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ABSTRACT 

The i n t e r t i d a l ecology o f approximately seventy m i l e s 

o f coast, along the southwest shores o f Vancouver I s l a n d from 

Por t Renfrew t o V i c t o r i a , was s t u d i e d d u r i n g the p e r i o d from 

May 1957 u n t i l J u l y 1958. T h i s coast i s a t r a n s i t i o n area 

between the open ocean at P o r t Renfrew and more s h e l t e r e d 

waters east o f V i c t o r i a , which are much freshened by the i n ­

f l u x o f the F r a s e r R i v e r . 

A t t e n t i o n was concentrated on the more conspicuous forms, 

mostly on those algae o f the order L a m i n a r i a l e s which do not 

occur i n the more s h e l t e r e d l o c a l i t i e s . O bservations were 

made at t w e n t y - s i x s t a t i o n s spaced a l o n g t h i s c o a s t . I n c o l ­

l e c t i n g specimens, p a r t i c u l a r a t t e n t i o n was g i v e n to those 

algae where i d e n t i f i c a t i o n i s d i f f i c u l t o r d o u b t f u l . These 

c o l l e c t i o n s were made to complement the d i r e c t o b s e r v a t i o n s 

on those e n t i t i e s which could r e a d i l y be i d e n t i f i e d i n the 

f i e l d . The presence or absence o f the e n t i t i e s s t u d i e d was 

noted at each s t a t i o n . The d i s t r i b u t i o n o f some o f the very 

conspicuous forms was determined a l o n g most o f the coast 

between the s t a t i o n s . Any d i s t i n c t upper or lower l i m i t s i n 

the i n t e r t i d a l organisms at a s t a t i o n were r e c o r d e d . L i m i t e d 

o b s e r v a t i o n s were made at f o u r t e e n other p o i n t s , where these 

were needed t o e l u c i d a t e questions r a i s e d by the e a r l i e r d a t a . 

C o n d i t i o n s of the p h y s i c a l environment, p a r t i c u l a r l y o f s a l i n ­

i t y , sea temperature, and t i d a l rhythms, were monitored a t each 
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o f the s t a t i o n s wherever p o s s i b l e . 

Most of the twenty-six s t a t i o n s were occupied a t l e a s t 

once each summer. Some o f the more c e n t r a l l y l o c a t e d ones 

were v i s i t e d at v a r i o u s times throughout the year i n order 

t o observe seasonal changes i n the organisms and environmental 

c o n d i t i o n s s t u d i e d . When two or more measurements o f the same 

upper or lower l i m i t o f an organism were made at d i f f e r e n t 

times, these r e p l i c a t e s were used to c a l c u l a t e e r r o r i n the 

technique used i n f i n d i n g the l e v e l s o f these l i m i t s . 

The open coast forms penetrate v a r y i n g d i s t a n c e s along 

the coast i n t o Juan de Fuca S t r a i t i n an e a s t e r l y d i r e c t i o n . 

Evidence i s presented t h a t d i f f e r e n t f a c t o r s i n the p h y s i c a l 

environment may be l i m i t i n g f o r the g e o g r a p h i c a l d i s t r i b u t i o n 

o f d i f f e r e n t organisms. 

T h i r t y - s i x v e r t i c a l l i m i t s o f the organisms s t u d i e d are 

d i s c u s s e d . These are a l l the l i m i t s which were measured at 

nine or more s t a t i o n s throughout the area s t u d i e d . The h e i g h t s 

o f each l i m i t were p l o t t e d a g a i n s t the headland t o headland 

d i s t a n c e between stationsw Each l i m i t was approximated by a 

l i n e o f l e a s t squares. The v a l i d i t y o f t h i s approach i s 

d i s c u s s e d . 

The l i m i t s s t u d i e d were grouped as f o l l o w s : 

1. L i m i t s which are very v a r i a b l e throughout the area 
s t u d i e d . 

2. L i m i t s which are more v a r i a b l e on the coast west o f 
Sooke, than east o f i t . 

3. Only s l i g h t l y v a r i a b l e l i m i t s which have a d e f i n i t e 
slope downward from Por t Renfrew to V i c t o r i a . 
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4. Only s l i g h t l y v a r i a b l e l i m i t s which have no d e f i n i t e 
slope between Port Renfrew and V i c t o r i a . 

V a r i o u s combinations of f a c t o r s are suggested as e x p l a n a t i o n s 

f o r these v a r i o u s types o f l i m i t s . These f a c t o r s i n c l u d e s u r f , 

l i g h t , d e s i c c a t i o n , and n u t r i e n t s , t o g e t h e r with a d u l t s i z e and 

l o n g e v i t y o f the organism. The theory of c r i t i c a l t i d a l f a c t o r s 

i s c r i t i c i s e d . 

S p e cies o f the order L a m i n a r i a l e s i n t h i s area which are 

as yet o f q u e s t i o n a b l e taxonomic s t a t u s , are found i n the f o l ­

l o wing genera: Hedophyllum. A l a r i a . C o s t a r i a . Cymathere, and 

L a m i n a r i a . Of these, Hedophyllum and A l a r i a were s t u d i e d i n 

some d e t a i l . Hedophyllum was c u l t u r e d from zoospores obtained 

from the sporophyte, through gametophyte stages, t o what was 

presumably a young sporophyte o f the same e n t i t y . The young 

sporophytes were not grown t o stage where p o s i t i v e i d e n t i f i ­

c a t i o n o f secondary m o r p h o l o g i c a l c h a r a c t e r i s t i c s was p o s s i b l e . 

The a l t e r n a t i o n of g e n e r a t i o n s observed conformed to the pat­

t e r n known f o r the other members o f the L a m i n a r i a l e s . Hedo­

phyllum s u b s e s s i l e (Areschoug) S e t c h e l l , one o f the two s p e c i e s 

o f Hedophyllum r e p o r t e d from B r i t i s h Columbia, i s reduced t o 

synonomy under the other, H. s e s s i l e (C. Agardh) S e t c h e l l . A 

t r a n s i t o r y stage i n the development o f H. s e s s i l e i n i t s 

second season corresponds c l o s e l y t o the herbarium m a t e r i a l 

on which S e t c h e l l appears to have based h i s d e s c r i p t i o n o f 

H, s u b s e s s i l e . V a r i a t i o n s i n the b u l l a t i o n o f the lamina o f 

H. s e s s i l e are l a r g e l y the r e s u l t o f environment, pr o b a b l y o f 

exposure t o , or s h e l t e r from, sunshine. 
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Although the s p e c i e s o f A l a r i a (A. marginata P o s t e l s and 

Ruprecht, A. nana Schrader, A. t e n u i f o l i a S e t c h e l l , and A. 

v a l i d a Kjellraan and S e t c h e l l ) r e p o r t e d from B r i t i s h Columbia 

are very v a r i a b l e , they may u s u a l l y be d i s t i n g u i s h e d by the 

m o r p h o l o g i c a l c h a r a c t e r s o f those s p o r o p h y l l s which are i n a 

mature and f e r t i l e c o n d i t i o n . These f o u r s p e c i e s are t h e r e f o r e 

regarded as t a x o n o m i c a l l y v a l i d i n t h i s study. 
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INTRODUCTION 

O u t l i n e o f Problem. 

In many p a r t s o f the world, i n c l u d i n g B r i t i s h Columbia, 

i n t e r t i d a l organisms are more abundant on coasts f a c i n g the 

open ocean than they are i n more s h e l t e r e d a r e a s . T h i s 

abundance i s evident not o n l y by the g r e a t e r s t a n d i n g crop, 

but a l s o by the number o f s p e c i e s which t o v a r y i n g degrees 

are r e s t r i c t e d t o exposed c o a s t s . In the problem t r e a t e d 

here, the marine i n t e r t i d a l ecology o f the southwest coast 

o f Vancouver I s l a n d was chosen f o r study. T h i s coast o f f e r s 

a r e l a t i v e l y uncomplicated and a c c e s s i b l e s h o r e l i n e , where a 

gr a d u a l t r a n s i t i o n from an open c o a s t a l environment (at Port 

Renfrew) t o a s h e l t e r e d one (at V i c t o r i a ) can be observed. 

The v e r t i c a l and g e n e r a l g e o g r a p h i c a l d i s t r i b u t i o n s o f some 

of the i n t e r t i d a l organisms i n t h i s area were determined. 

The f i n e d e t a i l o f the h o r i z o n t a l d i s t r i b u t i o n s was not 

f u l l y s t u d i e d . Analyses were made o f some o f the v a r i o u s 

environmental f a c t o r s which were thought l i k e l y t o account 

f o r the d i s t r i b u t i o n s observed. The g r e a t e s t emphasis was 

placed on the d e t e r m i n a t i o n of s a l i n i t y d i s t r i b u t i o n and 

t i d a l rhythms. Some a t t e n t i o n , however, was g i v e n t o sub­

s t r a t e , sea and a i r temperature, d i s s o l v e d oxygen, pH, wind, 

s u r f , r a i n f a l l and humidity. The study was r e s t r i c t e d c h i e f l y 

t o the more conspicuous forms of the i n t e r t i d a l zone: the 

algae o f the order L a m i n a r i a l e s , the more common s e s s i l e 

i n v e r t e b r a t e animals, and the marine seed p l a n t s . 
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M a t e r i a l s and methods* 

The i n v e s t i g a t i o n was c a r r i e d out almost e n t i r e l y by 

h i k i n g a l o n g the beach. 

L i v i n g m a t e r i a l was c o l l e c t e d i n p o l y e t h y l e n e bags, 

which were then p l a c e d i n s i d e waxed cardboard c a r t o n s t o 

prevent c r u s h i n g o f the specimens. The c o l l e c t i o n s were 

c a r r i e d t o a c e n t r a l cache where they were preserved i n a 

mixture o f 7% f o r m a l i n and 93% sea water. L a t e r the p r e ­

served m a t e r i a l was brought t o the U n i v e r s i t y o f B r i t i s h 

Columbia, where i t was i d e n t i f i e d and subsequently prepared 

as herbarium m a t e r i a l . 

S a l i n i t y samples were drawn from about one f o o t below 

the water s u r f a c e i n 80 ml. b o t t l e s . A f t e r t h e sample was 

taken, the b o t t l e s were corked and the corks and tops o f the 

b o t t l e s s e a l e d w i t h wax. The samples were s t o r e d i n a cache 

u n t i l such time as they were taken t o the U n i v e r s i t y i n Van­

couver f o r a n a l y s i s . S a l i n i t y d e t e r m i n a t i o n s were made by 

t i t r a t i o n o f a sample a l i q u o t with s i l v e r n i t r a t e s o l u t i o n 

s t a n d a r d i z e d a g a i n s t Eau de mer normale prepared f o r the pur­

pose by the l a b o r a t o r y a t C h a r l o t t e n l u n d , Denmark. The i n d i ­

c a t o r used was potassium chromate. S a l i n i t y was c a l c u l a t e d 

u s i n g the t a b l e s prepared by P i c k a r d (1957) and based upon the 

work o f Knudsen (1901) and T u l l y (1950). The method i s des­

c r i b e d i n d e t a i l by S t r i c k l a n d (1957, No. 2, pp. 1-8). 

S t r i c k l a n d c a l c u l a t e s i t s accuracy as - .06%<=» The s a l i n i t y 
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v a l u e s presented i n F i g u r e 3 are p o s s i b l y s u b j e c t t o an 

a d d i t i o n a l , s y s t e m a t i c e r r o r noted i n Data Report No. 11, 

I n s t i t u t e o f Oceanography, U n i v e r s i t y o f B r i t i s h Columbia 

(Anon., 1957b, p. [35a] ). T h i s e r r o r would mean t h a t the 

t r u e v a l u e s are not more than 0.25 %o g r e a t e r than those 

shown. 

Temperatures were determined with an o r d i n a r y l a b o r a t o r y 

thermometer, measuring t o the nearest 0.1 C ° . 

The l i m i t e d pH measurements made were taken u s i n g pH 

papers (pHydrion paper) manufactured by the Micro E s s e n t i a l 

L a b oratory, Brooklyn 10, New York, N.Y. 

T i d a l h e i g h t s were measured f i r s t on a pole marked o f f 

i n s i x - i n c h u n i t s . During p e r i o d s of heavy s u r f , i t was 

d i f f i c u l t t o estimate these h e i g h t s p r e c i s e l y . In such cases, 

the p r e c i s e time was noted when one o f these marks was under 

water f o r about f i f t y per cent of a b r i e f p e r i o d o f o b s e r v a t i o n 

( u s u a l l y about one minute). Since the p o l e s were f r e q u e n t l y 

c a r r i e d away by wave a c t i o n , o b s e r v a t i o n s were made l a t e r from 

marks p a i n t e d at s i x - i n c h i n t e r v a l s on prominent b o u l d e r s . 

I n t e r p o l a t e d h e i g h t s were noted on the hour. The r e l a t i v e 

h e i g h t s obtained were p l o t t e d on a curve, and compared w i t h 

the corresponding curves drawn from the data o b t a i n e d at 

V i c t o r i a and T o f i n o by t i d e gauge and pr o v i d e d by the Canadian 

Hydrographic S e r v i c e . The observed h e i g h t s were r e l a t e d t o 

the datum used f o r the t i d a l l e v e l s p r e d i c t e d by the Canadian 

Hydrographic S e r v i c e . The s e r i e s o f o b s e r v a t i o n s was incomplete, 
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s i n c e r e a d i n g s were not taken a t n i g h t . Thus, o n l y q u a l i ­

t a t i v e o b s e r v a t i o n s can be drawn from these d a t a . 

The v e r t i c a l d i s t r i b u t i o n of organisms i n the i n t e r t i d a l 

zone i s u s u a l l y determined by a l e v e l l i n g t e c h n i q u e . A v e r t i ­

c a l p ole i s set up, w i t h a measured s c a l e c l e a r l y marked o f f 

on i t . A h o r i z o n t a l l i n e i s p r o j e c t e d w i t h the h e l p o f a 

s p i r i t l e v e l from the p o i n t b e i n g s t u d i e d t o the e q u i v a l e n t 

l e v e l on the p o l e . The corresponding p o i n t on t h i s s c a l e i s 

then noted. The l e v e l o b tained i s r e l a t e d t o a known datum, 

e i t h e r by r e f e r e n c e t o a surveyed bench mark or by n o t i n g the 

l e v e l o f low water and assuming t h a t the p r e d i c t e d and the 

a c t u a l t i d e h e i g h t s are the same. 

Some m o d i f i c a t i o n s o f t h e above method were made, wit h 

a view t o making p o s s i b l e p r e c i s e work by a s i n g l e i n v e s t i g a t o r . 

A pole was set up with a s i n g l e , v e r y obvious mark s i t u a t e d 

about s i x f e e t above low water l e v e l . A l i n e was s i g h t e d from 

the h o r i z o n t o the mark, and a plumb at the end o f a measuring 

tape was dropped t o the o b j e c t t o be l e v e l l e d . The l e v e l s 

were noted from the tape as p o s i t i v e or n e g a t i v e v a l u e s t o be 

added t o the h e i g h t o f the mark, which i s r e l a t e d t o the l e v e l 

o f the sea a t low water. T h i s m o d i f i e d method i s more conven­

i e n t t han the c o n v e n t i o n a l one i n a number o f ways. The p o l e 

does not have t o be h e l d u p r i g h t i n the s u r f , but may be 

wedged between rocks even i n an o b l i q u e p o s i t i o n . O b s t r u c t i o n s 

which i n t e r r u p t a d i r e c t l i n e o f s i g h t between the o b j e c t t o 

be l e v e l l e d and the h o r i z o n do not prevent l e v e l l i n g , i f t h e y 



do not rise to the height of the mark on the pole. If 
this mark is replaced by a light, levelling may be performed 
at night. The levels of points which are some distance away 
from the pole may be determined, since only a mark and not 
a figure must be distinguished. On the other hand, objects 
situated above the mark or light on the pole are d i f f i c u l t 
to determine. Successful use of the method requires that 
one can distinguish the horizon clearly. 

There are many sources of error in levelling. There i s 
often much uncertainty in determining upper and lower limits 
of intertidal organisms. While a clearly defined upper bound­
ary i s usually to be found in the distribution of an entity, 
there are often stragglers above i t . These stragglers are 
common in anamolous conditions, such as tide pools and over­
hangs. Lower limits are often indistinct. They may be spurious, 
with the entity occurring unnoticed in the subtidal zone. This 
study is largely restricted to average upper limits, and lower 
limits were noted only when they seemed distinct. The upper 
limits were average in the sense that they were taken as the 
highest point of common occurrence of the organism on rela­
tively uniform rock, facing directly towards the sea. In­
dividuals which appeared to be stragglers were noted separ­
ately. At certain locations levels were determined three 
times in the summer of 1957, and once more in the summer of 
1958. In these cases, when different values were obtained at 
different times, these were averaged. 
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In addition to errors involved in estimating the average 
level, there were errors derived from rounding off the figures 
obtained, and from variation between the predicted and the 
actual level of low water. The values obtained when the same 
limit was determined at different times for the same location 
were used to estimate the total error in the levelling tech­
nique. Using the values for 30 limits, each determined at 
three different times in the summer of 1957, the standard 
deviation was found to be 0.7 feet. When using the values 
for 30 limits, each determined both in 1957 and 1958, i t was 
found to be 0.4 feet. The va l i d i t y of these figures i s 
d i f f i c u l t to evaluate. While an attempt was made to make 
the chosen limits representative, they were heavily biassed 
in favour of upper limits and the limits of larger, more 
conspicuous forms. Limits belonging in both of these cate­
gories (upper limits of more conspicuous forms) constitute 
the bulk of the values available for use in the calculations. 
As w i l l be discussed later, the limits of some smaller forms 
are much more variable from place to place than are those of 
the larger forms. Thus, the error calculated is probably 
too great for the larger forms, and too small for the smaller 
ones. Finally, any actual change in the height of a limit 
which occurs between the dates of the replicate observations 
used would appear as an error. The figures given above seem 
to be good indications of the order of magnitude of the true 
value, which i s also confirmed on page 126. This makes the 
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l e v e l s obtained i n t h i s r e s e a r c h s i g n i f i c a n t t o the n e a r e s t 

f o o t . 

There i s one p o s s i b l e e r r o r i n l e v e l l i n g which may be 

s y s t e m a t i c , and not appear i n the above c a l c u l a t i o n s . The 

l e v e l s o btained at S t a t i o n s 1 t o 5 i n c l u s i v e (Port Renfrew 

area) were r e l a t e d t o the l e v e l of the lower low water on 

the day when the o b s e r v a t i o n s were made. T h i s lower low 

water was assumed t o be t h e same l e v e l as t h a t p r e d i c t e d 

f o r Clayoquot f o r the r e l e v a n t day. A l l the o t h e r s t a t i o n s , 

except S t a t i o n 36 (Camp Bay, South Pender I s l a n d ) , were 

r e l a t e d t o the low t i d e p r e d i c t e d f o r V i c t o r i a . S t a t i o n 36 

was r e l a t e d t o Sidney, Vancouver I s l a n d . While i t i s custom­

ar y t o use Port Townsend t i d e t a b l e s (with a l a r g e c o r r e c t i o n ) 

t o f i n d the time of low water i n the San Juan I s l a n d s , the 

V i c t o r i a t a b l e s were used i n c a l c u l a t i n g the l e v e l s a t S t a t i o n s 

33 and 34. T h i s was done t o a v o i d the n e c e s s i t y o f i n t r o d u c i n g 

another datum i n t o the c a l c u l a t i o n s . At the time of t h i s 

study, p r e d i c t e d l e v e l s f o r Port Renfrew and Sooke were not 

i s s u e d . The l e v e l s of t h e lower low water p r e d i c t e d f o r the 

same day a t V i c t o r i a and Clayoquot are g e n e r a l l y d i f f e r e n t . 

U s u a l l y the Clayoquot value i s lower than the V i c t o r i a one. 

T h i s d i f f e r e n c e averaged about 0 . 4 f e e t d u r i n g the summer o f 

1957, but i t sometimes amounted t o more than one f o o t . I t 

was not p o s s i b l e t o a r r i v e at a c o r r e c t i o n f o r use i n c a l c u ­

l a t i n g l e v e l s at s t a t i o n s i n t e r m e d i a t e between V i c t o r i a and 

Clayoquot. However, no c o n s i s t e n t anomaly appears i n the 



l e v e l s between S t a t i o n s 5 and 7. 

The f i e l d program was supplemented by c u l t u r i n g 

Hedophyllum s e s s i l e (C. Agardh) S e t c h e l l from zoospores 

through the garnetophyte stages t o the young sporophyte. A l l 

s p e c i e s o f the o r d e r L a m i n a r i a l e s s t u d i e d t o date appear t o 

be v i r t u a l l y i d e n t i c a l i n morphology d u r i n g t h i s p o r t i o n of 

t h e i r l i f e c y c l e . Thus the e n t i t i e s observed i n t h i s work 

were not p o s i t i v e l y i d e n t i f i e d . I f any s p e c i e s o f the order, 

other than H. s e s s i l e , had been i n t r o d u c e d i n t o the c u l t u r e s , 

i t would not have been d e t e c t e d . I t would r e q u i r e a v e r y 

p r e c i s e technique t o remove a l l doubt from the r e s u l t s o f 

such work. F i r s t , the o r i g i n a l sporophyte p l a n t should be 

i d e n t i f i e d , and l a t e r preserved as a herbarium specimen. A 

sporangium would be removed from the p l a n t by m i c r o d i s s e c t i o n , 

and s i n g l e spores i s o l a t e d . The r e s u l t a n t gametophytes would 

then be r a i s e d s e p a r a t e l y . When the y are mature, the female 

p l a n t s should be f e r t i l i z e d by the male. The r e s u l t i n g 

sporophyte should be r a i s e d u n t i l i t i s p o s i t i v e l y i d e n t i f i e d 

from secondary m o r p h o l o g i c a l c h a r a c t e r s . T h i s e n t i r e p r oce­

dure does not appear t o have been s u c c e s s f u l l y completed. A 

p o r t i o n of i t , from the i s o l a t i o n o f the spores t o the s e x u a l l y 

mature garnetophyte and e a r l y sporophyte, was done by S c h r e i b e r 

( 1 9 3 0 ) . 

Routine methods i n c u l t u r i n g Hedophyllum were used i n 

t h i s r e s e a r c h . A f e r t i l e p i e c e o f the sporophyte was wiped 
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f r e e o f excess moisture, and s t o r e d f o r a few hours i n the 

dark i n a c o o l , moist s i t u a t i o n . A p l a s t i c d i s h was l i n e d 

with g l a s s microscope s l i d e s , and f i l l e d w ith f i l t e r e d sea-

water. The f e r t i l e m a t e r i a l was p l a c e d i n t h i s d i s h and 

exposed t o l i g h t f o r a few hours. Random s e l e c t i o n s o f 

twenty s l i d e s each were then put i n t o s i x t r a y s , and each 

of the l a t t e r was p l a c e d i n a t r a n s p a r e n t p l a s t i c c o n t a i n e r . 

These c o n t a i n e r s were then f i l l e d w i t h the c u l t u r e s o l u t i o n s , 

u n t i l the t o p edges of the s l i d e s were j u s t covered. The 

amount o f s o l u t i o n i n each c o n t a i n e r was about 300 ml. 

These c u l t u r e s were a l s o planned as an experiment d e a l i n g 

with the e f f e c t o f s a l i n i t y , water o r i g i n , and i n o r g a n i c 

n u t r i e n t s on the growth o f Hedophyllum. Hedophyllum occurs 

n a t u r a l l y on the open coast where the s u r f a c e s a l i n i t y i s 

about 32%0j and extends i n t o Juan de Fuca S t r a i t t o p l a c e s 

where the s a l i n i t y does not o f t e n f a l l below 3 0 % o ( F i g . 2 5 ) . 

The water used f o r the c u l t u r e s was taken from the Sooke a r e a 

(which i s r e p r e s e n t a t i v e o f the more s h e l t e r e d area i n the 

Hedophyllum d i s t r i b u t i o n ) and from the Vancouver area (which 

i s w e l l away from the nearest occurrence o f Hedophyllum). 

These had s a l i n i t i e s o f about 30%o and 27%° r e s p e c t i v e l y . 

The i n o r g a n i c n u t r i e n t s used were n i t r a t e and phosphate* 

The i n s t r u c t i o n s f o r making the stock are g i v e n i n Papenfuss 

(1942). I t was f e l t u n d e s i r a b l e t o d i l u t e the c u l t u r e s by 

adding too l a r g e a q u a n t i t y o f the stock, which i s made up 
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w i t h f r e s h water. T h e r e f o r e , the stock was made up t o t e n 

times the c o n c e n t r a t i o n used by Papenfuss. The q u a n t i t y 

added was reduced to g i v e the same c o n c e n t r a t i o n o f n u t r i e n t s 

i n the c u l t u r e s o l u t i o n s . The sea s a l t was o b t a i n e d by grad­

u a l l y b o i l i n g down sea water. The c u l t u r e s o l u t i o n s used were 

as f o l l o w s : 

(1) water from Sooke. 
(2) water from Sooke w i t h n u t r i e n t s added. 
(3) water from Sooke wi t h n u t r i e n t s and 3 gms./L. sea s a l t 
(4) water from Vancouver. added. 
(5) water from Vancouver w i t h n u t r i e n t s added. 
(6) water from Vancouver with n u t r i e n t s and 3 gms./L B sea 

s a l t added. 

The water was always f i l t e r e d , u s u a l l y by a Type AA M i l l i p o r e 

f i l t e r , and aged at l e a s t a week. 

About once a week the c u l t u r e s were a g i t a t e d , r i n s e d , and 

the s o l u t i o n changed. The c u l t u r e s were kept at a temperature 
o 

o f about 13 C , under f l u o r e s c e n t l i g h t . The l i g h t s were 6 

f e e t l o n g , 660 watts power, and at a d i s t a n c e o f 7 i n c h e s from 

the c u l t u r e s . 

Growth was estimated by a r a n k i n g based upon a m i c r o ­

s c o p i c examination of s e v e r a l s l i d e s from each c u l t u r e . When 

t h i s t i n t became a p p r e c i a b l e , the c u l t u r e s were a l s o ranked 

on a b a s i s o f the depth o f the brown t i n t apparent on the s l i d e s . 

E s timates of growth were d i s c o n t i n u e d when q u a n t i t i e s of diatoms 

began t o appear i n the c u l t u r e s . 

There was no reason f o r t h i n k i n g t h a t these c u l t u r e s were 

contaminated by other s p e c i e s of the order L a m i n a r i a l e s . How­

ever, t h i s has been known t o happen bef o r e w i t h s i m i l a r methods 
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( S c a g e l , p e r s o n a l communication). Since the zoospores remain 

m o t i l e f o r o n l y a few hours (Papenfuss, 1951), i t seems im­

p o s s i b l e t h a t they could have been i n t r o d u c e d i n t o water which 

was aged at l e a s t a week, even i f they evaded the f i l t e r . I t 

seems more probable t h a t a l i e n zoospores c o u l d be adhering 

t o the f e r t i l e sporophyte m a t e r i a l used. However, i n t h i s 

p a r t i c u l a r case, t h i s m a t e r i a l was kept f o r about 36 hours 

a f t e r c o l l e c t i o n b e f o r e i t was used. I t i s u n l i k e l y t h a t 

zoospores which had a l r e a d y been r e l e a s e d b e f o r e the m a t e r i a l 

had been c o l l e c t e d , could endure t h i s p e r i o d o f emergence 

w e l l enough t o be a b l e t o detach themselves from the m a t e r i a l , 

a t t a c h t o a s l i d e , and s u r v i v e as gametophytes. Even i f such 

were the case, i t would seem probable t h a t the great m a j o r i t y 

of the p l a n t s grown i n the c u l t u r e were Hedophyllum. U n l i k e 

the diatoms, which e v e n t u a l l y overran the c u l t u r e s , a l i e n 

s p e c i e s of the L a m i n a r i a l e s would have no means o f m u l t i p l y i n g 

themselves once they were i n t r o d u c e d i n t o the c u l t u r e s . 
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The area i n v e s t i g a t e d * ( F i g . 1) 

O c e a n o g r a p h i c a l l y , Juan de Fuca S t r a i t may be i n t e r p r e t e d 

as comprising t h r e e p a r t s (Herlinveaux, p e r s o n a l communication). 

The outer, or most seaward p a r t can be bounded by a p a r a l l e l o ­

gram formed by l i n e s connecting Tatoosh I . , Carmanah P o i n t , 

Port Angeles, and Race Rocks. T h i s outer p o r t i o n i s about 100 

k i l o m e t e r s l o n g , 20 k i l o m e t e r s wide, and 200 meters deep. 

I t i s i n communication with the P a c i f i c Ocean at a l l depths 

through a trough running southwest from Tatoosh I . The middle 

p a r t i s a b a s i n r o u g h l y bounded by a s e m i c i r c l e having a r a d i u s 

o f 30 k i l o m e t e r s w i t h New Dungeness as i t s c e n t r e . T h i s b a s i n 

has a somewhat i r r e g u l a r s i l l , w i t h a maximum depth o f about 

70 meters, running i n a s o u t h e r l y d i r e c t i o n from V i c t o r i a . 

The i n n e r p a r t of the S t r a i t c o n s i s t s of the m u l t i t u d e of 

channels which form a network among the v a r i o u s G u l f I s l a n d s 

and San Juan I s l a n d s . The deepest of these i s about 200 

meters. 

More p r e c i s e l o c a t i o n s f o r the shore s t a t i o n s are 

g i v e n i n Appendix I . 
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F i e l d program. 

A t t e n t i o n was concentrated on the nort h shore o f t h e 

outer s e c t i o n o f Juan de Fuca S t r a i t , p a r t i c u l a r l y between 

R i v e r Jordan and Sooke. Bases o f o p e r a t i o n were e s t a b l i s h e d 

near Sandstone Creek and Muir Creek (Stns. 9 and 13)• 

Once a month, i n June, J u l y , and August 1957, c o l l e c t i o n s 

and o b s e r v a t i o n s o f v e r t i c a l d i s t r i b u t i o n s o f i n t e r t i d a l organ­

isms were made a t Sandstone Creek (Stn. 9), G l a c i e r P o i n t 

(Stn. 10), Sheringham P o i n t (Stn. 12), Muir Creek ( S t n . 13), 

and O t t e r Point (Stn. 14). These t r i p l i c a t e o b s e r v a t i o n s 

were made i n order t o determine whether any changes had 

occurr e d i n the v e r t i c a l l i m i t s o f i n t e r t i d a l organisms i n 

the time which elapsed between o b s e r v a t i o n s . They a l s o per­

m i t t e d a c a l c u l a t i o n o f e r r o r i n the l e v e l l i n g d a t a . 

A l s o , d u r i n g the summer of 1957, l e v e l l i n g data and c o l ­

l e c t i o n s were obtained at Observatory P o i n t (Stn. 1), Magdalena 

Point (Stn. 5), Black Creek (Stn. 8), F l e a Beach (Stn. 11), 

Muir Point ( S t n . 15), West o f Cooper Cove (Stn. 16), Seventeen-

M i l e Point (Stn. 17), Smythe Head (Stn. 22), Race Rocks 

(Stn. 23), and Ogden Po i n t Breakwater (Stn. 29). More c u r s o r y 

o b s e r v a t i o n s were made at Sombrio R i v e r ( S t n . 3), San Simon 

Point (Stn. 6), and C l o v e r Point (Stn. 30). 

The sea temperature was measured and s a l i n i t y samples 

were taken whenever a l o c a t i o n was v i s i t e d . Most o f the 

other f i e l d data were c o l l e c t e d a t Sandstone Creek and Muir 

Creek. 



-14-

During the w i n t e r o f 1957-8, a few spot checks were made 

i n the area t o observe w i n t e r c o n d i t i o n s . These checks were 

made at Sandstone Creek on November 22, O t t e r P o i n t on December 

17, Muir Point on January 31, Sandstone Creek and Muir Creek 

on March 10 and 11 r e s p e c t i v e l y , and O t t e r Point and She r i n g -

ham P o i n t on A p r i l 8 and 9 r e s p e c t i v e l y . M a t e r i a l was obtained 

f o r c u l t u r e s o f Hedophyllum d u r i n g the f i r s t t h r e e o f the above 

t r i p s , on November 22, December 17, and January 31. Only the 

l a s t o f these c o l l e c t i o n s r e s u l t e d i n c u l t u r e s which were 

s u c c e s s f u l t o any g r e a t degree. The procedure used f o r t h i s 

set o f c u l t u r e s i s d e s c r i b e d on pages 8-11. 

The p o s i t i o n s o f some p l a n t s o f Hedophyllum s e s s i l e 

which had s u r v i v e d from the p r e v i o u s summer were mapped a t 

Muir Creek on March 11. T h e i r development was noted on subse­

quent v i s i t s , d u r i n g the e a r l y summer of 1958. 

During the summer o f 1958 o b s e r v a t i o n s were repeated at 

the s i t u a t i o n s v i s i t e d d u r i n g the pr e v i o u s summer and some 

other p l a c e s were observed. C o l l e c t i o n s and l e v e l l i n g data 

were obtained at Observatory Point (Stn. 1 ) , Minute Creek 

(Stn. 2 ), Sombrio R i v e r (Stn. 3), Sombrio Point (Stn. 4 ) , 

Magdalena Point (Stn. 5 ), Pete Wolf Creek (Stn. 7 ) , Black 

Creek (Stn. 8 ) , Sandstone Creek (Stn. 9 ) , G l a c i e r P o i n t 

(Stn. 10), F l e a Beach (St n . 11), Sheringham P o i n t (Stn. 12), 

Muir Creek (Stn. 13), O t t e r Point (Stn. 14), Muir P o i n t 

(Stn. 15), West o f I r o n Mine Bay (Stn. 18), Donaldson I s l a n d 
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(Stn. 19), East o f I r o n Mine Bay (Stn. 20), Smythe Head 

(Stn. 22), Great Race Rock (Stn. 23)-, W i l l i a m Head (Stn. 24), 

A l b e r t Head (Stn. 25), C l o v e r Point (Stn. 30), Cadboro P o i n t 

(Stn. 3 D , and Gordon Head (Stn. 32). More c u r s o r y observa­

t i o n s were made at a number o f other p o i n t s , a few of them 

being i n western Washington and i n the San Juan I s l a n d s , 

U.S.A. These a d d i t i o n a l p o i n t s were at Mukkaw Bay (Stn . l b ) , 

Waadah I . (Stn. l a ) , Donaldson I . (Stn. 19), Dyke P o i n t 

(Stn. 26), Saxe Point (Stn. 27), Portage I n l e t (Stn. 28), 

Near Deadman Bay (Stn. 33), Goose I . (Stn. 34), Brown I . 

(Stn. 35), Camp Bay (Stn. 36), and Admiralty Head, Whidbey I . 

(Stn. 37). The p r i n c i p a l 1957 o b s e r v a t i o n s were repeated i n 

1958 i n order t o see i f t h e r e were n o t i c e a b l e changes i n 

po p u l a t i o n s from year t o yea r . The a d d i t i o n a l 1958 observa­

t i o n s were made mainly t o e l u c i d a t e c e r t a i n q u e s t i o n s r a i s e d 

by the i n t e r p r e t a t i o n o f the e a r l i e r d a t a . Observations were 

made on the open coast at l o c a l i t i e s o ther than Port Renfrew 

to see i f the l a t t e r i s t y p i c a l o f the open c o a s t . In the 

same way, some o b s e r v a t i o n s were made east o f V i c t o r i a t o 

support the f i n d i n g s t h e r e . Some f i e l d experiments concern­

i n g the growth of Hedophyllum ( F i g . 28) were performed on 

San Juan I s l a n d (Stn. 33). 
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REVIEW OF LITERATURE. 

The l i t e r a t u r e i n marine ecology i s so e x t e n s i v e , t h a t 

o n l y the main a u t h o r i t i e s r e f e r r e d t o c o n t i n u o u s l y below, and 

a few r e p r e s e n t a t i v e s t u d i e s , are d i s c u s s e d here. There are 

many important c o n t r i b u t i o n s t o marine ecology which are not 

d i r e c t l y p e r t i n e n t t o the present study. They d e a l w i t h 

organisms or c o n d i t i o n s which are d i f f e r e n t from those 

encountered i n t h i s r e s e a r c h . Reference t o most of these 

c o n t r i b u t i o n s may be found i n one of the r e c e n t review 

a r t i c l e s on the s u b j e c t , such as Feldmann (1938), G i s l e n 

(1943), Chapman (1946, 1957), and Hedgpeth (1957). A l l o f 

these papers have e x t e n s i v e b i b l i o g r a p h i e s which cover the 

f i e l d o f marine ecology, and a l g a l e c ology i n p a r t i c u l a r , 

even i f they are not o s t e n s i b l y review a r t i c l e s . C o n t r i b u ­

t i o n s o f v l e s s g e n e r a l scope are quoted where t h e y are 

p e r t i n e n t . 

The p h y s i c a l oceanography o f Juan de Fuca S t r a i t has 

been s t u d i e d i n p a r t by Waldichuk (1957). T i d a l c u r r e n t s 

i n the S t r a i t have been s t u d i e d by Herlinveaux (1954). More 

r e c e n t l y , Herlinveaux (1957, p e r s o n a l communication) has made 

a complete study of t h e p h y s i c a l oceanography o f the S t r a i t . 

A data r e c o r d j c o v e r i n g c r u i s e s made i n the S t r a i t d u r i n g the 

year 1951-52, i s s u e d by the P a c i f i c Oceanographic Group, 

F i s h e r i e s Research Board o f Canada (Anon., 1955) was used 

e x t e n s i v e l y i n t h i s i n v e s t i g a t i o n . 
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C o n s i d e r a t i o n o f the algae i n t h i s study was r e s t r i c t e d 

to c e r t a i n members o f the Chlorophyta, Phaeophyta, and 

Rhodophyta. A key to genera o f these p h y l a has been pub­

l i s h e d by S c a g e l (1957). I n the same work, he a l s o covers 

the r e l e v a n t l i t e r a t u r e , l o c a l r e c o r d s , and herbarium 

m a t e r i a l a v a i l a b l e . There i s no comprehensive modern taxo-

nomic study on the algae of t h i s a r e a . However, the work of 

Smith (1944) on the Monterey P e n i n s u l a , and o f Doty (1947a, 
1947b) i n Oregon, have some a p p l i c a b i l i t y t o B r i t i s h Columbia. 

The work o f S e t c h e l l and Gardner (1920, 1925) and of K y l i n 

(1925) are i n most cases the most r e c e n t comprehensive s t u d i e s 

o f the l o c a l i n t e r t i d a l f l o r a . 

R i c k e t t s and C a l v i n (1952), Johnson and Snook (1927), and 

Cornwall (1955) were the r e f e r e n c e s f o r the l i m i t e d animal 

i d e n t i f i c a t i o n s made. D e s c r i p t i o n s o f the marine t r a c h e o -

phytes are found i n Jepson (1951) and Morong (1893) g i v e s an 
i l l u s t r a t e d monographic treatment. 

S t u d i e s on i n t e r t i d a l ecology i n areas c l o s e to the one 

s t u d i e d here are those o f Muenscher (1915b, 1916), Rigg and 
M i l l e r (1949), and Sc a g e l (personal communication). Muenscher 

(1915b, 1916) s t u d i e d and compared the a l g a l ecology o f San 

Juan I s l a n d and Shaw I s l a n d , i n the San Juan I s l a n d s . He 

noted t h a t some open coast forms, such as E g r e g i a and 

Hedophyllum, may o n l y be found, i n the area o f h i s study, on 

the southwesterly shores o f San Juan I . He d e s c r i b e d the 
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vertical distributions of various algal communities. 
Rigg and Miller (1949) described the vertical distribution 

of organisms in the area around Waadah I. They compared sev­
eral l o c a l i t i e s exposed in varying degrees to the direct action 
of surf. 

Scagel (personal communication) covered the intertidal 
ecology of Queen Charlotte Strait along the northeast coast 
of Vancouver I., and noted both the geographical and the 
vertical distributions of organisms in a transition area 
between the open coast at Hope I. and more enclosed shores in 
the vicini t y of Alert Bay. An early and limited stage of this 
study, dealing with the larger algae, has been described by 
the same author (Scagel, 195#). 

The fact that intertidal organisms occur in various ways 
other than random is almost self-evident. Study of the various 
sorts of order in their occurrence has a long history. The 
f i r s t major synthesis of accumulated observations on such dis­
tributions i s that by Forbes and Godwin-Austen (1#59). The 
f i r s t serious attempt to relate these distributions to condi­
tions of the physical environment i s that of Lorenz (1863), 
which was in many ways before i t s times. Good general dis­
cussions of the history of marine ecology in i t s various 
aspects may be found in the relevant contributions in Hedg-
peth (1957), particularly those by Hedgpeth (Chaps. 1, 2, 
and 13) and Doty (Chap. 18). 
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S t u d i e s o f the d i s t r i b u t i o n s o f organisms a s s o c i a t e d 

with the i n t e r t i d a l zone u s u a l l y d e a l with o n l y one or two 

aspects o f such d i s t r i b u t i o n s . For the purposes o f t h i s 

d i s c u s s i o n these a s p e c t s are c l a s s i f i e d as f o l l o w s : 

1. Gross g e o g r a p h i c a l d i s t r i b u t i o n . S t u d i e s o f t h i s cover 
d i f f e r e n t c o n t i n e n t s , or d i f f e r e n t l a t i t u d e s o f the same 
c o n t i n e n t . 

2. Geographical d i s t r i b u t i o n . S t u d i e s o f t h i s cover areas 
of about the same l a t i t u d e on the same c o n t i n e n t . U s u a l l y 
these s t u d i e s are comparisons of exposed and s h e l t e r e d 
c o a s t s . 

3« H o r i z o n t a l d i s t r i b u t i o n . S t u d i e s of t h i s cover areas 
extending f o r d i s t a n c e s w i t h i n a few orders o f magnitude 
of the t i d a l amplitude. 

4. V e r t i c a l d i s t r i b u t i o n . S t u d i e s o f t h i s cover the 
i n t e r t i d a l and the upper s u b t i d a l zones. 

5. S e c u l a r d i s t r i b u t i o n . S t u d i e s o f t h i s cover changes 
i n the same p o p u l a t i o n over p e r i o d s o f time. 

Two approaches have been adopted i n the l i t e r a t u r e concerning 

these v a r i o u s d i s t r i b u t i o n s . An organism may be considered 

as one o f a v a r i e t y o f organisms which are t o be found i n a 

c h a r a c t e r i s t i c environment (synecology), or i t may be c o n s i ­

dered i n d i v i d u a l l y i n r e l a t i o n t o i t s p h y s i c a l environment, 

and any proven i n t e r r e l a t i o n s h i p w i t h other organisms c o n s i ­

dered as an aspect o f i t s b i o l o g i c a l environment ( a u t e c o l o g y ) . 

Furthermore, an i n v e s t i g a t i o n proceeds through v a r i o u s s t a g e s . 

F i r s t , the d i s t r i b u t i o n must be d e s c r i b e d . Then i t should be 

exp l a i n e d t e n t a t i v e l y by c o r r e l a t i o n s w i t h c o n d i t i o n s i n the 

environment. F i n a l l y , these e x p l a n a t i o n s should be confirmed 

by experimental work on the organism i t s e l f . 
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Gross geographical distribution i s not of immediate 
concern in this investigation. Setchell's theory (1893, 1917, 
1920a, 1920b, 1935) suggesting that this type of distribution 
is mainly governed by sea temperature and distributional 
boundaries such as oceans, i s well supported. More recent and 
sophisticated versions may be found in Ekman (1935) and 
Hutchins (1947). The geographical distribution of algae in 
the northern Pacific has been described by Okamura (1932). 

Geographical distribution on a smaller scale has been 
the subject of much work. The great bulk of i t i s descript­
ive. It i s not d i f f i c u l t on a p r i o r i grounds to deduce that 
gross variations in salinity (Setchell, 1&V93; Rigg, 1913) and 
substrate play an important role in such distributions. If an 
organism could grow in fresh water, i t would presumably not be 
marine, but would penetrate into rivers. Organisms which 
require a firm substrate are virtually restricted to rocky 
shores. Beyond this, however, most suggestions are frankly 
speculative. Thus Chapman (1942) suggested sea temperature 
and Lami (1934) suggested cloud cover as possible factors. 

So many different factors may interact in so complex a 
fashion that i t i s virtually impossible to determine the role 
of any one without extensive experimental work or reference 
to other simplified situations. A good example of this sort 
of investigation i s that of Osterhout (1906a, 1906b). Oster-
hout (1906a) studied the algae which grew close to the water 
line on ships which plied between San Francisco and up-river 
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p o r t s . When the s h i p a r r i v e d loaded at San F r a n c i s c o these 

p l a n t s were i n water of 21 %o s a l i n i t y . As the s h i p was un­

loaded, they were exposed f o r about s i x hours, and d r i e d down 

with s a l t c r y s t a l s over them. The s h i p was then loaded, and 

they were submerged a g a i n . The ship then proceded u p - r i v e r 

through water o f s t e a d i l y d e c r e a s i n g s a l i n i t y , and spent a 

day i n completely f r e s h water. Then the s h i p r e t u r n e d t o San 

F r a n c i s c o . Osterhout then (1906b) experimented with growing 

r e p r e s e n t a t i v e s o f the green, r e d , and brown algae i n d i f f e r e n t 

s a l i n i t i e s , i n c l u d i n g d i s t i l l e d water and s a t u r a t e d b r i n e . 

These p l a n t s i n c l u d e d such open coast forms as s p e c i e s o f 

Plocamium and P t i l o t a . He found t h a t they s u r v i v e d s e v e r a l 

months i n a l l o f the s a l i n i t i e s used. From t h i s he concluded 

t h a t t h e r o l e o f s a l i n i t y i n the d i s t r i b u t i o n o f marine algae 

has been exaggerated. Hurd (1919) found t h a t N e r e o c y s t i s can 

s u r v i v e e x t e n s i v e d i l u t i o n o f sea water, i f t h i s d i l u t i o n i s 

done g r a d u a l l y . Brown (1915) i n v e s t i g a t e d the s u r v i v a l o f 

v a r i o u s o f the l a r g e r algae i n d i l u t e d sea water. She found 

t h a t r e s i s t a n c e was v a r i a b l e , but t h a t many o f the forms can 

s u r v i v e s e v e r a l days o f immersion i n f r e s h water. 

H o r i z o n t a l d i s t r i b u t i o n s o f organisms have been t h e o b j e c t 

of o n l y a few s t u d i e s . Many o f them are comparisons o f the 

po p u l a t i o n s of p o s i t i o n s with v a r y i n g degrees o f exposure t o 

d i r e c t wave a c t i o n . Since the hydrographic c o n d i t i o n s , such 

as h i g h s a l i n i t y , g e n e r a l l y a s s o c i a t e d w i t h exposed c o a s t s 
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should be r e l a t i v e l y constant over the areas s t u d i e d , these 

i n v e s t i g a t i o n s are not n e c e s s a r i l y s c a l e d down v e r s i o n s o f 

what are c a l l e d s t u d i e s o f g e o g r a p h i c a l d i s t r i b u t i o n s above. 

These c o n t r i b u t i o n s i n c l u d e Hedgpeth's (1953) comparison o f 

v a r i o u s p i l i n g s i n the Port Aransas area, Evan's (1947) study 

of 37 s t a t i o n s along about t e n m i l e s o f coast i n the Plymouth 

ar e a , and Southward and Orton's (1954) comparison o f the out e r 

and i n n e r f a c e s o f the Plymouth breakwater. Some papers which 

c o n s i d e r other aspects o f the f i n e d e t a i l o f d i s t r i b u t i o n s are 

those by Golman (1933), Z a n e f e l d (1937), K i t c h i n g (1935), 

Grubb (1936), Morton (1954), and Womersley (1956). Colman 

(1933) d i d an e x c e l l e n t survey o f an area o f rocky shore, 

Church Reef, near Wembury, by means o f t r a v e r s e s r e l a t e d t o a 

bench mark. Zan e f e l d (1937) compared the v a r i o u s p a r t s o f a 

breakwater, which i s a s i t u a t i o n as p h y s i o g r a p h i c a l l y constant 

as any which may be found i n the f i e l d . K i t c h i n g (1935) per­

formed a d e t a i l e d survey o f s e v e r a l almost v e r t i c a l areas o f 

c l i f f i n A r g y l l . Grubb (1936) compared two r e e f s which are 

the two s i d e s o f a s y n c l i n e . These t h e r e f o r e v i r t u a l l y 

m i r r o r images, one having a south and the other a n o r t h ex­

posure. Morton's (1954) i s v i r t u a l l y the o n l y paper concerning 

c r e v i c e faunas, which were considered i n r e l a t i o n t o a i r tem­

perature and i l l u m i n a t i o n . Womersley (1956) s t u d i e d the popu­

l a t i o n s o f a s h e l t e r e d i n l e t . H i s paper i s a l s o n otable f o r 

the thoroughness with which the p h y s i c a l environment i s 
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d i s c u s s e d . A f a i r l y u n i form c o n c l u s i o n which i s drawn i n most 

o f these papers i s t h a t zones of organisms become narrower i n 

a v e r t i c a l plane and draw c l o s e r t o mean sea l e v e l i n s i t u a ­

t i o n s which are more s h e l t e r e d from wave a c t i o n . The diagram 

presented by Stephenson (1942, p. 226) cannot be i n t e r p r e t e d 

i n t h i s connection, as i t i s not r e l a t e d t o mean sea l e v e l , 

and does not i n d i c a t e whether the a b s c i s s a i s i n a l a r g e or 

smal l s c a l e . Doty (1957, p. 564) e x p l a i n s t h i s convergence 

by t h e f a c t t h a t p e r s i s t e n t wave a c t i o n i n c r e a s e s the e f f e c t i v e 

amplitude of the t i d e i n terms of submergence i n the upper and 

emergence i n t h e lower i n t e r t i d a l zones. However, some o f 

these s t u d i e s mention a number of ex c e p t i o n s t o the g e n e r a l i z a ­

t i o n . L aminaria d i g i t a t a (Linnaeus) Lamouroux has a v i r t u a l l y 

constant upper l i m i t , i n s p i t e of d i f f e r e n c e s i n wave a c t i o n 

(Evans, 1947), or i n g e n e r a l i l l u m i n a t i o n and slope o f the 

s u b s t r a t e (Southward and Orton, 1954). On t h e other hand, 

Zanefeld (1937, Map I I ) observed v a r i a t i o n s i n the z o n a t i o n 

of c e r t a i n o f t h e Fucaceae when most o f the c o n d i t i o n s of the 

p h y s i c a l environment appeared t o be constant. Southward and 

Orton (1954) noted some c o n t r a d i c t i o n s t o the g e n e r a l i z a t i o n . 

For example, i n the upper p a r t o f the i n t e r t i d a l zone, Fucus  

s p i r a l i s Linnaeus has a wider and hi g h e r zone on the more 

s h e l t e r e d s i d e o f Plymouth Breakwater. 

T i d e p o o l s , which have been reviewed by Doty (1957) are 

s p e c i a l s t u d i e s i n t h e i r own r i g h t , and are not t r e a t e d i n t h i s 

i n v e s t i g a t i o n . 
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I t seems unquestionable on a p r i o r i grounds t h a t the 

z o n a t i o n o f the i n t e r t i d a l zone i s a r e s u l t o f some aspect 

o f the p a t t e r n o f emergences and submergences induced by 

t i d a l rhythms (Doty, 1957, p. 555). A zone i s used here i n 

the sense o f a h o r i z o n t a l band of some k i n d , u s u a l l y w i t h a 

c h a r a c t e r i s t i c p o p u l a t i o n . The i n t e r t i d a l zone i s used i n an 

i n d e f i n i t e sense to d e s c r i b e the v e r t i c a l range of shore which 

may be exposed t o a i r or wetted with sea water. 

The r e j e c t i o n o f t h i s a p r i o r i assumption by Stephenson 

and Stephenson (1949, p. 303) i s somewhat shallow. While, as 

they say, z o n a t i o n o f a s o r t does appear around n o n - t i d a l 

bodies of water, i t i s incomparably b e t t e r developed around 

t i d a l b o d i e s . 

I t i s g e n e r a l l y agreed (Doty, 1957, p. 536) t h a t most 

i n t e r t i d a l organisms are disseminated i n a r e l a t i v e l y wide 

v e r t i c a l range, and are k i l l e d o f f by adverse f a c t o r s a t a 

l a t e r stage i n development, except i n the r e l a t i v e l y narrow 

zone where they are t o be found i n the a d u l t stage. However, 

c e r t a i n i n v e r t e b r a t e s are known t o show p r e f e r e n c e s f o r c e r t a i n 

k inds o f s u b s t r a t e (Pomerat et a l . , 1942, 1946). The r e l e a s e 

of m o t i l e r e p r o d u c t i v e bodies o f c e r t a i n algae i s c l o s e l y 

a s s o c i a t e d w i t h f e a t u r e s o f the t i d e , u s u a l l y on a r i s i n g t i d e . 

In a d d i t i o n , Smith (1947) found t h a t the gametophytes o f Ulva 

f r u i t o n l y at the beginning o f a s e r i e s of s p r i n g t i d e s , w h i l e 

the sporophytes s p o r u l a t e l a t e r i n the same s e r i e s . Since the 

r e p r o d u c t i v e bodies of most algae s e t t l e i n a r e l a t i v e l y s h o r t 
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time a f t e r r e l e a s e , the h i g h e s t l e v e l t o which the sea r i s e s 

d u r i n g t h a t p e r i o d may enforce an upper l i m i t i n the d i s t r i ­

b u t i o n of the a l g a . 

The death of a h i g h e r p o r t i o n o f the i n t e r t i d a l p o p u l a t i o n 

o f a s p e c i e s , a p p a r e n t l y through d r y i n g , sunburn, or heat death 

has o f t e n been observed (Rigg, 1917, p. 317). Other p o s s i b l e 

f a c t o r s i n the l e t h a l e f f e c t of exposure are f r e e z i n g i n w i n t e r , 

e x c e s s i v e s a l i n i t y caused by the d r y i n g down o f sea water on 

the p l a n t , or r e d u c t i o n o f s a l i n i t y by r a i n . The work o f 

Kanwisher (1957) and Osterhout (1906a) seems t o have thrown 

doubt on these t h r e e l a t t e r as important f a c t o r s i n most cases. 

However, t h i s work concerns on l y v e g e t a t i v e s u r v i v a l and growth. 

D e l f (1942) does not assemble much concrete evidence i n favour 

of her s u g g e s t i o n t h a t s a l i n i t y i n c r e a s e s are an important 

f a c t o r . Doty and Archer (1950) favour temperature e f f e c t s 

r a t h e r than s a l i n i t y , but note i n d i c a t i o n s t h a t t h e r e i s no 

u n i v e r s a l f a c t o r i n v o l v e d , which works i n the same way f o r 

most a l g a e . However, i t has been found t h a t s p e c i e s from 

high e r i n the i n t e r t i d a l zone can s u r v i v e d e s i c c a t i o n f o r a 

l o n g e r p e r i o d than can those from lower areas (Muenscher, 

1915a). 

S e s s i l e i n t e r t i d a l f i l t e r f e e d i n g animals must be submerged 

f o r a p o r t i o n of time s u f f i c i e n t f o r them t o g a i n enough food 

t o l i v e . A s i m i l a r f a c t o r may be e f f e c t i v e w i t h algae, s i n c e 

they o b t a i n t h e i r n u t r i e n t s from sea water. I t i s perhaps 

s i g n i f i c a n t t h a t P r a s i o l a m e r i d i o n a l i s S e t c h e l l and Gardner, 
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the highest intertidal marine macroscopic alga in this area, 

is commonly associated with sea-bird droppings (Scagel, 1957)* 
Moore (1935) is unable to account for the formation of 

the lower limit in Balanus . as spat settles at levels below 
the lower limit of the adult distribution. With algae, Baker 
(1910) suggests that lower limits are formed by the higher 
species suffering from competition by less specialized, larger, 
and faster growing lower species. This has been confirmed in 
part by Burrows and Lodge (1951), who cropped Ascophyllum  
nodosum (Linnaeus) LeJolis to 10 cm. height. After this, 
Fucus vesiculosus Linnaeus plants grew in the area. The 
competition would presumably be for light. 

Both the intensity and the spectral quality of sunlight 
is changed by passage through sea water. The diminution of 
light certainly is responsible for enforcing some lower limits 
of subtidal algae through reduction of photosynthesis. It i s 
possible that light may have a similar effect in the inter­
t i d a l zone (Chapman, 1942). Gail (1918) found that Fucus 
sporelings were k i l l e d when held continuously at a depth of 
more than one meter, apparently by diminution of li g h t . 
Similar work by Gail (1922) and Klugh and Martin (1927) 
showed similar results, but the optimum depth for some of the 
intertidal forms seems to be too great for lack of light to 
be limiting in the intertidal zone. For instance, Ectocarpus  
confervoides was found to have an optimum at a depth of between 
two to three meters in New Brunswick. Trevarthen (Chapman, 
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1957, f i g . 1) worked on the effect of desiccation and sub­
mergence on the rate of photosynthesis and respiration in 
Hormosira banksii (Turner) Decaisne. She found that desiccation 
reduces both photosynthesis and respiration greatly. Deep sub­
mergence at high tide reduces photosynthesis somewhat, but does 
not reduce respiration. Thus the periods just after emergence, 
just after submergence, and just before emergence, seem to be 
the .most favourable for the plant. Her results indicate that 
the plant might be approaching i t s compensation point at the 
lower limit of i t s distribution. 

The effect of wave action on the vertical limits of 
intertidal organisms has been noted above (p. 21). Burrows 
et a l . (1954) state that the raising of upper limits by wave 
action occurs only when persistent cloud cover and fog also 
obtains. The increments of up to 12 feet they mention in 
these circumstances is much greater than the 2 foot increase 
in height allowed by Johnson and Skutch (1928) and Colman 
(1933). The latter figure presumably applies to comparisons 
of situations with the same climate. 

Organisms of the same species in different situations can 
show differing degrees of adaptation or resistance to adverse 
conditions. Zanefeld (1937) showed that species of the Fucaceae 
from higher levels reach their dry weight after a longer period 
of drying than do those from lower levels. This seems to be 
the effect of modifications in the c e l l walls. Carnahan (1952) 
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l i k e w i s e found t h a t the water l o s s was slower from the h i g h e r 

i n d i v i d u a l s of Hormosira b a n k s i i (Turner) Decaisne. I t i s 

w e l l known (Scholander et a l . , 1952) t h a t a r c t i c marine 

i n v e r t e b r a t e s may show a c t i v e a d a p t a t i o n i n t h e i r r e s p i r a t i o n 

r a t e s . There i s some evidence (Segal et a l . , 1953) t h a t 

m o l l u s c s of the lower i n t e r t i d a l zone may be c o l d adapted 

r e l a t i v e t o h i g h e r members of the same s p e c i e s . Algae can 

become adapted to l i g h t o f a lower i n t e n s i t y or a d i f f e r e n t 

s p e c t r a l q u a l i t y by changes i n the q u a n t i t y and p r o p o r t i o n 

of t h e i r d i f f e r e n t pigments (Blackman, 1905; Lubimenko, 1925). 

Sometimes an a d a p t a t i o n t o one adverse f a c t o r appears t o be 

r e l a t e d t o r e s i s t a n c e t o another. D e l f (1942) mentions t h a t 

r e s i s t a n c e to extremes of temperature and s a l i n i t y seem to be 

c o r r e l a t e d . T h i s d i f f e r e n t i a l i n a d a p t a t i o n between v a r i o u s 

p a r t s o f a p o p u l a t i o n should be c o n s i d e r e d i n experimental 

work concerning t h e e f f e c t s of adverse f a c t o r s . 

The sharpness of the l i m i t s of some i n t e r t i d a l organisms, 

and the tendency of these l i m i t s t o be grouped at c e r t a i n l e v e l s , 

or breaks, i s not easy t o e x p l a i n (Colman, 1942). The explana­

t i o n which i s the most favoured at the present time i s the 

t h e o r y of c r i t i c a l l e v e l s or c r i t i c a l t i d a l f a c t o r s . A b e g i n n i n g 

of the t h e o r y and the use o f the term " c r i t i c a l l e v e l " (p. 466) 

r e f e r r i n g t o c e r t a i n f e a t u r e s of the t i d a l curve was made by 

Colman (1933). 

The a p p a r e n t l y somewhat i n v o l v e d o r i g i n s of the t h e o r y 
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are d i s c u s s e d by Doty (1957, p. 558). Doty (1946) developed 

the idea f o r the mixed s e m i - d i u r n a l t i d e s o f the P a c i f i c coast 

o f Oregon and C a l i f o r n i a . Mixed s e m i - d i u r n a l t i d e s are charac­

t e r i z e d by two hig h and two low t i d e s d u r i n g each 25 hour 

p e r i o d , these p a i r s o f t i d e s being u s u a l l y o f d i f f e r e n t h e i g h t s . 

I f i n t h i s s i t u a i o n the d u r a t i o n o f maximum submergence or 

emergence i s p l o t t e d a g a i n s t h e i g h t i n the i n t e r t i d a l zone, 

the r e s u l t i n g curve i s stepped. T h i s means t h a t an organism 

at a c e r t a i n h eight can experience an emergence about twice 

as long as t h a t which can be experienced by another organism 

immediately below i t . Thus an organism j u s t above lowest 

lower h i g h water (LLHW) w i l l be submerged at l e a s t once a day 

and can experience an emergence of the order o f 20 hours' 

d u r a t i o n . An organism a l i t t l e lower i s always submerged 

twice a day and can experience a maximum emergence o f the 

order o f 10 hours (Doty, 1957, F i g . 11). A s i m i l a r s i t u a t i o n 

o b t a i n s f o r d u r a t i o n o f maximum submergence a t such l e v e l s as 

HHLW. Doty (1946) r e l a t e s c e r t a i n o f such f e a t u r e s of the 

t i d a l curve as LLHW t o these steps i n the curve o f maximum 

exposure or submergence a g a i n s t h e i g h t . He found t h a t the 

breaks, or groups o f l i m i t s o f organisms, tended t o occur 

at one or other o f these r e l a t e d l e v e l s . Thus, t h e r e are 

three kinds o f l e v e l ; the f e a t u r e of the t i d a l curve, such 

as LLHW; the step on the p l o t t e d curve, such as the i n c r e a s e 

of maximum emergence from 10 t o 20 hours; and the breaks. 

The t h e o r y proposes t o r e l a t e a l l t h r e e . However some papers 
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d e a l i n g with the g e n e r a l s u b j e c t o f t i d a l l e v e l s i n r e l a t i o n 

t o d i s t r i b u t i o n a l l i m i t s do not do t h i s . The t e r m i n o l o g y i s 

confused i n consequence. Colman (1933, p. 466), Chapman 
(1942, p. 241), Doty (1946, p. 321), and Womersley (1956, 
p. 76) use the term " c r i t i c a l l e v e l " i n the sense o f f e a t u r e 

of the t i d a l curve r e l a t e d t o a break without r e f e r e n c e t o 

the s t e p s . However, Beveridge and Chapman (1950, p. 40) and 

Carnahan (1952, p. 40) appear t o use c r i t i c a l l e v e l as a 

synonym f o r break. Doty (1946, pp. 319-320) r e s e r v e s the 

term " c r i t i c a l t i d a l f a c t o r " f o r a f e a t u r e of the t i d a l 

rhythm which has been r e l a t e d t o a ste p . Presumably a 

t i d a l f a c t o r i s the f e a t u r e i t s e l f , which may or may not be 

r e l a t e d t o a ste p . The w r i t e r f o l l o w s Doty's use of the terms 

t i d a l f a c t o r and c r i t i c a l t i d a l f a c t o r . The term c r i t i c a l 

l e v e l i s avoided below, s i n c e the l i m i t s o f i n d i v i d u a l organ­

isms, r a t h e r than breaks, are c o n s i d e r e d i n t h i s i n v e s t i g a t i o n . 

I f the t h e o r y o f c r i t i c a l t i d a l f a c t o r s i s t o be used t o 

suggest a cause o f breaks or i n d i v i d u a l l i m i t s o f d i s t r i b u t i o n , 

care should be taken to make the c o r r e l a t i o n s s i g n i f i c a n t . 

Thus Beveridge and Chapman (1952) use 11 t i d a l f a c t o r s ( i n the 

sense d e f i n e d above) where the t i d a l amplitude i s about 10 f e e t . 

I t appears probable t h a t some of the c o r r e l a t i o n s found may be 

p u r e l y c o i n c i d e n t a l . N e v e r t h e l e s s , such an approach can be o f 

value i n a p u r e l y d e s c r i p t i v e way, p r o v i d i n g a means by which 

the z o n a t i o n o f two areas w i t h d i f f e r e n t t i d a l amplitudes can 

be compared. 
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Doty and some of h i s students have pursued experimental 

work t o c o n f i r m the t h e o r y of c r i t i c a l t i d a l f a c t o r s . Doty 

and Archer (1950) proved e x p e r i m e n t a l l y t h a t a two o r t h r e e ­

f o l d i n c r e a s e o f an unfavourable f a c t o r i n the environment 

may mean the d i f f e r e n c e between t h e s a t i s f a c t o r y growth and 

the death o f an a l g a . However, the work i n d i c a t e s t h a t no 

s i n g l e f a c t o r was r e s p o n s i b l e f o r the l i m i t i n g o f a l l the 

algae used. Doty and Fahey (Doty, 1957, pp. 559-560) found 

t h a t t i d a l f a c t o r s i n nature do a c t u a l l y cause an abrupt 

i n c r e a s e i n unfavourable f a c t o r s at the l e v e l s where breaks 

are found. 

S e c u l a r changes i n i n t e r t i d a l p o p u l a t i o n s are c l o s e l y 

connected with the l i f e c y c l e s o f the v a r i o u s organisms 

i n v o l v e d . Johnson and Skutch (1928) found great v a r i a b i l i t y 

i n z o n a t i o n from year t o year, both i n h e i g h t s and the com­

p o s i t i o n of the p o p u l a t i o n s . Evans (1947), on the other hand, 

found t h a t the z o n a t i o n on Church Reef was almost the same as 

t h a t determined by Colman (1933). Doty (1957, p. 551) notes 

t h a t the z o n a t i o n of the l a r g e r and u s u a l l y p e r e n n i a l organisms 

i s more constant w i t h season than i s the z o n a t i o n o f the 

s m a l l e r , presumably s h o r t e r - l i v e d forms. The reason f o r t h i s 

i s probably the f a c t t h a t the d i s t r i b u t i o n s o f l a r g e , p e r e n n i a l 

organisms are governed by environmental c o n d i t i o n s over a 

g r e a t e r extent of time and space. These c o n d i t i o n s should 

u s u a l l y be more constant i n t h e i r e f f e c t . Larger organisms 

a l s o probably have a g r e a t e r r e s i s t a n c e t o temporary unfavourable 
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c o n d i t i o n s . General f i e l d s t u d i e s o f the w i n t e r c o n d i t i o n s 

o f algae are r a r e . Hurd (1917) found t h a t d i f f e r e n c e s from 

the summer c o n d i t i o n s are s l i g h t i n the San Juan I s l a n d a r e a , 

except t h a t c e r t a i n prominent algae, such as N e r e o c y s t i s . are 

absent. Johnson and Skutch (1928) found n o t i c e a b l e seasonal 

v a r i a t i o n s i n the s m a l l e r and h i g h e r a l g a e . Seasonal changes 

are more o f t e n and c o n v e n i e n t l y s t u d i e d on an a u t e c o l o g i c a l 

b a s i s . These s t u d i e s u s u a l l y take the form o f l i f e c y c l e 

s t u d i e s o f i n d i v i d u a l e n t i t i e s . A good example o f t h i s type 

of study i s the work o f Parke (1948) on L a m i n a r i a s a c c h a r i n a 

(Linnaeus) Lamouroux. 

S u c c e s s i o n a l and r e p o p u l a t i o n s t u d i e s are a f i e l d i n 

themselves. However, they may throw some l i g h t on the r o l e 

o f c o m p e t i t i o n i n the establishment o f upper and lower l i m i t s 

(Burrows and Lodge, 1951). 

An a u t o e c o l o g i c a l approach would seem to be p r e f e r a b l e i n 

i n v e s t i g a t i n g the reasons f o r the d i s t r i b u t i o n s o f organisms i n 

the i n t e r t i d a l zone. I t seems c l e a r t h a t d i f f e r e n t f a c t o r s are 

l i m i t i n g i n d i f f e r e n t s i t u a t i o n s . G e n e r a l i z a t i o n s concerning 

the r e l a t i o n s h i p s between organisms and t h e i r environment have 

o n l y l i m i t e d v a l u e . 

The present study i s mainly d e s c r i p t i v e . However, i n the 

d e s c r i p t i o n s , i n d i v i d u a l s p e c i e s r a t h e r than communities have 

been emphasized. 
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ENVIRONMENTAL FACTORS IN JUAN DE FUCA STRAIT  

G e o l o g i c a l f a c t o r s . 

The s u b s t r a t e seems t o a f f e c t the organisms l i v i n g upon i t 

on l y through i t s p h y s i c a l a s p e c t s . T h i s study i s r e s t r i c t e d 

t o organisms which r e q u i r e a s o l i d anchorage. The rock must be 

s u f f i c i e n t l y hard t o r e s i s t r a p i d e r o s i o n , and s u f f i c i e n t l y rough 

t o a l l o w attachment. Sand and l a r g e r rock fragments, i m p e l l e d by 

s u r f , may scour organisms from adjacent r o c k s . Suspended m a t e r i a l 

may smother v a r i o u s organisms, or reduce the i n c i d e n t l i g h t needed 

by p l a n t s . 

The chemical c o n s t i t u t i o n of the s u b s t r a t e does not u s u a l l y 

appear to have any n u t r i t i v e or t o x i c e f f e c t . I t has sometimes 

been suggested t h a t limestone or chalk may a f f e c t organisms by 

r a i s i n g the pH of t h e water i n the v i c i n i t y . However, Boalch 

( 1 9 5 7 ) found no s i g n i f i c a n t d i f f e r e n c e on the open beach between 

the p o p u l a t i o n s on chalk and those on greensand. 

The g e n e r a l geology o f the Juan de Fuca S t r a i t area i s shown 

i n F i g . 2. The type of beach i s mentioned i n the d e s c r i p t i o n s of 

the s t a t i o n s (Appendix I ) . In these d e s c r i p t i o n s , beaches are 

c l a s s i f i e d as f o l l o w s : 

1. l o o s e , e i t h e r of sand or s h i n g l e . 
2. b o u l d e r . 
3. rock outcrop. 

a. sandstone or t u f f . 
b. f i n e g r a i n e d igneous rock, mostly b a s a l t . 
c. g n e i s s , s l a t e , s c h i s t , and q u a r t z i t e . 
d. conglomerate. 
e. coarse g r a i n e d igneous r o c k s , mostly gabbro. 
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Th e loose beaches are usually very poor in attached organisms, 
while the boulders and the outcrops are rich. In choosing the 
locations for stations, therefore, loose beaches were avoided 
entirely, and rocky beaches were selected when possible. 

The surfaces of the different types of rock listed above 
have different physical characters, as follows: 

1. sandstone and tuff — eroding surface. 
2. fine grained igneous rock — hard polished surface. 
3. coarse grained igneous rock -- hard rough surface. 
4. conglomerate, gneiss, schist, slate, and quartzite — 
surface of various hardnesses, very rough and irregular. 

However, these differences do not appear to be significant in 
many cases. Highly polished basalt i s usually poor in algae. 
It i s not clear i f this fact i s because the algae could not 
become attached, or because the agent which polished the rock 
removes them. Tide pools are largely restricted to areas of 
sandstone beach. 

Figure 2 i s based on the Canadian Department of Mines 
Geological Survey Maps Nos. 17A and 196A. The types of bottom 
are taken from the Canadian Hydrographic Service chart No. 3607 
and the United States Coast and Geodetic Survey chart No. 6300« 

The abrasive effect of loose sand was particularly 
noticeable at Otter Point (Stn. 14). In general, the beaches 
are more muddy in the eastern portion of the Strait. 
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Chemical f a c t o r s . 

S a l i n i t y . 

H e r l i n v e a u x (personal communication) and Waldichuk (1957) 

c o n s i d e r Juan de Fuca S t r a i t o c e a n o g r a p h i c a l l y as a somewhat 

complicated e s t u a r y of the F r a s e r R i v e r . The F r a s e r R i v e r 

o u t f l o w reaches i t s maximum i n e a r l y summer. At t h i s time a 

d i s t i n c t upper l a y e r o f t u r b i d water, w i t h s a l i n i t y o f about 

±6/00) spreads over much o f the S t r a i t of G e o r g i a . The main 

body o f water underneath t h i s s u r f a c e l a y e r i s l e s s t u r b i d 

and more s a l i n e . Most of the excess water r e s u l t i n g from a 

s u r p l u s o f r u n o f f over e v a p o r a t i o n f i n d s i t s way out to the 

P a c i f i c Ocean through Haro S t r a i t and the other channels i n 

t h i s a r e a . The two l a y e r system o r i g i n a t i n g i n the S t r a i t of 

Georgia becomes thoroughly mixed i n p a s s i n g through the channels, 

over the s i l l south o f V i c t o r i a , and around Race Rocks. At 

Race Rocks, the s a l i n i t y i s f a i r l y constant at about 31.35%o, 

r a n g i n g from 30.20%°to 32.00%o. The mixed water o r i g i n a t i n g 

i n the S t r a i t o f Georgia flows outward as the upper l a y e r o f 

a two l a y e r system i n the outer p o r t i o n of Juan de Fuca S t r a i t . 

I t g r a d u a l l y becomes more s a l i n e as i t e n t r a i n s water from the 

lower l a y e r . 

The lower l a y e r comes from the P a c i f i c Ocean o f f Cape 

F l a t t e r y . The s a l i n i t y o f water from t h i s source i s i n f l u e n c e d 

by the presence or absence o f u p w e l l i n g a t the mouth o f Juan 

de Fuca S t r a i t . N o rthwesterly winds i n c r e a s e the u p w e l l i n g , 

and thus a l s o cause an i n c r e a s e i n the s a l i n i t y o f the S t r a i t . 
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According t o Herlinveaux (1957, p e r s o n a l communication), 

the s a l i n i t y c l o s e t o the Canadian shores v a r i e s i n a p a t t e r n 

determined by the s t r e n g t h o f t i d a l c u r r e n t s . The f l o o d 

c u r r e n t , f l o w i n g i n an e a s t e r l y d i r e c t i o n , moves somewhat away 

from the shore because o f C o r i o l i s f o r c e . T h i s induces an 

u p w e l l i n g o f deeper, more s a l i n e water. The amount o f u p w e l l i n g , 

and o f the consequent i n c r e a s e i n s a l i n i t y , i s p r o p o r t i o n a l to 

the speed of the c u r r e n t . T h i s e f f e c t i s not completely 

r e v e r s e d by the ebb. Surface water may be moved f u r t h e r i n s h o r e , 

but l i t t l e change i n s a l i n i t y r e s u l t s , as the l a t e r a l s a l i n i t y 

g r a d i e n t i s much s m a l l e r than the v e r t i c a l one. Thus, t h e r e i s 

a d i u r n a l v a r i a t i o n o f s a l i n i t y i n s h o r e , w i t h the s a l i n i t y 

i n c r e a s i n g on the f l o o d t i d e . Both f l o o d and ebb t i d e s a l s o 

i n c r e a s e s u r f a c e s a l i n i t y by mixing s u r f a c e and deeper water. 

There i s a l s o a semi-monthly v a r i a t i o n , w i t h s a l i n i t y i n c r e a s i n g 

during the s p r i n g t i d e s . 

S a l i n i t y i s not n e c e s s a r i l y a c o n s e r v a t i v e p r o p e r t y o f 

sea water at t h e s u r f a c e . Along the shore i t i s p a r t i c u l a r l y 

s u b j e c t t o a decrease through admixture with r i v e r water. The 

r i v e r s o f the n o r t h e r n shore of Juan de Fuca S t r a i t c o n t r i b u t e 

about 30 X 10 meter^ of f r e s h water a year, w i t h a maximum i n 

the w i n t e r . Waldichuk (1957) estimates the f r e s h water outfl o w 
8 3 

of the S t r a i t of Georgia as 1450.9 X 10 meter a y e a r . These 

f i g u r e s i n d i c a t e t h a t the r i v e r s do not have any s i g n i f i c a n t 

e f f e c t on the system i n g e n e r a l . They may have some l o c a l 

e f f e c t . 
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The combined outfl o w i n t o Port San Juan of the San Juan 

and Gordon R i v e r s i s the major c o n t r i b u t i o n from the n o r t h e r n 

shore o f Juan de Fuca S t r a i t . I t amounts to about 20 X 10 

3 
meter-' a ye a r . S a l i n i t y a n a l y s e s o f samples taken d u r i n g 

the summer at S t a t i o n 1 show no s i g n o f any f r e s h e n i n g o f the 

water. The hydrographic s t a t i o n 2-A (Anon., 1955), occupied 

by the P a c i f i c Oceanographic Group, was c l o s e t o S t a t i o n 1. 

The s u r f a c e s a l i n i t y at t h i s s t a t i o n was determined t e n times 

d u r i n g the year 1951-1952. Of these o n l y one (29.54 %o on 

October 6, 1951) shows a s a l i n i t y below 31.00 % o . Thus, any 

l o c a l f r e s h e n i n g o f the sea by r i v e r s on the nor t h shore must 

be very l i m i t e d . 

A w e s t e r l y wind may a l s o cause u p w e l l i n g when i t blows 

along the n o r t h e r n shore o f the S t r a i t . 

The w i n t e r and summer d i s t r i b u t i o n s o f s u r f a c e s a l i n i t y 

i n Juan de Fuca S t r a i t are shown i n F i g u r e s 3 and 4. The 

1951-2 and the 1957-8 o b s e r v a t i o n s can ro u g h l y be r e l a t e d 

through the continuous d a i l y o b s e r v a t i o n s a t Race Rocks 

( F i g . 5). The s a l i n i t y d u r i n g these two p e r i o d s appears t o 

be about the same. 

The e f f e c t o f the summer maximum o f F r a s e r R i v e r r u n o f f 

on the g e n e r a l d i s t r i b u t i o n of s a l i n i t y i s c l e a r l y apparent. 

The s a l i n i t y at Muir Creek (Stn. 13), as determined from 

the samples taken from the beach, shows e x c e p t i o n a l v a r i a b i l i t y . 

The f l u c t u a t i o n s o f s a l i n i t y here probably r e s u l t from the f a c t 

t h a t the s t a t i o n i s s i t u a t e d c l o s e t o a s i z a b l e stream i n a 
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shallow and perhaps p o o r l y f l u s h e d bay. V a r i a t i o n s at s t a t i o n s 

s u b j e c t t o s u r f a c t i o n , such as G l a c i e r Point (Stn. 1 0 ) , 

Sheringham Point (Stn. 1 2 ) , and O t t e r Point (Stn. 14) are 

much s m a l l e r . 

The s a l i n i t y o f samples taken from the beach along the 

nor t h e r n shore i n w i n t e r i s c o n s i s t e n t w i t h the g e n e r a l d i s t r i ­

b u t i o n . Oh the other hand, the summer de t e r m i n a t i o n s west o f 

Sheringham Point seem t o be a p p r e c i a b l y h i g h e r than might be 

expected from the g e n e r a l d i s t r i b u t i o n i n June. Many of the 

beach samples were taken i n J u l y and August, when' s a l i n i t y was 

presumably h i g h e r than i n June, which i s the month of maximum 

Fr a s e r r u n o f f . Sheringham Point i s the e f f e c t i v e i n n e r l i m i t 

of ocean s u r f i n summer. The h i g h e r values may r e s u l t from a 

mixing up of lower water by the a c t i o n of s u r f . However, i n 

t h i s s e c t i o n of the S t r a i t , the h i g h e r s a l i n i t i e s o f t e n 

appeared t o be a s s o c i a t e d with p e r i o d s o f s t r o n g w e s t e r l y wind 

of s e v e r a l days' d u r a t i o n . The n o r t h w e s t e r l y component of 

winds which p a r a l l e l the west coast o f Vancouver I . i s a t a 

maximum i n summer ( P i c k a r d and McLeod, 1 9 5 3 , f i g . 7B). Since 

the s u r f c e r t a i n l y does not decrease i n winte r , the w e s t e r l y 

wind i s the most probable cause o f the h i g h e r summer va l u e s 

f o r s a l i n i t y along the beach. 

Some of the cons e c u t i v e d e t e r m i n a t i o n s o f s a l i n i t y made 

i n t h i s i n v e s t i g a t i o n are shown i n Figure 6. The runs are too 

short t o g i v e a very c e r t a i n p i c t u r e o f d i u r n a l or semi-monthly 

v a r i a t i o n s . The sharp decrease i n s a l i n i t y a t Muir Creek on 
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the ebb i s probably the consequence o f the ebb c u r r e n t sweeping 

water from Muir Creek i t s e l f over the s t a t i o n . At Sandstone 

Creek, where the s u r f i s q u i t e heavy, t h e r e i s no marked d i u r n a l 

v a r i a t i o n . P a t t e r n s o f d i u r n a l v a r i a t i o n which might be c o r ­

r e l a t e d with u p w e l l i n g induced by t i d a l c u r r e n t s or the w e s t e r l y 

wind do not appear at e i t h e r s t a t i o n . There i s some i n d i c a t i o n 

of a decrease i n s a l i n i t y as the neap t i d e s c o n t i n u e . 

Before the g r a d u a l disappearance o f open coast forms from 

west t o east can be a s c r i b e d t o a decrease i n s a l i n i t y , the 

e x i s t e n c e of an a p p r o p r i a t e s a l i n i t y g r a d i e n t must be proved. 

Such a g r a d i e n t can be deduced from the June g e n e r a l s a l i n i t y 

d i s t r i b u t i o n ( F i g . 4 ) , but not from the November one ( F i g . 3 ) . 

I t i s not c l e a r l y apparent i n F i g u r e 7, which shows f o u r s e t s 

o f o b s e r v a t i o n s made alo n g the shore. Each set was taken on 

the same day. None shows any marked g r a d i e n t , as random 

v a r i a t i o n s appear t o be g r e a t e r than any g r a d i e n t t h e r e may be. 

T h i s f i g u r e a l s o shows the average d i f f e r e n c e between i n d i v i ­

d u a l d e t e r m i n a t i o n s of s a l i n i t y a t v a r i o u s s t a t i o n s and t h e 

value obtained from Race Rocks on the same day. Most of 

t h i s data was obtained d u r i n g the summer. Many of the samples 

were taken about the end o f the ebb t i d e at the beach, but 

a l l samples from Race Rocks are taken at the end of the f l o o d . 

T h i s d i f f e r e n c e i n method i s probably not s i g n i f i c a n t . The 

d e t e r m i n a t i o n s at Sandstone and Muir Creeks, where samples 

were taken at a l l stages o f t h e t i d e , appear to be c o n s i s t e n t 

with the other s t a t i o n s . While no d e f i n i t e g r a d i e n t i s 

apparent along the shore o f t h e outer p o r t i o n o f Juan de Fuca 
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S t r a i t , the shore s t r e t c h i n g north from V i c t o r i a sometimes 

experiences very low s a l i n i t i e s o f below 2 9 . 0 0 % o . 
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Other chemical f a c t o r s . 

P r a c t i c a l c o n s i d e r a t i o n s permitted o n l y a v e r y few 

measurements o f ' t h e d i s s o l v e d oxygen and pH of the sea water 

i n the area under study. The data o b t a i n e d showed no e x c e p t i o n a l 

v a l u e s . I t seems v e r y u n l i k e l y t h a t e i t h e r o f these water 

p r o p e r t i e s are l i m i t i n g t o organisms i n the circumstances 

s t u d i e d here. 

No measurements were made of phosphates, n i t r a t e s , or 

other n u t r i e n t substances. The mixing which ta k e s p l a c e 

around Race Rocks and the p a t t e r n s o f u p w e l l i n g a l o n g the 

shore, suggest t h a t i n o r g a n i c n u t r i e n t s are probably never 

reduced to l e v e l s which have been found l i m i t i n g f o r phyto-

plankton. I t i s unknown whether the same v a l u e s are l i m i t i n g 

f o r b e n t h i c a l g a e . 
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P h y s i c a l f a c t o r s * 

Sea temperature. 

Winter and summer d i s t r i b u t i o n s o f s u r f a c e sea temperature 

i n Juan de Fuca S t r a i t are shown i n F i g u r e s 8 and 9» The 

su r f a c e temperature at the beach i s much more v a r i a b l e t han 

the s a l i n i t y , when i t i s considered i n r e l a t i o n t o the 

g e n e r a l d i s t r i b u t i o n o f f s h o r e . These v a r i a t i o n s i n temperature 

appear to be the consequence o f o c c a s i o n a l warming o f i n s h o r e 

waters. No c o o l i n g e f f e c t s are apparent. T h i s v a r i a b i l i t y 

i s so great t h a t t h e r e i s l i t t l e use i n a t t e m p t i n g to p r e d i c t 

sea temperature on the beach from a c o n s i d e r a t i o n o f t h e 

ge n e r a l d i s t r i b u t i o n . However, the data p l o t t e d i n F i g u r e s 9 

and 10 show the sea temperatures a c t u a l l y experienced by 

the i n t e r t i d a l organisms at v a r i o u s s t a t i o n s . The temperatures 

on the more exposed s t a t i o n s were f a i r l y c o n s i s t e n t with the 

o f f s h o r e temperatures, r a n g i n g from about 9 t o 11° C. In more 

or l e s s e n c l o s e d s t a t i o n s the sea may be warmed much more: 

to 18° a t Muir Creek and 22° i n Sooke B a s i n . I t i s probable 

t h a t i n t e r t i d a l organisms encounter more extreme temperatures 

when they are exposed t o the a i r . However, i t i s p o s s i b l e 

t h a t sea temperatures may be l i m i t i n g through e f f e c t s more 

s u b t l e than heat or c o l d death. For i n s t a n c e , changes i n 

average temperatures may e f f e c t the balance between r e s p i r a t i o n 

and p h o t o s y n t h e s i s ( K r a s h e n n i k o f f , 1926). 
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Wind. 

The appearance of t r e e s and shrubbery a t Black Creek, 

G l a c i e r P o i n t , and Donaldson I. i n d i c a t e s t h a t the p r e v a i l i n g 

wind i s w e s t e r l y . On the other hand, t h i s may o n l y be the 

e f f e c t o f the r e l a t i v e maximum o f wind from t h e n o r t h w e s t e r l y 

quadrant i n s p r i n g and summer ( P i c k a r d and McLeod, 1953, 

f i g . 7B) when growth i s a t a maximum. 

As a g e n e r a l r u l e , the west wind s p r i n g s up i n t h e 

af t e r n o o n d u r i n g t h e summer. Since most d a y l i g h t low t i d e s 

occur i n the morning, t h i s wind has probably l i t t l e d r y i n g 

e f f e c t on i n t e r t i d a l organisms. 
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S u r f . 

V i r t u a l l y the f u l l f o r c e of the ocean s w e l l reaches the 

Port Renfrew a r e a from the west. Eastward from Port Renfrew 

the i n t e n s i t y o f the s w e l l g r a d u a l l y d e creases. I t i s mark­

e d l y l e s s at G l a c i e r P o i n t , and u s u a l l y d i s a p p e a r s east of 

Sheringham P o i n t . No q u a n t i t a t i v e measurements were obt a i n e d 

o f the i n t e n s i t y o f the s u r f . T h i s a p p l i e s o n l y t o the ocean 

s w e l l coming from the mouth o f the S t r a i t . Very heavy s u r f 

from l o c a l storms can occur i n a l l p a r t s of the S t r a i t . 

There i s a g r a d i e n t of s u r f d u r a t i o n superimposed on 

the g r a d i e n t of ocean s u r f i n t e n s i t y . There i s a tendency 

f o r the t i d a l c u r r e n t s t o f l a t t e n out the s w e l l . The more 

e a s t e r l y p o i n t s g e n e r a l l y are reached by s u r f at time c l o s e 

t o s l a c k water. Even at O t t e r P o i n t , a few heavy s w e l l s 

almost always mark the t u r n t o f l o o d . 
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R a i n f a l l , humidity, and amount o f sunshine. 

The average y e a r l y r a i n f a l l i n the ar e a s t u d i e d decreases 

i n an e a s t e r l y d i r e c t i o n . I t amounts t o about 90 inches a t 

Port Renfrew, 30 inches a t Race Rocks, and 20 inches i n the 

San Juan I s l a n d s . The maximum r a i n f a l l i s i n w i n t e r . 

The summer o f 1957 was e x c e p t i o n a l l y wet, while t h a t o f 

1958 was e x c e p t i o n a l l y dry (Anon., 1957c; 1958a). 

I t i s probable t h a t r a i n f a l l has the most e f f e c t on 

i n t e r t i d a l organisms i n d i r e c t l y , through i t s e f f e c t on 

r e l a t i v e humidity and d e s i c c a t i o n . Very heavy r a i n f a l l was 

observed t o r a i s e b l i s t e r s on exposed i n v i d i v u a l s o f t h e 

order L a m i n a r i a l e s , p a r t i c u l a r l y Hedophyllum, but t h i s seemed 

to have no permanent e f f e c t . Heavy r a i n f a l l had l i t t l e e f f e c t 

upon the s a l i n i t y o f t i d e p o o l s , as the r a i n w a t e r remained 

separate as a t h i n s u r f a c e l a y e r . 

At Observatory Point and Sombrio P o i n t , the f i n e spray 

from the heavy s u r f kept the i n t e r t i d a l organisms moist even 

on dry days. 

R a i n f a l l and humidity are probably r o u g h l y r e l a t e d t o the 

amount of cl o u d cover. T h i s i n t u r n i s probably the main 

f a c t o r i n d i f f e r e n c e s between amounts of i n c i d e n t l i g h t a t 

the v a r i o u s l o c a l i t i e s s t u d i e d . I n c i d e n t l i g h t i t s e l f was 

not measured. The average annual number of hours of b r i g h t 

sunshine i s about 1400 a t Port Renfrew, 1600 a t Sooke, 1800 

at Race Rocks, 2000 at V i c t o r i a , and 2100 i n the San Juan 

I s l a n d s (Anon., 1957a). 
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Tides. 

There are a v a r i e t y of types of t i d a l curves i n the area 
st u d i e d . Figure 10 shows somewhat more than one t i d a l c y c l e 
at T o f i n o , Port Renfrew, and V i c t o r i a . Some much sh o r t e r por­
t i o n s of the t i d a l curves at Sandstone and Muir Creeks are 
shown i n Figure 6. On the open coast at Tofino or Clayoquot 
the t i d e s are of the mixed semi-diurnal type (defined on 
page 26). At V i c t o r i a , they are markedly d e c l i n a t i o n a l . The 
e f f e c t of t h i s i s v i r t u a l l y t o e l i m i n a t e the higher low water 
f o r much of the t i d a l c y c l e . The amplitude of the t i d e s i s 
13.0 fe e t at Clayoquot, 11.4 f e e t at Port Renfrew, 10.2 f e e t 
at Sooke, and 9*3 f e e t at V i c t o r i a . The amplitude i s taken 
here as the d i f f e r e n c e between higher high water and lower 
low water of l a r g e t i d e s , as presented i n the t i d e t a b l e s 
p r edicted f o r 1959 by the Canadian Hydrographic Service 
(Anon., 1958b). 

Phase d i f f e r e n c e s are d i f f i c u l t to assess, because of 
the great d i f f e r e n c e s i n form between the va r i o u s curves. 
Lower low water at Clayoquot almost always precedes t h a t at 
the other l o c a l i t i e s i n the area s t u d i e d . This l a g behind 
lower low water at Clayoquot averages 0.2 hours at Port 
Renfrew, 1.1 hours at Sandstone Creek, 2.1 hours at Sooke, 
and 2.6 hours at V i c t o r i a . At a l l these l o c a l i t i e s , lower 
low water occurs e a r l i e r i n the morning as the summer 
progresses. Consequently, i t occurs i n the day during the 
summer, and i n the nigh t during the w i n t e r . 
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The l i m i t e d o b s e r v a t i o n s o f t i d a l h e ight a t Sandstone 

Creek and Muir Creek permit some q u a l i t a t i v e e s t i m a t i o n s o f 

the t i d a l curves at these p l a c e s . In form, t h e y are r o u g h l y 

intermediate between those o f Port Renfrew and V i c t o r i a . In 

amplitude t h e y are very c l o s e t o V i c t o r i a . In the t i d a l 

p r e d i c t i o n s of t h e Canadian Hydrographic S e r v i c e , G l a c i e r P o i n t 

and Becher Bay are r e f e r r e d t o Sooke; W i l l i a m Head and Oak Bay 

to V i c t o r i a . 

The use of the terms t i d a l f a c t o r and c r i t i c a l t i d a l 

f a c t o r have been d i s c u s s e d on page 28. The t i d a l f a c t o r s 

noted here ( F i g . 11) are d e r i v e d from an a n a l y s i s o f the 

mixed s e m i - d i u r n a l t i d e . The higher and lower h i g h waters 

of a day are d e s c r i b e d as HHW and LHW r e s p e c t i v e l y . S i m i l a r l y , 

the h i g h e r and lower low waters are g i v e n the d e s i g n a t i o n s 

HLW and LLW. In a f o u r t e e n day t i d a l p e r i o d , i n c l u d i n g neap 

and s p r i n g t i d e s , each of the above "waters" has a maximum, 

a minimum, and a mean v a l u e . These are des i g n a t e d by p r e ­

f i x i n g the l e t t e r s H ( f o r h i g h e s t ) , L ( f o r l o w e s t ) , and M 

(fo r mean) to the other t h r e e l e t t e r s . MSL stands f o r mean 

sea l e v e l . EHHW and ELLW (E f o r extreme) r e p r e s e n t the 

high e s t and t h e lowest t i d e o f the time c o n s i d e r e d . EHHW 

and ELLW are the HHHW and LLLW of the two-week t i d a l p e r i o d 

i n which they occur. Except f o r the use o f the l e t t e r E, 

t h i s t e r m i n o l o g y f o l l o w s Doty (1946). 

The mean v a l u e s l i s t e d i n Fi g u r e 12 cannot p r o p e r l y be 

found t o be c r i t i c a l t i d a l f a c t o r s . They are not l o g i c a l l y 
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connected with any step on the curves of maximum emergence 
or submergence. However, they may coincide with these. Mean 
values of certain t i d a l factors can be very useful in describing 
the zonation of organisms. 

The t i d a l data presented below are taken from various 
sources (Table I). They appear to be consistent with one 
another. Since the tides at Victoria are mostly of the 
diurnal type, the t i d a l factors relating to LHW and HLW are 
probably not very real. The t i d a l predictions are l i s t e d 
in the bibliography as Anonymous, 1956, 1957d, 1958b. 



-49 

Table I Sources o f t i d a l d a t a . 

F i g u r e Data 

6 Sandstone Creek and 
Muir Creek 

10 A l l data 

12 MSL a l l l o c a l i t i e s 

Other f a c t o r s Sooke, 
Port Renfrew 
Other f a c t o r s V i c t o r i a , 
Clayoquot 

13, 14 Sooke 

Other l o c a l i t i e s 

15-18 A l l data 

19, 20 A l l data 

Source 

W r i t e r ' s o b s e r v a t i o n s . Night 
values l a r g e l y i n t e r p o l a t e d . 

Hourly c o o r d i n a t e s from 
r e l e v a n t t i d e gauges. 

Mean of h o u r l y t i d e gauge 
re a d i n g s , June and J u l y , 1957• 
Mean o f a l l p r e d i c t e d v a l u e s , 
1959. 
Mean o f a l l p r e d i c t e d v a l u e s , 
1957. 
E x t r a p o l a t e d from V i c t o r i a 
r e c o r d s . 
T i d e gauge r e a d i n g s June 18-
J u l y 15, 1957. 

T i d e gauge r e a d i n g s June 18-
J u l y 15, 1957. 

P r e d i c t e d v a l u e s f o r 1957, 
each calendar month. 

Values f o r Port Renfrew are shown i n F i g u r e s 15, 16, 

17 and 18 when they are d i s t i n c t from those f o r T o f i n o or 

V i c t o r i a . The t i d a l f a c t o r s entered on these f i g u r e s r e f e r 

to steps i n the T o f i n o o r V i c t o r i a c urves. F i g u r e 12, 13 and 

14 show t h a t v a r i o u s t i d a l f a c t o r s ar-e at; a d i f f e r e n t r e l a t i v e 

h e i g h t at the v a r i o u s l o c a l i t i e s . In g e n e r a l , Port Renfrew 

i s i n t e r m e d i a t e between T o f i n o and V i c t o r i a . However, F i g u r e s 

15, 16, 17 and 18 a l l show l e v e l s i n the middle i n t e r t i d a l 

zone where the Port Renfrew value i s not i n t e r m e d i a t e . The 

Sooke t i d e gauge i s i n a somewhat enclosed body of water, and 

the t i d e s recorded t h e r e may not be e n t i r e l y t y p i c a l o f t h e 

coast o u t s i d e at S t a t i o n 15. 
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Any c r i t i c a l t i d a l factors should be apparent in Figure 17 
or 18. Figure 17 i s relatively simple. LLHW and HLHW are 
clearly c r i t i c a l t i d a l factors. The steps in the highest part 
of the curves are a result of variation in the height of HHHW. 

The corresponding c r i t i c a l t i d a l factors at Port Renfrew 
are LKHW (S.O - 8.5) and LLHW (6.0 - 6.5). 

Figure 1&, except in a f i r s t approximation, i s not a 
mirror image of Figure 17. It i s confused by the fact that 
some c r i t i c a l t i d a l factors are variable in height, and occur 
at different levels in the two t i d a l cycles analysed. In 
this way, steps in two or three adjacent intervals of height 
may be caused by the same t i d a l factor. These t i d a l factors 
are labelled variable in the table below. 

Table II Possible c r i t i c a l t i d a l factors. 

Tofino Port Renfrew Victoria 

from maximum emergence 
HLHW 11.0 - 11.5 LHHW 8.0 - 8.5 (variable) HLHW 8.5 - 9.0 
LLHW 3.0 - 8.5 LLHW 6.0 - 6.5 LLHW 6.0 - 6.5 

from maximum submergence 
HHLW 5.5 - 6.0 HHLW 5-5 - 6.0 LLHW 5.5 - 6.0 
HLLW 4.5 - 5.0 HLLW 4-0 - 4.5 HLLW 5.0 - 5-5 

(variable) (variable) (variable) 

It is possible that a great number of emergences and 
submergences is also a favourable factor for some intertidal 
organisms. Thus, some animals may u t i l i z e the surge of surf 
in f i l t e r i n g food particles from the water. No distinct steps 
are evident in Figure 18. However 8.0 - 9.0 (LLHW Tofino, 



HLHW V i c t o r i a ) and 5.0 - 6.0 (HHLW T o f i n o , HHLW Port Renfrew, 

and HLLW V i c t o r i a ) are l e v e l s where the curves a b r u p t l y change 

s l o p e . A l l these t i d a l f a c t o r s have a l r e a d y been l i s t e d as 

p o s s i b l y c r i t i c a l above i n Table I I . 

The height o f the v a r i o u s t i d a l f a c t o r s v a r i e s w i t h 

d i f f e r e n t times o f year. T h i s i s shown i n F i g u r e s 19 and 20. 

Moreover, the amount by which emergence or submergence may be 

in c r e a s e d or di m i n i s h e d i s a l s o v a r i a b l e . For i n s t a n c e , i f 

the va l u e s f o r LLW on conse c u t i v e days are 5.1, 5.3, 5*5, 

5.3, 5*1, the d u r a t i o n of maximum submergence j u s t below 

HLLW w i l l be o f the order o f two days. I f , on the other 

hand, the va l u e s happen t o be 5.0, 5«3, 5.5, 5*5, 5*3, 5*0 

the d u r a t i o n w i l l be of the order of t h r e e days. T h i s e f f e c t 

may be ve r y great with HHHW and LLLW. 
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B i o l o g i c a l f a c t o r s . 

I n t e r r e l a t i o n s h i p s between v a r i o u s p o p u l a t i o n s i s 

undoubtedly a ve r y important f a c t o r i n the d e t e r m i n a t i o n o f 

d i s t r i b u t i o n a l l i m i t s o f i n t e r t i d a l organisms. However, an 

e f f e c t i v e study of these i n t e r r e l a t i o n s h i p s would r e q u i r e a 

much more p r e c i s e and s u s t a i n e d i n v e s t i g a t i o n than t h a t 

undertaken here. 

Instances o f e p i p h y t i s m or p a r a s i t i s m which are s p e c i f i c 

t o a g r e a t e r or l e s s e r degree are noted below i n the d i s c u s s i o n 

o f the organisms i n v o l v e d . At some s t a t i o n s , p a r t i c u l a r l y 

S t a t i o n 1, t h e r e appeared t o be ex t e n s i v e removal of a l g a l 

p o p u l a t i o n s through the agency o f S t r o n g y l o c e n t r o t u s  

purpuratus and S. f r a n c i s c a n u s , the s e a - u r c h i n s . 
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DISTRIBUTION OF INTERTIDAL ORGANISMS OF JUAN DE FUCA STRAIT. 

General. 

Marked d i f f e r e n c e s i n t h e i n t e r t i d a l p o p u l a t i o n s were 

noted at the v a r i o u s s t a t i o n s s t u d i e d along the c o a s t . These 

d i f f e r e n c e s were apparent i n numbers and wet weight per square 

meter, i n g e o g r a p h i c a l d i s t r i b u t i o n , and i n v e r t i c a l d i s t r i b u ­

t i o n o f v a r i o u s s p e c i e s . 

The q u a n t i t a t i v e d i f f e r e n c e s were noted o n l y i n a very 

c u r s o r y manner and t h e orders o f magnitude o f the q u a n t i t i e s 

i n v o l v e d are i n d i c a t e d i n F i g u r e 21. The v a l u e s f o r Fucus 

and P e l v e t i o p s i s shown f o r S t a t i o n 1 were taken from a more 

s h e l t e r e d l o c a l i t y , about one hundred yards from the s i t e o f 

the other measurements shown. 

A number o f the organisms s t u d i e d , such as P o s t e l s i a and 

L e s s o n i o p s i s , are r e s t r i c t e d i n v a r y i n g degree t o the more 

exposed c o a s t s . A few, such as Sargassum and Z o s t e r a , are 

t y p i c a l o f the more s h e l t e r e d a r e a s . Others, such as N e r e o c y s t i s , 

are v i r t u a l l y u b i q u i t o u s . A v e r y few, such as M a c r o c y s t i s , 

are more or l e s s t y p i c a l o f exposed areas, but are not found 

i n the l o c a l i t i e s o f g r e a t e s t exposure. 

The s i g n i f i c a n c e o f the g e o g r a p h i c a l and v e r t i c a l d i s t r i ­

b u t i o n s presented below depends upon the degree t o which t h e 

organisms are conspicuous or numerous. I f an organism i s 

conspicuous, such as M a c r o c y s t i s , or numerous, such as 

E n d o c l a d i a , i t can be found wherever i t o c c u r s . I f i t i s 
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inconspicuous or s c a t t e r e d , i t may have been overlooked and 

not recorded i n i t s f u l l v e r t i c a l range. 

When a s i g n i f i c a n t g e o g r a p h i c a l d i s t r i b u t i o n i s too 

complicated t o be expressed c o n v e n i e n t l y i n words, i t i s 

presented i n one of the f i g u r e s below. These f i g u r e s 

i n c l u d e o b s e r v a t i o n s made a l o n g the coast between s t a t i o n s 

(Figure 22} when these o b s e r v a t i o n s appear t o be important. 

The v e r t i c a l d i s t r i b u t i o n o f the same organism i s a l s o p l o t t e d 

i n each f i g u r e . The data f o r each s t a t i o n are p l a c e d d i r e c t l y 

above the p o s i t i o n o f the r e l e v a n t s t a t i o n i n the map. When 

the g e o g r a p h i c a l d i s t r i b u t i o n of an organism does not m e r i t a 

map, but the data on the v e r t i c a l d i s t r i b u t i o n appear t o be 

of v a l u e , the l a t t e r d i s t r i b u t i o n i s presented by i t s e l f . 

The h o r i z o n t a l s c a l e i s the same as t h a t used on the maps, 

except t h a t the s t a t i o n s with numbers hig h e r than 30 are 

arranged c o n s e c u t i v e l y , and the i n t e r v a l s between them are 

reduced. Only v e r t i c a l d i s t r i b u t i o n s i n which nine or more 

measurements of t h e upper l i m i t have been made are presented. 

E x c e p t i o n s are made i n cases where the measurements 'are 

r e s t r i c t e d t o a s e c t i o n of the coast s t u d i e d . The l i n e s o f 

l e a s t squares mentioned i n the d i s c u s s i o n are c a l c u l a t e d from 

the values f o r upper and lower l i m i t s presented below. 

However, the o r d i n a t e s used are based on the headland-to-head­

lan d d i s t a n c e between s t a t i o n s . 

The d i s t r i b u t i o n o f organisms along the rocky e a s t e r n 
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shore of the entrance t o Sooke Harbour appears i n some ways 

t o be a sm a l l s c a l e model o f the d i s t r i b u t i o n s which are the 

obj e c t o f t h i s i n v e s t i g a t i o n ( F i g . 2 5 ) . Some f e a t u r e s o f 

t h i s are d i s c u s s e d below i n con n e c t i o n with the r e l e v a n t 

organisms. 

The f o l l o w i n g systematic treatment i s intended t o g i v e 

an adequate taxonomic b a s i s t o the d i s t r i b u t i o n a l i n f o r m a t i o n 

presented. I t i s not a complete account o f a l l organisms 

to be found a l o n g the coast i n v e s t i g a t e d , or an exhaustive 

taxonomic d i s c u s s i o n o f the organisms t r e a t e d . 

When the number of a herbarium specimen i s quoted, the 

p r e f i x UC stands f o r U n i v e r s i t y o f C a l i f o r n i a , UBC f o r 

U n i v e r s i t y o f B r i t i s h Columbia, and TW f o r a c o l l e c t i o n made 

i n t h i s i n v e s t i g a t i o n and de p o s i t e d i n the UBC Herbarium. 
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Systematic Treatment. 

Phylum Phaeophyta 

Order L a m i n a r i a l e s 

Family Laminariaceae 

LAMINAR IA Lamouroux, 1813.. 

Literature and taxonomy: 
Laminaria complanata (Setchell and Gardner) Setchell 

Setchell and Gardner, 1903, p. 262 (as L. saccharina 
f. complanata Setchell and Gardner); 1925, p. 596, 
p l . 57. 

Scagel, 1957, p. 93. 

L. cuneifolia J. Agardh f. cuneifolia 
Agardh, 1867, p. 10 (as L. cuneifolia) 
Setchell and Gardner, 1903, p. 257* Cas L. bullata 

Kjellman); 1925, p. 600, pis. 59a, b, 60. (as L. 
cuneifolia) 

Doty, 1947a, p. 39. (as L. cuneifolia) 
Scagel, 1957, p. 94. 

L. cuneifolia f. angusta Setchell and Gardner. 
Setchell and Gardner, 1903, p. 257 (as L. bullata 

f. angusta); 1925, p. 602. 
Scagel, 1957, p. 94. 

L. cuneifolia f. subsimplex Setchell and Gardner 
Setchell and Gardner, 1903, p. 257 (as L. bullata 

f. subsimplex); 1925, p. 602. 
Scagel, 1957, p. 95-

L. platymeris De la Pylaie 
De la Pylaie, 1829, p. 53. 
Setchell and Gardner, 1925, p. 605. 
Guberlet, 1956, p l . opp. p. 40. 
Scagel, 1957, p. 95. 

L. saccharina f. linearis J. Agardh 
Agardh, 1867, p. 12. 
Setchell and Gardner, 1903, p. 261; 1925, p. 596. 
Scagel, 1957, p. 96. 
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L. s a c c h a r i n a (Linnaeus) Lamouroux f . s a c c h a r i n a . 
Lamouroux, 1813, p. 22 (as L. s a c c h a r i n a ) 
S e t c h e l l and Gardner. 1903, p. 261; 1925, p. 595 

(as L. s a c c h a r i n a ) 
Doty, 1947a, p. 39 (as L. saccharina) 
Parke, 1948, p i s . 5-7 (as L. s a c c h a r i n a ) 
Scagel, 1948, p. 10, f i g . o". (as L. s a c c h a r i n a ) 
Scagel, 1957, p. 97. 

L. s e t c h e l l i i S i l v a 
Hervey, 1881, p. 93 (as L. a n d e r s o n i i Farlow) 
S e t c h e l l and Gardner. 1903, p. 255; 1925, p. 605 

(as L. a n d e r s o n i i ) 
S e t c h e l l , 1905, p. 105 (as L. a n d e r s o n i i ) 
Smith, 1944, p. 137, p l . 21, f i g . 1 (as L. a n d e r s o n i i ) 
S i l v a , 1957, p. 42. 
Scagel, 1957, p. 97. 

The above l i s t i n c l u d e s a l l r e f e r e n c e s which a p p l y t o the 

Laminaria m a t e r i a l c o l l e c t e d . The f o l l o w i n g f o u r s p e c i e s and 

forms, which have been r e p o r t e d from B r i t i s h Columbia (Scagel, 

1957), were not c o l l e c t e d : L. c u n e i f o l i a f . amplissima S e t c h e l l 

and Gardner, L. ephemera S e t c h e l l , L. s a c c h a r i n a f . membranacea 

J . Agardh, and L. s i n c l a i r i i (Harvey ex Hooker f . et Harvey) 

Farlow, Anderson, and Eaton. A l l a r e , however, i n c l u d e d i n 

the key below, which i s based on a l l the evidence a v a i l a b l e . 

S e t c h e l l and Gardner seem t o have misunderstood the 

d e s c r i p t i o n of L. p l a t y m e r i s i n t h e i r key (1925, p. 545). 
T h i s key r e q u i r e s t h a t the s p e c i e s should be c h a r a c t e r i z e d by: 

" s t i p e long, up t o 1 m.: s t i p e compressed from j u s t above the 

h o l d f a s t . " De l a P y l a i e ' s (1329, p. 52) d i a g n o s i s b e g i n s 

"L. s t i p i t e b r e v i , t e r e t i , minuto ..." and below he says 

" L e ' s t i p e est c y l i n d r i q u e et e'gal dans t o u t e sa longeur... 

seulment long de 9 a 12 centimetres, sur 6 a 7 m i l l e m e t r e s 
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de grosseur t r a v e r s a l e m e n t . " I t i s t h e r e f o r e suggested here 

t h a t the e n t i t y which has been d e s c r i b e d on t h i s coast as 

l i * p l a t y m e r i s be placed under L. c u n e i f o l i a f . subsimplex 

S e t c h e l l and Gardner. Only one specimen found i n t h i s i n v e s ­

t i g a t i o n appears t o be t h i s e n t i t y (TW 25). 

The work of Parke (1943) i n d i c a t e s t h a t the presence o r 

absence o f mucilage c a n a l s can be the e f f e c t of environment. 

T h i s f e a t u r e i s one of the p r i n c i p a l c h a r a c t e r s used i n S e t c h e l l 

and Gardner's key (1925, p. 595). Consequently, the w r i t e r 

has prepared another key, u s i n g o n l y gross m o r p h o l o g i c a l 

f e a t u r e s . T h i s key i s intended as a working f i e l d guide t o 

the l i t e r a t u r e as i t now stands a f t e r some e v a l u a t i o n i n 

r e s p e c t t o f i e l d o b s e r v a t i o n s . Some of t h e e n t i t i e s i n c l u d e d 

may not prove t o be t a x o n o m i c a l l y v a l i d when they are s t u d i e d 

more c r i t i c a l l y . In p a r t i c u l a r , t he d i s t i n c t i o n between 

L.- s a c c h a r i n a f . s a c c h a r i n a and L. c u n e i f o l i a f . c u n e i f o l i a 

appears t o be a p u r e l y a r b i t r a r y d i v i s i o n o f a p o p u l a t i o n 

which i n c l u d e s every- p o s s i b l e i n t e r m e d i a t e form. However, 

some young Hedophyllum s e s s i l e can appear t o belong t o t h i s 

p o p u l a t i o n a l s o . Consequently, t h i s c o n s i d e r a t i o n alone i s 

inadequate f o r r e d u c t i o n o f L. c u n e i f o l i a to synonomy under 

L. s a c c h a r i n a . 

Key t o the s p e c i e s and forms o f Laminaria found i n B r i t i s h Columbia 

1 H o l d f a s t d i s c o i d , lamina 1 mm. or l e s s t h i c k — L. ephemera 

1 H o l d f a s t not d i s c o i d — 2 
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2 P l a n t s produced from a p r o s t r a t e -rhizome, p l a n t s g r e g a r i o u s 
— L. s i n c l a i r i i 

2 P l a n t s without rhizome, s o l i t a r y — 3 

3 S t i p e crooked, somewhat f l a t t e n e d ; blade o r b i c u l a r 
— L. complanata 

3 S t i p e s t r a i g h t , blade n o t i c e a b l y l o n g e r than b r o a d — 4 

4 S t i p e e r e c t , s u p p o r t i n g lamina; s t i p e t e r e t e , t a p e r i n g 
n o t i c e a b l y " — L. s e t c h e l l i i 

4 S t i p e not su p p o r t i n g lamina, not t e r e t e — 5 

5 Base of lamina cuneate t o acute — L. s a c c h a r i n a (6) 

5 Base o f lamina cordate t o cuneate — L. c u n e i f o l i a (8) 

6 Some haptera borne along l e n g t h of the s t i p e 
— L_» s a c c h a r i n a f . l i n e a r i s 

6 A l l haptera t e r m i n a l — 7 

7 Lamina so t h i n t h a t i t t e a r s when l i f t e d from the 
water, d i f f u s e l y b u l l a t e or undulate 

— L. s a c c h a r i n a f . membranacea 
7 Lamina can support i t s own weight; b u l l a t i o n s i n two 

d i s t i n c t l i n e s more or l e s s p a r a l l e l t o margin 
— L. s a c c h a r i n a f . s a c c h a r i n a 

8 S t i p e much f l a t t e n e d — L. c u n e i f o l i a f . subsimplex 

8 S t i p e c y l i n d r i c a l or s l i g h t l y t e r e t e — 9 

9 Lamina more than 40 cm. wide 
— L. c u n e i f o l i a f . amplissima 

9 Lamina l e s s than 40 cm. wide — 10 

10 S t i p e more than 4 cm. l o n g ; lamina more than 10 cm. wide 
— L. c u n e i f o l i a f . c u n e i f o l i a 

10 S t i p e l e s s than 4 cm. l o n g ; lamina l e s s than 10 cm. wide 
— L. c u n e i f o l i a f . angusta 

D i s t r i b u t i o n . , 

The upper l i m i t o f Laminaria i n the i n t e r t i d a l zone, and the 

g e o g r a p h i c a l d i s t r i b u t i o n of i t s v a r i o u s s p e c i e s are presented 

i n F i g u r e 24* L. s e t c h e l l i i i s e a s i l y i d e n t i f i e d i n the f i e l d , 

and so was noted at some s t a t i o n s where i t could not be 
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c o l l e c t e d . I t probably occurs s u b t i d a l l y , and consequently was 

not observed at l o c a l i t i e s o ther than Salmon Bank (near S t a t i o n 

34). In the i n t e r t i d a l zone at l e a s t , i t i s r e s t r i c t e d t o 

more exposed coasts and Boat Pass. Boat Pass i s a l o c a l i t y 

with s t r o n g t i d a l c u r r e n t s . The d i s t r i b u t i o n s of the other 

s p e c i e s o f Laminaria noted here are made t o appear v e r y 

d i s c o n t i n u o u s because t h e y occur mostly i n the s u b t i d a l zone 

and were seldom c o l l e c t e d . Thus L. s a c c h a r i n a f . l i n e a r i s 

was c o l l e c t e d o n l y i n d r i f t , and L. complanata o n l y by 

dredging. 

The upper l i m i t o f Laminaria shows a d e f i n i t e decrease 

i n h e i g h t d u r i n g the t r a n s i t i o n from open t o s h e l t e r e d c o a s t . 
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Pleurophycus g a r d n e r i S e t c h e l l and Saunders, i n Saunders, 1901. 

Saunders, 1901b, p. 427. 
S e t c h e l l and Gardner, 1903, p. 264; 1925, p. 607, p l . 80a. 
Doty, 1947a, p. 41. 
Scagel, 1957, p. 99. 

The g e o g r a p h i c a l d i s t r i b u t i o n a l r e a d y recorded ( S c a g e l , 

1957, p. 99) extends from t h e open coast inwards beyond the 

t e r r i t o r y covered^ i n t h i s i n v e s t i g a t i o n . The p l a n t i s absent 

from extremely s h e l t e r e d areas, such as S t a t i o n s 16, 17, 26 

and 28. 

The upper l i m i t shows a d e f i n i t e decrease i n h e i g h t 

d u r i n g the t r a n s i t i o n from open t o s h e l t e r e d c o a s t . T h i s i s 

shown i n F i g u r e 43• 
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Cymathere t r i p l i c a t a ( P o s t e l s and Ruprecht) J . Agardh. 

P o s t e l s and Ruprecht, 1840, p. 10. 
J . Agardh, 1867, p. 30. 
Scagel, 1948, p. 10. 
Scagel, 1957, p. 9 9 . 

There i s some v a r i a t i o n i n t h i s genus. One v a r i a n t has 

a t h i n blade, inconspicuous f o l d s , and an acute base (TW 8 9 ) . 

The other has a t h i c k blade, conspicuous f o l d s , and an obtuse, 

almost cordate base. There are many i n t e r m e d i a t e s between 

these two extremes, and no evidence was found t o warrant segre­

g a t i o n i n t o two s p e c i e s . 

The g e o g r a p h i c a l d i s t r i b u t i o n o f Cymathere a l r e a d y recorded 

(Scagel, 1957, p. 99) extends from the open coast inwards beyond 

the t e r r i t o r y covered i n t h i s i n v e s t i g a t i o n . I t i s absent from 

extremely s h e l t e r e d areas, such as S t a t i o n s 16, 17, 26, and 28. 

I t i s u s u a l l y s c a t t e r e d i n occurrence, but may o c c a s i o n a l l y 

be found i n s m a l l but almost pure p o p u l a t i o n s . One o f these 

p o p u l a t i o n s i s about two hundred meters northwest o f S t a t i o n 

15. A sm a l l e r one i s a t S t a t i o n 9» 

Cymathere occurs a t about the same l e v e l a t a l l s t a t i o n s 

( F i g . 43). 
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C o s t a r i a c o s t a t a (Turner) Saunders. 

Agardh, 1848, p. 140 (as C o s t a r i a m e r t e n s i i J . Agardh) 
Saunders, 1395, p. 57 (as C. m e r t e n s i i and C. t u r n e r i G r e v i l l e ) 
S e t c h e l l and Gardner, 1925, p. 610. 
Okamura, 1925, p. 99, pl« 226 (as C. t u r n e r i ) 
Smith, 1944, p. 133, p l . 22, f i g . 1. 
Doty, 1947a, p. 41 ( i n p a r t as C. m e r t e n s i i ) 
Scagel, 1957, pp. 100, 101 ( i n p a r t as C. m e r t e n s i i ) 

C o l l e c t i o n s and f i e l d o b s e r v a t i o n s made du r i n g t h i s 

i n v e s t i g a t i o n i n d i c a t e t h a t C o s t a r i a m e r t e n s i i J . Agardh should 

be reduced t o synonomy under C_. c o s t a t a (Turner) Saunders. 

There i s a disagreement i n the l i t e r a t u r e about the s t a t u s of 

these two e n t i t i e s . S e t c h e l l and Gardner (1925), Okamura (1925), 

and Smith (1944) c o n s i d e r t h a t t h e y both belong t o one v a r i a b l e 

s p e c i e s . Saunders (1395) and Doty (1947a) d e s c r i b e them as 

separate s p e c i e s . The d i s t i n g u i s h i n g f e a t u r e s of C. m e r t e n s i i 

as d e s c r i b e d by Saunders and Doty are an amply r u f f l e d blade 

w i t h a cordate base, smooth and c y l i n d r i c a l s t i p e , and acces­

sory r h i z o i d s formed a l o n g p a r t of the s t i p e i n a d d i t i o n t o 

the t e r m i n a l ones. The other form, d e s c r i b e d by these authors 

as C. c o s t a t a , has a moderately r u f f l e d lamina w i t h an acute 

base, c o s t a t e and d i s t a l l y f l a t t e n e d s t i p e , and t e r m i n a l r h i ­

z o i d s o n l y . A range o f i n t e r m e d i a t e forms between these two 

extremes was found i n the present i n v e s t i g a t i o n . The specimens 

TW 63, 164a, b, c, 22, and 214 show the t r a n s i t i o n from C_. cos­

t a t a t o C. m e r t e n s i i . 

C o s t a r i a has a s c a t t e r e d but widespread g e o g r a p h i c a l 

d i s t r i b u t i o n i n the area s t u d i e d . The form d e s c r i b e d as 
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C. m e r t e n s i i i s found more commonly i n s h e l t e r e d waters. The 

c o n t r a r y s i t u a t i o n was found by Doty ( 1 9 4 7 a , p. 4 1 ) , who s t a t e s 

t h a t t h i s v a r i a n t i s found i n exposed l o c a l i t i e s . The upper 

l i m i t o f G o s t a r i a i s approximately the same at the v a r i o u s 

s t a t i o n s where i t was noted ( F i g . 4 3 ) . 
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AGARUM (Bory) P o s t e l s and Ruprecht. 

A. cribrosum Bory 
Bory, 1 8 2 6 , p. 1 9 3 -
S e t c h e l l and Gardner, 1 9 2 5 , p. 6 1 5 , p i . 6 3 . 
Scagel, 1 9 5 7 , p. 1 0 1 . 

£• fimbriatum Harvey 
Harvey, 1 8 6 2 , p. 1 6 6 . 
S e t c h e l l and Gardner, 1 9 2 5 , p. 6 1 6 , p i . 7 1 . 
Scagel, 1 9 5 7 , p. 1 0 2 . 

Both s p e c i e s of t h i s genus appear t o be e x c l u s i v e l y sub-

t i d a l i n t h e i r o ccurrence. Both were obtained by dredging 

near S t a t i o n 3 6 . Since they were never found even i n d r i f t 

a long the Vancouver I s l a n d shores s t u d i e d , t h e y would appear 

to be q u i t e r a r e t h e r e . They seem t o have t h e i r optimum i n 

more s h e l t e r e d waters, but the r e p o r t s from A m p h i t r i t e Point 

and Hazardous Cove (Sc a g e l , 1 9 5 7 ) i n d i c a t e t h a t they can grow 

i n more exposed areas. 



-66-

Hedophyllum s e s s i l e (C. Agardh) S e t c h e l l . 

L i t e r a t u r e and taxonomy. 

Agardh, 1824, p. 270 (as L. s e s s i l i s ) 
Agardh, 1843, p. 136 (as L. s e s s i l i s ) 
Harvey, 1862, p. 167 (as L. apoda) 
De T o n i , 1895, p. 349 (as L. s e s s i l i s ) 
C o l l i n s , Holden, and S e t c h e l l , 1899, p. 3(A) (as H. s e s s i l e ) ; 

1899, p. 27(B) (as H. s u b s e s s i l e (Areschoug) S e t c h e l l ) 
S e t c h e l l , 1901, p. 121 (as H. s e s s i l e ) ; p. 122 (as H. sub-

S 6 s s il©) 
Yendo, 1903 (H. s p i r a l e ) 
Yendo, 1914 (H. bongardianum ( P o s t e l s and Ruprecht) Yendo). 
S e t c h e l l and Gardner, 1903, p. 262: 1925, p. 617 (both i n 

pa r t as H. s u b s e s s i l e ) 
Doty, 1947a, p. 42 ( i n p a r t as H. s u b s e s s i l e ) 
Scagel, 1943, p. 10, f i g . 8. 
Scagel, 1957, pp. 102, 103 ( i n p a r t as H. s u b s e s s i l e ) 

A l l specimens o f Hedophyllum found i n t h i s i n v e s t i g a t i o n 

are H. s e s s i l e (C. Agardh) S e t c h e l l . 

Four s p e c i f i c names i n the genus have been proposed: 

H. s e s s i l e (C. Agardh) S e t c h e l l , H. s u b s e s s i l e (Areschoug) 

S e t c h e l l , H. s p i r a l e Yendo, and H. bongardianum. ( P o s t e l s and 

Ruprecht) Yendo. H. s e s s i l e i s the type s p e c i e s . I t has been 

d e s c r i b e d as having no s t i p e i n the mature form. I t i s attached 

to the s u b s t r a t e by haptera which s p r i n g d i r e c t l y from the 

proximal margin of a more or l e s s simple lamina. According to 

S e t c h e l l (1901, p. 122) H. s u b s e s s i l e i s d i s t i n g u i s h e d by t h e 

centre o f the lamina wearing along i t s l o n g i t u d i n a l a x i s , so 

t h a t two new blades are formed from what were the s i d e s of the 

primary b l a d e . The remains o f the proximal margin of the 

primary blade becomes g r e a t l y t h i c k e n e d and comes t o resemble 

a rhizome j o i n i n g the two new b l a d e s . H. s p i r a l e was d e s c r i b e d 

by Yendo from Japan. I t i s s i m i l a r t o H. s u b s e s s i l e , but the 
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t h i c k e n e d margin o f the primary blade i s t w i s t e d i n a manner 

resembling Arthrothamnus. H. bongardianum i s a new combination 

of Yendo's (1914) i n which he i n c l u d e s the f o l l o w i n g e n t i t i e s : 

L a minaria bongardiana P o s t e l s and Ruprecht 
Haf y g i a bongardiana Areschoug 
Arthrothamnus bongardianus J . Agardh 
H a f y g i a r u p r e c h t i i Areschoug 
Laminaria r u p r e c h t i i De T o n i 
L. c r a s s i f o l i a P o s t e l s and Ruprecht 
L. n i g r i p e s Kjellman 
L. d i g i t a t a Ruprecht 
Hedophyllum s u b s e s s i l e (Areschoug) S e t c h e l l 
Hedophyllum s p i r a l e Yendo 

The l i s t above appears t o be i n essence the r e d u c t i o n o f 

Hedophyllum s u b s e s s i l e and Hedophyllum s p i r a l e t o synonomy 

under L. bongardiana P o s t e l s and Ruprecht. Yendo thought 

t h a t the forms d e s c r i b e d i n the r e f e r e n c e s above were a l l 

d i f f e r e n t stages i n the l i f e c y c l e o f the new e n t i t y , or 

d i f f e r e n t environmental forms o f i t . He arranged the pub­

l i s h e d f i g u r e s i n con s e c u t i v e order from youngest t o mature, 

as f o l l o w s : 

3. Yendo, 1914, f i g . 1.-
4. P o s t e l s and Ruprecht, 1840, p l . 14 (L. bongardiana 

f . b i f u r c a t a ) 
5. Yendo, 1903, p l . 6, f i g . 1. (H. s p i r a l e ) 
6. S e t c h e l l and Gardner, 1903, p l . 20 (H. s u b s e s s i l e ) 

Yendo Ts c o n t r i b u t i o n (1914) does not appear t o be g e n e r a l l y 

accepted. F r i t s c h (1945, p. 200) s t i l l r e c o g n i z e s the t h r e e 

s p e c i e s H. s e s s i l e , H. s u b s e s s i l e , and H. s p i r a l e . However, 

the r e does not appear t o have been any p u b l i s h e d c o n t r a d i c t i o n 



-68-

o f Yendo. Herbarium specimen UC 522497, c o l l e c t e d i n Japan, 

and o r i g i n a l l y l a b e l l e d Hedophyllum bongardianum (P. et R.) 

Yendo i s annotated i n S e t c h e l l ' s handwriting as H. s u b s e s s i l e . 

A s i m i l a r specimen, UC 522496, i s not so annotated. The cause 

of t h i s c o n f u s i o n appears mainly t o be the extreme d i v e r s i t y 

o f forms which have been i d e n t i f i e d as H. s u b s e s s i l e • T h i s 

e n t i t y i s d i s c u s s e d below, (p. 77), where i t i s reduced t o 

synonomy under H. s e s s i l e . 

Two more or l e s s g e n e r a l l y r e c o g n i s e d s p e c i e s have been 

r e p o r t e d from the area o f t h i s i n v e s t i g a t i o n , H. s e s s i l e and 

H. s u b s e s s i l e • A c e r t a i n measure o f doubt has a r i s e n about 

the v a l i d i t y o f H. s u b s e s s i l e . Thus Doty (1947a, p. 42) says 

" C o l l e c t i o n s from Cape Arago .... are c e r t a i n l y the same as 

c e r t a i n of S e t c h e l l T s c o l l e c t i o n s .... l a b e l l e d by him as 

'Hedophyllum s u b s e s s i l e young! » " [UC 96831?] . 

Hedophyllum s e s s i l e i s a ve r y v a r i a b l e s p e c i e s . The 

v a r i a t i o n i n v o l v e s t he degree and p o s i t i o n of the b u l l a t i o n s , 

the amount o f s p l i t t i n g o f the lamina, and the l e n g t h o f the 

r e s u l t i n g s e c t i o n s i n r e l a t i o n t o t h e i r width. The extreme 

forms are one with s h o r t , b u l l a t e laminae and the other w i t h 

lo n g , f r e q u e n t l y s p l i t , smooth laminae. I t has been noted 

t h a t there appears t o be some s o r t o f g e o g r a p h i c a l and v e r t i c a l 

d i s t r i b u t i o n o f these two forms ( S e t c h e l l and Gardner, 1925, 

p. 618). 
D i s t r i b u t i o n 

The g e o g r a p h i c a l and v e r t i c a l d i s t r i b u t i o n s o f Hedophyllum 
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i n the area i n v e s t i g a t e d are presented i n Fi g u r e 25. I t does 

not extend beyond t h i s area towards the S t r a i t o f G e o r g i a . 

Scagel (1957) notes a speciman from Whidbey I., but Hedophyllum 

was not found at S t a t i o n 37. In the i n n e r p o r t i o n of i t s 

d i s t r i b u t i o n , - i t i s v e r y s c a t t e r e d , and i s r e s t r i c t e d t o the 

more open p a r t s of the shore. I t i s thus u s u a l l y r e s t r i c t e d 

t o the t i p s o f such p o i n t s as A l b e r t Head, Cl o v e r P o i n t , Ten 

M i l e P o i n t , and Gordon Head. Towards the open co a s t , i t 

occurs i n a l l r o c k y bays. Thus, Hedophyllum o f a p e r f e c t l y 

h e a l t h y appearance i s present at Muir Creek, where the sea 

temperature may be as h i g h as 16° C , and the s a l i n i t y as low 

as 29.50 /oo. The p l a n t s i n the v i c i n i t y o f V i c t o r i a o f t e n 

appear t o be i n poor shape, s u f f e r i n g from n e c r o s i s o f the 

d i s t a l p o r t i o n s of the lamina. 

Both the upper and the lower l i m i t s o f Hedophyllum 

d e f i n i t e l y decrease i n height d u r i n g the t r a n s i t i o n from the 

open t o the s h e l t e r e d c o a s t . The l i m i t s c l o s e t o the entrance 

o f Sooke Harbour appeared t o be lowered i n a s i m i l a r manner. 

However, the p l a n t s are so s c a t t e r e d t h a t i t i s d i f f i c u l t t o 

be sure of t h i s . Hedophyllum very seldom occurs below low 

water mark or i n t i d e p o o l s . 

V a r i a b i l i t y and l i f e c y c l e o f Hedophyllum s e s s i l e . 

As d e s c r i b e d on page 7, c u l t u r e s were made o f zoospores 

taken from f e r t i l e sporophytes o f Hedophyllum s e s s i l e c o l l e c t e d 

d u r i n g the winter o f 1957-58. The purpose o f these c u l t u r e s 
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was t o f o l l o w the l i f e c y c l e of Hedophyllum, and t o experiment 
w i t h the e f f e c t of s a l i n i t y , inorganic n u t r i e n t s , and source of 
the sea water on the growth of the p l a n t s . 

The morphology of the gametophytes and young sporophytes 
of Hedophyllum conforms t o the p a t t e r n already described i n the 
l i t e r a t u r e f o r other genera of the order L a m i n a r i a l e s (Papen-
f u s s , 1951, p. 145). 

Young sporophytes were obtained f i r s t , i n 26 days, i n 
c u l t u r e Number 1, c o n t a i n i n g p l a i n Sooke water, w i t h nothing 
added. Sporophytes next appeared, a day or two afterwards, 
i n c u l t u r e Number 2 co n t a i n i n g Sooke water with i n o r g a n i c 
n u t r i e n t s added. E v e n t u a l l y , a l l the c u l t u r e s produced 
sporophytes except the one c o n t a i n i n g Vancouver Harbour water 
and n u t r i e n t stock (Number 5). The sporophytes d i d not seem 
to be able t o progress beyond the stage where they were a 
monostromatic l a y e r of c e l l s . Most of the young sporophytes 
were f i n a l l y k i l l e d when the temperature of the c u l t u r e s was 
r a i s e d t o 18°C. 

Q u a n t i t a t i v e growth of the gametophytes, as d i s t i n c t from 
t h e i r progress towards formation of mature gametangia, d i d not 
seem to be enhanced by the presence of added n u t r i e n t s . Two 
months a f t e r the i n i t i a t i o n of the c u l t u r e s , they were ranked 
on a b a s i s of growth as i n d i c a t e d by the depth of the brown 
t i n t evident on the s l i d e s . The c u l t u r e ranked f i r s t had the 
densest growth (Table I I I ) . 
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Table I I I Amount of growth i n Hedophyllum c u l t u r e s 

C u l t u r e No. Rank. 

1. (Sooke water) 
2. (Sooke water + n u t r i e n t s ) 
3. (Sooke water n u t r i e n t s and s a l t ) 
4. (Vancouver water) 
5. (Vancouver water + n u t r i e n t s ) 
6. (Vancouver water +• n u t r i e n t s and s a l t ) 

2 
4 
6 
1 
5 
3 

These experiments i n d i c a t e t h a t t h e r e i s no chemical 

f a c t o r i n Vancouver Harbour water which prevents the groxirth 

of Hedophyllum gametophytes and very young sporophytes. T h i s 

suggests t h a t the f a c t o r which excludes Hedophyllum from the 

S t r a i t of Georgia operates upon the l a r g e r sporophyte. T h i s 

suggestion i s r e i n f o r c e d by the f a c t t h a t the sporophytes i n 

l o c a l i t i e s c l o s e t o the l i m i t s o f the p l a n t ' s d i s t r i b u t i o n are 

o f t e n i n poor shape. T h i s i s i n c o n t r a s t t o some other a l g a e , 

such as L e s s o n i o p s i s (see p. 83 below). 

As noted above, the l a r g e r sporophytes o f Hedophyllum 

are v e r y v a r i a b l e i n t h e i r morphology. The rough p r o p o r t i o n s 

of t h e b u l l a t e and smooth forms i n p o p u l a t i o n s of Hedophyllum 

at v a r i o u s times and p l a c e s are shown i n F i g u r e 26. The r a p i d 

changes some of these p o p u l a t i o n s undergo i n d i c a t e t h a t these 

two forms are not d i s t i n c t e n t i t i e s , but are stages i n develop­

ment or are v a r i a n t s caused by d i f f e r i n g environmental f a c t o r s . 

When v e r t i c a l d i f f e r e n c e s were noted i n mixed p o p u l a t i o n s , the 

b u l l a t e i n d i v i d u a l s were always above the smooth. 

The specimens o f Hedophyllum c o l l e c t e d can be c l a s s i f i e d 

f a i r l y w e l l under one of the nine c l a s s i f i c a t i o n s . D i f f e r e n t 
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p a r t s of a few l a r g e p l a n t s (TW 110) may f a l l i n t o d i f f e r e n t 

c a t e g o r i e s . These nine v a r i a n t s are i l l u s t r a t e d i n F i g u r e 27. 

They can be d e s c r i b e d as f o l l o w s : 

1. Lamina u n s p l i t , plane, and completely smooth. 

2. Lamina with two l i n e s of b u l l a t i o n s submarginal, more or 
l e s s plane, not s p l i t more than once or t w i c e . 

3. Lamina smooth at the margins, b u l l a t e t o a g r e a t e r or 
l e s s d i s t a n c e from the l o n g i t u d i n a l a x i s , not s p l i t more 
than once or t w i c e . 

4. Lamina b u l l a t e at d i s t a l end, smooth at p r o x i m a l end; 
may be s p l i t s e v e r a l t i m e s . 

5. Lamina b u l l a t e at proximal end, smooth at d i s t a l end. 

6. Lamina e n t i r e l y smooth, s p l i t many times, e x t e n s i v e l y 
f u r l e d at base. 

7. Lamina broad, l o n g , smooth or w i t h a v e r y few b u l l a t i o n s 
s c a t t e r e d i r r e g u l a r l y , u s u a l l y not s p l i t . 

8. Lamina e n t i r e l y b u l l a t e , short i n r e l a t i o n t o breadth, 
d i v i d e d s e v e r a l times, e x t e n s i v e l y f u r l e d at base. 

9« Lamina eroded down t o the proximal margin, g r e a t e r or 
l e s s e r r e g e n e r a t i o n of the blade o c c u r r i n g at the ends o f 
the r e s u l t i n g s t r i p o f lamina. 

The d e t a i l e d d i s t r i b u t i o n o f these v a r i a n t s was s t u d i e d . 

Changes were noted i n a few marked p l a n t s . From these s t u d i e s 

i t was found t h a t the b u l l a t i o n of areas of the lamina i s 

c l o s e l y c o r r e l a t e d with d i r e c t exposure t o sunshine. Presumably 

i t i s the r e s u l t of sunburn or d r y i n g . The regenerated b l a d e s 

of v a r i a n t No. 9 are, however, i n i t i a l l y b u l l a t e i n any h a b i t a t . 

The s p l i t t i n g o f the blade i s the mechanical r e s u l t of wave 

a c t i o n . The shortness of b u l l a t e blades i n r e l a t i o n t o breadth 

i s perhaps the r e s u l t of a s l i g h t b r i t t l e n e s s of e x t e n s i v e l y 

b u l l a t e b l a d e s . 
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The a c t u a l d i s t r i b u t i o n o f these v a r i a n t s i n the f i e l d 

i s complicated by the f a c t t h a t a Hedophyllum p l a n t may be 

p r o t e c t e d from the sun by a v a r i e t y of f a c t o r s . These i n c l u d e 

cloudy weather, shading by overhangs, or being exposed o n l y 

at n i g h t through the nature o f t i d a l p a t t e r n s . Thus the p l a n t s 

are u s u a l l y smooth at Port Renfrew, under overhangs, and d u r i n g 

the w i n t e r . Smooth p l a n t s were g e n e r a l l y more common i n the 

summer o f 1957, which was u n u s u a l l y wet, than i n the summer 

of 1958, which was u n u s u a l l y dry. 

Another c o m p l i c a t i n g f a c t o r i s the phenomenon o f d i s t a l 

e r o s i o n of the p l a n t . Parke (1948) found t h a t i n Laminaria  

s a c c h a r i n a m a t e r i a l i s c o n t i n u o u s l y being eroded from the 

d i s t a l end of the lamina while new t i s s u e i s being c o n t i n u o u s l y 

added t o t h e proximal end. The r e s u l t of t h i s process i s t h a t 

no p o r t i o n of the lamina i s more than nine months o l d , although 

the p l a n t may l i v e f o r t h r e e y e a r s . The same phenomenon was 

found to occur i n Hedophyllum. One of the p l a n t s observed 

i s shown i n F i g u r e 28. The growth r a t e s found i n the somewhat 

l i m i t e d experiments at S t a t i o n 33 ranged up t o about 20 cm. of 

t i s s u e added and 10 cm. eroded away per month. Since few 

p l a n t s are more than 50 cm. l o n g , the t i s s u e i n t h e lamina of 

t h i s genus may be changed i n much l e s s than nine months. Thus 

changes i n the weather c o n d i t i o n s from month t o month may change 

the p a t t e r n s of b u l l a t i o n on the p l a n t s . 

The young sporophytes (category Number 1 above) appear i n 

the l a r g e s t numbers about J u l y , although p l a n t s o f young appearance 
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can be found at almost any time of year. Further development 

o f the plant depends on i t s environment. I f i t i s i n a p o s i t i o n 

exposed to sun, i t quickly develops into Number 8. Some i n t e r ­

mediate forms were found which indicated that i t probably 

passes through Number 2 and Number 3 very quickly before i t 

becomes Number 3 . Young specimens of Number 8 are often no 

more than a few centimeters h i g h . I f the plant i s sheltered 

from the sun, i t remains i n Number 1 form u n t i l i t reaches a 

greater s i z e , about 10 centimeters i n l e n g t h . Then i t becomes 

Number 2. These l i n e s of b u l l a t i o n s apparently do not have 

the same o r i g i n as those b u l l a t i o n s which are not arranged i n 

l i n e s . The movements of marks made on a number of p l a n t s , of 

which one i s shown i n Figure 23, and the pattern of regeneration 

discussed below, indica te that the o r i g i n of new t i s s u e i s 

somewhat l o c a l i z e d on the two sides of the proximal end of the 

lamina. In some cases, the sides of the lamina grow more q u i c k l y 

than does the area c loser to the l o n g i t u d i n a l a x i s . This might 

set up stresses which cause the two l i n e s of b u l l a t i o n s . In 

any case, the b u l l a t i o n s become d i f f u s e as the plant reaches i t s 

f u l l s i z e . If the plant i s subject to wave a c t i o n , the lamina 

i s s p l i t repeatedly, and the plant can then be classed under 

category Number 6. I f i t i s i n a very sheltered p o s i t i o n , the 

lamina remains r e l a t i v e l y e n t i r e , and the plant f a l l s into 

category Number 7» 

The condit ions a f f e c t i n g the development of the plant may 

change a f t e r the plant has developed. The weather may change 
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from g e n e r a l l y sunny to g e n e r a l l y cloudy. In t h i s case, the 

new t i s s u e i s smooth, while d i s t a l e r o s i o n g r a d u a l l y removes 

the b u l l a t e t i s s u e . While t h i s i s happening, the p l a n t can 

be c l a s s e d under category Number 1+. The r e v e r s e change i n 

weather could not produce the r a r e form Number 5« T h i s may be 

the r e s u l t of some a c c i d e n t p r o t e c t i n g the d i s t a l end of the 

lamina while l e a v i n g the proximal end exposed. The lamina of 

another p l a n t might do t h i s , or a temporary submergence i n a 

neighbouring t i d e p o o l . 

The Hedophyllum zone i s never exposed t o s u n l i g h t a f t e r 

the end of August, as the low t i d e s occur d u r i n g the n i g h t . 

The e n t i r e p o p u l a t i o n develops the h a b i t d e s c r i b e d as Number 6. 

The storms of the season t e a r away many o f the mature p l a n t s . 

These are r e p l a c e d t o some extent by s m a l l p l a n t s . I t i s 

u n c e r t a i n i f these are the r e s u l t of a c t i v e s p o r u l a t i o n at t h i s 

time, or have remained s m a l l because they were shaded by the 

l a r g e r p l a n t s u n t i l these l a t t e r were t o r n away. 

The mature p l a n t s towards the upper l i m i t of t h e Hedophyllum 

zone were found t o be f e r t i l e i n November, 1957» By December 

they were f e r t i l e a t a l l l e v e l s . The s o r i covered most of the 

f u n c t i o n a l l y v e n t r a l s i d e o f the lamina, but o n l y i s o l a t e d 

spots on the d o r s a l s i d e . By the end o f January, many of the 

laminae had been almost e n t i r e l y eroded away. I t i s not known 

to what extent these dates are t y p i c a l . T h i s p o r t i o n o f 

the l i f e c y c l e was s t u d i e d f o r o n l y one season, but probably 

t h i s was f a i r l y t y p i c a l . 
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In s p r i n g r e g e n e r a t i o n begins at both ends of the narrow 

s t r i p remaining of the p r e v i o u s year's lamina. These new 

laminae are at f i r s t much f u r l e d and are always b u l l a t e . T h i s 

i s d e s c r i b e d as category Number 9* The regenerated laminae 

become l a r g e r and more plane. They become smooth, or remain 

b u l l a t e , i n r e l a t i o n t o environment, as i n the f i r s t y e a r . 

They develop new haptera from t h e i r new margins. The remains 

of the previous year's lamina decays or i s eroded away. The 

two new laminae may become two d i s t i n c t p l a n t s , but th e y u s u a l l y 

remain as one complex p l a n t a s s o c i a t e d w i t h a massive h o l d f a s t . 

By c a r e f u l s c r u t i n y , the remains o f the o l d lamina can u s u a l l y 

be found w e l l i n t o the summer. The marked p l a n t s used i n 

stud y i n g t h i s stage o f the l i f e c y c l e happened a l l t o be i n a 

l o c a l i t y s h e l t e r e d from both sun and s u r f . They changed from 

Number 9, through Numbers 8, 3, 2 almost t o Number 7. 

I t i s not known how l o n g the average Hedophyllum sporophyte 

s u r v i v e s . The very heavy a t t r i t i o n o f mature p l a n t s observed 

d u r i n g the w i n t e r i n d i c a t e s t h a t few l i v e more than about two 

y e a r s . The l i f e c y c l e d i s c u s s e d above i s diagrammed i n F i g u r e 29. 

Yendo Ts (1903) d i s c u s s i o n o f the l i f e c y c l e o f H. s p i r a l e 

i n d i c a t e s t h a t i t i s much the same as the one d e s c r i b e d above 

f o r H. s e s s i l e . H. s p i r a l e sporophytes a l s o appear i n the 

e a r l y summer. They q u i c k l y develop two submarginal l i n e s o f 

b u l l a t i o n s . E v e n t u a l l y the centre o f the lamina i s eroded 

away. Many s m a l l sporophytes l a s t over the w i n t e r i n an 

e a r l y stage o f development. 
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The ^second year stage of Hedophyllum s e s s i l e d e s c r i b e d 

above i s almost e x a c t l y the same as the e n t i t y which has been 

d e s c r i b e d as H. s u b s e s s i l e (Areschoug) S e t c h e l l . The w r i t e r 

has examined the very heterogeneous c o l l e c t i o n o f specimens 

i d e n t i f i e d as H. s u b s e s s i l e and d e p o s i t e d i n the herbarium 

of the U n i v e r s i t y o f C a l i f o r n i a . Some appear t o be Lam i n a r i a  

bongardiana P o s t e l s and Ruprecht. The specimens which:'appear 

t o be the b a s i s f o r the d e s c r i p t i o n o f H. s u b s e s s i l e are 

UC96335 (top and bottom), 96836, 96832, and 96333. These are 

a l l from the Phycotheca B o r e a l i - A m e r i c a n i , and a l l were c o l l e c t e d 

from one l o c a l i t y at one time: the west shore of Amaknak I . , 

June 23, 1399. On the whole, these have a more robust "rhizome" 

than have the specimens c o l l e c t e d i n Juan de Fuca S t r a i t by 

the w r i t e r . However, UC96336 (on paper) i s v e r y s i m i l a r t o 

some of the c o l l e c t i o n s made i n t h i s i n v e s t i g a t i o n . UC96336 

( i n envelope, l a r g e r fragment) shows t h a t the new lamina i s 

the r e s u l t o f r e g e n e r a t i o n , as i n H. s e s s i l e . Although t h e r e 

are some d i f f e r e n c e s between these Ala s k a p l a n t s o f Hedophyllum 

and the ones s t u d i e d here, these d i f f e r e n c e s are inadequate as 

the b a s i s f o r a separate s p e c i e s . Hedophyllum s u b s e s s i l e 

(Areschoug) S e t c h e l l i s t h e r e f o r e reduced to synonomy under 

H. s e s s i l e (C. Agardh) S e t c h e l l . T h i s i s based o n l y on 

S e t c h e l l ' s d e s c r i p t i o n and specimens. I t was not p o s s i b l e t o 

examine Areschoug's type m a t e r i a l . 

The l i f e c y c l e o f Hedophyllum s e s s i l e d e s c r i b e d above and 

presented i n F i g u r e 29 i s based on a s m a l l number of f i e l d 
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experiments and more e x t e n s i v e l y on f i e l d o b s e r v a t i o n s . I t 

agrees with the great m a j o r i t y o f the l a t t e r . However, extremely 

r a r e occurrence o f b u l l a t e Hedophyllum i n t i d e p o ols i n d i c a t e s 

t h a t i t i s not a complete e x p l a n a t i o n . 
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Family Lessoniaceae. 

Dictyoneurum c a l i f o r n i c u m Ruprecht. 

Ruprecht, 1852, p. 80. 
MacMillan, 1902, p. 213-
Smith, 1944, p. 139, p i . 22, f i g . 2. 
Scagel, 1957, p. 104. 

MacMillan's r e p o r t (1902) of t h i s a l g a from Juan de Fuca 

S t r a i t i s d e f i n i t e l y confirmed. I t was found growing a t t a c h e d 

t o rock at S t a t i o n 2. I t s upper l i m i t was found to be -1.6 

f e e t . I t was found i n d r i f t at Providence Cove and S t a t i o n 3. 

Since d r i f t specimens were found o n l y up t o a d i s t a n c e o f about 

100 yards from S t a t i o n 2, i t i s probable t h a t Dictyoneurum 

grows very c l o s e t o the p l a c e s where i t i s found i n q u a n t i t y 

i n d r i f t . Dictyoneurum has not been r e p o r t e d from Neah Bay 

by Rigg and M i l l e r (1947) or from Oregon by Doty (1947a). 

However, th e r e i s no doubt t h a t the m a t e r i a l c o l l e c t e d i n 

t h i s i n v e s t i g a t i o n i s the same e n t i t y as t h a t d e s c r i b e d from 

the Monterey P e n i n s u l a (Smith, 1944). 
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N e r e o c y s t i s luetkeana (Mertens) P o s t e l s and Ruprecht 

P o s t e l s and Ruprecht, 1840, p. 9, p i s . 8, 9-
Smith, 1944, p. 139, p l . 24. 
Scagel, 1957, p. 104. 

N e r e o c y s t i s i s u b i q u i t o u s throughout the area i n v e s t i g a t e d . 

I t occurs both i n such exposed l o c a l i t i e s as S t a t i o n 1, and i n 

such s h e l t e r e d ones as S t a t i o n 16. I t i s absent from one or 

two m i l e s of coast east of Magdalena Point and a l s o west of 

O t t e r P o i n t , probably because o f a l a c k of a s u i t a b l e s o l i d 

s u b s t r a t e . 

The upper l i m i t s of N e r e o c y s t i s shown i n Figure 43, except 

f o r the one from S t a t i o n 2, represent s m a l l p l a n t s which never 

reach m a t u r i t y . Mature p l a n t s are a t t a c h e d i n the s u b t i d a l 

zone and normally are always f l o a t i n g o f f s h o r e . 

On exposed.coasts, a short form may be found i n the lower 

t i d e p o o l s . 
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P o s t e l s i a palmaeformis Ruprecht. 

Ruprecht, 1852, p. 19. 
Myers, 1925* 
Smith, 1944, P. 142. 
Scagel, 1957, p. 105. 

P o s t e l s i a occurs o n l y at S t a t i o n 1 and a t about one h a l f 

o f a m i l e west of t h e r e , c l o s e t o the Cerantes Rocks, i n the 

area i n v e s t i g a t e d . I t does not occur at S t a t i o n 4, where the 

s u r f i s very heavy. The r e p o r t s o f t h i s a l g a from F r i d a y 

Harbour and Puget Sound noted by Scagel (1957) are q u e s t i o n a b l e . 

P o s t e l s i a has a h i g h e r i n t e r t i d a l range than any other 

member of the order L a m i n a r i a l e s . At S t a t i o n 1, i t s upper 

l i m i t i s at 8.9 f e e t , and i t s lower l i m i t i s at 5.6 f e e t 

( F i g . 30). 
The d i s t r i b u t i o n o f t h i s a l g a i s v e r y s h a r p l y d e f i n e d . 

The sporophytes appear t o be robust and i n good shape wherever 

they do grow. T h i s i n d i c a t e s t h a t the f a c t o r which l i m i t s i t 

i s not o p e r a t i v e upon the mature sporophyte. The p l a n t s are 

r e s t r i c t e d t o the steep s i d e s and tops o f p o i n t s with a maximum 

of s u r f . Myers (1925) has c u l t u r e d the gametophyte and young 
sporophytes i n water taken from San F r a n c i s c o Bay. T h i s suggests 

t h a t an o r d i n a r y chemical f a c t o r i s not l i m i t i n g t o the d i s t r i ­

b u t i o n of P o s t e l s i a . I t i s s t i l l p o s s i b l e t h a t a rhythm or 

i n t e r a c t i o n o f chemical f a c t o r s may be i n v o l v e d . 
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M a c r o c y s t i s i n t e g r i f o l i a Bory 

Bory, 1826b, p. 10. 
Scagel, 1948, p. 7, f i g s . 10-20. 
Womersley, 1954, p. 120. 
Scagel, 1957, p. 106. 

T h i s p l a n t i s very s c a t t e r e d i n i t s d i s t r i b u t i o n along the 

coast s t u d i e d . A f a i r number o f p l a n t s were found i n the v i c i n i t y 

o f S t a t i o n 15. A very few p l a n t s were a l s o found a t t h r e e other 

l o c a l i t i e s : about one k i l o m e t e r west of O t t e r P o i n t , about 

200 meters east o f Sheringham P o i n t , and a t S t a t i o n 8. Scagel 

(1957) notes t h a t M a c r o c y s t i s i s r e s t r i c t e d t o open coast areas 

not d i r e c t l y exposed t o heavy s u r f . T h i s i s a v e r y l i m i t e d 

h a b i t a t i n the coast s t u d i e d here, as t h e r e are no i s l a n d s or 

headlands t o g i v e s h e l t e r from the s u r f of heavy storms. 

M a c r o c y s t i s i s much more common i n the v i c i n i t y of Neah Bay, 

which has more s h e l t e r . 

M a c r o c y s t i s i s c h a r a c t e r i s t i c a l l y s u b t i d a l i n d i s t r i b u t i o n , 

w i t h an upper l i m i t a t about 0 f e e t ( F i g . 30). 

The r e p o r t s o f M a c r o c y s t i s from Gordon Head, Esquimalt, 

V i c t o r i a , and Whidbey I s l a n d mentioned by Scagel (1957) are 

probably erroneous, d e r i v i n g from d r i f t , which may be moved a 

long way from i t s source. The w r i t e r has found d r i f t Macro­

c y s t i s both a t V i c t o r i a and i n the San Juan I s l a n d s . 



-83-

L e s s o n i o p s i s l i t t o r a l i s (Farlow and S e t c h e l l ) Reinke 

Reinke, 1903, p. 25. 
Smith, 1944, p. 145, p l . 27. 
Scagel, 1957, p. 107. 

The d e t a i l o f the g e o g r a p h i c a l d i s t r i b u t i o n of L e s s o n i o p s i s 

i s shown i n Figure 34. The a l g a forms a conspicuous and c o n t i n ­

uous zone as f a r i n t o the S t r a i t as P o i n t San Simon ( S t a t i o n 6). 

A few i n d i v i d u a l s occur on a p o i n t about a hundred yards west 

o f S t a t i o n 9. A l a r g e colony occurs a t G l a c i e r Point ( S t a t i o n 

10) and along the coast immediately t o the west of i t . East 

of G l a c i e r P o i n t , the d i s t r i b u t i o n i s i n t e r m i t t e n t . The 

p l a n t becomes more and more r e s t r i c t e d t o rock s u r f a c e s w i t h 

an aspect f a c i n g the s u r f d i r e c t l y , as i t approaches the 

e a s t e r n l i m i t s of i t s d i s t r i b u t i o n . One s m a l l , i s o l a t e d colony 

occurs a t S t a t i o n 18 ( F i g . 23). T h i s i s a s i t u a t i o n which i s 

r e l a t i v e l y s h e l t e r e d from s u r f . No L e s s o n i o p s i s occurs on the 

southern shore of Donaldson I s l a n d , which i s much more exposed. 

T i d a l c u r r e n t s f l o w very s t r o n g l y through the channel between 

Donaldson I s l a n d and the mainland. The channel i s 35 fathoms 

deep; so much u p w e l l i n g may occur. However, i t i s d i f f i c u l t 

to suggest a f a c t o r which i s o p e r a t i v e on one s i d e o f the 

channel and not on the o t h e r . 

The i n d i v i d u a l p l a n t s of L e s s o n i o p s i s at the l i m i t s o f 

i t s d i s t r i b u t i o n appear t o be j u s t as h e a l t h y as any o t h e r s . 

Changes i n s a l i n i t y do not have much e f f e c t on the p l a n t s . 

I t grows o f f the mouth o f a s i z e a b l e creek j u s t west of G l a c i e r 

P o i n t . The p l a n t s here must o c c a s i o n a l l y endure much f r e s h e n i n g 
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of the sea water, s i n c e they are p e r e n n i a l s . 

The upper l i m i t o f L e s s o n i o p s i s decreases a p p r e c i a b l y 

i n h eight from about 5.0 f e e t at S t a t i o n s 1 and 4 t o 2.8 f e e t 

at S t a t i o n s 9 and 18. 
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Family A l a r i a c e a e 

Pterygophora c a l i f o r n i c a Ruprecht 

Ruprecht, 1852, p. 17. 
Frye, 1918, p. 65. 
Smith, 1944, p. 148, p l . 29. 
Scagel, 1957, p. 107. 

Pterygophora i s a s u b t i d a l p l a n t throughout the area 

s t u d i e d , so i t s d i s t r i b u t i o n c o u l d not be f o l l o w e d p r e c i s e l y . 

I t s upper l i m i t i s very c l o s e t o low water west o f Jordan 

R i v e r . I t i s lower i n more s h e l t e r e d waters. A number o f 

d r i f t s t i p e s was a l l t h a t could be seen of i t at Gordon Head. 

I t can be dredged from a depth o f t h r e e to f i v e fathoms on 

Salmon Bank. 
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ALARIA G r e v i l l a , 1820 

L i t e r a t u r e and taxonomy. 

A l a r i a marginata P o s t e l s and Ruprecht v a r . marginata 
P o s t e l s and Ruprecht, I84O, p. 11 (as A. marginata) 
Saunders, 1901a, p. 561 (as A. c u r t i p e s ) 
S e t c h e l l and Gardner, 1903, p. 275; 1925, p. 640, p i . 28 

(both as A. marginata) 
Yendo, 1919, p. 93, p i . 6 (as A. marginata) 
Smith, 1944, p. 147, p i . 28 (as A. marginata) 
Doty, 1947a, p. 43 (as A. marginatal 
Scagel, 1948, p. 10, f i g . 5 (as A. marginata); 1957, 

p. 108 (as A. marginata) 

A. marginata v a r . musaeformis P o s t e l s and Ruprecht 
P o s t e l s and Ruprecht, 1840, p. 11. 

A. nana Schrader 
Schrader, 1903, p. 157, p i s . 23-27-
Yendo, 1919, p. 118, p i . 13. 
S e t c h e l l and Gardner, 1925, p. 636. 
Smith, 1944, p. 146. 
Scagel, 1957, p. 108. 

A. t e n u i f o l i a f . amplior S e t c h e l l and Gardner 
S e t c h e l l and' Gardner, 1903, p. 274. 
Scagel, 1957, p. 109. 

A. t e n u i f o l i a f . t e n u i f o l i a S e t c h e l l , i n C o l l i n s , Holden 
and S e t c h e l l 

C o l l i n s , Holden and S e t c h e l l , 1901, p. 45 (as A. t e n u i f o l i a ) 
Yendo, 1919, p. 97, p i . 8 (as A. p y l a i i (Bory) G r e v i l l e ) . 
Scagel, 1948, p. 10 (as A. t e n u i f o l i a ) ; 1957, p. 109. 

A. v a l i d a f . l o n g i p e s S e t c h e l l and Gardner 
S e t c h e l l and Gardner, 1903, p. 279. 
Scagel, 1957, p. 110. 

A. v a l i d a Kjellman and S e t c h e l l f . v a l i d a 
S e t c h e l l and Gardner, 1903, p. 278, p i . 21 (as A. v a l i d a ) 
Scagel, 1957, p. 110. 
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The taxonomy of A l a r i a i s i n some c o n f u s i o n by reason o f 

the v a r i a b i l i t y o f the genus and the inadequacy o f some o f the 

d e s c r i p t i o n s . V a r i a t i o n s caused by changes i n environment and 

age have not been s t u d i e d e x t e n s i v e l y (Yendo, 1919, p. 1 ) . 

Yendo notes a number o f these v a r i a t i o n s i n a q u a l i t a t i v e 

manner. The r e l a t i v e l e n g t h of s t i p e and r a c h i s v a r i e s with 

age, and the l e n g t h o f the s t i p e i s g r e a t e r i n shade, deep 

water, and l e s s s a l i n e water (p. 10-11). The angle formed by 

the merging o f the lamina w i t h the main a x i s v a r i e s with the 

r a t e at which the i n d i v i d u a l i s growing at the time (p. 13). 

The lamina tends to be t h i n n e r and broader i n deeper, q u i e t e r , 

or l e s s s a l i n e water (p. 13-14). The g e n e r a l shape o f the 

lamina i s a poor c r i t e r i o n , because most o f t h i s i s u s u a l l y 

worn away i n mature i n d i v i d u a l s (p. 14). I t i s a l s o noted 

t h a t a study of herbarium m a t e r i a l while the student i s out 

of touch w i t h f i e l d c o n d i t i o n s i s p a r t i c u l a r l y dangerous, 

because there i s a s t r o n g b i a s i n c o l l e c t i o n towards s m a l l and 

perhaps immature specimens, and because specimens may become 

d i s t o r t e d upon d r y i n g . 

There i s a marked disagreement between Yendo (1919) and 

S e t c h e l l and Gardner (1925) about cryptostomata c h a r a c t e r s . 

The o n l y moderately constant c h a r a c t e r s which can at present 

be used i n a key are those concerning the gross morphology 

of the f e r t i l e s p o r o p h y l l . These i n c l u d e number, shape o f 

the base, p r o p o r t i o n o f l e n g t h t o breadth, t h i c k n e s s i n 

r e l a t i o n t o t h a t of the lamina, and topography o f the s o r u s . 
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The degree of t a p e r i n g i n the r a c h i s and of robustness i n the 

s t i p e are a l s o sometimes u s e f u l . These c r i t e r i a a l s o have the 

a d d i t i o n a l advantage t h a t they exclude immature forms, and a 

few p e c u l i a r specimens which may be i n f e r t i l e h y d r i d s . 

Key t o the s p e c i e s and forms o f A l a r i a found i n B r i t i s h Columbia. 

1 S p o r o p h y l l s n o t i c e a b l y t h i c k e r than the lamina; s u r f a c e o f 
the s p o r o p h y l l s smooth; s o r i c o v e r i n g the g r e a t e r p a r t 
of the s p o r o p h y l l , except a narrow even margin, and a 
small a r e a near the d i s t a l end: sorus with d i s t i n c t 
boundaries — 2 

1 S p o r o p h y l l s not n o t i c e a b l y t h i c k e r than the lamina: s u r f a c e 
of the s p o r o p h y l l s may be rough; sorus g e n e r a l l y r e - r' 
s t r i c t e d to the proximal h a l f or l e s s o f the s p o r o p h y l l , 
sometimes wi t h i n d i s t i n c t boundaries, p a r t i c u l a r l y i n 
the case o f t h e d i s t a l one — 4 

2 The base of the m a j o r i t y o f s p o r o p h y l l s cordate and 
asymmetrical — A. marginata P o s t e l s and Ruprecht 

2 The base of the m a j o r i t y o f s p o r o p h y l l s acute and 
symmetrical — A. v a l i d a Kjellman and S e t c h e l l — 3 

3 S t i p e more than s i x centimeters long 
— A. v a l i d a f . l o n g i p e s 

3 S t i p e l e s s than s i x centimeters l o n g — A. v a l i d a f . v a l i d a 

4 S p o r o p h y l l s more or l e s s p i n n a t e l y arranged, becoming 
more crowded d i s t a l l y , some of the proximal spaces 
being more than one centimeter long; s t i p e and 
r a c h i s more than 10 centimeters l o n g ; l e s s than 20 
s p o r o p h y l l s — A. t e n u i f o l i a — 5 

4 S p o r o p h y l l s crowded so t h a t arrangement i s not appar­
ent; s t i p e and r a c h i s l e s s than t e n c e n t i m e t e r s 
l o n g ; more than 20 s p o r o p h y l l s ; r a c h i s evenly 
t a p e r i n g a l o n g i t s whole l e n g t h — A. nana 

5 S p o r o p h y l l s longer than the- maximum breadth of the lamina, 
and more than one t h i r d t h a t d i s t a n c e i n breadth 

— A. t e n u i f o l i a f . amplior 

5 S p o r o p h y l l s not r e a c h i n g above dimensions 
— A. t e n u i f o l i a f . t e n u i f o l i a 
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T h i s key i s designed mainly f o r use i n the f i e l d . The 

t h i c k n e s s of the s p o r o p h y l l s and the t a p e r of the r a c h i s may 

be changed by p r e s s i n g and d r y i n g . 

I t i s not too r e a l i s t i c t o c o n s i d e r the forms v e r y c a r e ­

f u l l y when the s p e c i e s themselves are i n doubt, but they are 

i n c l u d e d f o r the sake of completeness. 
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A l a r i a marg ina ta P o s t e l s and Ruprecht 

Whi le P o s t e l s and Ruprecht (1840) do not p r o v i d e an 

i l l u s t r a t i o n o f t h i s e n t i t y , t h e i r d e s c r i p t i o n (p. 11) i s 

q u i t e d e t a i l e d . That p a r t o f i t which d e a l s w i t h t h e s p o r o ­

p h y l l s i s as f o l l o w s : 

: p i n n i s l i n e a r i b u s , a p i c e at b a s i r o t u n d a t i s , 
s t i p i t a t i s , c o r i a c e i s , margine i n t e g e r r i m u s , p l a n i s , 
f a s c i a n i t i d a c i n c t i s " 

The p a r a l l e l R u s s i a n d e s c r i p t i o n i s mere ly a t r a n s l a t i o n o f 

t h i s . There seems l i t t l e doubt t h a t t h i s i s the e n t i t y 

i l l u s t r a t e d i n Yendo (1919, p l . 6 and below, F i g . 3 3 ) . The 

i l l u s t r a t i o n s by S e t c h e l l and Gardner (1925, p l . 28) and 

S c a g e l (1943, f i g . 5) a re v e r y s i m i l a r t o each o t h e r . They 

d i f f e r f rom Yendo i n t h a t the bases o f the s p o r o p h y l l s a re 

b r o a d , but not c o r d a t e , the s o r i a re not shown, and t h e base 

o f the l a m i n a i s more o b t u s e . The i l l u s t r a t i o n by Smith 

(1944, p l . 28) i s a g a i n d i f f e r e n t . The s o r i cover o n l y a p a r t 

o f the s p o r o p h y l l s , t h e s p o r o p h y l l s a re l e s s crowded, and t h e 

base o f t h e lamina i s a c u t e . F i n a l l y P o s t e l s and Ruprecht 

(1840, p. 11) d e s c r i b e another v a r i e t y , m u s a e f o r m i s . The 

d e s c r i p t i o n o f t h i s e n t i t y seems t o be i n a d e q u a t e . I t seems 

t o be based on " l a m i n a p i n n a t i f i d a " , which would seem t o be 

s i m p l y the t a t t e r e d appearance most A l a r i a laminae assume when 

they have been p a r t l y worn away. 

Thus , w h i l e t h e r e i s no doubt t h a t t h e fo rm w i t h c o r d a t e 

bases o f the s p o r o p h y l l s i s A . m a r g i n a t a , o p i n i o n d i f f e r s about 

where the l i n e shou ld be drawn between A. marg ina ta and 
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A. v a l i d a Kjellman and S e t c h e l l (p. 95, below). There seems 

to have been a tendency to i d e n t i f y some of these as A. v a l i d a 

when they are a c t u a l l y A. marginata (Doty 1947a, p. 3 2 ) . 

Some of the v a r i a n t s seem t o be d i f f e r e n t stages i n the 

l i f e c y c l e of the same e n t i t y . The only way to prove t h i s 

c o n c l u s i v e l y i s t o f o l l o w the progress of marked p l a n t s . T h i s 

could not be brought t o a s u c c e s s f u l c o n c l u s i o n i n t h i s i n v e s ­

t i g a t i o n . However, an examination of the m a t e r i a l c o l l e c t e d 

permitted some t e n t a t i v e e x p l a n a t i o n s . The c r i t e r i a used t o 

d i s t i n g u i s h a younger p l a n t from an o l d e r one were the presence 

of a g r e a t e r p r o p o r t i o n of i n f e r t i l e s p o r o p h y l l s , l e s s e x t e n s i v e 

s o r i on the f e r t i l e s p o r o p h y l l s , fewer s p o r o p h y l l s , and s m a l l e r 

s p o r o p h y l l s . A r e l a t i v e l y smooth s t i p e , w i t h no t r a c e s of 

p r e v i o u s s p o r o p h y l l s was a l s o taken as an i n d i c a t i o n of. a 

younger p l a n t . Only p l a n t s which were f e r t i l e t o some degree 

were c o n s i d e r e d . The s i z e of the p l a n t i t s e l f does not appear 

t o be a r e l i a b l e c r i t e r i o n . 

The c o n f u s i o n between A. marginata and A. v a l i d a seems t o 

o b t a i n from i t being p o s s i b l e f o r young forms of A. marginata 

t o be very s i m i l a r t o an o l d e r A. v a l i d a . Thus F i g u r e 34 much 

resembles the type of A. v a l i d a f . v a l i d a p i c t u r e d by S e t c h e l l 

and Gardner (1903, p i . 2 1 ) . The s p o r o p h y l l s seem u s u a l l y t o 

develop cordate bases a f t e r they are almost e n t i r e l y f e r t i l e . 

However, the development o f A. marginata i s extremely v a r i a b l e 

and a great number of v a r i a n t s appear o c c a s i o n a l l y . 
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There i s another type of v a r i a t i o n i n A. marginata, i n 

the arrangement of the s p o r o p h y l l s . One extreme, c a l l e d 

v a r i a n t Number 1 i n t h i s d i s c u s s i o n , has the o r i g i n s of the 

s p o r o p h y l l s grouped c l o s e l y t o g e t h e r ( F i g . 33). The base of 

the lamina i s o f t e n broad. In v a r i a n t Number 2, the sporo­

p h y l l s are more wi d e l y spaced and more or l e s s p i n n a t e l y 

arranged ( F i g . 35). These do not seem t o be p a r t o f the same 

developmental sequence, s i n c e young and mature i n d i v i d u a l s of 

both types were found, and t h e r e appeared t o be a rough geo­

g r a p h i c a l d i s t r i b u t i o n of these two v a r i a n t s - ( F i g . 41). 

However, a complete range of i n t e r m e d i a t e s between the two 

was found. I t was decided t h a t formal d e s c r i p t i o n of v a r i a n t 

Number 2 as a new e n t i t y was not j u s t i f i e d . I t may be an 

environmental e f f e c t . 

\ 



A l a r i a nana Schrader 

T h i s i s a f a i r l y d i s t i n c t s p e c i e s by v i r t u e o f i t s 

c h a r a c t e r i s t i c p o s i t i o n high i n the i n t e r t i d a l zone on 

exposed c o a s t s . The young and the o l d forms are shown i n 

Fi g u r e 37» The o l d form may o c c a s i o n a l l y key out i n the key 

on page 88 as A. v a l i d a f . l o n g i p e s but the two e n t i t i e s are 

on a b a s i s o f arrangement and number of s p o r o p h y l l s q u i t e 

d i s t i n c t . A. nana c h a r a c t e r i s t i c a l l y has a robust, e r e c t 

s t i p e . The lamina i s u s u a l l y almost e n t i r e l y worn away. 
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A l a r i a t e n u i f o l i a S e t c h e l l 

T h i s s p e c i e s i s found i n more s h e l t e r e d waters. The 

s p o r o p h y l l s are very v a r i a b l e i n shape. M a t e r i a l c o l l e c t e d 

o f t h i s s p e c i e s was inadequate t o permit any d e d u c t i o n s about 

i t s development. The s p o r o p h y l l s of A l a r i a t e n u i f o l i a f . 

amplior o f t e n have a cordate base, but they are q u i t e d i s t i n c t 

from A. marginata. ( F i g s . 39, 33). 
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A l a r i a v a l i d a Kjellman and S e t c h e l l 

As noted above (p. ), u n t i l A. v a l i d a i s seen i n i t s 

type l o c a l i t y (Whidbey I s l a n d ) , t h e r e i s a tendency t o i d e n t i f y 

some A. marginata as A. v a l i d a . The w r i t e r has examined the 

m a t e r i a l f i l e d under A. v a l i d a i n the H e r b a r i a of the U n i v e r s i t y 

o f B r i t i s h Columbia and of the U n i v e r s i t y of C a l i f o r n i a . 

UC 463988, 463989 (Sooke) and UBC 176 (Nr. Hope Is l a n d ) are 

d e f i n i t e l y A. marginata. UC 633999 (Table I s l a n d ) i s immature, 

but could w e l l be A. marginata. UC 395392 (Neah Bay) i s 

mounted so t h a t the s p o r o p h y l l s can not be seen. I t could w e l l 

be A. v a l i d a . Except f o r the co-type from Unga, Alask a 

(UC 9667D, the known d i s t r i b u t i o n o f A. v a l i d a i s r e s t r i c t e d 

t o the more s h e l t e r e d p o r t i o n s of Juan de Fuca S t r a i t and 

Queen C h a r l o t t e S t r a i t (UBC 205). 

Two forms of A. v a l i d a have been d e s c r i b e d , A. v. f . 

v a l i d a ( i n S e t c h e l l and Gardner, 1903, p. 278) and A. v. f . 

l o n g i p e s S e t c h e l l and Gardner (1903, p. 279). The i l l u s t r a t i o n 

of A. v. f . v a l i d a ( p l . 21) i s a good l i k e n e s s o f the type 

specimen, UC 96663. However, the t h i c k s p o r o p h y l l s have not 

bee i n d i c a t e d too w e l l . There i s a co-type, UC 96671, from 

Unga, Alaska, which appears t o be a d i f f e r e n t e n t i t y . The 

s t i p e i s very r o b u s t , t a p e r i n g s h a r p l y at t h e top, where the 

s p o r o p h y l l s are crowded. I t resembles the o l d e r i n d i v i d u a l s 

of A. nana ( F i g . 40,a), but i s much l a r g e r . The type specimen 

of A. v. f . l o n g i p e s i s not l a b e l l e d , but appears t o be 
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UC 96666. I t appears t o be the younger i n d i v i d u a l o f A. v. f . 

v a l i d a . I t can be confused w i t h A. t e n u i f o l i a ( F i g s . 41 and 

43), but they may be d i s t i n g u i s h e d by s p o r o p h y l l t h i c k n e s s . 

U s u a l l y the sorus of A. v a l i d a covers more of the s p o r o p h y l l 

than does t h a t of A. t e n u i f o l i a . 
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D i s t r i b u t i o n o f A l a r i a . 

The g e o g r a p h i c a l d i s t r i b u t i o n o f t h e v a r i o u s s p e c i e s o f 

A l a r i a i s p r e s e n t e d i n F i g u r e 41• A. nana o c c u r s i n l o c a l i t i e s 

most exposed t o s u r f . A. t e n u i f o l i a may be found i n t h e more 

s h e l t e r e d l o c a l i t i e s n o r t h and e a s t o f Race Rocks. A. v a l i d a 

and A. m a r g i n a t a b o t h o c c u r on more o r l e s s open c o a s t s . 

A. m a r g i n a t a i s c h a r a c t e r i s t i c o f t h e more exposed, and A. v a l i d a 

o f the more s h e l t e r e d l o c a l i t i e s * These l a t t e r two s p e c i e s a r e 

t h e most e a s i l y c o n f u s e d o f t h o s e p r e s e n t on t h e c o a s t . 

A l a r i a nana o c c u p i e s a d i s t i n c t zone h i g h i n t h e i n t e r t i d a l 

zone ( F i g . 41)• T h i s zone i s d e f i n i t e l y l o w e r i n t h e more 

e a s t e r l y s t a t i o n s . The o t h e r s p e c i e s have an upper l i m i t low 

i n t h e i n t e r t i d a l zone. At S t a t i o n 29, A. t e n u i f o l i a o c c u p i e s 

a zone above one o f t h e s p e c i e s w i t h t h i c k e r s p o r o p h y l l s , e i t h e r 

A. v a l i d a o r A. m a r g i n a t a . 

The d i s t i n c t d i s t r i b u t i o n s o f t h e v a r i o u s s p e c i e s o f A l a r i a 

e l i m i n a t e s t h e p o s s i b i l i t y t h a t t h e s e s p e c i e s a r e m e r e l y d i f ­

f e r e n t s t a g e s i n t h e development o f t h e same e n t i t y . There 

s t i l l r e mains t h e p o s s i b i l i t y t h a t t h e y a r e t h e e f f e c t o f 

d i f f e r e n t e n vironments on t h e same e n t i t y . A number o f i n d i ­

v i d u a l s were c o l l e c t e d w h i c h appear t o be i n t e r m e d i a t e between 

the two s p e c i e s . Examples o f t h e s e a r e TW 10, 260, 313 

( i n t e r m e d i a t e between A. nana and A. m a r g i n a t a ) ; TW 111, 117 

(Between A. m a r g i n a t a and A. t e n u i f o l i a ) ; TW 118, 251 

(between A. v a l i d a and A. t e n u i f o l i a ) ; TW 8, 231 (between A. 

m a r g i n a t a and A. v a l i d a ) ; and TW 262 (between A. t e n u i f o l i a 
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and A. nana). Some o f these came from the Race Rocks ar e a , 

where the d i s t r i b u t i o n s o f the f o u r s p e c i e s come t o g e t h e r . 
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Egregia menziesii (Turner) Areschoug subsp. menziesii. 
Areschoug, l£76, p. 67 (as E. menziesii) 
Setchell and Gardner, 1903, p. 271: 1925, p. 647. 
Smith, 1944, p. 149, p l . 30, f i g . 1. 
Scagel, 1948, p. 10, 1957, p. 111. 
MacMillan, 1902. 

Egregia extends in from the open coast to Goose Island 
and Whidbey Island (Scagel, 1957). It becomes very scattered 
towards the limits of i t s geographical distribution. Thus, 
while i t was not found at Gordon Head (Stn. 32) i n this 
investigation, there i s no reason to doubt the report from 
here noted by Scagel (1957). The upper limit of Egregia 
decreases slightly in height in an easterly direction. The 
statement by MacMillan (1902) that Egregia i s the highest of 
a l l Laminariales i s d i f f i c u l t to understand, since Postelsia. 
Alaria nana, and Hedophyllum are a l l higher in their upper 
limits. 
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Order C h o r d a r i a l e s . 

F a m i l y Corynophlaeaceae 

L e a t h s i a d i f f o r m i s (L innaeus) A r e s c h o u g . 

A reschoug , 1947, p. 376. 

S e t c h e l l and Gardner , 1903, p. 249, p i . 45, f i g s . 65, 
66 ( i n p a r t as L . a m p l i s s i m a S e t c h e l l and G a r d n e r ) ; 
p i . 513, p i . 40, f i g . 52. 

S m i t h , 1944, p. 114, p i . 15, f i g . 2. 
Doty , 1947a, p. 34. 
S c a g e l , 1957, p. 77. 

The v e r t i c a l d i s t r i b u t i o n o f L . d i f f o r m i s i s shown i n 

F i g u r e 43. The a l g a i s of frequent but s c a t t e r e d occurrence 

o f t e n on the f l a t tops o f ro c k s , or e p i p h y t i c on Rhodomela. 

L e a t h s i a i s very common at S t a t i o n 13. 

F a m i l y Ghordar iaceae 

H e t e r o c h o r d a r i a a b i e t i n a (Ruprecht) S e t c h e l l and G a r d n e r . 

S e t c h e l l and G a r d n e r , 1903, p. 251, p i . 1 8 , f i g . 16 
(as C h o r d a r i a a b i e t i n a R u p r e c h t ) ; 1925, p. 550, 
p i . 36 , f i g s . 1 8 , 19 and p i . 91. 

K y l i n , 1940, p . 4 2 . 
S m i t h , 1944, p . 98, p i . 14 , f i g . 3 . 
Doty , 1947a, p. 3 3 . 
S c a g e l , 1957, p. 8 0 . 

The v e r t i c a l d i s t r i b u t i o n o f H e t e r o c h o r d a r i a i s shown 

i n F i g u r e 43. The a l g a has a s c a t t e r e d but widespread 

d i s t r i b u t i o n on rocks throughout the range. I t i s p a r t i ­

c u l a r l y common at S t a t i o n 23. 
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Order D e s m a r e s t i a l e s . 

Family Desmarestiaceae. 

Desmarestia intermedia P o s t e l s and Ruprecht 
P o s t e l s and Ruprecht, 1840, p. 13, p l . 26. 
Pease, 1917, p. 385 (as D. a c u l e a t a ) 
S e t c h e l l and Gardner, 1925, p. 564. 
Doty, 1947a, p. 35. 
B l i n k s , 1957, p. 269. 
Scagel, 1957, p. 82. 

D. munda S e t c h e l l and Gardner 
S e t c h e l l and Gardner, 1924, p. 7; 1925, p. 567, p l . 89. 
Smith, 1944, p. 121, p l . 17, f i g . 1. 
Doty, 1947a, p. 35. 
B l i n k s , 1951, p. 269, 
Scagel, 1957, p. 84. 

Desmarestia i s a v a r i a b l e genus, the taxonomy o f which 

i s i n some c o n f u s i o n (Scagel, 1957, p. 85). The f l a t t e n e d 

forms i n the area s t u d i e d are d e f i n i t e l y D. munda. However, 

among the f i l i f o r m s p e c i e s , the d i s t i n c t i o n between D. media 

S e t c h e l l and Gardner and D. i n t e r m e d i a i s not c l e a r . The 

m a t e r i a l c o l l e c t e d was i d e n t i f i e d as D. i n t e r m e d i a mostly on 

the b a s i s o f the f a s c i c u l a t e branching mentioned by S e t c h e l l 

and Gardner (1925, p. 564). 

The e c o l o g i c a l r e l a t i o n s h i p s between D. i n t e r m e d i a and 

D. munda are not apparent. The two s p e c i e s are o f t e n found 

t o g e t h e r (Figure 43), and appear t o r each the same h e i g h t i n 

the i n t e r t i d a l zone. The extreme a c i d i t y o f the c e l l sap o f 

Desmarestia ( B l i n k s , 1951, p. 269) makes i t extremely v u l n e r ­

a b l e to d e s i c c a t i o n . T h i s f a c t o r probably l i m i t s the upward 

exte n s i o n o f the p l a n t i n t o the i n t e r t i d a l zone. Both s p e c i e s 

are common at S t a t i o n 9. 
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Order F u c a l e s . 

Family Fucaceae. 

Fucus d i s t i c h u s (Linnaeus) emend. Powell. 

L i t e r a t u r e and taxonomy. 
Agardh, 1820, p. 92 (as F. evanescens); p. 97 

(as F. f u r c a t u s ) 
Harvey. 1862, p. 163. • , 
S e t c h e l l and Gardner, 1903, p. 281 (as F. evanescens) 
Gardner, 1922, p. 16, p i s . 1-17 (as F. r u r c a t u s ) , p. 36, 

p i s . 35-59 (as F. evanescens) 
Smith, 1944, P.. 152, p i . -32, f i g . 2 (as F. f u r c a t u s 

C. A. Agardh) 
Doty, 1947a, p. 44 (as F. f u r c a t u s and F. evanescens) 
S i l v a , 1953, p. 227 (as F. g a r d n e r i ) 
S c a g e l , 1957, p. 114 (as F. evanescens), p. 116 (as F. 

g a r d n e r i ) 

Powell, 1957a, 1957b (as-F. d i s t i c h u s (L.) emend Powell.) 

The taxonomy o f the s p e c i e s o f Fucus on the P a c i f i c 

coast o f North America i s i n some c o n f u s i o n . The genus i s 

extremely v a r i a b l e , many of the past d e s c r i p t i o n s have been 

inadequate, and the genus has not y e t been s t u d i e d c r i t i c a l l y 

on t h i s coast from an e c o l o g i c a l p o i n t o f view. 

Fucus f u r c a t u s and F. evanescens were d e s c r i b e d by Agardh 

from specimens which were s a i d t o have been c o l l e c t e d from 

North P a c i f i c shores by Chamisso (Gardner, 1922, p. 6 ) . 

Gardner (1922) d e s c r i b e d 13 forms of F. f u r c a t u s and d e a l s 

with 21 forms of F. evanescens. Some of the l a t t e r are 

d e s c r i b e d by h i m s e l f , the r e s t by Kjellman (1877, 1889), 

S e t c h e l l and Gardner (1903), and S t r o e m f e l t (1886). Smith 

(1944) r e f e r r e d a l l Fucus i n the Monterey P e n i n s u l a t o 

F. f u r c a t u s f . l u x u r i a n s Gardner. Doty (1947a) makes no 

comment on the forms of F. f u r c a t u s but s t a t e s t h a t the 
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forms of F. evanescens are i n d i s t i n c t , except f o r F. evanescens 

f . s t e l l a t u s Gardner. S i l v a (1953) r e d e s c r i b e d F. f u r c a t u s 

as F. g a r d n e r i on the grounds t h a t the former name i s a 

homonym of the p r e v i o u s F. f u r c a t u s Esper. S i l v a d i d not 

make the t r a n s f e r s o f the v a r i o u s forms of F. f u r c a t u s 

C. A. Agardh. Scagel (1957) made most of these t r a n s f e r s , 

w h i le n o t i n g (p. 118) t h a t the v a l i d i t y of the v a r i o u s forms 

i s q u e s t i o n a b l e . Powell (1957a) reduced a l l hermaphroditic 

s p e c i e s of Fucus which possess caecostomata t o synonomy under 

Fucus d i s t i c h u s (L.) emend Powell. F. f u r c a t u s and F. evan­

escens are among the s p e c i e s so reduced. 

The 34 forms of F. d i s t i c h u s which Gardner has d e s c r i b e d 

or noted from the P a c i f i c coast of North America should be 

reduced t o synonomy, and not t r a n s f e r r e d t o F. d i s t i c h u s . The 

genus i s so v a r i a b l e t h a t as they stand they are more o f a 

hindrance than a h e l p i n i d e n t i f y i n g specimens of Fucus. 

Doty's comments (1947a, p. 45) throw s u f f i c i e n t doubt on the 

v a l i d i t y o f the forms of F. evanescens. The c o l l e c t i o n s made 

i n t h i s i n v e s t i g a t i o n were wi t h some doubt i d e n t i f i e d as 

F. evanescens f . robustus S e t c h e l l and Gardner, F. f u r c a t u s 

f . t y p i c u s Gardner, F. f u r c a t u s f . a b b r e v i a t u s Gardner, 

F. f u r c a t u s f . r e f l e x u s Gardner, F. f u r c a t u s f . r i g i d u s 

Gardner, and F. f u r c a t u s f . v a r i a b i l i s Gardner, a c c o r d i n g t o 

Gardner's d e s c r i p t i o n s . The occurrence o f these c o l l e c t i o n s 

was then p l o t t e d a g a i n s t time and p l a c e i n a manner s i m i l a r 



-104-

t o F i g u r e 26. The occurrence of these forms appeared t o 

have no r e l a t i o n s h i p e i t h e r to time or p l a c e . T h i s throws 

s u f f i c i e n t doubt on the v a l i d i t y o f the forms of F. f u c a t u s 

C. A. Agardh as d e s c r i b e d by Gardner. 

Powell (1957a) d e s c r i b e s f o u r subspecies o f F. d i s t i c h u s : 

F. d i s t i c h u s subsp. d i s t i c h u s (Linnaeus) emend. Powell, F. d i s t i ­

chus subsp. anceps (Harvey et Ward ex C a r r u t h e r s ) Powell, F. d i s ­

t i c h u s subsp. edentatus (De l a P y l a i e ) Powell, and F. d i s t i c h u s 

subsp. evanescens (C. Agardh) Powell. However, i t was decided 

not t o d e s c r i b e the m a t e r i a l c o l l e c t e d to subspecies, u n t i l more 

ext e n s i v e comparisons are made of North American and European 

p o p u l a t i o n s of Fucus d i s t i c h u s . 

D i s t r i b u t i o n . 

The upper and lower l i m i t s o f Fucus d i s t i c h u s are shown i n 

F i g u r e 43. Fucus forms a prominent zone on the beach at almost 

a l l l o c a l i t i e s except those most exposed t o s u r f . In such ex­

posed l o c a l i t i e s (Stn. 10) a very s c a t t e r e d dwarf form w i t h a 

very r obust s t i p e sometimes o c c u r s . I t s appearance i s s i m i l a r 

to P e l v e t i o p s i s . and i t has some resemblance t o F. d i s t i c h u s 

subsp. anceps. 

P e l v e t i o p s i s l i m i t a t a ( S e t c h e l l ) Gardner f . l i m i t a t a 
Gardner, 1910, p. 127 (as P. l i m i t a t a and P. 1. f . t y p i c a ) 
S e t c h e l l and Gardner, 1925, p. 703 (as P. l i m i t a t a and 

P. 1. t y p i c a ) 
Smith, 1944, p. 155 (as P. l i m i t a t a ) 
Doty, 1947a, p. 45 (as P. l i m i t a t a and P. 1. f . t y p i c a ) 
S c a g e l , 1957, p. 122 

P e l v e t i o p s i s was c o l l e c t e d o n l y a t S t a t i o n 1 o f the Vancouver 

I s l a n d coast s t u d i e d . I t occupies a zone immediately above Fucus, 

between 8 . 9 and 9.8 f e e t . The a l g a may a l s o occur at S t a t i o n s 2, 

3 and 4. 
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Family Cystoseiraceae. 
Cystoseira geminata C. Agardh. 

C. Agardh, 1824, p. 286. 
Setchell and Gardner, 1903, p. 285; 1925, p. 706 

(as Cystophyllum geminata (Agardh) J. Agardh) 
Fensholt, 1955, p. 313, figs. 1-10, 35-39. 
Scagel, 1956, p. 122, figs. 7-14-
Scagel, 1957, p, 122. 

Cystoseira has a very scattered occurrence along the 
more exposed coasts studied. This distribution of this alga 
is shown in Figure 44« It was found to be most abundant close 
to Station 15. 

Family Sargassaceae 

Sargassum muticum (Yendo) Fensholt. 
Yendo, 1905, p. 158. 
Fensholt, 1955, p. 313, figs. 11-16, 40-51. 
Scagel, 1956, p. 5, figs. 1-6. 
Scagel, 1957, p. 123. 

Sargassum usually forms a continuous zone near low water 
mark in very sheltered areas, such as Stations 16 and 17. The 
distribution of this alga is shown in Figure 44. 
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Phylum Rhodophyta 

Sub Glass Bangiophycidae 

Order B a n g i a l e s 

Family Bangiaceae. 

Porphyra s c h i z o p h y l l a H o l l e n b e r g , i n Smith and H o l l e n b e r g . 
Smith and H o l l e n b e r g , 1943, p. 213, f i g s . 6, 1, 
Smith, 1944, p. 173, p i . 39, f i g . 4; p i . 40, f i g . 4. 
Doty, 1947b, p. 161. 

Porphyra p e r f o r a t a J . Agardh 
Agardh, 1883, p. 69. 
Hus, 1900, p. 63; 1902, p. 202, p i . 20, f i g s . 4-10. 
S e t c h e l l and Gardner, 1903, p. 289. 
K y l i n , 1925, p. 7-
Smith, 1944, p. 172, p i . 39, f i g - 5. 
Doty, 1947b, p. 161. 
Scagel, 1957, p. 130. 

The v e r t i c a l d i s t r i b u t i o n o f Porphyra i s shown i n 

Fi g u r e 45. Two zones o f the alga e i n the i n t e r t i d a l zone 

are apparent. The p l a n t s i n the upper zone are u s u a l l y i n 

very poor shape d u r i n g the summer. C o l l e c t i o n s (TW1171-1173) 

from t h i s zone a t S t a t i o n s 4, 10, and 14 agree r e a s o n a b l y 

w e l l with the d e s c r i p t i o n o f P. S c h i z o p h y l l a H o l l e n b e r g . 

However, many specimens do not f i t the d e s c r i p t i o n very w e l l . 

The e x c e n t r i c s t r i a t i o n s o f the g e l a t i n o u s m a t r i x which 

p a r a l l e l the i n n e r f a c e s of the c e l l s and the other d i s t r o -

matic Porphyras r e p o r t e d from t h i s area i s not c l e a r . Moreover, 

one c o l l e c t i o n (TW1248) from the upper Porphyra zone i s mono-

st r o m a t i c , with v e r y t h i c k l a y e r s o f mucilage. 

The lower zone c o n s i s t s mainly of Porphyra p e r f o r a t a . The 

lower zone a l s o i n c l u d e s a number of d i s t r o m a t i c i n d i v i d u a l s , 

some of which seem to be r e l a t e d t o P. s c h i z o p h y l l a as noted 

above. 
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Sub Class Florideophycidae. 
Order Cryptonemiales. 
Family Endocladiaceae. 
Endocladia muricata (Harvey) J . Agardh. 

Agardh, 1847, p. 10. 
S e t c h e l l and Gardner, 1903, p. 297 (as E. m. f . compressa 

and E. m. f . inermis) 
K y l i n , 1925, p. 28^ 
Smith, 1944, D. 211, p l . 47, f i g s . 3, 4. 
Doty, 1947b, p. 166. 
Scagel, 1957, p. 160. 

Endocladia muricata shows some v a r i a b i l i t y . Some i n d i v i ­
duals have f l a t t e n e d branches and some have reduced spines. 
These v a r i a n t s were described by S e t c h e l l and Gardner (1903) 
as E. m. f . compressa and E. m. f . inermis r e s p e c t i v e l y . The 
types were c o l l e c t e d from t i d e pools i n the v i c i n i t y of 
F r i d a y Harbour. These v a r i a n t s were noted i n the m a t e r i a l 
c o l l e c t e d . TW1022 i s an example of the form w i t h f l a t t e n e d 
branches, and TW1001 of t h a t w i t h reduced spines. The a l g a 
was never found i n t i d e pools. The v a r i a n t s , as found on the 
open beach, do not seem to be s u f f i c i e n t l y d i s t i n c t t o be 
r e v i v e d as taxonomic e n t i t i e s . 

Endocladia i s common throughout the area s t u d i e d , but 
i s absent from very s h e l t e r e d areas, such as S t a t i o n s 16, 17, 
26 and 28. The v e r t i c a l d i s t r i b u t i o n of Endocladia i s shown 
i n Figure 45* 
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Order G i g a r t i n a l e s . 

Family G i g a r t i n a c e a e . 

G i g a r t i n a a g a r d h i i S e t c h e l l and Gardner 
S e t c h e l l and Gardner, 1933, p. 290, p i . 64. 
Smith, 1944, p l . 69, f i g . . 2 . 

0 

corymbifera (Kutzing) J . Agardh 
Agardh, I 8 7 6 , p. 202. 
S e t c h e l l and Gardner, 1933, p. 275, p i s . 53, 54-
Smith, 1944, p. 281, p l . 66. 
Scagel, 1957, p. 135. 

G. c r i s t a t a ( S e t c h e l l ) S e t c h e l l and Gardner 
S e t c h e l l and Gardner, 1933, p. 289, p l . 6 3 . 
Smith, 1944, p. 283, p l . 69, f i g . 1. 
Doty, 1947b, p. 130. 
Scagel, 1957, p. 135. 

G. mamillosa (Goodenough and Woodward) J . Agardh. 
Agardh, 1851, p. 273. .. . . . 
S e t c h e l l and Gardner, 1933, p. 285. 
Doty, 1947b, p. 130. 
Scagel, 1957, p. 137. 

G. p a p i l l a t a (C. Agardh) J . Agardh, i n C. Agardh. 
Agardh, I 8 4 6 , p. 19. . 
S e t c h e l l and Gardner, 1933, p. 287, p l . 61. 
Smith, 1944, p. 283, p l . 70, f i g . 2. 
Scagel, 1957, -p. 133. 

G i g a r t i n a i s a very v a r i a b l e genus i n need of f u r t h e r study. 

G. corymbifera has an upper l i m i t of 1.4 f e e t at S t a t i o n 

32. The other f o u r s p e c i e s occur a t i n t e r m e d i a t e h e i g h t s i n 

the i n t e r t i d a l zone. The v e r t i c a l d i s t r i b u t i o n o f s p e c i e s of 

the m i d - i n t e r t i d a l G i g a r t i n a i s shown i n Fi g u r e 4 5 . 

I r i d a e a heterocarpa P o s t e l s and Ruprecht 
P o s t e l s and Ruprecht, 1840, p. 18. 
K y l i n , 1925, p. 28. 
S e t c h e l l and Gardner, 1937, p. 170. (as Iridophycus  

heterocarpum) 



-109-

Smith, 1944, p. 291, p l . 73, f i g . 1. (as Iridophycus 
heterocarpum) 

Doty, 1947b, p. 133. (as Iridophycus heterocarpum) 
Scagel, 1957, p. 191. 

Much of the I r i d a e a c o l l e c t e d was s t e r i l e and so d i f f i c u l t 

t o determine t o s p e c i e s . I . heterocarpa appeared t o be the 

most common s p e c i e s . The upper l i m i t o f the I r i d a e a zone i s 

shown i n F i g u r e 45• 
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Order Rhodymeniales. 
Family Rhodymeniaceae. 

Halosaccion glandiforme (Gmelin) Ruprecht. 
Ruprecht, 18*51, p. 279-
S e t c h e l l and Gardner, 1903, p. 4 3 ' 
K y l i n , 1925, p. 4 3 . 
Smith, 1944, p. 298, p l . 73, f i g s . 6, 7. 
Doty, 1947b, p. 186. 
Scagel, 1957, p. 194-

The v e r t i c a l d i s t r i b u t i o n of Halosaccion i s shown i n 
Figure 45. The alga occurs e i t h e r i n a s o l i t a r y h a b i t , or 
i n dense patches. The gregarious h a b i t i s more common on 
the open coast (Stns. 1 t o 5)- Halosaccion grows on rocks 
or e p i p h y t i c a l l y on Odonthalia and Rhodomela. 
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Order Ceramiales 
Family Ceramiaceae. 
Ca l l i t h a m n i o n pikeanum var. laxum ( S e t c h e l l and Gardner) Doty. 

S e t c h e l l and Gardner, 1903, p. 339 (as Ceratothamnion pikeanum 
f. laxum) 

Gardner, 1927, p. 407, p l . 88 (as C a l l i t h a m n i o n laxum 
( S e t c h e l l and Gardner) S e t c h e l l and Gardner) 

Doty, 1947b, p. 191. 
Scagel, 1957, p. 207 (as C a l l i t h a m n i o n laxum S e t c h e l l and 

Gardner, i n Gardner) 

C. pikeanum var. pa c i f i c u m (Harvey) S e t c h e l l and Gardner, i n 
Gardner. 

Harvey, 1862, p. 175 (as Ca l l i t h a m n i o n arbuscula var. p a c i f i c a ) 
Gardner, 1927, p. 406, - p l . 87, f i g s . 2, 3. 
Doty, 1947b, p. 191. 
Scagel, 1957, p. 207. 

C_. pikeanum Harvey var. pikeanum. 
Harvey, 1853, p. 230 (as C_. pikeanum) 
K y l i n , 1925, p. 56 (as C. pikeanum) 
Gardner, 1927, p. 405, p l . 57, f i g . 1 (as C. pikeanum) 
Smith, 1944, p. 318, p l . 81, f i g . 2 (as C. pikeanum) 
Doty, 1947b, p. 191 (as C_. pikeanum) 
Scagel, 1957, p. 208. 

These three v a r i e t i e s seem to belong t o one s p e c i e s , 
C. pikeanum. In the area s t u d i e d , C. pikeanum in c l u d e s a l l 
C a l l i t h a m n i o n p l a n t s which have at l e a s t the f i r s t three orders 
of branches h e a v i l y c o r t i c a t e d , and a d i s t r i b u t i o n i n the i n t e r ­
t i d a l zone. The three v a r i e t i e s are d i s t i n g u i s h e d mainly on a 
b a s i s of t h e i r general h a b i t . C. p. var. pikeanum has a group 
of r e l a t i v e l y unbranched percurrent axes, w i t h bushy secondary 
branches d i s t i n c t from one another and mostly of equal l e n g t h . 
C. £. var. p a c i f i c u m has a pyramid-like form, since the secondary 
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branches are not d i s t i n c t from one another, and decrease i n 

l e n g t h d i s t a l l y . C. p_. v a r . laxum u s u a l l y has the secondary 

branches l o o s e l y arranged. These h a b i t s are w e l l shown i n 

Gardner's photographs. 

The v e r t i c a l d i s t r i b u t i o n o f C_. pikeanum i s shown i n 

F i g u r e 1+5. 
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Family Rhodomelaceae. 

Rhodomela l a r i x (Turner) C. Agardh. 

Agardh, 1822, p. 376. 
S e t c h e l l and Gardner, 1903, p. 330. 
K y l i n , 1925, p. 75. 
Smith, 1944, p. 374, p l . 97, f i g . 1. 
Doty, 1947b, p. 196. 
Scagel, 1957, p. 241. 

The v e r t i c a l l i m i t s o f Rhodomela are shown i n F i g u r e 45* 

They are very v a r i a b l e , because the p l a n t o f t e n forms a b e l t 

around t i d e p o ols and i s f r e q u e n t l y a s s o c i a t e d w i t h water 

seepage. 

Odonthalia f l o c c o s a (Esper) Falkenberg. 

Falkenberg, 1901, p. 607. - ; 
K y l i n , 1925, p. 75. 
Smith, 1944, p. 375, p l . 97, f i g . 2. 
Doty, 1947b, p. 197-
Scagel, 1957, p. 242. 

Some i n d i v i d u a l s o f t h i s s p e c i e s may be confused with 

Rhodomela, but the l a t t e r can u s u a l l y be d i s t i n g u i s h e d by the 

blu n t t i p s and s p i r a l arrangement of i t s b r a n c h l e t s . 0. f l o c c o s a 

i s the h i g h e r o f the two s p e c i e s o f Odon t h a l i a encountered i n 

the i n t e r t i d a l zone. I t s upper l i m i t i s shown i n Fig u r e 45• 

Odont h a l i a w a s h i n g t o n i e n s i s K y l i n 
K y l i n , 1925, p. 76. 
Doty, 1947b, p. 197-
Scagel, 1957, p. 245-

T h i s s p e c i e s has a somewhat s c a t t e r e d d i s t r i b u t i o n , mainly 

i n the hollows between boulders at about low water mark. 
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Phylum Chlorophyta 

Order U l o t r i c h a l e s 

Family Monostromaceae. 

Monstroma fuscum v a r . b l y t i i (Areschoug) C o l l i n s . 
C o l l i n s , 1903, p. 12. 
S e t c h e l l and Gardner, 1920, p. 243. 
Scagel, 1957, p. 34. 

Monstroma z o s t e r i c o l a T i l d e n 
T i l d e n , 1900, p. 338 (IV) 
S e t c h e l l and Gardner, 1903, p. 209 (as M. leptodermum 

Kjellman) 
S e t c h e l l and Gardner, 1920, p. 238, p l . 14, f i g s . 12, 13. 
Smith, 1944, p. 43. 
Doty, 1947a, p. 11. 
Scagel, 1957, p. 36. 

Family Ulvaceae 

Enteromorpha i n t e s t i n a l i s (Linnaeus) L i n k 
L i n k , 1820, p. 5. 
S e t c h e l l and Gardner, 1903, p. 212; 1920, p. 252. 
Smith, 1944, p. 49, p l . 5, f i g s . 4-6. 
Doty, 1947a, p. 14. 
Scagel, 1957, p. 39. 

Enteromorpha l i n z a (Linnaeus) J . Agardh 
Agardh, 1883, p. 134-
S e t c h e l l and Gardner, 1920, p. 262, p l . 12, f i g s . 1-4 

( a s U l v a l i n z a Linnaeus) 
Smith, 1944, p. 44, p l . 3, f i g s . 4, 5. 
Doty, 1947a, p. 18, p l . 1, f i g s . 7 - 9 . 
Scagel, 1957, p. 41. 

Enteromorpha angusta ( S e t c h e l l and Gardner) Doty. 
S e t c h e l l and Gardner, 1920, p. 264, p i s . 22, 26, f i g . 1 

(as Ulva angusta S e t c h e l l and Gardner) 
Smith, 1944, p. 45, p l . 4, f i g s . 1-3-
Doty, 1947, p. 20, p l . 1, f i g s . 1 - 6 . 

Enteromorpha vexata ( S e t c h e l l and Gardner) Doty. 
S e t c h e l l and Gardner, 1920, p. 271, p l . 17, f i g s . 4-7 (as 

Ulva vexata S e t c h e l l and Gardner) 
Doty, 1947a, p. 21, p l . 1. f i g s . 12-14. 
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Ulva l a c t u c a Linnaeus 
Linnaeus, 1 7 5 3 , p. I I 6 3 . 
S e t c h e l l and Gardner, 1 9 2 0 , p. 2 6 5 . 
Smith, 1 9 4 4 , p. 4 5 , p l . 3, f i g s . 6 , 1. 
Scagel, 1 9 5 7 , p. 4 4 . 

Ulva t a e n i a t a ( S e t c h e l l ) S e t c h e l l and Gardner. 
S e t c h e l l and Gardner, 1 9 2 0 , p. 2 7 3 , p l . 2 3 . 
Smith, 1 9 4 4 , p. 48, p l . 3, f i g s . 1-3. 
Doty, 1 9 4 7 a , p. 8 , p l . 2 , f i g s . 1 1 , 1 2 : p l . 4 , f i g s . 3, 4 . 

Ulva l o b a t a (Kutzing) S e t c h e l l and Gardner 
S e t c h e l l and Gardner, 1 9 2 0 , p. 2 6 8 . 
Smith, 1 9 4 4 , P« 4 6 , p l . 4 , f i g s . 4 , 5« 
Doty, 1 9 4 7 a , p. 1 0 . 

Monostroma z o s t e r i c o l a i s e p i p h y t i c on P h y l l o s p a d i x . 

The specimen c o l l e c t e d o f Enteromorpha i n t e s t i n a l i s p robably 

came from a t i d e p o o l . E. vexata i s e p i p h y t i c on E g r e g i a . 

Specimens of the r e s t of the members of the U l o t r i c h a l e s 

l i s t e d above were c o l l e c t e d from the zone presented as mis­

ce l l a n e o u s U l o t r i c h a l e s i n F i g u r e 4 6 . The taxonomic h e t e r o ­

g e n e i t y o f t h i s zone probably c o n t r i b u t e s t o t h e great v a r i a ­

b i l i t y o f i t s upper l i m i t . 



-116-

Order Schizogoniales. 
Family Prasiolaceae 
P r a s i o l a m e r i d i o n a l i s S e t c h e l l and Gardner 

S e t c h e l l and Gardner,' 1920, p. 278, p l . 17, f i g . 3, p l . 19, 
f i g . 8, p l . 20, f i g . 1. 

Smith, 1944, p. 53, p l . 2, f i g s . 10-15. 
Doty, 1947a, p. 22. 
Scagel, 1957, p. 47-

R o s e n v i n g i e l l a c o n s t r i c t a ( S e t c h e l l and Gardner) S i l v a 
Gardner, 1917, p. 3&4, p l . 32, f i g . 5 (as Gaye11a c o n s t r i c t a 

S e t c h e l l and Gardner) 
S e t c h e l l and Gardner, 1920. p. 280, p l . 21, f i g s . 5-10 

(as G a y e l l a c o n s t r i c t a ) 
Smith, 1944, p. 54, p l . 2, f i g s . 8, 9. (as G a y e l l a c o n s t r i c t a ) 
S i l v a , 1957, p. 41. 
Scagel, 1957, p. 47-

I t i s p o s s i b l e t h a t R o n s e n v i n g i e l l a c o n s t r i c t a i s a stage 
i n the development of P r a s i o l a m e r i d i o n a l i s (Scagel, 1957, 
p. 47). The two e n t i t i e s are c e r t a i n l y extremely c l o s e l y 
a s s o c i a t e d i n t h e i r occurrence i n the f i e l d . They ch a r a c t e r ­
i s t i c a l l y occupy the same zone. M a t e r i a l c o l l e c t e d from 
S t a t i o n 15 was P r a s i o l a only i n January, but mixed P r a s i o l a 
and R o s e n v i n g i e l l a i n June. 

The v e r t i c a l d i s t r i b u t i o n of P r a s i o l a and R o s e n v i n g i e l l a 
i s shown i n Figure 46. At a l l s t a t i o n s the zone i s found, i t 
i s l i m i t e d t o the top of a s i n g l e boulder or outstanding rock 
outcrop. I t i s probable t h a t these algae o b t a i n n u t r i e n t s 
from b i r d droppings r a t h e r than from the sea water. The boulders 
covered by the p l a n t s seem t o be those places where sea b i r d s 
can overlook a l a r g e area of water at high t i d e and yet be out 
of reach of heavy spray. 
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Order Cladophorales. 
Family Cladophoraceae 

Spongomorpha c o a l i t a (Ruprecht) C o l l i n s 
C o l l i n s , 1909, p. 361. . 
S e t c h e l l and Gardner, 1920, p. 230, p l . 16, f i g . 4, p l . 32. 
Smith, 1944, p. 65, p l . 6, f i g . 1. 
Doty, 1947a, p. 24. 
Scagel, 1957, p. 57-

S. m e r t e n s i i (Ruprecht) S e t c h e l l and Gardner 
S e t c h e l l and Gardner, 1920, p. 227. 
Doty, 1947a, p. 24, p l . 6, f i g s . 10-12. 
Scagel, 1957, p. 57. 

S. spinescens Kutzing 
K u t z i n g , 1849, p. 418. . ... 
S e t c h e l l and Gardner, 1920, p. 229. 
Doty, 1947a, p. 25, p l . 5, f i g s . 1, 5, 6. 
Scagel, 1957, p. 58. 

The upper and lower l i m i t s of Spongomorpha spp. are 
shown i n Figure 46. The alg a has a common but s c a t t e r e d 
occurrence at most s t a t i o n s . I t i s very common at S t a t i o n 14« 
The most f r e q u e n t l y encountered species was S. c o a l i t a , which 
can g e n e r a l l y be recognized by i t s p a r t i c u l a r l y r o p e - l i k e 
h a b i t . 
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Order Siphonales 
Family Codiaceae. 
Codium fragile (Suringar) Hariot. 

Hariot, 1889, p. 32. 
Setchell and Gardner, 1920, p. 171, pis. 28, 29-
Smith, 1944, p. 75, pl. 9, fig. 5-
Taylor, 1945, p. 72. 
Doty, 1947a, p. 30. 
Silva, 1951, p. 9 6 . 
Scagel, 1957,. p. 64. 

C. s e t c h e l l i i Gardner 
Gardner, 1919, p. 4 8 9 , p l . 42, f i g s . 11, 12. 
Smith, 1944, p. 75, p l . 9, f i g . 4-
Doty, 1947a, p. 3 0 . 
T a y l o r , 1945, p. 6 8 . 
S i l v a , 1951, p. 8 3 . 
Scagel, 1957, p. 6 5 . 

The upper l i m i t s o f these two s p e c i e s of Codium are 

shown i n Figure 4 6 . Codium S e t c h e l l i i i s r e s t r i c t e d to more 

shaded s i t u a t i o n s than i s _C. f r a g i l e . Codium i s p a r t i c u l a r l y 

common at S t a t i o n 15. 
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D i v i s o n Tracheophyta 

Sub D i v i s i o n P t e r o p s i d a 

C l a s s Angiospermae 

Sub C l a s s Monocotyledonae 

Family Naiadaceae 

P h y l l o s p a d i x s c o u l e r i Hooker 

Hooker, 1840, (2): 171. 
Morong, 1893, p. 65, p i s . 73, 74. 
T a y l o r , 1909, p. 30. 
Jepson, 1951, p. 67. 

A l l f r u i t i n g P h y l l o s p a d i x c o l l e c t e d belonged to the 

s p e c i e s P. s c o u l e r i . 

The g e o g r a p h i c a l and v e r t i c a l d i s t r i b u t i o n o f P h y l l o s p a d i x 

i s shown i n F i g u r e 47. The p l a n t i s found on the rocky shores 

o f more exposed c o a s t s . The f a c t o r which r e s t r i c t s i t t o 

exposed coasts does not seem to be s a l i n i t y , s i n c e the p l a n t 

can.be found i n t i d e p o o l s which are much freshened by the 

i n f l o w of f r e s h water streams. 

Z o s t e r a marina Linnaeus 
Linnaeus, 1753, p. 968. 
Morong, 1893, p. 62, p i s . 69, 71. 
T a y l o r , 1909, p. 29. 
Jepson, 1951, p. 66. 

F e r t i l e specimens o f Z o s t e r a were not found, but Z. marina 

i s the o n l y s p e c i e s r e p o r t e d from B r i t i s h Columbia. Z o s t e r a 

forms a zone w i t h an upper l i m i t o f about 1.0 f e e t on sandy or 

muddy beaches i n the most s h e l t e r e d s e c t i o n s o f the area s t u d i e d . 

http://can.be
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The g e o g r a p h i c a l d i s t r i b u t i o n o f Z o s t e r a i s shown i n 

F i g u r e 47. The P h y l l o s p a d i x and Z o s t e r a zones seem almost 

t o merge at the entrance t o Sooke Harbour. At B e n t i n c k I . 

and Gordon Head (Stn. 32) the two p l a n t s occupy ad j a c e n t 

bays. 
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Phyllum M o l l u s c a 

C l a s s L a m e l l i b r a n c h i a t a 

Order F i l i b r a n c h i a t a 

Family M y t i l i d a e 

M y t i l u s c a l i f o r n i a n u s Conrad 
Johnson and Snook, 1927, p. 427, f i g . 387. 
Young, 1941. 
Coe and Fox, 1942. 
Fox and Coe, 1943. 
Young, 1945. 
Rao, 1953a. 
Rao, 1953b. 
S e g a l , Rao, and James, 1953. 
Dehnel, 1956. 

M y t i l u s c a l i f o r n i a n u s i s one o f the c l a s s i c examples o f 

an organism which i s r e s t r i c t e d t o open exposed c o a s t s . I t i s 

the most thoroughly i n v e s t i g a t e d o f such organisms on t h e 

P a c i f i c coast o f North America. Young (1941) found t h a t the 

sex c e l l s and l a r v a e are unfavourably a f f e c t e d by s a l i n i t i e s 
0/ 

o f l e s s than 29.6 /oo. However, he t h i n k s t h a t t h i s i s not 

a complete e x p l a n a t i o n of the g e o g r a p h i c a l d i s t r i b u t i o n o f 

the animal. B a i r d and Drinnan (1957, working w i t h M. e d u l i s ) 

and Rao (1953b) found t h a t the f l e s h / s h e l l weight r a t i o was 

l e s s w i t h those animals which are h i g h e r i n the i n t e r t i d a l 

zone. T h i s suggests t h a t s t a r v a t i o n may be the l i m i t i n g 

f a c t o r at h i g h e r l e v e l s . However, Fox and Coe (1943) found 
t h a t the c a l c i u m from i n g e s t e d food i s inadequate f o r the 

fo r m a t i o n of the s h e l l . The element must be a c t i v e l y absorbed 

from the sea water. B a i r d and Drinnan (1957) mention t h a t 

t h e r e i s a p o s s i b i l i t y t h a t t h i s a b s o r p t i o n i s favoured by 
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inany s h o r t submergences as opposed to a few l o n g e r ones. Thus, 

th e r e may be an i n c r e a s e of s h e l l weight up to the p o i n t i n the 

middle i n t e r t i d a l zone where the combined a c t i o n o f t i d e and 

waves causes a maximum number o f s h o r t submergences. Young 

(1941, 1945) notes t h a t t h e r e i s a great v a r i a b i l i t y between 

i n d i v i d u a l s i n responses to v a r i o u s s t i m u l i . P a r t l y f o r t h i s 

reason, there i s much t h a t i s s t i l l u n c e r t a i n about the p h y s i o ­

l o g i c a l b a s i s of the ecology o f t h i s animal. 

The v e r t i c a l and g e o g r a p h i c a l d i s t r i b u t i o n of M y t i l u s spp. 

i s shown i n F i g u r e 48. The r e c o r d s f o r S t a t i o n s 13 and 31 are 

not c e r t a i n , as they occur on i s o l a t e d b o u l d e r s o f f - s h o r e , 

where the animals could not be examined c r i t i c a l l y . The r e c o r d 

from S t a t i o n 13 i s probably M. c a l i f o r n i a n u s , w h ile t h a t from 

S t a t i o n 31 i s probably M. e d u l i s . The g e o g r a p h i c a l d i s t r i b u t i o n 

of M. c a l i f o r n i a n u s extends i n t o the approaches o f the S t r a i t o f 

Georgia beyond the area i n v e s t i g a t e d . I t i s found on the southern 

approaches o f Saturna I . , but not a t S t a t i o n 36. T h i s i n n e r 

l i m i t i s not too i n c o n s i s t e n t with the 2 9 . 6 % o i s o h a l i n e ( F i g u r e 

4.) The upper l e v e l s o f M. c a l i f o r n i a n u s on the open coast 

o f t e n appeared to be denuded on areas o f rock which r i s e above 

the general l e v e l of t h e i r immediate v i c i n i t y . T h i s may be the 

e f f e c t of c r u s h i n g by d r i f t w o o d i m p e l l e d by s u r f . In other 

s i t u a t i o n s , the upper l i m i t appeared to be r a i s e d i n p l a c e s 

shaded by overhangs. 

M. a d u l i s Linnaeus 

Johnson and Snook, 1927, p. 428, f i g . 388. 

M* e d u l i s i s c h a r a c t e r i s t i c of more s h e l t e r e d shores ( F i g . 48), 

The v e r t i c a l l i m i t s o f the animal are 5.4 and 3.8 f e e t at S t a t i o n 17, 
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Phylum Arthropoda 

Sub Phylum Crustacea 

C l a s s C i r r i p e d i a 
S h e l f o r d , 1930. 
Towler, 1930. 
Worley, 1930. 
R i c e , 1930. 
Moore, 1935. 

Order T h o r a c i c a 

Family Chthamalidae : 

Chthamalus d a l l i i P i l s b r y 
Johnson and Snook, 1927, p. 269. 
Cornwall, 1955, p. 36. 

Chthamalus d a l l i i i s the h i g h e s t r a n g i n g o f the i n t e r t i d a l 

b a r n a c l e s i n the area i n v e s t i g a t e d . Thus, the upper l i m i t o f 

acorn b a r n a c l e s shown i n F i g u r e 46 i s probably the upper l i m i t 

o f C. d a l l i i . 

Family S c a l p e l l i d a e 

M i t e l l a polymeris (Sowerby). 
Johnson and Snook, 1927, p. 261, f i g s . 212, 221. 
Cornwall, 1955, p. 40. 

The v e r t i c a l and g e o g r a p h i c a l d i s t r i b u t i o n o f M i t e l l a 

i s shown i n F i g u r e 49. M i t e l l a i s u s u a l l y found i n c l u s t e r s , 

p a r t i c u l a r l y i n c r a n n i e s o r i e n t e d up and down the slope o f the 

beach, where the surge o f water r e s u l t i n g from wave a c t i o n i s 

concentrated. 
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DISCUSSION. 

There does not appear t o be any d i s t i n c t p h y t o g e o g r a p h i c a l 

boundary i n the area s t u d i e d . The i n n e r l i m i t s o f v a r i o u s open 

coast organisms found along the southwest shore o f Vancouver 

I s l a n d are u s u a l l y d i s t i n c t from one another. These i n n e r 

l i m i t s f o r a number o f the more prominent forms are P o s t e l s i a 

(Stn. 1 ) , P e l v e t i o p s i s (Stn. 1 ? ) , M a c r o c y s t i s (Stn. 15), 

L e s s o n i o p s i s (Stn. 18), A l a r i a nana (Stn. 23), M y t i l u s  

c a l i f o r n i a n u s (Stn. 27), M i t e l l a . (opposite T r i a l I s . ) , 

P h y l l o s p a d i x • ( S t n . 32), and Hedophyllum (Stn. 32). 

An i n s p e c t i o n o f the v a r i o u s upper and lower l i m i t s p l o t t e d 

above shows t h a t they vary both i n t h e i r s lope and t h e i r v a r i a ­

b i l i t y . Four groups are apparent. F i r s t , some are so v a r i a b l e 

t h a t no p a t t e r n can be observed i n them ( f o r i n s t a n c e , upper 

Spongomorpha, F i g . 4 6 . ) . Second, some are much more v a r i a b l e 

i n the w e s t e r l y p o r t i o n o f t h e i r d i s t r i b u t i o n ( f o r i n s t a n c e , 

upper E n d o c l a d i a , F i g . 45.). T h i r d , some have a d e f i n i t e and 

even slope down from west t o east ( f o r i n s t a n c e , upper P h y l l o ­

spadix, F i g . 47.). Fourth, some are v i r t u a l l y constant at a l l 

s t a t i o n s ( f o r i n s t a n c e , upper Cymathere, F i g . 43.). 

Most o f what i s known o f the p h y s i c a l environment of the 

southwest coast o f Vancouver I s l a n d i s e i t h e r measured at Port 

Renfrew, Sooke, and V i c t o r i a , or i s known onl y as q u a l i t a t i v e 

comparisons o f the s t r e t c h e s o f coast between Sooke and the 

other two l o c a l i t i e s . For i n s t a n c e , t i d a l f a c t o r s are measured 
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at P o r t Renfrew, Sooke, and V i c t o r i a ; and s u r f i s heavy on 

the coast from Port Renfrew to Sooke, while i t i s very s l i g h t 

a l ong the coast from Sooke to V i c t o r i a . T h i s s i t u a t i o n makes 

i t d e s i r a b l e t o compare the observed, or f a i l i n g t h a t , the 

i n t e r p o l a t e d h e i g h t s o f a l i m i t at these t h r e e l o c a l i t i e s . 

A q u a n t i t a t i v e means of comparing the c h a r a c t e r s o f a l i m i t 

a l o n g the two s t r e t c h e s o f coast, Port Renfrew — Sooke and 

Sooke — V i c t o r i a , i s a l s o needed. 

The 36 l i m i t s used (28 upper and 8 lower) were measured 

at nine or more s t a t i o n s throughout the area s t u d i e d . The lower 

l i m i t s seem to f a l l i n t o the same f o u r groups as do the upper 

l i m i t s , so both types were t r e a t e d t o g e t h e r . 

Each l i m i t , measured to the n e a r e s t one t e n t h of a f o o t , 

as y, was p l o t t e d a g a i n s t the headland t o headland d i s t a n c e 

between s t a t i o n s l i s t e d i n Table IV as x. The u n i t used f o r 

t h i s headland t o headland d i s t a n c e i s a r b i t r a r y , the minimum 

d i s t a n c e between s t a t i o n s b e i n g 1 and the t o t a l d i s t a n c e from 

S t a t i o n 1 to S t a t i o n 34 b e i n g 100. The u n i t i s about a m i l e . 

A s t r a i g h t l i n e t o r e p r e s e n t each l i m i t was c a l c u l a t e d by the 

method o f l e a s t squares. Data from S t a t i o n s 16, 17, 26 and 2# 

were not used i n these c a l c u l a t i o n s . The Y-variance of the 

data from t h i s l i n e of l e a s t squares was c a l c u l a t e d f o r the 

e n t i r e coast from S t a t i o n 1 to 34, and f o r the two s e c t i o n s 

S t a t i o n s 1-15 and 18-34. 

T h i s approach assumes t h a t a l i n e j o i n i n g the h e i g h t s 

a c t u a l l y measured f o r a l i m i t a t each s t a t i o n i s l i n e a r . 
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The data were not t e s t e d f o r l i n e a r i t y . However, the standard 

d e v i a t i o n o f the data because o f e r r o r s i n measurement was 

c a l c u l a t e d independently as about 0.6 f e e t (page 6, above). 

T h i s would mean t h a t a p e r f e c t l y l i n e a r l i m i t would have a 

v a r i a n c e o f 0.36 from e r r o r s o f measurement. T h i s should be 

the minimum v a r i a n c e found, i f the f i g u r e f o r the standard 

d e v i a t i o n i s v a l i d , and the l i m i t s are l i n e a r . A c t u a l l y , the 

minimum v a r i a n c e should be l e s s , as some o f the d a t a are mean 

v a l u e s . The minimum v a r i a n c e f o r the whole s t r e t c h of coast 

i s the upper l i m i t o f Cymathere, which i s 0.26. The modal 

v a r i a n c e i s between 0.40 and 0.50. Thus the l i n e o f l e a s t 

squares i s a good approximation of the l e s s v a r i a b l e l i m i t s , 

which are the ones d i s c u s s e d i n d e t a i l below. 

Table IV. Headland to headland d i s t a n c e s o f s t a t i o n s . (x) 

S t a t i o n D i s t a n c e S t a t i o n D i s t a n c e S t a t i o n D i s t a n c e 

1 0 11 29 24 58 
2 6 12 30 25 63 
3 7 13 33 27 67 
4 a 14 37 29 68 
5 15 15 41 30 71 
7 20 18 44 31 77 
a 24 20 47 32 80 
9 25 22 51 33 88 

10 26 23 55 34 100 

The d i f f e r e n c e between the v a r i a n c e s a l o n g the two s t r e t c h e s 

o f coast, S t a t i o n s 1-15 and S t a t i o n s 18-34, was t e s t e d at the 

95 per cent l e v e l o f s i g n i f i c a n c e by means o f the F. r a t i o . 

Four l i m i t s were found to have a s i g n i f i c a n t l y g r e a t e r v a r i a n c e 

o f the s t r e t c h of coast from Port Renfrew t o Sooke. These l i m i t s 

are l i s t e d i n Table V. I t i s probable t h a t a few more l i m i t s 
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a c t u a l l y belong i n t h i s group, f o r i n s t a n c e the upper l i m i t 

o f H a l o s a c c i o n , ( F i g . 45) but the d i f f e r e n c e was not found 

t o be s i g n i f i c a n t . T h i s i s because the boundary between the 

more and the l e s s v a r i a b l e p a r t s o f the l i m i t i s probably 

c l o s e r t o S t a t i o n 13 than S t a t i o n 15. A l s o , a l l cases where 

the d a t a . p l o t t e d are mean value s of more than two measurements 

occur i n the western s t r e t c h o f coast. Both these f a c t o r s tend 

to reduce the v a r i a n c e of the l i m i t s along the coast from P o r t 

Renfrew to Sooke, and so reduce the d i f f e r e n c e between t h a t 

v a r i a n c e and the v a r i a n c e along the coast from Sooke to V i c t o r i a . 

However, the e x i s t e n c e o f t h i s group o f l i m i t s , which are more 

v a r i a b l e i n the western p o r t i o n of t h e i r d i s t r i b u t i o n , i s c l e a r l y 

shown by those l e v e l s where the d i f f e r e n c e was found to be 

s i g n i f i c a n t . The t o t a l o f a l l the v a r i a n c e s a l o n g the western 

s t r e t c h o f coast i s s i g n i f i c a n t l y g r e a t e r than the t o t a l f o r 

the e a s t e r n p o r t i o n . In no case was the v a r i a n c e f o r the 

e a s t e r n s t r e t c h o f coast s i g n i f i c a n t l y g r e a t e r than t h a t f o r 

the western s t r e t c h . 

Table V. L i m i t s which are more v a r i a b l e on exposed c o a s t s . 

The degrees o f freedom are l i s t e d i n b r a c k e t s a f t e r each v a r i a n c e . 

L i m i t Organism T o t a l ( f ) V a r i a n c e ( f ) V a r i a n c e ( f ) L i n e a r 
v a r i a n c e Stns.1-15 Stns.18-34 constants 

m b 
Upper Acorn 

b a r n a c l e s 1.95 (23) 3.34 (12) 0.47 (10) -0.044 11.6 
Upper E n d o c l a d i a 1.55 (25) 2.71 (13) 0.32 (11) -0.032 9.2 
Upper P r a s i o l a 5-87 ( 9)10.12 ( 5) 0.74 ( 3) -0.079 17.5 
Lower P r a s i o l a 3.64 ( 9) 6.45 ( 5) 0.18 ( 3) -0.059 13.9 
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The d i v i s i o n s made between the other three groups were 

a r b i t r a r y . A l l l i m i t s w i t h a v a r i a n c e o f more than 1.50, w i t h 

no s i g n i f i c a n t d i f f e r e n c e between the v a r i a n c e s of the two 

s e c t i o n s o f coast were p l a c e d i n the group o f v a r i a b l e l i m i t s . 

T h i s group i n c l u d e s 11 l i m i t s (Table V I ) . The v a r i a n c e o f 

1.50 corresponds to a standard d e v i a t i o n o f 1.2 f e e t , about 

twice t h a t determined i n co n n e c t i o n with e r r o r s o f measurement. 

Table VI. L i m i t s which are very v a r i a b l e a l o n g the e n t i r e c o a s t . 

L i m i t Organism T o t a l v a r i a n c e (f) m b 

Upper N e r e o c y s t i s 4 . 3 0 (15) -0.006 1.2 
Upper Rhodomela 3.77 (12) -0.027 5.8 
Upper Porphyra 

( 9) s c h i z o p h y l l a 3.32 ( 9) -0.092 15.2 
Upper G i g a r t i n a 3 . 2 9 (14) +0.001 7.4 
Upper H a l o s a c c i o n 2.64 (13) -0.065 7.8 
Upper C a l l i t h a m n i o n 2.62 ( 9) - 0.059 7.5 
Upper L e a t h s i a 2.51 ( 8) -0.002 4.8 
Lower M i t e l l a 2.06 (16) +0.004 4.3 
Upper Spongomorpha 1.82 (20) -0.007 4.6 
Upper Mi s c . Upper 

U l o t r i c h a l e s 1.77 (12) -0.000 4.8 
Lower Fucus 1.69 ( 2 3 ) -0.038 6.5 

Among the l e s s v a r i a b l e l i m i t s , some have a d e f i n i t e s l o p e 

down from Port Renfrew to V i c t o r i a and some do not have a d e f i n i t e 

s l o p e . Those l i m i t s with a slope n u m e r i c a l l y g r e a t e r than -0.010 

were p l a c e d i n the group having a d e f i n i t e s l o p e . The remainder 

were placed i n the group having no d e f i n i t e s l o p e . No p o s i t i v e 

slopes g r e a t e r than +-0.010 were found. A slope o f -0.010 means 

tha t the Y - i n t e r c e p t o f the l i n e of l e a s t squares i s one f o o t 

lower at S t a t i o n 34 than a t S t a t i o n 1. In the case o f the lower 
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l i m i t o f Porphyra p e r f o r a t a , which was not measured over the 

e n t i r e coast covered, a d e f i n i t e slope i s counted as one which 

causes the l e v e l of the l i m i t at the easternmost s t a t i o n measured 

to be one f o o t or more lower than the l e v e l a t the westernmost 

s t a t i o n measured. Thus, the lower l i m i t o f P. p e r f o r a t a i s 

counted as having no d e f i n i t e s l o p e , as a slope o f -0.010 does 

not cause the l e v e l a t S t a t i o n 33 to be as much as one f o o t 

lower than the l e v e l a t S t a t i o n 3. T h i r t e e n l i m i t s were found 

to have a d e f i n i t e slope (Table VII) and e i g h t have no d e f i n i t e 

slope (Table V I I I ) . 

Table V I I . S l i g h t l y v a r i a b l e l i m i t s which have a d e f i n i t e s l o p e . 

L i m i t Organism T o t a l v a r i a n c e ( f ) m. b 

Lower G i g a r t i n a 1.43 (10) -0.053 6.2 
Upper M y t i l u s 

(14) -0.046 " c a l i f o r n i a n u s 1.09 (14) -0.046 9.3 
Upper Lamin a r i a 0.48 (14) -0.049 3.0 
Upper Hedophyllum 0.45 (26) -0.034 5.3 
Upper E g r e g i a 0.64 (12) -0.031 3.9 
Upper Pleurophycus 0.36 (13) -0.025 2.1 
Lower Hedophyllum 0.38 (25) -0.024 2.3 
Upper Fucus 1.22 (23) -0.022 8.1 
Upper P h y l l o s p a d i x 0.33 (21) -0.020 2.5 
Lower M y t i l u s 

c a l i f o r n i a n u s 1.06 (16) -0.018 4.4 
Upper H e t e r o c h o r d a r i a 0.93 (11) -0.017 4.2 
Upper Odon t h a l i a 0.60 (14) -0.013 3.1 
Upper Porphyra p e r f o r a t a 1.03 (19) -0.017 7.0 

Table V I I I . S l i g h t l y v a r i a b l e l i m i t s which have no d e f i n i t e s l o p e . 

L i m i t Organism 

Lower 

T o t a l v a r i a n c e ( f ) m. b. 

Upper 
Upper 
Upper 
Lower 
Upper 
Upper 
Upper 

p e r f o r a t a 0.52 (15) -0.010 4.7 
C o s t a r i a 0.73 (11) -0.009 2.4 
A l a r i a 0.43 (25) -0.006 2.8 
Desmarestia 0.94 (16) -0.006 2.1 
E n d o c l a d i a 0.75 (22) -0.006 5.4 
I r i d a e a 0.67 (14) -0.006 3.0 
M i t e l l a 1.07 (17) -0.002 8.4 
Cymathere 0.26 ( 9) -0.002 1.4 
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The f o u r groups d e l i m i t e d above are not e x h a u s t i v e . No 

l e v e l s were found which have a n o t i c e a b l e p o s i t i v e s l o p e , a 

s i g n i f i c a n t l y g r e a t e r v a r i a n c e i n the e a s t e r l y p o r t i o n of t h e i r 

d i s t r i b u t i o n , or which have a n o t i c e a b l e d i f f e r e n c e o f slope i n 

the two p o r t i o n s o f t h e i r d i s t r i b u t i o n . I t i s p o s s i b l e t h a t more 

accu r a t e measurements would r e v e a l examples o f these m i s s i n g types 

o f l i m i t s , but i t seems probable t h a t there are v e r y few o f them. 

The environmental f a c t o r r e s p o n s i b l e f o r the g r e a t e r v a r i a ­

b i l i t y on the open coast of the l i m i t s shown i n Table V i s 

probably very c l o s e l y connected with the d i r e c t a c t i o n o f s u r f . 

The c l i m a t i c and hydrographic c o n d i t i o n s t y p i c a l of the open 

coast are r e l a t i v e l y constant over a d i s t a n c e o f m i l e s , but the 

a c t i o n of s u r f may change g r e a t l y over a d i s t a n c e o f yards. T h i s 

group o f l i m i t s i s a small one and c o n s i s t s o f l i m i t s i n the upper 

p a r t of the i n t e r t i d a l zone. Thus, s u r f was found to have a 

d e f i n i t e e f f e c t on some l i m i t s . Only some l i m i t s are a f f e c t e d , 

and the e f f e c t i s to make the l i m i t s more v a r i a b l e r a t h e r than 

to r a i s e them u n i f o r m l y . Thus, adding a f i x e d amount to l i m i t s 

to a l l o w f o r wave a c t i o n (Johnson and Skutch, 1928) i s unwise. 

The very v a r i a b l e l i m i t s (Table V) are probably so f o r a 

v a r i e t y of reasons. Many are s m a l l and s c a t t e r e d organisms 

which s u f f e r from g r e a t e r e r r o r s o f measurement (p. 31 above) 

than the l a r g e r ones. I f they were measured more a c c u r a t e l y , 

some co u l d probably be p l a c e d i n the other groups. Some are 

probably not l i n e a r . The upper l i m i t o f Rhodomela, which i s 

o f t e n a s s o c i a t e d w i t h t i d e pools and water seepage, i s probably 
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an example o f a l i m i t governed by a f a c t o r which i s not i n a 

l i n e a r r e l a t i o n s h i p to the headland to headland d i s t a n c e between 

s t a t i o n s . 

The l i m i t s l i s t e d i n Tables V I I and V I I I are the ones most 

s u i t a b l e f o r use i n t e s t i n g the h y p o t h e s i s of t i d a l f a c t o r s . 

They have been shown to be r e l a t i v e l y i n v a r i a b l e and u n a f f e c t e d 

by the d i r e c t a c t i o n o f s u r f . While i t i s p o s s i b l e t h a t the 

o t h e r l i m i t s are p r e c i s e l y the ones which are the more a f f e c t e d 

t i d a l f a c t o r s , T ables VII and V I I I c o n t a i n more than one h a l f 

o f a l l the l i m i t s s t u d i e d . I f the hypothesis has any g e n e r a l 

use, i t must e x p l a i n these a l s o . 

The observed v a l u e s o f each l i m i t f o r S t a t i o n s 1, 1$, and 

30 and a l s o the Y - i n t e r e e p t s o f the r e l e v a n t l i n e s o f l e a s t 

squares a t . t h e s e three p o i n t s were used. Any cases where one 

o f these v a l u e s or i n t e r c e p t s f e l l w i t h i n one h a l f a f o o t o f a 

t i d a l f a c t o r shown i n F i g u r e s 13 and 14 were noted. I f a l i m i t 

i s determined by a t i d a l f a c t o r , i t should c o i n c i d e w i t h that 

f a c t o r at a l l three o f the s t a t i o n s s t u d i e d . When one o f these 

t h r e e - f o l d c o i n c i d e n c e s could be achieved by u s i n g a mixture o f 

observed values and i n t e r c e p t s , f o r example i f the Y - i n t e r c e p t 

at S t a t i o n 1 and the observed v a l u e s at S t a t i o n s 15 and 30 a l l 

c o i n c i d e d with a s i n g l e f a c t o r , t h i s was accepted. 

Out of the 20 l i m i t s taken, f o u r c o i n c i d e d w i t h a t i d a l 

f a c t o r . These were .upper Demarestia and upper Cymathere (LLLW), 

upper Porphyra p e r f o r a t a (LLHW), and upper M i t e l l a (HLHW). I t 

i s not i m p o s s i b l e t h a t these are simple c o i n c i d e n c e s , but i t i s 
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easy t o see why LLLW may be an important c r i t i c a l t i d a l f a c t o r . 

Some algae, o f which Desmarestia i s a very good example (p.101, 

above, Muenscher, 1915a) cannot s u r v i v e even a few minutes o f 

d r y i n g . Even on the open coast, t h e r e are o c c a s i o n a l l y calm, 

sunny days. Over the p e r i o d o f a month or two, such a day 

would probably c o i n c i d e with a low t i d e . Thus an a l g a which 

can not s u r v i v e any degree of d r y i n g would probably be l i m i t e d 

by LLLW, i n s p i t e of the u s u a l l y dampening e f f e c t of s u r f and 

a moist c l i m a t e . A number o f l i m i t s p a r a l l e l LLLW but are a 

l i t t l e d i s t a n c e above i t : upper C o s t a r i a (b m 2.4), A l a r i a 

(not nana) (b = 2.8), and I r i d a e a (b = 3.0). These may be 

p l a n t s which are s l i g h t l y more r e s i s t a n t to d r y i n g , or which 

are s m a l l e r and can be more s h e l t e r e d by other p l a n t s . Since 

some time i s r e q u i r e d f o r a p l a n t to dry, l i m i t s dependent on 

LLLW should be a l i t t l e way above i t , r a t h e r than at e x a c t l y 

the same l e v e l . These l i m i t s which are a l i t t l e way above 

LLLW are w e l l approximated by MLLW. T h i s l a t t e r i s o f t e n 

quoted as a c r i t i c a l t i d a l f a c t o r , even though i t i s not 

s t r i c t l y one, not being connected w i t h any sudden i n c r e a s e i n 

maximum emergence. 

Apart from the case o f LLLW, the h y pothesis o f c r i t i c a l 

t i d a l f a c t o r s does not seem to be g e n e r a l l y u s e f u l e i t h e r as 

an e x p l a n a t i o n or as a d e t a i l e d d e s c r i p t i o n o f i n t e r t i d a l 

l i m i t s . I t i s probable t h a t i n some cases a t i d a l f a c t o r may 

have an important e f f e c t . The time o f s e t t l i n g of r e p r o d u c t i v e 

bodies has a l r e a d y been suggested (p.25 above) as an example 
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o f such a s p e c i a l case. However, the hy p o t h e s i s has so f a r 

been used as a ge n e r a l e x p l a n a t i o n or d e s c r i p t i o n , and should 

be judged as such. 

Most of the l i m i t s l i s t e d i n Table V I I I have been d i s c u s s e d 

i n c onnection with LLLW as a c r i t i c a l t i d a l f a c t o r (p. 132, 

above). The others r e t a i n such a constant h e i g h t i n such d i f ­

f e r e n t environments t h a t they are probably a s s o c i a t e d w i t h some 

mean r a t h e r than an extreme value of some f a c t o r i n the e n v i r o n ­

ment. One such mean value i s the percentage o f time a l e v e l i s 

exposed ( F i g . 1 5 ) . A p o s s i b l e mechanism by which the percentage 

o f time exposed might l i m i t an organism i n v o l v e s n u t r i e n t s . I t 

would not make much d i f f e r e n c e t o the n u t r i t i o n o f an animal 

or p l a n t i f i n a p a r t i c u l a r day i t i s exposed f o r a maximum o f 

s i x or twelve hours. However, a change from 50% exposure t o 

55% exposure might make a great d e a l o f d i f f e r e n c e t o the 

f e e d i n g of the one or the a b s o r p t i o n o f n u t r i e n t s by the o t h e r . 

The c o n c e n t r a t i o n o f n u t r i e n t s i n the seawater around B r i t i s h 

Columbia coasts i s r e l a t i v e l y high and i s probably not o f t e n 

l i m i t i n g t o phytoplankton. However, the s u r f a c e t o mass r a t i o 

o f a b e n t h i c a l g a i s much sm a l l e r than t h a t o f a p h y t o p l a n k t e r . 

In a d d i t i o n , an i n t e r t i d a l a l g a i s exposed f o r a p o r t i o n o f the 

time, d u r i n g which i t cannot absorb n u t r i e n t s . So n u t r i e n t s 

may very w e l l be l i m i t i n g to i n t e r t i d a l b e n t h i c a l g a e . 

The s l i g h t l y v a r i a b l e l i m i t s which have a d i s t i n c t s lope 

(Table VI) are the most d i f f i c u l t o f a l l t o e x p l a i n . The same 

s o r t o f slope seems a l s o to occur i n the s u b t i d a l zone as i n 
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the case of the upper l i m i t o f Pterygophora. In the case of 

Laminaria, an upper l i m i t appears t o s t a r t i n the low i n t e r t i d a l 

zone at S t a t i o n 1 and cross low water mark i n t o the s u b t i d a l 

zone i n the San Juan I s l a n d s ( F i g . 24). These examples i n d i c a t e 

t h a t some f a c t o r may be i n v o l v e d which i s not p e c u l i a r t o the 

i n t e r t i d a l zone. The o n l y environmental f a c t o r which appears 

to have a r e g u l a r g r a d i e n t from Port Renfrew t o V i c t o r i a i s 

r a i n f a l l . Humidity and i n c i d e n t l i g h t may a l s o be a s s o c i a t e d 

with t h i s f a c t o r . T r e varthen (Chapman, 1957) has shown how 

the r e s t r i c t i o n s p l a c e d on pho t o s y n t h e s i s by d e s i c c a t i o n and 

l a c k o f l i g h t may l i m i t an i n t e r t i d a l a l g a i n i t s upper and 

lower l e v e l s r e s p e c t i v e l y (p. 26, above). Increased l i g h t 

towards V i c t o r i a , i f i t occur s , could e a s i l y cause a l o w e r i n g 

o f lower l i m i t s , both i n the i n t e r t i d a l and the s u b t i d a l zones. 

D e s i c c a t i o n as a hindrance t o pho t o s y n t h e s i s would work over 

a r e l a t i v e l y l o n g p e r i o d , so t h a t mean v a l u e s of s u r f and 

humidity are i n v o l v e d . T h i s should r e s u l t i n a r e l a t i v e l y 

even downward s l o p e . T h i s e f f e c t o f d e s i c c a t i o n should not 

be confused w i t h d e s i c c a t i o n as a d i r e c t l y l e t h a l f a c t o r . 

T h i s l a t t e r should be e f f e c t i v e more through extreme v a l u e s o f 

s u r f and humidity, and would r e s u l t i n a much more v a r i a b l e 

l i m i t . T h i s does not e x p l a i n the l o w e r i n g o f upper l i m i t s 

once they are i n the s u b t i d a l zone. 

T h i s d i s c u s s i o n has d e a l t mainly with upper l i m i t s . The 

fo r m a t i o n of lower l i m i t s i s l e s s w e l l understood. In some 

cases they may be dependent on the upper l i m i t o f a competitive 
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form i n a lower zone. The g e n e r a l p a t t e r n o f those lower 

l i m i t s which were observed seemed to be t h a t the lower l i m i t 

had a s i m i l a r but n u m e r i c a l l y l e s s e r s l o p e . Thus, the zone 

of an organism becomes lower and narrower towards V i c t o r i a . 

There are exceptions to t h i s : both the Fucus and G i g a r t i n a 

zones appear to become wider towards V i c t o r i a . The l i m i t s 

o f both zones are q u i t e v a r i a b l e , so t h i s i s not c e r t a i n . 

No i n s t a n c e s were found i n which a zone low i n the i n t e r t i d a l 

zone on the open coast tends t o r i s e towards mean sea l e v e l 

i n more s h e l t e r e d waters (p. 23, above). 

T h i s i n v e s t i g a t i o n has been of a p r e l i m i n a r y nature. A 

more d e t a i l e d i n v e s t i g a t i o n would r e q u i r e more acc u r a t e 

measurements o f the v e r t i c a l d i s t r i b u t i o n s i n v o l v e d , more 

q u a n t i t a t i v e measurements of f a c t o r s of the p h y s i c a l e n v i r o n ­

ment, and a b e t t e r understanding of the taxonomy and p h y s i o l o g y 

o f the organisms s t u d i e d . I f e r r o r s i n measurement o f h e i g h t s 

r e s u l t i n g from d i f f e r e n c e s between the a c t u a l and p r e d i c t e d 

t i d e s could be e l i m i n a t e d , the l e v e l s would pro b a b l y be accur­

ate to the nearest one or two t e n t h s o f a f o o t . T h i s would 

permit comparisons, not o n l y with t i d a l f a c t o r s , but a l s o w i t h 

the percentage exposure o f a l e v e l . Q u a n t i t a t i v e measurements 

o f what appear to be the t h r e e most important f a c t o r s i n the 

environment: s u r f , n u t r i e n t s , and l i g h t , are l a c k i n g . I t i s not 

c e r t a i n what aspect of s u r f f a v o u r s the open coast forms, or 

what are the l i m i t i n g values of n u t r i e n t s f o r b e n t h i c algae. 

Some o f the problems r a i s e d by the v a r i a b i l i t y o f a number o f 
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the i n t e r t i d a l organisms would be most e a s i l y a t t a c k e d f o l l o w ­

i n g the progress o f numbers o f marked p l a n t s to a s c e r t a i n 

developmental s e r i e s , and c o r r e l a t i o n o f the v a r i a t i o n s with 

the f i n e d e t a i l o f t h e i r p h y s i c a l environment. T h i s work i s 

t e c h n i c a l l y much e a s i e r than t r a n s p l a n t i n g and c u l t u r i n g ex­

periments, and so should precede them. 
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SUMMARY AND CONCLUSIONS. 

1. The p h y s i c a l environment of the i n t e r t i d a l zone between P o r t 

Renfrew and V i c t o r i a i s d e s c r i b e d . T h i s s t r e t c h o f coast i s a 

t r a n s i t i o n from an open oceanic coast t o a s h e l t e r e d one. 

2. The v e r t i c a l and g e o g r a p h i c a l d i s t r i b u t i o n s o f the more 

conspicuous i n t e r t i d a l organisms a l o n g t h i s s t r e t c h o f coast 

are d e s c r i b e d . The occurrence o f Dictyoneurum c a l i f o r n i c u m 

Ruprecht from B r i t i s h Columbia i s confirmed. Porhphyra  

s c h i z o p h y l l a H o l l e n b e r g , G i g a r t i n a a g a r d h i i S e t c h e l l and Gardner, 

Enteromorpha angusta ( S e t c h e l l and Gardner) Doty, E. vexata 

( S e t c h e l l and Gardner) Doty, Ulva t a e n i a t a ( S e t c h e l l ) S e t c h e l l 

and Gardner, and U. l o b a t a (Kutzing) S e t c h e l l and Gardner are 

rec o r d e d f o r the f i r s t time from B r i t i s h Columbia. 

3. V a r i a b i l i t y i n Hedophyllum, L a m i n a r i a , C o s t a r i a , Cymathere, 

A l a r i a , and Fucus i s d i s c u s s e d . H. s u b s e s s i l e (Areschoug) 

S e t c h e l l i s reduced to synonomy under H. s e s s i l e (C. Agardh) 

S e t c h e l l . C o s t a r i a m e r t e n s i i J . Agardh i s reduced t o synonomy 

under C. c o s t a t a (Turner) Saunders. The 34 forms o f Fucus  

d i s t i c h u s (Linnaeus) emend, Powell l i s t e d by Gardner (1922) under 

the two former s p e c i e s F. f u r c a t u s C. Agardh and F. evanescens 

C. Agardh are reduced to synonomy. 

4. Evidence i s presented t h a t d i f f e r e n t f a c t o r s or combinations 

o f f a c t o r s i n the p h y s i c a l environment l i m i t the g e o g r a p h i c a l 

d i s t r i b u t i o n s s t u d i e d . 
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5. The v e r t i c a l d i s t r i b u t i o n s o f a number of organisms are 

d i s c u s s e d . D i f f e r e n c e s i n the v a r i a b i l i t y o f v a r i o u s l i m i t s 

are emphasized. The h y p o t h e s i s o f c r i t i c a l t i d a l f a c t o r s i s 

c r i t i c i z e d . The importance o f c e r t a i n mean v a l u e s , r a t h e r than 

extreme v a l u e s , o f c e r t a i n f a c t o r s i n the p h y s i c a l environment 

i s suggested. 
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s t a t i o n i s r e l a t e d to such a f e a t u r e , f o r i n s t a n c e S t a t i o n 3 3 , 

near Deadman Bay. The name of the f e a t u r e used i n these i n s t a n c e s 

i s always an o f f i c i a l name. P o s i t i o n s o f s t a t i o n s are a l s o 

g i v e n t o the n e a r e s t t e n seconds o f l a t i t u d e and l o n g i t u d e . 

S t a t i o n 1 . Botany Beach ( u n o f f i c i a l ) and Observatory P o i n t 
( u n o f f i c i a l ) 
4 8 ° 3 1 3 0 N . 1 2 4 ° 2 6 5 0 ¥ . 
F a c i n g southwest. 
A sandstone s h e l f (Botany Beach) immediately west 
of a sandstone p o i n t (Observatory P o i n t ) . Many 
t i d e p o o l s and p o t h o l e s . 
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S t a t i o n l a . Waadah I s l a n d ( o f f i c i a l ) . 
4S°23 10 N. 124°36 00 ¥ . 
F a c i n g n o r t h . 
S e r i e s o f p a r a l l e l rocky r i d g e s running r o u g h l y 
north-south. 

S t a t i o n l b . Mukkaw Bay ( o f f i c i a l ) . , , 
4 8°18*KTN. 124°39 50"¥. 
F a c i n g west. 
Boulder and rock outcrop i n a sandy beach. 

S t a t i o n 2. Minute Creek ( o f f i c i a l ) . 
48°30 20 N. 124°19 40 ¥. 
F a c i n g south. 
Rocky p o i n t j u s t west o f the mouth o f the creek. 

S t a t i o n 3. Sombrio R i v e r ( o f f i c i a l ) . 
48°29 40 N. 124°18 10 W. 
F a c i n g southwest. 
Conglomerate s h e l f and l a r g e conglomerate b o u l d e r s , 
about 800 meters east o f the mouth o f Sombrio 
R i v e r . 

S t a t i o n 4. 

S t a t i o n 5. 

S t a t i o n 6. 

S t a t i o n 7. 

S t a t i o n 8. 

Sombrio P o i n t ( o f f i c i a l ) . 
48°29 10 N. 124°17 30 W. 
F a c i n g southwest. 
Conglomerate o v e r l y i n g b a s a l t . 

Magdalena P o i n t ( o f f i c i a l ) . 
4SO27'30 N. 124012'10"W. 
F a c i n g south. 
Rocky s h e l f and a l a r g e boulder about 500 meters 
east of the p o i n t i t s e l f . 

San Simon P o i n t ( o f f i c i a l ) . 
48°26'00"N. 124°06 20"W. 
F a c i n g southwest. 
The more e a s t e r l y o f the two p o i n t s . B a s a l t . 

Pete Wolf Creek ( o f f i c i a l ) . 
48°26 10 N. 124°05 50 W. 
F a c i n g southeast. 
Sandstone c l i f f and bo u l d e r s about 300 meters 
west o f the creek mouth. 

D e s o l a t i o n Creek ( o f f i c i a l ) commonly c a l l e d B l a ck 
48°25 10UN. 124°01 40 W. Creek. 
F a c i n g southwest. 
S p i t j u s t east o f the creek mouth, composed o f 
small b o u l d e r s and s h i n g l e , w i t h a few l a r g e boulders, 
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S t a t i o n 9. Rookbottfimi Creek ( o f f i c i a l ) commonly c a l l e d Sandstone 
kQ 2k 40 N « 124°00 30 W. Creek. 
Pacing south. 
Sandstone s h e l f , w i t h some t i d e p o o l s and p o t h o l e s , 
and a few l a r g e b o u l d e r s . About 700 meters east of the 
creek mouth. 

S t a t i o n 10. G l a c i e r P o i n t ( o f f i c i a l ) commonly c a l l e d P o i n t no P o i n t . 
48 23 40 N. 123°59 10 W. 
Pacing southwest. 
Small i s l a n d j o i n e d to the mainland by a b r i d g e . B a s a l t . 

S t a t i o n 11. F l e a Bea^h ( u n o f f i c i a l ) . 
48°22. 50 N. 123°56 30 W. 
Pacing southeast. 
A s m a l l rocky p o i n t t o the east o f a lo n g sandy beach. 

S t a t i o n 12. Sheringham P o i n t ( o f f i c i a l ) . 
l;8O22150ffN. 123°55 10 W. . 
Pacing west. 
B a s a l t c l i f f about 200 meters west o f the l i g h t h o u s e . 

S t a t i o n 13. Muir Creek ( o f f i c i a l ) . , , 
48022'50 N. 123°52'20 W. 
F a c i n g south. 
Sandstone s h e l f strewn w i t h many b o u l d e r s , about 800 
meters west o f the mouth of the creek. 

S t a t i o n 14. O t t e r P o i n t ( o f f i c i a l ) * 
48°21*20 N. 123°49 20 W. 
Facing south. 
B a s a l t p o i n t . 

S t a t i o n 15. Muir P o i n t ( o f f i c i a l ) . , , 
48021*30 N. 123°45'00 W. 
Pacing south. 
Boulder beach, w i t h a few ve r y l a r g e b o u l d e r s . 

S t a t i o n 16. West of Cooper Cove. 
48023*20 N. '123°45 00 W. 
Pacing south. 
S h i n g l e beach. 

S t a t i o n 17. 17-Mile P o i n t ( u n o f f i c i a l ) . 
48°23 10 N. 123°38 50 w. 
Pacing south. 
Rocky p o i n t . 

S t a t i o n 18. West of I r o n Mine Bay.,, 
48°20 10 N. 123°47 10 W. 
Pacing south. 
Rocky p o i n t forming the west s i d e of I r o n Mine Bay, 
and opposite to Donaldson I s l a n d . 
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S t a t i o n 19. 

S t a t i o n 20. 

S t a t i o n 21. 

S t a t i o n 22. 

S t a t i o n 23. 

S t a t i o n 24. 

S t a t i o n 25. 

S t a t i o n 26. 

S t a t i o n 27. 

S t a t i o n 28. 

Donaldson I s l a n d ( o f f i c i a l ) . 
48°20 00 N. 123°42 10 W. 
F a c i n g south. 
Rocky shore. 

East o f I r o n Mine Bay 
48°19 50 N. 123°40 40 W. 
F a c i n g southwest. 
Rocky. 

Beechey Head ( o f f i c i a l ) . 
48°18 50 N. 123°39 10 W. 
F a c i n g southwest. 
Rocky p o i n t . 

Smythe Head ( o f f i c i a l ) . 
48°19 10 N. 123°36 10 W. 
F a c i n g west. 
Rocky p o i n t . 

Great Race Rock ( o f f i c i a l ) . 
48°17 50 N. 123°31 40 ¥. 
F a c i n g south. 
Rocky shore w i t h some small b o u l d e r s . 

W i l l i a m Head ( o f f i c i a l ) . 
48°20 30 N. 123°31 40 W. 
F a c i n g south. 
L e v e l s were taken from a l e n g t h o f rocky shore. 

A l b e r t Head, ( o f f i c i a l ) . 
48°23 20 N. 123°28 50 W. 
F a c i n g south. 
Rocky p o i n t * 

Dyke P o i n t ( o f f i c i a l ) commonly known as View R o y a l . 
48°27 00 N. 123°26 10 W. 
F a c i n g southwest. 
Rocky p o i n t . 

Saxe P o i n t ( o f f i c i a l ) * 
48°25 10 N. 123°23 40 W. 
F a c i n g south. 
Rocky p o i n t . 

Portage I n l e t ( o f f i c i a l ) . 
48°27 40 N. 123°25 10 W. 
F a c i n g n o r t h . 
Rocky shore, mud at the l e v e l o f low t i d e . 
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S t a t i o n 29. 

S t a t i o n 30. 

S t a t i o n 31. 

S t a t i o n 32. 

S t a t i o n 33. 

S t a t i o n 34. 

S t a t i o n 35. 

S t a t i o n 36. 

S t a t i o n 37. 

Ogden P o i n t Breakwater ( o f f i c i a l ) . 
48°24 50 N. 123°23 30 ¥. 
F a c i n g west. 
At the seaward e x t r e m i t y o f the breakwater. 

C l o v e r P a i n t ( o f f i c i a l ) . 
48°24 10 N. 123°21 00 W. 
F a c i n g west. 
G e n t l y s l o p i n g rocky shore. 

Cadboro P o i n t ( o f f i c i a l ) commonly c a l l e d Ten-Mile 
48°27 00 N. 123°16 10 ¥. P o i n t . 
F a c i n g southeast. 
L e v e l s were taken from a l e n g t h o f rocky shore. 

G ordon Head ( o f f i c i a l ) . 
48°29 40 N. 123°18 20 ¥. 
F a c i n g n o r t h . 
L e v e l s were taken from a l e n g t h o f rocky shore. 

Near Deadman Bay. 
48°30 20 N. 123°07 30"W. 
F a c i n g southwest. 
Rocky shore about 400 meters south o f the bay, 
below Mt. D a l l a s . 

Goose I s l a n d ( o f f i c i a l ) . 
48°27'30 N. 122°57 20nW. 
F a c i n g southwest. 
Rocky shore. 

Brown I s l a n d ( o f f i c i a l ) . 
48°32 20 N. 123°00 20 ¥. 
Camp Bay ( o f f i c i a l ) . 
48°44 38 N. 123°11 10 W. 
F a c i n g southeast. 
S h i n g l e beach and rock o u t c r o p s . 

A d m i r a l t y Head ( o f f i c i a l ) . 
48°09 20 N. 123°11 10nW. 
F a c i n g southwest. 
S h i n g l e beach. 
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APPENDIX I I 

Systematic l i s t o f specimen m a t e r i a l d e p o s i t e d i n the 

Herbarium o f the U n i v e r s i t y o f B r i t i s h Columbia. 

Phylum Phaeophyta. 

Order L a m i n a r i a l e s 

Family Laminariaceae. 

Laminaria complanata ( S e t c h e l l and Gardner) S e t c h e l l . 
TW 274. 

•k* c u n e i f o l i a f . angusta S e t c h e l l and Gardner 
TW 125. 

h.- c u n e i f o l i a J . Agardh f . c u n e i f o l i a 
TW 172, 287, 334. 

L. c u n e i f o l i a f . subsimplex S e t c h e l l and Gardner 
TW 25, 215, 293'. 

I i ' s a c c h a r i n a f . l i n e a r i s J . Agardh 
TW 66a-c. 

L. s a c c h a r i n a (Linnaeus) Lamouroux f . s a c c h a r i n a 
TW 45-47, 127, 294, 311. 

L. s e t c h e l l i i S i l v a 
TW 74, 81, 87, 106, 140, 149, 162, 167, 191, 242, 287. 

Pleurophycus g a r d n e r i S e t c h e l l and Saunders 
TW 56, 82. 

Cymathere t r i p l i c a t a ( P o s t e l s and Ruprecht) J . Agardh 
TW 65, 50, 63, 93, 121-123, 142, l 6 4 a - c , 214, 265. 

C o s t a r i a c o s t a t a (Turner) Saunders. 
TW 22, 50, 63, 91, 93, 121-123, 142, l64a-c, 214, 265. 

Agarum cribrosum Bory 
TW 332. • 

A. fimbriatum Harvey 
TW 333. 
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Hedophyllum s e s s i l e (C. Agardh) S e t c h e l l 
TW 2-4, 9, 11, 16-18, 20, 27, 29, 35, 33-42, 52, 58, 67-69, 

71, 80, 83-85, 90, 97, 100, 109, 110, 113, 115, 116, 123, 135, 
136, 138, 145-147, 151, 165, 177, 173, 192, 195, 197-200, 212, 
213, 2l6a-b, 219, 223, 224, 226-230, 236-238, 247, 250, 254, 
258, 263, 264, 270, 271, 273, 239, 290, 292, 295-297, 299, 
308, 312, 317. 

Family Lessoniaceae 

Dictyoneurum c a l i f o r n i c u m Ruprecht 
TW 156-158, 239, 240, 245. 

N e r e o c y s t i s l u e tkeana (Mertens) P o s t e l s and Ruprecht 
TW 64. 

P o s t e l s i a palmaeformis Ruprecht 
TW 161, 234, 246, 284. 

M a c r o c y s t i s i n t e g r i f o l i a Bory 
TW 126, 173, 277. 

L e s s o n i o p s i s l i t t o r a l i s (Farlow and S e t c h e l l ) Reinke 
TW 72, 75, 154, 163, 285. 

Family A l a r i a c e a e 

Pterygophora c a l i f o r n i c a Ruprecht 
TW 129. 

A l a r i a marginata P o s t e l s and Ruprecht v a r . marginata 
TW 1, 5, 6, 8, 12, 37, 48, 57, 60-62, 76, 78, 99, 101-105, 

117, 124, 130-132, 137, 144, 152, 153, 155, 179, 180, 190, 220, 
243, 248, 253, 255, 259, 261, 268, 269, 272, 281, 282, 298, 314, 
318. 

A. nana Schrader 
TW 2, 7, 10, 15, 19, 73, 79, 119, 166,368, 169, 233, 244, 

249, 260, 280, 283, 313, 315, 31o. 

A. t e n u i f o l i a f . amplior S e t c h e l l and Gardner 
TW 232. 

A. t e n u i f o l i a S e t c h e l l f . t e n u i f o l i a 
TW 111,.112, 114, 208-210, 218, 257, 309, 310. 

A. v a l i d a f . l o n g i p e s S e t c h e l l and Gardner 
TW 118, 221, 251, 279. 

A. v a l i d a Kjellman and S e t c h e l l f . v a l i d a 
TW 231. 
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A l a r i a s p . 
TW 119, 141, 202, 204-207, 209, 262, 32$, 329. 

E g r e g i a m e n z i e s i i (Turner ) Areschoug s u b s p . m e n z i e s i i 
TW 23, 30, 31, 54, 55, 171a,b, 203, 319-321, 323, 324, 

326 -328, 330, 331. 

Order C h o r d a r i a l e s . 

F a m i l y Corynophlaeaceae 

L e a t h e s i a d i f f o r m i s (L innaeus) A r e s c h o u g . 
T W T l O - 6 1 9 , 6 2 1 - 6 2 3 . 

F a m i l y C h o r d a r i a c e a e 

H e t e r o c h o r d a r i a a b i e t i n a (Ruprecht) S e t c h e l l and G a r d n e r . 
TW 6 2 8 - 6 3 4 , 6 3 6 - 6 4 3 . 

Order D e s m a r e s t i a l e s . 

F a m i l y D e s m a r e s t i a c e a e 

D e s m a r e s t i a i n t e r m e d i a P o s t e l s and R u p r e c h t . 
TW 654-oTo". 

D. munda S e t c h e l l and Gardner . 
TW 6 5 1 - 6 5 3 . 

Order F u c a l e s . 

F a m i l y Fucaceae 

Fucus d i s t i c h u s (L innaeus) emend. P o w e l l 
TW 405, 407-413, 415, 417-420, 423, 424, 426-431, 433-437, 439-

451, 453-460, 462, 464-468, 470-473, 476, 478-432. 
P e l v e t i o p s i s l i m i t a t a ( S e t c h e l l ) Gardner f . l i m i t a t a . 

TW 400-402, 404. * 
F a m i l y C y s t o s e i r a c e a e 

C y s t o s e i r a geminata C. Agardh 
TW 483-487. 

F a m i l y Sa rgassaceae 

Sargassum muticum (Yendo) F e n s h o l t . 
TW 4 8 8 - 4 9 0 . 
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Phylum Rhodophyta 

Sub C l a s s Bangiophycidae. 

Order B a n g i a l e s . 

Family Bangiaceae 

porphyra• sch 1 .zo'phy.1 Id: smith. .an.d.4IoiIenbe rg 
TW 1171-1173, 1179, 1181, 1193:H96. 

P. p e r f o r a t a J . Agardh 
TW 1182-1185, 1187, 1188, 1190, 1197-1199, 1202. 

Porphyra sp. 
TW 1174, 1175, 1130, 1191, 1192, 1204-1217, 1221-1223, 1228, 1229, 1231, 1237, 1240, 1242-1244, 1248. 

Sub C l a s s F l o r i d e o p h y c i d a e 

Order Cryptonemiales. 

Family E n d o c l a d i a c e a e . 

E n d o c l a d i a muric.ata (Harvey) J . Agardh. TW 999-1024. 
Order G i g a r t i n a l e s . 

Family G i g a r t i n a c e a e . 

G i g a r t i n a a g a r d h i i S e t c h e l l and Gardner 
TW 1025-1029. 

G. corymbifera (Kutzing) J . Agardh 
' TW 1044, 1045. 

0« c r i s t a t a ( S e t c h e l l ) S e t c h e l l and Gardner 
TW 1030-103-9. 

G. mamillosa (Goodenough and Woodward) J . Agardh. 
TW 1054-1057. 

G. p a p i l l a t a (C. Agardh) J.G. Agardh. 
TW 1046-1053. 

G i g a r t i n a sp. 
TW 1040, 1041, 1058-1067. 

I r i d a e a h eterocarpa P o s t e l s and Ruprecht 
TW 1266, 1285, 1236, 1307, 1310. 
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I r i d a e a sp. 
TW 1250, 1251, 1252b, 1254-1256, 1260, 1263, 1265, 

1268-1274, 1276-1284, 1287-1290, 1292-1295, 1297-1300, 1304-1306. 

Order Rhodymeniales. 

Family Rhodymeniaceae. 

H a l o s a c c i o n glandiforme (Gmelin) Ruprecht. 
TW 934-9o7: 

Order Ceramiales. 

Family Ceramiaceae. 

C a l l i t h a m n i o n pikeanum var. laxum ( S e t c h e l l and Gardner) Doty. 
TW 969, 970, 974, 976, 991, 997. 

C a l l i t h a m n i o n pikeanum v a r . p a c i f i c u m (Harvey) S e t c h e l l and Gardner 
TW 980-990, 992, 993, 995, 996. 

C a l l i t h a m n i o n pikeanum Harvey v a r . pikeanum 
TW 968, 971-973, 975, 977-979, 994, 998. 

Family Rhodomelaceae 

Rhodomela l a r i x (Turner) C. Agardh. 
TW 1070-1092. 

O d o n t h a l i a f l o c c o s a (Esper) Falkenberg. 
TW 1093-1128. 

Odon t h a l i a w a s h i n g t o n i e n s i s K y l i n 
TW 1129-1140. 
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Phylum Chlorophyta 

Order U l o t r i c h a l e s . 

Family Monostromaceae. 

Monostroma fuscum v a r . b l y t i i (Areschoug) C o l l i n s . 
TW 762, 763. 

M. z o s t e r i c o l a T i l d e n 
TW 769. 

Monostroma sp. 
TW 1220, 1224, 1227. 

Family Ulvaceae 

Enteromorpha i n t e s t i n a l i s (Linnaeus) L i n k . 
TW 764. 

E. l i n z a (Linnaeus) J . Agardh. 
TW 759, 760, 769, 771, 772. 

E. angusta ( S e t c h e l l and Gardner) Doty. 
TW 756, 770. 

E. vexata ( S e t c h e l l and Gardner) Doty. 
TW 767, 768. 

Enteromorpha sp. 
TW 765, 1225, 1245-1247. 

Ulva l a c t u c a Linnaeus 
TW 751, 752, 758. 

U. t a e n i a t a ( S e t c h e l l ) S e t c h e l l and Gardner. 
TW 749. 

U. l o b a t a (Kutzing) S e t c h e l l and Gardner. 
TW 750, 753-755, 761. 

Ulva sp. 
TW 1186, 1218, 1219, 1226, 1230, 1233-1236, 1238, 1239, 

1241. 
Order S c h i z o g o n i a l e s . 

P r a s i o l a m e r i d i o n a l i s S e t c h e l l and Gardner 
TW 744, 745, 747a, 748. 

R o s e n v i n g i e l l a c o n s t r i c t a ( S e t c h e l l and Gardner) S i l v a 
TW 743, 747b. 
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Order C l a d o p h o r a l e s . 

Family Cladophoraceae. 

Spongomorpha c o a l i t a (Ruprecht) C o l l i n s 
TW 721, 722, 724, 737, 741. 

Spongomorpha m e r t e n s i i (Ruprecht) S e t c h e l l and Gardner. 
TW 732, 733, 736, 738, 742. 

Spongomorpha spinescens K u t z i n g 
TW 723, 726-731, 735. 

Spongomorpha sp. 
TW 734. 

Order S i p h o n a l e s . 

Family Codiaceae 

Codium f r a g i l e (Suringar) H a r i o t . 
TW 708-720, 757. 

Codium s e t c h e l l i i Gardner 
TW 700-707. 

D i v i s i o n Tracheophyta 

Sub D i v i s i o n P t e r o p s i d a 

C l a s s Angiospermae 

Sub c l a s s Monocotyledonae 

Family Naiadaceae 

P h y l l o s p a d i x s c o u l e r i Hooker 
TW 500-520. 

Z o s t e r a marina Linnaeus 
TW 521-523. 



F i g u r e 1. Topography of Juan de Fuca S t r a i t . 





gure 2. Geology of Juan de Fuca S t r a i t . 
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ure 3. Winter s u r f a c e s a l i n i t y d i s t r i b u t i o n of Juan de Fuca S t r a i t . 
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ure Summer su r f a c e s a l i n i t y d i s t r i b u t i o n of Juan de Puca S t r a i t , 





F i g u r e 5. Monthly mean s u r f a c e s a l i n i t i e s at Race Rocks. 





F i g u r e 6 . D i u r n a l v a r i a t i o n s i n s a l i n i t y at S t a t i o n s 9 and 13, 

compared w i t h wind and t i d e . 
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F i g u r e 7. S a l i n i t y d i f f e r e n c e s along the n o r t h shore of Juan de Fuca 

S t r a i t . 
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F i g u r e 8. Winter Surface temperature d i s t r i b u t i o n of Juan de Fuca S t r a i t . 





;ure 9. Summer surface temperature d i s t r i b u t i o n of Juan de Fuca S t r a i t , 





gure 10. Records f r o m t i d e gauges on southwest Vancouver I s l a n d . 
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RECORDS FROM TIDE GAUGES ON SOUTHWEST VANCOUVER ISLAND 



F i g u r e 11. 

Figure 12. 

F i g u r e 13• 

F i g u r e 14. 

G e n e r a l i z e d diagram o f t i d a l f a c t o r s f o r mixed 
s e m i - d i u r n a l t i d e s . 

Mean and extreme v a l u e s o f t i d a l f a c t o r s on south­
west Vancouver I s l a n d . 

Higher v a l u e s of t i d a l f a c t o r s on south-west 
Vancouver I s l a n d . When these v a r i e d d u r i n g the 
lun a r month o f the a n a l y s i s , both v a l u e s were 
p l o t t e d . 

Lower v a l u e s o f t i d a l f a c t o r s on south-west 
Vancouver I s l a n d . When these v a r i e d d u r i n g the 
lu n a r month o f the a n a l y s i s , both val u e s are 
p l o t t e d . 
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F i g u r e 15. Percentage o f time a l e v e l i s exposed t o a 

Figure 16. Times per l u n a r month a l e v e l i s submerged 





F i g u r e 17. Hours d u r a t i o n o f maximum emergence per l u n a r month. 
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F i g u r e 18. Hours d u r a t i o n o f maximum submergence per l u n a r month. 



-I 1 1 1 1 l _ 
100 200 300 400 500 600 

HOURS 



F i g u r e 19. V a r i a t i o n s i n some t i d a l f a c t o r s at Clayoquot. 





F i g u r e 20. V a r i a t i o n s i n some t i d a l f a c t o r s at V i c t o r i a . 





F i g u r e 21. Some q u a n t i t a t i v e measurements of the i n t e r t i d a l f l o r a . 

The displacement volumes of each o f the major 
components o f the f l o r a are shown g r a p h i c a l l y , and 
designated by a l e t t e r . The l e t t e r s are l i s t e d 
below, f o l l o w e d by the name of the p l a n t . The 
number o f i n d i v i d u a l s o f the p l a n t per square meter 
i s i n d i c a t e d w i t h i n the b r a c k e t s . 

a. L e s s o n i o p s i s (10), b. P h y l l o s p a d i x (27), 
c. Hedophyllum (8), d. I r i d a e a (67), e. m i s c e l l a n e o u s , 
f . Hedophyllum (45), g. m i s c e l l a n e o u s , 
n » P o s t e l s i a (103), i . A l a r i a nana (82), 
j . E n d o c l a d i a (100), k. Rhodomela (5), 
1. m i s c e l l a n e o u s , m. Fucus (182), n. P e l v e t i o p s i s (15), 
o. many P r a s i o l a , p. Hedophyllum (15"n 
q. P h y l l o s p a d i x (5), r . m i s c e l l a n e o u s , s. Fucus (130), t . Endocladia"T320) 
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F i g u r e 22. S e c t i o n s of coast observed at low t i d e . 

F i g u r e 23. Entrance t o Sooke B a s i n . 

L — l i m i t s o f L e s s o n i o p s i s . 
G — i n n e r l i m i t o f G i g a r t l n a . 
Eg — i n n e r l i m i t o f E g r e g i a . 
S — outer l i m i t o f Sargassum. 
C — i n n e r l i m i t o f Cymathere. 
H — i n n e r l i m i t o f Hedophyllum. 
P — in n e r l i m i t o f P h y l l o s p a d i x . 
Z — o u t e r l i m i t o f Z o s t e r a . 
En — i n n e r l i m i t o f E n d o c l a d i a . 
Mi i n n e r l i m i t o f M i t e l l a " 
My — i n n e r l i m i t o f M y t i l u s c a l i f o r n i a n u s . 



DONALDSON I. 



gure 21+. D i s t r i b u t i o n of L a m i n a r i a . 





F i g u r e 25. D i s t r i b u t i o n o f Hedophyllum. 



STATION 
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—i—n~ 

8 9 10 
-1—r—T— 

II 12 13 14 15 18 20 
-r—i 1 r ~ i — r 
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F i g u r e 26. Composition of Hedophyllum p o p u l a t i o n s observed. 

1. — a l l or mostly b u l l a t e . 
2. — mixed. 
3. — a l l or mostly smooth. 



S T N . la 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 18 19 20 21 22 23 24 25 H 27~f l| 29 30 31 32 33 3 4 

MAY'57 2 2 1 

JUNE 2 3 1 1 1 

JULY 3 3 3 1 1 

AUG. 3 3 3 3 2 2 1 • 

SEPT. 

OCT. 

NOV. 3 

DEC. 3 

JAN'58 3 

FEB. 3 

MAR. - 3 1 

APR. 1 1 • 

MAY 1 2 2 3 2 1 1 1 1 

JUNE 2 3 2 2 3 T 1 1 2 2 1 1 

JULY 3 2 3 2 2 1 1 2 2 

AUG. 3 2 



F i g u r e 27. V a r i a n t s of Hedophyllum s e s s i l e . 



TW 123 
TW 42 



F i g u r e 28. Growth i n Hedophyllum s e s s i l e sporophyte. 
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F i g u r e 29. Presumed l i f e c y c l e o f Hedophyllum s e s s i l e . 
See t e x t and F i g u r e 27 f o r e x p l a n a t i o n s o f numbers. 
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F i g u r e 30. D i s t r i b u t i o n of P o s t e l s i a and M a c r o c y s t i s . 



FEET 
ABOVE 
DATUM 

STA. I 
UPPER LIMIT POSTELSIA-0 LOWER - X UPPER LIMIT MACROCYSTIS 



F i g u r e 31. D i s t r i b u t i o n o f L e s s o n i o p s i s . 





F i g u r e 32. Younger i n d i v i d u a l of A l a r i a marginata v a r i a n t 1. 
A f t e r specimen TW78, from G l a c i e r P o i n t . 
S o r i are s t i p p l e d . 





F i g u r e 33. Older i n d i v i d u a l of A l a r i a marginata v a r i a n t 1. 
A f t e r specimen TW 155, from Magdalena P o i n t . 





F i g u r e 34. Younger i n d i v i d u a l o f A l a r i a marginata v a r i a n t 2. 
A f t e r specimen TW 6, from O t t e r P o i n t . 





F i g u r e 35. Older i n d i v i d u a l o f A l a r i a marginata v a r i a n t 2. 
A f t e r specimen TW 137, from O t t e r P o i n t . 





F i g u r e 36. A t y p i c a l specimen of A l a r i a nana from i t s type 
l o c a l i t y . 
A f t e r specimen TW 168, from Port Renfrew. Only 
a few of the s p o r o p h y l l s are shown. 





F i g u r e 37- A l a r i a nana 

a. young i n d i v i d u a l , a f t e r TW244, from G l a c i e r P o i n t . 
b. o l d i n d i v i d u a l , a f t e r TW15, from O t t e r P o i n t . 





F i g u r e 38. A l a r i a t e n u i f o l i a f . t e n u i f o l i a 
A f t e r specimen TW 208, from A l b e r t Head. 





F i g u r e 39. A l a r i a t e n u i f o l i a f . amplior 
A f t e r specimen TW 232, from S t a t i o n 33. 





F i g u r e 40. A l a r i a v a l i d a f . l o n g i p e s . 
A f t e r specimen TW 279, from Keystone, 
Whidbey I s l a n d . 
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F i g u r e 41. D i s t r i b u t i o n o f A l a r i a . The g e o g r a p h i c a l 
d i s t r i b u t i o n i s based on c o l l e c t e d m a t e r i a l 
o n l y . 





;ure 42. D i s t r i b u t i o n of E g r e g i a 
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F i g u r e 43. V e r t i c a l d i s t r i b u t i o n o f v a r i o u s Phaeophyta. 



2 3 4 
STATION NO. 

7 8 9 10 II 12 13 14 15 18 20 22 23 24 25 27 29 30 31 3233 34 

T — n 1 1 n — | — r r — i 1 1 i i i r~r UPPER LIMITS 0 0 

PLEUROPHYCUS 

CYMATHERE 

COSTARIA 

NEREOCYSTIS 

LEATHSIA 

HETEROCHORDARIA 

•o— 

LOWER LIMIT 

IK 

DESMARESTIA D. INTERMEDIA UPPER LIMIT 

•x -X 

-o—o o\ 

D. MUNDA UPPER LIMIT X-—-* 

FUCUS 

I I I i 

LOWER LIMIT • • 

• i t ' i i ' I 1—i 1 1—i " i — l 1 1 — 1 — L 



F i g u r e 44. D i s t r i b u t i o n o f C y s t o s e i r a and Sargassum. 





F i g u r e 45. V e r t i c a l d i s t r i b u t i o n o f v a r i o u s Rhodophyta. 



STN. 
I 2 3 4 6 8 9 10 1112 13 14 15 18 20 22 23 24 25 27 29 30 31 32 33 

- i 1 i i n 1 1 1 1—i 1 ~r~i i n i i ' 1 

T — r r 

UPPER LIMITS 

•-

PORPHYRA SCHIZOPHYLLA LOWER LIMIT • P. PERFORATA X X 

X̂. -X--X--3 

5 h 

ENDOCLADIA LOWER LIMIT • 

GIGARTINA LOWER LIMIT • 

-o o-

HALOSACCION LOWER LIMIT* 

CALLITHAMNION LOWER • 

RHOOOMELA LOWER • 

o— 
ODONTHALIA 

l U L_ • i i l i I 1 1 1—' —I ' • 1 _1 I L. 



F i g u r e 46. V e r t i c a l l i m i t s o f v a r i o u s Chlorophyta and o f 
Acorn b a r n a c l e s . 
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i 11  
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gure 47. D i s t r i b u t i o n o f P h y l l o s p a d i x and Z o s t e r a . 



FEET 
ABOVE 
DATUM 

UPPER LIMIT OF PHYLLOSPADIX 



F i g u r e 48. D i s t r i b u t i o n o f M y t i l u s . 





F i g u r e 4 9 . D i s t r i b u t i o n o f M i t e l l a . 



FEET 
ABOVE 
DATUM 

MITELLA UPPER LIMIT X LOWER LIMIT 0 


