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ABSTRACT 

Analysis of the macroinvertebrates associated with the common 

'rockweed' Fucus has been shown to provide an effective 

community-based biological techniq ue for monitoring displacements in 

shoreline ecosystem structure and function as a result of surface 

imposed societal stresses. 

Initially employed as on e of 3 _biomonitoring techniques in an 

environmental rehabilitation assessment (E. R.A.) at the Port Alice 

sulfite-based pulpmill, the method was restric ted to an analysis of 

the amphipod associates of Fucus. Field distribution data and 

supportive effluent toxicity estimates clearly demonstrated 

environmental recovery within the inl et . Comp a rab l e physiological 

requirements between taxonomic a lly similar organisms, however , was 

considered a possible limitation to t his approach and supported a 

recommendation to avoid restriction of t he Fucus-epi fau na technique to 

a single group such as the amphipods. Use of the entire macroinvert-

ebrate community was considered an appropriate alternate approach in 

that it incorporates organisms wit h differential pollut a nt 

sensitivities, and it documents structural changes due to indirect 

pollutant effects such as disruption of functional group dep e ndencies. 

A multivariat e ordina tion of the epifaunal community associated 

with Fucus samp l es t aken at 107 shoreline sites around Vancouver 

Is l and , and a long th e British Columbia mainland coast, revealed the 

natural variation within the 25 i nver t ebrate species comprising this 



i i i 

algal habitat. Variation within · the 'normal' community appears to be 

related to the degree to which the sampling site is exposed to wave br 

current action. -In all cases, similarity of Fucu s community structure 

between 'normal' sites and those sampled in the vicinity of industrial 

waste discharges, was directly proportional to distance from the waste 

source. Community responses due to changes in natural environmental 

parameters (e.g. salinity) were differentiated from pollutant effects 

by correlating species richness with a measure of numerical dominance. 

In regions influenced by industrial effluents, dominance increased 

significantly with decreased species richness, i n response to the 

imposed waste. Natural environmental variation supported the converse 

relationship. 

This technique was successfully tested in the Port Alice 

E.R.A.-. Fucus-epifauna samples taken both prior to and after 

implementation of pollution controls illustra ted a significant 

biological recovery within the Fucus communitie s at sites previously 

affected by the discharged pulping waste. This r ecovery was correlated 

with water quality improvements observed over thi s pe riod. 

Dr. D.V. Ellis 

Dr. P.T. Gregory 

Dr. M.C.R. Edgell 
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I. INTRODUCTION 

1. General 

In recent decades increased ind us trialization and associated 

usage of coastal regions has stimulated a corresponding expansion in 

the research and development of protocols for assessing the impacts of 

such activities. The environmental impact assessment (E.I.A.), as 

defined by Munn (1979), is "an activity designed to ideritify and 

predict the impact of an action on the biogeophysical environment and 

on man's health and well-being, and to interpret and communicate 

information about the impacts". This definition sugge sts that an E .I. A. 

should encompass all relevant chemical, physical, biological, as well 

as economic and social factors. The study undertaken here will exclude 

discussion of the socio-economic component , ·" alt h o ugh one should 

recognize that ecosystem impacts are related through complex feed-back 

mechanisms to social impacts and economic considerations. 

Physical and chemical methodologies in E. I.A.' s are basic to 

estimating pollutant dispersal rates, environmental partitioning, 

degradation rates, transformation products, chemical persistance, etc .. 

Methods employed in such analyses are wide-ranging and in most cases 

dependent upon the type of pollutant involved. Physical tests 

incorporate such measuremen t s as salinity, temperature, conductivity, 

color, turbidity, current flow, specific gravity, and suspend ed and 

settleable solids estima tions. Chemical techniques, in contrast, 

include determinations of nutri e nt concentrations, dissolved oxygen 

leve ls, pH, and estimations of organic and inorganic constituents of 
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waste streams and receiving waters. Most of the se physical and chemical 

techniques have been standardized (APHA, 1976) a nd are used routinely 

in the examination of water and wastewater. 

Although physical and chemical testing provides valuable 

information on water quality characteristics, additional data are 

necessary to establish the effects of deleterious materials on the 

receiving aquatic ecosystem (Brung s and Mount, 1978). Thus, a complete 

E.I.A. protocol also incorporates biologica l monitoring, or 

biomonitoring, which can be de f ined as "t he use of biological 

responses to evaluate changes in the environmen t with the intent to use 

this information in a quality control program'' (Ma tthews et al., 1982). 

A biological investigation of a pollut e d body of water has a 

number of advantages over chemi c al analyses. The most important of 

these is that biomonitoring can be less time-c onsuming (and thus less 

costly) and that a single series of samples can reveal the status of 

the existing biotic communities which themselve s represent the results 

o f the summation of prevai 1 ing conditions ( Ga ufin, 1973). Chemical 

test ing, in contrast, is normall y repeated to e n s ure that the data do 

not represent a temporary alleviation of the polluting effluent at the 

time of collection. 

Biomonitoring methodologies can be divid ed into three general 

catagories (Weber, 1973). These comprise me thods for: 

(i) studying the effects of pollutants on natural 

populations or communit i es within the receiving 

waters; 

(ii) estimating the toxicity or othe r biological effects 
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of substances or effluents on captive organisms under 

controlled cond i tions; and 

(iii) determining t he extent of bioaccumulation and thus 

detecting or mo n itoring trends in the concentrations 

of pollutants in surface waters . 

Studies for estimating the extent of pollution effects as defined by 

biological responses commonly employ taxonomic, structural approaches, 

and thus fall under the first category above (Cummins, 1974) . The 

methodology employed typically involves sample collection, species 

identification and enumeration, and biomass estimations. Data process­

ing and evaluation usually include some form of community comparison 

index (e.g . Pielou, 1966; Shannon and Weaver, 1971), with major 

·differences between sites attributed to pollutional stress . Indicator 

species (e . g. Phillips, 1977) or communiti e s (e . g . Milb rink, 1973) are 

also used to estimate the extent of pollution in receiving waters . 

Historically, approaches for studying biological responses to 

stress in aquatic environments ha ve been dominated by various single 

species tests. These include both field distribution assessments, i . e . , 

of indicator or keystone species, and pollutant toxicity estimates. 

These te.sts remain popular, but their value in predicting community or 

ecosystem responses to stress has been questioned (Cairns, 1981; NRG, 

1981) . Recently, biomonitoring h a s expand e d to incorporate community 

level and higher tests so as to i nc reas e the accuracy of assessing the 

impact of pollutants on receiving s y stems . Research · efforts presently 

include attempts to reduce bi o~on i toring data sets into useful, 

accurate indices of communit y o r ec osy stem respons e s. Ideally, indices 
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of this nature should be applicable to a wide geographic area, be 

sensitive and reproducible, suitabl e for l ong- term surveillance, and be 

able to distinguish seasonal and other natural changes from the 

introduced stress effect ( Mat thews et al., 1982). 

2. Objectives 

It is the objective of th i s study to investiga te the resident 

macroinvertebrate community associ a ted with the common intertidal alga 

Fucus. In particular, it attempts to test the effectiveness of this 

species assemblage as a marine biomonitoring techn ique for docume nting 

displacements in shoreline ecosystem structure particularly as a result 

of surface-imposed societal stress es . 

The goals of this study are achieved in two ways, each of which 

is presented separately in sections II and Ill. Section II presents the 

findings of a marine pollution assessment in wh i ch Fucus-epifauna is 

us ed in conjunction with two other biomonit oring t echniques to document 

shoreline recovery processes following the implementation of pollution 

controls to a sulfite-process pulp mill. The s ec ond aspect of this 

study, presented in section Ill, attempts to determine the variability 

of this resident faunal assemblage in other coastal regions. As well as 

examining the structural comp osition of Fucus-epifaunal communities in 

various undisturbed environments, changes in species composition and 

numerical contribution are examined at a number of 

industrially- disturbed sites. 
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I I . PORT ALICE - A CAS E STUDY -----·-

1. INTRODUCTION 

1.1 St\,ldy Area 

One of the oldest pul p mills in the Province of British 

Columbia, and presently the only remaining sulfite pulp mi ll, is 

located at Port Alice (Plate A) . The mill site is situated approxi-

mately 5 km from the head of Neroutsos Inlet, a south-extending arm of 

Quatsino Sound, which in tu r n opens into the Pacific Ocean n e ar the 

northern end of Vancouver Island ( Fig ure 1). 

Neroutsos Inlet itself i s 21 km long, has an average width of 

1.5 km, and is U-shaped in c ro s s section with an average centerline 

depth o f approximately 200 m. A shallow, minor sill (45 m) starting 

just south of the mill site s epa rat e s t he hei:.d from t h e rest of the 

inlet. Depths at the mouth of th e inlet and beyond reduce to about 100 

m. The major freshwater sourc e to the inlet is through the Cayeghle and 

Colonial Creek watershed system at the head of the inlet . These 

tributaries, and the resulting estuary, provide the area with the major 

feeding and rearing grounds fo r juvenile chum salmon ( Oncorh~nchus 

Most of the shor e l i n e wi thin Neroutso s Inlet, wi th the 

exception o f bro a d a lluv ia l fans pro d uced by fres hwa t er tribut arie s, is 

charac t erized by steeply ri s ing s lop e s a nd minima l littoral forma tions . 

The intertida l zone is in f lu e n ced b y a mi xe d semi-diurna l tid e with a 

mean tidal r a n ge of 3 . 0 m (C a nadian Hydrog r a phic Servi ce , 1982) . 
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Fieure 1 Location of sampl ::. ng sit es in Neroutsos Inlet and 

Quatsino Sound. 
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Plate A -

Plate B -

Plate C -

Plate D -

Plate E -

Plate F 

The Port Alice sodium-base acid sulfite process pulp 

mill. Refer to Figure 1 for loca tion of this site 

on Vancouver Island, B.C. 

South discharge sewer at the Port Alice pulp mill. 

Effluent discharged to the surface waters particularly 

affects littoral organisms with the flooding and 

ebbing tide. The dark bank seen at the top left of 

this photograph is the location of sampling station 

S6A. 

Collections of Fucus, for subsequent epifaunal analysis, 

were sampled from the middle of this a lgal zone. 

Station U2 during the summer of 1978 (one year after 

implementation of pollution controls). The green 

alga Enteromorpha is shown here to dominate the Fucus 

(gold/brown in color) within th e litt oral zone. 

Station U2 during the summer of 1979 . Fucus begins 

to recolonize ap propriate rocky substrate within 

the littoral zone, displacing Enteromorpha shown 

here restricted to a small area in th e foreground. 

Station U2 in the summer of 1980. Fucus has totally 

recolonized the mid-littoral zone. 

7 
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1.2 History of Pulp Mill 

The Port Alice mill, initially designed and operated by the 

British Columbia Pulp and Paper Company Ltd. as a calcium-base acid 

sulfite process pulp mill, was originally built i n 1917 and has been in 

continuous operation since that time. Original production has been 

estimated at 100 air dry tons (ADT) daily (Tollefson and Tokar, 1978) . 

In 1942, and continuing through 1958, production reached 200 ADT which 

had, to that date, consisted entirely of bleached paper grades 

(Waldichuk, 1958) . By the earl y 1960's, following aquisition by Alaska 

Pine and Cellulose (19 51) and subsequent purch a s e by Rayonier Canada 

(B . C. ) Ltd . (1954), mill modifications had been ma de so that dissolving 

grades could also be manufactured . Production at that time increased to 

slight l y over 300 ADT / day and consisted of up to appr oximately 50% 

dissolving grades . In 1972 the mil l was convert ed from a calcium to a 

soluble ammoni a base, and since has maintained an average daily 

producti on of about 450 air dry me tric tonnes o f dissolving (60%) and 

paper (40%) pulp (Tokar and Tollefson, 1980) . ln 1980 I.T.T. Rayonier 

Canada (B.C.) Ltd. sold a ll o f their Canadian hr1ldings, including the 

Port Alice pulp mill, to a consortium o f f orestry companies presently 

operating under the title of Western Forest Products Ltd .. 

1 . 3 Historical Environmenta l Concerns 

Neroutsos Inlet has been examined from an environmental 

standpoint at intervals over the past 50 years . The first study was 

implemented by Hutchinson and Lucas of the Canadian Federal Fisheries 

Department in 1927, 10 years after the mill origina lly commenced 

pulping operations (Waldichuk, 1958). Following the addition of 
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dissolving pulp grades to mill production in the mid 1950's, the 

environmental situation was stu died by Waldichuk both in 1956 and then 

again i n 1957 . A degradation of water quality since 1927 was evident, 

and was attributed to the inc reased BOD of the effluent discharges 

associated with the added dissolving pulp grades (Waldichuk, 1958) . 

Rayonier Canada (B . C. ) Ltd . surveyed the area in 1966-1967 and in 1969, 

confirming the earlier reports of adverse changes in water quality due 

to pulping eff l uent . All o f th e se studies were concerned primarily with 

the basic physical and chemical characteristics of the discharged 

effluent and the adjacent receiv ing waters of Neroutsos Inlet . 

In 1971 the Pollution Control Board (PCB) of British Columbia 

issued a set of discharge g u i de l i nes to the Forest Products Industry. 

At t h at t ime I.T.T . Rayonier Cana da (B . C. ) Lt d . defined the environmen­

tal problem at Port Alice, an d propos ed a pollut ion aba tement program 

for the mill. By 1972 the first step of this program , i.e . , the 

conversion from calcium- base cooki ng to soluble ammonia-base (calcium 

not being amenable to the proposed pollution control system), was 

completed and in opera t ion . 

The second stage of the Port Alice pollution abatement program 

involved the installation of a recover y boiler system designed to 

remove and incinerate spent sul f it e liquor (SSL) previously included in 

the effluent discharged to the ad j ace nt inlet wat e rs (Pl a te B) . During 

the installation of this syst em Rayon ier e~vironme ntal staff collected 

physical, chemical, and biol og ica l data, thus forming a biological 

basis with which to assess t he environme ntal benefits of the SSL 

furnace, onc e e ngaged (Stoll, 1975, 1976; Stol l and Vandermuelen, 1977) . 
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1.4 Environmental Rehabilitati on Assessment 

Th e pollution abateme nt pro g ram initiated by Rayonier Canada 

(B . C.) Ltd . was intended to mee t r eq uir ements outlined in a PolluUon 

Control Permit issued to the c ompany in 1973 by the PC B (Tollefson and 

Tokar, 1978). Requirements with i n this permit included: 

(i) maintain ing a dissolved oxygen (DO) level of not 

less t h an 60% o f saturation ( 5 ppm) at the 

mouth o f t he inlet; 

(ii) an ini t ial redu c tion o f effluent suspended 

solids to 60 lbs/ADT o f pulp and of 5 day 

biochemi cal oxygen demand to 500 

lbs/ADT; and 

(iii) a furt he r reduction of suspende d solids to 30 

lbs/ ADT, and a BODS to 60 l bs / ADT wit hin 3 

years . 

Conditions (i) and (ii) were e xp ec t e d to b e met by the conversion from 

a calcium to a soluble a rr-.mo nia cooking bas e followed by the 

instal l ation of a SSL recovery boi ler system . To meet the conditions of 

requirement (iii), however, i mp l ementa tion of a secondary ( undefined) 

treatment system would be invol v ed . 

Dete rm ining the envir o nmen t a l benefits sustain e d as a conse­

quence of the removal of SSL f r om th e waste st ream appear e d to be a 

logi cal approach prior to comm it t i ng costs to developing a nd insta lling 

further treatmen t processes . In effect , an Env ironmental Rehabil i tation 

Assessment ( E . R. A. ) would permit a n eva luatio n o f the pr e sent pollution 

control system and allow a . deci sion t o be made as to the nee d f or 



11 

subsequent effluent disch arge tr eatments . Fo ll owing start-up o f th e 

r ecovery boil e r system in th e f all of 1977, I.T.T Rayonier Canada 

(B.C.) Ltd. initiated such a study (April, 1978). Retaining academic 

and private consulting agencies, as well as comp any personnel, the 

environmental investi gation has since ex am ined water qualit y , primary 

productivity, littoral inverteb ra te communities, salmonid migrants, and 

the toxicity of the discharged e f fl uent (Corbett and Campbell, 1980; 

Corbett et ~·, 1978; Cross, 1 982 ; Cross, In press ; Cross and Ellis, 

1980; Cross et ~-, 1980; Ellis et ~-, 1978; McGreer et ~·, 1980; 

Poulin and Rosberg, 1978, 1980; Vigers et~-, 1978) . 

1.5 Study Objectives 

The M.Sc. progr am , star t ed in May of 1980. was in i tially 

de signed to suppl e ment on-go ing coll ec tions of Fucus amphipod 

abundance/diversity data with detail ed e xperimen t a l data on the 

t o l e rances of a number of th ese species to sul f ite mill effluent. 

Sublethal as well as acute leth a l b ioassays over entire life cycles 

wer e expected to provide va luab le info r mati on concerning the 

sensitivity of these inverteb ra te populations, an d in turn to verify 

observed positional changes, sp ecies int e racti ons, and numel'.' ical 

success of particular populations within the inlet since implementa tion 

o f pollution controls in 197 7 . Due to a l abour di sp ute extending 

through most of the summer in 198 1, con sequentia l shu t -down o f the Port 

Alice mill prevent e d all but the ini ti a l stages of this study from 

being completed. Thu s , the dir e c t ion of th is pro j ect was altered f r om a 

toxicological to an eco logica l examina tion,- concentrating primari l y on 

a discussion of one of th e biomonitoring t echn iques empl oyed i n the 
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E.R.A . 

Process wastes from th e Port Alice pulp mill are discharged to 

the surface of the receiving wat er s (Plate B) . Use of intertidal . 

communities, or of represent ative groups of resident invertebrates, 

were chosen for monitoring inl e t re ~abilitation due to the restriction 

of most invertebrate species t o rel a tivel y small local habitat ranges, 

and since intertidal organisms ·,rnuld be most affected by the 

fluctuating surface waters an d thus to the t oxici ty of the imposed 

sulfite mill effluent (SME). 

A preliminary reconna i sance survey in May of 1978 suggested 

that the design of the assessmen t progr am c ou ld be approached in a 

manner comparable to that emp loyed in a river, or stream situation, 

based on the premise that the re exists a reduc e d but progressively more 

dive rse ecosystem downstream from a discharge, the biological quality 

of which will improve upstr eam towards th e discharge source as 

p o llution controls are implemen t ed (Hynes, 1960) . Neroutsos Inlet, a 

narrow fjord-like inlet with n et s u rface flow t owards Quatsino Sound 

due to river discharges, can t h us be regarded as a marine river with an 

analogous 'downstream ' increas e in biological di ve rsity in terms o_f the 

shoreline ecosystem. Thus, i t is hypothesi zed that as shoreline 

recovery progresses a shift in t he species diver sit y and abundance will 

o c cur in the direction of the di scharge ~ource corresponding to 

improved water quality . 

The overal 1 objective of t hi s study is to report the findings 

of the E.R . A. in terms of the littora l in ver tebrate communities 

present, paying particular att e ntio n to Fucus-ep ifauna as a shoreline 
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monitoring technique. Specific a l ly, the study will attempt to: 

(i) illustra te the extent of littoral impact within 

Nerouts o s Inlet in terms of the invertebrate 

communi ties present; 

(ii) document s horeline biological recovery processes 

using ~-epifaunal communities; and to 

(iii) relat e temporal and spatial change s in 

~-ep i fa unal communities to the reduction of 

discharged SSL, and subsequent water quality 

improver.,ent, using bioas say techniques on 

select e c 'sensitive' invertebrate species. 

This section provides a summary o f this on-going study , and 

emphasizes a discussion of each bi omonitoring technique employed, i.e., 

its strengths and/or weakn e ss es . The bu lk o f r aw data has b een omitted 

from the text, but if required may be found in the documents referenced 

earlier. 
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2 . FIELD METHODOLOGY 

The shoreline monitor i ng protocol adopted for the E .R.A. · 

consists of three biological tests: 

(i) qualitative estimations of enchytraeid/tubificid 

(ii) 

oligochaete species composition within the 

visually high ly impacted shoreline near the 

discharg e source; 

Fucus-ep if aunal abundance and diversity 

measures; and 

(iii) qualitative faunistic and floristic rocky 

shore surveys with between-site simmilarity 

analyses. 

The first two of these tests were chosen for their different sensitivi­

ties to the effluent, while the thir d was i ncl uded to monitor the 

'overall' effect of sulfite mill effluent (SME) within the inlet. 

2 .1 Enchytraeid/Tubificid Oligochaete Sampling 

Oligochaete sampling consisted of 3 hand-driven replicate 

cores (inner diameter 5 cm, penetration 6 cm) taken at 6 high-tide 

shoreline sites with penetrabl e substrates (Figure 1: stations S6A, 

S6B, SB, CRE, U2, and QB). These substrates consisted of fine grained 

but often poorly sorted muds . Removal of interfering stones and rocks 

to permit cor ing prevented randomization in the sampling procedure . 

Entir e sediment samples were stored and tr ansported in plastic 

bags on ice, and were subsequently transferred to a refrigerator (at 

approxima tely 10°C) until specimens could be separated fr om the 

sediment. Species iden ti fica ti ons were made under light microscope 
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using both live specimens an d s pe c i mens prepar e d by staining wi th 

Grenacher's alcoholic borax carmine . 

2.2 Fucus-epifaunal Sampling 

Sampling of Fucus wa s conducte d monthly from May through 

September (1975-1981) at 8 ap p r op riate sites (Fig ure 1: stations 1, 

lA, 2, 3, 3A, 4, 5, and 6) ext e n d ing from the mill to Quatsino Sound. 

The collection procedure, de ve l oped by mill environment personnel 

prior to 1978 (Stoll, 1975), i nvo lves ' randomly ' removing 8 liters of 

Fucus fronds from the rocky s ub strate wi th in the sampling area, and 

dropping it loosely into a b ucket t o avoid packing (Plate C). The 

Fucus-epifauna are then rins e d off in a dilute (approximately 4%) 

formalin and seawater solution. Fo llowing sor ting , . the organisms are 

removed for species identifications, and f or abundance and diversity 

analyses. 

2.3 Intertidal Rocky Shore Surve y s 

A series of 10 shoreli ne sites were used in this biological 

survey of the intertidal rocky habitat o f Nerout sos Inlet (Figure 1: 

stations 1, T4, 1A, 2, U2A, 3, 3A, 4, 5, and 6). Sites were chosen 

such that both the west side and the east side of the inlet were 

represented by a set of rel a t i vely e venly distributed shoreline 

s tations so tha t results of th e survey could be c ompare d and contrast­

ed . 

The survey , first cond u c t ed i n Aug ust of 1979 , was impl emented 

as a single low to h igh tide tr ansec t encompassing a width of s hore 

approximately 3 m across . Represen tative c ollections of o rga n isms 

found within this a r e a were ret ained for spec i es identification . 
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2.4 Statistical Methods 

Accumulated species data from the enchytraeid/tubificid 

sampling and the intertidal ro c ky shore surveys were both analysed 

qualitatively using a communit y classification (clustering) method . 

Samples (sites) were objectivel y grouped into associations dependent 

upon similarities of species composi tion (Q-analysis). A single-link, 

unweighted pair-group cluster analysis was preceded by the formation 

of a si t e-by-site similarity matrix using species presence-absence 

data. Jaccard' s Coefficient of Community (Sneath and Sokal, 1973), 

used as the similarity index for the analysis, is as follows: 

Jc= 

where : 

C 

A + B - C 

A = number of species in sample A 

B = number o f specie s in s ample B 

C = number of species in common . 

The analysis of Fucus-epifauna data .was accomplished prima ri ly 

in a subjective manner, examining gross numerical trends of each 

species temporally and spatia l ly within the inlet . 

Certain morphological features of 0ligochinus lighti specimens 

were examined for possible sublethal effluent effects . Body-leng th 

frequency data from 5 sites were compared using a one-way Analysis of 

Varian ce (AN0VA) followed by a Studen t Newman-Keuls multiple range 

test . Brood size as a function of body l e ng th was correlated over the 

same sites . A comparison of slope functions was performed using an 

Analysis of Covariance (ANC0VA ) . In each test above, the rejection 

l eve l (alpha) was set at 0 . 05. 



17 

3 . LABORATORY METHODOLOGY 

The laboratory portion of this study consisted solely of the 

invertebrate bioassays using SME and two species of gammaridean 

amphipoda . The experiments were performed in an attempt to correlate 

observed distributional changes of these species with the water 

quality improvement noted since start-up of the recovery boiler system 

in 1977 . 

3.1 Experimental Design 

A siphon-activated, continuous flow bioass ay system, shown to 

scale in Figure 2, was designed and constri1cted to permit an 

evaluation of chronic or sublethal toxicant effec ts in small inverte-

brates, over a broad range o f concentrations . The system minimizes 

required laboratory space by distributing the concentration test 

chambers over three levels, t he bottom two of which are on drawer 

tracts t o optimize accessibi 1 i t y during observation periods. Each of 

the levels was constructed of 3/4" plywood, laminated with 4 coats of 

Exterior Varathane, and caulked with silicone s e a l ant . 

Continual freshwater input to one side of each of the system 

levels was opposed by an overflow pipe on the opposite side, 

maintaining a constant cooling water level of 8 c111 . Water temperature 

was held at 14°~1 . s 0 c during each of the experiment s . 

The siphon-activated system employed in this study was 

mod e led after a desi g n used by Sasnowski et. al . (1969) . The 

glass-ware components of this system are shown (to scale) in Figure 

3. Each concentration bath (40 . 5 cm x 30 . 5 cm x 13 cm) receives a 

constant input of test solution from th e conce ntration reservoir 
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Figure 2 - Schematic presentation of the siphon-activated continuous 

flow ' bioassay system. Each level contains 3 concentration 

test chambers. The bottom 2 levels are mounted on drawer -

tracks to optimi ze accessibility during observation 

periods . 
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Figure 3 - Glass-ware components of the continuous flow bioassay 

system . 
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positioned on the top of the b ioassay system (Figure 2) . When the 

solution level reaches 8 . 0 cm t he siphon is automatically activated 

and the accumulated test solution removed until the vacuum created by 

the siphon action is disrupted by a solution leve l of 3.0 cm (bottom 

level of the siphon tube) . The siphon assembly consists of a Y-shaped 

tube, one side of which acts as an air vent t o prevent the blockage 

of the drainage line by an air bubble and the consequential 

malfunction of the siphon. In the event of a rn a lfunction, however, 

each concentration bath is equipped with an eme r gency overflow port 

which will allow loss of waste t e st solution wi t h o ut loss of the test 

organisms from their respectiv e retention ch nmbers. Waste test 

solution, as well as cooling water overflow, i i; a llowed to pass to a 

floor drain via Tygon tubing, PV C piping, and ;rn activated charcoal 

filter . 

Each concentration bath holds 6 retenti on chambers (Figure 3) 

fo r containment of the appropri a te number of · test organisms . Each 

chamber (10 cm x 10 cm x 10 cm) has a 2 cm st rip of 310 um Nitex 

screening 1-ocated 2 . 5 cm above the base, and on each of 2 opposing 

sides . This screening permits flow of solution between the retention 

chamber and the concentration bath as the automatic siphon assembly 

activates solution replacement wit h in the system . 

All experiments were standa rdi z ed using 10 organisms in each 

of 3 replicate retention chamb e r s . Test solution input was maintained 

at approximately 650 ml/h, all ow ing 3 siphon flu s hes and providing a 

90% solution replacement in a 24 h period . 
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3.2 Test Procedures 

Although specimens of t te chosen test species could be found 

in the Vict oria area, samples · .. ;e r e obtained from Nerouts os Inlet so 

as to eliminate the possibilit y o f differing effluent responses ·due 

to adapted physiological prope::ties which may be inherent in the 

populations continually exposed to sublethal levels of SME. In situ 

environmental parameters were ~easured during collection periods 

using a Fisher Accumet Model 150 portable pH meter, and a YSI Model 

33 S-C-T (Salinity-Conductivity-Temperature) me ter to record 

temperature and salinity. Specime ns were collected and transported to 

the university where they were Qa intained as monocultures in 10-liter 

holding tanks . Each tank was eq ·.! ipped with an air stone to maintain 

oxygen levels, and placed in a c ooling bath to control variation in 

(13 °+2°c). A · 1 1 1· f F (2 3 f d) temperature pprox1mate y 1ter . o ucus - ron s 

was supplied as natural shelt er and as a food resource for the 

amphipods. Tanks were cleaned, an d Fucus replenished, monthly. 

Seawater used for dilut i on in this study was acquired from 

the Victoria area, having an initial pH of about 8.0, and a recorded 

salinity of 30 ppt (+2) . Wate r was pumped throug h a fiber-glass 

Swim-Quip filter, consisting of coarse sand and ground oyster shell, 

and then through an Aqua-Fine rv sterilizing syst e m. Salinity was 

lowered using distilled water, a r:d pH was altered b y th e ad di tion of 

dissolved electrolytic pell ets of sodi um hydro x ide (N aOH) or 

concentrated hydrochloric acid (H Cl). 

Each 80 L batch of su lfi te mi ll effluent, wa s obtained by 

mill personnel, whe n requir ed , using a Sirco automa tic sa mp ler at 
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each of t h e t wo disch a r ge sewe rs . Seventy percent of the sample 

o r iginat_ed from th e south sewer 30% was take n f rom the north sewer, 

to approximate the actual discharg e ra tio . Samples were 

representative of a 24 h composite sampl i ng des ign calib rated to the 

automatic sampler . Samples we re transported to the university by air 

freight a nd courier within 24 h o f collection. Once at the university 

samples were stored in a cold room at 3° +1 °c to minimize loss ·of 

toxicity with time . 

Prior to each exp e ri men t a static t~8h-LC50 bioassay was 

performed as a 'range-find i n g ' test. Ea ch o f these tests used 5 

organisms in each of 5 conc e ntrations chosen over a logarithmic 

series , e.g . , 1.0, 1.8, 3 . 2, 5 . 6, 10, 18, 32, 56, ... etc .. Range-find­

ing tests were implement e d in 300 ml finger bowls using 250 ml o f 

test s o lution . 

All glass-ware was thoroughly cleaned p r ior to all bioassays . 

Following an initial soap and water wash with a d istilled water 

rinse, the glass-ware was washed a second t Li ne with 2 N HCl and 

rinsed a final time with distilled deionized c1 ter. Glass-ware was 

soaked in the appropriate test concentrations for 48 h prior . t o 

initiating a bioassay . This proce dure reduced t he possibi l ity of loss 

in tox icity du e to adsorpt ion of tox i c chemic a l. c ons tituents by the 

g l ass and/or the Nitex screening . 

In addition to the SME toxic it y test s, temperature and pH 

tolera nc e l imi t s for each of t he test s pecies were also estima ted . 

Each static bioasssy ( 24 h s o lution replacemen ) wa s performed in 

triplicat e and terminated a t 96 h . 
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In al 1 cases observa tions for mortality were taken at O. 25, 

0.5, 1, 2, 4, 8, 12, 24, 36, 48, 72, and 96 h. Organisms were 

observed with · a Cole-Palmer illuminated magnifying glass with bottom 

illumination provided by light box with fluor e scent light-source. 

Individuals were initially considered dead if no pleopodal movement 

was observed. Due to a tendancy of these o~ganisms to exhibit 

immobilization upon prolonged exposure to certain levels of toxicant, 

individuals presumed dead were placed in saltwater for 5 minutes. If 

recovery occurred within this period, the organ isms were returned to 

their respective test solutions. 

3. 3 Statistical Analysis 

Mortality data was statistically analyz e d using the computer 

program PROBIT, which was modified from Davies (1 971) to accommodate 

and utilize the mean of 'n' replicate biciassays ~ The program comp.utes 

the prob it-response / log-concentration regress io ns using the maximum 

likelihood method described by Finney (1978). In the event that 

mortalities were recorded in the control chambe rs, the number or 

organisms resp.anding positively in each test c ase was corrected for 

those occurring in the controls (prior to probit t ransformation) using 

Abbott's formula: 

p = 
(P'-C) 

(1-C ) 

wh e re P is the corre c ted respon s e, P' the response observed and C the 

proportion of controls responding . Output from thi s analysis gives the 

median letha l concentration (LC50) as we ll as the slope and the 

interc ept of the computed reg r ess ion line with app ropriate descriptive 
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statistics. 

Since a r e sponse of O or 10 0% c o rresponds the oretically to 

probits of min u s and plus infinit y , respe c tivel y, these observations 

are omitted from the PROBIT c omputation of the probit/log dose 

r egression line (Davies, 1971). In or der to appro x i mate the LCSO's for 

early observation periods duri ng the bi oassay, an expected effect 

value for each O and 100% respo n s e was est i mated us i n g the nomographic 

method of Litchfield and Wilcox on (1 9 49) . Incorp o r a ting these values 

into a graphical approx i mation o f the probit/ dos e regression line 

permitted line extrapolation o f a LCSO s o lution. The 95% confidence 

limits for these solutions we re omitted to a l l ow differentiation 

between values estimated in thi s man ne r with th o s e calculated using 

the computer prog ram PROBIT. 
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4. RESULTS 

4.1 ~eceiving Water Quaiity 

In order to evaluate s ho reline biological responses as a 

consequence of the removal of spent sulfite liquor (SSL) from the 

waste stream, a significant improv ement in the receiving water 

quality should also be demonstr a ted . Since 1973, mill personnel at 

Port Alice have accumulated da i l y wa ter quality da ta on temperature, 

salinity, spent sulfite (Pearl Benson Index: PBI), dissolved oxygen 

(DO), and pH at 5 centerline stations extending from the mill to 

Quatsino Sound (Corbett et ~-. 1978). In addition, NH
3

, color, and 

BOD have recently been added to t h is protocol. 

Daily water quality d ata f or the 4 pa rameters regularly 

recorded have been compiled from measurements t a ken at 4 stations 

regularly sampled in the inlet, o~ itting th e fi f t h ( c o n t r o l) station 

located in Quatsino Sound. Each value is an aver ag e of measureme nts 

taken at the surface and at a d e pt h of 2 m. 

Figure 4 reveals recei v ing water temperat ure both prior to, 

and after the installation of the recovery boiler system. As 

expected, temperature does not ch a nge significantl y at any one of the 

Stations and generally remains within the range of 14-15°C. An 

increase was noted, however, fr om th e mouth of the inlet to the inlei 

head reflecting the d eg ree of expo su re to, and th e mo de ra ting eff ects 

of the waters of Quatsino Soun d an d t he op e n Pacifi c oce a n. 

Similarly, Figure 5 de monst r at e s th e sal i nit y stabilit y of 

the inlet surface water. No a pp are nt annu a l differe nc e s we re observed 

at any one sit e , a nd gen e r a ll y s a liniti e s r a ng e d f rom 2 .7-3.0% 
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Figure 4 - Mean surface wa te r temperature of 4 centerline stations 

of Ne rout sos Inl e t take n both prior to and after 

installation of t he recovery boiler system. Each value 

represents an aver age between measu rements taken at the 

surface and at a cep th of 2 m us ing water quality data 

accumulated by mill environment sta ff . 
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Figure 5 - Mean surface wat er salin ity of 4 centerline stations 

taken both prior t o and af t er insta llation o f the 

recovery bo iler system . Each valu e represents the 

average between :-:-:ea sur emen ts taken at the surface 

and at a depth of 2 m us i ng wa ter qaul i ty data accumulat­

ed by mi ll environmen t staff . 
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throughout the inlet as _a whol e . Hi gh e r surface water salinities were 

found near the mouth of the i n let, while slightly lower values were 

observed towards the inlet head , from freshwater inputs. 

The result of decrease d or e 1 iminated SSL discharge is best 

described in terms of the con c entrations of sulfite present within 

the receiving waters. Figure 6 illustrates temporal changes in PBI 

values, expressed as ppm of s u lf i te, with increasing d,istance from 

the mill. As expec ted, the c oncentration of sulfite within the 

surface waters decreases as d istance from the discharg e source 

increases. Sulfite levels at al l o f the 4 stations have continued to 

decrease since the reduction o f SSL dis charged. Average water sulfite 

levels, since initiation of SS L r e cove r y in 1977, have been decreased 

by a factor of approximately 10 a t each of the sampling sites. 

In direct response to t h e subs tan ti al r edu c ti on i n the high 

BOD fraction of effluent discha r ge d to the inlet, Fi g ure 7 reveals a 

correspondingly significant inc re a se in the dissolved oxygen (DO) 

available in the water column. At the sampling sites in the mill 

vicinity DO remains low , but h a s nevertheless doubled since the 

implementation of SSL recovery in 1977. Averag e DO levels at sites •as 

close to the mill as station 3 ( Figure 7) have now risen to levels of 

6 ppm, thus conforming to one o f the requirements set by the PCB 

Pollution Control Permit of 1973 . 

4 . 2 Ex t ent of Littoral Impact 

A pr e liminary shoreline re c onna i sance in May of 1978 reve a l e d 

a highly impact e d littora l are a i n the vicinity of the mill. Further 

inve stig ation establi s h e d tha t the ma c r o i nvertebra t e fauna o f thi s 
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Figure 7 

30 

Mean surface water dissolved oxygen (DO) of ' 4 centerline 

stations both prior to and after installation of the 

recovery boiler system. Each value represents an average 

between measurements taken at the surface and at a depth 

of 2 m using water quality data accumulated by mill 

environment staff. 
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regi on · consisted primari l y of 3 species of oligochaeta, i.e., 

Lumbricillus lineatus, Monopyleph orus cuticulatu s , and M. rubroniveus. 

Figure· 8 summarizes the results of the community 

classification analysis. The hi gh de gree of sim i larity between sites 

adjacent to the receiving ar ea ( stations S6A and S6B) is clearly 

illustrated in the r e sulting dendrogram. In contrast, species 

composition b e tween sit es ext endi ng . north from th e ourfall differs 

suf fi ciently to inhibit the formati on of distinct c lusters. 

Thus, a division into t ·.rn distinct z ones is apparent, the 

first represented by stations wi thin the gro ss impacted ar~as 

e ncompassing a reg ion approxima te l y 1 .0 km around the discharge 

source, and th e s e cond by the r e:nain ing sites . The former region is 

characterized by Lumbr ici llus l inea tus, an enc ltytraeid oligochaete 

recently found only in B.C. waters adjacent t o 3 pulp mills (Coates 

and Ell is, 1980), and 2 tub i f icid oligocl1 ac tes, Monopylephorus 

cuticulatus and M. rubroniveus, of ten found in bra ckish waters and 

now found coexi sting with L. l i ne atus under s tJ:·essed environmental 

conditions. The gradual change i n species c omposition between the 

more distant s i tes may be attrib utable to vary ·in g substrate type . or 

to natural environmental ch anges occurring over the length of · the 

inl e t. 

In addition to the an a l ysis o f 0l i g ochae ta, and the ir 

appropriat e h ab it a ts, intert id a l rocky shor e surveys provided 

valuab le information as to th e cie 1 imitation of i nve rtebrate species 

and the ext e nt of sulfit e mill ef fl uent impact in Neroutsos Inlet. 

Diversi ty changes obs erve~ in _l arge taxonomi c g roup s (Fig ure 



Figure 8 
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Presence/absence matrix of mature marini Oligochaeta 

derived from 3 repl i cate cores take n at each station. 

Site by site (Q-a na_ysis) simila r it y and single link 

cluster analyses show species associ a tional patterns. 
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Figure 9 - Histogram plots s howi ng intertidal rocky shore fauna 

diversity in 3 maj or tax onomic groups with respect 

to increasing dist anc e (left to right) from the Port 

Alice pulp mill dis c harge source . 
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9) revealed a distinct increase in the number of gastropds, decapods, 

and asteroidean species as dist ance from the mill discharge increases. 

Analysis of accumu lated , qu a l i tative (species 

presence-absence) data with the similarity and single-link clustering 

techniques described in section 2.4, provided the basis upon which 

intertidal communities were compa red and zone s of SME influence 

estimated. Fi g ures 10 and 11 summarize this analysis pos,tulating five 

regions within the inlet, toge ther represent i ng a spectrum of 

responses to varying concentrations of the e ffluent as it is 

dispersed and diluted by tidal a nd current action . 

Within Figure 11 area I a I is char act eristic of severe 

intertidal environmental impact an d was domin ate d by 3 species of 

enchytraeid and tubificid oli g o c ha e tes (discuss e d a bove; Figure 8). 

Area 'b' was recognizable b y a lush growth of Enteromorpha 

which was present from the upper to lower-mid d le intertidal zones. 

This region supported a minimal amphipod co1 mnunity with moderate 

numbers of the species Allo~chestes angusta ond with incidental 

occurances of Eogammarus and Anisogammarus wh e r e salinity regimes 

were favorable. The mussel Mytilus edulis, as we ll as single species 

of Isopoda, barnacles, and snails, were also pre sent. 

Region 'c' contained b a n d s of the rockwee d Fucus but with a 

depauperate associated epifaunal community . A. angusta was very 

abundant, and barnacle species were es tablished, but were reduced in 

size as were the mussels. The shore crabs, Hemi g rapsus nudus and H. 

oregonensis, we re also present in this area. 

Region 'd' regarded as th e transition zone between the 
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Fi gure 10 - Dendrog ram r esulting f rom similarity and , sing le link 

clus ter an a lys es (•.,it hou t rotat io n) of Neroutsos 

Inlet ro_cky shore sur ve y stat i ons, ba sed on accumul a ted 

qua litative 

sites of 

species 

similar 

data. Shade d areas encompass 

compo s ition and postulate 

geogra phic a l zon e s of SME influenc e within the inlet . 

First shaded region is based on r esults of the oligo­

c hae_Ee analysis (Figur e 8) . 
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Figure 11 - Postulated zones of S~,!E infl uence bas e d on, similarities 

between intertidal co~~ unities . 
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noticeably impacted shoreline stations towards the mill to the south 

and the "norma l" intertidal shorelines extending north to Quatsino 

Sound, was represented by addition al species of isopods, amph ipods, 

decapods, and snails. Limpets were present, and the mussels and 

barnacles were not physically stunted. Enteromorpha remained within 

the intertidal community, but was no longer as noticeable. 

A "normal" intertidal shoreline ecosystem, labelled as area 

'e' in the figure, was defined as the region in which no impact could 

be distinguished. Additional algal species, e. g . , Ulva, Cladophora, 

and Egregia, were present, and there was increased species diversity 

wiihin each of the major groups of invertebrates. 

Qualitative analysis of rocky shore i ntertidal communities 

was supplemented with regular color photog r ~phic recording for 

documentation of the mill impac t. Since th e implementation of 

pollution controls in 1977, this suppleme ntary technique has 

documented a recolonization of Enteromorpha-domin a ted areas by Fucus. 

Plates D, E, and F exemplify this phenomenon a l station U2 through 

the summers of 1978, 1979, and 1980 , respecti ve ly. A more dramatic 

recolonization of Fucus was noted at stat ion 1, where Enteromorpha 

totally dominated the area prior to the start-up of the SSL recovery 

boiler system in 1977. 

4 . 3 Fucus-epifauna Analysis 

The analysis of Fucus-epifaunal communities as a natural 

substrate monitoring techniq ue has b een utilized by mill environment 

personnel since the pre-rec overy monitoring bega n i n 1975 . 

Figure 12 illustrates th e n ume rical contributions of maj or 
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Hacro-epifauna of a ' control ' Fucus habitat within 

Ne rout sos Inlet; b a s ed on a summary of data collected 

at stations 5 and 6. 
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macro -epifauna in a 'control' Fucus habitat within Neroutsos Inlet. 

Amph ipods in general are sh o~n t o b~ t h e numerically dominant L 

organisms, and were thus co n side re d i n detail - for the E . R.A . 

shoreline monitoring program . 

In 1978, routine collections and sorting of Fucus-epifauna 

was supplemented by species identifications of the gammarid amphipod 

component, previously enumerated a nd r ecorded as 'amphipods'. A 

summary of results from 1978-1981 are pres e nted in Table 1 . 

As mad e evident in f igure 12 f ive spe cies of gammarid 

amphipoda, dominated by 01 igoch i nus 1 ight i, we r e f ound to coexist in 

a 'control' Fucus habitat. Ho~ever, further spe cies associational 

analyses, encompassing Fucus c ollecti on si tes c l oser to the mill, 

revealed an Al lorchestes angusta mo n ocult u r e within 9-10 km of the 

outfall, with replacement by th e o th e r 'c ontrol' species as distance 

from the SME discharge source in c r ea s ed . 

Figure 13 shows 3 of t he five Fuc us-epi faunal amphipods found 

in Neroutsos 

numerically 

Allorchestes 

In let. 

dominate 

angusta, 

0ligoch inus light i an d Ampithoe simulans 

the 'contro l ' s pecie s assemblage, while 

alone, for ms the a r.i phipod c omponent of Fuc.us 

habitats closer to the mill . Each has b een drawn t o a scale allowing 

phy sica l size comparison between spec ie s . 

Using the mean total n umber of amphipods found in 8- liter 

F'ucu s samples take n during June , J u ly, an d Au g ust, Table 2 illus-

trates numerica l trend s observe d ove r the pas t 6 years. The extent of 

th e A. ang ust a monoculture whic h was orig i na lly detec ted at stations 

1A, 2, and 3 in 1978 was s ignifica ntl y reduced to encompass only 



Tabl e 1 - Fucus-epifauna amphipod data; 1978-1981 . Average s from data 
collec ted June, July, and Augus t of each year . 

Station 

1 lA 2 3 3A 4 5 6 
1978 Summary --
Ampithoe simulans 0 0 0 1 80 · 31 3 
Oligochinus lighti 0 0 0 0 5 51 70 
Hyal e plumulos a 0 0 0 0 0 0 20 
Hyal e californica 0 0 3 35 5 0 32 
Allo rchestes angusta 728 3541 1677 25 20 5 1 

197 9 Summary --
~meithoe simulan s 0 0 2 8 14 6 9 
Oligochinus lighti 0 0 6 8 89 196 76 
Hyal e plumulosa 0 0 0 0 0 0 0 
Hyale californica 0 0 8 40 0 1 16 
Allorchestes angusta 1341 232 0 · o 0 0 0 

1980 Summary 

Ampithoe simulans 0 0 10 12 18 17 5 
Oligochinus li ght i 0 0 5 13 143 25 36 
Hyal e elumulosa 0 0 0 0 0 0 0 
Hy a l e californica 0 0 4 12 1 1 2 
Allorc hestes angusta 2780 186 0 0 0 0 0 

1981 Summary 

~mpithoe simul ans 0 0 41 29 10 22 21 8 
Oligochinus lighti 0 0 2 54 145 119 20 53 
Hya l e plumulos a 0 0 0 0 21 4 0 0 
Hya l e californica 0 2 12 6 50 74 7 1 4 
Allorc h es tes a n gusta 2145 22 L.. 8 0 0 0 0 0 

40 
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Figure 13 - Sca l e drawing s of 3 common Fucus-epifai.inal gammarid 

amphipoda . Oligocl-. ~n us l ighti i s the numerica lly 

dominan t form un de r 'no rma l' env jronrnental conditi ons 

while Allorchestes a nou sta c:, repr0s £> n ts th e smallest 

. and l eas t abun da nt s~ ecie s . 
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stations lA and 2 in the f oll o·.,ing year . In 1980 , ·maximum numbers of 

th is species remai n e d at st a tion lA , with station 2 showing a 

reduction to approximately l/3 of t hat observed in 1979. During this 

period, control species of amphipods had beg un to recolonize Fucus 

habi tats closer to the mi ll, i.e. , at station 3, and Fucus had 

started to displace Enteromorpha-domina t ed regions . By 1981 station 

1, located on the northeast side of Ketchen I s land, support ed a 

substantial g rowth of Fucus and was consequ e ntly added as a 

Fucus-epifaunal sampling site . A point o f maximum amphipod density, 

repr e sented by a mono c ulture o f t he specie s All or c heste s ang usta, had 

re-es tablishe d its e lf at this site, and control sp ec ies had moved 

int o Fucus habitats as clos e to the mill as s tat ion 2. 

Pre-recovery Fucus-epi f aunal da t a (Stoll, 1976; Stoll and 

Vandermuelen, 1977) provide d a bas eline index of mill impact with 

which results from subsequent year s c ould b e c ompa red . The abundance 

o f g ammaridean amphipoda ( 'amphipods ' ), record d in 1976 and 1977 

were of 1-2 orders-of-magnitud e greater a t stat ions within 10 km of 

the mill, than at comparable c ontrol stations (Table 4). Comparison 

of these pre-recovery abundance da t a with that obt ained in 1978-1981 

sugge sts that abundant amphipods obs erve d at sta tions 2 and 3 in 1976 

an d 1977 repres e nted the Allo rches t es a ngusta monocu lture . Assuming 

that this speculation is val i d, it can be f urther as sumed that the 

po int of maximum de nsit y of t h is s p ec ies oc cu rred a t station 3 in 

bot h yea rs. 

In a ' control' situation, 0ligochi nu s li ght i frequently 

contribute s 70-90% of th e tot al numb e r of amphipods fo und wi thin the 
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Tabl e 2 - Total number of amph ipo ds/ 8 1. of Fucus. Average taken from 
data collected June, J u l y a n d Augus t of each year . 

station 1976 

1 

l A 

2 378 

3 3426 

4 20 

5 45 .-

6 55 

ye ar 

1977 197 8 

72 8 

851 3541 

1495 1680 

32 11 0 

59 87 

141 126 

installation o f 
pollution c ont r ols 

1979 1980 1981 

2145 

1360 2788 224 

232 186 67 

16 18 55 

103 161 176 

203 43 40 

101 44 64 
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stations lA and 2 in the foll o·.,ing ,; ear . I n 1980, maximum numbers of 

this species remained at st ation l A, wit h station 2 showing a 

reducti o n to approximately 1/3 of t ha t observed in 1979 . During this 

period, control species of a m?hipoc: s had begun to recolonize Fucus 

habitats closer to the mill, i.e., at stat~on 3, and Fucus had 

started to displace Enteromorp !la-do::1 inated regions . By 1981 station 

1, located on the northeast side o f Ke t chen Island, supported a 

substantial growth of Fucus and was con seque ntly added as a 

Fucus-epifaunal sampl_ing site . . -'I point o f ma ximum amphipod densi ty, 

repr es ented by a mono c ulture o f t he spe c i e s Allorches tes angusta, had 

re-established itself at this s i te, a nd control species had moved 

into Fucus habitats as close to the rr.i ll as station 2 . 

Pre-rec overy Fucus-epi f aunal dat a (S tol l , 1976; Stoll and 

Vandermuelen, 1977) provided a base line incie x of mill impact wi th 

which results from subsequen t ve ars cou l d b e compared . The abundance 

of gammaridean amphipoda ( ' amph i p ocs ' ) , recorded in 1976 and 1977 

were of 1-2 orders-of-magnitu de gre a ter a t stations within 10 km of 

the mi l l, than at comparabl e contr o l stations (Tab le 4 ) . Comparison 

of these pre-recovery abundanc e da t a with that obt ain ed in 1978- 1981 

su gge sts that abundant amphipo d s obs e rved a t stations 2 and 3 in 1976 

and 1977 r ep r esent e d th e Allo r:::hestes an g usta monoculture . .Assuming 

that this specu l at ion is va l i d . it can be f urther a ss umed that the 

point .of ma ximum density o f t :-i is species occurred a t station 3 in 

both years . 

In a ' control ' situation , 0ligochi nus l ighti frequently 

contributes 70- 90% o f the tot al n umb er of amphipods found within the 
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Fu c us habitats. Since the SSL d i sc h a r ge reduction in 1977, a movement 

o f this control amphipod a s s e~bl ag e towards the mill has been 

documented . The delimitation o f O. lighti, and the other control 

species, may be related to t :1 e effluent loadings to the inlet. In 

addition, measureable sublethal e f fects of SME may be evident within 

these populations. A number of mo rphological parameters of 2.· lighti 

were thus recorded and related to distance from the effluent source. 

Figure 14 gives body-length/frequency histogram plots for 

Oligochinus lighti specimens fo und at stations 3, 3A, 4, 5, and 6. 

Stations 5 and 6 show no a ? parent difference between the modal 

classes of individuals at t :1es e sites . Stations 3, 3A, and 4, 

however, reveal a decrease in bod y leng th with a shift in the modal 

class from 5.5 to 4.5 mm . A s tatistically significant difference in 

mean body leng th between sam? l i ng s i t e s wa s · demons tra ted using a 

on e-way ANOVA (P < 0.05). Sub j e c t i vely , the mean body length of 0. 

1 i ght i individuals decreased s tea dily as distance between the sample 

sit e and the mill was reduced , i.e . , 5 .7 3 mm at station 6 to 3.98 mm 

at station 3 _. However, this tr e nd is supported statistically (S tuden t 

Newman-Keuls multiple range te s t ) onl y between groups of sites, e.g., 

station 6 not significantly d if f e rent from station 5, station 4 not 

si gnificantly different from station 3A, but th e se site pairs 

illustrating a statistically s i gnif i c ant di ffe rence . 

Figure 15 gives th e b rood size of Oligochinus lighti 

sp ec imens found at st a tions 3A , 4, and 6, as a function of body 

l eng th. In e ac h case a linea r r eg r e ssion reveals a significant 

p os itive corre lation b e twe en these variabl e s (slopes tested with a 
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Figure 14 - Histograms of Oligochi nus lighti frequency ,as a function 

of body leng th at 5 Fucus collecti on sites in Neroutsos 

Inlet. Distance from mil 1 decreases f rom top to bottom . 

Sample size (n) for each site i s as follows : n
6

=62; 

n - 39 · s- ' n
4

=162; n3A=29 4 ; and n
3

=49. 
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Figure 15 
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Oligochinus lighti brood sizes as a function of body 

leng th at 3 Fucus c ol lection sites in Neroutsos Inlet . 

Each slope function is significantly different from zero 

(Student's t test; P < 0.01) . Slope functions are not. 

significantly differe n t between sites (ANCOVA; P) 0 . 05) . 
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Student's t statistic; P < 0.01 ) , but with non- significant 

differences found between these sites (slopes compared with an 

ANC0VA). 

4.4 Gammarid Amphipod Bioassays 

The gammarid amphipods 0ligochinus lighti and Allorchestes 

angusta were chosen as the test org anisms for the SME bioassays in an 

attempt to relate observed numeri c al and positional changes of their 

respective populations to the i mproved water quality noted since 

installation and implementation of the SSL recovery boiler system. 

A laboratory population of A. angu s ta was successfully 

maintained, with sufficient nur:i bers of sp ec i.rnens made readily 

available for SME toxicity tests. An effort t o do the same with 0. 

lighti, however, provided a les s stable cul t u r e of animals, and 

consequently t e st specimens were ac quired from the field prior to the 

bioassays. 

The tox ic response for e ach of the a mphipod species was 

tested concurrently to elimin a te possible variabi 1 ity between 

effluent batch e s, and thus allow comparison of t es t results . Table 5 

summarizes mill operating conditi ons and chara c t e ristics of the SME 

sample used in the 96h-LC50 bioass ay . 

The SME toxicity curves fo r ~- an g usta and 0 . lighti under pH 

adjusted and pH unadjusted condit ion s are shown in Figure 16 and 

Fi g ure 17, resp e ctively. Each po i nt on these g r a phs represents the 

LC 50, with it s 95% confid e n c e li ra its, estimated a t each observation 

period using a cc umulated mortalit y ove r the 5 test concentrations 

(with 3 repli ca tes). The toxi c r es po ns e of each s pecies followed an 
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rable 3 - Operating conditions of mill and characteristics of effluent 
sample_ used in the 96h-LC 50 bioassays . 

9perating Conditions: 

process 
pulp yield 
discharge 

f l ow-rate (m3 "d-l) 

Sample Charac teristics: 

sample period 
discharge composition 
quantit y 
color 
odor 
pH 
TSS (mg "L-l) 
conductivity (uMHOS @ 15°c) 
resin acid soaps (ppm) 

Rayonex _1 
433 air dry metric tonne "d 

.. ,.. 'i'.: 
l06,400(s . s.)";41,500 (n . s . ) 

0900h( l6-7 -81 ) - 0900h(l7-7-81) 
0 . 75s.s / 0.25n . s . 

5 ga llons 
yell ow/gold 

woody/burnt; sweet/resin 
2.9(s . s); 3 . l(n . s . ) 
167(s . s . ); 161(n . s . ) 

1350 
12.73 

s . s. = south discharge sewer; n . s . = north discharge sewer 



49 

Figure 16 - Whole sulfite mill eff luent (SME) t ox ici~y curves for 

Allorchestes angusta. Points repre sent LC50 estimates 

calculated at each o'tl se rvation per iod, with error bars 

indicating 95% con f idence limi t s based on data 

accumulated from 3 re;ilicate bioas :;ay s run concurrently . 

Each experiment incluced a series of pH unadjusted and a 

ser ies of pH adjuste c'. (to 7.8) t e: ; t concentrations . All 

tests were terminated a t 96 h . 
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Fi g ure 17 - Who l e SME toxicity curves for Oligoc~inus light i. 

Points represent LCSO estimates calculated at each 

observation period, with error bars indicating 95°/. 

confidence limits based on data accumulated from 

3 r eplicate bioass ay s run concurrently. Each experiment 

i nclud ed a series of pH unadjusted and a series of 

pH adjusted (to 7 . 8) test concentration . All tests 

were term i nated at 96 h . 
. --
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Figure 18 
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Log/Probit regression figures for 96h acute lethal study 

of temperature tolerance in Allorchestes angusta and 

Oligochinus 1 ight i. Descriptive statistics from the 

computer analysis, inc luding the 96h- LC 50, are provided 

for each species . Arrows refer to v a l ues corresponding to 

0 or 100% response, i.e . , probits oL negative and plus 

infinity respectively . Points wit hi ,1 paralle 1 vertical 

bars are of equal value . 
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Log/Probit regression figures for 96h acute lethal study 

of pH tolerance in Allorchestes angusta and Oligochinus 

lighti. Descriptive statistics from the computer 

analysis, including the 96h-LC50, are provided for each 

species. Arrows refer to values of O or 100% response, 

i . e., probits of negative and plus infinity respectively . 

Points within parallel vertical bars are of equal value . 
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asymmetrical sigmoid curve wi t h the upper portion becoming asymptotic 

with the y-axis, sugges ting that acute mortality was over, i . e . , that 

a morta l ity thresho l d or incipient lethal LC 50 had been reached . For 

each species toxicit y curves p l otted for the pH adjusted and the pH 

unadjusted bioassay s converged to the same mortality threshold . A. 

angusta revealed an insipient l e th a l LC50 of approximately 13.5% 

volume / volume (v/v) SME wh ile tha t for 0 . lighti was estimated at 

7 . 3% v / v SME. No overlap o f th e 95% c onfid e nce intervals between the 

asymptotic portion of these cu r ves is apparent, suggesting a 

significant difference (P 0 . 05) in the incipient letha l responses of 

these two species . 

Figure 18 summarize s the t o lerances of A. an g usta and 0 . 

lighti to increases in t e mperature, as estimated by t heir acute 

lethal responses. Th e 96h- LC50 f or A. a ngusta was es t ima ted at 21 . 3°C 

(SD= l . 0) while that for 0. lighti was approxima t e d at 21.6°C 

(SD= l . 0) . Comparison of these va l ue s sugges t s that there is no 

sig nificant dif fer ence between the upper temperature tolerance lim i ts 

of these t wo amphipod specie s . 

Fi g ure 19 establis hes t :-ie l owe r pH tolerance limit for e a ch 

of the test amphipods . For A. angusta th e 96h-LC50 was 4 . 4 (SD=l . 0) 

and for 0. li gh ti it was 4 . 7 (SD= l . 0) . Again, n o significan t 

difference b e tween these values i s apparent . 
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5 . DISCUSSION 

The Canada Fisheries Ac t stipulates that the discharge of 

"deleterious materials" into waters "frequented by fish " is 

prohibited, with proof of su ch an effect not a requirement for 

prosecution by appropriate government age ncies. Consequently, the 

direct and indirect effects of discharged pulping wastes represents 

one of the major Can?dian environmental concerns due primarily to the 

tremendous volumes discharged (Walden and Howard, 1977). 

The chemistry · of · th e sulfite di ges tion of cellulosic 

materials is extremely complicated, and the disposal of spent sulfite 

liquor (SSL) is a potent ially serious pollution problem since "more 

than 50% o f the raw materials entering the process appear in the 

waste liquor as dissolved organic solids" ( Shreve and Brink, 1977) . 

The high oxygen d~mand of these wastes makes it difficult to 

measure the toxic effects of the constituent components. Leach and 

Thackore ( 1973), however, revealed that t he major compounds toxic to 

fish are resin a cids, i.e, abietic, dehydoabietic, isopimaric, 

levopimaric, palustr ic, pimaric, sandaracopimaric, and neoabietic 

acids. Brownlee and Strachan ( 1977) showed that dehydroabietic actd, 

present in mill effluent in excess of 1 mg/1, was a persistent 

organic compound in the receiving waters of a kraft pulp mill and a 

good indicator of the areal influence of the effluent . Secondary 

toxic compunds, accounting for approximate l y 20-50% o f the toxicity 

of a pulping sample, were derived from lignin degradation products, 

i.e . , eugenol, isoeugenol, and 3,3 '-dimethoxy-4,4 ' -dihydroxystilbene 

(Walde n and Howar d, 1977). 
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The environmental reh a'::> i litation assessment of the receiving 

waters influenced by the Port Alice mill effluent was initiated to 

determine the effects of remo v al of spent sulf it e liquor (SSL) from 

the waste stream. In addit ion to eliminating the toxic organic 

constituents associated with t he SSL from the effluent discharged, a 

high BOD fraction of the wast e was also removed. In response to the 

decreased oxygen demand on the receiving waters a significant 

increase in the available di sso lved oxyg en was observed within the 

water column. Davis (1975), in a review of the minimal dissolved 

oxygen requirements of aqua t ic life, point ed out the extreme 

interspecific variability in DO requirements and sensitivities. He 

also illustrated how toxic a g ents in conjunc Uon with low oxygen, 

usually found in areas pollut ed with industrial wastes, can have an 

additive effect on resident popu lations. 

Thus the direct abi o tic benefits o f SSL removal from 

Neroutsos Inlet may be speciis specific, i.e., n reduced toxicity, an 

increase in DO to a level above that of the lower tolerance limit of 

the species, or the additive ef f ect o f both of th es e factors. 

Other abiotic factors will most certainl y have an additional 

influence on the process of biological rehab i l i tation within the 

inlet. Reduced color in the s urface wa t ers for e xample, will directly 

affect light penetration an d thus the primary productivity. A 

reduction in the loadings o f susp e nded solid s will enhance this 

effect, and also alleviate respiratory stres s on migratory or 

resident populations of fish ( We rner, 1978; Hughe s, 1975). 

The study undertaken he re does not attempt to determine 



56 

definitively the cause-effect relationships in the biological 

rehabilitation process, but instead uses a number of biomonitoring 

techniques to define the extent of environmental damage, and 

subsequently to estimate the biological changes that occur in 

response to a reduced pollutional stress. 

5.1. ~ocky Shore Survey Method for Biomonitoring 

Analysis of the qualitative rocky shore survey data has 

provided valuable information on both the delimitation of species 

with distance from the mill discharge source and thus the geographi-

cal zone of influence the was te sulfite has on the respective 

shorelines within Neroutsos Inlet. The results illustrate the 

tendency of the sulfite effluent to affect the east side of the inlet 

for approximately 10 km and to have a lesser effect on the west side 

of the inlet. The techniq ue, although qualit a : ive and of a 

'reconnaissance ' nature, provided baseline information as to the 

extent of environmental damage within the inlet. 

5.2 Marine Oligochaeta as Biomonitors -

Marine oligochaete distributions have been used as an 

indicat or of gross levels of SME pollution in this study . A region . of 

shore within 1-2 km of the mi 11 discharge is characterized by an 

assemblage of oligochaet e spe c ies including Lumbricillus lineatus, 

Monopylephorus cuticulatus, and M. rubronivius . 

Annelids, in general, have proven to be a very important 

benthic invertebrate group in reg ards to nume rical dominance, 

biomass , etc., and to play an equally important role in assessing 

various degrees of water qualit y . Their use in the monitoring or the 
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ass~ssment of ~ater pollution, however, has be e n restricted primarily 

to studies involving the anal y ses of such v a riables as species 

comp osition, relative abundances, or of indi ca tor species or of 

indicator communities. Examples of such approaches, utilizing 

enchytraeid and tubifid oligochaetes, include works by Brinkhurst and 

Kennedy (1965), Milbrink (1973), and Lang (1978) . These papers, and 

· others reporting similar situations, describe the delimitation of 

species in relation to distance from a pollutant dischar'ge source . 

Limitations as to the use of specific organisms as indicators 

of pollution must be realized. In many situati ons a single species 

found in abundance at an extremely polluted si t e may also occur in 

limited numbers it cleaner sites. Thus, to c onsider the mere 

occurrence of an organism as a reliable indicator of a perturbed 

environment, one should also be familiar with the morphological 

adaptations, physiological requirements, and the biological associa­

tions of that organism (Gaufin, 1973) . 

Lumbricillus lineatus h as been recently fo und in B. C. waters 

only adjacent to three pulp mills (Coates and Ell i s, 1980). The two 

species of Monopylephorus, although reported to be present in 

relatively unpolluted brac kish water environment s (Baker, 1981), was 

pr esent only within th e g rossl y impacted mi 11 a r e a at Port Al ice. 

Therefor e , a t least within the confines of th i s study, this 

olig ochaete species assembl ag e can b e us ed as a pollution indicator 

group. 

In reference to th e E.R . A. it was shown that L. lineatus has 

been replaced by other oligoch ae t e species since a 1976 sampling 



58 

(Coates and Ellis , 1980) . This exchang e coinc ides with the implementa­

tion of the pollution controls in 1977, and supports the initial 

hypothesis of a progressive shi f t o f a d iverse oligochaete community 

closer to the mill with an impro vement in discharge quality . 

Lack of observable change s in oligochaete species composition 

at sites closer to the mill may be attributable to one, or a number 

of possible factors . For example, an increased time lag in observable 

successional processes is likel y to be mor e evident in areas of high 

impact than in areas of moderat e or slight impact . Thus, a continued 

sampling program may not reveal si gnificant changes for perhaps up to 

5 years . A second considerat i on is that the present pollution 

controls are adequate for a sub s tantial portion of the affected inlet 

shoreline, but that the effluent presently discharged remains toxic, 

either directly or indirectly, to all bu t t he very t o lerant species 

which are c apab l e of existing within the grossly impact e d area. 

Chapman et al. (1982a) showed that Monopy l ephorus cuticulatus 

was very tolerant to 4 environmental factors (pH , temperature, 

salinity, and a noxia) and t o 5 different pollut ants (Cd, Hg , 

pentachlo rophenol, pulp mill effluent, and sewage sludge) . Of the 14 

species tested this species wa s consistently the most tolerant, 

emphasizing its usefulness as a po ssible indicator sp eci e s . 

Tolerance of oligochaete s to organic ef f luents has been 

linked to the hypothesis that they can survive ex tend e d per iods in 

anaerobic conditions . Chapman et al. (1982a) found that M. 

cuticulat us displayed a mean su rvival of 42 days under complet e ly 

anoxic conditions . This value wa s t wice that obs e rved in the other 
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oli goch ae te species tested. 

Tolerances of sel ec te d o ligochaetes to a combination of 

pollutant and environment a l fa c tors h a v e re ce ntly be e n studied by 

Chapman et al. (198 2b). M. cuti c ula tus was agai n shown to be the most 

tolerant, wi th a reduction in b la c k l iquor (kraft pulping effluent) 

tolerance at lower pH and t e:u.perat u re regimes . Cross (1980) 

determined 96h-LC50 values for M. c uticulatus in r e l a tion to SSL and 

SME a nd found that the tolerance s were decreased with s a linity and 

pH, but not when t empera tu re was inc reased . 

I n this s t udy marine o _igocha ete populations have b een 

ef fec tive biological indicators o : g ross levels of SME pollut ion. 

Their use as biomonitor s of s ho r e lin e rehabilitation proces ses, 

however, has been far less pro d ~c t i ve . Th is contrast is most p roba bly 

due to the fac t that oligoch aet es , in general, show an ex treme range 

of tolerance to both environm en t a l factors (e . g . anoxia, salinity, 

and pH) and var ious t ypes of pol lu t i onal stre ss es . 

In addition to this i nhe rent ph y siolog i ca l tolerance, a 

de g ree of physiological adaptati o n wi t h i n resident populations is 

also apparent . Cross (19 80) re v e al ed a si g nificantly grea t er a cu te 

lethal response (96h-LC50) in s pec ~mens o f Monopy lephorus cu ti cu l atus 

collected at Port Alice than in those obtained fro m an unpolluted 

site in th e Vi ctoria ar e a . fe r ; us o n a nd Bing ham (1966) pr ov ide 

evide n ce that gene tic se l ection in natur a l systems r e su lt s from the 

impact of ch e micals . Al thoug h t he ac tu a l mec h a nism for s e l e ction as a 

result of e x posure to a po ll ut ant is u nkn own, rates of mutation in 

som e unicellular org anisms, for e.xamp l e . a re k n own to in c rea s e as a 
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result of such an exposure (Ames , 1979) . 

Consequently, the choice of marine oligochaete populations as 

a biomonitoring technique alone may not be appropriate for the type 

of assessment involved in this study. The resistance and apparent 

adaptation of these organisms to the effluent discharged limits their 

usefulness, considering the extent of enironmental change which would 

be necessary to elicit an observable oligochaete community response 

over a logistically feasible monitoring period. 

5 . 3 Fucus Amphipoda as Biomonitors 

The third biomonitoring technique emplo yed in the Port Alice 

E.R . A. involved Fucus-epifaunal amphipoda . Re s triction of amphipod 

populations from within the grossl y impacted r eg ion around the mill, 

i.e., a 1-2 km radius, and r egular occurr e nc e within suitable 

habitats extending into Quatsino Sound, provided a group of organisms 

which were sensitive to moder a te and low lev e l s of effluent. This 

technique has proven to be the most succe ss ful in documenting 

shoreline rehabilitation processes within Nerour: s os Inlet since the 

installation of the recovery boiler system . 

As was shown by Read e t al. (1978) wit h intertidal macr:o-

benthic communities along a gr ad ient of incre a s i ng pollution, the 

diversity and species richnes s o f the amphip od community within 

Neroutsos Inlet decreased whi l e numerical domin a nce increased in 

appropriate Fucus habitats clo se r to the mill. The reduced species 

richness and corresponding dom inanc e increase wa s represented by the 

sing le amphipod species, Allor che st e s angusta . 

Pearson and Rosenberg ( 1978 ) suggested th a t the abundance of 
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an 'opportunistic' species at a moderate level of pollution results 

from the effects of organic enrichment . The maximum in abundance has 

been termed the ' peak of opportunists ' (PO) and the change in the 

'condition' of a polluted region may be assessed by recognizing 

changes in the PO-point with respect to t ime, i . e . , if the PO-point 

moves away from the discharg e source during successive sampling 

periods pollution is increasing, and if the PO-point approaches the 

discharge source, pollution is decreasing. 

Opportunisti c species are usually short- lived and show r apid 

seasonal variations with the PO-p oint bec om ing reduced in amplitude 

or even disappearing in response to environmental f luctuations 

(Pearson and Rosenberg , 1978) . A s i ngle winter sampling revealed such 

a response in Allorchestes angusta . The abundance of this species 

remained low until June when number s again incr~a s ed t o a maximum by 

Augus t. 

Working with this concep t, a generalized tr end for the 

PO-point with respect to time and seasonal fluctuations can be 

effective l y portrayed graphicall y as in Figure 20. During the 

pre-recovery period ( 1976-1977) the PO-point remained in equilibrium 

at station 3 approx ima.te 1 y 10 km from the mill. Since the 

implementation of pollution controls on the marine discharges from 

the Port Al ice mil 1, the peak of opportunists has moved progressively 

closer to the mill. The 1980 surve y revealed a stabilization of the 

PO-point at station lA (2 km fro n the mill), a tempor ary position 

which was relocate d closer t o the mill in 1981 following the 

recoloni za tion of appro priat e roc k y shores by suit a bl e Fucus 
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Genera lized seasonal fluctuations (1976-1981) in 

abundance for th e opportunistic (OPT) amphipod Allorchest­

~ angusta and for t he control (Cm , ) amphipod assemblage 

(charactedzed by Cligoch inus l i p, hti) with respect 

to distance from th e SME discharge s ourc e . 
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habitats. . This supports the initial hypothesis and suggests a 

significant decrease in the e f fe c t of SME on the Fucus-epifauna 

within this region. 

Figur e 20 also reveals the movement of a second group of 

amphipods (CON) which is dominated by Oligochinus lighti, ye t is 

representative of most of the 'control ' species found within 

Neroutsos Inlet. A time lag of one year following the initial 

movement of the PO-point ( for A. angusta) was observed with this 

group, i.e., no apparent movement in 19 78. Stabilization of the group 

maximum at approximately 13 km fro m the mill was reached in 1980 and · 

maintained through the 1981 sampling season. 

There are few studies involving amphipod species as indica­

tors of water quality conditions , particularly with respect to 

pulping effluents. Greer and Futer (1979) ex ami ne d t h e rna croinverte­

brate recolonization of Fucus- fi lled mesh bags placed at varying 

distances from the Port Alice mill site. At a distance representative 

o f moderate SME levels Allorchestes an g usta dominated the Fucus 

community, supporting the findin g s of this study. 

Harger and Nassichuk (1 9 74 ) found large numbers of amphipods 

under rock cover close to the kraft mill at Port Mellon, while 

Waldichuk and Bousfield (1962 ) r e por t ed a profuse abundance of 

amphipods, primarily Allorches tes a ngusta, in the low oxygen 

(0.04-0.86 mg /1) surface waters a djacent to the Watson Island sulfite 

pulp mill near Prince Rupert, B . C . 

Information available on a mphipod distribution in relation to 

other pollutant sources is fr agme nt a ry. Barnard (1958) implicates 
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gamma rid a mphipods as an import a nt g roup in marine fouling communi­

ties, and relates observed distributions to detrital-based turbidity 

resulting from domestic and industrial wastes. A recent paper by 

Bellan-Santini (1980), compiled 18 years of amphipod composition and 

distribution data collected fro m the French Mediterranean coast, and 

found species richness to be i nversely related to the degree of 

pollution. Although no character i stic g roup of species was linked to 

areas affected by pollution, grazers were exclude d by more severe 

perturbations and in some cases were rep laced b y s uspension feeding 

types. Reish and Barnard (197 9) provide a r e v i e w of the use of 

amphipods in pollution ecology, i llustrating thei l a ck of information 

presently available and exempl ify ing the need t o attain additional 

knowledge on this topic in view of the apparen t s ensitivity of this 

group to environmental changes. 

Lethal and sublethal tox ic ity estima tes ha ve formed the basis 

for studies incorporating amph i pod species and pollutant~. Such 

studies have tested the toxicit y of chloramine (Arthur and Eaton, 

1971), detergents (Arthur, 1970 ; Arthur et al. , 1974), power plant 

cooling effluents (Ginn et al. , 19 74), poly chl orinated biphenyls 

(Wildish, 1970, 1972; Wildish a n d Zit k o, 1971), pe troleum oils (Lee 

et al., 1977; Linden, 1976a, 19 76b; Perc y , 197 6 , 1977), and heavy 

met a ls (Arthu r and Leona rd, 1970 ) . 

Toxicity studi e s of pulping effluents utilizing gammarid 

amphipods a r e virtuall y non-exi st e n t . Lev i n g s e t a l. (1976) estimated 

th e sensitiv i t y of t wo estuar i ne s pecie s to v a r i e d salinity and 

temp e rature r eg i me s an d to bl e ached k raft mill ef fluent. BKME and 
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s u linity were found to elicit a synergistic response in the organisms 

t es ted. 

Acute lethal responses of Allorchestes angusta and Oligochin­

us lighti to SME were determined in the Port Alice E .R.A., not as a~ 

attempt to explain definitively the distributional movements of these 

species within Neroutsos Inlet, but to provide the basis upon which 

future investigation could eluc idate the causative factors involved. 

Results of the 96h-LC50 bioassa y s clearly demonstrate a significant 

difference between the incipient lethal responses of these two 

species. Although provisional at best, these results nevertheless 

support the inferences made from field distribution data . 

Results obtained from the Port Alice E . R. A. have proven the 

Fucus-epifaunal amphipod species to be the most useful biomonitors of 

shoreline rehabilitation within the inlet. Th e use of this technique 

may be important in other marine receiving waters, particularly if 

considered as one of several procedures, toge ther satisfying a number 

o f criteria which should be me t in establishing a suitable test 

system. Included in these criteria (NRC, 1980) are that: (i) the test 

system be capable of replication by other laboratories; (ii) the 

procedure have sufficiently abundant source material to allow 

appropriate statistical analyses; (iii) the procedure be as 

economical and uncomp 1 icated as possible whi le retaining real is tic 

ch aracteristi cs ; (iv) it provid e reliable data (valid a ted with field 

studies) for mathematical prediction models ; (v) it b e capable of 

predicting effects for a wide range of pollutants; (vi) it be cap ab le 

of being standardized for interlaboratory comparisons ; and (vii) it 
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should be as realistic as pos sibl e, incorporating data records of 

behavioral responses for both disturbed and undisturbed situations so 

that reliable predictions can be made as to environmental condition. 

With reference to these c riteria amphipods are recommended as 

appropriate biomonitors, at le ast as one component of an ecotoxico­

logical test . system, for several reasons. Amphipods have a wide 

geographical distribution, and a re found both in freshwater and in 

the marine environment from the abyssal depths to the infra-littoral 

fringe . In particular they are representative of the plankton and 

benthos in coastal waters where pollution probl ems are most evident 

and of immediate concern. 

Amphipods have a short life cycle, a high reproductive 

potential, and are thus ammenabl e to laboratory culturing methodology 

(Lee, 1977). A short life ·cycle becomes advant age ous for long term 

toxicity studies which have i rr,portant implicati ons in regards to 

estimating the effects of toxica n ts o n the more s u s ceptible stages of 

the 1 ife eye le for the organism. Lin d en (1976), for example, showed 

that juvenile amphipods had an a cute toxic resp onse several hundred 

times lower than that for adult specimens o f t he same specie~. 

Complete life cycle bioassays also permit e stima tion of chronic 

toxicant effects, as well as d e tecti ng abnormalitjes in behavioral 

responses su ch as light reactio n, pr ec opulation freq uency, predator 

avoidance, prey location and ha bitat selec tion. Th e high reproductive 

potential of amphipods provides an ab undant source of test organisms 

and thus permits appropriate stat i stical analyses . 

The importance o f gammar id am phi pods as ef fec tive biomonitors 
• I 
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has been illustrated with the distribution data collected in this 

study, and with the further di scussion of plausible complementary 

toxicity studies . Indeed, the fucus-epifaunal amphipod species have 

been used effectively in this case study, but a question arises as to 

the site-specificity of this population-based monitoring technique, 

i.e., would it be applicable at other marine outfall locations? 

Organisms which are taxonomically similar wi 11 undoubtedly 

have "Comparable physiological requirements, and with few exceptions 

(e . g., Allorchestes angusta), respond to environmental change in a 

similar fashion. Thus, the restriction of the Fucus-epifauna 

technique to a single group such as t he amphipods should be avoided. 

The most appropriate approach, in this case, would dictate the use of 

the entire macro invertebrate community associated with Fucus, 

providing an array of species characteristic o f severa l f unctiona l 

_., 

groups (tropic levels) revealing differential sensitivities to an 

imposed pollutional stress . Cons equently, a preliminary examination 

of the Fucus-epifauna community, wi th discussion of its suitability 

as a marine biological monitoring technique, will be undertaken in 

the following section. 
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III. FUCUS-EPIFAUNA AS A BIOMON ITORING TECHNIQUE 

IN OTHER COASTAL REGIONS 

1. INTRODUCTION 

1.1 General 

Aquatic algae have been used extensively to assess the extent 

of pollut ion within receiving systems. Techniques employ mostly 

periphyton communities (e.g., Patrick, 1973) in artificial substrate 

and effluent bioassay studies. Macroalgae are u s ed less frequently 

and follow primarily standard bio logical survey me thodologies (APHA, 

1976). 

Although single species associated witli macroalgae have been 

used in biological tests of rec e iving water quality, few studies have 

attempted to incorporate the enti re associated faunal community to 

assess pollution-related stres se s. Stoll (1975) first used the 

Fucus-epifauna technique at th e Port Alice pulp mill, revealing a 

decreased species diversity wit h in communities l ocated closer to the 

waste discharge source. Incorporating a te c hnique developed by 

Levings (1976), Greer and Fute r (1979) used Fucu s-filled mesh bags 

suspended in the intertidal water column at var y ing distances from 

the Port Alice mill to observe c olonization by r esi dent invertebrate 

populations. The dominant organisms thus recorded were similar to 

those reported in section II of this study. 

Within natur a l, undist urbe d environments animal populations 

associated with Fucus have b e en studied, primarily by European 

investigators. Colma n (1939) de sc ribed the faunas of seven species of 
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intertidal macroalgae, including Fucus spiralis, .!:_ . vesiculosus, and 

F . serratus. Although the density of organisms found on these species 

of Fucus differed, l ittorines, amphipods, copepods, and acarines 

dominated the communities. Hagerman (1966) quantitatively studied the 

micro- and macrofauna of Fucus serratus . He showed that the structure 

of the fauna indicated that an actual community existed . Haage and 

Jansson (1970) quantitatively illustrated that Fucus samples denuded 

o f al 1 epifauna were recoloni z ed with a natural species assemblage 

after a week's exposure . Working with subtidal enclosures he found 

the algal habitat dominated b y the crustaceans ldotea and Gammarus 

and the molluscs Hydrobia, Theodoxus, and Cardium . Competition for 

space between the sessile epi f aunal species of Fuc us serratus was 

st u died by Stebbing (1973), and l ater the composition and zonation of 

these species were examined by Boaden e t al. ( 1975 ) . I n 19 79 Dunstone 

et al . examined the size and abundance of fucoid algae and correlated 

these, and environmental parameters, with the associated fauna . Under 

harsh, exposed conditions the algae supported an impoverished 

epifauna l community in which the amphipod Hyale nilssoni, sma l l 

littorine gastropods and acari ne s predominated . Recently, Seed and 

O'Connor (1981) related the diversity and zonation o f sessile, 

encrusting epifauna to the st r uctural complexity of Fucus serratus 

plants . 

On this coast Nassichuk (1975) studied the structural and 

interactive relationships of fa unal assemblages associated with 

Fucus . Working at two sites l ocated in Howe Sound, he demonstrated 

seasonal fluctuations of the f a una with lowe st numb e rs of organisms 



70 

occurring in the winter months and maximum numbers in the summer 

months. Macroinvertebrates dominating the Fucus community included I 
I 

species of littorine gastropoda, the amphipod Hyale, ~he isopod 

Idotea, the hermit crab Pagarus, and the mussel Mytilus. Although 

Howe Sound is influenced by a number of industrial waste sources, no 

attemp t was made to establish whether or not these effluents had any 

effect on the community structure of the invertebrate populations 

assoc i ated with Fucus. 

1.2 Objectives 

This portion of the study discus ses the potential of the 

Fucus-epifauna community as an effect i.ve marine biomonitoring 

technique. The faunal composition of Fucus ove r a range of environmen­

tal conditions is examine d in order to e :, t a blish natural community 

variation as a baseline to differentiating e rfects related to imposed 

pollutional stresses. 
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2 . METHODOLOGY 

2 . 1 Fucus Sampling 

Fucus was collected at each of 107 shoreline sites around 

Vancouver Is land and along the British Columbia mainland coast 

(Figure 21 ) during the month of August, 1981. Shaded areas A-D of 

this figure represent regions of extensive sampling, the specific 

site locations of which are sho~n i n Figures 22-25 , respectively. 

The Fucus collection proce dure employed at each site was the 

same as that outl ined in the Port Alice E. R. A. field methods (section 

II, 2.2) . Macroinvertebrates r etained on a 1 mm sieve were identified 

to the lowest possible taxono ::i ic level and enumerated. The actual 

volume (liters) of Fucus samp led at each station was estimated by 

displacement. 

Sa l inity and temperature of t he sur f ace wate r (taken at a 

depth of 1 m) adjacent to ea c:1 samp 1 ing site were recorded using a 

YSI Model 33 S-C-T (Salinity-Conduc tivity-Temperature) meter . 

2.2 Data Analysis 

Collected abundance data ·,1ere compi l ed in a species by site 

matrix and analyzed decri p ti vely using indirect ordination 

techniques. A Q-ana l ysis, i.e. , a site by site comparison incorpor­

ating both species composit ion and numerical contribution, was 

employed in all cases . The Cornell Ecological computer Program 

pa ckage (CEP-25B) ORDIFLEX wa s us ed, primarily due to its flexible 

graphics, editing, transformati on , and data description options. 

Specifically, Principal Components Analysis (PCA) and Polar 

Ordination (PO) proc e dures wer e applied to the data matrix . A priori 



Figure 21 

.7 2 

Location of Fucus sampling sites used in general 

epifaunal survey st udy . Sites located wit hin shaded areas 

are enlarged in subs equent figures. 
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Section A: Fucus sampling sites located in the Victoria 

area. Figure also sho;,s sourc e of major sewage outfalls 

within this region . 
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Figu re 23 - Secti on B: Fucus sampl i ng sites located within and 

in the . vic i nity of East So und, Orcas I s land, Washington . 
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Figure 24 - Section C : Fucus sampling sites within Nerouts os 

Inl e t and Qu a tsino Sound. Figure a ls o shows loc a tion 

of We stern Fore st Produc ts Ltd . s ulfite process pulp 

mil 1. 
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Figure 25 Section D: Fucus saQp ling sites within Ba rkley Sound 

and Alberni Inlet. Figure a l so shows loc a tion of 

tlacNi ll an-Bl oede l k raft process pulp mill , and the 

city of Albe rni's s ewa ge disposal basin . 
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computer options chosen for the an a lysis included: 

( i) deletion o f species which occurred in fewer 

than 5 of the sites sampled; 

(ii) data matr i x values (abundance) transformed by 

log
10

(x+l); 

(iii) Wisconsin double standardization, i.e . , 

species max i ma standa rdized to 100 and sample totals 

relativized to 100; 

(iv) non-centere d adjustment fo r PCA with ordina­

tion scores scaled fr om 0-100; 

(v) PO distance measure as pe r c ent distance (PD), 

calculated between t wo samples j and k using: 

min(Dij,Dik) 

(Dij,D ik ) 

where the summations are over all s pecies (N), and D .. 
1J 

and Dik are the abun dances of speci e s i in samples j and 

k, respectively; 

(vi) automati c computation o f PO endpoints using 

the pair of sites as s ociated with tlte largest distance 

value for each axis; a nd 

(vii) graphic a l d ispla y s for PCA (first 2 axes) and 

PO incorpora ting st an da r d ized s c ales. 

Results were examined and dis c usse d on the b a sis of informa-

tion derived f r om a plot of t he f ir s t t wo principal component axes. 

Samples considered repr e sentative of 'no r ma l' or control sites were 

subjectively de fined as a cluster on th e b a sis o f the proximity of 
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sample coordinates within the o rdi nation space. Using a technique 

proposed by Bloom (1980), a 9 5% rejection envelope (R.E.) was 

calculated for this cluster of sample sites . Ordination scores for 

each of the two axes were test ed for normality using a Chi-square 

goodness-of-fit test (P < 0.05 ) . The mean (x) and standard deviation 

(SD) of the control sample cluster on each axis were incorporated 

with the t statistic for indi v i dual observations to calculate the 

.critical values above and below e ach mean. The following expression 

was used in this calculation : 

X = X + 
C 

t ( SD) 

df =N-1; P=0 . 05 where 

N is the number of control sites and .t the value 

obtained from appropriate statistical tables (Zar, 

1974). 

·" 
The pair of critical values obt a i ned for the two axes represent the 

coordinates of the corners of the 95% rejection envelope. 

A Polar Ordination an al ysis was employed to examine the 

variablity of Fucus-epifaunal communities between sites falling 

within the 95% R. E . The distrib ution of these sites as a result . of 

this analysis was related to collec ted environmental data. 

Using computed ordination scores (axes 1 and 2) for points 

falling outside of the calculat e d 95% R. E., th e r espective site 

locations were established and c onside red with respect to distance 

from the control cluster and pr ox imity to natural or anthropogenic 

sources of perturbation. Sites c:1 arac teristic of particular coastal 

regions were joined by line s egments on the graphic output and 
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discussed as a series of geograp :i ica l . transects moving away from a 

control cluster towards a pertur°:)ati on source. Species composition 

and abundance data for these sites were compared on the basis of 

species richness (s) and two measures of community dominance. These 

measures included Simpson's index (D), defined as: 

D =;g p(p-1) 

N(N-1) 
where p is the abundance of species i and 

N is the total number of individuals of 

all snecies in the sample (Simpson, 

1949); and 

the inverse of Shannon-Weaver's evenness index ( J ' ), that is: 

1 - J' where, 

J' = H/ H 
max' 

Each reg ional transect was cons idered separatel y , correlating species 

richness with each of the domi nance measure s for the sites (n) 

comprising these transects. Alt hough the dat a did not appear , to 

satisfy the conditions required for parametric s t a tistical analysis, 

a simple linear correlation (r) i n addition t o the non-parametric 

Spearman rank correlation (r ) ~e re performed in each case. The 
s 

significance (H :p =O) o f each c or re lation coef f i cient was tested 
0 

using a Student's t statistic for r and the appropria te critical 

values of the Spearman rank correl a tion coefficients (Zar, 1974). 

A time series study usi ng Port Alice Fucus-epifauna data 
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collected 3 years prior to and 4 years following the installation of 

the recovery boiler system was c onducted using the aforementioned 

ordinati on techniques . Species composition and abundance data 

compiled from 7 sites over these ye ars were subjected to a non-center­

ed Principal Components Analysis f PCA) . Stations 5 and 6 (Figure 1), 

considered representative of a 'normal' Fucus community, were used to 

define the 95% rejection envelope . Line segments were drawn between 

points chracterizing each station over the 7 years sampled. As the 

proximity of one point to anot :ier is an indicat i on of community 

similarity, those sites found to fall within the 95% R.E . after the 

implementation of the pollution abatement measures in 1977 were 

considered to have recovered fro m the pollutional stress . 
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2. RESULTS 

Sorting and identification of the macro invertebrates 

a s sociated wi th Fucus samples tak en over the 107 c ollection sites 

revea led a total of 26 species, a number of wh ich .were considered 

rare or transient. Table 4 lists the organisms found, ranking them 

ac c ording to frequency of occurrance . 

The species by site abundance matrix r e sulting from this 

survey is presented as Table 1 of the Appendi x . Table 2 of this 

appendix provides the geographical coordinates, the wate r temperature 

and salinity, and the displacement volume of _!:u cu s sampled . for each 

of the 107 sites. The volume o f Fucus sampled was shown to vary only 

slightly among sites (mean = 2.82 L; standard devia tion = 0.51 L). 

Figure 26A summarizes the non-centere d PCA ordination for the 
t 

entire species-site abundance ma trix. Each point on this graph 

represents one of the 107 sites sampled. The proximity of one point 

to another is an indicai i on of ho~ s imi lar two si tes are with respect 

to their Fucus-epifaunal commun it ies, i.e., a s measured by both 

specie s composition and the abund ance of each spec ies comprising ehe 

al g al community. For example, the macro invertebrate community 

characterizing site 93 is simil a r to that of site 76, and the 

community associated with site 103 is similar to that of site 104. 

Howeve r, the Fucus-epifaunal cor.~unity at sit e 104 is extremely 

di f ferent from that found at sit e 93 . 

A 95% R.E. was calculat ed and encompas se s a cluster of 66 

sites consider e d to represent a 'normal' or control group (Figure 



Table 4 - Macroinvertebr a te s associa te d with Fucus. % Frequency of 
o ccurance within sites comp rising the 95% rejection envelope. 

Species 

Littorina sitkana 
Littorina scut~lata 
Myt ilus edul is 
errant polychaete sp. 
Pagarus hirsutiusculus 
Hyale californica 
Oligochinus lighti 
chironomid larvae 
Idotea wosnesenski i 
Ampithoe simulans 
Gnorimosphaeroma oregonensis 
Notoacmaea sp. 
Hyale plumulosa 
Hyale frequens 
Collisella sp . 
Allorchestes angusta 
Ampithoe valida 
Onchide lla borealis 
Hemigrapsus nudus· 
Corophium spinicorne 
platyhelmenthes (polyclad) 
Paranemertes peregri na 
Ligia pallassii 
Ampithoe plumulos a 
Eogammarus confe rvicolus 
Orchestia trask iana 

% Fre cue ncy 

98 .8 
9, . 6 
8L.l 
8L.1 
8 .5 
79. 3 
78 . 0 
73 .2 
71. 9 
70 .1 
57. 3 
50.0 
48.8 
37 . 8 
37 . 8 
32.9 
25 .6 
25 .6 
20 .7 
19 .5 
15 . 9 
15 . 9 

9 . 8 
8 .5 
1. 2 
0 .5 

Code 

A 

B 
C 
G 
K 
I 
0 
E 
D 

L 
F 
u 
H 

J 
T 
Q 
M 
V 

z 
p 

w 
y 

R 
N 
s 
X 

abundance and site data for each o f the above species is represented 
by the corresponding letter code i n Tab l e 1 of App e ndix 't?. -fZ 

~ 7 

~ 

82 
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Figure 26 - Fuc us-epifauna comminity analysis. 

A. Results of PCA non--c e ntered ordination 

incorp ora ting da ta c ol l e cted from all 107 

sites; described using pr i ncipal axes I 

and II. Sites common t o particular coastal 

regions a r e joined by line segments. 

B. Results o f Polar Ordination of 95% 

rejec ti on envelope si t es; described using 

principa l axes I and 11 . 
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26A). Ordination coordinates def in ing th e site locations within the 

cluster were shown to be normally distributed (Chi-Square 

g oodness -of-fit test for each axis; P< 0. 05 ), and thus permitted use 

of parametric statistics in this ca lculatio n . 

Sites falling outside of the 95% R. E. were assumed to be 

representative of disturbed co~munities or of communities not 

characteristic of 'normal' marine conditi ons. As illustrated in this 

figure, sites common to particular coastal regions were joined by 

line segments . Sites 28 to 31 rep~esent a transect extending from the 

mouth to the head of Howe Sound (Figure 21), sites 76 to 78 moving 

towards the Port Al ice pulp mi 11 (Figure 24), and sites 93 to 104 a 

series of stations sampled in Alb e rni Inlet from Barkley Sound to the 

head of the inlet (Figure 25). Each of these areas is influenced by 

the imposition of pulping effl ue nt s at so~e po int a l ong the indi ca ted 

transect. The fourth series of re 1ated samp ling sites, represented by 

stations 65-62, 54, 53, 55-59, a nd 61, extends from Queen Charlotte 

Sound towards the head of Dean Ch annel (Fi g ure 21) located along the 

British Columbia mainland coast. This area is uninh abi ted and free of 

any form of introduced pollutional stress. 

The distribution of points within the 95% R.E. suggest ed a 

distinct variation among the group of sites considered to be 

representative of a 'norma l' Fuc •Js-epifaun al communit y . Examination 

of this natu ral variation was ach ieved wit h a Polar Ordination of the 

66 sites comprising th e contro l :: luster. Figure 26B summarizes the 

results of this analysis, reve aling a distinct difference in 

community structure between sit es found in exposed or wave- s wept 
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areas and those located in sheltered regions. No correlation was 

found between community composition and water tempe rature or salinity. 

Figure 27 illustrates the major macroinvertebrate species 

found within the control Fucus habitat. The spec i es listed here occur 

in 70% of the 95% R.E. sites, and their proportions are presented as 

a percentage of their mean abund ances. The two dominant organisms are 

represented by the gastropods Littorina scutulata and L. sitkana. The 

major fauna als o include 3 species of amphipod c rus tacea, Oligochinus 

1 ight i, Hyale cal ifornica, and Ampi thoe simul a n s , the hermit crab 

Pagarus hirsut iusculus, the mussel My t i 1 us edul is, the isopod I dot ea 

wosnesenskii, chironomid la rvae, and an unidentified errant 

polychaete species (contributing 0.8%). 

Figure 28 compares the water temperat ure and salinity of 

sites falling outside the 9 5% R. E . with th·c confidence interval 

characteristic of the control sites. The shaded areas represent the 

95% confidence intervals for the mean temperature and salinity of the 

66 control sites. Each point in this figure cor responds to a site 

falling outside of the 95% R.E. Those points found within the shaded 

areas indicate no significant difference between the abiotic 

parameters measured at these sites and those taken at sites compris­

ing the control group . Salinit y of the surface wa t e r was shown to be 

significantly different at 24 of the 41 sites fal ling outside of the 

control cluster, wit h 20 of these stations inco rp orated in 3 of the 

est a blished regional transects , i.e., Howe Sound, Port Alberni, and 

Dean Channel. Temperature revealed a mu c h less a pparent difference, 

with only 11 sites falling out side of the 95% confidence int ervals 
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Figure 27 Ten major macro-epi f aunal species associated with 

a control Fucus habitat . Diagram summarizes their 

relative abundances as a percentage of mean abundance 

within the 66 sites comprising the 95% rejection 

envelope. Smallest segment is represented by an unidenti-

fied errant poly ch ae te species contributing 0.8% 

of the invertebrate cor:munity. 
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Summary of environmental data (salinity and temperature) 

collected at each Fucus samp 1 ing s i t e. Shaded regions 

represent the 95% confidence interva ls associated with 

the salinity and temperature value s recorded at the 66 

sites comprising the 95% R.E .• Po ints represent those 

sites falling outside of the 95o/. R.E .• Separation of 

shaded regions from numbered poin ts (sites) suggests a 

significant difference between th!~Se sites and the 66 

sites defining the control cluster. 



>­..... -z -

95% Confidence Intervals 
BASED ON MEASUREMENTS TAKEN AT 

SITES FALLING WITHIN 95 ¼ R.E. 

35-------------, 

30,;.. ........ ~......-........ 4~3~•,;..,... ................................ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . 

l/)UUU/l//l//l\ 
: . : . : . : . : . : . : . : . : . : . : ·Jr..:.:.:-:.:.:.:.:.:-:-:-: 
::::::::::::::::::::::~~:::::::::::::::::::::: 

25

-:::::1:::1:1:1:1:1:1::1::1:::1:1:::::::1::: 

~: ~: ~: ~: \: \: ~: \: ~: ~: ~ :~;: ~: ~: ~: ~: ~: ~: ~: ~: ~: ~: 
.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·•-'·"·"·"·"•"•"•"•" 

20- : ~: ~: ~: \: ~: ~: ~: ~: ~: ~: ~ f ~: ~: ~: ~: ~: ~: ~: ~: ~: ~: ~: ~ 

15-

10-

5-

:::::::::::::::::::::::=.:::::::::::::::::::::: ........ ... ......... .. .. .. .. ......... .. .... ..... 

e9B 

• 64 e99 

63••100 

54 •• 62 

101••52 • 53• 29 

•102 

55e 

.56 
57• 

• 30 

58 • 
• 61 

59ee103 

104 ·•60 

31 e 

o---------..J 

20 

22 

24 

8 7a 

..... 
n, 

~ .,, 
n, 
,0 

)> 
..... 
C 
,0 
n, 

-----0 
() 
'--



88 

for the control cluster . 

Figure 29 expresses species richness (s) as a function of two 

dominance measures for sites c omp rising thr ee of the regional 

transects defined in Figure 26a . Dean Channel, characterized by a 

progressive reduction in surface salinity towards the head waters, 

shows a significant positive correlation betwe e n these variables . 

Port Alberni and Part Alice, in contrast, reveal a significant 

negative correlation indicating a dis tinct incre a se in dominance with 

a corresponding decrease in species richness. Ro th locations are 

influenced by a point source di scharge of p11lping effluent, and 

although Alberni Inlet is also subject to a decreasing surface 

salinity the species richness/dominance relation s hip remains the same 

as that at Port Alice where salinit y is relatively constant . 

The time series study of Port Alice shor e line rehabilitation 

using the entire macroinvertebrate component of Fucus was based on 

abundance data collected from 7 sites with in Neroutsos Inlet. 

Species/ abundance accumulated over 7 year s ( 19 7 '.i- 1981) is presented 

in Table 5. 

Figure 30 summarizes the results of the Fucus-epifauna 

recovery analysis, documenting the first two principal component axes 

of the PCA non-centered ordination. As evident in this figure Fucus 

recovery can be said to have oc c urred a t station s 4, 3A, and 3 . By 

1981 each of these sites is sho wn to fa l 1 within the 95% rejection 

envelope, and thu s show no significant difference from stations 5 and 

6 which were considered as controls . Station 2, and to a lesser 

extent station lA, also illustrat e the recovery process within the 



Figure 29 

89 

Linear correlations of species richness (s) and two 

dominance measures, i . e ., the inverse of Shannon-Weaver's 

evenness (1-J') and Simpson 's Index (D), for each of 3 

regional transects falling outside of the 95% R.E, . 

Values for both parametric and non-parametric 

correlations are given . Significance of each is indicated 

by one, two, or three asterisks, corresponding to 

prob~bility levels of 0 . 05, 0 . 01, and 0.001 , respectively. 
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Fucus-epifauna species/abundance data accumulate d over 7 

years (1975-1981) from Neroutsos Inl e t (Port Alice). Site 

codes correspond to those used in Figure 1 of this thesis. 
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Site / Year 

~pecies 
1975 1976 1977 

2 l 4 2 E. l l 4 2 E. l l i 2 E. 
Ampithoe simulans 0 0 2 36 62 0 0 2 5 7 0 0 4 19 17 
Oligochinus lighti 0 0 12 229 392 0 0 15 34 42 0 0 24 124 107 
Hyale califo:rnica 0 0 1 24 41 0 0 1 4 4 0 0 2 13 11 
Hyale plwrrulosa 0 0 1 12 21 0 0 1 2 3 0 0 1 7 6 
Allorchestes angusta 62 1994 1 0 0 378 3426 1 0 0 830 1637 1 0 0 
~norimosphaeroma sp. 0 4 1 0 0 0 116 1 0 0 0 3 0 2 0 
\fytilus edulis 0 0 6 10 1 0 1 2 1 0 0 0 1 3 0 
chironomid larvae 76 6 29 26 0 0 0 14 2 3 19 615 340 215 25 
Littorina sitkana 12 8 6 20 72 8 11 1 28 24 0 7 3 11 31 
Littorina scutu lata 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 
Pagarus hirsutiusculus 0 0 2 7 11 0 1 0 8 0 0 0 0 1 3 
Siphonaria thersites 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Idotea wosnesenskii 0 0 5 3 2 0 0 1 2 2 0 0 8 6 3 
Notoacmaea sp. 1 0 2 13 1 0 0 1 2 1 1 3 3 65 1 
Onchidella borealis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
polychaeta sp. 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 

1978 1979 
lA l l 3A !!. 2 E. l A l l 3A i 2 E. 

Ampithoe simulans 0 0 0 1 80 31 3 0 0 2 8 14 6 9 
Oligochinus lighti 0 0 0 0 5 51 70 0 0 6 8 89 196 76 
Hyale califo:rnica 0 0 3 35 5 0 32 0 0 8 40 0 1 16 
Hyale plwrrulosa 0 0 0 0 0 0 20 0 0 0 0 0 0 0 
Allorchestes angusta 728 3541 1677 25 20 5 1 1341 232 0 0 0 0 0 
~ norimosphaeroma sp. 6 0 6 6 2 0 0 20 0 0 1 1 0 0 
\fytilus edulis 2 3 3 71 39 69 17 18 4 34 19 85 6 11 
chironomid larvae 0 3 11 1 45 2 2 23 2 13 54 35 10 3 
Littorina s itkana 3 656 82 338 111 35 83 20 685 65 67 8 22 125 
Littorina scutulata 0 0 0 0 0 0 6 0 0 1 3 1 2 11 
Pagarus hirsutiusculus 0 0 0 2 1 2 4 1 1 1 0 1 7 12 
Siphonaria thersites 0 12 1 25 11 249 1 0 47 3 1 13 142 2 
Idotea wosnesenskii 0 0 1 2 10 3 1 0 1 2 1 2 3 2 
Notoacmaea sp. 0 0 0 0 0 1 4 0 0 0 0 0 0 2 
Onahidella borealis 0 0 0 0 0 0 0 0 0 25 0 26 0 0 
polychaeta sp. 0 1 0 1 1 2 0 0 1 3 3 1 1 0 

1980 1981 
lA l l 3A !!. 2 E. _Q_ lA l l 3A !!. 2 E. 

Ampithoe simu lans 0 0 10 1 2 18 17 5 0 0 41 29 10 22 21 8 
Oligoahinus lighti 0 0 5 13 14 3 25 36 0 0 2 54 145 119 20 53 
Hyale aalifo:rniaa 0 0 4 12 1 1 2 0 2 126 50 74 7 1 4 
Hyale plwrrulosa 0 0 0 0 0 0 0 0 0 0 0 21 4 0 0 
Allorahestes angusta 2780 186 0 0 0 0 0 2145 224 8 0 0 0 0 0 
~norimosphaeroma sp. 20 0 1 1 0 0 0 0 20 2 29 0 2 3 0 
'4ytilus edulis 10 1 6 8 11 4 1 1 9 13 10 10 14 10 5 
chironomid larvae 1 0 1 8 1 0 0 10 5 3 6 8 6 3 2 
Littorina sitkana 14 818 95 107 16 3 75 0 99 304 53 140 27 36 15 
Littorina scutulata 0 0 1 16 6 4 7 0 0 0 0 9 7 7 1 2 
Pagarus hirsutiusaulus 0 0 1 1 2 1 3 0 0 0 1 0 0 2 10 
Siphonaria thersites 0 82 18 0 15 16 0 0 0 20 3 0 4 6 0 
Idotea wosnesenskii 1 2 1 2 2 3 1 0 0 10 0 4 5 3 0 
Notoaamaea sp. 0 0 0 0 0 1 5 0 0 0 0 0 0 1 0 
Onahidella borealis 0 0 10 0 2 22 0 0 0 2 12 0 16 22 0 
polychaeta sp . 2 5 3 2 1 0 0 0 0 1 3 1 1 0 0 
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Figure 30 - Fucus-epifaunal recovery analysis incorporating data 

from 1975 through 1981. Results of the PCA (Principal 

Components Analysis) non-center e d ordination are 

displayed on principal axes I and II. The 95% R.E. 

was estimated on the basis of dat a accumulated from 

stations 5 and 6 ove r this period. 
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inlet since 1977. The movement o f these sites closer to the 95% R.E. 

suggests an increase in communit y similarit y with the control sites, 

but indicates that by 1981 this re c overy process remains incomplete, 

or that the present effluent disch arge continues to have an effect on 

the Fucus community at least as far fro m the mill as station 2. 

Station 1, added to the sampling program in 1981, is the ~losest site 

to the mill discharge source and as shown in this figure remains the 

most dissimilar to the control sites. 



93 

4. DISCUSS ION 

4.1 Analytical approach 

The examination of communities in biomonitoring 

programs has typically been app r oac hed in t wo ways, i.e . , by use of a 

sample specific analysis or thr ough application of a multiple sample 

analysis (Herricks and Cairns, 1982) . 

Sample specific ana l ys i s proce dures generally include 

compilation of species presence and anal y sis of species abundance. 

The most common technique us e d i n su ch an approach is the diversity 

calculation . Comparisons of indix values either through space or time 

are normally related to corr e s pond i ng w~ ter quality measurements 

taken at the same location. Th e :.1ajor problem with the use of such 

indices is that large quantit ies of dat a are reduced to a single 

number or index . Thus, the inf o r mat ion c ontent wi t h i n e a ch s ample is 

significantly reduced, parti c ul ar l y if t h is is the only analysis 

performed. Nevertheless, this f o r m of anal y sis remains popular within 

the applied literature (e.g . , Za nd , 1976). 

Multiple sample anal ysis ex t e nds the development of single 

sample parameters to inc orp o r ai: e compa risons between samples . 

Community comparisons can be n ac2 by us i ng the relatively simple 

techniques of similarity or cor re la tion c oe fficients, or by applying 

one of th e more comple x multi , ·a ri a t e ap pr oaches . Green (1980) has 

reviewed multivariate techn iq ue s f o r an a lyzing the similarity or 

resemblance matrices produc e d a n umber of samples. These 

procedures comprise two bro ad c at agories i ncluding cluster analysis 

and ordina tion . Both groups of co:::munity c lassification methods have 
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the distinct advantage of allowing visual interpretation of sample 

relationships. 

Communities are not usually represented by distinct units, but 

instead change continually along an environmental gradient. Such 

gradients were apparent in Dean Channel and Alberni Inlet where 

significant reductions in salinity were observed. Gradients of 

pollutant concentrations within receiving waters also exist. Sulfite 

concentrations estimated at Port Alice illustrate this trend. 

Although not measured in this study Alberni Inlet undoubtedly 

supports a similar situation considering the presence of the kraft 

pulpmill at the inlet head. 

As a consequence of the continuum concept, clustering, or 

hierarchal community classifica tion methods, tend to impose sample 

groupings where groupings simply do not exist. (Poole, 1974). Since 

ordination procedures are more noncommital than clustering techniques 

they are considered more appropriate in such situations and thus were 

employed in this study. 

Analysis of the Fucus-epifauna community was accomplished 

using two indirect ordination techniques, i.e., non-centered PCA and 

PO. These classification methods are considered 'indirect' since the 

resultant axes are mathematical constructs derived from a matrix of 

similarities calculated between t he samples (as in this study) or 

species. The axes do not correspond directly to any quality of the 

environment. Once ordin a t ion scores have been plotted, the 

relationships between the samples (si tes) can be related 'indirectly' 

to measured environmental parame ters. Thus, in this study ordination 
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was used primarily as a rc a themati c al tool, reducing the 

multidimensionality of the initial data matrix. The resultant scatter 

diagram expresses relative similarities of the ordinated samples (in 

this case), with trends in charac teristics relating these samples 

readily observable. This approac h to ordination characterizes a 

single-space ordination in the sen se that it represents positions of 

the sites in a space directly defined b y the variables, i.e., a 

species-dimensional space in which species scores are axes and 

samples are points. 

In this study a non-centere d PCA ordination was applied to the 

collected Fucus-epifauna data matrix. Much controversy exists with 

respect to the appropriate choice between centered and non--centered 

data for use in the ordination pr oc edure . Noy-Meir (1973) pr_ovides a 

review of these approaches, stressing some 6f t h e a dvantage s of 

non-centering. 

Mathematically and geom e trically, centering involves the 

specification of the origin, or the point of reference (Noy-Meir, 

1973). It is commonly achieved by expres s ing the variables in terms 

of their mean and standard dev : ation . Thus, this point (meap) 

represents the point of zero information and anything at it is of 

little concern, while deviati on from it can be considere d as 

'information'. This imposed s c al i n g is log ically n ecessary for 

variables such as pH or tempe rature where th e zero-point is 

arbitrary. Centering by species, h owever, effectively transfers the 

reference point to an 'averag e' s a :nple whi c h is defined by the mean 

abundance of each species found over all sites sampled. Consequently, 
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a centered ordination will ge n e r al ly express inter- s ampl"e variation 

with respect to the mean or 'aver age ' sampl e collected. 

When non-centered data ar e used the reference point is the 

true zero, i.e., a site without species or a species which never 

occurs in a sample. Thus, a resu l ting ordination using non-centered 

data expresses community similariti es in absolute values, which are 

directly dependent on initially r ecorded species abundances. 

One point argued against t he use of non-centered ordina tion is 

that it usually results in a uni polar first component. Noy-Meir 

(1973) illustrated that this comr..onl y occurs only in an internally 

homogeneous or continuous data set . However, if a set contains one or 

more disjunctions a distinct bipolarit y is introduced into the 

resultant ordinated data set, al lowing an assessme nt of the number 

and sharpness of discontinuiti es in t he samp les . Th is proper t y of 

non-centering was considered very i mp ortant in applying ordination 

methods to analyze community variation in areas influenced by 

pol lutional stresses. Since it is a ssumed that introduced pollutants 

will affect and thus alter t he spe cies composition within a 

community, the resulting differ ence s would then appear as sampJe 

discontinuities in the data matr ix . A n on-centered ordination can 

therefore clearly differentiat e t hese sites from tho se characteristic 

o f normal env iro nme nt a l conditions. 

Using a statist ica l te chniq u e propo s ed by Bloom (1980) a 

cluster of points within the t wo-dimensional ordin a tion sp ace was 

defined as a group of sit es represent ati ve of a control Fucus 

epifauna communit y . Choice of th is sample cluster, although subjec -
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tive, wa s consid e red unb iased i n that the actual sample sites 

represented by the points wi t h::.n the ordina tion space were unkown 

prior to thi s decision. Th e val id ity of incorporating 95% confidence 

limits in further defining the ·J ounds of this control cluster seems 

questionable. However, the reje ct ion envelope created in this manner 

more closely approximates tru e c lust er shape than any arbitrarily 

selected geometric shape. In addition, if this technique was 

considered practical for E.I. A. o r E .R. A. pro grams, inclusion of 

these limits would add cre ci ence to the analysis in that 

interpretations and conclusio ns made in the subsequent 

decision-making process would be de pendent on minimal subjectivity on 

the part of the monitoring a g enc y . 

4.2 Control species assemblage 

A total of 10 macroinve r te brates we re · considere d r epre s e nt-

ative of a confrol Fucus habit a t on the basi s o f both abund a nc e and 

' frequency of occurrence within the 66 sites comprising the 95% 

rejection envelope. Some of these genera, and in most cases species, 

are similar to those report ed by Nassichuk (1975) in his 

Fucus- epifaunal study in Howe So und , e. g . , Littorina , Hyale, Mytilys, 

Pagarus, I dot ea, and chironom id l arvae . European investigators have 

also recorded specie s from a n umber of these genera, e.g ., Littorina 

and Hyale (Dun s ton e et. ~-, 1979; Colman, 1940 ) ; Ampithoe, Mytilus, 

Idotea, and chironomid l arvae ( Hagerman, 1966; Colman, 1940). 

Hagerman (1966) showed t hat th e structure of the fauna living 

on Fucus ser ra tus indicat ed that an actual c ommunity exi s ts. He 

revealed tha t a lthough the ma jor icy of species inhabiting the Fucus 
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were herbivorous; species repr e senting carnivores, detritivores, 

suspension-f e eders, and scave nge r s we re also residents of the algal 

habitat. 

Of the 10 species considere d representative of a Fucus-epifau­

na community in this study, the herbivores are represented by the two 

·-k 
Littorina species ( Hyale cali f o r:1 ica, and the chironomid larvae 

Scavengers include 
..,- ;': 

Idotea a. nd Pag anrs ; . Mytilus is a 

suspension-feeder; Oliogochinus l i~h ti and the errant polychaete are , . 
carnivores; and Ampithoe simul a.ns is considered a qetritivore, 

although under unfavourable c o:1ditions ma~ become carnivorous 

(Skutch, 1926). Asterisks ind i c a t e the organisms which are common to 

forms reported in the Fucus-epi fa c :1al community described by Hagerman 

( 1966). Amphipod species charact er istic of Fucus habitats on this 

coast, although different from th os e recor ded in Europe , hav e similar 

feeding strateg ies and are closel y r elated taxonomically. 

Polar ordination (PO) of t h e species abunda nce data associated 

with the 66 control sites indic at ed a community structural change 

between sites found in exposed o r ~ave-swept areas with those located 

in sheltered regions. The t ype 2:1d number of organisms which are 

associated with Fucus in a wave-swept area may be determined by a 

number of factor s . Th e so-calle d •,.::1 i p lash effect (Day ton, 1971) will 

influe nce settl e men t capa bilit y a nd lik e l y preve nt or dislodge 

organisms which mi ght normall y be present in les s exposed areas . 

Dunes tone et. a 1 . ( 1979) supp ort e o this c on c ept, and r e v ea led tha t at 

sites of incre a sed 'turbulence ' Fuc us-e p ifaunal communiti e s were 

sig nificantly less diver se . Th e y sugge s t ed that in addition to the 
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physical removal o f the more vul nerab le species, wave action has an 

adverse effect on plant size which may, in turn, exclude some of the 

epifauna l species. 

Indeed the structural complex ity of the Fuc us plants will 

determine the amount of available space within the habitat, and thus 

be an important factor in governing within-habitat diversity through 

the partitioning of this space (McArthur, 1965). Boaden ~ al. ( 197 5) 

showed a reduction in Fucus size and degree of dichotomization under 

turbulent conditions. Jordan and Vadas (1972) correlated decreased 

vesiculation to similar conditi ons. In both cases structural 

complexity, which may act to separa te populations of potentially 

competitive species, is reduce d. As a result species d i versity within 

the Fucus habitat is also decrease d . In terms of the ordination plot 

this leads to the variation of samp l e points within t he proposed 95% 

rejection envelope. 

4.3 Irregular Fucus communities 

As expected, results of the non-centered PCA clearly d ifferen­

tiated sample disjunctions inherent in the origina l data matrix. 

These discontinuities can be defi ne d as the group of sample s (41) 

which fall outside of the establishe d 95% rejection envelope . Since 

it was assumed that the 66 s ampl e s comprising the 9 5% R.E . were 

representative of a 'norma l' Fuc us-epifaun a community, the n these 

outlying points can be considere d c ha rac t eris tic o f sit es which have 

irregular, or at lea s t d ifferent ep if auna l communities. 

The majority of sites fall i ng out side of th e control g roup 

were incorporated into 4 regional t ransects, each o f which illustrat-
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ed a significant decrease in commu n ity similarity as a function of at 

least one abiotic parameter. Port Alberni, Port Alice, and Howe Sound 

transects were each influenced by the dis charge of pulping wastes. 

Port Alberni and Dean Channel transects reve a led a significant 

reduction in salinity which a;::,peared directly correlated to 

increasing community dissimilarity . The problem encountered at this 

stage was establishing a method for differentiating the effects of 

pollutants, e.g., pulping wastes, f rom natural community change due 

to an abiotic parameter such as salinity. Thi s wa s considered of 

primary importance, particularly i f this communit y analysis was to be 

used effectively in E.I.A. and E.R.A. programs. 

The problem was solved by e xami ning the actual Fucus community 

structure at each of the sites comprising the es tablished regional 

transects. Community structure, in basic terms, can be defined as the 

number of species present · (richness) and their relative abundances. 

For natural environments classica l ecological generalizations have 

stated that there are typically fe~er numerically dominant species in 

species-rich communities than in species-poor co111munities (Preston, 

1960; McArthur, 1965; Hill, 1973). These conclus ions, however, were 

based largely on results derived from terrest ria l studies. Birch 

(1981) revealed that in marine communities the opp os ite was true and 

that there was a significant tendency for nume rica l dominance to be 

greater in species-rich than in species-poor conditions, under 

natural conditions. Comparable anal y sis of the De an Channel transect 

data in this study supported his fi ndings. In thi s case a reduction 

in species richness occurred at sites influenced by a corresponding 
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reduction in salinity. 

Port Alice and Port Albern i transect data were also examined 

in this way . In contrast to the trend observed with the Dean Channel 

community data, both of these regions indicat e d a statistically 

significant negative correlation between species richness and 

dominance. That is, as the number of species within the community 

decreased, the dominance of one or two species within the assemblage 

increased . Both areas are influenced by the di scharge of pulping 

effluent. This may contribute to organic enri chment of the water 

column, effectively supporting only the very tolerant, and thus 

community-dominant species (Pears on and Rosenberg , 1978; Read et. 

~-, 1978). Although Alberni Inlet is also inf Lu e nced by a reduced 

suface salinity, the effect of impos ed pollutant s becomes discernible 

when correlating changing spe c ie s richness wi th an appropriate 

community dominance measure. 

An important consequence of this anal ys i s should also be 

considered at this time. If domin ance in a nat ura l marine community 

does tend to increase with a corresponding inc rease in species 

richness, then measures which are based on opposing assumptions 

should be used and interpreted c autiousl y (B i r c h, 1981). Single 

sample analyses, commonly employed in marine biomoni t or ing programs, 

include a number of these measures. Diversity ( Shann on Weaver), for 

example, is based on such princip les, with hi gh diversity values 

dependent on a high degree of evenness • . . not domina nce . 

4.4 Fucus-epifauna recovery analysis 

A non-ce ntered PCA was emp l oyed in the summarization of Port 
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Alice Fucus-epifauna data accumul a ted over seven years. Again, this 

multivariate technique was particul arly useful, as explained · above, 

due to the inherent sample disjunctions, i.e . , sites associated with 

a depauperate epifaunal community due to imposed pollutional stress • 

. The analytical objective here, ho;,ever, differed slightly from the 

descriptive approach used in the general community survey discussed 

above . That is, epifauna samples taken at six sites over a period of 

seven years were analyzed conc urrently to illustrate community 

similarities between sites, over time, and with respect to two 

control sites. The time frame used encompassed t h r e e years before and 

four years following the implementation of p o llution abatement 

measures at the mill site (see section II). The t echnique effectively 

provides a multivariate model of s horeline recovery within Neroutsos 

Inlet using Fucus-epifaunal species / a bundance rel at ionships. 

As illustrated in the resulting ordinat ion plot, the Fucus 

communities at each of the sample sites indica t e s a distinct trend 

towards recovery. In fact, by 1981 total reco ve ry had occurred at 

every site with the exception o f stations 2 , lA, and 1 • .This 

corresponds with results of the biological surv eys discussed in 

section II, and appears legiti~a te considering present sulfite 

concentrations and dissolved ox yg e n l e vels within 5 km of the mill. 

i.e., 200- 300 ppm and 3-4 ppm, respec tively. 

Thus, non-centered PCA prov i des a multi variate analysis which 

appears useful in expressing envir onmenta 1 re cove r·y in a meaningful 

way. Bloom (1980) carries this appro a c h one step f urther by measuring 

the distance from eac h ordination noint (sample) to the edge of the 
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95% R.E., obtaining a "distance to recovery". Once known, these data 

can be plotted against time. Theoretically, the general slope of the 

1 ine obtained expresses the speed of environmental recovery. If the 

shape is not linear, but distinct plateaus or a 'staircase effect' 

results, a series of successional stages may be implied. 

Whether this technique is used to its full extent, as 

described above, or whether it is used in a manner as outlined in 

this study, its usefulness in assessing environmental changes or in 

monitoring communities under chronic and acute pollutional stress, is 

quite evident. 
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IV. CONCLUSIONS 

Use of biological monitoring techniques in environmental 

monitoring programs is an essent ial complement to physical and 

chemical methodologies. Although physical and chemical testing 

provides valuable information on water quality characteristics, 

biological data are necessary to establish the effects of deleterious 

materials on the receiving aquatic ecosystem. The most important 

advantage of biomonitoring is tha t a single s e ries of samples can 

effectively reveal the status o f existing b iological communities 

which themselves represent the s umma tion of prevailing conditions. 

This study has been involved primarily with the effluent 

discharges associated with pulping wastes. The log istical limitations 

of various chemical and physi cal tests in th e se situations, for 

example, become particularly e viden t in view o f the variability of 

types and amounts of chemicals us e d, types of wo od processed, etc .. 

The complexities of the organic waste constituen t s prior to discharge 

are further compounded when dispe rsed and diluted in the marine 

receiving waters. The rates and pathways of ch emi c al . transformatiOJlS 

and degradations compounded wi t h environment a l factors such as 

currents, tidal flushes, and fres hwater inputs, ma ke estimations of 

environmental pollutant concentrat i ons n ex t to impossible. 

Biolog ical monitoring techn i ques can be c hosen and employed, 

singly or in combination, with r efe rence to their pollutant sensitiv­

ities. The Port Alice E.R.A., f or example, succes sfully documented 

the extent of environmental i mpact, in addition t o shoreline recovery 
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processes, using three biomonitoring techniques in combination. All 

three tests involved species distributional analyses, and thus could 

not lend themselves to an extrapolation of cause-effect relationships. 

Cause-effect relationships are rarely attained in biomonitor-

ing programs. Field studies could, theoretically, be used in 

conjunction with elaborate toxicit y studies in an attempt to relate 

observed species distributional data to estimated sublethal toxicity 

thresholds. A refinement of the subjective cate gor ization shown in 

the upper portion of Figure 31, for example, could be used to explain 

results obtained in the rocky shore intertidal survey at Port Alice 

if appropriate toxicit y data were also provided. This approach, in 

addition to being very expensive and t imc --c onsum-ing, remains 

speculative in that it considers only a few Jirect and indirect 

abiotic effects of the pollutant. Sound cause-e ffect conclusions can 

only be drawn if all possible abiotic as well a s biotic interactions 

are understood. 

Biomonitoring techniques can be most effec tive if efforts are 

made to refine distribution-based methods. This t y pe of approach can 

be used to define accurately the geographical e x t e nt of a pollutant 

on the basis of observed biological changes. Clea r definition of an 

'effective range' can then provi de a baseline from which further 

changes in environmental quality can be monitored . 

The Fucus-epifauna survey has been shown to be an effective 

distribution-based biomonitoring t echnique in th is study. Initially 

restricted to the amphipod associates of Fucu s, a refinement to 

incorporate the entire macroinvertebrate community was considered an 
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Figure 31 - Fate of effluent plume and possible resultant direct and 

indirect effects on the single spec ies and community 

levels (Top). Functional compositi on and associated 

trophic level interactions are .s hown in a simple 

postulated 'web' diagram (Bottom). 
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important modification . Using all of the macro invertebrates 

associated with Fucus provides an array of species characteristic of 

several taxonomic groups revealing differential sens it ivit ies to an 

imposed pollutional stress. 

The Fucus-epifauna technique considers changes in community 

structure as a function of a pollutional stress. Structural emphasis 

in a distribution-based method will reflect interactions between both 

abiotic and biotic factors . More important, documenting community 

structural differences provides informa t ion on possible functional 

changes due directly or indirectl y to pollution effects. 

The lo.wer portion of figure 31 presents a generalized Fucus 

community model, illustrating a number of functional groups and 

possible interactions. A number of indirect biotic effects due to a 

pollutant can be hypothesized. Restricting penetration of a 

particular wavelength of light from the wat e r column, for example, 

could inhibit growth of periphy ton on the Fucus . Although this type 

of response could be . detected using single species distribution and 

toxicity tests of periphyton, the indirect response of other 

functional groups (e.g., herbivores) within the community would 

remain undetected. Conversely, toxicity tests utilizing herbivore 

species could provide a 'no effect' geographical range for this group 

a round a discharge source. Such an approach would, however, exc 1 ude 

information on the delimitation of periphyton species, and thus on 

the indirect effects of the p o llutant on the herbivore populations 

due to a missing food resource . 

The design of an environmental impact or rehabilitation 
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assessment should include presentation of results in such a manner as 

to permit clear interpretation and communication of information. The 

multivariate approach used in this study reduces the multidimen­

sionality of of the Fucus community structural data. Non-centered 

Principal Components Analysis (PCA) is particularly effective in 

pollution assessments in that community irregularities, evident as 

sample disjunctions within the data matrix, are clearly 

differentiated from communities repr.esentat i ve of undisturbed 

environments. Additionally, graphical present a tion of disturbed 

Fucus-epifaunal community samples with an appropriate group of 

samples characteristic of normal habitats can visually communicate 

information on the extent and/or rate of impact or recovery within a 

geographical region. 

A holistic approach to biological mon i toring of disturbed 

ecosystems is --- advocated. The Fucus-epifaunn l community analysis 

supports this type of approach, and as a dist r ibution-based method 

may be of particular use for monitoring displ n c ements in shoreline 

ecosystem structure and function as a resul t of surface-imposed 

societal stresses. 
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APPENDIX - Fucus-epifauna community data. 

Site coordinates and measured environme ntal parameters. 
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Table 1 - Species by site abund anc e matrix resulting from general 

Fucus-epifauna survey . Species names corresponding 

to letter codes can be found wit hi n the text of the 

thesis (Table 4). 



~e_ecies 
~ ! _g_ Q_ ~ !. Q !! .! l. !. h !'.! ! Q .!'.. .Q_ _g_ ~ .:!. .!:!. y_ ~ ~ ! ~ 

Si te 
1 33 58 0 7 0 8 1 0 4 0 45 2 0 0 69 0 0 0 0 0 1 13 0 0 0 0 
2 20 217 0 16 2 14 2 0 11 14 0 1 1 0 47 0 0 0 0 11 2 2 4 0 0 0 
3 21 7 0 22 4 76 3 0 17 61 4 14 2 0 107 0 0 1 0 2 5 47 2 0 1 0 
4 31 16 0 8 8 9 1 0 8 72 3 2 13 0 114 0 0 0 0 0 0 3 0 0 0 0 
5 178 706 0 2 2 36 2 0 25 47 33 1 18 0 61 0 6 0 0 1 0 4 0 0 0 0 
6 3 6 0 16 13 34 4 0 74 267 4 2 16 0 137 2 0 0 0 0 2 8 0 0 0 0 
7 378 69 1 1 0 3 0 0 22 9 26 1 0 0 0 0 47 0 0 3 0 0 0 0 0 0 
8 6 217 0 3 13 25 0 0 9 21 7 0 22 0 86 0 22 0 0 2 1 0 0 0 0 0 
9 67 110 0 5 2 9 3 0 1 1 81 16 6 0 14 0 51 0 0 1 10 4 0 0 0 0 
10 46 607 1 4 17 9 5 0 1 0 45 16 0 0 104 5 153 0 0 1 6 0 0 0 0 1 
11 45 59 0 16 9 1 1 0 3 3 31 2 21 0 52 0 3 0 0 1 0 5 0 0 0 0 
12 10 4 5 1 9 2 3 0 0 4 10 0 10 0 43 0 7 0 0 0 2 0 0 0 0 1 
13 31 172 14 3 51 6 6 0 17 30 13 3 55 0 87 0 19 0 0 9 4 0 0 0 0 0 
14 42 367 4 2 20 9 1 0 26 18 63 0 23 0 117 0 0 0 0 3 1 0 2 0 0 1 
15 8 221 2 2 10 1 3 0 52 140 12 2 42 0 7 0 2 0 0 5 1 4 0 0 0 0 
16 10 86 4 0 4 0 1 0 47 35 37 3 60 0 4 4 14 0 0 12 11 0 0 0 0 0 
17 3 21 13 0 28 2 5 0 37 81 5 0 75 0 7 0 4 0 0 1 3 0 2 0 0 0 
18 9 275 10 1 3 1 2 0 12 14 30 0 73 0 17 0 0 0 0 0 1 0 2 0 0 0 
19 72 35 8 0 2 3 4 0 43 92 5 4 147 0 0 2 9 0 0 10 7 2 0 0 0 0 
20 55 121 24 1 4 4 2 0 25 45 28 2 50 0 0 1 2 0 0 2 1 0 0 0 0 1 
21 15 176 5 3 7 3 6 0 19 11 43 1 46 0 0 0 2 0 0 3 2 0 0 0 0 0 
22 5 136 64 0 29 0 0 0 0 19 3 16 3 14 0 2 23 0 0 0 1 0 0 0 0 0 
23 8 89 12 1 8 1 2 0 0 0 47 3 1 0 10 0 341 0 0 0 0 0 0 0 0 0 
24 2 83 27 2 7 0 1 0 18 0 3 0 0 0 0 0 90 0 0 0 0 0 0 0 0 0 
25 2 19 9 0 8 0 3 0 12 13 8 0 0 0 3 0 31 0 0 1 3 0 1 0 0 0 
26 15 598 6 17 0 0 3 47 86 0 0 1 0 0 31 0 0 2 0 0 0 0 1 0 0 7 
27 18 296 9 10 0 0 3 21 22 0 119 0 0 37 2 0 6 0 0 0 0 0 1 0 0 1 
28 35 97 4312 0 0 33 13 327 211 0 2 0 0 0 2 3 0 0 1 0 3 0 0 0 2 0 
29 142 505 660 3 0 48 3 213 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 5 0 
30 40 0 94 11 0 9 0 903 0 0 1 0 0 0 0 4 0 0 0 0 0 0 0 0 1 0 
31 0 0 0 0 0 4 0 0 0 0 0 0 0 0 10 0 0 0 5 0 0 0 0 0 0 0 
32 102 202 269 11 0 0 3 0 8 0 0 0 0 0 0 0 0 0 0 6 4 0 0 0 1 0 
33 3 136 12 5 2 0 2 67 99 0 40 0 0 22 169 0 20 0 0 0 0 0 0 0 0 1 
34 48 18 0 0 2 0 14 0 0 0 11 0 0 13 0 12 5 0 0 2 0 0 0 0 0 1 
35 10 213 3 1 2 0 1 0 0 0 18 9 0 14 84 3 75 0 0 1 3 0 0 0 0 3 
36 6 97 0 2 0 0 0 0 1 4 7 8 0 8 93 0 0 0 0 11 2 0 0 0 0 1 
37 1 2 3 1 2 0 0 0 0 15 0 19 0 8 141 0 0 0 0 14 3 1 0 0 0 1 
38 8 162 0 0 1 0 0 0 0 11 3 1 0 0 2 0 0 0 0 9 3 0 0 0 0 1 
39 27 4 1 4 2 0 0 0 4 30 1 7 0 26 54 0 0 0 0 2 0 0 0 0 0 0 
40 103 22 1 18 3 5 2 0 0 46 1 22 0 0 187 0 0 0 0 20 21 33 0 0 2 0 
41 395 5 0 1 0 0 0 0 6 0 18 1 0 0 3 0 2 0 0 0 0 0 0 0 0 0 
42 282 33 · 12 0 0 1 3 0 6 0 12 3 0 0 35 0 0 0 0 1 4 1 0 0 0 0 
43 29 149 0 0 0 2 0 0 96 0 6 0 0 0 29 0 0 0 0 0 1 2 0 0 0 0 
44 184 7 7 3 4 1 2 35 30 0 24 26 0 0 27 0 0 0 0 2 0 0 0 0 0 0 
45 38 66 2 15 2 0 4 2 9 13 48 17 0 0 20 1 0 0 0 0 2 0 0 0 0 1 
46 63 3 2 5 0 3 1 8 0 0 16 50 0 0 80 0 0 0 0 0 1 22 1 0 1 0 
47 166 239 2 0 0 0 3 20 15 0 10 1 0 0 7 0 0 1 0 0 0 0 0 0 0 0 

...... 

...... 
48 25 159 9 6 2 18 3 3 0 0 5 33 0 0 76 0 0 0 0 0 0 13 0 0 0 0 co 
49 137 53 53 0 2 1 10 2 0 0 2 3 0 0 34 0 0 0 0 0 0 0 0 0 0 0 tu 

50 0 0 16 1 5 0 9 0 0 0 1 9 0 0 224 0 0 0 0 0 8 7 39 3 0 2 0 
51 238 30 45 0 0 0 3 730 0 0 30 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
52 268 7 10 3 0 1 2 49 0 0 16 2 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
53 69 2 328 0 2 0 2 174 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
54 30 5 615 0 24 0 8 362 0 0 2 4 0 0 0 0 0 0 0 0 1 2 5 0 0 0 

~- -- --- - ' ~~- ... · ~ ..... ..t 
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55 90 2 49 0 3 1 87 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
56 20 1 so 0 2 0 1 so 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
57 12 0 73 0 0 0 2 34 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
58 17 0 49 0 1 0 1 348 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
59 26 0 56 0 9 0 4 2 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 13 0 0 
60 0 0 3 0 17 7 14 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 
61 0 0 21 0 1 1 0 15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
62 513 10 17 0 2 0 2 116 0 0 9 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 
63 408 171 52 0 7 0 2 94 0 0 6 0 0 0 1 0 0 0 0 0 2 0 0 0 0 0 
64 460 110 7 0 1 0 1 45 0 0 12 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 
65 125 713 8 0 0 0 1 226 31 0 24 4 0 0 2 0 0 0 0 0 0 0 0 0 0 0 
66 100 1100 4 3 2 3 2 16 20 0 5 0 0 0 0 0 0 0 0 2 1 0 0 0 0 1 
67 52 456 2 1 0 4 0 0 46 9 0 0 0 0 108 0 0 0 0 0 2 0 0 0 0 1 
68 33 437 5 2 0 0 1 3 30 21 13 0 0 0 60 0 0 0 0 2 5 0 0 0 0 0 
69 4 3 0 0 6 0 3 0 17 0 1 0 0 0 12 0 0 0 0 0 0 0 0 0 1 0 
70 54 21 1 2 2 0 2 9 19 0 19 4 0 0 89 0 0 0 0 0 3 0 0 0 0 0 
71 59 29 17 1 1 0 2 12 51 0 4 11 0 0 65 0 0 0 0 0 0 0 0 0 0 0 
72 42 10 32 4 1 0 2 7 61 0 3 19 0 0 47 0 0 0 0 0 0 0 0 0 0 0 
73 36 13 64 0 66 1 3 4 28 0 7 32 0 0 39 0 0 0 0 0 5 1 0 0 2 0 
74 91 9 41 2 3 2 2 39 138 0 12 7 0 0 103 0 0 0 0 0 0 0 0 0 0 0 
75 120 18 34 1 2 22 4 0 93 0 2 80 0 0 115 0 0 0 0 0 10 0 0 1 0 0 
76 1245 0 36 18 0 0 6 0 193 0 0 78 0 0 3 0 11 0 0 0 10 0 0 0 0 0 
77 111 0 46 0 5 0 65 0 6 0 0 0 0 0 0 0 1621 0 0 0 0 0 0 0 0 0 
78 5 0 44 0 15 4 3 0 0 0 0 0 0 0 0 0 448 0 0 0 0 0 0 0 1 0 
79 6 178 2 0 0 0 0 23 61 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 1 
80 10 225 3 0 0 0 3 32 109 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 
81 40 156 4 0 0 0 3 35 58 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
82 96 654 15 4 0 89 9 15 51 0 15 2 0 0 1 0 49 0 0 0 2 0 0 0 1 0 
83 12 6 0 0 2 0 0 8 43 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 
84 24 148 29 0 0 0 4 6 23 0 0 5 0 14 0 0 0 0 0 0 0 0 0 0 3 1 
85 43 103 38 2 23 0 2 124 276 0 1 28 0 0 19 0 0 0 0 0 0 0 1 0 0 0 
86 99 359 25 8 4 7 3 174 135 0 1 29 0 0 31 3 0 0 0 5 0 0 0 0 0 0 
87 238 491 29 0 7 125 2 163 70 0 0 31 0 0 0 2 0 0 0 0 0 0 0 0 0 0 
88 96 235 23 1 4 32 2 41 35 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
89 109 234 2 0 2 0 1 30 34 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
90 141 401 12 5 5 11 4 6 86 3 1 0 0 0 19 0 0 0 0 0 4 0 0 0 0 0 
91 45 225 4 3 2 0 1 16 29 0 4 0 0 0 7 0 3 0 0 0 2 0 0 0 0 0 
92 10 36 2 1 125 3 1 9 17 18 11 0 1 0 49 1 43 0 0 0 0 70 0 0 0 0 
93 17 295 4 5 4 0 6 25 38 0 5 5 0 0 23 0 0 0 0 0 0 0 0 0 0 0 
94 3 1 so 9 44 63 21 264 259 0 1 195 0 0 264 0 0 2 0 7 0 0 16 0 0 0 
95 6 1 32 26 65 14 20 333 311 0 0 259 0 0 0 0 0 5 0 25 0 0 0 0 0 0 
96 28 2 2 1 3 3 3 3 6 0 0 0 0 0 0 0 0 4 0 0 0 0 0 1 0 0 
97 43 0 8 4 2 24 0 388 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
98 3 0 4 0 14 13 14 34 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 1 0 0 
99 0 0 0 3 8 8 4 40 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 
100 0 0 3 4 67 28 9 93 0 0 0 0 0 0 0 234 0 0 19 0 0 0 0 0 0 0 
101 0 0 2 5 0 19 0 15 0 0 0 0 0 0 0 6 0 0 1 0 0 0 0 0 0 0 
102 0 0 0 6 0 189 2 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 

f--' 
103 0 0 0 0 0 2957 0 0 0 0 0 0 0 0 0 3 0 0 17 0 0 0 0 0 0 0 f--' 

104 0 0 0 0 0 883 0 0 0 0 0 0 0 0 0 0 0 0 52 0 0 0 0 0 0 0 00 
o" 

105 242 8 2 3 1 9 0 0 0 0 11 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
106 14 19 2 0 3 6 0 3 130 11 1 0 0 0 0 2 0 40 0 0 0 0 0 0 0 1 
107 5 47 0 10 2 69 8 0 2 0 0 4 0 0 224 0 0 7 0 0 29 2 1 0 3 0 
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Table 2 - Geographical coordinates, water temp e rature, salinity, 

and displacement vol ume of Fucu s sampled at each 

of the 107 sites. 
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1 123° 18.30' W; 48° 24.65' N 12.0 26.0 2.22 55 127° 45.70' W; 52° 14.70' N 17.7 9.5 2.38 
2 123• 18.15' w; 48° 24.65' N 12.0 26.5 3.22 56 127° 38.40' W; 52° 17 . 20' N 17.0 9.0 2.88 
3 123° 18.10' W; 48° 24.60' N 12.5 27.0 2.89 57 127° 33.85' W; 52° 10.15' N 18 . 0 8.0 2.78 
4 123° 18.05' W; 48° 24.60' N 12.0 27.5 2.12 58 127° 28. 70 ' W; 52° 21.65' N 18.5 6.0 2.68 
5 123° 17.45' W; 48. 26.30' N 12.0 27.5 2.74 59 127° 22.05' W; 52° 24.25' N 18.0 5.0 1.95 
6 123° 13.70' W; 48° 26.05 ' N 12.5 27.0 3.02 60 127° 19.00' W; 52° 27.00' N 18.0 4.5 3.20 
7 123° 15.95' W; 48° 27.15' N 13.0 27.5 3.18 61 127° 14.10' W; 52° 27.25' N 18.5 5.5 3.06 
8 123° 16.70' w; 48° 27.90' N 12.0 28.0 2.97 62 127° 56.65' W; 52° 18.55' N 17.5 12.5 2.90 
9 123° 17.95' W; 48° 28.60' N 12.5 27.0 2.10 63 128° 05.75' W; 52° 18.00' N 16.5 15.5 2.64 
10 123° 18.00' W; 48° 29.20' N 13.0 27.0 3.32 64 128° 11.50' W; 52° 15.50' N 16.0 16.5 2.95 
11 123° 18.80' W; 48° 29.85' N 12.0 27.5 3.85 65 128° 16.30' W; 52° 10.90' N 15.5 22.0 3.00 
12 122° 53.10' W; 48° 35.35' N 15.5 23.5 3.28 66 128° 19.25' W; 52° 04.25' N 11.5 30.0 2.92 
13 122° 51.80' W; 48° 36.15' N 16.0 22.5 1.98 67 128° 25.45' W; 52° 00.00' N 12.0 29.0 3.12 
14 122° 49.85' W; 48° 36.05' N 15.5 22.5 3.38 68 128° 28.30' W; 51° 54.45' N 12.0 26.5 2.94 
15 122° 50.50' W; 48° 37.20' N 16.0 22.5 2.90 69 127° 55.90' W; so· 27.95' N 11.5 25.0 3.88 
16 122° 52.70' W; 48° 37.85' N 16.0 23.0 2.62 70 127° 50.40' W; so• 29.35' N 11.5 25.0 2.70 
17 122° 52.35' w; 48° 38.65' N 15.0 23.0 2.86 71 127° 39.60' W; so• 29.50' N 13.0 26.0 2.18 
18 122° 52.85' W; 48° 40.65' N 15.0 23.5 2.68 72 127° 37.00' W; so• 30.85' N 13.5 25.5 2.92 
19 122° 54.60' W; 48° 39.50' N 16.5 23.0 2.18 73 127° 34.00' W; so· 2a.ao• N 13.5 24.5 3.10 
20 122° 54.95' W; 48° 41.05' N 16.5 24.0 3.48 74 127° 32.30' W; so• 21.os' N 14.0 24.5 2.75 
21 122° 54.10' W; 48° 41.45' N 16.0 23.0 2.10 75 127° 30 . 95' W; so• 27.30' N 15.5 24.0 1. 98 
22 123° 29.25' W; 48° 40.65' N 17.0 25.0 1.98 76 127° 30.00' W; so• 2s.ao• N 16.0 24.0 2.56 
23 123° 28.75' W; 48° 37.65' N 18.0 24.5 2.30 77 127° 28.50' W; so· 23.35' N 15.5 24.0 3.62 
24 123° 28.85' W; 48° 35.90' N 17.0 25.0 2.88 78 127° 27.45' W; so• 22.ao• N 16.0 24.0 2.68 
25 123 • 31. 25' w; 48° 33.65' N 14.5 22.0 3.00 79 127 ° 51. 35' W; so• 1a.os' N 12.5 27.0 2.60 
26 123° 35.50' W; 48° 50.80' N 20.5 18.5 2.78 80 127° 45.35' W; so· 14.30' N 13.5 26.0 2.82 
27 123° 45.35' W; 49° 02.70' N 12.5 21.5 3.12 81 127° 40.70' W; so· oa.os' N 14 . 0 23.0 2.98 
28 123° 13.90' W; 49° 20 .45' N 16.0 22.0 3.62 82 127° 32.30' W; so· 04.95' N 12.5 22.5 3.42 
29 123° 13.90' W; 49° 28.25' N 18.0 11.5 3.15 83 127° 12.05' W; so· 04.95' N 15.0 25.0 1.95 
30 123• 13.70' w; 49° 34.70' N 17.5 7.5 2.98 84 127° 14. 75' W; 49° 58.25' N 13.5 28.0 2.15 
31 123° 10.35' W; 49° 40.00' N 14.0 2.5 3.42 85 126° 59.00' W; 49° 51.90' N 14.5 22.5 3.48 
32 123• 47.55' w; 49° 32 . 80' N 15.0 19.5 3.60 86 126° 47.80' W; 49° 53.05' N 14 . 5 20.0 3.16 
33 124° 13.65' W; 49° 18.55' N 13.0 21.5 3.08 87 126° 38.95' W; 49° 51.00' N 14.5 24.0 2.78 
34 124° 55.20' W; 49° 38.25' N 19.5 20.5 2.92 88 126° 39.25' W; 49° 46.95' N 14.0 25.5 2.45 
35 125° 12.60' W; 49° 58.00' N 16.0 24.0 2.48 89 126° 35.70' W; 49° 41.75' N 16.5 24.0 3.02 
36 125° 19.65' W; so· 01.00' N 12.5 26.5 2.64 90 126° 33.70' W; 49° 34.65' N 14.5 27.5 2.20 
37 125° 21.95' W; so• 14,90• N 11.5 21.0 3.12 91 126° 16.90' W; 49° 21.45' N 14.0 24.0 3.62 
38 125° 34.60' W; so• 22.os' N 12.5 26.0 3.40 92 125° 31.50' W; 48° 55.50' N 13.0 28.0 2.12 
39 125° 57.90' W; so• 24.35' N 11.5 21.0 2.42 93 125° 09.40' W; 48° 54.30' N 17.0 23.5 1.88 
40 126° 33 .70' w; so· 31.os' N 10.5 22.0 2.08 94 125° 03.35' W; 48° 52.35' N 19.0 22.0 3.52 
41 127° 00.95' w; so• 36.20' N 10.0 22.0 2.02 95 124° 59.95' W; 48° 58.05' N 20.0 19.0 2.75 
42 127° 24.00' W; so· 45.80' N 12.0 22.5 2.98 96 124° 54.95' W; 48° 59.05' N 16.5 21.5 2 . 40 
43 128° 02 .50' W; so· 52.45' N 11.5 30.0 3.28 97 124° 52.20' W; 49° 00.90' N 19.0 20.5 3.10 
44 128° 45 .00' W; 51° 28.20' N 14 . 0 18.5 3.20 98 124° 51.65' W; 49° 03.35' N 18.0 17.0 3.35 
45 127° 54.55' W; 51° 31.90' N 14.5 19.0 2.10 99 124° 49.80' W; 49° 05.30' N 18.5 16.0 3.42 
46 127° 51. 75' w; 51° 36.40' N 15.5 19.0 2.40 100 124° 47.95' W; 49° 07.80' N 20.0 15.5 2.98 
47 128° 05.30' W; 51° 40.20' N 12.5 23.5 2.09 101 124° 48.35' W; 49° 09.35' N 22.0 12.0 2.10 

,..., ,..., 
48 127° 53.45' W; 51 ° 41. 7 5 I N 16 . 0 21. 0 3.02 102 124° 49.25' W; 49° 11.40' N 22.5 10.5 3.30 '° 49 128° 00.45' W; 51° 47.95' N 14.0 24.0 2.76 103 124° 49.60' W; 49° 12.95' N 21.5 5 . 0 2.92 Ql 

50 127° 53.25' W; 51° 55.75' N 16.0 24.5 3.32 104 124° 49.40' W; 49° 13.70' N 21.0 4.5 2.50 
51 127° 57.25' W; 52° 01.35' N 15.5 19.0 2.86 105 124° 26.30' W; 48° 31.50' N 11.0 28.0 2.46 
52 127° 52.50' W; 52° 06.60' N 16.0 12.0 2.80 106 124° 06.20' W; 48° 25. 80' N 13.0 27.0 2.86 
53 127° 52 . 95' W; 52° 11.15' N 16.0 11.0 2.45 107 123° 49.30' W; 48° 21. 20' N 12.0 28 .0 3.46 
54 127° 55.60' W; 52° 16.00' N 16.0 12.5 1.85 
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