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1 . SU~NARY 

On beha lf of the Salmonid Enhancement Pro gram, st .. ff of the Water Quality 
Unit, Habitat Protection Division, started an assessment of the impa cts of hatchery 
effluent, and the feasibility of locating hatcheries on se l ected r iver systems in 
British Columbia, in JUllO 1978. This interim report details some of the preliminary 
findings . 

1. I1ATCIIERY UII'ACT STUDIES 

a) Continuous Hatcheries (Capilano, Quinsam, Puntledge, Qualicum) 

The data indicate that meas urable changes in water quality, benthic algae and 
macro-invertebrates occur dOlms tream from the hat chery out falls . \\11ile the extent 
of these changes differs between loca tions, it appears to be restricted to a distance 
of 500 metres or l ess from the outfalls. 

Based on a very preliminary assessment of some of th e data and continuing s ub­
jective observations of water quality conditions dOlVllstream of the hatchery outfalls, 
the follOl,ing conclusions are offered, subject to the gathering of additional data 
and further statistical analyses:-

i) Nutrients 

El evated nutrient concentrations , particularly total phosphate and 
ammonia, were frequently measured in the receiving wa t el' be 101' the hatchery 
outfalls. 

Total phosphate and ammonia concentrations at distances well dOlVll s tream 
of the hatchery outfalls (> 750 m) were usually similar to those of control 
s tations. Only in the Quinsam River were nutri ent and periphyton standing 
crop levels higher at an intermediate dOlms tream s ite (300 m) than at the 
firs t downstream site (60 m). The reasons for this apparent anomaly are 
curre n t 1 y unknOlm. 

ii) Periphyton 

Increases in periphyton s tanding crop have been documented be low t he 
major hatchery outfalls during the late summer and fall sampling periods 
when dilution of nutrients in rivers was low. 

Changes in algal species composition (especially those intolerant of high 
organic concentration) and grm'ths of the "sewage fungus", SphaeY'otiLus sp., 
(in the Qualicwn River) were docwnented in the receiving waters belOl' 
hatchery outfalls. These conditions may be attributed to discharges 
of Ilutrients from rearing channel efflucn ts and sa lmon carcass de-
compos i tion. 

iii) Macro-invertebrates 

An increase in the numbers of oligochaetes and chironomids anJ a decrease 
in the nwnber of mayflies occurred dOlmstream of the main Qualicllm Hatch ery 
discharge (90 m) possibly as a result of organic enrichme nt. Data from the 
furthest downstream site (750 metres) i ndi cate that the benthos at this 
location is similar in composition to that of the control site . .. 
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At the Quinsam Hat chery, an increased abundance of o li gochaetes 
was doclunented at the fir s t receiving water s ite, poss ibly as a result 
~f organic e nri chme nt. Further dOl;nstream (350 m), their abwldance was 
similar to tha t a t th e control site . The abundance of chironomids 
and mi tes increased at the intermediate receiving water s ampling site 
(350 m) and may fly nwnbers dec r eased, perhaps in r es ponse to extraneous 
nutri ent input . 

~ja c ro-il1vertebrate s ampl es from the Puntledge a nd Capilano Ri vers 
ha ve been sorte u and identifi ed to the family l evel. Accordingly , an 
assessment of the data i s not possible at this time. 

b) Seasonal Ha tcheries 

The impact on rece i ving water of effluents from three seaso na l ch wn hatcheri es 
was monitored at In ches Creek, Snoo t1i Creek and th e Conuma River in 19 79 . Detaile d 
analyses of the moni t oring data from thes e hatche r ies have not yet be en carried out. 
However, ide n tifica tion of algal samp l es , e l1luneration of diatom ce lls and the 
so rting of some benthic invertebrate samp l es has been comp l ete d. 

2 . FEAS IBILIW STUDIES 

J\ predi c tive assessment of th e impact o f hat che r y e fflue nt upon the Chilliwack 
and Nicola Rivers and Deadman Creek, s tarte d in June , 1978 . \Vat er quality and benthi c 
a l ga l data are being assessed for those systems , and techniques for predicting impacts 
bas ed on backgrowld river conditions and proj ec ted was tewa ter concentrations are 
being developed . 

Sampling in the Ni co l a River a nd Deadman Creek wi ll be disconti nue d in l ate sWlmler , 
197 9, but will be continued on the Chilliwack River until the fres he t p e riod in 
spring, 19 80. 11,e proposed expans ion of th e provinci a l Loon Creek lIatchery to 
accommodate chinook rearing and other proposal s for hatchery deve l opme nt Oil t he 
Bowron , Quesnel , Nechako, Eag l e and Chehalis Rivers will b e assessed for potential 
receiving water impa c ts during 1980/81. 

3 . 1980/81 PROGRM'j 

At this t i me it is not known if adequate data has bee n co llec t ed dur ing the 
19 79 monitoring program . Extens ive monitoring at times of 101, ri ver flows, maximwn 
waste l oadings a nd high ambient light l evels will be r eq ui red t o produce the 
definitive impact and feasibility data required to achi eve program goals . 

During 1980/81, t h e emphas i s of the program will be directed tOl,ard the 
s t atis ti ca l an al ys i s of the water qua lity , benthic a l gae and macr o- i nvertebra te 
data. In addition , i ncr eased feasi bility assessment work "ill occur "here there are 
enhancement proposal s to be lo cated in e nvironmentally sensitive areas . 

TI,e re commendations con tai ned in the fi n al r eport frolll t hi s project are expected 
to lead to the promul ga tion of federal ha t che ry effl uent guiu e l ines . 
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II. INTRODUCTION 

In 19 75 , the Provincial Pollution Con tro l Bran ch (PCB) established a se t of 
Ob j ecti ves for the q uali ty of efflue n t discharged from "Food- processi ng, 
Agricul turally-Oriented, and Other ~lis ce llaneous Indus tries of Briti s h Col wllbia . " 
Effluent criteria for fis h hat chery "as tes are incl uded in these Obj ectives "hich 
regulate di scharges from all private and government-operated fi s h-rearing fac ilities 
in B. C. The federa l gove rnment, although not s tri ctly bOW1d to comply "ith pro­
vincial guide lines, has his torically pursued a l eadership role in the field of 
pollution contro l. Ho"ever, a contradi ctolY s ituation exi s t s, since compli ance "ith 
exis t ing provincial obj ec ti ves may no t be technologi cally feas ibl e at some federal 
hatch e lY facili ties. Hatcheri es "hi ch do not recycle " ater used by rearing fis h 
usually dis charge a l arge volume of extremely dilute "effluent" "hich " ould not be 
amenable to conventiona l treatment. 

11, e PCB Objectives are des igne d to r eg ul a t e t he total amo w1t of "aste dischar ged 
on a daily basis , us ing the units of kilograms of pollutant per kilogram of product 
(fi s h) pe r day. Units s uch as th ese are "ide ly used in the r eg ulation of effluents 
from feed lots and small indus tries . ilOl,ever , in the case of s ing l e -pass hatcheri es , 
a large variable volLDlle of " a t e r comprises mos t of t he effluent and the concentratio n 
of pollutants may vary irrespective of th e tota l fis h ma ss . Fish metabolic rate 
(a function o f fish size , e nvironme ntal and phys i ologica l factors, etc.) governs 
the rate of fish f ee ding an d th erefore "as te production more so than does fish bio­
mass. ~ I e asurement units reflecting efflue nt concentrat ion, s uch as milli grams pe r 
litre, "ould be easier to enforce a nd "ould relate more effectively to th e protection 
of the receiving environment. I n this "ay t he concentration of nutrients pe l1llitte d 
in the effluent "ould not valY "ith the mass of fi s h on hand. 

'l1, e Sa lmonid Enhancement Program (SEP) i s a c ti ve l y deve l oping sal mon hatcheries 
and r earing faci Ii ties throughout the province, "i t hou t fede ral guide lines for the 
mainte nance of effluent quality . In recognit io n of thi s conce rn, and to provide 
infol1nation on the cons titue nts of hat chery effluents and " as te"ater t r ea tment te ch­
nology , th e consul ting finn of Undenyood, ~la c Lell an a nd Associates unde rtook a project 
on beha lf of the Salmonid Enh an cement Program . Thi s proj ect cUlminated in 1979 
(UndeTl,oo d, ~'lacLe llan and Associates Ltd., 1979 a, b) . Anothe r s tudy "as initiated 
by DFO to assess the effects of th e di scharge of hat chery effluents on receiving 
"aters . Be gi nning in JW1e, 1978, the Water Quality Unit of t he Hab i tat Protection 
Divi s ion designed and no" direc ts the receiving "ater s tudy for the Salmonid Enhan ce­
me n t Program . '111i s s tudy includes the regular moni t o r ing of "a tel' qual i ty , periphyton 
s t anding crop and macro-invertebrates . Four operational , yea r-rolOld hatcheries 
(Quinsam Hatchery , Campbe ll River; PW1tledge Hatch ery , Courte nay ; Big Quali c wn Hat chery, 
QualicLDn; and Capilano Hatchery, North Vancouver) , and three seasona l rearing 
facilities (Snootli Cr ee k Hatchery, Bella Coola; Co numa Riv e r Hatch ery , Tahsis; and 
Inches Creek Hatchery; ~Iission) are presently w1de r study. 

In addition to providing the necessary moni toring data to penni t the si te-
specific assessment of i mpact a t severa l ope r a ting hatcheries an d the nee d for treatme n t 
a t some facili ties, the s tudy "ill provide a da ta bas e for the devel opment of federa l 
effluent guidelines for hatch eries in B.C . 
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As an adjLUlct to the recelvlng "ater impact monitoring program , a feasibility 
s tudy of the potential impact of proposed hatchery effluent di scharges was 
initiated. In this latter study, base line water qua lity and primary productivity 
(periphyton) are monitored, aJld the re s ults a nalyzed in conjwl ct i on with an examina­
tion of data on proposed hatchery f eed rates . It is anticipated that the da ta will 
be us e d to predi ct rece iving water impacts. Based upon these predictions, the 
need for "as t e"ater treatment facilities will be determine d . For example, if 
eff luent treatment, s uch as filtration or se dimentation i s required, advice will 
be provided during the preliminary stages of hat chery pro ject development so that 
more accurate cost/benefit assessments can be produced and negative environmental 
impacts avoided . Currently, one propose d coas tal (Chillil<ac k Hatch ery , Fraser Vall ey) 
aJld two propose d interior (Deadman Creek Hat chery, Savona ; aJld Nicola River Hat chery, 
~ Ie rritt) year-ro LUld hatcheries are wlder study . Th e proposal to enlarge the provincial 
Loon Creek HatchelY near Clin ton (Bonaparte Ri ver Wa ters he d) for chinook r e aring is 
being assessed "ith respect to potential receiving "ater degradation. 

·Jl,is report discus ses th e progress of the recelvlng water impact study and 
feasibility ass es s ment monitoring programs and presents some pre liminary res ults of 
these studi es. 

III. ~'1ATERIALS AND MEIHODS 

111e field sampling program of the impac t s tudies involves monitoring the 
following: 

A) Wate r quali ty 

B) Periphyton s taJlding crop 

C) Benthic invertebrates 

In the feasibility s tudies a t the proposed hatcheri es , " a t el" quality a nd 
periphyton standing crop are monitored at one site during those months wh en salmon 
rearing would occur. 

Samp ling details are as follows: 

A. Wate r Qua lity 

1) Sampling Procedures 

A control si te aJld three or more sampling s ites downstream from hatchery 
effluent dis charges have be en establi s he d in th e r eceiving s treams at fOLlr 

year-round operational hatcheries (Figures 2-5) f or moni t oring "ater quali ty. 
Hatchery flOl' S, fish feedi ng rates, and river flOl' s are recorded at specific 
interval s to r e l a te to hat chelY opera tions a nd docume nt r ece i vi ng wate r 
r esponses. Samples of rive r water and hatchery effluent are t a ke n at the 
same frequency as th e periphyton staJlding crop sampl es (every two to four 
weeks , depending on a l g al grOl,th rates) . 

During r earing pond c l eaning opera tions at th e Qualicw\\ and Puntl edge 
Ha t cheri es , grab a nd compos it e samples of th e effluent were taken in co njunction 
with b enthi c invertebrate samp l es to detennine if periodic o r " s lug " effluent 
discharges have a n added impac t on the benthos in t h e r eceiving "aters . 
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2) Laboratory Analyses 

Some of the "ater qua lity analyses are condu cte d at the Inland Waters 
Directorate l aboratory (IWD) in North Vancouver and the remaining "ater samples 
are analyzed at the joint OrO/DOE ch emistry laboratory at Cypress Creek , 
West Vancouver. IWD provides the particulate carbon and ni tToge n detel1llinations 
and , the important, lo,, - detection limit analyses for total and dissolved phosphate . 
111e remaining water qua lity variab l es l isted belo" aTe determined at IWD fTom 
the filtrate of "ater samp l es used for the particulate carbon/nitrogen analyses:-

total and dissolved phosphate 
particulate carbon 
paTticulate nitrogen 
ni tra tel ni tri te 
ammonia 
total dissol ved nitroge n 

TI,e fo llowing ,;ater quality variables are determined at th e joint OrO/DO E 
Chemis try Laboratory in West Vancouver : -

total a lkalinity 
hardness 
conduc tivi ty 
turbidi ty 
tota l residue 
non-fil terable res idue 
total organi c carbon 
total phosphate 
ni trite 
ni trate 
tota l ammonia 
sdicate 
s ulfate 

. extractab l e 

" 
" 
" 
" 
" 
" 
" 
" 
" 

calcitull 
cadmium 
copper 
iTon 
lead 
Illagnesiwn 
mercury 
potassiLUIl 
sodi LUll 
zinc 
chloride 
fluoride 
disso l ve d oxygen 

FUTthel1lloTe , a nlUllbeT of measuTements aTe taken in the field at the time 
of sample co llection : -

pH 
air and \vatcr temperatures 
sampling si te dep ths and Ti vel' flOl' Tates 
inciden t light at pTimary producti vi ty moni tOTing sites 

(using a Gos sen Model 9 . 69-211, hand-held, surface­
operated ligh t me ter). 

B. Periphyton Standing Crop 

Artificial substTate plates mounted above solid 40 kg concrete blocks (Plate 1) aTe 
llsed to monitor the grOl'th rate of periphyton (microflora l gTOI'th upon a substrate) 
in the re ceiving "ater, following the technique described by Stockner and Shortree d 
(1976) . 1he plexiglass plates are colonized by algae during a two to four Heek gro"th 
period (Plate 2) . In addition, a qualitative sample of periphyton from natural rock 
sLbstTaLes is obtai ned during each sampling period for comparison "ith those co llected 
from the artificial s ubstrate plates . 
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Algal s tanding crop (i.e. the to t a l biomass of the accumulated periphyton) 
is calculated using chlorophyll a and phaeopigment concentration measurements during 
each colonization period . Ash-free dry weight analyses (i.e. samples are dried 
and "eighed, then ashed and "eighe d: the loss on ignition r epresents the 
approximate "eight of organic matter accumulated during the co l onization period) 
are perfolmed to subs t antiate these resul t s . Algae are identi fied to the speci es 
level for information on community succession, species dominance and, in the 
feasib ility assessments, to provide information for predicting the potential impact 
of future hatchery operations. 

Duplicate "pool" sites (flo"s 10- 20 cm.s- l ) and " riffle" sites (flOl,s 45-60 
ou ·s- l ) are used at each sampling location during the study, except in rivers 
largely devoid of pool habitats. Standardization of flows and depths at sampling 
s ites was established initially using a ~iodel 622 Gurley Current ~ieter. !Is flOl,s 
and depths varied during the study, mrulY sites were relocated (within 20 metres of 
t he original site) so that s ubs trates did not become e ither exposed or inaccessible. 
Typically, in winter, the coastal river sys tems exhibit extremely variable flows 
and depths due to periods of high runoff. The concre te blocks us ed to anchor the 
artificial substrates "ere often buried or swept do"ns tream during high ,,,,ter flows, 
resulting in a repeated loss of some data. 

C. Benthic Invertebrates 

Benthic invertebrates were sampl ed usi ng the methods described by ~iundie (1971) 
at sites located adjacent to those used for t he periphyton sampling program (Plate 3). 
11,e benthic invertebrate samplin g frequency was reduced from a proposed te n times 
per year , to twice a year, comprised of: a) "pre-emergence" period (i.e. during ~iarch 
or April at the time when larval i nvertebrates are usuall y large and readily iden­
tifiabl e) and b) swumer "maximwu-loading" period (i . e . at Capilano and Quins am, "hen 
late s ummer l ow flOl;s correspond with comparat i ve l y high f i sh feeding rates ; and 
at PWltledge a nd Qualicwu following pond cleaning discharges) . 1I0wever , concurrent 
with this reduction in sampling frequency , t he number of repli cate sampl es taken 
per si te was increased from three to six . 

During SUlTuner, 1979, th e established benthic invertebrate samplin g regime in 
the CapilrulO River was augmented by the use of benthi c inverteiJl'ate artificial 
subs tra tes . Rock-filled metal bas kets were attached to the exis ti ng periphyton 
concrete blocks and placed on the river bottom . TIle samp ling of natural substrates 
for benthic invertebrates in the C"pi l ano Ri ve r was of limited s uccess in 1978 due 
to t h e predominance of boulders and an in s ufficient nwnber of s ha 11 01, riffle s it es 
necessary for qurultitative benthic invertebrate sampling. It Has a l so not knOl;J1 
for what l ength of time the sha1101,er sampling sites had been under water during 
periods of fluctuating river levels. 

IV. RESULTS AND DI SCUSSION 

It s hould be noted that these results have not been subjected to statistical 
analysis and are pre sented at this time to outline apparent general trends in the 
response of r ece iving waters to hatchery effluent discharges . 



- 7-

A. I mpact Assessments at Operational lIatcheries 

1) Quinsam River Hatchery 

TIle Quins,"" Hatchery, which began ope ration in 19 74 , is located on 
a tributary of the Campbell River on the east coast of Van co uver Island 
(Figure 2) . 

During late summer, 19 78 , a greatly increased l eve l of periphyton 
s t anding c rop (Figures l6A, B and 17) occurred on the artifi cial substrates 
located dOlmstream from the hatch ery discharge (sites QI- 2 , QI -3, and QI-4, 
Figure 2). Contro l s ite QI-l mean ch l orophy ll a concentratio n was 96 mg'lOO cm- 2 ; 
whereas s i tes downstre,"" of the ha t chery exhibite d the follOl,ing high er mean 
chlo rophyll a con cen trations : QI- 2 : 223 mg·lOO cm- 2 ; QI- 3 : 349 mg 'lOO cm- 2 ; 
and QI-4 : illo mg·lOO cm- 2 , n; 4 at each s ite . Because maximum s tanding crop 
occurred at s ite QI -3 , IYhere peaks in ammonia occurred, (me an t o t a l ammonia 
concentrat i o ns betIYeen August, 1978 and January, 19 79 were as follOl's : 
QI-l: 0 . 006 mg'L-l; QI-2: 0 . 005 mg 'L- l; QI-3 : 0.013 mg 'L-l; and QI-4: 
0.008 mg'L-l, n; 7 at each s ite, Figure 14A), it init ia lly appeare d 
t hat s ite QI- 2 was l ocated out side t he effl uent plume. However, dye re l eases 
indicated tha t a ll dOIYnstream s ites wer e located adequate l y within the i nfluence 
of t h e hatchery di scha r ge. Th erefor e, a n addit i onal n utr i ent source s uch as 
l and drainage or gro undwater could be e ntering the river be tween s ites QI-2 and 
QI-3 . Further IYater q uality samp ling is unden,ay to clarify this s ituation. 
Peaks in total phosphate concentrations a l s o occurred at s ite QI - 3 . (Mean 
total phosphate concentrations be tween Augus t, 1978 an d January , 1979 IYe re as 
fo ll Ol<5 : QI-l: 0 .00 7 mg ' V l ; QI -2 : 0.009 mg 'L-l; QI- 3 : 0.017 mg' L-l; and 
QI-4: 0.014 mg·L-l, n ; 7 at each site, Figure 15A). 

BetIYeen l ate fall an d earl y s pring, 1978, Ii ttle quantitative periphyton 
data were collected due to the intens ive scouring , increased dilution and 
reduced t emperature and li ght condition s t hat prevailed. 

Algal species co l oni zing the arti fi cial substrates differed be tween the 
Quinsam si te ups tre,"" of th e ha t chery, and the downs tream receiving water s it es . 
For exampl e , during fall, [)paparnaldia plumosa, a filamentous green algae 
i n to l er,"lt of high "organi c" concen t rat ions conunonly occurred ups t ream of the 
hatchery discharge ; whereas another f il amentous green algae, StigeocloniwlI 
stagnatile, freq uently occurred f urth er dOlYll s tream. The genus Stigeocloniwn 
1S ge nerally considered to be tol erant of comp arative l y higher le ve l s of "organics." 

Wi th in s uccess i ve samp ling interval s, "pool" subs trates generally exhibi ted 
greater a l ga l biomass than "riffle " substrates . Diatoms were the domi nant algal 
group in t he Quins am River , including t he follOlYing more abWldant species :­
Achnanthes minutissima, A. l inearis val'. pusilla, C/Jmbella minuta, Nitzschia 
amphibia, Synedl'a ulna, Nitzschia diss·ipata, Oedegoniwn s pp . , Gomphonema 
truncatum (especi a lly at s i te QI-l ) ; and Navicula pelliculos a, (especially a t 
s ite QI-4) . In addi tion, the blue-green alga , plectonema notatwlI, sometimes 
comprised up to 20% of algal biomass on the a rti ficia l substrates during fall. 
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Results of the ~Iarch 27 , 1979 , Quinsam River "pre-emergence" benthic 
inve rtebrate s ampling pe riod have been analy zed for gross numeri cal differences 
at sites above and belDl' the hatchery outfall . ·O,e ups tream control site, 
QI-l, and the first receiving "ater site, QI-2, exhibited s imilar abundances 
of mayflies, chironomids and mi tes . Mean o l igochaet e abundance, hOlvever, 
exhibited a 20-fold increase at site QI-2 (increas ing from 500·m-2 to 
11 000 ·m- 2 , n = 4 at each site), possibly as a re s ult of organic enrichment. 
Further do"nstream, at site QI-3, oligochaete nWllbers I,ere similar to contro l 
si te level s , "hile mayfly abundance "as reduced to one-half that of the 
upstream sites (QI-l and QI-2) . ~Iean chironomid abwldance I'as some"hat 
greater at site QI-3, and mites exhibited a SO-fold increase at site QI-3 
(increasing from sao ·m- 2 at s ite QI- 2 to 27 000 ·m- 2 at site QI-3, n = 4 at each. 
s i tel . 

At site QI-4, mayfly and chironomid numbers "ere s omel,hat reduced from 
those at site QI-3. ~1ites did not occur in the samples taken at site QI-4. 

2) Puntledge River Hatchery 

TIle Puntledg e River joins the Ts olwn River and the combined I, atercours e 
forms the tidal Courtenay River "hich flDl' s into Comox HarbouT. The Puntledge 
Ha t chery "as bui 1 t in 1971 at the s ite of the exis ting Fisheries spawning 
channel near the B.C. Hydro Puntledge diversion dam. 

In addition to the provision of land, B.C. Hydro supplies the hatchery 
with a continuous supp l y of ri ver I'ater pumped from the lake-like impowldment 
above the pens tock weir to the hatchery spmming and rearing channe l s. As a 
result of t h e impowlClment, the upstream contro l s i te for the receivin g water 
study I'as located at t he top end of the hatchery spa"ning channel I,here I,ater 
flow and depth are similar to that in the mainstem Puntledge River. 

Despi te very cons tant flows , in th e spawning channel control site, in 
contrast to the more variabl e flDl' regime in the mains t em PunUedge, it I'as 
pos s ible to document an apparent impac t of the discharge of hatchery effluent 
in the river. Distinct peaks in diatom nwnber and photosynthetic pigme nts 
con cent ration (see Figures 20A through 24B) typica lly occurred belo" the 
hatchery at the first r'Oceiving water site (PU- 2, Figure 3B), while f urther 
downstream, periphyton standing crop was similar to "control levels". 

In gene ral, more than 
comprised of gree n a l gae. 
b e l ol' : 

50% of the a l gal growth below the hatchery "as 
The commonly recorded species of algae are lis ted 

In September, Spirogyra spp. , and in mid-autumn , OedegoniUlI1 s pp . , U~othrix 
zonata, U. tennerrima and U. aequalis commonl y o ccurred. TIle blue-gre en alga, 
Oscillatoria agardhii also "as frequentl y samp l ed from belDl' the hatchery 
during autumn. Nwnerically dominant amongs t diatom s pec ies were Achnanthes 
minuh:ssima and Synedl'a r wnpens at sites PU-2 through PU-4. TI,e con trol site 
generally had a different a l gal composit i on from the mains t em river sites , 
consisting ma inly of diatoms. Chlorophyll a concentration and diatom numbers 
we re much l owe r at the control s ite than at-the downstre am s ites. The 
following diatoms were mo s t conunon l y s ampled from the con trol s i te : 
Tabellaria fenestr ata, Syneil1'a rwnpens and Achnanthes minutissima . 
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The Puntledge Ri ver water quality sampl es were typically very close to 
to the detect ion limits for mos t variab l es sampl e d during fall and ",inter, 
and do not appear to warrant extensive interpretation at this time. 

During spring and SLOnmer of this year , flo", and temperature conditions 
are eAl'ected to produce more defini ti ve impact data . (Photographs of the 
~Iarch 21 , 1979 , cl eaning o f the Puntl e dge Hatchery rearing channe l are i nc l uded 
as Pla tes 5- 8) . 11le potentia l for receiving wate r impact through operation 
of an additional hatch e ry fac ility on t he lo",er Punt l e dge River (be l ow the 
pens tock tai l race , Figure 3A) , ,;ill a l so be assessed . 

3) Qualiculll Ri ver Hatcheq 

111e main QualicLOn Hatcheq i s locate d on land l eased from the Qual icLUn 
Indian Band, a short dis t a nce from the mouth of th e Qualiclun River (Figures 
4A, 4B and 4C) . 11lree kilometers ups tream from the hat ch ery, the Enhan ceme nt 
Research Program (Nanaimo) conducts additional salmon rearing o perati ons on 
a por tion of the Qualicwn River which has been diverted into an expcr imental 
rearing channe l. Bet",een those two reari ng facili ti es , a chLOn spawning channe l 
i s operated on a diverted portion of t h e Qualicwn Ri.ver. 

111e water quali ty data collected for the Qualicum River indicate that 
during autwnn a nd winter the experimenta l channe l does not meas ura bly affect 
receiving water qua l ity during day- to-day operat i on (Figures l 2B, l 3B, 14B, 
an d 15B) . Hmyeve r , below the r earing sec tio n, t h e l as t 150 mctre part of t he 
experimental channe l may act as a se t tl ing bas in, removi ng silt and suspe nded 
organ ic matter originating ups tream. 

Below the main QualicLUn Hatchery , elevated algal pigment concentrations 
and dia tom nwnbers were meas ure d during Sep tember

2 
19 78 . Control s it e (QA-l) 

mean chlorophyll a concentratlon "'as 3 mg ' 100 cm- ; ",hereas s1tes dmm s tream of 
t h e hatchery exhibited the following mean ch l orophyll a concentrations : 
QA - 4 : 60 mg ' 100 cm- 2 ; QA-5 : 29 mg · 100 cm- 2; and QA-6-:- 40 mg'lOO cm- 2 , n = 2 
£01' each site . ~Iean di atom numb ers at the control s ite were 21 500 cells · cm- 2; 
wh ereas at downstream s ites , mean counts l1ere as £o11m,s : QA-4 : 541 000 ce lls ' cm- 2 : 
QA-5: 649 000 ce lls ' cm- 2 and ; QA-6 : 319 000 cells ' cm- 2 , n = 2 for each site 
(Figures 25 and 26). In additi on, extensive grol1ths of the green a l ga , Cladophora 
glomel'ata, were evident at the firs t downstream site (QA-4) during late summer , 
indicating condi tions usually associated with increas ing eutrophication. High 
fl o"s in s uccess i ve monitoring periods ma de co ll ection o£ furt her qua ntitative 
periphyton da t a on t he Quali cwn Riv er impossib l e i n 1978 . 

Ge nerally, diatoms Here n wne ri cally dominant abo ve th e main QualiclUll 
Hatchery di scharge , Hhereas dia toms and green a l gae commonly occurred be l oH . 
Diatom compos ition was s imil ar ups tream and downs tream of the hat chery , however , 
Achnanthes minutissima was numerica lly dominant above , whereas Nitzschia dissipata 
a nd N. amphibia \Yere more commo n be lmy. Green algae species whi ch we r e mos t 
abWlclant be l m; the ha tchery were Ulotlzrix zOl1ata and U. aequalis . 

'Die increase d nitrite/nitrate , anunonia , total dissolved nitrogen and total 
phosphate concentrations monitore d be l my th e main Qualicwn Hatchery during January 
a nd February, 19 79 , are attributed t o the decomposition of sa lmon carcasses in 
the chwn spa,ming channe l and mainstem Qualicwn River above the samp ling s ites . 
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~Iean concen tra tio ns of se lected nutrien ts at th e can tro l and f urthes t 
downstream s ites i n t he Qualicwn River between August , 1978 and J anuary , 
1979 "ere as fo llOl;s : 

~Iean ni tri te/ ni trate 

QA-l 00026 - 1 (n 7) mgO L_
l = 

QA- 6 0 0048 mg OL (n = 7) 

~Ie an t otal disso lved nitrogen 

QA- l 00063 
- 1 

(n 7) mg OL_
l = 

QA-6 0011 5 mgOL (n = 7) 

~'iean tota l 31lUnonia 

QA-l 0 0006 -1 (n 7) mg OL_
l = 

QA-6 0 0043 mg OL (n = 7) 

~ Iean tota l phosphate 

0 0006 
- 1 7) QA-l mgOL (n = 

QA-6 00018 mg OL - l ( n = 7) 

In J a nuary and Feb ruary, 19 79 , grm; ths of the "sewage fWlgUS" , 
Sphael'oti~us natans , we re sampl e d f rom artifi cia l and natural s ubs trates 
in the Quali cLDn River, be low the hat chery a nd at the bot t om e nd of t he chum 
spalm i ng channe l 0 Sphael'oti~us grm;th is ge nera lly indicati ve of high 
organi c loadings 0 

Slightly e l evated tota l phospha te conc entrations "e r e measur e d during 
winter, ups tream of the s palming cha nnel (but be l m; t he experimenta l cha nn e l 
impact s ite, QA- 2) and are attributed to runoff f rom a temporary l and cleari ng 
proj ec to 

Res ults of the ~Iar ch 26 , 1979 , Qualicum Ri ve r "pre-emergence " benthos 
sampling period have been ana l yze d for gross num e ri cal differences at s i tes 
above and belm; the hatchery o utfall s 0 Benthic inve rte brate samp ling s i tes a re 
adj acent to th e fo 11o"ing periphyton samp lin g si t es : QA- l ( ups tream contro l ) , 
QA- 2 (iJ1~ne dia t e ly do"ns tream of the expe rimen tal channe l), QA-4 (inunedia tely 
downs tream of main Qua l i cum Ha tchery ) and QA- 6 (furth es t downs tre am s i t e , see 
Figure 4A for locations) 0 

The control s ite (QA- I) was characterized by t he nwneri call y-dominan t 
mayfli es (especia lly t he ge nus Cinyg>ml ~a, and the se cond-most nwnerous g roup, 
th e chi ronomids (especially the genera COl'ynoneura and Eukieffel'ieUa ~ 0 

At si te QA-2 be lm; the experime ntal channe l, the abundan ce of mayflie s 
o f most ge nera inc r eased o In addi tion , the chironomid ge nera , Stempe~UneUa 
a nd especially Micl'opSeCR'a, s howed l arge nwnercial increases (5 t o 10 fold) at 
site QA-2 0 Less noticeab l e increases in ch ironomi ds of the ge ne ra Eukie ffel'ieUa 
a nd Thiemanie Ua also occurred at s i te QA- 20 

/ 
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Abunda nce of the following " s i.l t-tolerant" invertebr:Jte taxa increaseu 
4 to 8 fol u UOlOllS trewll of the experime ntal channel: harpacti coiu cope po us , 
mites, ulld ostracods. 

At site QA-4, imme diately belOl; the main Qualicum lIatchery effluent 
discharge, the fo1101;ing changes in benthic fawla were docwnented : 

a) All mayfly genera, except Pseudocl eon 51' . and Epeorus (Iron ) longim~:mus 
were reduced to one-half of their "control site" abwldance . 

b) The chironomid genus Micropsectl'a, ab wldant above the hatchery , 
was absent in samples from below the hatchery. 

c) "ll1e chironomid genera, Corynol1eura and StempeUineUa at site QA-4 
were about twice as abundant as at the control s ite; while the 
following chironomid ge nera exhibite d about a 10-fo ld increase over 
control site abundances : - Polypedilwn, Cricotopus , Eukiefferiella, 
Thiemaniella and Pr ocladius . 

d) Oligochaetes at s ite QA-4 were more nWllerous than at upstrewll sites 
(QA-l and QA-2); while blackflies (Simuli idae) were four times more 
abundant at the "below hatchery" site (QA-4) than at the control 
s ite (QA-l). 

'I11e data for the furthest dOl;nstream site (QA-6) have not been comp l etely 
analyzed, but the abundance of mayflies, oligochaetes and blackflies appears 
to be similar to those at the control s ite. Only numbers of harpac ticoid 
copepods and mites r emained high at site QA-6. 

4) Capilano River lIatchery 

111is hatchery i s located on the Capilano River 300 me tres below the 
Greater Vancouver Water Di s trict' s " Cleveland Dam", North Vancouver (Figure 5). 
Water for the hatch ery is drawn from the 50 metre l eve l in Capilano Lake behind 
the dan\. Due to flow co ntrol at Cleveland Dam during late sWllmer and early fall, 
the Capil ano River i s freque ntly comprised of only a small amount of dam seepage 
water, hatchery s upply overflOl; water and th e hat chery effluent. 

Highly variab l e flOl;s in th e Capilano River during the sampling progr= 
during winter , 1978, led to repeated l oss of the artificial substrate plates 
and concrete blocks. 111e automatic control works on Cl eveland Dam were opened 
manually for maintena nce and other reaso ns , causing s udden rises in rive r depth 
a nd flow. Due to manipulative and natura l river fluctuations through runoff, 
continuous monitoring of periphyton standing crop was not poss ible during much 
of 1978 on the Capilano River . 

Water quality sampling r es ults showed that slightly elevateu total phosphate 
conce ntrations usually occurred at s ite CA- 2, immediately below the hatchery 
discharge into the Capilano River a nd at the Cable Pool s ite, CA-3 . (~Iean total 
phos phate concentrations between September, 19 78 and February , 1979 for the 
Capilano River were as follows : CA-l: 0 . 003 mg'L-l; CA-2: 0.007 mg'L-l; 
CA-3 : 0 . 008 mg 'V l ; CA-4 : 0.006 mg'L-l (n = 8 for e ach si te) . 

.. 
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Elevated nitrite/nitrate lev e ls at si te CA-4 ( I'igure l2C) arc l lirgely 
attributed t o the input of lIolgate Creek whi ch draills the British Properties 
in Ive s t Vancouve r, (~Iean IIi tri te/lli tra te CO ll cen tra [j OilS betw ee ll Sep tember, 
19 78 and February, 1979 were as fo1101's: CA-l: 0,189 mg'L-l; CA-2: 
0,189 mg ' j,-l; CA-3: 0,190 mg,,,-l IIl1d; CA-4 : 0,253 mg ' j,- I (11=8 for each sito) , 

J)llri. 1l1~ JO\oJ fJm.,r s ill OclobtH', .I ~)7H, extells.i.ve maLs o C Lhe 1J1uu-gJ"een algOl, 
LYl1gbya aerugil1eo- oaeruLa, were evident 011 natural rock s urfaces in the Capilano 
River bolo" t he hatchery outlet: , At the cOlltrol s ito (CA-l), mixed 1!l'eolls, allli 
ui1ltoms such as ~'1bellaria j'erze 'Jil'a/;a woro COlli 1110 II , Further t1own s tre'"I1, lit s ites 
CI\- 2 and CI\- 3, dia toms, bl uc-grecn ~Ilgac, <lnu grccn alg ~le commonly occurred. 
At si te CA-4 , near the 401 lIighw"y Bridgo, the followillg green algae wero munericlIll 
dominant: Ulothrix zonata, U, tel1l1uissima and U, tel1l1errima , In November and 
December, 1978 s h,":p pea ks ill diatom nWllbers occm:red on the "pool " substrates 
at slte CA- 2 , located dOl"'5tre'UIi of the hlltchery dis charge (11101111 dlatolll lIulllbers 
for the control si te , CA-l "ere 66 000 cells 'cm- 2 ; whereas downstream of the 
hatchery, mean counts were as follo"s: CA-2: 614 000 cells 'cm- 2; CA-3 : 
7000 ce lls 'cm- 2 alld CA-4: 53 000 cells ' cm- 2, II = 2 for each 5 i to , Light l evels 
and inoTganic ni trogen concentrations \oJere much lower at the "canyon" sites 
(CA- l through CA-3 t h an at the "below canyon" site (CA-4), 

B, Feasibility Assessments at Proposed Faciliti es 

1) Nico la River 

'TI,e recently constructed Nicola River rea ring facility is locate d 8 km 
downstream of Merritt at a groundwater-fed pond adjacent to the Nicola River 
(Figme 6), In April, 1979, a small nwnber of chinook fry "ere trapped in the 
Nico l a River and we re reared during May and June, 

During autwnn, 1978, prior to the conunencement of fish rearing activities, 
extensive macrosopic diatom mats (NaviouLa 51'1") indicative of a h i gh nutrient 
supp l y, were do cwllented in the Nicola River at the monitoring sito located dOlm­
stream of the rearing pond, If year-round rearing were to take place at the 
Nicola River facili ty, increase d nutrient loading at low flow periods from 
hatchery operations may cause either ,m undes irable increase in these diatom 
mats, or a shift to blue-green or green algal production, 

Following th e commencement of fry fe e ding in April, 1979, contro l and 
dOlmstre am monitoring sites were established in the Nicola River to docwnent 
the impact of fish rearing on the receiving water, However, because of the 
Nicola River freshet which occurs between April and July, little periphyton 
impact data were obtained, ~'ioni toring to determine the feasibility of rear-round 
rearing was res wiled following the release of the chinooks in July, 1979, 

2) Deadman Creek 

A chinook rearing faci Ii ty has been propos ed for Deadman Creek, a tributary 
of the 111Ompson River located west of Kamloops (Figure 7) , Water for the 
faci lity would be dralm from t hree somces: a) lJeadman Creek ; b) Snohoosh 
Lake (13 metre depth) and; c) g roundwater (wells) , Problems associated with 
groundlmter quali ty, approval from other wa ter user groups , and access rights 
from the local Indian Band, have reduced the likelihood that this project will 
proceed as planned, 

.. 



-, 
-'. 
'.' 

- 13-

During autum n, 19 78 , l arge aJWl WltS of t he planktoni c blue-green a l ga, 
Aphanizomenon fl os - aquae, lVere s ample d from natural s ubstrates in Deadman 
Creek. lhese ce lls , ,;hich pres UJl1ably originate from Snohoosh Lake, the 
so urce of Deadman Cree k, settle out on the creek bottom and poss ibly grolV 
there. A. flo s - aquae , is a bloom-forming a lga, some s trains of which are 
toxic , and can cause fi s h kills and livestock pois onings . Othe r pl anktoni c 
a l gae, origi nat ing from Snohoos h Lake, s uch as th e unice ll ular flagell ate, 
OchlYJmonas s pp ., exhibited heavy wi nte r grolV th wlder ice dur ing 19 78 , and 
along with A. flos -aquae , may cause c l ogging of hatchery i ntake screens. 

3) ChillilVack River 

A l arge year-round ha tchery is propose d for th e Chilli,;ack River , lVi th 
constructi on prop osed for 1980/81 (Figure 8) . The lVateT for this facility 
lVill be drm;n from Sl ess e Creek tributary and a nwnber of groundwater ,;e ll s . 

Sma ll quanti ties of dia toms and green a l gae lVere sampl ed from the 
Chilliwa ck River p eriodically l as t fall, but th e fre quent scouring of t h e 
r i ver bottom during high rive r flo'; s e limina t ed algal guild-up duri ng earl y 
s pring. Con tinue d feas ibility moni t oring in 1 01; fl Ol; periods s hould penni t a 
predi ctive assess ment of the potential impac t of a yea r-round hatchery operation 
on the ChillilVack River. 

C. Impact As s e ss me nt at Se asona l Hatcheri es 

1) Bell a Coo l a (S nootli Creek) Hatchery 

A Japanese- sty l e chwn ha tchery with adde d chinoo k rearing ,;as operate d in 
s pring, 1979, on Snootl i Cree k, a tribu tary of th e Bella Coo l a River (see 
Figure 9) . Growld,;a t er a nd Snoo tli Cree k lVater are combin ed in th e concrete 
r earing channe l s and the discharge i s direc t ed into a small s urface drainage 
s tream "hich flOl;s back into Snootli Creek. 

Only a ';ater qua lity monitoring program lVas carried out at the Snootli 
Creek hatchery thi s year . The data, "hi ch ,;e re us eful in as sess ing init ia l 
fry mortalities, (a l1lunber of de ad fry lVere fOWld in the pen s at the comme n cement 
of rearing) ,;ill provide information on the characte ri s tics of e f fluen t from 
chum a nd chinook fry rearing operations utili zi ng conc r ete cha nne l s . 

The l arge ly i naccessibl e Bella Coola Hatchery discharge s tream flolVs a 
di s tance of 800 metres before e ntering Snoo tli Cr eek , thus nutri e nt and s us pended 
so l ids l eve l s s hould be r e duced at the Cree k. A mid- Jwle, 1979 , i nspec tion of 
the discharge s tream itself showed tha t it s upport ed heavy grOl;ths of the green 
a l gae , Ulotitl'ix s pp. It ,;as a l so noted that a l a r ge numb e r of fry had appare ntly 
move d out of the mains tem Snoot li Creek a nd ,;er e rearing i ll t he c r eek receiving 
the di scharge . Fl Ol;s in thi s tributary have been a ugmente d by approxima t e ly 3 cfs 
' ;:L th the addi tion of the hatchery £1o"s . 

2) Conuma Rive r (Tlupana) Hatchery 

A Japanese - s tyle chwn and chinook ha tchery ';as r ecen tly built on the COlluma 
River on the "est coas t of Vancouver I s land near TaJ1Si s (Figure 10). In 19 79 , 
c hUJl1 fry from both the Conuma and Sucwo a Rivers ,;e r e reare d for a s hort time 
during s pring. 
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At the time of rearing, de nse mats o f filamentous green algae ( U~othrix 
s pp.) "ere observed "ithin the rear ing channels a nd in the r e lease channel 
leading into Leagh Creek , a tributary of the Conwna River . However, during 
spring, the Conuma River appar ently offered s ufficient dilution to mi nimi ze 
any impact from the hatchery discharge . FollO\;ing fry release in Apri l, 1979 , 
feasibility monitoring for the proposed ninety-day chi nook rearing "as under­
taken (one additional periphyton colonization period). 

3) Inches Creek Hatchery 

A pilot chwn rearing facility on this tributary of Non'ish Creek in t h e 
Fraser River valley "as operated during spring , 19 79 (Figure 11). Additional 
ground"ater sources may be utilized, and this facility enlarg ed in the future. 

Inches Creek is a l most a completely ground"ater-fed stream and as a result, 
flO\;s remain quite constant. Any benthic alga l grOl,th occurring in the stream 
is not s ubjected to the periodic scouring typical of surface water drainages . 
The flooding of Inches Creek by the Fraser River duri ng portions of this spri ng' s 
rearing period will make interpretation of the monitoring results more difficul t. 
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2 - aUINSAM RIVER 
3 - PUNTLEDGE RIVER 
4 - aUALICUM RIVER 
5 - CAPILANO RIVER 
6 - NICOLA RIVE A 
7 - DEADMAN CREEK 
8 - CHILLIWACK RIVER 
9- BELLA COOLA (Snoolli Cr.) 
IO-TLUPANA(Conumo R.) 
1/ - INCHES CREEK 

FIGURE 1- MAP OF B.C. Sf()WING SAMPLING SITES . 
SC AL E ' ," , 100 ll"l,lu . 



---->,:--------- 01- 4 

AI'i'-L-----"' ..... ----- 0 1- 3 

Iir_ .... _-=E'""'ffO--lue- n7"1 -'d'--isc-'-h-Or-ge""""Ch"'OC:-:nn:-:-e'l - a 1- 2 
')(((.~---------'r-- 0 1- 5 

. Attraction channel 
~..--------'I;- 0 I- I 

FIGURE 2 . QUINSAM RIVER SAMPLING SITES. 
SCALE . I" , 2000 ' . 



POWERHOUSE~;;;:j=--

l 
II 

1/ 
( 
II 
,I 
II 

'HATCHERY SITE 

I 
I~PENSTOCK 
\ 
II 
1\ 

~ Ii 
(I. 'l 
II I 
1/ 

\ ,1 \ 
\ 
\ 
\ 

DIVERSION OIIM - \ 

SAMPLING 
SITES 

SPAWNING CHANNEL 6 
REARING PONOS, 

I IMPOUNDI NG DAM 

\ 
\ 
\ 

" " '\ 

FIGURE 3A. PUNT LEDGE RIVER SITE PLAN 
SCALE I" ~ 3960' , 



o-+--- PU- 3 

P U - 2------'\---0 

PENSTOCK 

WEIR 

~>-<:-::-_HATCHERY OUTFALLS 

_ PUNTLEDGE RI VE R 

IMPOUNDMENT . 
SPAWNING CHANNEL- ----1'1 

REARING CHANNELc-------,~f1r7 

Be. HYDRO WATER 
SUPPLY PUMPS 

HATCHERY INTAKE 
"~'----I--pu- I. 

FIGURE 38 . PUNTLEDGE RIVER SAMPLING SITES . 
SCALE' I" , 700' 



~1f--~~MAIN aUALICUM HATCHERY 

\-'<'<-r~_SPAWNING CHANNEL 

::">,....~4t"""'-- EXPERIMENTAL REARING CH ANN EL 

FIGUR E 4A . BIG QUALICUM RIVER - OVERALL SITE PLAN . 
SCALE · t ~. 2000· I 



HUNTS 

FIGURE 4B . 

EXPERIMENTAL 
REARING CHANNEL 

------------~ "I:=:s:u'l ~~ 
~~ 

'\\ 

QA- I 

\\ 
\\ 
\\ 

"" '" q::. =:::::::=---
~"---
~---

BIG QUALICUM RIVER SAMPLING SITES.---­
(UPPER PORTION) 



'-Cl...---f) A- 6 

\\ /1 
'-8_ - '<-----I-L- QA-5 1/ 
~ \1 1/ 

I I 1\ 1/ 
\I II 
\\ / I 

II 
\\ I I 
\~-.I1 

QA- 4 ) \ 
./ f", ....... --- \ ........ ....... --;..----' \ ............................. ....... 

\ , ...... ....... 

BURROWS PONDS--A----'\" 

GRAVEL 
REARING 
CHANNELS 

CONCRETE RACEWAYS 

QA - 7'- - -i 

~"'-i--- CHUM SPAWNI NG CHANNEL 

FIGURE 4C. BIG QUALICUM RIVER 
SAMPLING SITES 
(LDWER PORTION) 

SCALE ' 1"010 00' t 



WEST VANCOUVER . 

"" n:: 
1£ 
z 
o 
)-

z 
« 
u 

o 
z 
:5 fS 
0.. ~ 

<J~ 

KY-~---CA-4 

t~=----r.A- 2 

tIr-~--- r.A- 3 

NORTH VANCOUVER . 

FIGURE 5. CAPILANO RIVER SAMPLING SITES . 
SCALE ' 1", 3000' • . 

" 



, \' \:: " \ 

II 
II 

~ J~ 
~.../ -/ -t-:, ~::::-___ ::::::-::::::-
"::::/ ~---

i 
I 

I 
I 

I 
I 
I 
I ~ 
I C5 
I ~ 
, ~ , 
I 
I 
1 
1 
I 
I 
1 
1 
1 
1 
I 
1 

~ I 
~I 
-I 
~I 

1 
1 

u l 
U:I 
ul 
ifl 

1 
1 

z l 
~ I 
01 
~ I 
<1: 1 
UI 

• 

FIGURE 6 . 

I 
I 
I 

I 
I 

I 
I 

I 
I 

I 

/ 

/ // 
\I // .\J GROUNDWATER FED 

REARING POND . 

~\ ---·--N 1- 1 

O+<-----N 1- 2 

~---NI -3 

NI-4 _ 
--~-A' 

- ===\-____ o--t-

NICOLA RIVER SAMPLING SITES. 
SCALE' I '", 325 ' . 



FIGURE 7. 

SNOHOOSH 
LAKE 

''-, ............ -'..---INT A KE 
... ~f 

"f..'+----"';-- OA M 

,}4_~-WEIR 

O-_--OE- I 

'::;':::::'':.-." 

" " " .. .. 
" " .-

" " ,~' 

" /' .' 

/. 
," /' ,:' ,,. 

/1 ,',' 
.1 " 

./ I~f 
l /~' 

'I I, 
'I '/ 

: ' / I 
" ,f 
" I I ,I II 

! /t' , " I', ',', 

DEADMAN CREEK SAMPLING SITE 
SCALE . ,·.300' 



PROPOSED FISH 
HATCHERY ___ 

WELL" 2 

FIGURE 8, CHILLIWACK RIVER SAMPLING SITE 
SCALE' I"" 175' " 



o 
N 

----

KEEPER CHAN NELS 

REARING PONDS 

-, 
Z 
U) 

I 
\ 
\ 
\ 
\ 
\ 

\ 
\ 
\ 
\ 
\ 
1 

" 

FIGU RE 9. BELLA COOLA 
(SNOOTLI CREEK) SAMPLING SITE 

SCALE ' I", 500: 

r 'ffiu I" r C £x' ., Sf _ , ; 



\ 
RELEASE CHANNEL~ 

LEAGH CR. 

o 

0--"'--~T L- I 

KEEPER CHANNELS REARING CHAN NELS 

FIGURE 10. CONUMA RIVER SAMPLING SITES . 
SCA LE ' I" , 250' . 



\ 
I 
\ 

ADULT HOLDING E\ 
FRY REARING 

FIGURE II. INCHES CREEK SAMPLING SITES. 
SCALE' \", 300' • 



.Y 

NITRITE/ 
NITRATE 

-1 
mg'L 

. Dec. 20/78 

.3 

.. ·Jan . 31/79 

.2 

--. - -. --~ . 
. . . -- . "', '· - ·Nov . 22/78 

. I 

Aug . 30/78 

--0.0 L-------L----tr---Jw--------WI------~I 

SAI-IPLING SITES 

FIGUltE 12A 

Concentration of f i lte r ed nit1' i te/nitl'Jte (mg 'L-l ) 
from se l ected sJmples taken bet"cen August 30 , 1978 
an d January 31, 19 79 in the Quinsam Ri vel'. A1'1'Ol' 
;.ndicates th e l ocation of the Quinsam lIatchery effluent 

discharge. 
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FIGURE 128 

Concentration of filtered nitrite/nitrate (mg · L-
1

) 
from se l ected sam pl es take n bet,,,een August 8" 1978 

8/78 
31/7 8 

and De cemb e r 19 , 1978 in t h e Qualicu m Ri ve r . Arrow 
indicates t h e l ocation of the Quali cum Hatchery eff luent 
disc harge and t h e c h um spawnin g c hannel discharge . 
Dou ble arrow indicates t he l ocation of t he experimental 
ch~nnp l efflue n t d isc harge . 
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FIGURE 1 2C 

Concentrati on of filter e d nitri te/ ni t rat e ( mg · ~- l) 
f r om se l ected sam pl es t ak e n between Octob e r 1 7, 197 ~ 
and February 27, 1979 in t h e Capilano Ri ve r . Arr o w 
i nd i cates t h e l ocati o n of the Ca pilano Hat c h ery 
e fflue nt di sc harge . 
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FIGURE 13A 

Concentration of total dissolved nitrogen (mg ' L-
1

) 
fr om selected sam pl es taken between Augu st 30, 1978 
and January 31, 1979 in t he Quinsam River . Arrow 
indicates t he locat ion of the Qui nsam Ha tc hery 
effl uent discharge. 
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FIGURE 13 8 

Concentration of total dissolved ni t r oge n from se lected 
sam pl es taken betwe e n Au g u s t 8, 1978 and Jan uary 30 , 197 ~ 
in t h e Qualic um Riv e r . Arrow indicates t h e l oc a t ion of 
t he Qua li c um Hatc hery effl uent di sc harge and t h e c hum 
s pawning c ha nnel dis c harge . Doubl e arrow ind i cates t h e 
l ocation of t h e experimental c h ann e l effl uent di scha rge. 
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FIGURE 14A 

-1 
Concentration of totQl amronia (filtered) (mg ' L ) from 
se lected samp l es taken between Augu s t 30, 1978 and 
January 31, 19 79 in t he Quinsam Rive r . Arrow 
indicates t he l ocation of the Quinsam Hatchery 
effluent di scharge. 
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FIGURE 14B 
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Con c entration of total amnonia (fil te r ed) ( rng·e
l

) from 
se l ec t e d s ampl es tak e n be tween Sept e mbe r 21, 197 8 and 
J anuary 30, 1979 in t h e Quali c um Ri v er . Arro w i ndi c at es 
the l ocati on o f the Qualicum Hat c h e ry e f f lue nt di s c harge. 
Doubl e arr ow indica t e s th e l ocation of t h e experimenta l 
c h anne l eff luent di sc harg e . 
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FIGURE 14C 

Concentrat i on of total amnonia (filtered) (mg "L-1) f rom 
selected s ampl es taken be tween Se ptember 27 , 1978 
and January 8 , 1979 in t he Capilano Rive r . Arrow 
indi cates t he l oca ti on of t he Ca pilano Hat c hery 
effluent di sc harge . 



.£13£1 

.£125: 

.£12£1 

TOTAL 
PHOSPHATE 

-1 
mg ' L 

.1:115: 

.£11£1 

\ . Jan . 31/79 

Sept . 21/78 

Au g . 30/78 

Dec . 20 /78 

£I.£I0£1~ ______ L-__ .-___ J-______ ~ ______ ~ 

w I 

SAMPLING SITES 

FIGURE 15A 

-1 
Concent rati on of total ph ospha te (mg ' J. ) from se l e cted 
sam pl es taken be twee n Au g u s t 30, 1978 and January 31, 19 79 
in t he Quin s am Rive r . Arrow indi c at es t h e l ocation of 
t h e Qui nsam Hatc h e ry eff luent di scharge . 
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Con cen trati o n of t otal ph os pha te ( mg ' L-
1

) fr om se l ec t e d 
s ampl es take n between Au gu s t 8, 1978 and January 30, 197" 
in the Qual icum Ri ve r. Arrow i ndi cates the loca ti on of 
t he Quali cum Hat c hery e fflu e nt di scha rge and c hum 
s pawning c hann e l di sc harge . Doubl e arrow indi cates 
t h e location of t he e xperime ntal c hannel di sc h a rge . 
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FIGURE 15C 

Con centrati on o f to tal phos p hat e (mg ' L-
1

) f r o m 
se lected s ampl es taken betwee n Septembe r 6 , 197 8 
and Fe hruary 7, 1979 in t he Capilano Ri ve r. Arrow 
indicate s t he l ocat i on o f t he Ca pilano Hatc hery 
e fflu e nt disc h arge . 
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rlisch arge . 

Co lonization peri od: October 1 1 to November 1, 1978 
(21 days) . 

"poo l s it e " 

'-------->f-~-== __ ~ ____ _ 
1~ w 

-- -- "ri ff le" si t e 
~ 

SMIPLING SITES 

Fli.liRF: Iqg 



AlZIlZI 

IiIlZIlll 

PHOTO­
SYNTHETI C 
PIGMENTS 

4":.~ 
mg · 100 cm 

CO l OI1L z ilLi o ll I · '- ; OJ: ,\ug ll s L L<J L o Sc p LembeL LL , J ':iiB 
(24 day s ) . " POOL" SITE. 

~____ chlorophyll ~ 
L-_____ '-__ , ___ ._--_-_----...:--=~,:::--:::-.::.-~~_====='" p haeopigment s 

PHOTO­
SYNTHETIC 
PIGMENTS 

BIllIll 

ElII1IZ1 

-2 mg . 100 cm . /IZIIZI 

"hl'IPLING SITES 

FIGURE LOA 

Concentration of photos ynt he ti c pigment s (chlorophyll ~ 
and pha eopi gme nt s mg - 100 cm- 2 ) on artificial s u bstrate : 
from se l ec t e d co l oni zation periods o n t he Punt ledge 
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Concentra ti on of photosynthetic pigments (chl oro­
ph y ll a and phaeopigment s mg -100 cm- 2 ) o n 
artificia l s ub st rates f r o m se l ec t ed colonization 
pe ri ods o n th e Punt l e dge River . Ar row ind i cates 
locat i on of th e Punt l e d ge Hatc h e ry di sc h arge . 
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FIGURE 22A 

To tal d i atom n umbers (ce ll s . c m-
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) from selec ted 
co l on i zat ion period s o n th e Pun t ledge Riv e r. Ar r o w 
indi ca t es l ocation o f t h e Pu ntl e d ge Hatc he ry e fflu e nt 
di scharge . 
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Total diatom number ( ce ll s . c m- 2 ) from se l ec ted 
c o loni zat ion periods o n the Puntl e dge River . 
Arrow indicates location of the Puntl e dge 
Hatc hery eff lue nt di scharge. 
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FIGURE 24A 

Concentrat ~ on of photosynth e t~~ pi gment ~ (chlorophyll ~ 
and pha eop1 gments mg .1 00 cm ) on art1f1c1al s ub stra t e s 
f r om se l ec t ed colonization period s on the Punt l edge 
River. Ar r ow indicates l ocat i on of t he Puntledge 
Hatche r y di scharge . 

Colonization pe riod: November 23 to December 21, 1978 
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Conce n tration of pho tosynt he ti ~ pigment s (c h lorophyll ~ 
and pha eo pi gme nt s mg.l00 cm- ) on artifi c ial s u bstrate s 
f r om selected colonization periods on the Qualicum Ri ver. 
Ar row i ndicates l ocation of th e Quali c um Hatc hery 
efflu e nt dis c harge a nd th e c hum spawning channe l 
d i scharge . Doubl e arrow indicates l oca tion of the 
expe ri men tal c hanne l di sc harge. 
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FIGURE 26 

Tota l diatom numbers (cells . c m-
2

) from selec ted 
coloni za ti on pe riods on the Quali c um Ri ve r. 
Arrow indicates l ocation of t he Quali c u m 
Ha tch e r y eff lue nt di sc h arge and t he c hum 
s pawnin g c hannel di scharge. Doubl e ar r ow 
indi cates the l oc ation of the e xper ime ntal 
c ha nn e l discharge . 



Plate 1. Periphyton artificial s ub strate plate s mounted on 
concrete blocks . 

a. peri phyton arb ficial substrate plate 
b . concrete bloc k 

Plate 2 . Plexiglass plate f oll owing 3-I<ee k coloni zat ion period . 



Plate 3 . "Mundie " benthic inve rtebrate sampler in use in stream 
riffle . 

Plate 4. Periphyton growth in Qualicum experimental channel . 
July 13 , 1978. 



Plate 5. Periphyton grOl.th in Puntledge rearing channel . 
March 21 , 1979 . 

Plate 6. Cleaning procedur e at Puntledge channel. Note section of 
chain link fenc ing is dragged across c hanne l. March 21 , 1979. 



PLATES 7 - 8 

PUNTLEDGE CHANNE L CLEANING 
~IARCH 21 , 1979 


