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ABSTRACT 

Two surveys were undertaken i n  the Prince Rupert a rea  i n  1974 i n  o rde r   t o  
determine the impact  of spent sulphite l iquor   d i sposa l   in to  Chatham Sound. A 

re-examination  of  oceanographic  conditions i n  Wainwright Basin and Porpoise 
Harbour relative t o   k r a f t  and o ther  mill discharges i n  these areas  was a1 so 
undertaken.  Watercol umn temperature, sal i n i  ty , and di ssol ved oxygen were 
examined a t   a l l   s t a t i o n s  i n  Chatham Sound, Porpoise  Harbour, and  Wainwright 
Basin.  In  addition,  an  examination  of benthic invertebrate populations was 
conducted a t  some of the s t a t i o n s  i n  Chatham  Sound as well a s  a brief 
assessment  of intert idal  communities i n  the area  of the spent sulphite 
d i  scharge. 

Chatham  Sound water qual i ty  appeared  unaffected by the spent sulphite 1 iquor  
discharge as reflected by the high  dissolved oxygen values and temperature/ 
s a l in i ty   va lues  which were typical of the area. Spent  sulphite l i quor  was 
however very  apparent i n  the surface  water  of Chatham  Sound extending a s   f a r  
nor th   as  Prince Rupert Harbour and as   fa r   south   as   Coas t   I s land   tu rn ing  the 
water  a  coffee brown colour. Benthic species d ive r s i ty  i n  Chatham  Sound was 
unchanged except i n  the immediate v i c i n i t y  of the spent  sulphite 1 iquor 
discharge where i t  was depressed. Visible damage t o  the i n t e r t i d a l  zone 
a t t r i b u t a b l e   t o  the discharge  of spent sulphite l i quor  was found t o  extend 
up t o  0.25 naut ica l  miles on either side o f  t h e  discharge o u t l e t .  The 

d i  ssolved oxygen concentrat ions i n  Porpoise Harbour were determined  to be 

low  (down t o  3 . 3  mg/ l )  b u t  no t   a s  low as  previously  recorded (0.5 mg/l;  
Wal di  c h u k  , 1962 1. 



RESUME 
? 

En 1974, on a entrepris deux 6tudes dans l a  rsgion de Prince Rupert pour 
d6termi  ner 1 ' ef f e t  des 1 iqueurs us6es de b i  sul f i  te d6vers6es dans l e  passage 
Chatham. On a ggalement  proc6d6 i un nouvel  examen des dondi t ions  
ociianographiques de l a  baie Wainwright e t  du havre  Porpoise oij se dhersent 
les  effluents  d'usines de papier Kraft ou autres. On a mesur'e l a  
tempgrature de l a  masse d'eau verticale, l a  sal ini t'e e t  1 'oxygEne di ssous 'a 
toutes les  stations du passage Chatham, du havre Porpoise e t  de l a  baie 
Wainwright. On a ,  en outre, 6tudi'e les populations d'invertGbr'es benthiques 
a' certaines  stations du passage Chatham e t  6valu6 sommairement les 
communaut'es i ntercotidal  es dans l a  zone  de  dgversement du bi sul f i  te us'e. 
Cet effluent n ' a  pas  sembl6 avoir modifi'e la  qualitit de l'eau du passage 
Chatham, cmme 1 ' i ndi quaient 1 e fort taux d' oxygene d i  ssous e t  1 es indices 
de tempgrature e t  de salinitz, q u i  etaient typiques de l a  r6gion. 
Cependant, 1 a 1 iqueur usGe de b i  sul f i  te iitai t trEs visible ii 1 a surface du 

passage Chatham; el l e  s'stendai t jusqu'au port  de Prince Rupert au nord e t  
jusqu' 2 1 'C1 e Coast au sud, donnant ii 1 'eau une couleur brun caf6. Le 
nombre  des espsces benthiques dans le passage Chatham ' e t a i t  inchang'e,  sauf 
dans le voi si nage de l a  dzcharge d ' o i  s '  6coul e l a  1 iqueur de b i  sul f i  te USG, 
ou' i l  a v a i t  diminug. On a observe, dans l a  zone intercotidale, des  d'eg8ts 
dus au bisulfite us6; i l s  s'gtendaient  jusqu'8 0.25 mil l e  marin  de  chaque 
c6t6 de l a  dgcharge. Au havre Porpoise, on a note que les concentrations 
d'oxyghe dissous e'taient  faibles ( 3 . 3  mg/ l ) ,  mais  pas au tan t  que celles 
enregi strees auparavant (0.5 mg/l : Wal d ichuk  1962). 
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CONCLUSIONS 

1. Watercolumn d i   sso lved oxygen concentrat ions i n  Porpoise  Harbour  ranged 

from 9.7 mg/l i n  the  surface  water  near  Flora Bank t o  3.3 mg/l a t   t h e  5 
metre  depth a t   t h e  upper  end of  Porpoise  Harbour (PH-1). 

2. There  appeared t o  be  an i n t r u s i o n   o f   w a t e r  w i  t h  a 1 ow di ssolved oxygen 

content   in to   the  upper  end of  Porpoise  Harbour from Wainwright  Basin  v ia 

Zanardi  Rapids . 
3. From the  parameters  examined ( i  .e., temperature,   sa l in i ty ,  and d i   sso lved 

oxygen),   the  water  qual i ty i n  Chatham Sound appeared  unaffected  by  the  spent 

s u l   p h i   t e  1 i q u o r   d i  scharge. 

4. The s p e n t   s u l p h i t e   l i q u o r  was observed to spread  as fa r   sou th  as the  

v i c i n i t y   o f  Coast I s l a n d  and  as f a r  n o r t h  as Casey P o i n t ,   w h i l e   t h e   e f f l u e n t  

was being  discharged  v ia an  open submarine p i p e   i n   t h e   . c e n t e r  o f  "Discharge 

Cove". 

5. Benth ic   spec ies  d ivers i ty  was h igh   (up   t o  3.302) i n  Chatham Sound w i t h  

the  except ion  o f   D ischarge Cove, where a d i v e r s i t y   v a l u e   o f  1.429 was 

recorded. A d e f i n i t e   r e d u c t i o n   i n  community composit ion was observed i n   t h e  
v i c i n i t y  of t h e   o u t f a l l .  

6. Considerable damage to t h e   i n t e r t i d a l   b i o t a  was ev ident   in   "D ischarge 
Cove". The a r e a   d i r e c t l y   a d j a c e n t   t o   t h e   o u t f a l l  was observed t o  be com- 

p l e t e l y   s t e r i l e   w i t h   t h e   s u b s t r a t e  composed of   bare  rocks and reduced 

sediments.   Considerable  f ibrous  mater ia l  was ev ident  on the exposed  shore 
a t  l ow   t i de  a t  the  t ime  o f   inspect ion.  Damage t o   t h e   i n t e r t i d a l  zone 

resu l t ing   f rom  the   red   l iquor   d i   scharge was observed  to  extend  approximately 

0.25 nau t i ca l   m i l es  (456 m) on e i ther   s ide   o f   the   d ischarge.  
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1 INTRODUCTION 

1.1 I n t e n t   o f  Survey 

A survey  of   the  marine  receiv ing  environment  adjacent  to  the 

Cancel pul  p mil 1 owned by Canadian C e l l   u l  ose Company L td .   i n   P r ince   Ruper t ,  

B.C. , was undertaken by the  Marine  Studies  group  of  the  Environmental 
P r o t e c t i o n   S e r v i c e   i n   t h e  summer o f  1974. Two f i e l d   t r i p s  were made t o  the 

area, one i n   t h e   p e r i o d   J u l y  8 t o  12 and a second from August 5 t o  9. 

The purpose o f  these  surveys was t o  examine t h e   e f f e c t s   o f  

discharges from the Cancel pu lp mill on the  adjacent  marine  environment. 
O f  s p e c i a l   i n t e r e s t  was t h e   f a c t   t h a t  a new extens ion and d i f f u s e r  were 

b e i n g   i n s t a l l e d  by Cancel on the end o f   t h e i r   R i d l e y   I s l a n d   s p e n t   s u l p h i t e  

l i q u o r   p i p e l i n e .  It was f e l t   t h a t  it would be of   va lue t o  assess  the  impact 
o f   t h e   i n s t a l   l a t i o n  and o p e r a t i o n   o f   t h e   d i f f u s e r  on the  environmental 

qual i ty o f  Chatham Sound. 

Physical  oceanographic  parameters  investigated a t  a1 1 s t a t i o n s  

i nc l  uded temperature,  sal i n i  ty , and di  ssol  ved oxygen. A cursory exami n a t i o n  
o f   t h e   s u b t i d a l  and i n t e r t i d a l   i n v e r t e b r a t e s   i n   t h e  Chatham Sound area was 

a1 so made. 

1.2 Study Area 

Pr ince  Rupert  i s   l o c a t e d  on t h e   n o r t h   c o a s t   o f   B r i t i s h  Columbia 

near  the mouth o f   t h e  Skeena R ive r   (F igu re   1 ) .  It i s   a t  the  eastern 
ext remi ty   o f   the  Dixon  Entrance - Chatham Sound system on Kaien  Is land. 

The Cancel pu lp mill i s  5.5 mi les  south of the City of Pr ince  

Rupert on Watson I s1  and, being  separated from t h e   c i t y  by a mountain 

approximately 2,000 f t  (610 m) i n   h e i g h t  (Hays  Mountain). The pulp mill i s  

loca ted  on a se r ies   o f   pa r t i a l l y   enc losed  embayments; Morse Basin, 
Wainwright  Basin, and Porpoise  Harbour,  which  are  connected  with one another 

by c o n s t r i c t e d   t u r b u l e n t  passages (F igu re  1). A1 though  there i s  
cons ide rab le   t i da l   f l ow   th rough   th i s  system, f l u s h i n g   i s   d r a s t i c a l l y  reduced 

by a se r ies  o f  shal  low  si1 1 s connecting  the embayments. 
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The p u l p  mill  is  separated fran Chatham Sound by Ridley Island. 
Chatham  Sound has been described  as a semi-enclosed  basin  of  water w i t h  an 

area o f  600 square.miles (Trites, 1956). F l u s h i n g  i s  good i n  t he   v i c in i ty  
o f  Ridley  Island w i t h  cu r ren t   ve loc i t i e s  up t o  1.2 knots present a t   c e r t a i n  
t idal   s tages .  

1.3 C1 imate 

The cl  imate  of the Prince Rupert area is a modified mari time 
cl  imate. Monthly mean temperatures  range from 1.8"C i n  January  to 13.5"C i n  
July. The mean annual prec ip i ta t ion  is 95.06 inches  (241.45  cm). The 
prevai l ing winds a re  from the southeast  w i t h  an annual mean veloci ty   of  7.1 
mph (Hoos, 1975). 

1.4 Cancel 

The Cancel p u l p  mill  was establ ished i n  1950 a s  a 500 tons/day 
( T P D )  s u l p h i t e  mi l l  w i t h  the  original  discharge being in to  Wainwright  Basin 
and Porpoise Harbour v i a  settling ponds (Figure 2 ) .  In  1967, a  750 TPD f u l l  
bleached  kraft mil 1 was established.  Concurrent w i t h  this in s t a l   l a t i on ,  a 
study  of  discharge  methods was conducted by the British Columbia Research 
Council i n  which i t  was  recommended tha t   t he  spent su lph i t e   l i quor  
discharged from the ol  d su lph i te   mi l  1 should  be piped across Porpoise 

Harbour and Ridley  Is land  to   effect  a discharge  into Chatham Sound. T h i s  
p ipe l ine  was constructed i n  1968. The discharge  locations  at   the  t ime  our 
present surveys were  conducted were as shown i n  Figure 2 (Ker, Priestman, 
Keenan, and As soci  ates , 1970). 

The su lphi te  mil 1 a t  the time o f  sampling was producing  188,000 
tons  of p u l p  per year  while  the  kraft   mill  was producing  290,000  tons per 
year. 
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Effl uent volumes di scharged a t  the time of sampl i ng were as  
fol 1 ows : 

Source 

Woodroan 
S u l p h i t e  M 
Kraf t  Mil 1 
S u l p h i t e  M 

D i  scharge  Location Volume ( IGD ) 

Porpoi se Harbour  2,300,000 
i l l  Wainwright  Basin  32,000,000 

Wa i nwri gh t Basi n 29,000,000 
i l l  Cha tham Sound 3,600 ;OOO 

(Hoos, 1975) 

Cancel has h i  s to r i ca l  l y  had a number of pol l u t i o n  problems 
stemming primarily from the poor f l u s h i n g  c h a r a c t e r i s t i c s  of Morse Basin, 
Wainwright  Basin and Porpoise  Harbour. Low dissolved oxygen values were 
f i r s t  noted by Stokes ( 1953). Val ues as  1 ow as  3.8 mg/l i n  the deep water 
of the central   por t ion of Porpoise Harbour and 4.4 mg/l i n  Wainwright  Basin 
were obtained. Wal dichuk (1962 found dissolved oxygen Val ues a s  1 ow a s  0.5 
mg/l just o f f  the p u l p  mill i n  Porpoise Harbour i n  the intermediate depths. 
A short h is tory  of Cancel's  pollution  problems i s  provided i n  an E.P.S. 
memo  by  Holman (1973). 



2 METHOOS AND MATERIALS 

Two surveys o f  the  study  area  were  undertaken,  during  the  periods 

J u l y  8 t o  12,  1974,  and  August 5 t o  9, 1974. The i n i t i a l   s u r v e y   i n c l u d e d  

oceanographic  sampling a t   s t a t i o n s   i n   P o r p o i s e   H a r b o u r  and Wainwright  Basin 

(F igure  31, benthic  sampling a t   s e l e c t e d  Chatham Sound s ta t ions ,  and  a b r i e f  

i n t e r t i d a l   s u r v e y   i n   t h e   v i c i n i t y  o f  "Discharge Cove" on R id ley   I s land  

(Figure  4). The second  survey  involved  oceanographic  sampling a t  the 

Porpoise  Harbour and  Chatham Sound s ta t ions .  All s t a t i o n s  were  establ ished 

by means o f   ho r i zon ta l   sex tan t   ang les   subsequen t l y   p lo t ted   w i th  a Douglas 

pro t rac to r .  

2.1 Oceanographic Sampl ing 

I n   t h e   f i r s t  survey,  oceanographic  sampling was conducted a t  the 

s t a t i o n s   o f f   F l o r a  Bank i n  Porpoise  Harbour and i n  Wainwright  Basin  (Figure 

3 ) .  Four o f   t hese   s ta t i ons ,  P-20,  P-12,  Pa.18, and Pa17 were  establ ished by 

Waldichuk i n  1961 (Ua l  dichuk,  1962)  while  the  remaining  two  were new 

s ta t i ons   es tab l i shed  by the  Marine  Studies Group.  Sampling was conducted  on 

a r i s i n g   t i d e   i n   o r d e r  t o  maximize  the  e f fects  o f  the p u l p  mil 1 discharge. 

I n  the second survey,  oceanographic  sampling was conducted a t  a1 1 

Porpoise  Harbour   s ta t ions  wi th   the  except ion o f  P-17. This  sampling was 

again  completed on a r i s i n g   t i d e .  A1 1 of t h e   s t a t i o n s   i n  Chatham Sound were 

sampled  on bo th   f lood  and  ebb t i d e s  to determine the e f f e c t s   o f   t h e   r e d  

l i quo r   d i scha rge  on the water  qual i t y  i n  Chatham Sound a t   v a r y i n g   s t a g e s   i n  

the t i d a l   c y c l e .  

The water samples  were ob ta ined  w i th  Nansen b o t t l e s   a t   s t a n d a r d  

oceanographic  depths t o  the bottom a t  a1 1 s t a t i o n s .  Temperatures  were 

determined  using  standard  centigrade  thermometers  placed i n  the samples 

immediately upon t h e i r   a r r i v a l   a t   t h e   s u r f a c e .  Sal i n i  t y  was measured using 
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FIGURE 3 OCEANOGRAPHIC  SAMPLE  STATIONS 



a re f rac tometer   p rev ious ly   ca l ib ra ted  by hydrometric and e l e c t r o c o n d u c t i v i t y  

techniques.  Dissolved  oxygen  content was measured using  the  azide 
modi f icat ion  o f   the  Wink ler   technique  (Davidson  e t   a l ,   1974) .  The percent 

saturat ion  o f   oxygen was ca lcu la ted   accord ing  t o  the  equat ion  o f  Gameson  and 

Robertson  (195 5). 

2.2 Benthic  Sampling 

Benthic  samples  were  obtained a t   S t a t i o n s  DCa1, CS-2, CS-3, CS-4, 

CS-6, and CSa7 i n  Chatham Sound (F igure  4) .  The samples  were co l   l ec ted  

using a 0.092 square  metre  Ponar  grab. Upon c o l l e c t i o n ,   t h e  samples  were 

washed through a 0.5 mm s ta in less   s tee l   sc reen   i n   o rde r  t o  e x t r a c t  the 

infaunal  organisms. The organisms  thus  col  lected were f i x e d  i n  buffered 10% 
formal i n  which was l a t e r  changed t o  90% i sopropy l   a lcoho l  for preserva t ion  

u n t i l  such  time as they   cou ld  be sor ted  and i d e n t i f i e d   i n  Vancouver. A1 1 o f  
the po lychae te   i den t i f i ca t i ons   were  made a t   t h e   B r i t i s h   C o l u l m b i a   P r o v i n c i a l  

Museum by K.D. Hobson. 

L i s t s   o f  the i d e n t i f i e d   s p e c i e s  from each s t a t i o n  were  compiled 
and s p e c i e s   d i v e r s i t y  was ca lcu la ted   accord ing  t o  the equat ion   o f   P ie lou  

(1966). 

2.3 I n t e r   t i d a l  Survey 

A q u a l i t a t i v e   i n t e r t i d a l   s u r v e y  was conducted i n  t h e   v i c i n i t y   o f  

t he   R id ley   I s land   ou t fa l l  and a1 so a t  a po in t   near  Watson I s l a n d  on 

Wa inwr i  gh t Basi n. 

S i x  l o c a t i o n s  were  examined a long  the   R id ley   Is land/Ka ien   Is land 

shore (F igure  5 ) .  A t  each s t a t i o n  the community composit ion was noted and 

representative  photographs  obtained.  Along  the  shore  of  Wainwright  Basin, 

the q u a l i t y  and compos i t i on   o f   t he   i n te r t i da l   b io ta  was evaluated. 
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FIGURE 4 BENTHIC  SAMPLE  STATIONS 
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FIGURE 5 INTERTIDAL STATIONS 
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3 RESULTS AND DISCUSSION 

3.1 Oceanography 

3.1.1 Porpoise  Harbour. The s t a t i o n s  i n  Porpoise Harbour were sampled 
on two occasions,   July 9 and August 7,  1974,  both on a rising tide. The 
data  obtained i n  the course  of this work i s  contained i n  Appendix I and 
displayed i n  the form of water column p r o f i l e s  i n  Figures 6 t o  11. 

The area  i n  quest ion  involves   essent ia l   ly  three di stinct, ye t  
connected, water bodies. The port ion i n  the v i c i n i t y  of  Flora Bank and the 
mouth of  Porpoi se Harbour i s  af fec ted  to a high  degree w i t h  respect t o  
oceanographic  properties, by the flow  of the Skeena River. This i s verified 
by the da ta ,  which shows  a s u r f a c e   s a l i n i t y  of 19.0yain the Ju ly  sampling 
period a t  a time of h i g h  runoff,  compared t o  a s a l i n i t y  of 26.0°/m i n  August 
when the Skeena  flows were somewhat reduced. Dissolved oxygen 
concentrat ions were high i n  this portion  (9.7 mg/l (102.3% sa t . )  on July 9 
and 8.8 mg/l (94.4% sa t . )  on August 7 i n  the surface  water.  Dissolved 
oxygen i n  the bottom water i n  this a rea  was found t o  be 7.4 mg/l (82.5% 
sa t . )  on Ju ly  9 and 6.9 mg/l (76.95% sat . )  on  August 7. These values 
suggested  that  the pul  p m i l l  was exert ing l i t t l e  e f f e c t  on the di ssolved 
oxygen concentration i n  the water i n  the v i c in i ty  of  Flora Bank. There 
appeared  to be no s i g n i f i c a n t  change i n  temperature  values between the two 
data sets. Surface  temperatures were found t o  be 11.5OC and 11.2OC on Ju ly  
9 and Augus t  7 respec t ive ly  while bottom temperatures  ranged from 1 0 . 4 O C  on 
Ju ly  9 t o  10.7OC on August 7. 

The area  i n  the central   por t ion o f  Porpoise Harbour appeared less 
af fec ted  by the changing  flows  of the Skeena River. S u r f a c e   s a l i n i t i e s   a t  
S ta t ions  P-12, P-18, and PH-1 remained reasonably  unchanged, w i  t h  a to ta l  
range  of  1.9%0(24.6”/00to 26.5”/,) between s t a t i o n s  and  sampling  periods. 
However, there d i d  appear to be a difference i n  the d i  ssolved oxygen 
p ro f i l e s  between these s ta t ions .  Comparing the two p r o f i l e s  (Figures 8 and 
l l ) ,  a s l i g h t l y  more  pronounced intrusion  of  water  containing a lower 
dissolved oxygen content  was observed i n  the August  sampling. This 
in t rus ion  was no t   a s  prominent i n  Ju ly  when the mill was on strike and, 
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therefore,   not   d ischarg ing  e f f luent   which  would  p lace an  oxygen demand on 

the  water  of  Wainwright  Basin. It should be mentioned  here, t h a t  Waldichuk 

(1962)  found  dissolved  oxygen  levels i n  t h e   v i c i n i t y   o f   S t a t i o n  P-18 t o  be 

l ess   t han  0.5 mg/l i n  the   midd le   depths .   Th is   s i tua t ion   appears   to  have 

improved  substantial ly  as  the  lowest  value  found a t   t h i s   s t a t i o n   i n   o u r  work 

was  3.9 mg/l. 

The th i rd   d isc ree t   por t ion   o f   the   Porpo ise   Harbour   sampl ing   a rea  

was Wainwright  Basin.  This was sampled a t  one s t a t i o n  (P-17)  on J u l y  9 

only. The di  ssolved  oxygen  concentrations  were 1 ow a t   t h e   t i m e  (4.0  mg/l a t  

the  surface; and 3.6 mg/l in   the   bo t tom  water ) ,  however, n o t  as low  as had 

been repor ted i n  the   pas t  ( 0  - 3.5 mg/l;  Waldichuk,  1962). 

3.1.2 Chatham Sound. I n  Chatham Sound, a t o t a l   o f  8 s t a t i o n s  were 
sampled on two consecut ive days. On August 6 the  sampling was conducted on 

a f l o o d   t i d e ,   w h i l e  on  August 7 the   s ta t i ons  were  sampled on an ebb t i de .  

The data  obta ined  f rom  th i  s sampl i ng a r e   c o n t a i n e d   i n  Appendix I and 

d e p i c t e d   g r a p h i c a l l y   i n   F i g u r e s  12 and 13. 

The water  column was s l i g h t l y   s t r a t i f i e d   a t   a l l   s t a t i o n s  and 

uni form  wi th   respect   to   the  parameters  invest igated  throughout   the  area 

sampled. Temperatures  ranged from a h i g h   o f  13.5OC a t   t h e  5 meter  depth a t  

S ta t ions  CS-4 and CS-5 t o  11.5OC i n   t h e  bottom  water a t  CS-6 on August 6; 

and 12.5OC a t  t h e   s u r f a c e   a t   S t a t i o n  CS-5 t o  9.8OC a t   t h e   b o t t o m   a t  CS-5 on 

August 7. S a l i n i t y  ranged from 23.0 a t   t h e   s u r f a c e   a t  CS-2 and DC-1 t o  
34.0 a t   t h e   b o t t o m   a t  CS-6 on August 6. On August 7 t h e   s a l i n i t y   v a l u e s  

ranged from a low  o f  21.5 a t   t h e   s u r f a c e   a t  a1 1 s tat ions  except  CS-1 and 
CS-5 t o  32.0 a t   t h e   b o t t o m   a t  CS-5,  CS-6 and CS-7. D i  ssolved  oxygen  values 

ranged from 11.9 mg/l  (134.1%  sat.) a t   t h e   s u r f a c e   a t  CS-6 t o  6.5 mg/l  (75% 

sat.) i n  the  bottom  water a t   t h e  same s t a t i o n  on  August 6, and from a h igh  

o f  10.6 mg/l (116.0% sat.) a t   t h e   s u r f a c e   a t  CS-1 t o  6.0 mg/l (66.9% sat.) 

a t   t he   bo t tom  a t  CS-6 on August 27. 

These r e s u l t s   i m p l y   t h a t   t h e r e  was no s i g n i f i c a n t   d e p l e t i o n   o f  

d isso lved oxygen a t t r i b u t a b l e   t o   t h e   s p e n t   s u l p h i t e   l i q u o r   d i s c h a r g e .  The 

s l   i g h t  changes i n  Val ues  between  the two  days  were probably   the  resul  t o f  
d i f f e r i n g   s t a g e s   i n   t h e   t i d a l   c y c l e   a t   t h e   t i m e  of sampling. 
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FIGURE 12 WATERCOLUMN  PROFILES FLOOD T IDE 
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F I G U R E  13 WATERCOLUMN  PROFILES EBB T I D E  
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. 
The one observation  which was  made a t   t he   t ime   o f   samp l ing ,  and 

f e l t   t o  be  cause f o r  concern, was t h e   e x t e n t   o f   t h e   v i s i b l e   s u r f a c e   d i s t r i -  

b u t i o n   o f   t h e   r e d   l i q u o r   e f f l u e n t   i n   t h e   d i r e c t i o n   o f  F1 ora  Bank on  an ebb 

t i de .  The e x t e n t   o f   t h i s   f l o w   i s   i n d i c a t e d   i n   F i g u r e  14. The e f f l u e n t  was 

also  observed i n  the  sur face  water   as  far   nor th   as Casey P o i n t  on a f l o o d  

ti de. 

It should be no ted   tha t   the   p lanned  d i f fuser  was n o t   i n   o p e r a t i o n  

and di  scharge was from an open-ended p ipe   ex tended  in to   the   cen ter   o f  " D i  s- 
charge Cove'' and on  the  bottom. It was assumed, however, t h a t  a s i m i l a r  

problem o f   sur face   spread ing   o f   e f f luen t   wou ld   p reva i l  when t h e   d i f f u s e r  was 

pu t   i n to   ope ra t i on .  The e f f luen t ,   as ide  from being   aes the t ica l l y   unat t rac-  

t i v e ,   c o u l d  have a t o x i c   e f f e c t  on t h e   i n t e r t i d a l   b i o t a .  It was f e l t   t h a t  

t h i s   e f f e c t ,  w i  t h   t h e  changed d i  sposal method, coul  d be much more f a r  

reaching  than it had prev ious ly  been. 

3.2 Benthic  Survey 

The benthic  grab samples obtained  revealed no extensive  spreading 

o f  pulpwood f i b r e   i n t o  Chatham Sound. F i b r e  was observed to   cover  some por- 

t i o n s   o f   t h e   i n t e r t i d a l  zone i n  "Discharge Cove'' and some f i b r e  was obta ined 

i n  the sample from S t a t i o n  DC-1; however, there  was no e v i d e n c e   o f   f i b r e   o r  
reduced  sediments i n  Chatham Sound i t s e l f .  

The benthic  faunal   populat ions  at   most  stat ions  were  found t o  have 

h igh  numbers o f   i n d i v i d u a l s  as we l l  as a d i ve rse   spec i f i c   rep resen ta t i on .  

This  may be seen by examining  Appendix 11. The s t a t i o n   l o c a t e d   i n   " D i s -  

charge Cove" was the  sole  exception. A t  t h i s   s t a t i o n ,   o n l y  a l i m i t e d  number 
of  polychaete  species  (Glyci nde L i c t a ,  - Ci r r a t u l  i s c i   r r a t u s   s p e c t a b i  1 i s, and 

Cap i te l la   cap i ta ta ) ,   o l igochaetes ,  and  amphipods  were found. 

The d i ve rs i t y   i nd i ces   ca l   cu l   a ted  from t h e   r e s u l   t s   o f   t h e   b e n t h i c  

grabs  are  presented in Table 1. It may be seen from examination of t h i s  

t a b l e   t h a t  DC-1 was t h e   o n l y   s t a t i o n   a t   w h i c h   t h e   d i v e r s i t y  was s i g n i f i -  

cant1 y 1 owered. 



- 22- 

500 0 Z o o 0  METERS 

FIGURE 14 EXTENT OF SURFACE  SPREADING OF SPENT 
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TABLE 1 

STAT I ON 

D.C. 1 

cs-2 

cs-3 

cs-4 

CS-6 

cs-7 

BENTHIC DIVERSITY INDICES 

LOG E 

1.429 

3.302 

3.102 

2.917 

2.976 

3.015 

EVENESS 

0.797 

0.867 

0.853 

0.731 

0.844 

0.823 
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3.3 Intertidal Survey 

A brief  qualitative  intertidal survey was undertaken on July 11 i n  
an a t tempt  t o  determine the zone of influence of the effluent di scharge w i  t h  
respect t o  the intertidal biota.  The stat ions examined are depicted i n  
Figure 5. 

" D i  scharge Cove", the first area examined  was characterized by an 
appearance of almost  complete sterility. The infaunal organisms had been 
killed b u t  had not decayed i n  the least, suggesting t h a t  microbial 
populations had been eliminated as we1 1 (Plate 1). While the rocks were 
completely bare, some of the mud f la ts  were  covered w i t h  a thin  layer of 
fibre  (Plates 2 and 3 ) .  Below the surface of the flats,  the sediments were 
composed o f  black hydrogen sulphide ooze indicative of strongly reduced 
conditions. Approximately 100 metres away from the outfall along the 
southerly  shore, the rocks became coated w i t h  an orange  ooze probably 
containing bacterial and/or algal slimes and the calcareous remains of 
barnacles were  observed (Plate 4 ) .  

A t  S t a t i o n  2 (Landing Po in t )  the coating of orange  slime came t o  
an abrupt end, being replaced by patches of chlorophytic algal  growth (P la t e  
5 ) .  A short  distance south of this p o i n t ,  stunted growths of Fucus sp. were 
noted. A1 so noted  were  growths of Enteromorpha  sp. and smal 1 populations of 
Littorina  sp., Balanus sp., Acmaea sp., and Gammarid aniphipods.  However, a t  
the time only 50% of the barnacles (Balanus sp) were found t o  be alive. I t  
was noted t h a t  the live barnacles and limpets possessed  extremely soft 
she1 1 s ,  presumably the result of the effects of the spent sulphite 1 iquor 
discharge. Large populations of polychaetes (Capitella  sp.) were also 
observed,  underneath 1 oose rocks. 

Numbers and apparent health of organims increased wi t h  increasing 
distance from the discharge i n  a southerly direction. A t  a position 
approximately 150 t o  200 m south of the cove, Hemigrapsus  sp. and Mytilus 
sp. were observed, as well as large numbers of Gammarid  amphipods. 
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A t  S t a t i o n  3 ,  0.25 naut ica l   m i les   (456 m) south  o f   the  d ischarge 

area, t he   i n te r t i da l   popu la t i ons  appeared  healthy  (Plate  5) and the  d iverse 

fauna  represented i s  out1 i ned i n  Appendix I I I. 

A t  S t a t i o n  4, 0.5 nau t i ca l   m i l es  (912 m) south of  "Discharge 

Cove", t h e   b i o t i c  communities  appeared t y p i c a l   o f  a natural   envirorment,  

(P la te   6 ) .  Appendix 111 summarizes a l l  species found. 

A t  S t a t i o n  5, 0.25 naut ica l   m i les   (456 m) nor th   o f   the   d ischarge,  

a p a r t i a l  improvement in   cond i t ions   over   those  o f   the   d i   scharge  a rea  was 

noted. The presence o f  such f l o r a  and fauna  as  Fucus sp., Balanus sp., and 

Acmaea  sp.  was i n d i c a t i v e   o f   t h a t  improvement;  however, t h e   d i v e r s i t y   o f   t h e  

community was .extremely  low. It was a lso   no ted   tha t   the  Fucus sp. was 

stunted and the   l impets  and barnacles  possessed  extremely  soft  shel ls. 

S t a t i o n  6 was loca ted  0.5 nau t i ca l   m i l es  (912 rn) n o r t h   o f   t h e  

discharge on Ka ien   Is land.   Th is   s ta t ion  was a wave-washed beach composed o f  

smal 1 boulders and character ized by  a v e r y   l i m i t e d  number o f  organisms,  the 

representat ives  o f   which  are summarized i n  Table 4. A l though  the  b io ta i n  
t h i s   l o c a t i o n  was l i m i t e d ,  i t  was f e l t   t h a t  i t  was c h a r a c t e r i s t i c   f o r   t h a t  

type   o f  beach  and  had n o t   s u f f e r e d   s i g n i f i c a n t l y  from the  presence  of   the 

red  1 iquor  d ischarge. 

S t a t i o n  7 was loca ted   in   Wainwr igh t   Bas in  on the  shore of Watson 

Is1 and n e a r   t h e   o u t l e t   o f   S e t t l i n g  Lagoon #2. T h i s   s t a t i o n   e x h i b i t e d  con- 
s iderable  degradat ion.   Species  d ivers i ty  was very  low and contained 

macrobiota such  as Enteromorpha sp., a  few stunted Fucus sp., C a p i t e l l a  sp., 

L i   t t o r i  na sp., some f i  rst-year  barnacles  (Bal  anus sp. ) , as we1 1 as a few 
amphipods  and isopods. The beach a1 so had a f i n e  1 ayer   o f  brown f i b r e  

cover ing a mass o f  black  hydrogen  sulphide ooze. T h i s   s i t u a t i o n  was very 

s i m i l a r  t o   t he   cond i t i ons   no ted   i n   p rev ious   repo r t s   (Goye t te   e t  a l ,  1970). 
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Results o f  Porpoise Harbour  Area  Water  Qual  i ty Survey - July 9, 1974 

Sample  Temperature  Sal ini ty Dissolved X Saturation 
Station Time Depth ( m )  OC O/oo Oxygen mg/ l  Oxygen 

FB-1 1110 0 11.5 19.0  9.7 102.3 
5  10.8 26 .O 7.7 84.0 

10 10.8 28.0  6.7  74.4 
1145 15 10.4 30.6 7.4  82.5 

P- 20 1150 0 11.0  18.8 9.6 100.0 
5 11.2 24.2 6.6 71.8 

10 11.2 26.7 5.8 64.1 
15 11.0  29.1 6.7  74.4 
20 10.8  30.4 8.1  91.9 
24 10 00 31.8 8.2  91.3 

P-12  1240 0 10.9  24.6  6.3  68.3 
5 10.9 26.5 4.3  46.6 

10  10.9 26.7 4.3  46.7 
15  10.9 27.2 4.9  53.4 
20 10.5 30.4 7.2 80.3 

P- 18  1410 0 11.1 26.5 3.9 43.0 
5 11.0 26.5 3.9  42.3 

10  11.4 26.7 4.1  45.5 
15 11 .o 27.3  5.5  60.2 

PH- 1 1505 0 11.1 26 .6  6.0  66.2 
5 10.9  27.2  4.4  48.5 

10  10.6  27.2  4.3  47.1 
15 10.5 27.2  4.4  47.5 

P- 17 1800 0 10.7 26.7 4.0  43.7 
5 10.9 26.5 3.9  42.8 

10 10.8  26.4  3.9 42.1 
15 10.9 27 . 1 4.0  43.5 
20 10.8 27.1 3.8  41.6 
25 10.6 27.1 3.6 38.4 
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Results o f  Porpoise  Harbour  Area Water Qual i ty  Survey - August 7,  1974 

Sample Temperature Sal ini  ty  Dissolved % Saturation 
Station Time Depth ( m )  *C O/oo Oxygen mg/l Oxygen 

FB-1  1000 0 11.2  22.0  8.8  94.4 
5 11.4  26 .O 7.0  77.4 

10 11.3 28.0 5.9  66.0 
15 10.7  29.5  6.9  76.9 

P- 20 1100 0 11.8  26.5  5.1  57.1 
5  12.0 26.5 5.0  56.2 
10 11.8 27.5 5.4 60.8 
15  11.4 30.5 6.9  78.6 
20 11.3 31.5 6.9  79.0 

P-12 1120 0 12.0  26.5  4.2  47.2 
5 12.2  26.5  4.0  45.2 

10 12.3  26.5  4.1 46.4 
15 12.2  27.0  4.4  49.8 

P- 18 1200 0 12.6 26.5  5.1  58.1 
5 12.6  27 .O 4.4  50.4 

10 12.6 27 .O 4.1  46.9 
15  13 .O 27.0  4.0  46.1 

PH- 1 12 0 12.5 26 .O 3.4 38.5 
5 13.0 26 .O 3.3  37.8 

10 12.6  26.5 3.8  43.3 
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Results of Chatham  Sound Water Qual i ty  Survey - August  6 ,  1974 

Samp 1 e Temperature  Salinity  Dissolved % Saturat ion 
S ta t ion  Time Depth ( m )  OC O/oo Oxygen mg/l Oxygen 

cs-1 1130 0 13.1 24.0 9.8 111.0 
5 13.1 24.5 9.5  108.0 

10 12.2 27.0 7.5 85 .O 
cs-2 1230 0 13.1 23.0 10 .o 112.6 

5 13.4 23.5 10 .o 113.6 
10 13 .O 25.5 9.0 102.7 

cs-3 1410 0 13.0 23.5 10 .o 11 2.7- 
5 13.2 23.5 9.9 112.0 

10 13.2  25.0 10.1  115.4 
cs-4 1425 0 13.0 23.5 10.3  116.1 

5  13.5 23.5 10.9 124.1 
10 12.9 25.5 8.3 94.5 
20 12  .o 30.5 7.3 84.3 

cs-5 1200 0 12.6 24.0  9.9 110.9 
5  13.5 24.0 10 .o 114.2 

10 13.0 26.5 7.9 90.8 
20 13.2 30.5 6.8 90.6 
30 13.2 31.5 6.9 82.3 

CS-6 1520 0 13.0 23.5 11.9 134.1 
5 13.0 23.5 11.6 130.7 

10 12.6 27 .O 8.7 99.4 
20 11.5 31.5 7.1 81.6 
30 11.8 31.5 6.8 78.7 
40 11.5 32 .O 6.5 75.0 

cs-7 1445 0 13.0 24.0 11.5  130.0 
5  13.1 24.0 10.7 121.2 

10 12.8 26 .O 8.9 101.5 
20 11.9  31.5 7.1 82.3 
30 11.7 32.0 6.8 78.8 
40 12.2 31.5 6.7 78.2 

Discharge 1335 0 13.2 23.0 10 .o 112.8 
Cove 2 13.2 23.5 9.5 107.5 
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Results o f  Chatham  Sound Water  Qual i ty Survey - August 7 ,  1974 

Samp 1  e Temperature Salinity  Dissolved % Saturation 
Station Time Depth ( m )  OC 9 0 0  Oxygen mg/l Oxygen 

cs- 1 2055 0 12.1 22.0 10.6 116 .O 
5 12.0 25.5 10.3 115 .O 

10 11.1 29.0 7.7 86.3 
cs-2 2000 0 12.0 21.5 9.8 106.7 

5 12.0 26 .O 9.2 103.1 
10 11.5  27.5 7.4 82.8 

cs-3 1820 0 12.2 21.5 8.5  92.9 
5 12.0 25 .O 9.4 104.6 

10 11.4  29.5 7.8 88.3 
cs-4 1725 0 12.2 21.5  9.5 103.9 

5 12.2 25 .O 9.4 105.1 
10 11.8 27.5 8.0 90.1 
20 10.4 31.5 7.1 79.6 

cs-5 2030 0 12.5  22.0 7.7 85.0 
5 12.2 26.5 9.7 109.5 

10 11.5 28.0 8.0 89.8 
20 10.5 32.0 6.8 76.7 
30 9.8 32 .O 6.1 67.7 

CS-6 1840 0 12.1 21.5 9.3  101.5 
5 11.9 26.5 8.9 99.8 

10 11.2 29.5 7.7 86.7 
20 10.6 31.5 6.7  75.5 
30 10.2 32.0 6.4 71.7 
40 10.0 32 .O 6 .O 66.9 

cs-7 1755 0 12.2 21.5 10.2 111.5 
5 12.2 25.5 9.7 108.8 

10 12.0 27 .O 8.5 95.9 
20 10.8  31.5 6.7  75.8 
30 10.6 32.0 6.5 73.5 
40 10.5 32 .O 6.3 7.10 

D C - 1  1810 0 12.1 21.5  9.0  98.7 
Bottom 2 12  .o 23.5  8.6 94.8 
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APPENDIX I 1  

S P E C I E S   L I S T  - CHATHAM SOUND BENTHIC  STATIONS 
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APPENDIX 11. SPECIES LIST - CHATHAM SOUND BENTHIC STATIONS. 
- 

Discharge 
Taxa Cove 6 - 2  CS.3  CS.4  CS.6 CS.7 

FORAM I N IFERA 
Rhabdamina abyssorum 

COELENTERATA 

Many 

Some Hydroi  dae 
Pt i losarcus  gurney i  1 

M MERT EA 1 

2 

3 3 6 

NEMATODA 
POLY C HAE TA 

1 
1 

1 Harmothoe  1 unul  ata 
Pei s id ice  aspera 
Phol oe minuta 
Eteone 1  onga 
Eteone  pac i f i c a  
Eteone spetsbergensi s 
Eul a1 i a   b i l   i n e a t a  
Eul a1 i a  sp 
Phyl lodoc i  dae 

( u n i d e n t i f i e d )  
Hesi oni  dae 

(uni  dent i f  i ed) 
Pi1 a r g i  s berk l  eyae 
Exogone l o u r e i  
Odontosyll i s  phosphorea 
Sphaerosyl 1 i s sp. 
Syl 1 i s heteroc  haeta 
Nephtys fe r rug inea 
Nephtys punctata 
NeDhtvs SD. 

1 
1 

1 
1 

1 
1 

1 

1 1 
9 12 
1 
1 
1 5 

6 

1 

3 
2 1 

Sphaerodokopsi s sphaerul i f e r  1 

1 
2 Sphaerodorum p a p i l l  i f e r  

G1 vcera  caDi  tata - 
Glycinde   p i c ta  
Lumbr inere is   b ic i r ra ta  

5 
4 
4 4 a 

1 
1 

4 4 

1 

1 

Lumbrinerei s 1 u t i  
Lumbrinereis sp. 

- 
N i  noe gemmea 
Dr i l one re i s   f a l ca ta   m ino r  
D o r v i l l  ea pseudorubrov i   t ta ta  
Orb in i   idae   (un ident i f ied)  
Scol o 1 o s  puget tens i  s 
Sco op o s  acmeceps 
Scol oplos  armiger 
"5- 5 2 

3 
1 
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Discharge 
Taxa Cove CS-2 CS.3 CS.4 CS.6 CS.7 

1 Paraonidae ( u n i d e n t i f i e d )  
Aricidea  minuta 
Aricidea  quadrilobata 
Ar i c  idea ram0 sa 
Paraoni s graci l  i s  
Laonice c i r r a t a  

1 
1 
9 11 3 

2 
5 
1 

1 Polydora  social i s  
PrionosDio steenstruDi 1 
Spio c i r r i f e r a  

6 4 
1 
5 

6 Spiophanes berkel eyorum 
Spiochaetopterus  costarum 
Chaetozone setosa 2 
Cirratul  us c i r r a t u s  

50 1 
6 
23 47 14 13 

2 1 
2 2 3 

spec tab i 1 i s 
Tharvx so. 4 

20 - '. C i  r ra tu1 1 dae ( u n i  dent if i ed) 5 
Cossura sp. 
Pherusa D l  umosa 
Scal  ibregmidae 

( u n i  dent  if i ed) 
Scal  ibregma i n f l  atum 
Sternaspi s scu ta ta  
Amnotrypane aul  ogaster 
Capi tel l  a   capi   ta ta  20 
Decamastus graci l  i s  
Mediomastus capensis 
Mal dane gl ebi fex 
Praxill  el 1  a  gracil i s  
Rhodine b i tor   ua ta  
m d a e  -" u n i  dent if i ed) 
Myriochel e ocul a t a  
Idanthyrsus  armatus 
Pect inar ia   granulata  
Ampharete acut i f rons  
Amphictei s mucronata 
Amphictei s scaphobranchiata 
Anabothrus graci l  i s  
Me1 inna c r i   s t a t a  
A m p h a r e t m i  dent if i ed )  

I 

1 

1 
1 
8 

2 
4 

1 

9 3 
5 2 
1 16 

8 
2 

3 
3 

3 
7 

1 
5 18 

1 
1 

1 
3 

2 
2 
2 

2 

1 
1 1 

2 Artacama coni  fera 1 
11 
9 

7 
15 

Polycirrus sp. 
Procl ea  graf f t 
Terebel 1 i dae u n i  dent  if i ed) 

1 
2 1 

14 
2 

1 
17 
3 
1 

3 
1 

Terebel 1 ides stroemi 
Laonome kro eri 
Sabel  1 idae 3" uni dent if i ed) 

1 

OL IGOCHAETA 10 
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Discharge 
Taxa Cove CS-2 CS.3   CS.4  CS.6 CS.7 

1 2 
35 
1 

1 1 
1 

10 

MOLLUSCA-BIVALVIA 
SP 

Cardi t a   v e n t r i c o s a  
kil a  cas t rens i s  
C1 inocard ium  ca l   i fo rn iense 
Nucul a  minuta 
Sol amen c o l  umb i anum 
Rictacyma  esquimal ti 

1 
2 11 

73 
1 

1 1 
14 

1 

1 

Thyasira sp. 
Thyas i ra   gou l   d i  i 
Crenel  1  a SD. 

2 2 

1 
7 
1 

Cryptomya  sp . 
Nucul  a SD. 1 

8 Parui l   uc ina sp. 
Cycl  ocardi um sp . 
Propriornusum davidosoni 
Yoldia SD. 
Nucul a   tenn i  s 
Macoma sp. 
Uni dent i f  i ed B i  Val  ues 1 2 

GASTROPODA 
Pol i n i c e s   p a l l   i d a  1 

1 3 
1 

Trac hydermon sp . 
Uni dent i f  i ed  Gastropod 

CR USTA E A  
Amphipoda 
Cumace a 
C1 ado  ce r a  
Decapoda-Pagurus 
Isopoda 

10 8 13 
1 
2 

14 24 

1 
2 
2 

1 

SP 

1 SIPUNCUL IDA 

ECHI NODERMATA-HOLOTHUROIDEA 

1 
1 

1 1 

1 

Eupentacta  quinquesemi t a  
Leptosynapta  sp. 
Pentamera  sp. 
Un iden t i f i ed   Ho lo thu r ian  

OPHIUROIDEA 
Ophiura sp. 1 1 

ASC ID IACEA 

10 Sol i tary   Asc i   d i  an 
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APPENDIX I I  I 

INTERTIDAL FAUNA AND FLORA 

. 



APPENDIX I 11 

FAUNA AND FLORA - 
Phaeophyta - 
Ch 1 o rophy t a  - 
Rhodophyta - 
Cni da r i  a 
Nemertea 
Mol lusca - 

Arthropoda - 

Echinodermata - 
Chordata - 

FAUNA AND FLORA - 

A1 gae 

Cni dar i  a 
Nemerte a 
Mol lusca 

Arthropod a 

Echinodermata 
Pisces 
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INTERTIDAL STATION 3. 

Laminaria sp. 
Fucus  sp. 
Ulva sp. 
Enteromorpha sp. 
encrus t ing   red   a lgae 
Ant hozoa - 
Amph i n  eura - 
Gastropoda - - 

- 
B i v a l v i a  - 
Crustacea - - 

- 

Astero i  dea - 
Pisces - 

Xanthograminus  sp 

Kathar ina  tun icata 
Mopalia sp. 
1 impets 
Thais . - 
L i  ttori na  sp. 
Mytil us  edul i s 
Bal  anus  sp. 

L i  ttori na  sp. 
M v t i l  us  edul i s 
1 

Bal  anus  sp. 
Pagurus  sp. 
Hemi grapsus  sp . 
Isopoda 
Amphipoda 
Leptas ter ias  sp. 
St ichaeidae 

- .  

Co t t i dae  

c 

I NT ERTI DAL STATI ON 4. 

Phaeophyta - 
Chlorophyta - - - 
Rhodophyta - 
Pori   fera - 
Ant hozoa - 
Amph i n eu ra - 

- 
Gastropoda - 

- 
B i v a l v i a  - 
Cirri pedi  a 

Decapods - 
Amphipoda 
Isopoda 
Leptaster ias sp. 
Stichaeidae 
Cott idae 

Fucus  sp. 
Laminaria  sp . 
Ulva sp. 
Enteromorpha  sp. 
Other  uni  dent i f  i ed  Genera 
a number o f  u n i d e n t i f i e d  Genera 
a number o f   u n i d e n t i f i e d  en- 
c rus t i ng  sponges. 
Xanthograminus  sp. 

Kather ina  tun icata 

Mopal i a  sp. 
L i   t t o r i  na SKI. 
Thais sp 
number o f   un ident i f ied   L impets  
Mytil us  sp. 
Bal  anus a1 andul  a 

d -  

Bal  anus cariousus 
~ 

Pagurus  sp. 
Hemigrapsus  sp. 



APPENDIX I 11 

FAUNA AND FLORA - 

A1 gae 

Phaeophyta 
Chl  o rophy t a  

An ne1 i da 

Polychaeta 

Mu1 lusca 

Pel ecypoda 
Gastropoda 

Arthropoda 

Cirri pedi a 

i Amphipods 
Decapoda 
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INTERTIDAL  STATION 6. 

Fucus sp.  
Enteromorpha sp. 
Shale on beach generally  coated w i t h  single 
cell chlorophytes 

Capi te l l  a sp. 

Myti 1 us sp . 
Limpets 

Bal anus gl andul  a 
Bal anus  cariosus 
" 

Gammarus sp. 
Hemi grapsus sp. 
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