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ABSTRACT

Supervisor: Dr. Derek V. Ellis

A log handling ground situated on the northwest coast of Saanich
Inlet, B.C., is generating bark debris which has deposited to a thickness
of greater thanm 15 cm over approximately 1 km? of a shallow, subtidal
sand bed. Survey of the benthic epibiota by scuba divers and of the
infauna by 5 replicated 0.1 m? van Veen grab samples at each of 16
stations showed a marked alteration of the biota. Variability in bottom
sediment structure and water quality was not great enough to cause the
observed faunistic distributions. Application of classification and
ordination to the data revealed that infauna responded primarily to a
gradient in bark debris thickness, secondarily to depth and least of
all to seasonal variation. .

The sand bed infauna was dominated by Myecella tumida, Mesochaetoptierus
taylori and at greater depth by Phyllochaetopterus prolifica. The
community may be characteristic of west Saanich Inlet coastal sands. The
sand population was markedly altered by deposited bark debris levels as
low as 0.8 cm in mean thickness. Suspension feeding organisms were
diminished and population biomass and diversity was reduced. Sand bed
faunal attributes were lost as bark debris thickenad. Small polychacte
and crustacean dominants appeared which utilized the debris for attachment,
protection and food. It is hypothesized that, with abatement of fiber
deposition, return of the sand bed fauna may not occur until pre-deposition

conditions return.

A number of community analytical techniques were applied to the data

to differentiate faunal trends objectively. The methods included cluster



analysis, Ziirich-Montpellier analysis and reciprocal averaging
ordination. As well, species-abundance relations, relative diversity
and faunistic primary feeding type relations were examined. An
evaluation of the analytical methods suggested that the relative
merit of each would vary with the degree of heterogeneity of the
data. Cluster analysis indicated gross biotic differences, although
the Czekanowski coefficient of similarity isolated structural gradients
which were not evident in clustering by Jaccard's index or a Ziirich-
Montpellier analysis. Ordination was more sensitive to faunistic
gradients and as well suggested the relative importance of
environmental factors which mediate the trends. Species-abundance
relations, diversity and trophic structure measures explored
community complexity and stability. A combination of the analyses

in complementary fashicn was found to be the best approach to elu-

cidate and substantiate faunistic trends in this study.
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PART I. Introduction
A.' OBJECTIVE -

The effect of bark and wood debris derived from water-borne log
handling operations on the marine benthos has been a subject of some
analysis in this last decade. However, with the exception of a single
broad, semi-quantitative study in southeast Alaska (Pease,1973) and a
more intensive survey of an estuarine log handling operation in Oregon
(Walker, 1973), no quantitative analytical study of effects has been
made on marine bottom communities. The present investigation of a log
handling ground, located 2 km south of Mill Bay on Saanich Inlet, B.C.
(Figure 1.1), was undertaken in an attempt to correct this condition.

In this general context the detailed objectives of this study were:
(1) to accurately map the distribution of bark and wood debris deposited
on the sea floor proximal to the Mill Bay log dump; (2) to determine the
characteristics of the sediments underlying the fiber bed as a pre-
requisite to establishing the pre-discharge structure of the benthos
(this is in accordance with Thorson's (1957) concept that parallel
infaunal communities may be expected to occur in similar sediments);

(3) to quantitatively evaluate the impact of deposited bark and wood
debris on the infaunal biomass, abundance, species composition, diversity
and primary feeding stfucture; (4) to determine the relationship of

these biological parameters to gradients in bark deposit thickness,
sampling depth and seasonal variability; (5) to suggest a level of

bark deposit thickness at which the effects of the debris become

critical to the maintenance of the sand community structure; (6) to
determine the process of infaunal succession in a non-depositing fiber

bed, and (7) to infer from a scuba survey of large epifauna and deep



Figure 1.1

Section of Canadian Hydrographic chart #3451
showing north-central Saanich Inlet. The study
area is a coastal sand bed running from McPhail
Point, 2.3 km north to Mill Bay. Centrally
located in the sand bed is a log dump, booming
and storage ground, comprising 15.3 acres of

foreshore.
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burrowing pelecypods the impact of bark debris on organisms overlooked
by conventional remote sampling techniques.

The application of analytical methods to the analysis of marine
benthic populations has become widespread in the past quarter century
(see Section IC). Because of the complex nature of many numerical
techniques, attempts to combine and systematically subject benthic data
to numerical analysis.have not often been accomplished. It was a
further objective of this study to apply and compare several mathematical

analyses to elucidate and substantiate the effects of bark debris on the

shallow subtidal benthos.



B. REVIEW OF THE EFFECTS OF WOOD DEBRIS ON BENTHIC ECOSYSTEMS

There are approximately 200 log dump, sorting and storage grounds
situated on the southern B.C. marine coast which handle more than 1000
cubic feet of wood per year (Waelti and MacLeod, 1971). Methods of log
handling and transport are reviewed elsewhere (Conlan, 1974b). Rough
handling and transportation accidents often result in the loss of bark,
wood splinters and logs. Schaumburg (1973) found that about 207% of a
log surface is abraded during log handling, this figure varying some-
what with the wood species and method employed. The loose logs and
debris are washed onto the shoreline or sink and deposit onto the sea
bottom. Most log handling areas are encompassed by a barrier of boom
sticks to localize debris deposition. The author estimates from British
Columbia Lands Branch files that 4000 acres of water are or have been
used for log handling in south east Vancouver Island alome. Many of
these operations are located in bays or estuaries, which may be highly
productive and provide nurseries for young fish and invertebrates
(Cronin, 1967). A large area of productive coastal sea bottom in
British Columbia is thus susceptible to being blanketed by wood debris.

Wood deposition may alter the benthic environment in several ways.
Wood particles on the sea bottom differ in size, weight and shape from
inorganic sediments, thus altering the porosity, permeability and
stability of the substrate available to benthic biota (Jones, 1973).
Wood particles may increase the organic load of the sediments by

leaching soluble components such as carbohydrates, resins, tannins and

lignins. Furthermore, degradation of the organics may exert a measurable

oxygen demand on interstitial and overlying waters. If oxygen

depletion is great, hydrogen sulfide may accumulate to toxic levels.



Alteration of the benthic environment in these ways potentially can
affect a benthic population so that changes result in species composition,
relative abundance, biomass, diversity, production and interspecific
relations.

The ecological impact of bark debris generated by aquatic log
handling has been documented by Ellis (1970), Lehman (1970) and Pease
(1973) in Alaska, McDaniel (1973) and Conlan et. al. (1974a) in British
Columbia,and Schaumburg (1973) and Walker (1973) in Oregon. An extensive
review is given in Conlan (1975a). Wood debris, bark and sunken logs
deposit in a blanket around the source of log introduction, often to
several hundred feet distant. The thickness of the deposit appears to
vary with the method of log dumping, the distance from the source, the
species of wood handled, the frequency and amount of dumping and water
circulation patterns. Areas used solely for log storage or locations
subject to strong currents show little or no debris accumulation. At
log dumping and booming grounds, however, deposits are thick and
evidence little decomposition.

Wood and bark leach soluble organic materials when in contact
with water. The rate of leaching varies with the age and species of
wood, contact time, wood surface area, holding water temperature, salinity
and circulation (Sproul and Sharpe, 1968; Atkinson, 1971; Benedict and
McKeown, 1971; Gove and Gellman, 1971). The leachates exert a strong
oxygen demand and at high concentrations in test conditions are toxic
to shrimp, Dungeness carb, trout and salmon juveniles (Henriksen and
Samdal, 1966; Pease, 1973; Schaumburg, 1973; Servizi et. al., 1974;
Buchanan et. al., 1976; Peters et. al., 1976). In natural conditionmns,

however, leachates seem to alter water quality very little, except in

12
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enclosed, poorly flushed bodies of water (Pease,1973; Schaumburg, 1973;
Peters, 1974). Chang and Levings (1976 a and b) explored in the laboratory
the physical impact of wood debris. They suggest that, at least when
large amounts of debris rapidly deposit to 20 cm or more, death by
suffocation will be the immediate issue.

Benthic epifauna are sparse where bark debris is soft and loose
(Ellis, 1970; Pease, 1973). Where sunken logs and rocks jut above the
debris, sessile organisms attach and cryptic forms such as crabs and
shrimp hide beneath. Small amphipods live amongst chlorophytes and
diatoms growing on the wood surface (Levings, 1973a) and wood burrowers
live within. Benthic infauna are markedly altered in species composition
and bivalves in particular are decimated (Pease, 1973; ﬁalker, 1973
Conlan et. al., 1974a).

The study of the biological effects of wood and bark debris to
date has been largely qualitative. This study was therefore initiated
to bring the effects into a quantitative perspective with the aid of
computerized analytical techniques.

The results of this investigation should have broad application
to the problems of ocean dumping and large particle discharge from pulp
mills and log handling grounds. It is hoped that results will contribute

to the establishment of ground rules for government regulatory agencies.
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C. REVIEW OF NUMERICAL ANALYTICAL METHODS FOR THE STUDY OF
. BENTHIC POPULATIONS

The technique of environmental monitoring using the biota as
indicators dates to the pioneering benthic assessments of Petersen (1918)
and Boysen Jensen (1919). Benthic fauna are particularly useful in
studies of aquatic pollution because of their sessile nature. A number
of biotic diversity indices and guidelines for pollution zone nomenclature
have been pfoposed in an attempt to unify and systematizé the study of
pollution (for a review, see Leppdkoski, 1975). Indicator organisms have
been seleéted by some biologists, with the intent of mapping their
distribution and abundance to index the extent and degree of pollution.

Full benthic community analysis has developed from the simple
comparison of species relative abundance and biomass to the more sophis-
ticated multivariate techniques of community classification and
ordination pioneered by terrestrial plant ecologists in the earlier
half of this century. A review of methodology is given elsewhere (Conlan,
1975b). Classification is a method of grouping sampled biota into
community groups or associations. Once delimited, the structure and
faunal interrelationships between communities may be analysed.

Ordination treats the data as a continuum. The technique is sensitive
to gradual trends in faunistic structure which may be relatable to
gradients in environmental factors.

Community groups can be described and compared by measure of homo-
geneity, diversity, standing crop and constituent trophic structure.
Population modelling attempts to describe how the species of the
community divide.the available resources (pielcu, 1969). Stable climax

communities are often described by a lognormal distribution, whereas



unstable, ecologically stressed communities show a geometric-type
distribution (Whittaker, 1965). Communities may also be compared by
diversity measures such as the Shannon-Weaver index (Shannon and Weaver,
1963) which determines both the number of species and the "evenness" .
of the species distributions.

This investigation studies the impact of bark deposition on the
associations of the shallow benthic macrofauna of west Saanicﬁ Inlet
by means of qualitative and quantitative analytical techniques. Class-
ification of faunistic associations is made by means of cluster and
Zirich-Montpellier analyses, then trends in biotic distributions are
explored by ordination. Community structure is examined by use of the
Shannon-Weaver diversity index and by the degree of conférmity to the
lognormal or geometric type of species distribution. An insight into
faunistic interrelationshipein the communities is formed by an
examination of the relative composition of four primary feeding groups:

suspension feeder, deposit feeder, herbivore, carnivore and/or scavenger.

15
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PART II. The Mill Bay Study Area
A. CRITERIA FOR THE SELECTION OF THE STUDY AREA

Environmental impact studies require that data be gathered on the
nature of the environment prior to impact. An alternative, when pre-
discharge data is unobtainable, is the sampling nearby of areas
untouched by discharge. Thus obtained is a set of test data to be
analysed against a comparable set of control data. With this latter
method of study, it is assumed that the control enviromnment is repre-
sentative of conditions prior to discharge. In the shallow marine benthic
environment it is not often possible to find satisfactory control areas.
In bays and estuaries, sediment features, salinity and current patterns
are variable, so that no two adjacent areas may be alike. Benthic
infauna are sensitive to these parameters, especially to bottom currents
and the nature of the sediments (Sanders, 1960). On the other hand,
uniform coastline which is unbroken by major freshwater inflow is not as
likely to vary in the above environmental features. A less variable
benthic fauna results (Jones, 1956). Thus, when a discharge is established
on the uniform coast, one can assume with some degree of confidence
that the benthic environment prior to discharge resembled the surrounding
environment of the coastline. Presumably cessation of the discharge
would result in an eventual return of the coastline benthos to this area.

Figure 2.1 displays the locations of log dumping grounds on coastal
waters of British ColumSia. Many of the grounds are situated in shallow

protected waters, often close to a freshwater source which acts to inhibit

wood borer infestations. Of those grounds situated on uniform coastline,

the log dump in Saanich Inlet, located 2 km south of the town of Mill Bay,
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was selected for study. The site was chosen for the following reasonms:
(a) the log dump is situated on a 5 km stretch of uniform coastline which
is uninterrupted by major freshwater and effluent discharges; (b) the
sediments and benthic infauna are highly comparable to the coastal sesbed
9.5 km due north, which has been extensively studied by Ellis (1967);

(c) part of the log dump and booming site had been abandoned for a

known period of time, which allowed for a study of benthic succession.



B. DESCRIPTION OF THE STUDY AREA
The area selected for sampling is situated on a 2.3 km stretch of

coastline on central west Saanich Inlet in southeast Vancouver Island,
British Columbia. The sampling area encompasses a log dump and booming
ground, situated at latitude 48° 38.7', longitude 123° 31.6'. A sandy
beach runs the length of the shore, interrupted briefly by the rocky
headland of Verdier Point. Sandflats continue subtidally, at a roughly
16° slope, then merge into mud below the 100 meter depth (e.f. Gucluer
and Gross, 1964). The nearest sources of freshwater inflow are
Shawnigan Creek, 2.6 km northwest of the northern boundary of the sampling
area and Johns Creek, 1.6 km southeast of the southern boundary. The
dominant freshwater influence is from discharge of the Cowichan River
and Fraser River to the north.

. Herlinveaux (1962) has compiled 30 year's data on the oceanography
of Saanich Inlet. At depths comparable to the study area (5 to 10
meters), water salinity fluctuatesfrom approximately 28.5 ppt to 30.2 ppt.
Two annual minima occur, a winter dilution coinciding with winter
precipitation and with the runoff of nearby Cowichan River, and a summer
dilution coinciding with maximum runoff of the Fraser River. Annual
water temperature ranges from a winter low of approximately 6°C to
double that value in July. Short-term temperature variations occur at
all times of the year which can be partially attributed to the tidal
pattern. Dissolvgd oxygen levels at 10 meters depth are seasonally
high and always remain above 3 ml/l. Maxima in excess of 15 ml/l1 are
reached in July, coinciding with the bloom of phytoplankton and benthic
algae. Currents in Saanich Inlet are weak and variable, determined by the

winds and tides (Herlinveaux, op.cit.). Tidal movement is greatest



along the western side of the inlet during the flood and along the eastern

side during the ebb. The tide pattern is mixed semidiurnal (Herlinveaux,

op.cit.).
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C. HISTORY OF THE MILL BAY LOG HANDLING GROUND

Log dumping and booming have operated at the Mill Bay site since
the 1920's. Logs were originally dumped at the shoreline, then boomed
loose into rafts. Two locations were used for the dumping of logs,
situated as in Figure 1.1: one situated north of Verdier Point, the
second opposite Tanner Rock. The former dumping site was used inter-
mittently and abandoned in 1957. All dumping presently occurs at the
location opposite Tanner Rock.

In 1967 a landfill spit with two slide ramps was constructed
opposite Tanner Rock so that logs could be dumped into deeper water.

At this time also, a new method of handling was introduced, that of
binding the logs into bundles prior to dumping. This method effectively
reduced log damage, loss and release of debris.

Approximately 300,000 cubic feet of logs are presently handled per
year (Pacific Logging Company, personal communication). Major wood
species handled, are Douglas fir (Pseudotsuga menziesii), Western Red
Cedar (Thuja plicata) and Western Hemlock (Thuja heterophylla). To
avoid rough winter weather, operations cease in December and resume in
March. Log handling activities cover a water surface area of 15.3 acres.
Logs are dumped and sorted next to the landfill spit and then stored
for up to one week at the perimeter of the booming ground before being

transported to mills for processing.
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PART III. Methods
A. INFAUNAL SURVEY

(i) Sampling design

The field log in Table 3.1 outlines the format of the field sampling
program at Mill Bay. The preliminary survey examined the topography of
thé sea bottom, the nature of the sediments, the distribution of the
bark debris blanket and the nature of the infauna. From this investigation
the infaunal sampling program was developed. Seven permanent sampling
stations in the fiber mat, situated as shown in Figure 3.1 and described
in Appendix I were positioned at varying distances from the log dump spit.
Because the sea bottom was not level and hence faunistic variability would
occur with depth (Thorsoﬁ, 1957), the stations were aligned on three depth
contours at roughly 5, 7 and 11 meters below chart datum. Control stations
to either side of the fiber blanket were established at these same depths
to give a grid of thirteen sampling stations.

In January, 1976, two further stations were created in the bark
debris at the 7 m contour. Control station 10, situated at the same

depth, was re-sampled for comparison.
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Table 3.1 Field log describing the sampling program

Sampling Purpose Equipment Location
date -

25/2/75- | Preliminary general | 2 1. Niskin bottle Proximal to active

28/2/75 survey 0.1 m? van Veen grab| dump and booming
3.1 cm I.D. gravity ground
corer

20/3/75 | Sediment coring 3.1 cm I.D. gravity | Abandoned log dump
corer

8/4/75 Sediment coring 3.1 cm I.D. gravity | Throughout study area
corer

28/4/75- | Infauna and water 0.1 m? van Veen grab| Stations 1-13

115175 sampling 2 1. Niskin bottle

9/6/75- | Epifauna sampling 1 m2 and 16 m? Stations 1-13

21/6/75 quadrats

11/8/75 | Interstitial water 50 cc syringe Station 4

sampling

20/8/75 Sediment coring 3.1 ecm 1.D. gravity | Statioms 3,5.6,7,8,
corer 9,12,13

18/11/75 | Sediment coring 3.1 cm I.D. gravity | Stations 1 and 11
corer

8/12/75 | Sediment coring 3.1 cm I.D. gravity | Throughout study area
corer plus stations 1-13

16/1/76 | Sediment coring 3.1 cm I.D. gravity | Throughout study area
corer plus stations 3,4,5,

8,12
22/1/76 | Sediment coring and | 3.1 cm I.D. gravity | Stations 14-16
infauna sampling corer
0.1 m? van Veen grab
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Figure 3.1 Biotic and water sampling stations, hydrography,
and distribution of benthic sediments and bark

debris at the Mill Bay study area
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(ii) Collecting techniques

In both surveys biological samples were collected with a 0.1 n?

van Veen grab. A description of the structure and sampling properties is
given in Holme (1964). Lie and Pamatmat (1965) and Gallardo (1965)
demonstrate the flat biting profile and sampling efficiency of this
eduipment.

Five replicate samples were collected at each station.‘ In order
to determine whether this sample size was sufficient, lognormal plots
of species abundance were made for each station. The data (Figure 4.1)
seemed to show that there were more moderately common species and
fewer rare or common species. The curve of the fitted function was
truncated at the left because not all of the rare species were sampled.
Increasing the sample size would move the Mode of the curve to the
right as more rare species were caught.

It can be seen in Figure 4.1 that at all stations, between 65
and 85% of the potential species were collected. In view of the
contention (Cassie and Michael, 1968; Day et al., 1971; Field, 1971;
Hughes and Thomas, 197la and b) that rare species are of little use in
identifying major faunistic distribution patterns, it was concluded
that the conventional 5-replicate survey (Longhurst, 1959) was adequate
for this program.

All samples were screened through 1 mm mesh to retain all com—
ponents of the macrofauna as defined by McIntyre (1969) and preserved

in 10% formalin neutralized with hexamine. Temperature measurements

and sediment subsamples were taken for each haul prior to screening.
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Figure 4.1 Lognormal plot of the species distributions at each station.
An octave represents the logarithm of the species' abundance
to the base 2. The solid curve is the expected lognormal
distributicn; the points are those observed.
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(iii) Identification and quantification

In the laboratory the samples were transferred from the original
10% neutralized formalin to 457 ethanol. Bark debris was inspected
under a 12.5 power microscope to be certain that all organisms were
collected. The biota was then preliminarily sorted into major taxa
(errant polychaetes, sedentary polychaetes, molluscs, crustaceans and
others) and within major taxa into apparent species.

Identifications were undertaken at the same time for both the
May, 1975 and January, 1976 surveys to ensure consistency in the results.
Organisms were identified to a level at which their taxonomic status was
differentiable, without doubt, by the author. Literature documenting
species distributions and habitat types was consulted to substantiate
identifications. The identification of the amphipods was kindly verified
by Dr. E.L. Bousfield of the National Museums of Canada and that of the
errant and sedentary polychaetes by Dr. R.M. 0'Clair.

The organisms were counted and wet weighed to the nearest 0.1 gram
after damp drying for 10 minutes, as recommended by Lie (1968).
Conversion to dry weight was undertaken during computerized data pro-

cessing following Thorson's (1957) conversion table.
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(iv) Analysis of feeding biology

Based on the feeding biology classificatory strategy outlined by
Blegvad (1914), Hunt (1925), Yonge (1928), Smidt (1951) Reish (1959a)
and Newell (1970), the infauna of the sampling ground were categorized
by their primary feeding habit: suspension feeder, deposit feeder,
herbivore, carnivore and/or scavenger. The definition of these categories
was adopted for this study from the descriptions by Blegvad (1914), Hunt
(1925), Mare (1942) and Newell (1970):

suspension feeder: microphagous, ingesting food that is suspended

in the water mass;

deposit feeder: microphagous, ingesting food that is deposited

on or within the sediments;
herbivore: macrophagous, ingesting plant material, either
living or dead;

carnivore and scavenger: macrophagous, ingesting animal material,

either living or dead.

The primary feeding habit of most sampled infauna could be reliably
characterized by reference to monographs on the subject. Classifications
were verified by examination of the gut contents of larger organisms.

The documented feeding type of each species, along with relevant
references are presented in Appendix II. It is recognized that many
organisms may assume a seccndary mode of feeding, dépending upon the
availability of food resources. Therefore, the documented feeding

types are listed as the primary habit of each species.



B. EPIFAUNAL SURVEY

(i) Sampling design

Epifauna of the sand and bark debris beds were observed at stationms
1 to 13 by scuba divers. A 16 m2 quadrat was dropped at the water surface
of each station, allowed to sink, and then the presence or absence of
epifauna within the encompassed area on the sea bottom was noted. A quadrat
this great in size was selected so that the larger and more widely
dispersed epifauna would be sampled. The bercent coverage of the sea
bottom by algae was also determined,by replicate estimates on a gridded

2

1 m* quadrat.
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(ii) Identification

Sampled epifauna were preserved in neutralized 10% formalin, then
transferred to 457 ethanol and identified using the same taxonomic

criteria as employed for the infauna.
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C. ENVIRONMENTAL SURVEY

(i) Distribution of the bark fiber blanket

(ia) Field sampling

With the intent of mapping the distribution of the bark debris
blanket, the benthic sediments of the study area were systematically
remote sampled off a stationary vessel by a 3.1 cm internal diameter
gravity corer. Radar positioning of the vessel was not sufficiently
accurate to differentiate the 148 coring sites established in the survey.
The position of each core sample was thus charted as follows.

The north-south coordinate of the sampling site was determined
from the water depth as measured by the length of line required to
lower the corer to the sea bottom. The depth measurement was standardized
against chart datum level and then plotted on Canadian Hydrographic
Chart #3451.

The east-west coordinate of the sampling site was estimated visually
by relation to fixed reference points (see Appendix I). The topographical
situation of these reference points was recorded in low altitude
(1.1 km) air photographs of the study area. The positions of the
sampling sites were then mapped on the photographs with an accuracy
judged visually to range from * 1 m to * 50 m, depending upon the
distance of the sampling site (never more than 200 m) from a reference
point.

The depth contours of the Hydrographic chart and the topographic
features of the air photos were combined to make a large scale map of
the area, onto which the sampling positions and the core data were
marked. From this, the distribution and thickness of the bark fiber bed

and as well the nature of the underlying sediments were plotted.



29

(ib) Laboratory analysis

Preliminary core samples collected in 1975 were stained with 0.1Z"
rhgdamine B, as directed by Jones and Ellis (1975), and split lenthwise
to determine the thickness of bark overlying the benthic sediments.
Contrary to that observed by Jones and Ellis (1975) for benthic pulp
mill fiber, the bark particles did not consistently bond the stain and a
clear fiber-sediment interface was not always discernable. A second
method of analysis was therefore adopted.

The contents of the cores were slowly extruded from the sampling
tube and cut into wafers at 1 cm intervals from the sediment-water
interface. Each wafer was labelled, dried at rcom temperature and
stored separately. Subsequently, each wafer was examined for sediment
median pérticle size and fiber content. Sediment particle size was
analysed by methods outlined in the following section. Fiber contént
was estimated by the close comparison of each wafer to sediment standards
containing 0, 5, 25, 50, 75, and 95 percent bark by volume. Bark
deposit thickness was recorded as the deepest position in the core at
which the bark content became less than 50 percent, by volume.

A test was devised to determine whether the known percentage
composition of bark fiber in the standards could be consistently ap-
proximated by eye. Using the same sand and bark components which had
been used to construct the standards, bark fiber was added to samples
of sand until it was judged,by visual comparison to standards, that a
5, 25, 50, or 75 percent level of fiber by volume was reached. Each
test was repeated in triplicate. The weight of bark and sand required
to construct the four mixtures were measured for each replicate and

compared against the known weight ratios of the standards.
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Gravimetric comparisons were substantiated by analysis of the
total organic content of both test samples and standards, as measured
by combustion. The combustion analysis was conducted by the Water
Resources Service, British Columbia Department of Lands, Forests and
Water Resources, by the method outlined as follows. The sample was
ground through a 0.15 mm mesh sieve, dried at 105°C to constant weight,
weighed, and then combusted in an electric muffle furnace at 550°C for
1 to 1% hours. After constant weight was attained, the sample was re-
weighed and the weight loss was expressed as precent total volatile
solids. This value gave a measure of the organic content of the sample
(American Public Health Association, 1971).

Table 3.2 presents the computed organic content of each standard
and test sample, as measured gravimetrically and by combustion.
Comparison to standards of the mean percentage of organic matter in
each 'set of test samples showed that in every case the test samples
approached the standard values well within the 957% confidence limits.
It could therefore be concluded that comparison of test wafer samples

to standards by this analysis was both consistent and accurate.



Bark Content (%) .

Nolumetric Gravimetric Combustion
(% total volatile solids)
Standard Standard Test Standard Test
(Mean *95% (Mean *95%
confidence limits) confidence limits)
5 11 1.0 * 0.41 1.1 1.9 = 1.37
25 5.0 47 % 1.50 4.6 5.0 £ 1.09
50 13.0 14.4 * 3.00 11.0 12.1'% 205
75 32:1 32.7  2:32 25.2 26.3 £ 2.19
Table 3.2 Test of the accuracy of constructing bark-sediment samples in

proportions of 5, 25, 50 and 75%.

The bark content is measured

in three ways: volumetrically, gravimetrically, and by

combustion. The 95% confidence limits are X * t 05 s//a.
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(ii) Benthic sediments -

The benthic sediments extending over the sampling area and below
the bark debris were analysed from the core and grab samples; located as
depicted in Figure 3.1. Mechanical analysis was performed as outlined
by the British Columbia Department of Highways (1967) and conformed to
to standard practices for mechanical analysis of soils by the American

Society for Testing Materials.
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(iii) Water quality

(iiia) Collection methods -

Replicate s;mples'of'surface and bottom waters overlfing the fiber
blanket and the'adiacent sand bed were collected as shown in Figure 3.1,
Sampling dates are given in Table 3.1.

A 2 liter Niskin bottle was operated manually by a scuﬁa diver so
that horizontal layers of water could be collected at predetermined levels
in the water column. Water lying in the interstices of the bark debris
was collected in a 50 ¢c syringe fitted with a millipore filter. All
samples were stored cool in air tight bottles and analysed without

delay.
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(iiib) Water quality analysis

All analyses were conducted by the Water Resources Service, British
Columbia Department of Lands, Forests and Water Resources, following
the methods in McQuaker (1973). A brief outline of the analyses is as
follows:

Biochemical oxygen demand: water samples were incubated in

the dark for 5 days at 20°C and the amount of dissolved
oxygen consumed during that time was determined. The test
measured the amount of oxygen consumed by aerobic micro-

organisms.

Total organic carbon: a measure of the organic carbon con-

tent of the water, including that leached from wood and
bark was given by combustion of the samples and determination

of the oxidized carbon by infrared analyses.

Total sulfide: sulfide may be found where microbial action

on organic matter proceeded in anaerobic conditions.
Sulfide in water was detected by iodometric titration after

first preserving the sample with zinc acetate.



D. DATA ANALYSIS

(i) Data processing

Infaunal abundénce and wet weight data for each haul were punched
onto computer cards in the form of two separate matrices. Each matrix
was dimensioned 168 rows (total number of species) by 80 columns (total
number of hauls). The matrix rows, which contained the data for each
species, were matched with a vector of eight lettered taxon code names.
The acronyms are presented in Appendix IIlwith the full taxon identi-
fication. It was found that this method of data presentation stream-
lined the data deck so that only a fraction of the time required for
Ellis' (1968) data processing was used and hence efficiency and accuracy
of data punching increased. Accuracy of data transcription was twice
checked before the data was run in the University of Victoria IBM
System 360 computer.

FORTRAN language programs designed by Ellis (1968) to summarize
benthic data were modified by the author to accept the data matrices
and diversified to include wider computational abilities. The programs
and their modifications were as follows: BENTH 2 calculated for each
species at each station, its frequency of occurrence, its mean density,
wet and dry weight per m2, the standard deviation and percentage these
values represented of the total at each station. Added to this program,
was the coefficient of dispersion, which indicated the degree of agg-
regation of a species on the sea bottom. BENTH 4 presented the indi-
vidual haul data of each station and summed the total density, wet and
dry weight for each haul. This permitted quick scanning for aberrant
results. The program was modified in its presentation format to block

the data into the following major taxon groups: protozoa and lower
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metazoa, errant polychaetes, sedentary polychaetes, mollusca, crustacea,
echinoderms, and other metazoa and pisces. The data blocks were indi-
vidually summed to display the‘relativé density; biomass and component
number of species for each taxon group. BENTH 6 ranked taxa within each
station by frequency of occurrence, density, wet and dry biomass.

Species that were ranked highly were likely to be significant to the
ecosystem of the sampling area. As well, a program was devised to
compute and rank taxa by Pamatmat's (1966) respiration index. This index
weighted the dry organic matter of a species by its density, producing

an index which, according to Pamatmat (1966), correlated with rankings

of respiration rate (measured in ul Og/hr). The index indicated species
which, although not quantitatively remarkable in their dispersion, density
or biomass, might represent significant energy flow routes within the

ecosystem (Ellis, 1969).
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(ii) Ecologically significant species

To avoid subjective bias in the interpretation of benthic data,
Ellis (1969) used a number of quantifiable indices to indicate
species that were ecologically potentially significant. Such species
may warrant closer attention for environmental monitoring and autecological
investigations. Species whose distribution, density, biomass or
respiration index may suggest a major role in community structure or
metabolism were delineated using the following criteria outlined by
Ellis (1969).

Frequency: measured how widely dispersed was an organism in

the area sampled. The index was computed as a percentage of the
total number of replicates of a station that the organism was
present. Only those species that occurred in 100%Z of the

replicates were considered.

Density: the number of individuals of a species occurring in
one square meter of sea bottom. Taxa were rank ordered by
density and those taxa whose collective density equaled more

than 50 percent of the total for that station were considered.

Biomass: the weight of a species in grams per square meter,
Taxa were rank ordered by wet and dry weight biomass and those
taxa whose collective biomass equaled more than 50 percent of

the total for that station were considered.

Pamatmat's Respiration Index: the dry weight of a species,

multiplied by its density. The 10 highest ranked taxa were

selected, subject to a minimum cut-off value of 1.0.
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(iii) Cluster analysis -

Cluster analysis is a hierarchical-agglomerative-polythetic method
of classification. Data is manipylated in presence-absence or quanti-
tative form, and may be first normalized and standardized by an app-
ropriate transformation. The similarity of samples by their species
(Q-type, "normal analysis'") or of species by their distribution in
samples (R-type, "inverse analysis') is determined. The entities
(samples, or species) are grouped into clusters on the basis of their
similarities to each other. Clustering ends when all clusters have
been joined together.

The infaunal sample data was analysed by normal and inverse cluster
analysis to elucidate structural differences which might be present in
the data matrix. As recommended by Sokal and Sneath (1963), the un-
weighted pair-group method of clustering based on average resemblance
was used, a computerized version of which has been developed by E.M.
Hagmeier (unpublished).

In pair-group average clustering, admission of a sample into a
cluster is based on the average of the similarities of that sample with
the other members of that cluster. The pair-group method permits only
one sample or cluster to join another during any one cycle. Thus only
the most highly correlated groups are allowed to join at each
clustering cycle. In the unweighted method of sorting, all samples are
weighted equally, so that one sample carries only a small proportion
of the weight of the entire cluster to which it is being joined in
determining its relation to that cluster.

Inter—sampie similarities were computed first by Jaccard's

Coefficient of Community (Sckal and Sneath, 1963):
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number of species in common

Te " number of species + number of species - number of species
in sample A in sample B in common
This index operated with presence-absence data; and thus information
was lost. The index is reputed to become sensitive only when very
heterogeneous data is presented (Field and McFarlane; 1968) . Based upon
the recommendations of Field (1971) and Day et al (1971), the cluster
analysis program was modified to incorporate the Czekanowski coefficient

developed by Bray and Curtis (1957) for quantitative data:

2 x sum of the lesser measures of each species for
Cy, = samples A and B

sum of the measures of all + sum of the measures of
species in sample A all species in sample B

This index can be used on less heterogeneous systems. Beyond the
advantages of more information retention, the Czekanowski coefficient
also gives more weight to abundant species, which are less subject to
sampling error. Excess weighting is reduced if the data is first log
transformed (1n(x+1)).

The large volume of data input for cluster analysis required an
extensive and costly computer time. Based on the recommendations of
Cassie and Michael (1968), Day et al (1971), Field (1971) and Hughes
and Thomas (1971 a and b), those taxa occurring singly in less than
5% of the sample hauls (3 or less) were removed from the dafa deck
prior to processing. This effectively removed 34 species, while reducing
the total density figures by only 63 individuals. Although rare species
might be selective in their distribution and thus good indicators of
slight environmental change, their very rarity made them susceptible to

sampling errors, precluding any reliable estimate of their distribution.



(iv) Ziirich-Montpellier analysis

The Ziirich-Montpellier method of classification is a procedure which
can simultaneously classify sample hauls and species. The method is
based on the Braun-Blanquet system of analysis of floristic associations
and a form of the analysis has been computerized by Cegka and Roemer (1971).
The technique involves the rearrangement of the original data matrix so
that hauls typified by particular groups of species are presented together
and species typified by particular groups of hauls appear together.
Species restricted to these haul groupings may then be recognized as
indicators for habitat-types and as diagnostic species for community
types. The Ziirich-Montpellier method of benthos classification can be
particularly useful in environmental monitoring programs because it can
suggest both differing habitat-types and those species, which, by their
distribution, characterize these habitats. Such differences can then be
related to environmental disturbances.

In the computerized version, the data is run several times under
increasingly rigorous constancy criteria for grouping. 66-20 criteria,
for example, require that a diagnostic species occurs in at least 662
of the hauls belonging to the given group and in not more than 20% of
the hauls outside of this group. As well, a2 haul belongs to the given
group of diagnostic species only if it contains at least 667Z of these
diagnostic species. Constancy criteria used in the program are 50-10,
50-20, 66-10, 66-20 and 66-30. The species groups derived from the
strictest tests can be regarded as the most stable ones representing
the cores around which species of weaker associations are arranged
(Cedka and Roemer, 1971).

The data matrix was condensed to presence-absence form and run, as

for cluster analysis, with rare species removed.



41

(v) Qrdination

' Classification methods such as cluster and Zurich-Montpellier
analysis attempt gq group samples or species into Séts of classes. In
an ordination, the relationships between the individual samples or
species are presented, rather than the relationships between groups.

Ordination of data is a method of gradient analysis. With direct
gradient znalysis, the relative distribution of organisms is compared by
plotting their abundance along known environmental gradients. Indirect
gradient analysis works with the fauna as a whole. Analysis of the
data matrix produces vectors which account in turn for increasing amounts
.of the varliation in the matrix. The position of each sample is plotted
against these vectors, i.e. ordinated. The correlation of environmental
gradients to the vectors is determined with the first vector correlation
. being the most important. Thus in indirect gradient analysis, the
environmental variables; and their relative importance in forming the
observed faunistic distribution, is determined objectively.

One of thé most powerful methods for extracting vectors 1s
reciprocal averaging, an eigenvector method of ordination. Gauch et al
(1976) found this method to be equally as good as the popular Bray and
Curtis (1957) method of ordination and far superior to the widely used
principal components analysis formulated by Goodall (1954). A computgrized
version of reciprocal averaging has been developed by H.G. Gauch, and was
used in a form slightly modified by A. Ceska for this analysis. The com-
plete computational procedure is outlined by Hill (1973) and Gauch et
al (1976).

As recommended by Field and Robb (1970) and Hughes and Thomas

(1971 a and b), the data was reduced and transformed by log (x+1) and



Bray-Curtis double standarized to unit variaﬁce.' The former transformation
molded the data into a multivariate hormai distribution and the latter’
accorded'extré weight' to rarer'specie;:'thus reducingAthe'effect of
common species absences from the data matrix. -

Ordination methods, which were developed for phytosociological
analysis, have just recently been applied to marine ecologiﬁal studies.
Examples of the use of ordination and its value in marine ecology can be
found in Cassie and Michael (1968), Field and Robb (1970), Lie and
Kelley (1970), Field (1971), Hughes and Thomas (1971 a and b) and
Levings (1975). An extensive review of the application of this and.
other quantitative analytical procedures to benthic ecology was made

during this thesis research but is. reported separately (Conlan, 1975b).
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(vi) Diversity and redundancy

Many environmental monitoring programs have employed a measure of
diveréitf to describe and compare the‘"heélth"'of fauﬁal ¢ommuni.ties”
(Lepp&koski, 1975). Generally, community diversity showg a negative
relation to the degree of environmental stress. As well; the structure
of the community becomes strongly dominated by a few species, the
remaiﬁing species being very rare. Summarizing these observed trends 1s
Sanders' (1968) stability-time hypothesis. Where physiological stresses
have been historically low, biologically accommodated communities evolve.
As the gradient of phyéiological stress increases, resulting from
increasing physical fluctuations or by increasingly unfavorable physical
condiéions, the biologically accomodated community gradually changes to
a predominantly physically controlled community. 1In this latter type of
community, stability, diversity and hence complexity is low.

The diversity of a collection is defined by both the number of
component species and by the evenness of their abundance. A collection
has high diversity if it has many species and their abundances are
fairly even. A diversity index must measure both these parameters and
as well be deﬁsity independent. Of the many diversity indices applied
to benthic associations, the Shannon-Weaver information function (Shannon
and Weaver, 1963) best fits. these criteria. The index is calculated as
follows:

s
B' =-3 P; logy By
i=)

where s equals the total number of species and Pi is the proportion of
the total number of individuals represented by the ith species. A
measure of the evenness (J) of the distribution of individuals among
species is the actual diversity of the collection as a percent of the

maximum diversity, logps,
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(vii) Species—-abundance relations

A community distribution model attempts to describe how the species
of the community divide the resources available (Pielou, 1969). Lie
(1969) found that the lognormal distribution, developed by Preston (1948),
reasonably well described the infauna of Puget Sound. A plot of Ellis'
(1968) data on shallow sand fauna of Fulford Harbour, British Columbia,
also yielded a lognormal distribution (Hagmeier, personal communication).
On the other hand, communities occurring in physically stressful situations
could be better described by a geometric type relation (Whittaker, 1965).

The species of each station were ranked commonest to rarest and
the rank of each species was plotted against its importance, measured
as percent of the total population density, expressed in logarithms.

The general shape of the resultant plots was then compared between
stations. A sigmoid deviation indicated a departure of the population

from a geometric-type distribution to a lognormal situation (Whittaker,1965).



PART IV. Results and Discussion
A. ENVIRONMENTAL SURVEY

(i) Water quality

Measurements of surface and bottom water overlying the bark and
adjacent sand bed show in Table 4.1 that biochemical oxygen demand and total
sulfide were below detectable levels at both areas. A slightly greater
level of total organic carbon was measurable in the interstitial water
of the bark debris blanket, but this could not be significant in view of
the large standard deviation.

These results substantiate conclusions drawn by Pease (1973)
and Schaumburg (1973) for marine and freshwater log handling grounds,
respectively. Water quality will unlikely be altered by such operations

except in enclosed, poorly flushed bodies of water.
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Benthic Depth Biochemical | Total Organic| Total Sulfide'
Substrate{ (meters below) | Oxygen Demand Carbon (mg/1)
(chart datum )  |. . .(mg/l)...1... . (mg/l) ...
X SD X | D X SD X SD
SAND 0.0 0.00 <10.0 N/A 3.0 1.79 <0.5 N/A
4.3 3.21 <10.0 N/A - - <0.5 N/A
BARK 0.0 0.00 <10.0 N/A - - <0.5 | N/A
3.6 1.42 <10.0 N/A 4.3 3.51 <0.5 N/A

N/A = not applicable

Table 4.1 Water quality analysis of the surface and bottom water
overlying the bark and sand beds. Total organic content
of .the bark fiber ig that collected by syringe. All

others were sampled by Niskin bottle.
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(ii) Distribution of the bark fiber blanket

Figure 3.1 maps the distribution of bark debris deposited on the
sea bottom around the log handling ground. The fiber blanket covers
roughly 1 km? of sea bottom extending 1.2 km along the MillBay - McPhail
Point coastline, to a depth of 10.5 m below chart datum. The deposit
reaches more than 10 cm in thickness proximal to the abandoned dump at
Verdier Point and the active grounds to the south, then thins between

the two dumps and offshore. Sunken logs and large strips of bark are

deposited around the active log dump, while at a distance smaller particles

less than 5 cm in length predominate.

The infaunal sampling stations are located in bark debris ranging
from zero to more than 15 cm in thickness (Table 4.2). Fifteen centi-
meters is greater than the penetration depth of most benthic organisms
(Holme and McIntyre, 1971). The infaunal sampling stations, ordered by
location in increasing thickness of bark fiber, are: 1, 2, 9, 10, 11,

13, 16, 12, 14, 7, 15, 8, 5, 3, 6, 4.

Figure 4.2 shows the relative bark deposit thickness at three of
these stations as determined from sediment cores. A clear strati-
fication into bark and sediment layers is visible.

The mean values of bark deposit thickness at the fiber stations
were tested for normal distribution (variance not significantly different
at p<.01), then analysed for significant difference by a model I analysis
of variance and an a posteriori Student-Newman-Keuls test. Results of
the analyses in Tables 4.3, 4.4 and 4.5 show that bark fiber stations
combined into four signifcantly differing groups. The thin fiber
stations ranging in mean thickness from 0.8 to 2.7 cm differentiated from

two pairs of stations representing 5.6 to 7.0 and 9.2 to 10.3 mean bark
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TABLE 4.2 CHEMICAL AND PHYSICAL CHARACTERISTICS OF THE SEDIMENTS AT THE INFAUNAL SAMPLING STATIONS

*based upon the Shepard (1954) and Wentworth (1929) classifications

nd = not determinable

. -
Station Sampling depth Medl?n % Sediment Bark.deposit % Total volatile Temperature Salinity
e (meters below grain S41t-cl 4 § ik ol thickness 11d p— (°c) (pp+)
v chart datum) wikmd’ e clay escription Lesut) solids conten ppt+
x SD . x | sp x SD x | sp x| sD
1 4.9 0.21 0.4 1.3 Avatnpa soreed | o 5 | 5 5o 1.6 | 0.06 8.1 | 0.06 | 29.1{0.25
. medium sand
2 7.2 0.26 0.3 1.2 weil sorred 0.0 | 0.00 1.6 | 0.06 8.0 | 0.00 | 29.3l0.65
mediuni sand
3 5.1 1.06 ve 0.9 gravelly sand 9.2 | 2.59 3.3 { 3.01 8.1 | 0.00 | 28.8/0.29
4 5.0 0.36 - 0.8 sand >15.5 | N/A 34.9 [19.69 7.9 | 0.22 | 29.0/0.71
5 7.1 0.24 - 0.7 sand 7.0 | 1.67 27.7 | 8.20 8.1 | 0.00 | 29.0/0.00
6 4.0 0.23 - 15 sandy gravel 10.3 | 0.96 23.5 1.58 9.0 | 0.15 | 28.6/0.48
7 el 0.34 - 1.0 gravelly sand 1.8 1.26 16.9 4.00 9.0 | 0.00 | 28.5(0.71
8 4.8 0.25 - 1.5 gravelly sand 5.6 | 2.19 30.0 | 2.31 9.0 | 0.06 | 28.5/0.58
9 4.8 0.40 0.3 2.5 wsll gorped 0.0 | 0.00 1.3 | 0.10 8.0 | 0.00 | 29.1/0.63
medium sand
10 7.8 0.48 0.8 1.5 averags sorted { 4 4 | o060 1.4 | 0.06 7.6 | 0.16 | 29.0(1.08
coarse sand
11 10.9 1.04 0.4 1.8 well soried 0.0 | 0.00 1.6 | 0:23 8.0 | 0.06 b U
medium sand
12 10.3 0.70 1.2 1.3 weexsge suried |} 4 Fa.nl 12.9 | 2.01 8.1 | 0.00 - Risad
very coarse sand
13 10.8 0.37 0.4 1.6 aversge sexted | o 0 | g.00 1.4 | 0.10 8.9 | 0.12 -l -
medium sand
14 7.4 0.67 0.4 1.4 SvErgge ported L o9 | 685 - - 7.5 | 0.00 PN
medium sand
15 7.3 0.32 0.5 2.1 sverage aorted | o o | o 59 - - 7.5 | 0.00 w | =
medium sand
16 7.5 | 0.06 0.5 0.5 wigtens worted | now 0. o 9 .8 Laoe | = | »
medium sand

8%
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Figure 4.2 Sediment cores from control station 13
and fiber stations 3 and 5, showing the
relative thickness of bark debris. No
bark occurs at station 13; dark material
at the sediment surface is algae. Well
sorted sand occurs at station 13 and
below the bark at station 5. Shell and
pebble mix with sand at station 3. Note
the bark stratification at station 3.
The lower 3 cm is very coarse, covered

by a thicker layer of fine fiber.
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Table 4.3 Model I single classification analysis of variance for bark
deposit thickness at each fiber station. May 1975 and

January 1976 data.

Source ‘of Degrees of Sum of Mean - Fg
variation freedom squares squares
Among .
stations 7 503.72 71.96 26 ,95%%
Within
stations 32 85.37 2.67
F.05[7v,32] = 2,31 F-01t7’32] = 3.27 F.p01 [7’32] = 4,78

Conclusion: There is a significant (p<<.001) added variance component

among stations for bark deposit thickness




30

Table 4.4  Student-Newman-Keuls test for significant differences in
‘ mean bark deposit thickness at each bark fiber station.
Sample ranges are compared with the least significant range
computed for each pair of samples.
2 2 " Rank| 1 2 3 4 5 6 7 8
CEEECE- Ye | 0.8 0.9 1.8 2.7 5.6 7.0, 9.2 10.3
18 %I
S U0 0 nj 8 5 4 3 5 6 5 4
Q gl oM P &
4 [
=% .g o1
o2 52
=n 2 0
1 0.8 8 -
2 0.9 5 001 -
3 1.8 4 1.0 : .9 -
4 2,7 3 1.9 ns 1l.8ns .9 -
5 5.6 5 4.8%%  4,7%% 3.8 2.9% . - .
6 7.0 6 6.2%  6.3%% 5.2 4.3%% 1l,4ns -
7 9.2 S B.4%k  B.3%k 7.4 6.5k 3.6%% 2,24k  —
8 10.3 4 9.5%% 9. 4%% 8.5 7T.6%*% 4. 7%% 3.3%% 1.1ns -
* tested and found to be significant at p = 0.05
#% tested and found to be significant at p = 0.01
ns tested and found to be not significant at p = 0.01

unmarked differences were not tested because a larger range
was found to be not significant.

Table 4.5 Array of ranked means for bark deposit thickness.

Values underlined are not significantly different (p<0.05)

Station number

Mean bark deposit
thickness (cm)

12

0.8

14

0.9

7 15 8 5

1.8 2.7

3

4

5.6 7.0 9.2 10.3 »>15.5




thickness. The most heavily covered station 4 separated from the others
by virtue of the bark debris being too thick to determine. The four
significant groups, representing mean thickness values of 1.6, 6.3, 9.8
and >15.5 cm respectively, may be of ecological significance in diff-
erentiating faunistic distributions.

The percent total volatile solids content of the benthic substrate
roughly increased with bark deposit thickness (Table 4.2). Levels were
below 1.6% in the control sediments, increased to roughly 17% in the
thinly blanketed stations, then doubled where bark cover was most .thick.
These levels were comparable with total volatile solids content of fresh
water and estuarine sediments (Williamson, 1970; Schaumburg, 1973; Walker,
1973). Williamson (1970) noted a highly positive correlation between

- total volatile solids and proximity to log dump and storage areas. The
mean, volatile solids level at station 3, located at the abandoned log
dump, was not as low as might be expected for decomposing wood. Wood
debris may trap fine clay and detritus particles or act as a substrate
for bacteria and small organisms, all of which would increase the observed

total volatile solids content of a sample.



(iii) Benthic sediments -

Figure 3.1 displays the particulate structure of benthic sediments
deposited along the Mill Bay-McPhail Point coastline. Modal sediment
particle:size is described by the Shepard (1954) classification. Sands
were the prominant substrate type throughout the control area and below
the bark fiber bed. At shallow depths gravel interspersed, but pure
sand predominated byond the 20 fm (36.6 m) line. The sediment type
below the bark fiber bed was essentially the same as in the outerlying
control. This suggests that sands lay at the log handling ground prior
to bark deposition and formed part of a large bed, running at least from
McPhail Point north to Mill Bay.

Benthic infaunal sampling positions marked on Figure 3.1 illustrate
the relative depths and sediment features of each. Table 4.2 elaborates
on the physical and chemical characteristics of each station. The
stations lie on three depth contours, the mean and 95% confidence limits
being 4.8 * 0.21lm, 7.3 * 0.16m, 10.7 * 0.42m below chart datum.

Comparison of mean sampling depth variances for each station in
Table 4.6 showed that differences between replicates were not significant
and thus values were normally distributed. Model I analysis of variance
of each depth profile (Table 4.7) revealed that the component station
depths did not significantly differ (p<.001) within each contour, but a
Student-Newman-Keuls test (Table 4.8) showed that there was a significant
depth difference between the contours (p<.0l).

Some variation in the biota therefore may be attributable to depth.
Whether it is depth per se, or some associated factor, cannot be ascertained.
It is probable, however, that sediment differences are not a factor as

variability is slight (Table 4.2). All stations are characterized by a
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Table 4.6 F ., test for homogeneous variances of station sampling

ax
depths.
Sampling Maximum Minimum Foas” F o5 F o1
depth contour | variance | variance
(meters below
chart datum)
4.8 1.12 0.04 28.0(ns) 29.5 69
7.3 0.45 0.01 24.7(ns) 333 1705
10.7 1.08 0.14 7.71(ns) 15.5 37.0
F = Maximum variance

max

Minimum variance
ns = not significant at p =.01
CONCLUSION:

the variances of each sampling depth profile are homogeneous

and can be assumed to come from a nmormal population
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Table 4.7 Model I analyses of variance for sampling depth at all stations

Test Source of Degrees of Sum of Mean Fg Critical F Conclusion
variation freedom squares squares .05 .01
4.8 m Among groups 5 177.41 1.12
contour 0.16 | 2.62 |3.90 |No significant (p=.01)
stations ‘ added variance
Within groups 24 -167.36 6.97 component among
the 4.8m stations
for sampling depth
7.3 = Among groups 6 2.36 0.39 No significant (p=.01)
contour 0.21 | 2.51 |3.67 |added variance
stations component among
Within groups 24 43.86 1.83 the 7.3 m stations
for sampling depth
10.7 m Among groups 2 1.27 0.64 - No significant (p=.01)
contour 1.01 | 3.89 [6.93 |added variance
stations component among
Within groups 12 71.59 .63 the 10.7 m stations
for sampling depth
comparison | Among groups 2 352.69 176.35 There is a significant
of the 198.15%*| 3.13 |4.94 |(p<<.001) added
three depth variance component among
contours Within groups 73 65.06 0.89 the three contours for
sampling depth




Table 4.8 - Student-Newman-Keuls test for significant differences in
sampling depth means between the three sets of contour
stations. Sample ranges are compared with the least

significant range computed for each pair of samples.

3 o | Rank 1 2 3
o B8 § -
55 wg | Ye .8 1.3 8oy
U O ]
®go BEm 3 ) A
g get g d Rl M A
§ i i3
i %8 30 "
2 7.3 31 2.5%% -
3 10.7 15 5.9%% 3, 4k =

*% Tested and found to be significant at p = 0.01



well sorted sand retaining very little silt-élay. The consistently
low organic content of control sediments;'as well as the constancy of
temperature and salinity in overlying waters duriné‘eath Sampliné
period shows that the chemical and ph}Sical nature of the Mill Bay

coast is not unlike that described by Herlinveaux (1962) and is further-

more very homogeneous.:
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B. EPIFAUNAL SURVEY

Macroalgae and large epifauna which were observed during scuba
observations at the infaunal sampling stations are listed in Table 4.9.
Algal distribution varied somewhat with depth. Abundance was greatest
at the 4.7 m and 7.3 m stations, diminishing to less than 50% cover at
the 10.7 m contour. The algae at shallower depths were predominantly
species of Chlorophyta and Phaeophyta, but the Rhodophyta increased in
dominance at the deepest stations. The presence of bark and wood debris
as an attachment substrate for algae, as opposed to sand, shells and
pebbles in the control sediments, did not appear to alter algal abundance.
Sessile animals such as anemones, gastropods and starfish were also
found attached to pieces of bark and wood, suggesting that the bark deposit
was a quite stable substrate.

The epifauna of the fiber and sand beds resembled each other in
species number and composition. Some distributional differences, however,
suggested that there were preferences for certain depths and substrate type.
The anemone Metridium senile and three species of crabs, Cancer productus,
Hyas lyratus and Pugettia gracilis occured distinctly more frequently
at bark stations than in controls. Conversely, the geoduck Panope
generosa, the starfish Mediaster aequalis, the sea pen Ptilosarcus
gurneyt and the groundfish appeared more often in the control group of
stations. Depth preferences were also apparent for some organisms:
Metridium seniZe,‘Hermisséndh erassicornis, Tresus capar, Cancer gracilis,
C. productus, Evasterias troschelii and Pyenopodia helianthoides
occurred more frequently at shallower depths. Panope generosa, Lopho-
panopeus bellis, Mediaster aequalis and Ptilosarcus gurneyi were more

frequent at greater depths.
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The assessment of organisms too widespread or deep burrowing to
be caught by conventional remote samplers may be an important addition
of information to benthic faunal analysis. This is especially so in
shallow coastal studies where species which are commercially important
or contribute extensively to the population biomass can be overlooked by
remote sampling. Three such organisms, the horseclam Tresus, the
geoduck Panope and the groundfish were examples. Each species' distri-
bution showed some response to environmental factors. The former was
absent from deep water while the latter pair were infrequently found
where bark had deposited.

In conclusion, response to substrate type and depth is evident
in some of the epibiota observed. Bark and wood chips must provide a
stable and varied substrate as sessile and cryptic fauna appeared to
prefer this material. McDaniel (1973) noticed a similar response in
Howe Sound, B.C. The widespread distribution of the majority of
organisms, however, suggestsa conclusion similar to that of Pease (1973):

that substrate alteration may not be a critical factor to many epibiota.
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C. INFAUNAL SURVEY

(1) Population statistics

Infaunal density and biomass, recorded for the May 1975 and
January 1976 sampling cruises (stations ltol3and 14tol6, respectively),
are listed in Appendix IV. A scan of the data printout indicated two
potentially aberrant hauls. The overwhelming abundance of Platynereis
bicanaliculata in haul 1-4 and the unexpected absence of the dense
Foraminifera sp. 1 in haul 1 of station 12 made these samples appear
aberrant for further statistical analysis. The observed anomalies
could be explained by the aggregative habit of Platynereis bicanaliculata
and the shallower sampling depth of haul 12-1 (9.1 m as compared to the
station mean of 10.3 m). However, because the remaining component
species types, density and overall biomass of hauls 1-4 and 12-1.resembled
those of similar replicates, they were not removed from the data matrix.

The densities of Foraminifera sp. 1 exceeded the three digits
allowable in the computer analysis programs. Thus a code of 999 was
entered, which, although it underestimated the true population density,
was large enough to distinguish this species as an extremely abundant
organism. The population density of Foraminifera sp. 1 for each of
hauls 12-2 to 12-5, as estimated by subsampling, was , 6298, 5212, 7511,

6864 individuals per 0.1 m?, respectively.



(ia) Spatial differernces -

Table 4.10 summarizes infaunal density and biomass at e€ach sampling
station and lists the relative percentage of each that ié accounted for
by the'major taxon groups.' Infaunal density ranged from 2240 individuals/
m? at station 5 to 5&936Jindividuals/m2 at station 12. This compared
well with other figures;'computed by gimilar techniques, for the benthos
of temperate seas: 2356 individuals/mZ near Plymouth Sound, England (Mare,
1942), 4554 to 7451 individuals/m2 in an enclosed Scottish loch (Raymont,
1949), 5563 to 46,398 individuals/m2 in Long.Island Sound, USA (Sanders,
1956), 8985 individuals/m2 in Buzzards Bay, USA (Sanders, 1960), and
11,518 individuals/m% at Boatswain Bank (Ellis, 1967), located 9.5 km
due north of Mill Bay.

Dry weight biomass ranged from 4.8 gm/m2 at station 15 to 32,9 gm/m?
at station 2. This was greater than for the.deeper water benthos of the
Northumberland Coast (80 m depth, 4.0 gm/m2 mean ash-free dry weight)
(Buchanan and Warwick, 1974). However, it was comparable to dry weight
biomass at similar depths in both the arctic (Thorson, 1957) and in
temperate regions: 4.0 to 54.6 gm/m2 determined by Sanders (1956),

3 to 19 gm/m? computed by Raymont (1949) and 8.4 gm/m2 and 9.7 gm/m2
determined respectively by Ellis (1967) and Lie (1968) for shallow
coastal sand beds.

A plot of total infaunal ébundance in Figure 4,3 shows that densities
were fairly uniform, with exceptions at statioms 4 and 12. The former
anomaly was created by the large increase in numbers of three small
crustaceans: the tanaid Leptochelia savignyi, the wood-boring gribble
Limoria lignorum, and the leptostracan, Nebalia pugettensis. The

large numbers found at station 12 were caused by Foraminifera sp. 1.
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Table 4.10 Summary of relative density, biomass and number of species at each station. Stations 1-13 were sampled
in April-May, 1975. Stations 14, 15 and 16 were sampled in January, 1976.

TOTAL FAUNA
5 DENSITY (% Of total) DRY WI BIOMASS % ¥9. OF SPECIES %
2
§ |2
8‘,7- 'g 1] m 7] 1] w0 1]
flea 1 .. o R £ 2 .t 8,8 o E
e | ®u|k 97| DENSITY BIOMASS(gm/m?) MAXIMUM | § 358 8 8 3 e $=% 88 3 S 8y 8 3
S1agi2aE Mt WET pRY | NUMBER OF oESEs 8 8 2 Bls E5eP 898 8 RloeTesy 8 8 B
I g*é § SPECIES feoan g 3 2 i eS8en 08 2 2lsgasny 8 2 2
P (o] 4 .o H =+ O 0O O (=] - o - - 4 O @ O O M o o 4 W O 00 O bt Q o
1751 ol d ARV = O KB Ol B 20O B OjlamAaME O W O
1| 4.8 0 5564 |137.6 | 14.9 64 1 28 16 23 23 1 9|1 59 30 4 2 & 1| 3232814623 4 5
2 1.3 0 6132 |254.6 | 32.9 58 1 8 19 39 23 0 9{0 24 72 3 0 0 0|520291720 4 6
3 | 4.8 9.2 2896 | 79.2 7.1 40 2 47 22 2 26 0 1{9 54 1421 1 0 O0{534629 4246 1 0O
4 | 4.8|>15.5| 11374 |111.4 Tl 30 1 17 3 -2 78 0 0|l 2 59 11113 13 0193713 431 2 1
5 | %3 7.0| 2240 |51.8 5.8 39 3 28 29 2 39 0 0{5 79 9 1 1 0 1/6322 53 2 1
6 | 4.8} 10.3| 5356 | 58.6 6.3 46 1 40 6 1 51 0 21 8 3 5 3 0 1{53019 635 3 3
7 1 7:3 1.8] 4536 | 75.6 8.1 49 2-23 47 3 23 0 O0]6 42 40 7 2 1 3/42930 726 3 1
8 | 4.8 5.61 3110 }102.2 9.3 37 1 3 32 2 50 06 0|l1' 59 ger 9 T 3|l52826 731 2 i1
9 | 4.8 0 4424 | 96.2 9.3 58 1 15 18 32 346 06 15 &4 2713 2 2 7| 316243326 & 5
10 .1 7.3 0 5180 [240.8 | 30.5 62 211 33 38 14 0 2[4 18 75 3 0 0O O|52L291423 35§
11 {10.7 0 6184 |434.0 | 19.6 63 1 8 210 9 o i1 20 71 6§ 6 0O O} 43I AL2L 2§
12 |10.7 0.8 58936 | 95.0 6.1 60 99 O I ©O 0 0 0|8 4 027 1 3 2|519301723 4 2
13 |10.7 0 4542 |234.0 | 15.1 61 £ 37 55 13 11-0 290 35 5211 0 © 9522 311424 1 4
14 1 7.3 0.9 2972 | 65.2 6.9 56 301847 ‘3.27 ¥ tL3 36 35 41 120525288 3 3 3
15 | 7.3 2.7| 3368 | 48.2 4.8 48 3 2035 -3 39 0 0}13 22 46 10 I O 61525 21117 I 2
16 | 7.3 0 4076 1199.6 | 20.2 73 1 15 46 18 19 0 1{0 32 60 4 0 2 3|522301324 2 &
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All four species, being small, did not accouﬁt for a comparable propo;tion
of éhe population biomass:.-

As ig illustraéed'in Figure 4.4, infaunal dr§ ﬁéiéht'bioméss was
generally more variable and some trends were apparent. Comparison of the
seven control stations, 1, 2, 9, 10, 13 and 16 showed that infaunal
biomass was greatest at the 7.3 m stations (2: 10, 16) and least at the
shallowest stations (1l and 9). The same depth trends did not appear in
the bark deposit stations. Infaunal biomass was clearly reduced at all
stations covered by bark. No return to control levels, as bark debris
thinned, was apparent, even at stations where fiber was less than 1 cm
thick (stations 12 and 14). A similar marked infaunal response to
large particulate deposits was documented for a pulp mill effluent
receiving ground (Ellis, 1970) and in natural circumstances where the
" large flat shells of Crassostrea virginica were found blanketing the
sea bottom (Sanders, 1956).

_ The re}ative abundance and biomass of the major taxon groups
inhabiting the benthos is outlined in Table 4.10, With the exception
of station.12, where Foraminifera sp. 1 was exceedingly abundant, the
major portion of the population density and biomass was held by the
polychaetes, molluscs and crustaceans. Molluscan populations appeared
to closely follow depth and substrate gradients. Figure 4.5 shows that
molluscan abundance was greatest at the control stations amd varied with
depth in the same manner as was noted for the full benthic populatioen,
Again, with less than 1 cm fiber cover, molluscan numbers fell to half
the level of comparable controls, and decreased farther as the bark
debris thickened.

A plot of molluscan biomass at each station (Figure 4.5) suggested
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that it was the larger molluscs which persisted in the fiber. The bivalves
Lucinoma tenuisculpta and Macoma nasuta consistently accounted for a large
proportion of the molluscan biomass here. Only in the thickest section

of the fiber blanket were they excluded, leaving Bankia setacea as the
sole representative of the pelecypoda.

A likely reason for the molluscan distribution in the fiber blanket
is given by the life history of each. Bankia setacea is the common ship-
worm and spends all its adult life tunnelling through and eating wood
(Morton, 1967). Macoma is known for its low metabolic rate, slow growth
and a long life span (Thorson, 1957). Lucinoma is characteristic of
impoverished substrates, the reason being that such a habitat is
characterized by a deficiency of finely divided food material (Purchon,
1968) . Lucinoma is specialized in accepting larger particles and thus
exists where other bivalves cannot. It therefore appears that each
species was well adapted to conditions produced by the deposition of

bark.
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(ib) Temporal differences

As illustrated in Figures 4.3, 4.4 and 4.5, it was evident that some
temporal variability occurred in both the sand and fiber bed infauna.
Winter populations were reduced in density and biomass by 20 to 30 percent.
In the sand bed, this was largely due to fluctuations in abundance of the
polychaete dominants Mesochaetopterus taylori and Onuphis elegans, and the
bivalve Mysella tumida. 1In the fiber blanket, a marked proliferation of
the sedentary polychaete Armandia brevis was evident, but otherwise the
same spring dominants such as the polychaetes Dorvillea annulata,
Prionospio sp. and Lumbrinereis sp. werepresent.

From this it appears that the seasonal variation at Mill Bay is
largely quantitative. Community species composition in both areas may

be quite stable.
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(ii) Ecologically significant ‘species.-

‘ ‘Table 4.11 lists the gspecies selected which, by their distribution,
abundance,” biomass or a combination of the latter two factors:‘may be
ecologically significant members of the infaunal population inhabiting
the fiber blanket and adjacent sandy sediments of the study area., It
is’ immediately apparent that many of the species fulfilled at least one
of the four significance criteria. Many, as well, were widespread and
f;equent.

The sandy control stations closely resembled each other in species
composition, although depth trends were apparent. The polychaetes
Mesochaetopterus taylori, Notomastus tenuis and the bivalve Mysella twnida
were highly significant by the quantitative criteria at the 7.3 m
stations. These species were joined at the deeper stations by another
chaetopterid polychaete, Phyllochaetopterus prolifica. These organisms
also appeared as' dominants in a shallow sand bed (Boatswain Bank) at the
mouth of Saanich Inlet (Ellis, 19647) and in sand beds of Puget Sound to
the south (Wennekens, 1959; Lie, 1968). The dominants may be indicative
of such depths and sediment in fjords of the southern British Columbia
and northern Washington coast.

The control station dominants persisted in reduced numbers in the
fringes of the fiber blanket while other legs comnspicuous species such
as the polychaetes, Lumbrinereis sp. and Prionospic sp. and the bivalve
Lucinoma tenuisculpta became ecologically significant. Where the bark
deposit thickened beyond 2.7 cm at station 15, the sand bed dominants
were severely reduced or eliminated. Other dominants appeared which were
foreign to or rarely found in the sand bed. These were the errant

polychaetes Dorvillea annulata and the two species of Hesionidae, and
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Table 4.11 Species indicated as ecologically significant by at least one of four
criteria: frequency, density, wet weight biomass, Pamatmat's res-

piration index.

significant. Full - species names are given in Appendix IIL

The species are ranked by the frequency of being

Station

ey

MASS :HAR

1 2 3 4 5 6 7 8
no. 1 :
Mean bark : ‘
thickness 0 0 9.2 >15.5 7.0 10.3 1.8 |. 5.6
(em)
Depth .
_contour 4.8 7.3 4,8 4.8 7.3 4.8 7.3 4.8
@ .
4 PLAT BIC PRIONOSE:
PLAT BIC | MESO TAY |DORV ANN| NEB PUG | DORV ANN | PLAT BIC | LUMBRINE | DORV ANN
NEPHTYS 1| MYS TUMI. | PRIONOSP | LIMN LIG] DORV ANN | LUCIL TEN ; PHOX'DAE
3 MESO TAY | PROTOMED |HES'IDAE | LEPT SAV HES 'IDAE | PHY.-GRG
MYS TUMI ’ NEB PUG | NEMERTEA
PROTOMED ‘| LEPT 5AV
:GLYC AME
] NOTO TEN | NEPHTYS 1|NEMERTEA | PLAT BIC | HES'IDAE.|HEMIG OR | LAON CIR: | PLAT BIC
18 OWEN FUS | AXIO RUB |MACOMA DORV ANN | NEMERTEA | GLYCINDE | MAL' IDAE | HES'IDAE
b, 2 " ONU ELEG | ONU ELEG' |POLYCIRR | BANK SET | HEMIG OR PLAT BIC | MACOMA
"é, : AXIN SER | NOTO TEN HES'IDAE | LAON CIR HAPLO EL | LUMBRINE
e PHOLO- ML | PHOLO MI PINN OCC { NER BRAN AXIO RUB | PRIONOSP
" AMP'ISCA | PINN OCC NEMERTEA | GLYCINDE GLYCINDE
5“ : CAL GIG | PLAT BicC | GLYC AME
X | POLYCIRR LAOY ‘CIR
9.
é"« NEMERTEA | NEMATODA |GLYCINDE | EXO VERU | PHOLO MI |EXO' VERU | DORV ANN |-NEMERTEA
o | GLYCINDE { EUL SANG {PHOLO MI.| GLYCINDE | PRIONOSP |PHOLO MI | GLYCINDE | NER PROC
@ |-LUMBRINE |.GLYCINDE |LAON CIR | PHOLO MI | NEB. PUG |POLYDORA | HES'IDAE | POLYCIRR
o PHY GRO PHY GRO |PS'SAB. L | PRIONOSP | LEPT SAV | PRIONOSP { PHY GRO | NEB PUG
g PHY MAC | CAP'IDAE [NEB PUG | AOR COLU | LIMY LIG | MELI DEN | SYLLIS LEPT SAV
b CAP'IDAE | CIR'INAE |LEPT SAV | HEMIG OR | PHOX'DAE | PHOX'DAE | CAP'IDAE | AOR COLU
W CIR'INAE | MAL'IDAE |PHOX'DAE | PINN OCC  GLYC AME | LIMN LIG | POLYCIRR
o MAL'IDAE | oPHEL LI |HAPLO EL LAON GIR | POLYDORA
[ POLYCIRR | POLYCIRR {LUCI TEN PRIONOSP
g POLYDORA | POLYDORA - LUMBRINE LEPT SAV |
= PRIONOSP | PRIONOSP | PHOX'DAE"
1 PS SAB L | TELE COS CLYC AME
 TELLINA | NASS MEN
DIASTYLI | AXIN :SER
'LEPT SAV [ pSEP LOR '
"PINN OCC | soLa COL
1 PHORONID .| LEPT SAV
"MASS:HAR | AMP'ISCA.
: PHOX'DAE -
| PHORONID




Table 4.11 cont'd
Station
0. 9 10 11 12 13 14 15 16
?ﬁi’ék;’ii’?“ 0 0 0 0.8 "0 0.9 2.7 0
(cm)
’:ﬁﬁf‘(;;’“ 4.8 7.3 10.7 { 10.7 10.7 7.3 7.3 7.3
PHYL PRO MESO TAY
4 AMP'ISCA| MESO TAY | PHYL PRO MESO TAY | MAL'IDAE| PRIONOSP| PHYI PRO
LUCI TEN | MYS TUMIL FORAM 1 | LUMBRINE | ARM BREV! NOTO TEN| PRIONOSP
3 AXIN SER | NOTO TEN MACOMA PHOX'DAE! NEMERTEA | MYS TUMI
{NEPHTYS1 DORV ANN
LUMBRINE LUCI TEN
MAL'IDAE | AXIO RUB| MESO TAY | LUMBRINE | ACILA CA | PRIONOSP| LUMBRINE | ONU ELEG
MYS TUMI | ONU ELEG| LUMBRINE | PRIONOSP | ONU ELEG |NEMERTEA| PLAT BIC| NEPHTYS1
E 2 OWEN FUS | MEMERTEA | AXIO RUB | MAL'DAE' | NOTO TEN | GLYCINDE| ARM BREV | LUMBRINE
i PLAT BIC | NEPHTYS1| MYS TUMI | ACILA CAS MAL'IDAE |ANOP PUR| MAL'IDAE | AXIO RUB
o PROTOMED | PHOLO MI | NEPHTYS1| LUCI TEN | NEPHTYS1 PHOX'DAE | NOTO TEN
e LEPT SAV | EUL SANG| LAON CIR | NOTO TEM SIPUNCUL
o MAL VIDAE NEPHTYS1 PINN 0CC
@ CAP'IDAE CAP'IDAE CAP 'IDAE
= PHOX'DAE -
a
K NEMERTEA | NREMATODA | EUL SANG | NEMERTEA | NEMERTEA |DORV ANN | PIIOLO MI | NEMERTEA
o GLYCINDE | LUMBRINE | GLYCINDE | HES'IDAE { EUL SANG |HES'IDAE | SYLLIS | GLYCINDE
3 HES'IDAE | PLAT BIC| PCLY TUT | LUMBRINE | GLYCINDE |SYLLIS | PECT BRE | PHOLO MI
g {NER PROC | CIR'INAT | CAP'IDAE | POLY TUT | PHOLO MI |HAPLO EL | POLYCIRR; FLAT BIC
- PHOLO MI | HAPLO EL| NOTO TEW | SYLLIS | PLAT BIC |TELE COS | PRIONOSP | SYLLIS
g HAPLO EL |‘OPHEL LI | PRIONOSP | CIR'INAE | CAP'IDAE |NEB PUG | PS'SAB L | CIR'INAE
o PRIONOSP | OWEN FUS| TELE COS | HAPLC EL | CIR'INAE |AOR COLU | TELE COS | HAPLO EL
w“ PSEP LOR | PECT BRE| AXIN SER | LAON CIR | HAPLO EL |PHOX'DAE { MYS TUMI | MAL'IDAE
°1 TELLINA | POLYCIRR| OSTRACOD | MYRIO OC | LAON CIR |PINN OCC { LEPT SAV | OPHEL LI
-4 . |AOR COLU | POLYDORA | AMP'IDAE | PECT BRE | MYRIO OC AOR COLU | OPH'IDAE
3 AMP'ISCA | PRIONOSP | PHOX'DAE | POLYCIRR | POLYDORA MELITA | POLYDORA
2 PHOX'DAE | PS'SAB L| PINN OCC } POLYDORA | PRIONOSP PINN OCC/| SCAL INF
SYN SHOE | PSEP LOR| SPINUCHL | PS'SAB L | PS'SAB L MACOMA
PINN OCC | SOLA COL TELE €OS | GAM'IDEA PSEP LOR
AMPHI UR | TELLINA MYS TUML | OED'IDAE " OSTRACOD
GLYC AME | OSTRACOD THYA FLE | PINN oCC LEPT SAV
ONU ELEG | DIASTYLI MELI DEN | SIPUNCUL OED' IDAE
LEPT SAV MELITA | PHOX'DAE PHOX'DALE
PHORONID PHOX'DAE | MYS TUMI
PINN OCC AXIO RUB
SIPUNCUL MACOMA *
OED ' IDAE
PROTOMED
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the small crustaceans Leptochelia savignyi and Nebalia pugettensis.
This same nebalian, a related species{of’DorviZZea and the polychaete °
Capitella capitata were found by Ellis (1970) to occur in a pulp mill
generated fiber bed to the near exclusion of other benthos. These same
species, furthermore, have been linked to sewage polluted areas by
Reish (1959a and b).

The bark debris and sandbed fauna superficially appear to differ
considerably in species Structure. Bark deposition clearly eliminated
the dominant components of the sand biota. With the bark came associated
organisms such as the wood borerBankia setacea and the wood gribble
Limoria lignorum. Yet, perusal of the raw data in Appendix IV showed
that many of the fiber dominants were as well members of the sand
population. The data therefore suggest that the basic structure of the
bark ‘debris fauna may largely depend upon the composition of the biota

prior to deposition.



(iii) Cluster analysis

(iiia) Normal cluster analysis, Czekanowski coefficient of similarity

The dendrogram of the cluster analysis of all 80 hauls is presented
in Appendix VA. Four major groups of hauls were delimited:

group I: all samples from the control sand bed stations,

group II: hauls from bark deposit stations ranging in mean fiber

thickness from 0.8 to 10.3 cm;

group III: replicate hauls 2 to 5 of the thin fiber (0.8 cm)

station 12 (this cluster will be discussed in section iiib)}

group IV: hauls from the more thickly covered bark deposit

stations 3, 4 and 6 (9.2 to >15.5 cm mean fiber thickness).

The hauls of Cluster I were generally ordered by depth. The high

similarity levels at which many replicate hauls clustered, shows that

the control stations are clearly defined and homogeneous. The preferential

clustering of hauls located at the same depth but spatially separated by
up to 2.3 km of sea bottom indicates that geographic isolation of this
degree is no barrier to infaunal distribution. The most homogeneous
hauls of Cluster I were those of stations 1, 2, 10 and 16. Subsequently
joining to this group was the other member of the shallow contour con-
trols, station 9. Finally, the hauls of the deep contour stations 11
and 13 joined the cluster, indicating that they were the most distinct
form the other control stations. No subgroup was feormed which could be
related to difference in sampling time. Hauls of the winter sampling
of station 10 (denoted station 16) showed close affinities in faunistic
composition to the spring sampled stations 2 and 10 of the 7.3 m contour.
Group II contained all hauls of the thinly covered bark stations

(0.8-7.0 cm mean fiber thickness) and one half of the total replicates
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sampled in thicker portions of the fiber mat (9.2-10.3 cm in mean
thiékness). The grouping was internally as homogeneous as Cluster I
and consisted of three major subgroups which could be separated on the
basis of sampling depth and bark deposit thickness. The first and
most distinctive subgroup consisted of all stations located in the
fringes of the bark fiber blanket (0.8-2.7 cm mean thickness). A
second subgroup was composed of the more thickly covered stations
(5.6-9.2 cm mean thickness) which all occurred on the 4.8 m depth
contour. The third subgroup, which also was from this depth contour,
consisted primarily of hauls from a heavily covered portion of the
fiber mat (10.3 cm mean thickness). The three subgroups clustered in
order of bark deposit thickness.

Replicate hauls of the winter and spring sampling times closely
intermixed. Thus infaunal composition is not markedly temporally
variable in either the sand bed or the bark fiber blanket.

The final cluster group, composed of the shallow water, thick
deposit stations, consisted of two subgroups: one highly associated
cluster of three replicates of the most heavily covered fiber station
4, and another, less homogeneous combination of replicates from other
thick deposit stations 3, 6 and 4. This cluster group, perhaps because
it is characterized by being impoverished, remained clearly distinct
from the rest of the bark deposit stations and finally joined at only
3.9% similarity to the supergroup of bark fiber and control stations
combined.

A duplicate run of the cluster analysis after the data was
transformed by the factor 1ln (x+1) produced the dendrogram shown in

Appendix VB. The differences between fiber and sand stations were



displayed’ even more clearly than when the data was left untransformed.
The reduced weighting of abundant species, which resulted. from data
transformation, served to better define thé'affinities'of the Cluster IV
replicates. The hauls jﬁined'with the other fiber stations, suggesting
that this group was not sufficiently different as to be differentiated
as an ecologically separéble community group. Log transformation did
not, however, sufficiently reduce the overriding effect of Foraminifera
sp. 1 on station 12, so that this groué remained clearly isolated from
other hauls taken at comparable locations in the fiber blanket.

Station subgroups formed in the transformed analysis were not
as clearly relatable to en%ironmental factors as was the case in the
untransformed analysis. The same depth trends at control stations were
shown, but no ordination of fiber stations was made to suggest that
they. reflected a gradient in bérk deposit thickness.

Transformation of the data thus served to reduce the weighting
of dense species and hence isolate gross differences in a more clearly
defined manner. On the other hand, transformation masked gradient
trends in the data and failed to suggest a biotic response. Both cluster
analyses did objectively substantiate what earlier was subjectively
apparent: that this study is dealing with a single benthic community
which differs more quantitatively than qualitatively with such factors

as fiber thickness, sampling depth and time.



(iiib).Comparison of the Czékanowski” and Jaccard c¢oefficients of
‘similaxity

The use of the Jaccard coefficient of similarity results in the
loss of some information because it is a biﬁary unit, based on presence
or absence of a species from the data matrix. Thus the relative
importance of that species‘(density; biomass, cover, basal area) is
unknown, and each memher-ié equally weighted. Th; purpose of
classification is to detebt-diécantiﬁuities. Where differences are
quaﬁtitative rather‘fhan,qualitative, a non-standardizing type of
coefficient such as Czekanowski's becomes important. This coefficient
reveals gradients which is in effect the purpose of ordination. It
has been used by Bray and Curtis (1957) for oréination analysis and
since then for classification.éField‘and McFarlane, 1968).

fhe action of the Jaccard coeffidient on the Mill Bay data was
to cluster the hauls at a higher-siﬁilarity level than for CZekanowéki's,
but still differentiate a nunber of large clusters and subgroﬁps. The
gontrol-statiOns were similarly distinguished as one large cluster and
showed related subdivisions by depth as was revealed by the Czekanowski
coefficient, |

The bark fiber stations were not as clearly ordinated by deposit
'ghiCkHESSAES was sﬂown by the untransformed Czekanowsﬁi coefficient.
Nor were the sdbgrpu§8‘as clearly distinguished by significantly
differing environmentgl factors. ‘The joining of the subgroups into
larger clusters occurred in a cascade effecf: first the thin: fiber
stations added to the control block, then the intermediate stations
and finall& the most thickly covered stations. This process of

clustering thus suggested that a continuum in Whittaker's (1973) sense
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was being dealt with, whereby the'primary gradient of bark deposit
thickness  increasingly élteréd'the'tharécteristics of the sand bed fauna
until at the‘thihkegt'levéls;'little wés left of the original community.
The'differéntial‘éction of the Jaccard and Czekanowski coefficients
can be seen in two insténces'in Appendix VC. -The first case is of
héul 14-3 which, unlike the Jaccard analysis, showed very little
affinity by the Czekanowski coefficient to other comparable hauls. This
haul was sampled at a somewhat shallower Hepth than the other replicates
of station 14 (6.7 m as compared to the overall mean of 7.4 m below
chart datum). Consultation of the raw data in Appendix IV suggested
that although overall faunal abundance and species numberwere not
markedly different, some dominan£ members .of the station, such as the
polychaetes Prionospio sp., Maldanidae, Syllis sp. and Pblydbra SP.,
and the crustaceans Nebalia pugettensis, Leptoshelia savignyi and
Phoxocephalidae were markedly reduced in abundance. On the other hand,
the winter dominant Armandia brevis was 5 times more demse. The marked
differences in this haul were recognized by the Czekanowski and not
the Jaccard coefficient because they were quantitative, not qualitative.
Another instance of seemingly @berrant clustering wasthat shown
in the Czekanowski analysis with the most thinly covered fiber station
12. Because of the overriding abundance of Foraminifera sp. 1 in
hauls 2 to 5 of this station, these replicates combined very poorly with
other gréups. Without this species, however, the.faunal composition
of this station  was not dissimilar. The isolation of the station 12
hauls resulted from the type of similarity coefficient employed.
Applying Jaccar&'s coefficient to the analysis, and thereby eliminating

the import of Formainifera sp. 1, all hauls of station 12 combined
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closely with comparable .stations located in the fringes of the bark
fiber blanket, and in fact two replicates showed even a closer affinity
with the controls. ‘

That the four Foraminifera-containing hauls of station 12 should
be considered as an ecologically distinct community, because of the
preponderance of one brganigm, is questionable, especially so when the
very low proportion of population biomass accounted for by this species,
along with its evident minimal impact on infaunal composition, is
considered. This example strenmgthens the case presented by Clifford
and Stephemnson (1975): that it does not always make ecological sense
to take raw data at its face value. It also illustrates the point that
conclusions drawn from numerical methods should be substantiated, by
analysing the data in more than one fashion.

.In summary, the J&ccard and Czekanowski coefficients combined in
a complementary manner to reveal the ecclogical significance of
anomalies and to suggest qualitative.differences and quantitative
gradients. The Jaccard coefficient substantiated what was already
revealed by the Czekanowski coefficient: that there exists real diff-
erences in species structure which can be related to gross changes
in sampling depth and substrate type. The Czekanowski coefficient
sensed the real differences in the fauna of statiom 12 and 14 but the
Jacecard coefficient suggested fhét these might not be ecologically
significant. Finally, the Czekanowski coefficient revealed a faunistic
trend in the data which was not so evident with Jaccard's. Thus both
coefficients acted to strengthen differentiations and suggest trends

which neither alone might reveal.
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(iiic) Inverse cluster analysis

The untransformed inverse analysis of species using the Czekanowski
coefficient of similarity is diagrammed in Appendix VD. Rare species
occurring in less than 5% of the hauls were removed, so that 134 of the
total 168 species were considered. Most species showed a poor association
and none clustered above a 757 similarity level. Even at the 107 level,
13 species groups still remained.

The species were ordered in the dendrogram such that those found
ecologically significant by two or more criteria (density, wet weight
biomass, frequency or Pamatmat's index)dccurredin groups at the two
ends and in the middle of the Figure. The outer groupswere composed of
species found ecologically significant in the sandy control and thick
bark stations, respectively. The group in the middle was composed of a
mixture of species, many of whichwere ecologically significant both in
the sand bed and in the fringe of the fiber blanket.

The control group of ecologically significant specieswas a compact
association of the bivalve Mysella tumida, the polychaetes Mesochaetopterus
taylori,Notomastus tenuis, Nephtys sp. 1, and the crab Pimniza occidentalis.
Joining at a lower similarity because of its affinity to deeper water,

was the polychaete Phyllochaetopterus prolifica and a hard egg mass,
unidentified.

The cluster of species at the opposite end of the diagram became
ecologically significant for the most part in the bark deposit stations.
Composing this groupwere the polychaetes Capitella eapitata, Platynereis
bicanaliculata, Hesionidae, Dorvillea annulata, Prionospio sp.,
Lumbrinereis sp. and Armandia brevis, the shipworm Bankia setacea, the

wood burrowing gribble Limmoria lignorum, and the small crustaceans
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Leptochelia savignyi, Nebalia pugettensis and Aorides columbiae.

Joining the two clusters of ecologically significant species” were
the'maiority 6f taxé colleciéd; many of whichwere not sufficiently
abundant or'freduent ta'form cleérly defined groups.-

The simpleé methods formuléted'by Ellis (1969). to detérmine
ecologically significant épecies'of the sand and fiber bed distinguished
the same species as yere delimited by the comparatively more Sophisticated
and objective method of cluster analysis. The cluster analysis thus

tends to support the validity of his technique.



The results of the Zurich-Montpellier analysis using the 66-20 .
diagnostic specieg'férmula éppear in‘AppenHix VI; Five diagnostic
species’ groups were extracted from the presence~absence data. Although
this accounts for only 22 of the 134 species analysed, many of the
ungrouped species were either too widespread or too rare to be useful
in forming haul groups.
The first species group consisted of the polychaetes Phyllo-
chaetopterus prolifieca and Myriochele oculata, which commonly occurred
at the deeper 7.3 and 10.7 m stations (7, 11, 13 and 16). This haul-
species block persisted in the 66-10 and 66-33 versions of the program.
The second group of species delineated by Zurich-Montpellier
analysis were widespread in the sand bed and as well penetrated
qinto the fringes of the bark debris mat (0-2.7 cm mean bark thickness).
Six species composed Fhis group, the polychaetes Nephtys sp. 1,
Mesochaetopterus taylori and Axiothella rubrocincta, the bivalve
Axinopsida serricata, a species of Phoronid, and a group of Qipunculids.
All taxa were ecologically significantlboth in numbers and biomzss in

at least one of the member stations of this group.

The third species group appeared to be diagnostie of the shallower
control stations, as all replicate hauls of stations 1, 2, 9, 10 and
16 were included, as well as two hauls each from stations 1l and 13.

All hauls from comparable depths in the bark fiber blanket were ex-

cluded. Thus substrate type is apparently a stronger factor than depth

in delimiting species groups. Species composing this group were
ecologically significant at one of .the member stations by abundance,

biomass or Pamatmat's respiration index. Theywere, the polychaetes
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Onuphis elegans, Owenta fusiformis and Ophelia limacina, the bivalve
Psephidia lordi, and a group of 'Ostracods;Gammarid amphipods and’
Nematodes, :

The fourth' grouping, consisting of the polychaetes Notomastus
tenuits and Syllis sp., along with an Oedicerotid group of amphipods,
cﬁvéred the same range of sampling time, depth and bark thickness
as the first and second groups combined. In the less stringent 55-20
version, this and the second group in féct joined into cne.

The final species group consisted of two crustaceans, the
shore crab Hemigrapsus oregonensis and the wood-burrowing gribble
Limnoria lignorum. The distribution §f these species encompassed all
bark deposit stations and one haul of control station 1. This latter
haul contained a few pieces of drifted bark in which the gribble was
found burrowed. The grouping therefore essentially represented the
bark deposit stations sampled at all depths and times. The same
species appeared as diagnostic of these station groups in the 50-20 and
66-33 constancy versions of the program. Two other species which pro-
liferated in the bark deposit, Dorvillea annulata and Nebalia pugettensis,
were also distinguished in the 66-33 version as being associated with
fiber stations.

In summary, the Ziirich-Montpellier analysis distinguished basically
four species associations, two of which were restricted to control sand
bed stations and which were distinguishable by depth, a third association
which penetrated into the fringes of the bark debris, and a final
association which predominated inm the fiber blanket. Many organisms

‘which wetre observed in the raw data analysis to proliferate in the



fiber bed. were not delimited by the Ziurich-Montpellier analysis
because they occurred in small rnumbers .outside. The results- therefore
suggest’ that ; sinéle community of fauna is being studied, which °
fluctuateé'in quantity and structure with environmental gradients,

but at the extremes does not qualitatively differ sufficiently to be

distinguished as a separate community type.’
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-(v);Ordiﬁation )

The'bfdination of‘all'BOAhaulsigsing théQlB&‘ﬁommonerVSpeciés is
presented in Figures 4.6 énd.&a7. Seven vectors were required to extract
50% of the total varianée, more than half of this amount being accounted
for by the‘firét“threé‘Vectorés' A plot of all stations on axis 1 and>2
(Figute 4.6) showed a clear separation of the sand and bark deposit
stations. Station positions. on.axes 2 and 3 (Figure 4.7) suggested that
these vectors may reflect a depth gradient. Kendall's rank correlation
analysis substantiated this hypothesis, as is illustrated in Figure 4.8.
The station posifions on axis 1 were highly correlated with bark
deposi£ thickness and on axesvl, 2 and 3 with sampling depth. Thus
nearly 20% of the total infaunal variance was qirectly or indirectly
.gorrelaterwith.a‘gradient in bark debris thicknéss and a fu:ther 167
of the total variance could be accounted By at least two gradients
occurring with sampling dépth. Temporal vafiability in faunal composition
ﬁuSt_accoﬁqt for some of this variation but no clear iscolation of
'temporél components appéared.oniany of the three major axes,

The dual correlatiﬁn'of axi;'l'With bark deposit thickness and
'sampling depth was not unexpected, because the two gradients were re-
lated: the more thickly covered-bark stations were located at the
shallower depth contour -and the thinly covered stations were found at
increasing depth. However, at control statioﬁs where a gradient in
b;rk cover did not exist, no significant correlation was found between
axis 1 positions and’sampliﬂé d¢pth. This evidence thereforéhsqggests

that axis 1 signifies’ a gradient in'bark deposit thickness.
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The distribution of many of the infaunal species of this study has
earlier been described as gradient iﬁ nature;'peakihg in density at some
stations, but often;persiéting at low levels throughout the study area.
- From the subjective analysis of ecologically significant species groups
aﬁd the more bbiectivé methods of classification, it has been suggested
that perhaps the infauna are not separable into clearly defined comm—
unities, but rather exist as a mosaic. ﬁany environmental and biotic
factors act to define this mosaic. Indirect ordination suggeststhat a
primary factor is substrate type, while depth and temporal differences
play a secondary and tertiary role.

When the sampling stations were arranged into a gradient of
‘thickness of bark'cover and the relative abundance of the dominant
fauna was plotted in Figure 4.9, such a mosaic resulted. The response
of the species was a mixture of continu;ty and discontinuity, with
peaking in abundance in a certain substrate range. The modal point of
each species distribution represents the centre of maximum-success
in competition with other species populations (Whittaker, 1973).

A common discontinuity occurred at the transition from the sand
bed to the bark fiber mat. This was apparent especially in the
mollusca. However, enough organisms persisted throughout the gradient
to suggest that only one community type was being observed. This phen-
omenon is not uncommon in occurrence. It.has been well documented in
vegetation studies (Whittaker, 1967) and in some marine benthos analyses
(Cassie and Michael, 1968; Hughes and Thomas, 1971b). Gradients in
faunistic compoéition with o;ganic loading have alsc been observed

(see Reish (1959b) and Leppikoski 1975) for reviews).



Figure 4.10

Species—abundance relations in stations

1 to 8. Species are ranked from comm-
onest to rarest, and the rank of each
species is plotted against the importance
cf the species, expressed as the logarithm

of abundance.
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In generating principles from faunistic trends observed with a
pollution gradient, Leppakoski .(1975) concluded that faunistic composition
of the altered community was largely determined by the original comm-
unity characteristics. It appears that a similar principle holds fﬁr

the bark deposit fauna of Mill Bay.
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(vi) Diversity and equitability:-
- Tables 4.12. and 4.13. respectively present the'Shahnon—WeéVer'
diverSity“andnevénnésé“of the"infaunél populations at each station.
Mean values’ at sand stations wetre comparable to measures detérmined
by similar sampling techﬁiéue for the benthos of Cape Cod Bay (Young
©  and thédés;'1971):‘of Réget'Sound (ﬁie and Evans, 1973) and the North-' ‘
i;umberland-caast (ﬁuchanan and Warwick, 1974).. The Mill Bay statioms
are therefore no less diverse than is expected for shallow temperate
sea benthos ang.generally show a high degree of evenness in species
composi tion.

Mean Shannon-Weaver diversity and evenness values ranged from a
high at control station 16 ofﬂrespectivély 4,7 and .78, to a low of
2.4 and .41 at bark fiber station 12. Apomalies in hauls 1-4, 14-3
: and&lé—z to 5, which were. discerned in raw data and cluster analysis,
w&efe‘ reflected in a &epreSsion in diversity and equitability values. A
consistently low diversity and evenness of the bénthos at station 11
was not, however, recognized by other analyses. It may be due to the
presence at this station of a significant (p=.05) and disproportionately
.'largennumber of the polychaete PhyZZoehaetépterus prolifica, which
increased the predictability of the species components and ‘thus decreased
diversity and evennésé.

There ﬁas a trend towards a decreased diversity and evenness in
the fiber stations, which culminate&&;t the most thickly covered st;tion
4. A trend with depth was less evident, but both indices showed that
diversity increased in the winter. .

The very low diveréit; values of 1 to 1.5 which characterize the

benthos in polluted sediments (Rosenberg, 1973; Leppikoski, 1975) were
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‘ Table 4,12 . Shannon-Weaver: d1varsmty -of each infaunal haul. .Stations_

. 1-13 were sampled in April-May, 1975; stations 14—16 were
sampled in January, 1976. Station 16 is a duplicate' .
sampling of station 10. Larger values denote .a greater
diversity.

..... Shannon-Weaver' diversity (bits per individual).. .

Station ‘22E§2ur o - M323022§k --Replicate no.» » )
no. | (meters below | thickness 1 2 3 4 ) 5 | Mean
chart’ datum) (cm) : ) '

1 4.8 0 4.3 4.1| 42| 341 47| 41
2 7.3 0 3.7 3.7 3.7| 3.7 4.0 | 3.8
3 4.8 , 9.2 | 3.7| 2.9 4.1| 3.9 4.3 | 3.8
4 4.8 >15.5 2.8| 3.1 3.0] 3.0} 2.5 | 2.9 |
5 7.3 _ 7.0 | 3.8{ 3.3| 4.21 3.4 3.5 3.6
6 4.8 ©10.3 | 3.1 3.2 3.31 3.7 3.7 | 3.4
7 7.3 | 1.8 | 3.6| 3.8| 3.7( 3.8 4.0 | 3.8
8 4.8 | 5.6 | 3.6 3.9][ 3.3} 3.7 3.7 3.6
9 4.8 0 17.81 4.7] 4.0 3.6 | 4.7 | 4.4
10 7.3 0 4.0 | 3.7 | 4.6 ) 4.1 | 4.4 | 4.2
11 10.7 0 3,30 3.6 [ 3.1) 2.5 1.9 | 2.9
‘12 ' 10.7 0.8 {4.5!1.8] 1.8 2.0 1.9 | 2.4
13 10.7 | o 4.1 | 4.9 | 3.2 | 4.5 | 3.6 | 4.1
14 7.3 ] 0.9 | 4.4 | 4.6 ] 2.3 | 4.3 | 4.3 | 4.0
15 7.3 “ 2.7 4.0 | 4.3 | 4.0 | 4.2 | 3.5 | 4.0
16 7.3 0 4.3 | 4.8 | 5.0 5.2 | 41|47




Table 4.13 Species equitability (Pielou, 1966) of each infaunal haul,
stations 1-13 were sampled in April-May 1975; stations 14-16
Station 16 . is a duplicate

were sampled in January, 1976.

sampling of station 10.
equitability or .evenness' of species abundance.’

. .Spécies’equitability (bits per individual)

Larger values denote a greater

Depth Mean bark] . Replicate .no.
e | (aaters below | thiemess| L | 2 ] 3 ] 4 ] 5 | e
| chart datug _____ (em)

1 4.8 0 74 .73 | .78 | 58| .82 | .73
2 7.3 0 .64 | .64 | .68 | .64 | .68 | .66
3 4.8 9.2 75 | .63 | .77 | .76 | .81 | .74
4 4.8 >15.5 .58 | .62 | .63 | .66 | .52 | .60
5 7.3 7.0 g3 {7 ) .79 | 74 ] L70 ] W74
6 4.8 10.3 .59 | .66 | .69 | .67 | .73 | .67
7 7.3 1.8 66 { .71 | .65 | .68 | .71 | .68
8 4.8 56 (.70 { .71 | .75 | .71 | .75 ] .73
9 4.8 0 .88 | .83 | .70 | .66 | .80 | .77
10 7.3 0 68 | 64 |78 1 .71} .76 | .71
11 10.7 0 57 1 .61 | .52 1 .47 | .33 | .50
12 10.7 0.8 79 | 31 | .31 | .35 | .32 | .4l
13 10.7 0 71 | .83 | .57 | .76 | .64 | .70
14 7.3 0.9 .80 | .83 { .47 V.79 | .75 | .73
15 7.3 2.7 71 | .85 | .78 | .76 | 64 | .75
16 7.3 0 75 | .80 | .83 | .85 | .69 | .78
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not found at the Mill Bay stations, even in the thickest portions of

the bark debris (stations 4 and 6). The Fiber station values more
closely resembled those found at other marine loé handling grounds

(H‘ = 1.8 to 4.1) in Alaska (Pease, 1973). This suggests that the

impact of bark debris on benthic infauna is not as great as that resulting

from other kinds of effluents.
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(vii) Species—abundance relations

Figures 4.10 and 4.11 display for each sampling station a plot of
the component species, ranked commonest to rarest, against the logarithm of
importance, as determined by the number of individuals per species. If
the species—-abundance relationship fits a geometric type distribution,
the plot forms a straight line. A convex and sinusoidal trend in the
curve indicates an approach to a lognormal-type distribution (Whittaker,
1965). Comparison of the plots of each station indicated that although
there waslittle tendency towards a sinusoidal appearance in the curves,
there wasan increase in the convexity, expecially in stations covered
by little or no bark.

In comparing dominance diversity curves of widely different
floristic communities, Whittaker (1965) found that a geometric plot
described communities which have rigorous environments and only a few
species. Less steep<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>