 25

Tell Inldae
Hacaml calcarea
Racama Cii"lO£tens I s 10 5 10 30 20 10 5,

Racema e 11 ..1-na ta ,10 5

Venerf dae
Psephldla lordl 40 20 160 30 95 30 15 420 350 3B5 700 700 700 860 15BO 1220

Eehlnodenaatl
Asteroidea
Pllflloslda
Gonlopectlnldae
Ctenodlscus crispatus 20 10 10 5

Echlnoldel '
Echlnolda

Strongyl ocentrotl dae
Strongylocentrotus prob, pall Idus 10 5

Holotnur<)ldu
Apodlda
Chlrfdotldu

ChIrl dota al batros sl 10 60 35 co 90 65 60 10, 35 90 110 100 120 110 115 30 50 co

HoIpadlda
HoIpadil da,e
Holpadll Intennedl,a' 10 5 20 10 10 10 10 10 10 10

Ophluroldea,
Ophlurlda

Ophturfdae, 20' 10

Ophlura leptoctenla

.\
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APPENDIX F

DENSITY ANQ .QjpTRIBUTION FOR J;\I;NTHIC INVERTEBRATES FROM HASTINGS ARM
All Result~ are Given in Numb~rs Per' m2

Z2WZZMZ2E

x X -'
A B A B A B X

. '

Coelenterata
:

Anthozoa
~c1iniario

!;,:dwardsildoe ,
Edwordsia sipunculoioes

Pennotuloceo 10 5

" Virguloriidae
20 10 10 5

Virgularia sp. off. tuberculata .

Nernerteo
Aropla

Heteronernertec
Cerebrat!,llidae

.Cerebratulus sp,
"

~

. '

Brypz.oo
,

Annelida
Pglyc;haeto

(:opitellida
Capitellidae

Heteromastus filobranchus 20 10 10 5 20 20 20

Maldonidae .
Maldane glebifex ..

~~nicida
..

Lumbrineridae
Lumbrineris luti
Paroninoe simpla 10 5 10 5 zq 10

fl!;tbelligerido
Flabelligeridae

Broda villosa 10 5

Qrbiniida
Orbiniidae

Leitoscoloplos pugetlensis

paroonida~
Levlnsenio oroctlis ~O ZO 10 ZO 15 10 40 25

Aricidea (Alliq.l~

Qweniida
Oweniidae

Myriochele oculoto

P!:ly!IQdocida

"

Goniadidae
Goniada annulata

30 10 ZO 10 10 10
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APPENDIX F (cont.)

Z2WZ2MZ2E-
A B X A B X A B X

Hesionidae
Gyplis brevi~lpo 10 5 10 5

Nephtyidae
Nephtys~ cornuto 20 10 20 10

Nephtys punctata 10 5
Aglaophomus malmgreni 20 10 10 5 10 5

Pilargidae
Ancistrasyllis groenlandica

, Polynoidae
Harmolhoinoe 10 5
?Antinoella sarsi

, S'jgalionidae "

'~minuta 10 5

Spionida
Cirratulidoe

Choetozane setosa 10 5 10 10 10 10 ,5

Thoryx multifilis 10 5

Spionidae
Polydora sp,
Prionospio steenstrupi
Spiophones sp,
Spiophones kroyeri 30 15 10 5

5ternospida
Sternaspidae

Sternaspis scutat'a 10 20 15 20 20 20 10 5

Terebellida
Amphoretidae

Amphicteis sp;
Amphcirete finmarchica 10 5' 10 5

Pectinariidae
,

..
Amphictene moonii

Trichobranchidae.
Terebellides stroerni ,

Arthropoda
Crustacea

Amphipoda
Lysianassidae

Koroga mega lops
Pachynus bornardi 10 5

Oedicerot ldoe
Bathymedon pumilis 10 5 10 5
Monoculodes cf, emarginatus
Monoculodes sp, ? ,', 10 5

Cumaceo
Diaslylidae
Diastylis' pellucida

Leuconldoe
Eudorella poclflco 50 10 30 20 10 30 10 20
Leucon subnasica,---
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Mysidacea
Mysidoe
. Holmesiello onemato

Ostracoda

Mollusca
Caudafovea to

Choetodermotido
Crystollophrissonidoe

Crystallophrls50n .sp,

C;Ostropoda
Cepho lospideo

Cylichnidae
Cylichno alba
Cylic!1i1O cttonso

Mesogastropoda
Rissolnidae

Rissoino newcombei

Neogastropoda .
Muricidae·

Ocenebra interfossa

5,caphopoda
Dentaliida

Dentoliidae
Dentolium agasslzii
Dentalium pretiosum

Leavldentalidae
Rhabdus recHus

Gadilida
Cadulidae

Cadulus~

Bivalvia
Myoido

Myidae
Myo arenaria

A

10

10

10

io

10

20

Z2E

B

20

60

.5

5

5

5

15

10.

45

A

10

10

10

30

Z2M

B

50

x

5

30

5

15

A

10

40

Z2W

B

10

10,

10

10

x

5

5

5

25

lNuculoidea
Nuculanidoe·

Nuculana~

Nuculidae
Nucula tenuis

Ycldildoe
Yoldia hyperborea
Yoldio martyria
Yoldia scissurata
Yaldla thraciaeformis

Veneroida
Ccrdlldce

CHnocardium nuttallii

350470 410

10 10 10
50 10 30
1,0 10 10
10 5

360 4.\0 385

. 10 5
105
40 30 35

430 630 530
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Z2E Z2M Z2W

\';"1

A B X A B X A B X

Cooperellidae
Cooperella subdlaphono 10 5 30 40 3S

Loclnldce
Lucina tenulsculpta 30 50 40 40 20 30 40 50 45

Tellinidae
Macoma calcarea 10 5
Macoma carlottensis 10 30 20 30 30 30
Macoma eliminata 10 5

Veneridae
Psephidia~ 30 20 25 10 80 45 90 60 75

. Echinodermata ..
.Asteroidea ..

Pcxlllosldo
Goniopectinidoe

Ctenodiscus crlspctus 30 15 20 10 15

Echlnoideo
Echinoida

StrongylocentrotidOe
Strongylocentrotus prob. pallldus 20 10

Holothuroideo 10 5

Apodida'
Chiridotidoe.

Chiridota albatrossi 20 10 15 10 5 10 5

Molpadido
Molpodiidoe

Molpadia intermedia 10 5

Ophiuroldeo
Ophiurido ' .

.Ophiuridae
Ophiura leptodenia 10 5

..
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APPENDIX G

.. CLUSTER ANALYSIS STATION GROUPINGS­

M2' ~M4; 1982 - ..
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Cluster analysis station groupings for M2, 1982.
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Cluster analysis station groupings for M3, 1982.

'0.0

0.1

0.2

0.3

0.4

'0.5

0.6

0.7

·0.8

0.9

1.0

J
"

c'

:
~'---

. ,

....

.....-'--

....

, I

,
'-

'-

.
,

!

IJl Z 3= w ~ s Z ,1Jl IJl ~ ~ z
w W N N W 0 U ,0
w w '"

U 0 U

N 'N N w 0 U 0 U 0 U

L--J
L.--..-J

4 3, 2 ,

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0



53

Cluster analysis station groupings for M4, 1982.
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APPENDIX H

CLUSTER ANALYSIS STATION GROUPINGS

102 - M4;1983

"

..
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Cluster analysis station groupings for M2, 1983.
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Cluster analysis station groupings for MJ, 1983.
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Cluster analysis station groupings for M4, 1983.
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