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Vancouver Is land conta in  numerous inver tebra te  herbivores. A prosobranch 

I gastropod, Tegula p u l l i g o  Gmelifi was found t o v b e  numerically dominant 
LL - ---- 

throughout the  year i n  a l l  surveyed kelp  beds. If was highly moti le  b u t  . 

did  not  make any mass migrations within the  study period. 
t 

Laboratory feeding experiments w i t h  T. p u l l i g o  indica ted  t h a t  

consumption'of t i s s u e  was not  a  s a t i s f a c t o r y  indicatox of grazing impact. 

A s i g n i f i c a n t  amount of t i s s u e  was l o s t  due t o  she  inc iden ta l  e f f e c t s  of 
0 

grazing. I n  .the' f i e l d  grazing and water motion acted together  t o  

acce le ra te  the  l o s s  of p l a n t  t i s sue .  

. . I  
Growth of 5. i n t e g r i f o l i a  was assessed during a period of maximum 

growth i n  -the kelp-bed. - The- la fna  was used to assess  product ion ,  s i n c e -  - - - " 

grazing and eros ion-acted  most d i r e c t l y  on this frond s t ruc tu re .  The 

laminae grew a s  a  moving b e l t  of t i s s u e  up tq .24  days a f t e r  they s p l i t  
,.- 

&om t h e  qp$&l s c b i i t a r .  
1, 

In  a small (100 m-square) ke lp  bed the  p l a n t  and herbivore population 

pu l l igo  consumed 2.3 + 1.6% of lamina production, but  t h e  i n t e r a c t i o n  of - 
L 

i ts  grazing with erosion cause3 a l o w &  55F38.53 of Ia- produiti'on. - . i 
4: 
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INTRODUCTION 

- 

The kelp bed (Macrocyst.is, C.A. Agardh, 1823) communities on t h e  

. Pac i f i c  Coast of North America contain many separa te  plant-herbivore 

associa t ions  2 f have inves t iga ted  the  re la t ionyhip  between the  brown 
" 

., 
- 

alga  Macrocyetis i n t e g r i f o l i a  Bory (Order Lminar ia l e s )  and associa ted  
.- 

7 A 5 
herbivores p a r t i c u l a r l y  t h e  prosobranch gastropod Tegula pu l l igo  Gmelin 

. . 
, ?. (Family Trochidae) in.Barkley Sound on Vancouver Is land,  B r i t i s h  i .. 4 

Columbia, Canada. 

B 
1 

Macrocystis i n t e g r i f o l i a  grows inshore from a meter above 0 t i d e  

l e v e l  (Canadian Datum) t o  3 meters below and ranges from Point, Conception, 

Cal i fornia  t o  Kodiak Is land,  Alaska, U.S.A. (Druehl, 1970; North, 1971; 

" Q' Wom&rsley, 1954). T e g u l a g d i g o  i s  sub t ida l  and ranges from Si tka ,  .. 
P 

Alaska t o  lower C a l i t m i a ,  U.S .A< ( G r i f f i t h ,  1967) . Species r e l a t e d  - 
- - -  - --- -- - - -  - 

t o  t h i s  p l a n t  and t h i s  animal have received considerable a t t e n t i o n  from 

researchers.  

North, (1957-1974) has led  a research group inves t iga t ing  - 
Macrocystis p y r i f e r a  (Linneaus) A.  Agardh i n  Cal i fornia .  These workers 

- - - - s tud ied  aspects  of ecology, biochemistry, growth, physiology, 
.. .' 

reeroductjon and faunal  associa t ions .  Independent s tud ies  were conducted t - - 
C 

' e a r l i e r ,  f o r  example inves t iga t ions  of faunal  associa t ions  i n  the  ke lp  beds 
3 

- -  B - . - e .  

4 
d 

have been l a rge ly  1 ted  t o  growth (Scagel, 1947; North, 19731, 9 
-z 

7 
\ 1 

morphologicdl va r i a t idn  (Pace, 1972), chemical composition (Wort, 1955), : 
t 

+ $  

P 
and a s ing le  c a l o r i f i c  value (Paine and Vadas, 1969). 9 - 



Tegula funebra l i s  ( A .  Adams), an i n t e r t i d a l  neighbour of ;. pu l l igo  

has been the  subjec t  of many s t u d i e ~ :  physiology ( ~ a l i i  and Giese, 1959); - - I & 

growth (Frank, ,1965); feedigg r a t e s  (Best,  1964); energet ics  (Paine, 1966); 

predator prey i n t e r a c t i o n  (Paine, 1969) ; and locomotion ( ~ i l l e r  , ' 1974) . 
" .  

' The limited' access t o  T. p u l l i q o  has r e s t r i c t e d  research t o  a  few s tud ies .  

2 
A c l a s s  a t  Hopkins Marine S ta t ion ,  California performed s h o r t  p ro jec t s  on 

5 

* 't 

t he  following: r e s p i r a t i o n ,  predation a n t  d i s t r i b u t i . o n * ( ~ e a r $ e ,  1972). 

4 
b w r y  (1974) s tudied  the  d i s t r i b u t i o n  of Tegula spkcies i n  a  M. pyr i fe ra  

The major pur$ose of my study was t o  a s sess  the  impact of ;. pu l l igo  

on the  natukal l o s s  of M. - i n t e g r i f o l i a  t i s s u e .  During t h i s  I a l s o  

noted the  distr- ibutions of the  o ther  herbivores. The inves t iga t ion  was 
, , 

i n  four pa r t s :  l o c a l  - M. i n t e g r i f o l i a  d i s t r i b u t i o n  and growth; ;. p u l l i g o ' s  

J d i s t r i b u t i o n ,  population s t r u c t u r e ,  movement and feeding behaviour; 

in t e rac t ion  .of the  p l a n t  and the  herbivore and a de ta i l ed  f i e l d  assessment 
0 

of - T. p u l l i g o ' s  grazing impact.- 

The f i r s t  p a r t  of the  study involved obtaining production r a t e s  o f  

p lan t  laminae s ince  the  laminae were the  most important fmnd s tkucture  i n  

the  plant-herbivore re la t ionship .  Further ,  I inves t iga ted  ddistr-ibution 
t 

4 

of the  p lan t  hor izonta l ly  and v e r t i c a l l y  a s  well  a s  rJle phenology of the  

kelp bed throughout the  year. 
< 

The-second park of my s tud ies  cons ide r~d , such  quest ions as :  what is  
- - - -  - - -  - - -- - - - 

t h e  d i s t r i b u t i o n  of x. p u l l i g o  and other  herbivores v e r t i c a l l y  and 
- 

hor izonta l ly ;  do the-herbivores  remain i n  the  ke lp  bed thraug&ut t h e  
G< 

year? Further ,  t o  e s t a b l i s h  a feeding r a t e  f o r  t h e  s n a i l  answers t o  the  



- f o l l d w i k ~  questioGs w e r e  igquir*: what i s  the feeding period. feeding. 
-* -5 * 

frequehcy, t h e  effect  of l i g h t ,  temperatme and food preference? 
1 

7., j 5  t 
I n i t i a l  laboratory feeding experimyents incficated the  t i s s u e  consumed w a s  

only part  of the t o t a l  t i s sue  los t  t o  the  p lant .  ; . 
This 'dddit ional  t i s s u e  loss led t o  part  three of t h i s  s tudy  T <- - 

involving the i n t e r a c t i o n  of the grazers and the &an t  i n  f i e l d .  
*: , 

,:Specifically, doe5 grazing weaken t i s s u e  so it i s  more-susceptible t o  
-c > 

,e ros ion by water motion? What are t h e  characteristics of grazing damage 

and i ts  extent  i n  the f i e ld?  

The fourth part of the study w a s  the calcula t ion of a value t o  3 

%?*T 

f h c t  the *impact of 2. p u l l i g o  grazing on M. i n t e g r i f o l i a .  K e l p  bed 
$ < .  

compJJ&xity prevented-the application of a general m o d e l  for the plant- - 
I' -* 

herbivore system over a n  &;tended p&iod and area. Theref ore, the. value 
.*-* 

5 
-. w a s  calculated i n  refetence t o  a 100 meter square area w i t h i n  a large kelp 

bed and applied to  a one month period of maximum kelp g r o w t h .  

This thesis i s  presented i n  four major sections,  each cons is t ing  of 
I ' 

specific methods, resul ts  and discussion.  They are preceded by-general . c. 

1 - 
- methods and followed by a general discussion.  

C 

. 
GENERAL METHODS 

All statistics- and statis t i c a l  tes ts_computecLfrom~ data witAhane---- 

exception used s tanding  rout ines . f rom STATPKK i n  the A.P.L. ( A  Programming -- 

- 
Language) of_ Simon Fraser univers i ty  Computing Cen t re .  The exceptimn w a s  

t h e  t - tes t  for  the -equa l i ty  of means which w a s  designed by S o k a l a n d  - -  - 
&.a - 



- *. , -. g Q 
i - - 

A - - - -  - -  - 

h 4 
i; 

- 7,----- - 

*'&kf (1969). A l l  t e s t s  f o r  the  equal i ty  of s t a t i s t i c s  we% donducted 
- 
f h  +.,, I. '- ,a% t h e  5 percent  l e v e l  of s igni f icance .  
$ -, 

1.. 

"p 
8 - ~ a b o r a t o r y  s tud ies  were ca r r i ed  out  i n  theLBamfield Marine S ta t ion ,  

< 

* 
. ~a&f ie ld , : ?~ .C .  with one exception. Unless otherwise spec i f i ed  these  

& 
* * %, ' B 
e&, experiments? took',place i n  an open seawater system. Organisms employed e - -- _ ?, -J , - 

3. 
T& - 
? i n  laboratory experiments were transported t o  the  open seawater system i n  

-- a * ', 
i-, 

p l a s t i c  bags wi th in  1 hour, A l l  f i e l d  s tud ies  w e r e  coMucted i n  ~ a r k l e ~  ' 

F w 
f Sound, within a 5 Km radiu; of the Barnfield Marine S t a t i o n  and employed 
> 

t 
% - SCUBA. e i 

-- 
= _ 

i- i d 

i STUDIES ON MACRO CYST IS^ INTEGRIFOL~A 
i ? "  

-? 
I 

1 .  
L 

CI 

$. 

METHOD$ 
I - 

* %  3 

*r 

General d i s t r i b u t i o n  of M. in tegr i - fo l ia  i n  Southeast Barkley Sound. 
i . i 

During July 1971, a-presence~absence survey was-conducted f o r  the-- 
F 

- - 

J 

d i s t r i b u t i o n  of M. - integri.fo1i.a (Druehl, pers.  corn.).  Presence o r  
" B 

absence was es tadl i shed by surface  and underwater reconnaissance. 
. . - . - 5  + 

. < 
' J 7 . -  

i Growth Measurements - b- a 

Figure 1 i l l u s t r a t e s  t h e  morphological terminology employed f o r  
7 .  : . 

_ - M . ,  i n t e g r i f o l i a  i n  t h i s  t h e s i s .  
.z 

U - r \ 

k , , 



-- 

. , Figure 1 4 schematic diagram of a M. i n t e g r i f o l i a  frond 
I :: 

showi* &.e nomenclature of s t r u c t u r e s  and 
4 

/ 

r eg ions  

I , 
- - - - -- - 





,' I 
_? 
2 St ipe  Length and Blade N d e r  - 

-i v 
* ,  .r J 

, A l l , y F  and blade measurements were made underwater with a meter 
/=- ,/- 

, s t i c k ~ ? '  30 centimeter  r u l e .  S t ipes  and associated bladbs were i 
. .. .*. -- __ .-- i d e n t i f i e d  with surveyor ' s marker tape  l e t t e r e d  w i t h  waterproof ink. 

The tape was t i e d  loosely  at;. the  base of each s t i p e  o r  a t  an internode 

t o  prevent t i s s u e  damage. The- groups of fr6Lds bsed i n  s t i p e  
, 

elongation and blade number measurements with da tes  o r  measurements a r e  
I 

6 

l i s t e d  on T a l e  (I) . St ipe  length was defined as,-t%e d i s t ance  from the  
' 

a 9. 

m o s t  recent  terminal  s l i t  t o  the  juncture of the  stYpe and holdfas t .  - 1  

Blade number was defined a s . t h e  t o t a l  numb'er of independent blades p lus  

the  number of te rminal  s l i ts  per  frond. Accuracy i n  measuring underwater ' 

decreased with the  s i z e  of the  frond. Blade counts welie estimated t o  be 
r 

- - '$ - 
appr~ximate-ly wi th in  10% of t h e  t r u e  number and length t 6  wi th in  10% of + i 
t he  s t i p e  length. 

- - -  - - - - - -  - 

*. 
\ 
I .  

Y \ \ 
Lamina Length and Width Increment, Duration and Pa t t e rn  of G r c w t h  ,, 

A paper punc was u t 1 cm diameter holes 2-3 cm ins ide  the  
- 

periphery o w t i n  ncrement was defined a s  the  change i n  

o cen t re  d is tance  een two opposite holes.  Length increment 

was defined a s  the  change i s t ance  bktween a hole cen t re  and the  base 

of the  lamina ( ~ r i b b .  1954) . holes were punched i n  the  m e r i s t e m t i c  
* 

area of thefamina.  the  holes gqew i n  diameter b u t  d id  not  move along the  
- - -- - -- pp 

\ 
lamina. To avoid t h i s  problem the  holes were subsequently punched a t  

- - 

l e a s t  5 cm from the  base of t h e  lamina. Four separa te  groups of fronds 

were used f o r  s tudy'of  lamina growth. The sample groups and procedures 
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r e l a t i v e  growth and mean growth-ra te  of 

\ 
\ L 

. 
a Biomass e r  Unit Area of t h e  Lamina 

m 

Twenty--three fronds-ranging from 0.~25 c m  t o  6.0 m i n  length were -- 

col lec ted  from the  Ross Islets ~ l a t e a i  ke lp  bed i n  June, 1973 ( ~ 4 ~ .  2)  . 
The a p i c a l  lamina, f i r s t  independent lamina, a mid region lamina and 

basa l  lamina were removed f r m  each frond. Tke f r e s h  b lo t t ed  weight of . - 
each lamina was measured on a toploading Mett ler  model ph200 balance t o  

0.1 gm. The perimeter of each lamina was traced on newsprint f p r  l a t e r  

reference.  Nu attempt was made t o  include holes i n  the  lamina, unless 

they exceeded one t h i r d  of the  width. The area  of each t r ac ing  was 

ca lcula ted  by a Salmoiraghie Model 238 planimeter (Salmoiraghie Instruments, 
- - - - - - - -- - -- - - - - - - - - -- - - - - -- - 

.;' 
t 

2 Milan, I t a l y )  t o  0 . 1  cm . Theweight  p e r  u n i t  a rea  was then ca lcula ted  
/ 

l-2 ,..? 
-,',' / f o r  each lamina grouping ., . 

,,- - 

--- 
RESULTS* - 

5 

General d i s t r i b u t i o n  of - M. i n t egq i fo l i a  i n  Southeast  arkl ley Sound. 
1 H 

TWO forms of M. i n t e g r i f o l i a  were distinguished, i n  the  1971 survey 

(Fig. 2 ,  Druehl, pers .  comm.) . There was an e r e c t  form which f loa ted  a t  

the  su r face  and a low-lying form which l a i d  along the  bottbm. The 

p r o s t r a t e  form was r e s t r i c t e d  t o  the  shel tered  northern end of the  Trevor 

I 

- - A 
channel on sil t  covered bottoms. Macrocystis i n t e g r i f o l i a  was present  i n  

moderately exposed t o  she l t e red  areas  where the re  was a s t a b l e  subs t ra t e  s 
d Z 

C 
and good water c i r cu la t ion .  



Figure 2 Th,e d i s t r i b u t i o n  of two forms of M. i n t e g r i f o l i a -  - 

a? observed i n  a survey covering southeas t  ' 

Barkley Sound i n  July 1971 ( ~ r u e h l ,  pers .  comm.) 

Scale: 1 c m  = 1 km 
- - - -  - 



M. integrifolia erect 

&r$ M. htegrifolia prostrate 



i Growth Measurements 

, St ipe  -Length and Blade Number . - 

TRe rage of s t i p e  elongation increased with the  s t i p e  length up 

t o  approximately 200 cm. Then fhe r a t e  of grawth decreased by 30 
- 

, percent  f o r  each add i t iona l  100-150 cm of s t i p e  length (Fig. 3 ) .  

A l i n e a r  regression l i n e  f o r  the  da ta  had an R value of 0.16 and accounted 

f o r  2 %  of the  da ta  v a r i a t i o n  ind i sa t ing  a poor l$near.. ' relationship. *-  

f .f 
Theref o re  a curve& :line was f i t t e d  by hand. Although a decrease i n  

- =- 
* 

i 
growth i s  suggested beyond the  200 cm length pos i t ion  of  the  l i n e  i s  i n  

I 
2 
- 

doubt due t o  t h e  paucity of measurements:- 

There was a c o n s t k t  r e l a t ionsh ip  between the  length of s t i p e s  and 

the  number of blades (Fig. 4 ) .  The l i n e a r  regression l i n e  was a good 

f i t  t o  the  da ta  with an R value of 0.9 accounting f o r  81% of the da ta  

' v a r i a t i o n .  

- -- - ThereIwas a s l i g h t  increase  in-the r a t e ~ f - b l a d e  addition-over the  . - - - - 

range of s t i p e  lengths (Ef; ig.  5 ) .  The mean r a t e  of blade addi t ion  f o r  

t h e  sample qas 0.4 SD + 0.2 blades/day. A' cuyvil inear  r e l a t ionsh ip  may - 
be argued f o r  the  v a r i a t i o n  i n  the  r a t e  of blade addi t ion  with i n i t i a l  

s t i p e  length. Hawever, the  previous blade number r e s u l t s  hhowing the re  

is a constant  number of b lades  per  u n i t  length regardless  of length 

ind ica te  a b i n e a r  r e l a t ionsh ip  e x i s t s  between t h e  two s e t s  of data.  The 
,/ 

R value f o r  these  da ta  is 0.35 and accounts f o r  only 12% of th:e var ia t ion .  i 
- - - , -- d 

This is a poor and f o r  any s t i p e  length the  r a t e  of a d d i e o n  can 
t 

* 
3 
i 

range from .1 to .8 blades per  day. AdditloIIaI dZtX beyond 200- cm s€ipe -4 
Y 

length i s  requ i red- to  prove t h i s  re la t ionship .  
*- '* 



Figure 3 Varia t ion  i n  t h e  r a t e  of s t i p e  elongation with 

t h e  length of 56 s t i p e s  measured over 30 day 

periods,  during July,  August and September a t  4 

t h e  Ross Islets Plateau k e l p  bed. -T+e curved- - - - - 

l i n e  was drawn by hand 

- - - -  l i n e  i n  doubt due t o  lack of po in t s '  



llb i 



Figure 4 V a r i a t i o ~  i n  , the  number of blades  on 'a s t i p e  . 
-L 

'.with t h e  leng th  of  t h e  s t i p e .  Blade counts - 

' .  were made i n  t h e  Ross r s l e t s  ke lp  bed on 5 6  

fronds during Ju ly ,  August and September, 

' 1973. The foknula descr ibes  t h e  l i n e  

through t h e  po in t s  





the  r a t e  of  Glade addi t ion  w i t h  the / Figure 5 Variation i n  

of 26 fronds measured over 30 day / s t i p e  length 

per iods  i n  August and ~ e ~ t e m b e r  i n  the  Ross 1 s l e t  

Plateau Kelp bed. '  The formula descr ibes  the 

l i n e  through t h e  po in ts  





, ~ 
f 

r 

+&&mi&? ~ e n ~ #  and' Width Increment, Duration and Pa t t e rn  of Growth ' 

i 
The r e s u l t s  of the two approaches t o  the  problem of 

I + 
frowth 

dura t ion  r e p l i c a t e  o n e d o t h e r  t o  some ex ten t  b u t  i l l u s t r a t e  c l e a r l y  
, 

t he  interrela t ionskirp of blade pos i t i on  on- the s t i p e  and t h e  growth - 

. - a c t i v i t y  .d? the lamina. 
I 

4 

1 I I 

I 

- 
The more basa l  a b l ade ' s  pos i t i on  on the s t i p e  t h e  slower w a s  the  

/ 

, r a t e  of lamina elongation (Fig.  6 ) .  After  22 days the re  was no lamina 

' 

elongat ion on any of &e tagged blades .  ~ s s u m j n g  a blade add i t i bk  r g t e  .- 
, of 0.4 blades per  day; a t  sevep-days folXming the  i n i t i a l  measurement a t  

" ' l e a s t  2 blades were added above the  tagged blade.  The diameter of the  
4 

, A 

punched holes also-?%owed dramatic dif ferences  i n  t he  growth of adjacent  
. . .i .. , 

B 

lamina (Fig.  7) . I - 
Holes punched near the  meristematic 5egion of the  f i r s t  independent 

J 

blades ceased d i s t a l  m&ement between 21 and 24 day&- 4Fig. 8 ) .  The mean ,- 
.k - - 

%a% 

V, 
r a t e  of elongation was 1.9 S D  - + 1.5 cm per day over 2'2 days. The 

- .  
changes i n  t h e  r a t e  of hole  movement over time can be  : re la ted t o  t h e  ---r- - ,. 

b lamina growth p a t t e r n  measurements. 

The- pa t t e rn  of growth i n  length along the  lamina was slaw i n  the  I 

, 
meristematic region and increased taward the middle region of t he  lamina & 

W.' - 

(Fig .  9 )  . Only one lamina was i n i t i a l *  punched beyond 22 c m ;  ( a t  29.5 cml 
-c * 

--% 
its d i s t a l  movement ' r e l a t i v e  t o  the base was less than 1 c m  per  day. 

- - 

_, This s i n g l e  tneasurement suggests . a t rend t o  the  cessa t ion  of grbw& i n  t h e  
- 4- 

i t  
d i s t a l  &<ion of t he  lamina a s  shown i n  t he  previous e longat ion da ta .  The 

overallcra$e of elongation was 1.9 S D  - + .9 cm/day. 



Figure 6 v a r i a t i o n  in , , the  d i s t a l  movement o f  ho les  punched 
P. L 

i n  t h e  lamina with i n i t i a l  blade p o s i t i b n  on f i v e  
I 

fronds over a 7 day per iod i n  August a t  Ross 

I s l e t s  Pla teau ke lp  bed. ~ h d  most a p i c a l  blade 
t 

is t h e  f i r s t  independent blade.  The d i s t a l  

mobement o f  punched hole's i s  ' in te rpre ted  a s  t he  
Z a'+ 

L 

range cm/day 
fl' - 

> *  - 
3'" 

* - mean cm/day A 
1 

w .","- I 

Rectangle, v e r t i c a l  a x i s  , SD cmBay 
- ,< 

a 
N = 5 p e r  blahe pos i t i on  ,' 

f 
P 





The r e l a t i v e  growth of 1 cm diameter ho les  
C 

punched i n  the  laminae of  adjacent  blades  

over 22 days. 

a.  The most ap i ca l  blade is t h e  lower 

blade i n  t h i s  f igure  

b. The most ap ica l  blade i s  the  blade 

on the  r i g h t  i n  t h i s  gigure 





4 

'. 
Figure 8 The d i s t a l  r a t e  of movement of holes. punched 

r 1 

i n  t h e  laminae of  t he  f i r s t  independent blades  

with 4 - 8 day i n t e r v a l s  from f i r s t  measurement. 

+ *. _ Dis t a l  movement of basa l  holes was in t e rp re t ed  . . . 
a s  t he  minimum r a t e  of lamina elongation 

time per iod N 

v e r t i c a l  l i n e s  r a n y - b - m @ a y  

hor izonta l  l i n e s  . mean i n  m/&y ' 

/A 

rectangle  v e r t i c 4  
, , 



~ -- + .  
.b' 

.. - LC. 



Variation i n  t he  r a t e  of  hole  movement 
I 

(elongation and widening of the  laminae) with 

Figure 9 

- 

t he  pos i t ion  of t he  hole  from the  base of t he  

lamina over a 5 day per iod,  on the  laminae of 

t he  f i r s t  independent blades of 16 fronds. 

v e r t i b a l  l i n e s  range i n  &/day 

hor izonta l  l i n e s  mean i n  cm/day 

v e r t i c a l  a x i s ,  rectangle  



LE
N

G
TH

 I
N

C
R

EM
EN

T 
(C

~
/D

A
Y

) 
W

ID
TH

 I
N

C
R

EM
EN

T 
(C

~
/D

A
Y

) 



The mov,&ment of opposi te  holes  away from each o the r  decreases  a s  
1 

I 
t h e  holes  move toward t h e  d i s t a l  end of t h e  lamina (Fig. 9 ) .    ow ever, 

i 
t o  t r a n s l a t i  t he  movement of punched holes  i n t o  a c t u a l  width ineremints 

/ 
of t h e  lamipa, I assumed the  lamina t o  be a moving b e l t  of t i s s u e .  

I 
Therefore $he mean r a t e  of width increment of 0.43 S D  + 0.3 cm/day was 

# .  
- 

i 
- 

appl ied .over  t h e  t o t a l  l i n e a r  growth per iod of t h e  laminae. 

 rob the  preceding growth s t u d i e s  I concluded ' there  a r b  t h r e e  types 

of laminde on a frond a t  t h e  beginning of any measureqent per iod 

i , 
'\ 

exceedirig 22  days. i 

54 I \ 
\ 1. $e lamina which has  grown f o r  p a r t  of t he  22 days growth per iod and , 

- - ---- - - -- 
d i l l  cease growth before  22 days. 
I / I + 

// - / 

2. h e  laminae a d d e d d w i n g  t h e  measurement per iod and w i l l  complete 
I 

I t h e i r  growth before  t h e  end of t h e  ca l cu l a t i on  per iod.  

3 .  ,! The laminae t h a t  a r e  formed l e s s  than 22 days from t h e  termination 
- 

of t h e  ca l cu l a t i on  per iod and w i l l  not  cease  growth before  t he  end 
i >- 

,/ of t h e  ca l cu l a t i on  period.  The following forhu la  includes  formulae 

I 1 t o  c a l c u l a t e  .the t o t a l  a r ea  i n c r e k r i t  (A)  of  a l l  3 previous 
I' 

I j ca tegor ies  of: tlaminae : 
, -  

I ,  
I 

A = S ( (La. X 1.9) (La X .4) + Lc (364) i ! ,  

/ Where S is  t h e  sum of laminae a r e a  increment f o r  each b lade  pos i t i on  

I 

from 1 t h r u  9 'and 364 i s  t h e  t o t a l  area , incr&ent  f o r  a lamina over 
I 

I 2 ! 
i 22 days cm . La i s  t he  dura t ion  of lamina growth f o r  a blade 

presen t  a t  the  beginning of t h e  s tudy per iod.  



Where Ba is t h e  blade pos i t i on  r e l a t i v e  t o  t he  a p i c a l  s c imi t a r , and  

1 blade is formed every 2.5 days. Ib is  the dura t ion  of .lamina 

growth f o r  a blade formed during t h e  ca l cu l a t i on  per iod b u t  without'  

a complete growth per idd.  

Where Bd is t h e  blade pos i t i on  r e l a t i v e  t o  t h e  l a s t  b lade with a 
L 

I f  

complete growth per iod.  &c is  the number o f h m i n a e  growing f o r  

22 days i n  t h e  c a l c u l a t i o n  per iod.  

Where T is  the  ca l cu l a t i on  period.  

Biomass Per Unit, Area of Lamina 

2 
The f r e e  weight of lamina t i s s u e  (gm/cm ) increased toward the  

-9 basa l  region of t h e  frond (Fig.  1 0 ) .  The mean f r e sh  weight of sporophyll  

t i s s u e  was s i g n i f i c a n t l y  greatek than f o r  a l l  o ther  laminae. The 
* ,  

v a r i a t i o n  and range of values were extreme f o r  t h e  sporophyl ls  (Fig.  1 0 ) .  

The ,mean a rea  of h e  f i r s t  independent lamina obtained from t r ac ings  used 
- 
L 

' f o r  the  ca l cu l a t i on  of lamina weight (N = 10) was 414 SD,+ 199 an . The 
. . .. 

- 
. - 

mean a rea  of a l l  independent lamina (N = 45) on the  co l l ec t ed  fronds was 
a, 

2 
660 SD + 116 cm . - -- 

The two types of M. i n t e g r i f o l i a  encountered i n  the  d i s t r i b u t i o n a l  - 
- 

survey may be accounted f o r  b w t e n d e n c y  of t h e  p l a n t  t o  develop l a r g e r  

laminae i n  she l t e r ed  a reas  (Pace, 1972). . The laminae reach a weight 



Variat ion in '  t h e  f r e sh  weight of '  - M. i n t e s r i f o l i a  Figure 
z., 

laminae with t h e i r  pos i t ion  on the  frond 

v e r t i c a l  l i n e s  range gm/cm, square 

hor izonta l  l i n e s '  mean gm/cm square 

rec tangle ,  v e r t i c a l  ax i s  ' S D  gm/m square 

lamina pos i t ion  

ap i ca l  

mid I 



< - 
Ap ica I Mid .Basal '?3porophyll, 

991 , - 
rt 

r( 

BL'AD E POSITION 



which canhot be  f l o a t e d  by the pneumatocysts an3 drag t h e  frond downward. 

The observations on phenology, a l s o  v e r t i c a l  and ho r i zon ta l  d is t r , ibut ion 

a r e  presented with t h e  desc r ip t i on  of herbivore d i s t r i b u t i p n .  

The growth of M. i n t e g r i f o l i a  laminae is  a moving b e l t  qf tissu"e a s  - 
with Laminaria laminae Mann (1972b) . However, it is very d i f f e r e n t  from 

Laminaria because i n s t ead  of a s i n g l e  lamina grawing continuously,  laminae 
/ 

-+ 
,I 

i a rea  grm'# is  determinate,  ceasing wi th in  approximately 20 days and frond 

growth continues with  a more r ecen t  lamina (more a p i c a l  laminae).  That 

i s ,  the  whole frond a c t s  a s  a b e l t  o f  blades which a r e  ind iv idua l ly  growing 

f o r  a l imi ted  per iod.  

Varia t ion i n  t h e  growth r a t e  of fronds i n  terms o f  e longat ion of t he  
t 9  

s t i p e  and blade a d d i t i o n  f o r  a given frond s i z e  w i l l  be discussed i n  two 

aspec ts  r e l evan t  t o  t h e  s tudy per iod.  F i r s t  is  t h e  importance of  t rans -  

loca t ion  and the  condi t ion of o the r  fronds on the  p l an t .  fl$ has been 

- 

shown t h a t  o l d  M. i n t e g r i f o l i a  fronds t r ans loca t e  n u t r i t i v e  mater ia l  to  - 1 

, + 

young fronds l e s s  than a meter i n  length (mbban, pers .  cornm.) . The l o s s  
Q 

of t h e  primary a p i c a l  s c imi t a r  appears t o  increase  t h e  t r anspo r t  of 

- t r ans loca t e  t o  secondary fronds on t he  p l a n t .  Therefore, we could expect 
I 

s i g n i f i c a n t l y  d i f f e r e n t  growth r a t e s  f o r  a given f-rond s i z e  depending on - 
the  condi t ion of its assoc ia ted  fronds.  1 

1 

Secondly, wi th in  a given ke lp  bed the re  a r e  phys ica l  g r a d i e n k  which 

may inf luence the  growth r a t e  of fronds.  For example, depth has been 
I 

correlat-ed w i t h  t he  frond weight of M. p y r i f e r a  (North, 1971). - 
b - In  t he  case  of M. i n t e g r i f o l i a  t h i s  f a c t o r  may be s i g n i f i c a n t  s i nce  - 

some of t he  p lan tg  i n  most M. i n t e g r i f o l i a  beds a r e  i n t e r t i d a l  (Scagel,  1947). - 



'. 6 
The morphological v a r i a t i o n , , o f  wave-sheltered and :wave-exposed..•’ronds 

* ,  
sugges t s  t h a t  a  wave-exposure g r a d i e n t  through a k e l p  bed may a f f e c t  , 

J 

growth r a t e s ,  i n  p a r t i c u l a r  lamina w i d t h ,  (pace,. 1972).  - 

Lamina grawth measurements depended on fo l lowing t h e  movement o f  
. .  

h o l e s  punched i n  t h e  laminae . ,  The h o l e s  were u s u a l l y  p laced  near  t h e  base  
-, 

of t h e  laminae and I d i d  n o t  measure growth beyond t h i s  p o i n t  except  i n  
3 

J 
/ 

growth p a t t e r n  s t u d i e s .  G r w t h  d i d  occur  beyond t h e  base ,  however, t h e  

e r r o r  i n  t h e  f i n a l  c a l c u l a t i o n  of area increment appeared t o  b e  redueed, 
i 

-because t h e  f i r s t  independent  lamina was s p l i t  from t h e  a p i c a l  s c i m i t a r  due 
1 

t o  unpred ic tab le  environment&$.-factors such a s  wave a c t i o n .  A s  a  r e s u l t  . 
.x , 

of t h e s e  f a c t o r s  t h e  s i z e  and o v e r a l l  growth r a t e  of  t h e  f i r s t  independent - 
lamina was h igh ly  v a r i a b l e .  Ca lcu la ted  from t h e  movement pf h o l e s  t h e  

. /' 

2 
t o t a l  a r e a '  increment, was 364 S D  - + 167 cm . This va lue  was w e l l  w i t h i n  

a r e a  increment measured from laminae t r a c i n g  from t h e  f i r s t  independent 

lamina t o  t h e  most b a s a l  Jaminae. ... 
*' * 

The c e s s a t i o n  of  growth o r  growth a t  a  low uniform rate i n  lamina a r e a  

was suggested by t h e  r e l a t i v e  s i z ~ . s f  laminae on t h e  f rond.  Laminae 
I ,' 

i' ' .z 
reached a maximum a r e a  n e w  t h e  mid reg ion  of  the  f rond and f r e q u e n t l y  were 

e 

"S 

s m a l l e r  i n  t h e  b a s a l  region, .  This p a t t e r n  was observed i n  M. P y r i f e r a  
_f I' - L 

fronds  by Sargen t  and ~ a n t k i ~  (1952) . A l e e m  619733 , fo l lowing ho le  
h 

b 

movement t o  measure growth o f  M. p y r i f e r a  found laminae ceased growth a f t e r  
- 

- 
* 

-4G- P 

4 t o  6 days,  i n  which t i m e  they were approximately 2 m e t e -  from t h e  a p i c a l  

s c i m i t a r .  - Thickness was n o t  inc luded i n  these  measurements b u t  i n c r e a s i n g  

* 
weight  p e r  u n i t  a r e a  of  lamina toward t h e  base  o f  the f rond sugges t s  t h e  

rneris toderm ' i s  a c t i v e l y  adding t i s s u e  a f t e r  s u r f  ace  a r e a  growth ceases .  . . . 

4 



- ~ n  - M. i n t e g r i f o l i a  the  weight of t i s s u e  per  u n i t  could be an important 

factor ;  irpKthe s t r eng th  of t he  lamina and i n  the s u r v i v a l  of laminae. 
/ , , , 

- ,' ' ,  
/ 

~ ~ o ~ ~ " h ~ l l s  have a s i g n i f i c a n t l y  h ighe r  weight per  u n i t  a rea  than adjac n t  
s, ? 

laminae and were okserved t o  p v ~ i s t  long a f t e r  mor; ap i ca l  laminae were 
,-- -4 

10s t . ,The. mechanical s t r e n g t h  

a d e t e r r e n t  to herbivore  damage 

I 

of the '  heavier spor  phy l l  t i s s u e  could be 2 
and e tos  io'n . 



METHODS 

A s e r i e s  of f i e l d  s t u d i e s  w r e  canducted o n f t h e  d i s t r i b u t i o n  of 
- 9.  

T. p u l l i g o  i n  t h e  sou theas t  a rea  of Barkley Sound, A number of problems - 
were encountered i n  these  surveys.  Undenhter  observat ions  were o f t en  

** 

l im i t ed  by poor v i s i b i l i t y .  The s n a i l  presented, probl&ns due t o  its 

smal l  s i z e  and ,  c r y g t i c  colourat ion.  The high - r e l i e f  of t h e  s u b s t r a t e  and 
., %"' b 

the  l a rge  undula t ing  sui'face of  M. i n t e g r i f o l i a  c r ea t ed  prablems loca t ing  - 
I 

t h e  s n a i l .  . Q 
t 

- '  

f I 

1 .  ' 
~ e n e r a l  Dis t r ibu t ion  of  T. pu l l i go  i n  Southeast  Barkley Sound - 

Seven s i t e s  were s e l ec t ed  w i l h  a F n g e  of ivave exposure (Table 11, 4 
Fig.  11). These s i t e s  were s eyed s i n g  a compass t r a n s e c t  perpen- 

d i c u l a r  to the sho re l i ne .  A 1 m quadrat  was l a i d  every o the r  meter along 

a weighted l i n e .  P lan t  cover, s u b s t r a t e  type and Eerbivores wi th in  each 

quadrat  were assessed on each t r ansec t .  The end of each t r a n s e c t  was 

determined by t h e  lower l i m i t  of t he  s e a  u rch in '~ t rongy1ocen t ro tu s  

franciscaims (A.  Agassiz).  The depth Was recoided with a c a l i b r a t e d ,  
- 

d i v e r ' s  depth gauge t o  .25 m. A l l  d a t a  were t ransmi t ted  to a sur face  tape 

recorder  with a Sub-Com underwater cclmmunication system (Sub-:om System Ltd., - 

North Vancouver, Canada). An add i t i ona l  two-s i tes  were surveyed using 

random quadrat  placement. 
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Locat ions  o f  s t u d y  s i t e s  i n  Sou theas t  Barkley Figure  11 

Sound, ~ G c o u v e r  I s l a n d  

1 

numerals * ' Temporary survey s i t e s . '  
I 

le t ters  permanent t r a n s e c t  s i tes  and t h e  
L 

d e t a i l e d  !study s i t e  
, -  . 

BMS Barnfield Marine S t a t i o n  

s c a l e  1 cm = 1.2  Jm 
-- . . -, . 

From c h a r t  - 3637 Barkley ~ ~ u n d  

.  impa ass v a r i a t i o n  23 degrees  30 min E a s t  -2 





season i l   is-tribution o i  2. pull* m a  ~ e r  Herbivores - - t 

Permanent t r a n s e c t s  were c o n ~ t r u c t ~ d  a t  four  s i t e s  chosen f o r  t h e i r  

d i v e r s i t y  of exposure, d i v e r s i t y  of ke lp  bed, s u b s t r a t e  type and 
F - 

./- 
herbivores  (Table 111, Fig.  11). Transedts w e set  perpendicular  t o  -P 
the  shore  l i n e  beginning a t  t he  edge of  the  i n t e r t i d a l  zone (except a t  

and ending a t  l e a s t  5 m beyond t h e  ou t e r  l i m i t  of  M. - 

A 1/8 inch p l a s t i c  l i n e  was t i e d  t o  3/8 inch rock b o l t s  

drivel/ i n t o  bedrock o r  boulders.  The l i n e  was used a s  a quide only,  and 

on eadh survey a p l a s t i c  surveioi-s qhain (metr ic)  was s t rung  between t h e  

2 
pins .  i fi 0.5 m quadrat  was placed a t  2 o r  4 m i n t e r v a l s  along the  chain 

* 

and @.ant cover,  s u b s t r a t e  tyge and herbivore concentra t ions  were recorded. 
\ ,  ?. 

A t  s c o t t ' s  Bay the  dens i ty  of t h e  kelp  bed prevented t h e  use of a 

quadrat .  Ins tead ,  a l i n e  e n c o ~ n t e r  method was used. The herbivores 
J 

were counted on each p l a n t  t h a t  touched the  l i n e .  Transect  surveys a l l  

began i n  September 1972, bqut t h e  S c o t t ' s  Bay t r a n s e c t  was abandoned i n  m i d -  

winter ,  1972, because l a r g e  p l a n t s  were d r i f t i n g  f r e e  i n  tangled mass-es 
' 

, 

along the  t r ansec t .  The da t a  f o r  t he  wizard I s l e t  t r a n s e c t  were incomplete 

due t o  t he  d i f f i c u l t y  of maintaining a t r a n s e c t  l i n e .  The China Hat Pass 

and Kelp Bay t r a n s e c t s  were surveyed success fu l ly  each month from 

1 i 
. 

~ e p t e m b e r  19 2 t o  septemb& 1973 excepting December 1972 and August 1973. 

During a l l ' s u r v e y s  q u a l i t a t i v e  observations were,made on the d i s t r i l m t i o n  

and behaviour of T. p b l l i g o ?  - 
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The 'population Structure of 

In argas near the permanent transects ,  co l l ec t~ons  of - T. pulligo 

w,ere made from two d i s t i n c t  regiqns. One collection of 20-50 , 
9%- \ ' " , * 

k- 

individuals from ona'or beneath 5. in tegr i fol ia ,  and one collection from 

4 

-2 the substrate outside the beds were made a f te r  each month's t ransect  
=? 

'tr 

survey. Degenerat- of the kelp bed in  the winter pr vented successive +, 
\ 

collektions from - M. in tegr i fol ia .  A t  China Hat pass the sampling 

procedure for substrate collecd&$ong. was changed from a subspa t e  s q f a c e  
F h :.-. .gs- '< ',, s * 8 .  c 

collection to a complete removal of the upper 5 cm of the subs&ate, 
-, - -  i 

.I 

2 - 
because I noticed individuals less  than 10 mm basal diameter were absent 

- C 

i n  the previous samples. 

The f i na l  collection a t  Kelp Bay wad to distinguish the s ize  of - 
%? 

individuals upon the rocks and she l l  sand,wh*h had previously been grouped 

. - 
as a cobble collection. The basal diazt&r of each sna i l  was mequred to 

-fl- - -- 
-d. - - 

0.1 mm with vernier calipers. 

Motility I 

In a l l  moti l i ty experiments - T. pulligo was tagged by the following 

method. A portion of the she l l  spi re  was scraped cleap of encrustation. 

A drop of non-toxic epoxy (Sea Go-In Poxy Putty, Permalite Plas t ics ,  

Costa Mesa, Cal. , U .S .A. )  was placed on the'klean' area and a piece of 
- 

: labeled p las t i c  tape was pressed in to  the epoxy (Rosenthall, 1969) . Care 

: was taken to  prevent the loss of the  label  whil; the epoxy s e t .  .The 

specimens were held i n  running seawater prior t o  replacement i n  the f ie ld .  



Moti l i ty  and ~ u b s t r a t i e  Preference of Tagged T. p u l l i g o  . - 

The purpose of ; t h i s  experiment was t o  study. t h e  movement and 

s u b s t r a t e  preference b f  2.. p u l l i g o  i n  t h e  kelp  bed. 

Tegula p u l l i g o  Were co l l ec t ed  from three  d i s t i n c t  and adjacent  a reas :  

s h e l l  sand, bedrock and on o r  beneath M. i n t e g r i f o l i a  a t  the  Ross I s l e t s  - 

ke lp  bed. Each of t he  138 animals was coded f o r  ind iv idua l  ide&i.Eication 
. . 

and i t s  s u b s t r a t e  o r i y i n ,  then t he  basa l  diameter was measured t o  0 .1  rnm. 

Tfie c o l l e c t i o n s  from s h e l l  sand and M. i n t e g r i f o l i a  were switched when - 

replaced i n  t he  f i e l d i  and t h e  bedrock c o l l e c t i o n  was t h e  cont ro l .  Each 

i 
* 

-colle+on was deposited i n  a permanent 0.5 m quadrat .  A search was made 
i 

with in  a 15 m rad ius  kor 0.5 h r  a t  3, 13, 30 and 48 days a f t e r  replacement. 

The&lB$ers wi th in  the' depos i t  quadrats ,  d i s tance  from p o i n t  of replacement 

Znd numbers of each type of s u b s t r a t e  were noted using underwater wr i t i ng  

s l a t e s  . 

Mot i l i t y  of Tagged T. ' pu l l igo  on M: i n t e g r i f o l i a  - - 

An i s o l a t e d  p l a n t  a t  t h e  end of- the  S c o t t ' s  Bay permanent t r a n s e c t  was 
$. 

<a s t r i pped  of a l l  - T. pu l i igo .  Twenty-nine s n a i l s  were measured f o r  ba sa l  
i 

. s 
* diameter,  tagged, t hen ' r e tu rned  t o  t h e  ho ld fa s t  region.  The p l a n t  was 

- exaained f o r  t he  , ~ f  tagged' and untagged ind iv idua ls  a t  5,  10, 15 
*: >- 

and 88 days a f t e r  deposit ion. '  
- I -- 

Kelp Bay I n f e s t a t i o n  ~ x p e r i m e d t  
/ - 

This experiment t e s t e d  t h e  r a t e  of  recruitment o f  T. p u l l i g o  t o  - 
M .  i n t e g r i f o l i a  i n  a reas  devoid of  M. i n t e g r i f o l i a .  Two fronds 1 .5  m long - - 



were a t tached t o  s tones  wi th  rubber bands. One frond w a s l a c e d  i n  an 

gs. 
a rea  of cobble -Substrate adjacent  t o  the  permanen; t r a n s e c t  a t  Kelp Bay. 

The second frond was s e t  15 m from the  f i r s t  frond a t  the  
'8% . 

. the t ransect :  I 'counted t h e  number of herbivores on t he  
.9.$ 

t he  grazing damage a f t e r  2 and 4 days i n  June, 1972. 
$' 

* i 
- Moti l i ty  a s  Related t o  Water Movement P 

To determine i f  - T. p u l l i g o  m t i l i t y  was a f f ec t ed  by 

>+ - 
seaward end' of 

fronds and not&d 

water movement 

-&- .? t i d a l  cu r r en t  measurements'were made in s ide  and ou t s ide  t h e  Wizard I s l e t  

ke lp  bed using a Dumas ~ e y p i c  cu r r en t  meter (Neypric, - Grenoble, F r q c e ) .  
<J 

~ u a l i t a t i v e  observat ions  were made of the  T. p u l l i g o ' s  pos i t i on  on , 

/" 
M. i n t e g r i f o l i a  during t h e  per iods  of  maximum t i d a l  flow and s t r o w s a v e  - - 

,' * * ,' . ," 1 

ac t ion .  I' 
/ 

, Feeding Behaviour 
/ 

/ /' /" 
/' 

---------0 general  types of feeding experiments were-conducted i n  t h e  

laboratory.  ~h'; f i r s t  type of experiment followed the  f r e sh  weight-loss 

method described by Leighton (1966) . The procedure was t o  allow a 

condi t ioning perioc&of one week. s n a i l s  were then subjected t o  a 'non- 

feeding per iod p r i o r  t o  t h e  experiment. The f r e sh  weight of a l g a l  p ieces  

was determined t o  0.01 gm and then the  a lgae were placed i n  the  holding 
< 

conta iners .  Leighton was dea l ing  with sub jec t s  exceeding 50 gm b&dy 

weight and used 1 o r  2 ind iv idua ls  i n  6 s epa ra t e  experiments, Si- 

T. pu l l i go  r a r e l y  exceeded 4 gm body weight, I pu t  a minimum of 10 s n a i l s  - 
% 

per  container  and 4 containers  per  experiment. Not a l l  t i s s u e  which was 



l o s t  from the algal  pieces was due t o  consumption by T. pulligo. - 

t o_f a l l  algal  pieces greater than 1 cm in  any dimension was 

e end of the experiment. A signif icant  number of fragments 

than 1 cm. 

Fresh 

weighed I 

were l ess  

nie second type of feeding experiments was designed to'ei'iminate 

th i s  incidental t i s sue  loss.  These experiments foLdZ$Z?* previous 
y r  
Q ;  

procedures except the lamina sections were glued-to disposible p e t r i  dishes - 
2&-- - 

(100 mm diameteg with an organic glue Sico - Met (S p e l - w e d ; ,  GMBH, 
i ?  2- i 
"* -- ->-.----- - <-- 

Hamover, ~erman~s) ,(Fig. 1 2 )  . This design s ignif icant ly  reduced t issue ' 

loss incidental with grazing and allowed weighing to 0.001 gm. Therefore, 

t h i s  method more acc&ately measured the actual consumption of a lgal  t issue.  

The first day's resu l t s  were l e f t  out of the f i n a l  calculation of a mean 

feeding ra te .  

k: 
, c 

4 

Feeding Experiment to Test Feeding Rates with Two species b f  Algae 

Tegula pulligo was observed to  occur upon Pterygophora cal ifornica 
@ 

Ruprecht which was often si tuated near M. in tegr i fol ia .  To i e s t  the feeding - 

r a t e  of - T. pulligo on both species g laboratory expeihnent was performed in  ; 
November, 1971. This experiment was conducted i n  a recycling seawater 

system using 5, 1 l i t r e  p l a s t i c  beakers. These had holes covered with a 

p las t i c  screening to allow for  water circulation. Tegula pulligo collected 

from both algae were,shipped in  coolers to  Vancouver. Groups of 10 sna i l s  
D 

- 

ranging from 1 7  mm t o  25 m basal diameter were placed in  each of 4 beakers 
t 

- 

and immersed in  lo0  C water, plant-tissue alone i n  the f i f t h  beaker was.the : 

control.  Both species of algae were placed i n  equal weights i n  each 



Figure 12 Pe&i d i sh  l i d s  (100 mm diamter) w i t h  
. , -l 

' - M. i n t e g r i f o l i a  laminae glued t o  t h e i r  sur face  

a. The r e s u l t  of 2  days of grazing by T. p u l l i g o  - 

'* 
b. The r e s u l t  of 3 days of grazing $y T. p u l l i g o ~  - 

c. A 3 X  view of - T. pu l l i go  grazing damage . 





* # 
4 i . 

. - ,- 
beaker. After two days without food, approximately 10 gm of P. 

c a l i f o r n i c a  and 10 gm of - M. i n t eg r ih fo l i a  were pu t  i n t o  <ach beaker. . The 
- w 

a l g a l  sec t ions  were w e i g h e a n  a ~ e t t l e i  balanceIdModel 415 t o  0.01 gm aria 
e;i 

.&<- ' 
a t  0 ,  24 and 48 hours.  S t g a l  fragments l e s s  than 1 cm i n  any dimension 

w v 
m 

were not recovered f o r  weighing. 

I 

Diurnal Feeding Experiment 
B 

_ _  Tegula pu l l i go  was observed on - M.- i n t e g , r i f o l i a  dur ing both day and 

n igh t .  A feeding, experiment was designed t o  determine i f  l i g h t  a f fec tgd  

the  feeding r a t e  of - T. pu l l i go .  
X - 

0 
An open seawater system a t  8.5 C he ld  4, 1 l i t re  beakers and 3, 4 

. *  - 

l i t r e  aquar ia .  Tegula pu1,ligo was co l l ec t ed  i n  March from - M'. i n t e g r i f o l i a  - 
$ 

a t  Wizard I s l e t ,  S c o t t ' s  Bay'and the  Ross I s l e t s .   if-teen animals i n  t he  

18 rnm t o  2 1  mm basal . .d iameter  s i z e  range f romeach  loca t ion  were placed i 3. - 
the beakem and aquar ia .  They were subjected t o  a 12/12 hour photoperiod 

f o r  a week p r ' o r  t o  t h e  non-feeding per iod and through t h e  experiment. .B 4 - 
- ~ f t e ~  a 2 dAy non-feeding per iod ,  approximately 10 gin of M. i n t e g r i f o l i a  

L 
- " 

lamina was placed =n gc~& beaker and approximately 2'0 gm 

A t  t h e  end of  each photoperiod, the  a lgae were co l l ec t ed  

. u 

, :- the  conta iners  were cleaned once a day*. The,experiment 

days. 

mng Term Feeding Experiment 

i n  each aquarium. 

f o r  weighing and . 
. " -  

continued f o r  4 

The same s n a i l s  u sed ' i n  t he  previous d iurna l  feeding experimentewere -% 

used i n  a ldqg term feeding experiment. The experiment followed, ther:, + 



d iu rna l  experiment procedure except t he  l i g h t  per ipd was 14/10 (day/ i 

3 

night )  and t h e  weighings were made a t  24_hour i n t e r v a l s  f o r  8 .days. .. 
I 
I 

i 
I 

Consumption as a Function of Temperature 
I 

The procedure involving t h e  gluing of lamina t o  p l a s t i c  p l a t e s  was 

used t o  determine t h e  a c t u a i  consumption of t i s s u e  and t o  compare feeding 

a c t i v i t y  a t  d i f f e r e n t  temperatures. The temperatursrwas regulated w i t h  

0 
a r e f r i g e r a t e d  c losed seawater module t o  wi thin  1 C. A l l  s n a i l s  were \ 
co l l ec t ed  a t  Wizard Is l e t  i n  October, 1973. Forty-three ind iv idua ls  'were 

placed i n  each of 4 ,  4 l i t r e  aquayia. The s i z e  range of t h e  s n a i l s  was 

+ , /l7.O mm t o  26.0 nn b a s a l  . d i q t e r  i n  3 aquaria and t h e  four th  contained 
-- 

,/ 

- .  *f . s n a i l s  from 15.0 mm t o  
_.'f - .k 

y-T- 

a f t e r  a holding per iod  

continued f o r  4 days. 

wi th in  the  temperature 
-- 

21.0 mm b a s a l  diameter. Each experiment began - 
of 3 days and a non- fed ing  per iod of 2 days and 

0 
The temperatures s e l ec t ed  (5 , l o0 ,  15O C) were 

0 
range i n  t$e 5 e l d .  The upper l i m i t  was 2 C / 

below the summer maximum and t h e  lower l i m i t  was a t  

(Fig .  13) . A t  t h e  completion of  .these experiments 

1.' 

t h e  extreme winter  low, 1 
XJ' 

each group of - T. p u l l i g o  
I -  

. . 
was weighed t o  0.5 grn. Algal p l a t e s  were weighed t o  . O 1  gm before  and 

, 

a f t e r  the 4 day feeding per iod.  

u 
Feeding Frequency 

r 
J 

fhe feeding r a t e s  obtained i n  a l l  g raz ing  experiments were a mean o f  

u 
a l l  the  ind iv idua l  feeding r a t e s  i n q a c h  container .  However, i f -was  no t  

4 ': 
assumed t+a< a l l  s n a i l s  were feeding a t  t he  same time. ToSobtain  . . an 

, 
i nd i ca t i on  of the  number of p o t e n t i a l  feeding s n a i l s  t h e  number of 
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. 
individuals  upon the  a l g a l  p l a t e s  ( t h e  p la te s  were 75,% of t o t a l  subs t ra t e )  

0 during the  consbumption experiments were ~ o u n t e d ' p e r i o d i c a l l ~  a t  15 C. 

? 

1; 

RESULTS . . 
/ # 

il 
F- /-/ 

, , 

General ~ i s t r i b u t i o n  of - T. p u l l i g o ~ i n  Southeast Barkley So&- 
, 

z- 
z 

Tegula pu l l igo  was present  a t  a l l  of the  nine survey s i t e s .  Tire 

exposure and the  a l g a l  cover of the  survey s i t e s  d id  not  seem t o  a f f e c t  
- 

the  concentration o r  occurrence of 2. pu l l igo  (Table N). Tegula pu l l igo  

was found on a wide range o f  subs t ra t e s ,  the exceptions were f ine  sand and 

$ si l t .  The maximum depth of d i s t r i b u t i o n  was approximately 10 meters 
$2 

below 0 t i d e  l eve l .  

I observed - T. pul l igo  on a l l  frond s t ruc tu res  of M. i n t e g r i f o l i a  - 
except the  ap ica l  sc imi tar .  The ' sna i l s  were widely d i s t r i b u t e d  on the 

p l a n t  but  were most concentrated on the  basal  laminae. Tegula pu l l igo  

was observed on the  following macrophytes: Agarum cribosum Bory; @ar ia  
I 

marginata Postels  & Ruprecht; Costaria  cos ta ta  (Turner) Saunders; 

Gigartina Stackhouse, 1890; Laminaria s e t c h e l l i  S i lva ;  Laurencia Lamouroux, I , 
1813 ; Leathesia d i f  foemia jbinneaus) Areschoug ; Nereocys t is  l u e a e a n a  

(Mertens) Postels  and Ruprecht; Pterygophora ca l i fo rn ica  Ruprecht; Ulva 

Linneaus, 1853. Tegula pu l l igo  a l s o  tended t o  clump i n  areas of d r i f t  

- 
L 

algae,  a  concentration of 206 i n  a  0.5 m area of d r i f t  algae was recorded 

k t  Wizard I s l e t .  



>- 
8 ,  

Figure 14 
A ?. i 

A schematic - profile diagpam of,$he+cotG' s Bay, 
d' - ,' 

> , 
China Hat Pass and Wizard Islet permanent 

transects showing the macrophyte canopy in the 

summer season 
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Seasonal  D i s t r i b u t i o n  of T; p u l l i g o  and Other Herbivores 

-a - 
on a l l  permanent t r a  sects T. p u l l i g o  c o n s i s t e n t l y  csncef i t ra ted i n  T - 

r 
! 

one reg ion .  A t  S c o t t ' s  Bay t h e  a r ea  of  concent ra t ion  was on l a r g e  

- I s o l i t a r y  p l a n t s  a t  t h e  o u t k r  end of  t h e  t r a n s e c t  (Fig.  1 4 ) .  A mixed 
I I I - 

canopy of P. c a l i f o r n i c a  akd M. i n t e g r i f o l i a  over.$ cobble Bottom he ld  
' f  I .  I - 

- t h e  h i g h e s t  concentrations'  o f  2. p u l l i g o  a t  the Wizard I s l e t  t r a n s e c t  
I 

(Fig;  1 4 ) .  The maximum doncentrat ion o f  T. p u l l i g o  a t  Kelp Bay was 
4 

- 
1 

ad jacen t  t o  t h e  o u t e r  l im$t  o f  - M. i n t e g r i f o l i a  (Fig.  1 5 ) .  There was 
* 

v a r i a t i o n  over  the observa t ion  per iod  a t  China Hat Pass b u t  when - M. - - 
i n t e g r i f o l i a  was p r e s e n t  S t  supported themaximum concent ra t ion  of 2. 

t. 

- p ~ l i i g o  (Fig.  14) . 
Seasonal d i s t r i b u t i o n  d a t a  was l i m i t e d  t o  Kelp Bay and China Hat , 

1 . . 
- 4  

Pass t r a n s e c t s .  pt both sites t h e r e  was a  reduc t ion  i n  macrophyte cover 

during win te r  m n t h s  a s  +n Kelp Bay (F ig .  1 5 ) .  Between monthly surveys 

, 
t h e  t o t a l  T. p u l l i g o  p re sen t  i n  a l l  t h e  quadra t s  ranged from 36 t o  255 

a t  China Hat Pass (Fig.  1 7 ) .  Maximum numbers pe r  square  meter w e r e  

recorded wi th  t h e  degrada t ion  o f  t h e  China Hat Pass ke lp  bed i n  t h e  w in t e r  

(no te  numbefs on - M. i n t e g r i f o l i a  (Fig.  1 7 ) .  A t  Kelp Bay t h e  band o f  high 

T. p u l l i g o  concent ra t ions  was wides t  i n  t he  f a l l  ani3 e a r l y  w in t e r  months - 
(Fig.  1 6 ) .  

Although t h e  q u a d r a t ' s i z e  used on t h e  surveys of  permanent t r a n s e c t s  

was s p e c i f i c a l l y  chosen f o r  T. p u l l i g o  some t r ends  w e r e  observed i n  t h e .  

counts of  o t h e r  herbilrores.  

The con-bined me'ans o f  s h e l l  diameter from s h e l l  sand and r .  
i n t e g r i f d i a  c o l l e c t i o n s  of ;. p u l l i g o  were n o t  s i g n i f i c a n t l y  d i f f e r e n t  I 



s 
Figure 15 A schematic p r o f i l e  diagram o f  t h e  Kelp Bay 

, - . %.  

permanent t r a n s e c t  f o r  e a r l y  f a l l ,  w in t e r  and 

4 - 

e a r l y  summer showing t h e  macrophyte cover 

;). 
and conspicuous members of t h e  understory 
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Figure 16 The d i s t r i b u t i o n  of - T. p u l l i g o  on t h e  Kelp Bay 

t r a n s e c t  from September, '1972 t o  J u l y ,  1973 
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Figure  17  
i 

The d i s t r i b u t i o n  o f  T. p u l l i g o  on t h e  China Hat - 
I 

1 
Pass  t r a n s e c t  from September, 1972 , t o  J u l y ,  1973 
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A' 

2 

' -+ 
Figure 18 A-L 

and from - M. i n t e g r i f o l i a  during 1972 and 1973 

a t  Kelp Bay 

Histograms showing the  s i z e  d i s t r i b u t i o n  of 

T. pul l igo  col lec ted  from a cobble subs t ra t e  - 
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between January and June c o l l e c t i o n s  (Fig.  19; G & H I  K & L ) .  

S t rongly locent ro tus  franciscanus ( A .  ~ g a s s i z )  moved up t o  t h e  

of t he  ke lp  bed 'in t h e  e a r l y  f a l l  a t  China Hat Pass.  H a l i o t i s  i 
, . 

kkntschatkana Jonas was absent  a t  China Hat Pass and abundant a t  Kelp @a$/ 

A populat ion of .  Puge t t i a  g r a c i l i s  Dana occurred on M. i n t e g r i f o l i a  a t  - 
S c o t t ' s  Bay and increased  i n  d d - w i n t e r .  Ido the id  isopods reached high I 

- t 

d e n s i t i e s  f o r  s h o r t  per iods  during the  year .  

T. p u l l i g o  Populat ion S t r u c t u r e  
4! - 

I 
I used only those samples co l l ec t ed  by t h e  same methods f o r  I 

f 
I 

s t a t i s t i c a l  comparison. A compilation of  sample means i s  presented i n  f 
I 

Table V) . / 

I * 
. . 

The b a s a l  diameter of T. p u l l i g o  s h e l l s  c o l l e c t e d  on the  cabble , . - 
s u b s t r a t e  a t  Kelp Bay was s i g n i f i c a n t l y  l a r g e r  than from t h a t  o f  I 

i 
ind iv idua ls  c o l l e c t e d  on o r  beneath M. i n t e g r i f o l i a  (Fig.  18 ,  A-L). - 

1 
I 

Prom the  s i n g l e  t r i a l  o f  s epa ra t ing  ad jacent  s h e l l  sand and cobble 1 
C I 

I 
c o l l e c t i o n s  the  mean b a s a l  diameter of t he  s h e l l s  were found to  be 

s i g n i f i c a n t l y  d i f f e r e n t  (Fig.  18, I ,  J ) .  To check f o r  seasonal  var iat , ion 
, 

i n  t he  populat ion s t r u c t u r e  t he  cobble sample of  December was compared j 
, 

with the  combined s h e l l  sand and cobble samples of June, t h e  mean bas& 
I 

s h e l l  diameters were not  s i g n i f i c a n t l y  d i f f e r e n t  (Fig.  18, C,  I ,  J ) .  : - 
A t  China Hat Pass thebarber: of T. p u l l i g o  l e s s  t h a n  10 rmn i n  b a s a l  - 

diameter increased  when the  c o l l e c t i n g  method was modified t o  remove t h e  

upper 5 cm of t h e  s h e l l  sand s u b s t r a t e  i n  December 

populat ion s i z e  modes were found a t  China Hat Pass ,  

(F ig .  19 ,  E) . TWO 

i 
one of smal l  s n a i l s  



TABLE V 4 

B a s a l  ~ i a f i i k t e r  o f  T. o u l l i n o  (mm) from c o l l e c t i o n s  - 
. . .  

,& o r  benea th ,  On c o b b l e  On s h e l l  s and  
, 'M. i n  t e g r i f o l i b  and  s h e l l  sand  

~ o c a t i o n  Month  n mean s d :  n -  mean sd  n ' mean s d  

Kelp Bay Sept.0 45  16.2 2.4 

b 

' I  Oc t .  59  1 4 . 6  2.7 

I t  I t /  J a n .  
I' 

12 21.9 1 . 6  5 2  1 4 . 9 .  3 . 2  

I 1  : I l  Apr . 37 16.2 4 . 3  2 
L 

I I t  J u n  . 3 4 a 1 8 . 6  2.1 3 4  1 1 . 2  2 .6  
6' 

; * - 
i 
/ China S e p t .  105 16.9 2 .3  8 3  14.9 2.6 
i 
i - ' H a t .  i Oct .  45 1 5 . 9  2.7 29 1 3 . 5  3.1 

/ P a s s  Dec . 49 1 6 . 1  2 .5  45 b 8 . 8  2.3 

I 1  J a n .  
b it ' 26 1 8 . 3  1.6/ 3 8  8.4 3 - 6 -  -- -_ - -  

T*-- 

/ 1 
i 

I I r .  3 1  1 6 ~ ~ 1 . 7  5zb 8.0 2.4 

/' ' 
, -q 

11 J u n .  
b 

43 1 7 . 2  2 . 2  49 11 .7  3 .2  

S c o t t t ' s  S e p t .  33 25.7 2.9 - < / 
/ 

. I  

/ Bay 
Oct .  25 27.5 4.1 

/ - - 
/ 11 J a n .  35  25.7 4.0 

c' - -4 

x 

Wizard S e p t .  1 0 8  1 8 . 8  2.5 78  11;l 2.4 
,/ .. 

I 

..' 
I s l e t  Oct .  5 8  19 .0  3 .3  95  13 .4  4.0 L 

- 

1 

7 '  

Feb. 18 .9  3 .7  20 10.8 2.4 

a c o b b l e  o n l y  
- * 

b s u b s t r a t e  removal  



E 9 
upon the  s h e l l  sand subs t ra t e  and the  other  of la rge  s n a i l s  on - M. @ 

i n t e g r i f o l i a  (Fig. 19) . 
Only one s i z e  mode was found i n  the  co l l ec t ions  from M. i n t e g r i f o l i a  

a t  S c o t t ' s  Bay and it was s i g n i f i c a n t l y  la rger  i n  mean basa l  diameter from 
I 

those on - M. i n t e g r i f o l i a  a t  other  s i t e s  (Table V ) .  Wizard I s l e t '  

followed the  same pa t t e rn  of s i z e  d i s t r i b u t i o n  as Kelp Bay i n  tny samples . 

(Table V) . 
t - 

, 
Moti l i ty  

Moti l i ty and Substrate Preference of Tagged T. pu l l igo  

' The movement of individuals  a f t e r  being placed on d i f f e r e n t  

subs t ra t e s  is  expressed as a percentage of the  t o t a l s  recovered and tagged 
\ 

(Table V I ) .  The t o t a l  percentage of tagged T. pu l l igo  recovered 

decreased w i t h -  time. The d is tance  of recovery from the deposi t  a rea  
*' 

increased with time (Table V I ) .  The maximum recovery d is tance  d id  not 

represent  the  t o t a l  distance moved, as  considerable mult i-direct ional  
2 -. 

movement took place between surveys. One Qgged individual  moved a 

'minimum distance of 1.75 m ,  a l t h o u g h ~ i n  the  f i n a l  48 days survey it was 

z q  
, 0.5 rn from the  deposi t  area (Fig. 2 0 j .  .A subst&e preference would seem 

i" 

t o  be indicated by .the movement o t .  the  tagGed s n a i l s  back ' t o  the area  of 
I ^  

"4 
t h e i r  col lec t ion .  

~ o t i l i t ~  of Tagged 2. pu l l igo  on M. in te ,gr i fo l ia  
.Q 

There was a decrease i n  tagged s n a i l s  and an increase i q  untagged s n a i l s  
, - 

\ 



TABLE aVI 

Ross I s l e t s  Tagging Experiment 

D i s t r ibu t ion  of Tagged S n a i l s  Days from the  I n i t i a l  Deposit  of Tagged 
T. p u l l i g o  - - k5 

1 3  3 0  48 

Percent recovered of t o t a l  
tagged 5 4  3  4 13  1 2  

,,- Percent  of t o t a l  ecovered 5 
found within .5 m quadra t  45 61  50 18 

I 

Bedrock con t ro l  group . ** -- 
Percent remaining on bedrock 

A' 

from bedrock c o l l e c t i o n  96 23 8  4  42 

Origin of o ther  recovered S h e l l  Sand .  S h e l l  Sand S h e l l  Sand She l l  Sand 
s n a i l s  

, . and M. 
i n t e r g r i f  o l i a  

M. - i n t e g r i f o l i a  c o l l e c t i o n  
deposi ted on s h e l l  sand 
Percent remaining on s h e l l  sand 96 36 33 14 

'I 

,' 
Origin of s n a i l s  found b u t  n o t  ~. . -.. 
deposi ted on s h e l l  sand ------------ S h e l l  Sand ---------------- 

S h e l l  sand c o l l e c t i o n  
deposi ted below M. i n t e g r i f o l i a  
Percent remaining below o r  on 
M. - i n t e g r i f o l i a  100 54 14 25 

Origin of s n a i l s  found bu t  not 
, 

deposi ted below 5. i n t e g r i f o l i a  ------------ M. i n t e g r i f o l i a  ----------- - 



Ross. I s l e t s  tagg'ing experiment search and - Figure 20 

deposi t  a rea  fo r  tagged T. pull'igo - .  



$ M. integrifolia >60•‹ ROCK FACE 

/ -------- SHOWS ONE, SNA K S  TRA IL OVER t48 DAYS 
6 



2 ' 
rr' 

TABLE VII . 

S c o t t  ' s  Bay Tagging<-Experirnen t 
? 

Time from i n i t i a l  depos i t  (days) 

Percent recovered 62 4 5  24 
o f  t o t a l  taggeda 

number .recovered 

number o f  untagged 
snal'ls 

a 29 _T. p u l l i g o  
on 5/6/72 

were deposi ted a t  t h e  base of the  plant  
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with time in' t h i s  experiment (Table V I I )  . Within 15 days a  few individuals  
r. ' 

had reached the  a p i c a l  a rea  of the p lan t  a v e r t i c a l  distance o f . 6  m. 

Kelp Bay Infes ta t ion  Experiment 

6 ' . 
f The importance OF s p a t i a l  separat ion of herbivores was i l - lus t ra ted  by 

this experiment. The hor izonta l  distance separat ing the  two plants  was 
: I) 

approximately 15 m and-therd was a  2 m d i f f e r e n t i a l  i n  depth. However, 
l -  *=@ 2 

S. fr&ciscanus a t  the  deeper t ransplant  did not move shoreward t o  feed on  - + 

t ransplant  A a f t e r  consuming &e t ransplant  B (Table V I I I )  . The 

concentration of T. pul l igo  on the  s i n g l e  1.5 m frond was exceeded only by 

the counts of - T. pu l l igo  on d r i f t  alga: 

Moti l i tv as  Related t o  Water Movement 

During a  period of maximum t i d a l  flow ( .5  knots) ,  T. pu l l igo  was 
- - - t- -- - 

observed on M. i n t e g r i f o l i a  i n  concentrations exceeding 30 per  plant .  

A t  t h i s  t i m e  the  p lants  were displaced up to  50 degrees from the  v e r t i c a l .  

A t  Kelp Bay a  one meter (wave height)  chop causing v io len t  p lant  motion 
. - 

did nqt dislodgk - T; pull igo.  
s ,  . A + - 

; .  
I 

P 

Feeding Behaviour 

A l l  r e s u l t s  were expressed i n  fresh b lo t t ed  we lTh~  of p lan t  i n  grams 2 
ri 

per gram fresh b lo t t ed  body weight of - T. pul l igo  (including s h e l l )  per 24 
- - - - - - -- - - - 

hours grazing. The controls  d i d  not show any s i g n i f i c a n t  n e t  change,in 

1 
< 

" f 
weight i n  any of the feeding experiments. %,. 



TABLE I X  . 

- - 
Feeding Fate Experiment on TWO Species  o f  Algae 

M. i n t e g r i f o l i a  - P. c a l i f o r n i c a  - 

Group 

- - 
Total  f o r  4 8 h o u r s  x =  .04 sd = + .02 x = .01 s d  = 2 . O 1  

a .  grams of p l a n t  lamina f r e sh  weight p8r gram o f  b l o t t e d  body weight 
o f  - T. p u l l i g o  

* > 

% 

3 
$ 

3 



N O N  
0 0 0  . . .  



-Feeding Experiment t o  Tes t  Feeding Rates on Two Algae 

- * The mean feeding r a t e  of T. p u l l i g o  on P. \- ~ a l i f o r n i c a  was fou r - t imes  - 
4 w 

l e s s  than t h a t  f o r  El. i n t e g r i f o l i a .  This was a s ign iE ican t  d i f f e r ence  

< I' - although t h e  experiment was terminated a f t e r  only 2 days (Table I X ) .  5. 

L 

f 
* 

r- .. Z 

- ' *  , 
Diurnal Feeding Experiment - 

There was no s i g n i f i c a n t  d i f f e r ence  i n  t h e  mean feeding r a t e  of 

f 

T. p u l l i g o  on M. i n t e g r i f o l i a  during t h e  &y and n ight  feeding per iods .  - .q 

- - 
Extreme values f o r  feeding occurred during both day and n i g h t  feeding ' 

periods (Table X )  . 

Long Term Feeding Experiment 

An e leva ted  feeding r a t e  was observed f o r  2. p u l l i g o  during the  4 
4 i 

' f i r s t  t h r ee  days of  t h i s  experiment (Fig.  21f. '  A complete f a c t o r i a l  
- - - -- - - - - -  - 

Anova was appl ied  t o  t h e  r e s u l t s  using the  p l ace  o f  o r i g i n  and the  days a s  

two f ac to r s .  The majof component of  feeding r a t e  v a r i a t i o n  w a s  i n  t he  

days p f  the experiment. The v a r i a t i o n  between the  p laces  o f  o r i g i n  was 

s i g n i f i c a n t  b u t  n o t  as  g r e a t  a s  between the  days (Table X I ) .  
4 

t 
i 

Consumption a s  a Function of Temperature 

3 
The grand means ca l cu l a t ed  f o r  each experiment excluded the  f i r s t  f 

%. - k* 
day 's  r e s u l t s .  There was a s i g n i f i c a n t  d i f f e r ence  i n  t h e  feed&g r a t e s  

- - - - - - - - -- - ' Z 

0 
a t  5O C and 15O C: Feeding r a t e s  a t  10 C were no t  signifi&antly,:  - 

=! 
0 

d i f f e r e r i t  than C.  Feeding .ceased when t h e  temperature ,peached 1 8  C 
L 

(when cool ing u n i t  malfunctioned) (Table X I I ) .  



Figure 2 1  . ~ a r i a & o n  i n  t h e  feeding r a t e s  of  T. p u l l i g o  - 
with  time a t  lo0  C. ---- grand mean of days 

v e r t i c a l  l i n e s  range i n  gm/gm/24 h r  

ho r i zon ta l  l i n e s  . me an gm/9(2 4 h r  

v e r t i c a l  a x i s  rec tangle  S D 9m/gm/24 h r  





TABLE X I  

Complete Factorial Anova of the Results 
of the Long-Term Feeding Rate ~ x ~ e r i m c ~ t  

Factors d f F P ~e?cent of *variance 

piace of, 
Origin 5 

Days 7 .9,6 



TABLE XI1 

Consumption Rate Experiments at 3 Temperatures 

m 

I 

Gr,oup Day 1 Day 2 Day 3 Day 4 

-002 
.ooo 
.002 
. 000, 

t 

a. grams of plant lamina per gram of blotted body weight, T. pulligo - 
b. excluding one day 



Feeding Frequency 
T" 

The percent  of individuals  on a l g a l  p l a t e s  i n  the  feeding tanks 

0 
of the  15 C c&nswtion experiment ranged from 40 t o  0 percent of the 

tank population. Thezmean •’0; 40 observations was 12.5 S D  + 6 percefit. - 
~t was not  possible t o  di&tinguish feeding individuals  from non-feeding 

individuals on the  plates,.  

DISCUSSION 
6 

Food resources may be an underlying fac tor  i n  the  d i s t r ibu t iona l  ' 

pat tern  of x. pull iqo.  Algal cover decreases with depth and f i n e  sand 
'* 

and s i l t  r a re ly  support mul t ice l lu lar  algae. The range of  macrophyte: 

inhabited by - T. pu l l igo  suggests feeding preference was not  an important 

+ f ac to r  i n  the  d i s t i i b u t i o n  of populations. Despite the  differences in  
d 

the feeding r a t e s  on - P. ca l i fo rn ica  and on M. i n t e g r i f o l i a ;  T. pul l igo  - - 
inhabited ,both species.  
'i 

C 

.a', , 
The bin-odal d i s t r ibu t ion  of - T. pull igo requires an explanation. 

The lack of small individuals  on the kelp suggests a steady immigration is 
d 

required to maintain t h i s  population. This s i z e  f ac to r  may'be re l a t ed  to 

- the feeding mechanism'of the  s n a i l  and se lec t ive  predation on the  sna i l .  

C 

Visual sensing of prey plays a p a r t  i n  the  capture of food by f i shes  

a 

and - T. pul l igo  forms a port ion of the d i e t  of Hexagrammus aecagrammus 
mr 

(Pallus,  1810), (Leaman, pers.  comm.). Therefore, camouflagin+of 

organisms would be important i n  t h e i r  survival  on a given subs t ra te .  
* I  - Young s n a i l s  l iv ing  i n  a s h e l l  sand subs t ra te  plend i n t o  the-back- 

I -. 

ground because of t h e i r  brawn and white colouration. This colouration 3 - ,  
t. % ' 

% 



r . 

changes as  they grow due t o  increasing enc rus t r a t ion  by t h e  red a l g a  

w 
Peysonnelia p a c i f i c a  (Kylin) . Young i n d i v i a u a l s , t h e r e f o r e  would be more 

v i s i b l e  than o lder  s n a i l s  on a b r p n  macrophyte background subjec t ing  them 

t o  g r e a t e r  predat ion.  

The s u b s t r a t e  may be  very important i n  t he  a b i l i t y  of 2. p u l l i g o  t o  
>- 

feed e f f i c i e n t l y .  The feeding ac t ion  of  _T. pu l l i go  is s i m i l a r  t o - o t h e r  

herbivorous prosobranch ga&tropods which requi res  t he  radula  t o  be 

f l a t t e n e d  over  a bending plane a s  it i s  a p p l i e d , t o  t h e - f o o d  s u b s t r a t e  
'. 

- 
, I I  

(Purchon, 1968).  The extr&mely roqgh t ex tu re  and small  sLze o f  s h e l l  

sand fragments r equ i r e  a very small  radula  t o  harves't t h e  micro-algal 

cover.  Since the  r adu la r  s i z e  increases  with the  growth of the s n a i l  
t 

then the  e f f i c i ency  of feeding w i l l  decreas-e on the  s h e l l  sand substrate!. 
4 .  

The increase i n  r adu la r  s i z e  and change i n  co loura t ion  w i t h  age may then 
9 

cont r ibu te  t o  the biomodal population d i s t r i b u t i o n .  

- 
B 

s t r u c t u r e  ko 2. p u l l i g o  h~ the  p o t e n t i a l  t o  move 10 m per  bourr6n a s ~ ~ t h  

sur face  (Mi l le r ,  1974): Further ,  t h e  r a t e i o f  r e d a p t a r e w i n  tagging 
d. 

experiments suggest  rap id  d ispers ion .  Harever , t h e  problems with Gg- 

. 
s e l e c t i v e  preda t ion  due t o  t a g  v i s i b i l i t y ,  the  high. r e l i e f  

- *- . 
and the  l imi t a t ions  of underwater searches a l l  cont r ibu ted  

% .  

recovery r a t e .  

The %lack o•’ un id i r ec t iona l  movement by'tagged s n a i l s  
e* 

" i 
of the  s u b s t r a t e  

t o  a low A 

c 1  - 

and the  seasonal  
1 

- 

. s t e i l i t y  qf the  population 2 t ruc tu re  i nd ica t e  #a t  a mass movement i n  andC 
* &  

o u t  of the ke lp  bed i s  un l ike ly .  1, -. 
e 



In t he  spectrum of f a c t o r s  a f f e c t i n g  t h e  feeding r a t e s  of h e r ~ i f o r e s  

I have only s tud i ed  a  few f o r  T. pu l l i go .  The d i f f e r ence  i n  feeding r a t e s  - 
* ,  

and,P. c a l i f ~ r n i c a  was no t  c l e a r l y  

- exhib i ted  i n  t h e  f i e ld -  d i s t r i b u t i o n .  The g r e a t e r  sur face  a r e a  provided 

- by M. i n t e g r i f o l i a  could account f o r  any l a r g e r  numbers pe r  p l a n t  i n  t he  - 
f l  d&/---,? --.. - 

0 
C - 

1 f i e l d .  The s t rong  a f i n i t y  shown by i n t e r t i d a l  f. f u n e b r a l i s  f o r  M. 
-r - 

f .,- 
-r. 

3 > - 
i n t e g r i f o l i a  (Bes t ,  19641.when it has only i n d i r e c t  access  t o  the  p l a n t  . -- - 

suggests p re fe rence  m u s t 6 e  r e l a t e d  more d i r e c t l y  . to t he  f i e l d  s i t u a t i o n .  

\ * - 
- The use of a  non-feeding per iod i n  t he se  experiments dPd cause an 

..' 

acce le ra ted  g r a z h g  r a t e  f o r  -the f i r s t  few days&•’ t he  experinient'. ' 
v .  

\__ - 
.&3: Y. 

- However, the i e a n  values  i m m r t a n t  t o  +is ,study were ca l cu l a t ed  by 
3 .  >- - 

- , - ,  a .  , .  , 

d e l e t i n g o  t h e  f  ikt day 's  r e s u l t s  t o  .*par t ia l ly  compensate f o r  t h i s  f ac to r .  

? -* 

f f  
- 

. There i s  an ev ident  need f o r  long term feedinc+experiments i n  t he  
e 4 '  

- - e..+ ..* 1 
dabora tory  and i n  t h k  f i e l d  t o  d e t k t  dny seasonal  o r  c y c l i c  feeding 

r \  . 

va r i a t l dn .  Feeding r a t e s  a t  var ious temperatures p a r t i a l l y  f i l l s  t h i s  gap 

*. . a& indi'm-tg mid wih t e r - f eed ing  r a t e s  a r e  l e s s  than summer and f a l l  feeding. 

' . - .  \ * - 
r a t e s .  - .  'i . 

In terms of body weight and feeding r a t e  2. p u l l i g o  would appear t o ' '  
t 

be  an unimportant herbivore.  However, l e t  us  consider  t he  r e l a t i v e  

feeding r a t e s  of a  number of herbivores .  

The feeding r a t e 3  of a  v a r i e t y  of herbivores  have been obtained using 
/ 

t he  a l g a l  weight o r  a r ea  l o s s  method by seve ra l  workers (Bes t ,  1964; 

Jones,  1971; Leighton, 197l9. I have converted t h e i r  values  t o  a  s tandard,  

grams'of p l a n t  t i s s u e  pe r  gram b l o t t e d  body weight of herbivore per  24 hours 

feeding; t o  compare t h e  feeding p o t e n t i a l s  of herbivores  (Table X I I I ) . , ,  
r' 



Selec ted  Herbivore Feeding Rates 
P' 

Me an * Inves t i ga to r  . 
4m/gm/2 4 

Herbivore gm a lga /  
i i nd iv idua l  

Me an 
weight 
ind iv idua l  

187 

578 

54 

'235 

6.0 

.08 

2.3 

.. 0 Ua ighton,  1971 Astraea undos a 2.50 

H a l i o t i s  corrugata  8.50 

. (137 Leighton, ,-I971 
n 
A 

S trongy locent ro tus  
f ranciscanus 5.70 

" +- 
. 0 2 i  4 - w Leighton, 1971 

. 0 13 
b 

Best ,  1964 

1dotea reseca ta  1 . 1 2 ~  ' Jones,  1971 

- d 
.03 Sharp. 1973 

_l.- . -, 

Wet weight of animals,  with exoskeleton. 

0 0 
One of two ind iv idua ls  pe r  experiment a t  12.8 C - 13.9 C. For s i x  
per iods of s i x  days each. Four phaeophyte e c i e s  o f f e r ed  as food. @& i 

Sixteen ind iv idua ls  f o r  3 1/2 days a t  14O C - food - M. p y r i f e r a .  

0 0 
Mean t e n  ind iv idua ls  ca l cu l a t ed  from i n i t i a l  weight a t  13.9 C - 17.2 C - 
food - g. p y r i f e r a .  

0 /' 
Mean f o r  n ine ty  ind iv idua ls  f o r  e i g h t  days a t  10 C; 'food - M. i n t e g r i -  

.$olia. 
_*I 

9.3 

4 



In%_eks-fiof consumption pe r  ind iv idua l  the  herbivores  w i t h  t he  g r e a t e s t  

I 

f e e d i n g p t e n t i a l s  per  ind iv idua l  org&&ism a re  t he  abalone and the sea  

urchins,  t he  l a r g e s t  herbivo;es. ~ A e v e r ,  the  high feeding r a t e  per 

' unict weight of Idothea means t h a t  la rge  numbers of t h i s  isopod can @use 
a 

s i g n i f i c a n t  grazing damage. A l a rge  migration of ~ d o t h e a  destroyed the  s 
canopy of a - M. p y r i f e r a  bed i n  Cal i forn ia  (Jones,  1971).  S i ze  t h e r e f o r e '  

i s  n o t  always 3 good c i i t e r i o n ;  m o t i l i t y  and numbers may be more important.  

From con&cting feeding experiments w i t h  21. p u l l i g o ,  I r ea l i zed  . 
i nc iden ta l  t+suer-loss is a l s o  an important f a c t o r  i n  grazing p o t e n t i a l .  

J 

r 

An extreme case  of i nc iden ta l  :issue l o s s  is exe_mplified by 5. franciscanus 
n - - 

r -u- 

which can sever  the  2 t ipe  of a frond while o n l i  consuming a few grams of - - - - -  * 

* 
t i s s u e s  (Leighton &> a l .  , 1966) . My' feeding expe rLen t s  have shown 2. 

pu l l i go  does cause inc iden ta l  t i s s u e  lo s s  even i n  labora tory  experiments -- 
e C 

-0 
under quiescent  condi t ions.  A t  t he  same temperature (10 C) there  was a 

- 

'7: 3 f o l d  d i f fe rence  between &e a l g a l  p l a t e  and f r e e  algal sec t ion  
v- I- * 

experiments, due t o  l o s s  of non-weighable fragments i& t h e  l a t t e l :  experiment. ' -+L, 

ir 

The previous d iscuss ion ,of  comparative feeding poten t iabs  r e l a t e s  

d i r e c t l y  t o  the  quest ion what is the  r e l a t i v e  importance of T. p u l l i g o  i n  . 
r^ 

the ke lp  bed. There a r e  herbivores  feeding upon M. i n t e g r i f o l i a  t i s s u e  

with a g'reater biomass per  ind iv idua l  than - T. p u l l i g o  thus a g r e a t e r  

feeding p o t e n t i a l  per  individual .  Astrea gibberosa and g. kamtschatkana 

A. 

a re  two such l a rge  herbivores  with a ,greater feed& p o t e n t i a l  than 

T. pGlligo b u t  they feed only i n d i r e c t l y  on E. i n t e d r i f o l i a  i n  d & f t ,  - 

,,- mater ia l .  S t ronglyocent ra tus  franciscanus i s  another obvious l a rge  
a'- 

herbivore and i ts  a b i l i t y  t o  decimate l a rge . . ke l~  bgds has been well  



- documented (North,  1960-1974). I n  t he  Barkley Sound a rea  2. f ranciscanus , 
< 

i s  only a pe r iod i c  i nhab i t an t  of t h e  ke lp  bed and is a l s o  l im i t ed  i n  i t s  
% 

shoreward incurs ions  i n t o  t h e  ke lp  bed '(pace, pe r s .  corn.)  . The k e l p  

c rab  w a s  not  ev ident  i n  t h e  k e l p  bed except during t h e  f i n a l  degradation 
* 

of t he  ke lp  bed. 

I t  appears t h e r e  is  no continuous grazing pressure  from any of the  

l a rge  herbivores  p re sen t  i n  t h e  k e l p  bed. 

Small herbivores  with a high feeding r a t e  per  u n i t  weight such .as rtc 
-+ 
7 2  -v 

isopods were always p re sen t  i n  t he  ke lp  bed b u t  only when t h e  populat ion 
", 

peaked f o r  s h o r t  per iods was consequent ia l  impact poss ib le .  

Tegula p u l l i g o ,  although intermediate  i n  both s i z e  and feeding r a t e  
P 

of  a l l  ke lp  bed herbivores  was t he  s i n g l e  herbivore p re sen t  feeding on 

'g. i n t e g r i f o l i a  i n  high concent ra t ion  throughout t he  p l a n t ' s  grawth and 
\ - 

degradation. Furthermore, a percentage o f  t he  2. p u l l i g o  population was 
' . 

feeding 54 hours a day on M. i n t e g r i f o l i a . ,  This herbivore a l s o  remains 

i n  t he  a r ea  of t he  bed throughout the *year and i s  p re sen t  upon the  e a r l i e s t  

young sporophytes. 

The inc iden ta l  t i s s u e  l o s s  due t o  2. p u l l i g o  grazing i s  a s i g n i f i c a n t  

r add i t i on  t o  t he  a c t u a l  consumption of M. i n t e g r i f o l i a  t i s s u e .  - 

I conclude - T. p u l l i g o  exe r t s  t h e  g r e a t e s t  continuous grazing pressure  
i 

i n  M. i n t e g r i f o l i a  i n  Barkley Sound ke lp  beds. - 



METHODS 

PLAN*HERBIVORE INTERACTION 

Grazing Damage 
C 

To cha rac t e r i ze  t he  grazing damage caused by T. pu l l i go ,  I observed - 
I 

damage caused i n  feeding experiments and with high con&trat ions o f - t h e  

s n a i l s  on - M. i n t e g r i f o l i a  i n  t he  f i e l d .  This damage&was recorded 'wi th-  i 
- 

photographs and drawings. 

To access grazing damage and erosion i n  t he  - f i e ld ,  a  t o t a l  of 107 

fronds were co l l ec t ed  during the  spr ing  and summer of 1973 from 5 ke lp  beds. 
,,- _ 

Fif ty- f  ive  of these  fronds were co l l ec t ed  from wizardG I s l e t ,  Ross I s l e t s  

& 

3 and S c o t t ' s  Bay wi th in  one,week i n  June, 1973. Observations were made of 

.I/.- 
- 

Z 

s t i p e  length,  blade number, an es t imate 'o f  lamina t i s s u e  l o s s ,  the  na ture  

of the damage and region of damage. The est imation of lamina t i s s u e  l o s s  

' was based on a comparison with whole lamina on t h e  same frond. Bie 2egions 

of damage were charac te r ized  a s  per iphera l ,  c e n t r a l ,  d i s t a l  andproximal .  

The nature of t he  damage was charac te r ized  by shape and colour ,  such a s  
. - 

hole,  s l i t ,  indenta t ion  and d isco loura t ion .  m e  i n i t i a l  cause of t he  

damage was r a r e l y  decipherable,  bgcause g r w t h ,  decay and erosion obscured . - 

t he  o r i g i n a l  grazing damage. 

- - * . 
Frond degradation, grazing and erosion 

In  the  f i e l d ,  grazing and erosion a c t  together  i n  the  degradation of 

* 

a lgae .  ?he follcwing experiments were designed t o  quant i fy  t he  .. - '. 
, 



r e l a t i o n s h i p  between the  combined e f f e c t s  of erosion and grazing on 

M. i n t e q r i f o l i a  t i s s u e  105s i n  the  f i e l d .  These experiments a l s o  - 
' 4  

provided a comparison of laboratory feeding r a t e s  with f i e l d  i n t e r a c t i o n  

of grazing and eros ion .  A prel iminary experiment was used t o  determine 

- 
the  experimental per iod  and o v e r a l l  e x p e r h e n t a l  design. The r e s u l t s  

a r e  presented here. t o  explain the reasons f 6 r  f i n a l  experimental design.  

Fronds were co l l ec t ed  from an i s l o l a t e d  ke lp  bed sub jec t  t o  s t rong  
i ,  

s ,' 

t i d a l  cur ren ts  i n  Barnfield i n l e t .  The fronds co l l ec t ed  had only t r a c e s  

of damage on t h e i r  laminae s ince  few grazers  were present  i n - t l i i s  k e l p  bed. 

m e  fronds were sepqrated i n t o  3 groups of 2 fronds each; independent 

1 
laminae were t runca ted  by c u t t i n g  o f f  t he  uneven t i p s ;  then, marked with 

tape and measured.for length.  Stones were t i e d  t o  the  h o l d f a s t  of each 
4 

-, 
/ 

frond t o  permit f r e e  f l o a t i o n  of t h e  upper frond. One group was deposited- 

i n  a concentrat ion of  T. pu l l i go  a t  Wizard I s l e t .  A second group was 

placed i n  a c y l i n d r i c a l  tank, 2.5 x 0.5 m with 100 T.' p u l l i g o  co l l ec t ed  - 

from 5. i n t e g r i f o l i a  a t  Wizard I s l e t .  An ad jacent  1.0 x 0.5'm tank he ld  

the t h i r d ,  a con t ro l  group with no snail 's ( ~ i g .  22a) .' The fronds were 

l e f t  under these condit ions f o r  5 days. 

/ 
To give these fronds f i e l d  exposure a f t e r  removal of T. pu l l i go ,  - 

moderately wave-exposed s i t e  was chozen a t  S c o t t ' s  Bay a t  a depth of 2 

with a f i n e  sand s u b s t r a t e  devoid of p l an t s  and herbivores  (Fig.  23), 

Eight l a rge  (10 - 15 kg) boulders were wrapped with rubber bands and 

deposited a t  the  experimental s i t e .  After  5 days each lamina from t h e  

three  groups was remeasured and t h e  fronds were t r ans fe r r ed  t o  the boulders 

a t  the, S c o t t ' s  Bay f i e l d  si ' te.  The fronds' were . r e t r i eyed  a f t e r  21 da$s i n  



. Grazing and erosion i n t e r a c t i o n  experiment Figure 2 2  

, # 

The feeding ( t a l l )  and cont ro l  ( sho r t )  

tanks connected t o  an open seawater 

system 

An extreme case of lamina damage . 

following a 7 day feeding period i n  

t h e  feeding tank 





t h e  f i e l d .  Only t h e  con t ro l  showed n e t  laminae growth.>(Table X I V ) .  
t 

Since the  e ~ p e r i m e n t a l ~ p l a n t s  grew and l o s t  t i s s u e  during t h i s  per iod it 

was d i f f i c u l t  t o  obta in  a t r u e  value f o r  the i n t e r a c t i o n  of  e r io s ion  and 

grazing with t h i s  exposure period.  No quan t i t a t i ve  r e l a t i o n s h i p  could 

be es tab l i shed  between t i s s u e  lo s s  and f i e l d  grazing when the number of 

p o t e n t i a l  herbivores  were unknown. 
\ 

? t ro l fukl  s c a l e  experiments followed the above method described f o r  

the  t r i a l  experiment exc=t t he  exposure period was shortened and a l l  
2. 

experimental f$bds were grazed on i n  t he  laboratory tar& by atknown 
i) 3 - 

populdtion > i z e  of ;. pu l l i go .  
%! 

  our fronds were used per  group i n  both experiments, The two 
f 

experimental per iods were 3 days feeding and 7 days f i e l d  exposure; 

7 days feeding and 4 days f i e l d  exposure respec t ive ly .  The wind 

v e l o c i t i e s  and d i r e c t i o n s  p lus  s ea  condit ions were obtained from 3 d z i l y  

readings a t  t he  Cape Beale l igh thouse  f o r  the experimental per iod.  This 

information allowed comparison of the d i f f e r e n t  exposure periods i n  terms 

of t i s s u e  lo s s .  

D r i f t  Algal Collect ion - 
Numerous observat ions of d r i f t  a l g a l  accumulations were made during 

survey dives.  The o r ig in ,  charac te r  and amount of t h i s  ma te r i a l  was 

inves t iga ted  i n  t h i s  s tudy t o  provide information on the  na ture  of t i s s u e  - 
. - 

l o s s  by erosihn *and grazing. . -  
a , > 

\ / 

To c o l l e c t  t h i s  d r i f t i n g  mater ia l ,  ;ne ga l lon  buckets we& covered 
- 

with heavy p l a s t i c  except f o r  a 15 cm diameter hole .  The n w e r e d  buckets 
L--- * / - '; % 

7 



The grazing andjerosion Figure 23 

s i t e  located i n  . S c o t t ' s  Bay 'with a  

de t a i l ed  ana lys i s  of i t s  open angle 

and fe tch .  The range of f e t c h  i n  

km i s  l i s t e d  fok each subdivis ion of 

the  open angle 







were buried i n  p a i r s  up t o  5 cm from t h e i r  l i p s .  Five s i t e s  were chosen 

i n  t he  m s s  I s l e t s  Plateau ke lp  bed. Three s i t e s  were wi th in  the bed i n  - 
s h e l l  sand and cobble channels; one s i t e  was a t  the ou te r  edge of the 

ke lp  bed and the  f i f t h  s i t e  was a t  the bottom of a rock c l i f f  on a 

sediment p l a in .  

- 
.The algae were co l lec ted- f rom the buckets 24, 31 and 46 days a f t e r  

O c t o h ~ r  4 ,  1973. ' The l a r g e s t  fragments were 'picked up by hand and &I&, ' .. . . 
-- 

r e s t  were removed by a s l u r p  gun and exhausted i n t o  a muslin bag. In 

t h e  laboratory t h e  recognizable fragments were separated,  b l o t t e d  and . 

weighed on a t r i p l e  beam balance , t o  0.1 gm. 

RESULTS 

Grazing Damage 

Tegula pul l igo.  grazing damage was very d i s t i n c t ;  its radula removed 

t i s s u e  layer  by l aye r  (Fig.  24 ) .  The me~istoderm and p a r t  of t he  c o r t i c a l  
. a .  

t i s s u e  were frequent ly removed and i f  t he  s n a i l  remained i n  one p lace  it 
-- - 

crea ted  a hole .  Tegula pu l l i go  were most common on the  laminae of the 

fronds and grazing d a a g e  was widely d i s t r i bu ted -on  the  lamina. 

'It was found i n  the general  grazing damage and erosion survey t h a t  
& 

mature and we l l  d i f f e r e n t i a t e d  sporophylls received l e s s  damage khan the 

nea re s t  b a s a l  blades (Fig. 25)  .. The more b a s a l  was t h e  lamina the g rea t e r  

was t h e  damage found on it. Grazing damage was not  r e s t r i c t e d  tq any 

por t ion  of t h e  lamina; although pe r iphe ra l  damage was most common. The 

a p i c a l  s c imi t a r  was r a r e l y  damaged by herbivores and the.pneumatocysts were 

only damaged on o l d  fronds a f t e r  the l o s s  of l&nae. 



d9 

The- fronds co l l ec t ed  from t h e  Ross .Ts le t s ,  Wizard Isle$ and S c o t t ' s  
' 

A 

Bay were grouped i n t o  5 s i z e  c l a s se s .  The pergentage of  bladqs on t h e  
- 3 

f ronds i n  e a c h . s i z e  c l a s s  which had l e s s  than 10 percent  of t h e i r  

o r i g i n a l  t i s s u e  (less than 5 cm i n  , length, degenerate larhikae) increased 

wi th  t h e  length of  t h e  frond (F ig .  26 ) .  
* . 

. . 
i 

+ Frond Degradation, Erosio-n and Grazing x 
- * 

+ 

For both fu l l .  i c a l e  experiments' (~umbers '  2 and 3) exposure p&riods e J 
- 

were comparable s i n c e  the wind v e l o c i t i e s  and d i r e c t i o n s  recorded a t  

- 7 
% 

x - Cape Beale i nd i ca t ed  a s t i o n g  southeas t  wind, causing a moderate,swell a t  

t h e  S c o t t  ' s Bay s i t e  during both experimental  able XV) . 9 

rC 
II . a> A t o t a l  of 305 ~ r n  of lamina ( length)  was l o s t  i n  experiment 2 with 

- 7 days f i e l d  exposure, ahd- #e cop t ro l  showed 'no n e t  change i n  this - 
I .  

exposure per iod (Table X V I ) ,  P@er&the f i e l d  exposure time was shortened 
' i -  

b u t  feeding eGposure lengthelEd i n  experiment 3 ,  l o s s  of laminae length 

w a s  one t h i r d  of p l a n t s  wi th  7 cjays exposure (Table X V I I ) .  
. B  '., . . 

~ t w ~  ey$~ent'.from the grazing damage t h a t  lamina a r e a  would have 
- .. * < .. * 

been a b e t t e r  i nd i ca to r  of t i s s u e  l o s s  (Fig.  22b). Apical s c imi t a r s  were 
- i * 

o r  measured b u t  they d i d  no t  s u s t a i n  grazing 'amage.  

a 
/ Tfie c a l c u l a t i o n  of  a r a t e  :of t i s s u e  l o s s  k o a i n i n g  the e f f e c t s  of 

erosion and grazing damage was based on experiment 2.  The experimental 

laminae had an average width o f  10 cm and a weight .03 gm/cm2 of t i s s u e  

l o s s .  The;. r e s u l t  of 3 d a y s  feeding and 7 days exposure was a grazing 
. . 

" * erosion r a t e  of 0 .3  gm of M. i n t eq r ik61 ia  lamina l o s t  per  gram body weight 

of s n a i l  per  24 hours grazing + .2 gm. 



Figure 24  

P 
* 

'Charac te r i s t i c  grazing damage of i so la ted  

T. pul l igo  on a  M. i n t e g r i f o l i a  lamina - - 
'I 





P_t Figure 25 M. i n t e g r i f o l i a  i n  v a r i o u s , s t a t e s  of degradation - 

co l l ec t ed  i n  May 

a .  A hea l thy  young f r o n d . a l l  laminae complete 
* 

b.  A young frond missing 4 laminae bu t  with 

sporophy1J.s (arrow) only p a r t i a l l y  

damaged 
I --- 

c-d. Fronds which survived the win te r  and show 

new growth bu t  a r e  missing most of the  

previous years  laminae " 





Figure 26  Variat ion i n  t h e  percentage of t o t a l  blades missing - .  
more than 80 percent  of t h e i r  t i s s u e  (degenerate 

laminae 

Frond s 

with the  length of frond 

ze c l a s se s  ( m )  mid p o i n t  





Dri f t  Algal Collection 
-" 

r%b 
The col lec t ion  period- w$.s a time of accelerated degradation i n  tlfe 

Ross I s l e t s  Kelp beds. ,The kelp bkd a t  the  c o ~ l e c t i o n  site was open to ' < 

, - 
r t  

- a nkAl-iyestehoi which w a s  common during the l a t e  311. Maximum. 
,> - -' < L .  - 2 0s 

accumulation of a l g a l  fragm'ents occurred i n  the  buckets within and a t  the 

edge of the kelp bed (Table X V I I I )  . ~ a d r o c ~ s t i s  i n t e g r i f o l i a  was the  main 

const i tuent  of a l l  colle$tions and f a r  exceeded the  quan t i t i e s  of Ulva, 
.v- * 

Fucus Linneaus 1753 and P t i l o t a  C.A. ggardh, 1857 (Fig. 27; Table X V I I I ) .  
. "  . -. 

No analysis  of fragment s i z e  was sattempted bu t  the bulk of the material  

exceeded 5 cm:in one dimension-and 20 cm pieces of lamina was not uncommon 

d- 
(Fig. 27a). Lamina t i s s u e  was the main frond s t ruc tu re  represented; 

e 
pneumatocysts and s t i p e  fragments were r a re  (Fig. 27c). 

1- 

Herbivores were found i n  some buckets and they probably reduced the 

t o t a l  t i s sue  recovered. The l imited holding capacity of the  buckets 

( awoximate ly  160 gm) caused the  loss  of some material .  

DISCUSS I O N  

In general the  r e s u l t s  of the grazing damage survey sh&d ' that  the  
/ 

longer t i s s u e  i s  exposed t o  grazing the _greater i s  &e t i s sue  damage and 

loss .  The cumulative e f f e c t  of damage on the frond a lso  explains the lack 

of damage on the apica l  scimitar .  The t i s sue  of the  apica l  sc imi tar  has 

been i n  existence fo r  t h e ' l e a s t  amount of time of any s t ruc tu re  on the frond. 

By the  time the herbivore moves *up from feeding on lower laminae there is 

a new s e t  of laminae and a new apica l  scimitar.  

l%e survival  of the  stip& pneurnatocysts and sporophylls long a f t e r  
- 
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- x TABLE XV 
4 : r 

. I 

Wind V e l o c i t y  and Direct ion a t  Cape Beale 

I During Erosion and Grazing Experiments 

ExperimentB 2 Experiment 3 

Direct ion 23/11/73 - 3 0 / 1 1 / 7 3 ~  30/11/73 - 4/12/73' , 

b b 
V e l o c i t y  Kn./Hr . V e l o c i t y  Kn./Hr . 

- 
*, 

1 
P 

a $wel l  Low t o  Moderate - surface  Light Choppy t o  Choppy . , 
J' 

b three  readings per day 
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o the r  frond s t r u c t u r e s  a r e  l o s t  may be due t o  t h e  mechanical r e s i s t a n c e  

t o  herbivore mouth p a r t s ,  

The p r i n c i p l e :  "Where the re  i s  an abundance of feed,  t h e  grazing 

animal dan express its preferences f r ee ly .  A s  t he  feed supply decreases 

the 'an imal  must e a t  l e s s  acceptable  p l a n t  mater ia l  o r  s t a r v e "  (Arnold, 
5- \' 

1964) would explain> the u l t imate  feeding upon s t i p e s ,  pneumatocysts and 
.* 

sporophylls . , 

The frond degradation, erosion and graz ing  experiments r e l a t e  . - 

d i r e c t l y  t o  t he  c o n s i s t e n t  p a t t e r n  of growth and degradation of ke lp  beds 

a t  my study s i t e s  i n  Barkley Sound. The growth of new fronds and the  

se t t lement  of new p lan t s  occurred during the sp r ing  and summer. The ke lp  

bed reached maximum dens i ty  of fronds by l a t e  s m e r  t o  e a r l y  f a l l .  ' 

Urchins began t d  move up i n t o  the ke lp  bed a t  this time whereas x. pu l l i go  

had been a c t i v e  throughout t he  summer. U p  t o  October growth of the  6 t s  

exceeded grazing and erosion t i s s u e  lo s s .  The p l an t s  ceased growing i n  

l a t e  .&tober t o  e a r l y  November (Lobban, pers .  corm.) . By t h i s  --6 t me the  

urchins reached maximum penet ra t ion  i n  t h e  k d p  bed (Pace, pers .  corm.). 

The p lan ts  remaining above the urchin 1 d e  had l o s t  most of t h e i r  blades . 

by the  end of December. 

Corresponding t o  this time of  ke lp  bed degradation the re  is  a steady 

increase  i n  the  mean wind ve loc i ty  and winds from a nor ther ly  d i r e c t i o n  

(Table X I X ) .  The p reva i l i ng  wind d i r ec t ion  changed the  exposure index 

f o r  many ke lp  beds, including t h e  Ross I s l e t  P la teau  kelp bed (Fig. 33) .  
L 

This p a t t e r n  of t i s s u e  lo s s  when wave-exposure is  increased and .  
L 

grazing pressure i s  constant  was r e f l e c t e d  i n  t h e  grazing and erosion 
B 



Fragments of d r i f t  algae removed from catch Figure 2 7  '. 

the Ross I s l e t s  Plateau kelp bed buckets a t  

'in October t o  November, 1973 

en t i r e  contents of a bucket - note a. The 

-some fragments are  almost complete 

.laminae (arrow) 

b. 1 
Fucus and Ulva found in  one collect ion 

(arrow) 

$ 
c.. Average s ize  a lgal  fragments 





. TABLE XVIII 

Drift  Alga Collections (Reginning October 1, 1973) 

a 
Total Gn/ Percentage 
W t . g m  Day _ M . f n t e g r i f o l i a  

S i t e  Bucket 

1st Interval 
24 days 

2nd Interval 
24 days 

. 4' . . 
~4bZ 

3rd Interval 
15 days - 

.- - - - - 
" - 

a fresh blotted weight 

* ?  
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F9 

a 

experiinents. The grazing-erosion experiments have s h m n  an increase  i n  

wave-exposure period w i l l  increase  the  lo s s  of  t i s s u e  damaged by previous 
- 

grazing. I f  we remove t h e  grazers  a s  i n  the cont ro ls  q f  these  
w 

: 4- .* - 
experiments; t he  t i s s u e  l o s s  i s  minimal u n t i l  winter  s t o r & ' h e s ~ ; o ~  t h e  

, *$*A 
* 

p l a n t ,  , 
The el iminat ion of t he  major herbivore S. franciscanus from a 

M. p y r i f e r a  bed r e s u l t e d  i n  the  degradation of the bed being delayed from - 
mid winter  t o  mid spr ing  (North, 1958).  Ther&$ore, It i s  evident  t h a t  .; 

L 

grazing and erosion a r e  not  ac t ing  qeaara te ly  i n  t h ~  f i e l d ,  s ince  grazing - 
f a c i l i t a t e s  t he  f i n a l  degradation o f  t h e  ke lp  bed. 

- .. 
The value of .3 gram of M. i n t e g r i f o l i a  t i s s u e  l o s t  pe r  gram body 

weight of s n a i l  pe r  24 hours grazing ca lcu la ted  f o r  the  i n t e r a c t i o n  of 

grazing and eros ion  on t i s s u e  liss i s  an approximate value.  Thq condit ions 

of  exposure and wave ac t ion  chBge with t i m e  and p lace  and can change 

within the  a rea  of the  ke lp  bed. This yalue i s  conservat ive s i n c e  it i s  
"> 

baded on l i n e a r  e i ssue  l o s s  and no t  a t r u e  a r ea  measurement ( t h i s  excludes 

h o l e s ) .  The p l an t s  used were of t h e  wave-exposed type descr ibed by Pace ' 

(1972).  This type  has s t ronger  wave modified laminae'than a e  she l t e r ed  

lamina s i n c e  these  p l a n t s  can vary t h e i r  morphology. %is w o u . ~ ~  
. .- z , . - ,  

$- 
another conservat ive fac'tor t o  t h e  ca lcu la t ion .  However, t he  condit ions 

preva i l ing  a t  the  time of t he  f i e l d  experiments represented a moderate 

a c t i v e  water ac t ion  and erosion period,  c r ea t ing  a higher  than average / 
erosion f a c t o r  1, 

The discussion of d r i f t  ma te r i a l  is in t imate ly  connected with $e 1 '  
1 

previous subsect ion on grazing and erbsion.  Grazing and erosion ratks 



a. 

TABLE XIX 

Cape Beale  L i g h t ,  B r i t i s h  Columbia ' 

P e r c e n t a g e  Frequency Wind D i r e c t i o n  
d (gnd ~ a l r n s ) ~  and Mean S p e e d  by Months - 

B 
, . 

. I  

J F M A M J J A S  O N D  

,- 

CALM 0 0  0 0 1 1 
r: 

i 2 2 ' 1  o o 

MEAh' 
.-a - SPEED 13.5 1 2 . 6  10.0 8.7 8 .9 ,  12 .1  

(kn / h r )  11 .3  13.5 9.5 8.2 10 .4  12.5 
% *, 

2 ,  

/ 

s -  - C 
Fr ld , hlC. 

s - 9  
+: 

% -- a of t o t a l  r e a d i n g s  per  month ove r  10  years t o  June, 1973 A ? 



\ determine the  amount of d r i f t  mater ia l  p resent  a s  we l l  as  i ts  .character .  

The la rge  s i z e  o f  a l g a l  fragments suggests t h a t  e ros ion  and 

grazing a re  ac t ing  together  as  grazing damage would tend to weaken lamina 

t i s s u e  allowing l a r g e  heal thy pieces t o  break o f f .  I f  erosion was. ac t ing  

alone a t  the t i p s  of the  laminae then small  fragments would be l o s t  a s  i n  

Laminaria, (Mann, 1972) . 
D r i f t  a l g a l  collectrtons 

L 
bed range,d from 6 t o  78  gm/m 

made during the  f a l l  i n  a  M. p y r i f e r a  ke lp  

i 

(Lowery and Pearse, 197_3). Extrapolat ion - 
-3% 

from the  accumulations i n  catch buckets res-ul ts  J&, values fro; 100 to 
, -* 

2 +k-i - 
500 gm/m . However, the buckets  ac ted  l i k e  *qevic,es and accumulated the 

* - 
d r i f t  mater ia l  a t  a  higher  concentrat ion t h m  &e su;rounding a rea .  The 

9 
work of Lowery and Pearse involved co l l ec t ions  from s u b s t r a t e  sur face  only. 

4 
The d r i f t  ma te r i a l  i n  my s tudy consis ted almost e n t i r e l y  of 

M. i n t e g r i 3 o l i a .  This f a c t ,  p l u s  t he  absence of d r i f t  ma te r i a l  i n  the  

buckets ou ts ide  the  ke lp  bed, suggests  t h a t  the a l g a l  fragments a r e  not  

car r ied '  f a r  f r o  l p  bed. However, more extensive s t u d i e s  a r e  

required t o  p 
/ 



DETAILED STUDY OF A KELP BED 

METHODS 

. A 100 m quadrat  was 'chosen wi th in  the Ross I s l e t s  P la teau  ke lp  bed 

f o r  a comprehensive s tudy of p l a n t  and herbivore d i s t r i b ~ t i o n . ~  I n i t i a l  

i n s i t i  counts of the  organisms were made and a f t e r  2 mondhs a l l  M. i n t e g r i -  
1 

f o l i a  and herbivores  were rdmoved from the  p l o t .  , 
I 

An i n i t i a l  survey of the  study area  over a Wo weekiperiod beginning 
t 

June 18,  1973 w a s  completed with'out dis;upting t h e  p l a n t  i r  animal 
4 

populations.  The a rea  w a s  divided up i n t o  4,, 5m x 5m seq to r s  wi th  l i n e s  
1 
t 

and pins .  These l i n e s  served as  a guide f o r  t h e  placemenit o f  a moveable 
I 
I 

g r i d  system,to d iv ide  each sec t ion  i n t o  25 quadrats.  ThiG g r i d  was held 

approximatgy 1 m above the  s u b s t r a t e  and l eve l l ed  p r i o r  t o  my making 

2: 

observat ions (Fig. 28) . 
Standard symbols def ined s u b s t r a t e ,  animals and p l an t s .  Divers 

c a r r i e d  wr i t i ng  s l a t e s  which were gr ided i n t o  5 cm sec t ions .  The r e l a t i v e  

pos i t i on  of p l an t s  and animals in;'each quadrat w a s  recorded a s  a sketch on 

one s l a t e .  Herbivores upon p l an t s  were recorded as  number p e r > p l a n t .  

Following the  complete removal of a l l  p l an t s  i n  a s e c t o r  the 

herbivores on the  bottom were co l lec ted  by hand. I n  the  case  of  t he  s h e l l  - 
sand s u b s t r a t e  a 1 m quadrat  of s u b s t r a t e  was removed t o  a depth of 5 cm . 

f- 

f o r  laboratory examination. The b a s a l  diameter of a l l  T. pu l l i go  was 

measured with vern ier  c a l i p e r s  t o  0 . 1  nun. 

The wind v e l o c i t y  and d i r ec t ion  f o r  the ,,past 10 years  were obtained 

from the r.ecords of t h e  Cape Beale l ighthouse.  Per iodic  s a l i n i t y  and 



Figure 2 8  The moveable gr id  system used a t  the  Ross I s l e t s  

deta i led  study s i t e  to subdivide 5 x 5 m sectors 

i n to  1 m quadrats. This reconstruction of the 

g r id  does not include a l l  the meter l inks used @ 

t o  join the pa r a l l e l  lengths of angle i ron o r  

the one meter s t e e l  rods used to  complete each 





9 0 
/ 
/ 

, 

temperature readings were made with a Beckman i n s i t u  Salinometer Model RS 
, >  *- 

503 (~eckriran Instruments Inc . ,  Cedar Grove, N .  J . ,  U.S . A . )  t o  a depth of - 

6 m during the  s tudy per=&. 

, . " \  

RESULTS 

m e r e  were two main types of s u b s t r a t e  i n  the  survey s i t e  and these 

a r e  depicted i n  Fig. 29. The cha r t  drawn from t h e  i n i t i a l  survey does 
I 

not  show the  exac t  d e t a i l s  of topography bu t  gives the  da jo r  topographical 

f ea tu re s  of t he  s i t e  (Fig. 30) . 
The understory of t he  s i t e  w a s  not  included i n  t h e  f i n a l  p i c t o r i a l  

I 
p resenta t ion  (Fig.  31) .  In  general  t h i s  cover was spa r se  except f o r  

I 
I 

encrust ing reds and c o r a l l i n e s .  P t i l o t a  and a r t i c u l a t e  c o r a l l i n e s ~ w e r e  

present  as  s c a t t e r e d  t u f t s  and Ulva occurred i n  a few areas .  

The canopy was dominated by M. i n t e g r i f o l i a  except a t  t he  shallow . - 
area  of the  sit 'e where Laminaria groenlandica and M a r i a  marginata were 

.dominant (Fig.  32) .  During t h e  survey it was no t  poss ib le  to determine 
. . 

t he  exact  boundaries of each M: i n t e g r i f o l i a  p l a n t  due t o  t he  overlap of - 
p l a n t  ho ld fa s t s .  ' Tegula pu l l i go  was the  numerically do@nant l a rge  

herbivore on +he macrophytes (Table XX).  
. .. 

The pos i t i on  o f  the herbivores  on thebo t tom as s h w n  i n  ~ i g .  33 

represents  the  general  d i s t r ibu t i? ;  of ind iv idua ls  r a t h e r  th&. ' the i r  exact  

. . . ~ 

5pacia l  separat ion.  The herbivckes on the s h e l l .  sahd p r t i q n  .o.f' the s i t e  
. 

were those v i s i b l e  t a t h e  d ive r ,  s ince  the  subs t r a t e  was n o t  d i s t G b e d  i n  

e the' i n i t i a l  survey. 

~ e ~ b l a  p i l ig~ was p i c e  as  numerous on the  macrophytes, ,than on t h e  



C 

Figure 29 The two major subs t ra t e  types found a t  the  Ross 

I s l e t s  de ta i led  study s i t e  
# 

*ii*.y,,Pb.--" 

a. High r e l i e f  bedrock subs t ra t e  

A. gibberosa '( arrow) - 

b.  She l l  s a n d s u b s t r a t e w i t h h a l f  s h e l l s  

of dead bivalves 





Figure 30 

bed study s i t e  

sector  posit ion 

i 
I 

The topography of the Ross I s l e t s  Plateau' Kelp 



a & SHELLS BIVALVES DEAD SILT OR FINE SAND 

 BOULDERS OR BUMPS ODEPRESSION LINE FISSURES OR CRACKS 

&RISE LINE ON BEDROCK 



I, - 
F i g u r e  31 Symbols u s e d  t o  r e p r e s e n t  p l a n t s  and  h e r b i v o r e s  - 

i n  f i g u r e s  32 and 33 ,, 



PLANTS 

Alaria 0 M. integrifolia 
.A 

Laminaria @ young M. integrifolia - 
* - -  0 P. californica , : I ; dead holdfast 
* - '  > .  , 

i 

AN l MALS 

-& A. gibberosa 

0 H. kamtschatkana 
'\ -> 

* P. gracilis 

S. drobachiensis 
- 

T. pulligo 



Figure  32 The macrophyte canopy a t  t h e  Rogs I s l e t s  P l a t e a u  

k e l p  bed s tudy  s i t e  inc lud ing  l a r g e  h e r b i v o r e s  

' o n  each i n  June,  1973 



101 SHELLS BIVALVES DEAD 
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- 
s 

Figure  33 The d i s t r i b u t i o n  of l a r g e  h e r b i v o r e s  on t h e  bottom 

a t  t h e  Ross I s l e t s  P l a t e a u  k e l p  bed June ,  1973 



I 10M- 

8 SHELLS BIVALVES DEAD 6 @SILT OR FINE SAND 

 BOULDERS OR BUMPS &PRESSION .it; :? LINE N BFISSURES OR CRACKS 

BRISE LINE ON BEDROCK USHELL SAND BSTONES 



! 
bottom (Table a ) .  Fur ther  T. p u l l i g o  were l a r g e r  b u t  fewer on t h e  ! 

bedrock t h i n  on s h e l l  sand su r f ace .  ~ t r o n g y l o c e n t r o t u s  droebachiensis 

was the  second most abundant l a rge  herbivore on M. i n t e g r i f o l i a .  - 

Astraea gibberosa w a s  evenly d i s t r i b u t e d  i n  the survey s i t e  except I 

clumping c rev ices  (Fig.  33,  able XX) . 
t 
! 

r e s u l t s  include populat ion s t r u c t u r e  and ; ', I 

d i s t r i b u t i o n  da ta .  Degenerate ( g r e a t e r  than 80% of laminae missing) 
I 

and hea l thy  fronds were considered productive p a r t s  of t h e  populat ion and 
, I 

were grouped toge the r .  . Broken frond pieces  were considered to be d r i f t  \ 
. . 

mater ia l  and were e l imina ted  from the  r e s u l t s .  Modes of f rond s i z e  . ! . -  :; 
I 

d i s t r i b u t i o n  were less than 100 cm and t h e  mean length  was l e s s  than 200 cm; 
I 

1 
i nd i ca t i ng  a very young and product ive k e l p  bed (Fig.  34 A ) .  The majori ty!  

i 
of degenerate fronds were i n  the  225 - 250 cm c l a s s  (Fig.  34 B) and t h e i r  I 

! 

mean was 365 cm and 80 percent  of a l l  f ronds i n  t h e  450 t o  500 cm c l a s s  

were degenerate (Fig.  34 C) . 
A t o t a l  of 404 kg wet weight of M. i n t e g k i f o l i a  t i s s u e  was harvested - 

,/from t h e  100 m quadrat .  Twenty-nine kg of the t o t a l  weight w a s  ho ld fa s t  

t i s s u e .  It  w a s  n o t  pos s ib l e  t o  remove a l l  the  h o l d f a s t  t i s s u e ,  

approximately 50 percent  of  t h i s  t i s s u e  remained on t h e  s u b s t r a t e .  

The - T. p u l l i g o  populat ion as harvested was w i th in  25 percent  of  t he  

i n i t i a l  v i s u a l  survey es t imate  (Table XX). Tegula p u l l i g o  harves ted  from 

- 
t h e  s h e l l  sand a r ea  were considered separa te ly  from the  i nd iv idua l s  on 

I / , 
bedrock because the t o t a l  f o r  the  area'was the r e s u l t  of ex t r apo la t i on  from 

a s i n g l e  1 m quadrat  sample. The mean b a s a l  diameter of t h i s  population 

s i g n i f i c a n t l y  l e s s  than f o r  the  bedrock populat ion,  8.8 mrn vs 21.2 mm 





Figure 34 Population s t r u c t u r e  of 3. i n t e g r i f o l i a  fronds 

c o l l e c t e d  a t  the  Ross I s l e t s  s tudy  s i t e  from 

3 

August 20 t o  23, 1973 , 
r / '  
x 

a .    is tog ram of t he  s i z e  ( length)  d i s t r i b u t i o n  
e 

of degenerate and heal thy fronds (Class 

width 25 cm) 

b. Histogram of  the  s i z e  d i s t r i b u t i o n  of 

degenerate fronds (Class width 25 cm) 

c .  The percentage of  degenerate fronds i n  

each s i z e  c l a s s  of t o t a l  fronds (Class 

with 25 cm) 
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(Fig.  35) . The mean b a s a l  diameter of  2. p u l l i g o  co l l eo t ed  fr'om 

M. i n t e g r i f o l i a  was 20.1 mm (Fig.  36). - 
The t o t a l  populat ion o f  &. gibberosa a t  t h e  s i t?  d i d  no t  change 

between the  surveys (Table XX) . The ke lp  crab - P. g r a c i l i s  was "the 
a 

second most abundant l a rge  herbivore on M. - i n t e g r i f G l i a  (Table XX) . 
. , 

-a 
There was no l a r g e  change i n  t he  t o t a l  numbers o f  the  green s e a  urch in ,  

6 .  dro&achiensis  populat ion (Table XX) . 
" 

'During and p r i o r  t o  t he  s tudy  per iod t h e  wind ve.locity was l o w  and 

no t  from t h e  exposed no r the r ly  diret&!on of the study s i te .  Therefore 

e ros ion  was not:.yet acce le ra ted  i n  t h i s  bed. ,me temperature a t  4 meters 
+J 

T 
ranged •’:om 13.1 t b  l&AO C i n  8 readings during July 24  t o  September 28,' 

1973. 
b 

The r e s u l t s  of  t h i s  d e t a i l e d  s tudy were i n  agreement w i th  my previous 
8s 

seasona l  s t ud i ed  of T. p u l l i g o  and M. i n t e g r i f o l i a .  

Tegula p u l l i g o  was t he  numerically dominant herbivore i n  t he  Ross 

I s l e t  ke lp  bed. The majori ty  were p o t e n t i a l  M. i n t e g r i f o l i a  

being found on t h e  p l a n t s .  General d i s t r i b u t i o n  and bimodal 

s t r u c t u r e  were t he  same as found i n  seasona l  t r a n s e c t  surveys 

samples (Fig.  35, 36) . 

g;azelts, 

population 

and monthly . 

The ke lp  bed w a s  i n  a s t age  o f  r ap id  growth w i t h  the  major i ty  of  
*'% 

fronds l e s s  than 100 cm and heal thy.  %is w a s  t he  condi t ion of a l l  surveyed 

beds during mid t o  - l a t e  summer. 

%e follcwing sub-section ca l cu l a t i ng  T. 
/ 

based upon the  p l a n t  and herbivore populations 

* 

p u l l i g o  grazing, impact i s  - 

of the study a rea .  







Figure 36 Histogram of t h e  s i z e  d i s t r i b u t i o n  (basa l  diameter) 

o f  - T. p u l l i g o  co l l ec t ed  on M. i n t e g r i f o l i a ,  - 
harvested a t  the  Ross I s l e t s  s tudy s i t e  





Calculat ion of 2. p u l l i g o  Grazing Impact a t  $he Study S i t e  

The ca l cu l a t i on  of  a value t o  r e f l e c t  t he  impact of T. p u l l i g o  on - 
t h e  n e t  production of M. i n t e g r i f o l i a  was based on t h e  app l i ca t i on  of 

? 
genera l  conclusions and constants  drawn from my p l a n t  and animal s t u d i e s  

9 *.w* 

t o  t h e  s p e c i f i c  s i t u % t i o n  encountered a t  the  Fbss '1slets ~ ia t%aur  ke@ bed. 

The n e t  production of t h e  ke lp  bed w a s  c a l cu l a t ed  using the most 
" **-y 

i ppo r t an t f i uc tu re  f o r  n e t  production, the lamina. The t i s s u e  1%; dbe 

.o: '~411z - gfazlng A w a s  c a l cu l a t ed  from the a c t u a l  t i s s u e  consumed i n  . - 

laboratory grazing experiments and the  t i s s u e  l o s s  due t o  grazing damage 

and erosion a s  determined i n  labora tory  and f i e l d  s t u d i e s .  The per iod 

chosen f o r  the  ca l cu l a t i on  w a s  from'August 18, 1973 t o  September 18, 1973. 

The b a s i c  assumptions made i n  t he  ca l cu l a t i on  were considered i n  

previous d i scuss ions ;  

a) The lamina w a s  th@ most important  s t r u c t u r e  i n  the continued l i f e  

and production of t h e  frond., 

b)  The populat ion s t r u c t u r e  and concentrat ion of 2. p u l l i g o  i n  t he  s tudy 

a rea  were cons tan t  f o r  the ca l cu l a t i on  period. 

C )  There were no changes i n  phys ica l  parameters which would have changed 
@%- 

t he - f eed ing  r a t e  o f  T. p u l l i g o  o r  t he  grawth r a t e  o f  2. i n t e g r i f o l i a  - 
appreciably during the  ca l cu l a t i on  ' period. 

The constants  used i n  the ca l cu l a t i on  ye re  mean values cbtained from 

p re t i ous  s ec t i ons  of t h i s  t h e s i s  appropr ia te  t o  the p reva i l i ng  phys ica l  

and b i o l o g i c a l  condi t ions  and are as follows: 4 

a)  One lamina was formed every 2 . 5  SD + 0.5 days. 

b)  A lamina grew i n  a r ea  f o r  2 2  days a f t e r  s p l i t t i n g  from the  a p i c a l  



s c i m i t a r .  

c The lamina grew a t  t h e  r a t e  of 0.4 SD + 0.30 cm p e r  day i n  w i  - 

and 1.9 SD + 0.9 cm p e r  day i n  l e n g t h  f o r  a t o t a l  a r e a  'increment o f  
t 

2 - C 
364 SD + 167 cm over  22 days. - a 

d)  The f i r s t  9 SD + 2 independent laminae were a c t i v e l y  growing on 

a l l  f ronds .  

e )  The f r e s h  weight  o f  lamina t i s s u e  e ic lud ing '  sporophyl l s  was '0": 033 fl 

6 

b 

f )  The consumpt ion- ra te  o f  2. p u l l i g o  feed ing  on M. i n t e g r i f o l i a  was 
d 

- 

a t  0.013 SD - + 0.00.6 grams p e r  gram of  body weight p e r  24  hours a t  15OC. 

g )  Grazing damage and e r o s i o n  caused by T. p u l l i g o  were e q u i v a l e n t  

t o  a t i s s u e  l o s s  r a t e  b f  0 . 3  grams p e r  gram of body weight  p e r  24 hours  P 

3 
, .. .4 

+ 70%. - 

h) Tegula p u l l i g o  on a s h e l l  sand s u b s t r a t e  were n o t  p o t e n t i a l  g r a z e r s  

o f  - M. i n t e g r i f o l i a .  
.- 

i) A t o t a l  o f  663 f ronds  wi th  2 mean leng th  o f  200 cm were a c t i v e  a t  

t h e  beginning o f  t h e  c a l c u l a t i o n  per iod .  

j )  On a mean f rond  f o r  the s t u d y  s i t e  t h e r e  were 20 independent laminae 

and 1 3  t e r m i n a l  s l i t s  f_or a t o t a l  b lade  number o f  33. 

2 
k) The a r e a  of independent lamina i s  660 SD + 116 cm . - 

1) The temperature  a t  3 m below t h e s y f a c e  between August 18 and Sep- 

+. 

tember 18,  1973, was 13.1•‹C t o  14.6OC. This temperature  range was 
i t -  

comparable t o  t h e  15OC consumption r a t e  experiment b u t  5C0 h i g h e r  than 

t h e  eros ion-grazing experiment.  
0 

m) One-thousand nine-hundred and n ine ty - th ree  2. pulP igo  w i t h  a_mean 

b a s a l  d iameter  o f  20.1  and a mean weight of 3.0 gm were a c t i v e l y  f<e>ing on 



e ~ .  during t h e  c a l c u l a t i o n  period. $ ,  . 

'-. 
' From my growth s t u d i e s  t he  equation (1) f o r  t o t a l  a r ea  i n c r e r n e ~ t  

.- 
, " * .  

of a  f rond ' s  laminae can bB appl ied  t o  t he  s tudy si te.  An a j e r age  fro&-- , 
'j 

from this s tudy s i t e  growing during a 30 day per iod would have : - to ta l  

lamina a r ea  increment of 4020 cm2 - + 60%. S ince  t he re  were 663 a c t i y e l y  
i . , - 

growing fronds i n  t h e  s tudy s i t e ,  t he re  was a t o t a l  o f  2.7' mi l l i on  cm 
2 

+ 60% increment i n  lamina su r f ace  a r ea  f o r  t h e  s tudy s i t e  over 30 days. - 
L 

A t  .033 SD - + .007 W c m  , t h i s  su r f ace  a r ea  was equiva len t  t o  a  t o t a l  

f r e sh  weight biomass of 102 kgm - + 70%. I 
fl 

A t o t a l l o f  1993 2. p u l l i g o  w i t h  a  t o t a l  i g h t  of 5,980 gm consuming 

.013 SD + -007 gm/gm/24 h r  of  w i l l  consume 78 SD 

; 42 gm i n  24 hours and 2.3 SD + 1.2 kgm f a r  - - 30 day ca l cu l a t i on  per&.. 
* 

However, using t h e  grazing-erosion constant  of 0.3 gm/gm/24 h r  - M. i n t e y i f d i a  

t i s s u e  l o s s ,  there  i s  a  t o t a l  of 55 S D  $ kgm l o s t  over  30 days + 70%. -. 
d 

1. i 

Using ' the minimum and maximum values  f o r  consumption, g raz ing .  and e ros ion ,  a. - 
and production, I obtained a , r ange  of values  expressed as a  percentage of  

t o t a l  lamina production. Tegula p u l l i g o  consumed 2.3% of the  t o t a l  lamina 

biomass production + 1.6%, b u t  its impact (grazing-erosion) was 55% of t he  

t o t a l  lamina biomass production + 38.5%. 



GENE* DISCUSS I O N  

. "r - - 
The four   section^ of &i8 t h e s i s  can be t r e a t e d  a s  independent 

'+a 

un i t s .  Hawever, each sec f ion  has contr ibuted i c  information t o  

answer the quest ion 'What i s  the  impact of T. on t i s s u e  lo s s  i n  - 

M. i n t e g r i f g l i a  ke lp  beds " . - 
I r 

~ l a n t % 5 r w t h  spudies have been %-proached by the  suggestion: 
i 

, , 
"Sometimes it  may be convenient t o  r e f e r  t h e  s tanding  crop t o  the 

;9 

feeding a c t i v i t i e s  of a p a r t i c u l a r  herbivore r a t h e r  than t o  a 

human harves t ing  'technique . . . " (Westlake, 1963) . 
The 1-na was chosen f o r  bo th  i t s  importance i n  p l a n t  product iv i ty  and as 

s i t e s  of herbivore gr;zing damage. The general  morphology of M. p y r i f e r a  

i s  s i m i l a r  t o  t h a t  of M .  i n t e g r i f o l i a  and M. p y r i f e r a  laminae a r e  the - - 'r 

s i t e s  of 88 percent  of the frond photosynthet ic  capaci ty (Sargent and 

Lant r ip ,  1952) . In  terms of s tanding crop the laminae of M. - 

represent  two t h i r d s  of t he  t o t a l  dry p l a n t  weight (Scagel,  1947) . 
The surveys of 2. p u l l i g o  and M. i n t e g r i f o l i a  d i s t r i b u t i o n  have sh&n 

it 
- 

T .  pu l l i go  t o  be the  only l a rge  herbivore present  on the  p E m t  during its 

e n t i r e  development and degradation. 

4 Feeding experiments have shown T. pu l l i go  can feed continuously (as. 

a t o t a l  population) during the  p l a n t ' s  e n t i r e  l i f e  ~ 

C 

ng was a l s o  recognized as being composed of t i s s u e  j 

s required t h a t  a f i e l d  assessment 

gf grazing impact nus t  j e  combined with the  physical  erosion forces  f o r  the 



-- . 

period ' under s tudy . 
=. L 

Fina l ly ,  a very d lose  study of ofie <mall p a r t  of a ke lp  bed over a 
/ 

one m n t h  pe r iod  has  provided a model s i t u a t i o n .  Using a known 

population of p l a n t s  and herbivores  p lus  assumptions and constants  der ived 

- 
from previous s t u d i e s ,  an a c t u a l  f i g u r e  was ca l cu l a t ed  f o r  the  grazing 

- ~ 

impact of 2. ' p u l l i g o .  

The ca l cu l a t i on  of  a value which r e f l e c t s  t h e  importance of a 

herbivore i n  a community has  genera l ly  been based on the  co~sumption r a t e  

of t he  herbivore and the  t o t a l  production of  t i s s u e  i n  the  p l a n t  (Teal ,  

1962) .  And i f  one considers  only consumption, it may be t r u e  t h a t :  
. , 

-*In a lmos t  &very case i t  appears t h a t  macrophytes y i e l d  only a 

small  f r a c t i o n  of t h e i r  'production t o  grazing food' ,chains" ~ 

(Mann, 1972).  

Hcwever, t h i s  s ta tement  i s  very misleading when one considers  the  t o t a l  

l o s s  of  t i s s u e  due to the  a c t i v i t i e s  of 2. p u l l i g o  i n  the Macrocystis beds 
a: 

of the Northeast P a c i f i c  Coast. 

Using the  food chain method of ca l cu l a t i ng  herbivore importance i n  

the cornuni ty  I found x. p u l l i g o  was consuming only 2 . 3  percent  of lamina 

production during the  l a t e  summer a t  t h e  Ross I s l e t s  Plateau ke lp  b,ed. 

However, t he  a c t u a l  impact o f  t he  s n a i l  on t i s s u e  l o s s  is probably much 
d' 

c l o s e r  t o  the  f i g u r e  of 55  percent  of lamina production based on grazing- 

erosion experiments. 

To c l a r i f y  t h e  po in t ,  l e t  us consider the f a t e  of one lamina on a 

M .  i n t e g r i f o l i a  f r o n d ' a s  exemplified by my s t u d i e s .  Af te r  a lamina i s  f r e e  - - -- 

i 
from the  a p i c a l  s c i m i t a r  it grows vigorously f o r  t he  f i r s t  +to 10 days. 

. , 
i 



Then its o v e r a l l  grow@ r a t e  slows and ceases a f t e r  22 t o  24 days. During 

t h i s  per iod it may be  s u b j e c t  t o  l i g h t  grazi* p re s su re  b u t  genera l ly  the  

herbivores  a r e  a c t i v e  on lower laminae. 
J 

As the  grazing pressure  is  increased when t h e  laminadxcomes more 

b a s a l  r e l a t i v e  to the  a p i c a l  s c i m i t a r ,  and t h e  lamina is  no longer adding 

t i s s u e  the balance is  changed t o  n e t  t i s s u e  l o s s .  This r e s u l t s  from 

consumption, 

degradation. 

has weakened 

weakening of t i s s u e  due t o  consumption and perhaps microbial  

Large p ieces  of t i s s u e  are l o s t  because t h e  grazing damage 

the  lamina and wave ac t i on  places  s t r e s s  on t h e  damaged area.  

The l a rge  fragments become d r i f t  mater ia l  which can be u t i l i z e d  by 

lower l e v e l  herb ivores  such as A. gibberosa.  Such secondary grazing 
9 / '  

increases  t he  r duc t ion  o f  p a r t i c l e  size: Paine (1971) suggests  a P 
por t ion  of  this d r i f t  ma te r i a l  i s  u t i l i z e d  by i n t e r t i d a l  herbivores .  

Other fragments may be  more slowly broken down by b a c t e r i a l  degradation. 

~ h e ' f a t e  of these  smal l  p a r t i c l e s  and fragments w a s  beyond the scope of 

t h i s  s t udy ,  b u t  it i s  reasonable  t o  assume the  u t i l i z a t i o n  of  t h i s  mater ia l  

by d e t r i t u s  feeding inve r t eb ra t e s  and a t  l e a s t  some conversion i n t o  

d i sso lved  organic mat ter  (Khailaw & Burlakova, 1969; Mann, 1972) . Even i f  

the t i s s u e  l o s s  from the  i nc iden ta l  e f f e c t s  of 2. p u 1 1 i ~  grazing on 

M. i n t e g r i f o l i a  does n o t  e n t e r  a herbivore food chain,  i t  is  s t i l l  l o s t  t o  - 
the p l a n t .  

I n  conclusion, my study has  pointed out  t he  need to d i s t i n g u i s h  

/' 

between the  consumption of p l a n t  t i s s u e  by a herbivore and t h e  a c t u a l  impact 

of the herbivore upon the l o s s  of p l a n t  t i s s u e  i n  the  f i e l d .  These two 

r'- 
approaches were seen  t o  d i f f e r  over 20 f o l d  i n  my s tudy.  



The raFPges of 

Pacific. I f  t he i r  

typical ,  2. pull igo 

M. i n t eg r i f o l i a  and T."pull igo overlap i n  the Northern - 
I 

local  d is t r ibut ion and association i n  Barkley Sound is  

has an important pa r t  in  the turnover of organical 

material in these kelp bed communities. 



' " LITERATURE CITED 

Aleem, A.A.,  1957 ~ u a h t i t a t i k e  underwater s tudy of ben*ic communities 

i nhab i t i ng  kelp beds o f f  the Cal i forn ia  coas t  with a s e l f -  /( 
contained brea th ing  apparatus.  ' Proc. I I d  I n t l  . Seaweed /" 
Symp. pe&agon. : 149-152. 

Aleem, A.A.,  1973 Emlogy of a  ke lp  bed i n  Sou,tKern Cal i forn ia  

. Botanica Marina, 16: 38-95. . . 

Andrews, H.L . ,  1945 The ke lp  beds of the Montery region.  Ecology, 26: 

Arnold, G.W., 1964 Some p r inc ip l e s  i n  the inves t iga t ion  of s e l e c t i v e  

grazing. Proc. Aust. Soc. of  Animal Production 5: 258-271. 

f 

Best,  B . ,  1964 Feeding a c t i v i t i e s  of Tegula funebra l i s .  The Veliger ,  

6:  Suppl. 42-45. 

- " 

Black, W.R., 1972 Population ecology of t he  brown a lga  Egregia lave iga ta  

S e t c h e l l  and o i  the  grazing limpet Acmaea in ses sa  (h inds ) .  

Ph. D. Thesis,  Univ. Ca l i f . ,  Santa Barbara. 

\ 

Clendenning, K . A . ,  1971 Photosynthesis and general  development i n  

~ a c r o c y s t i s .  The Biology of Giant Kelp Beds (Macrocystis) - A 

i n  C g i f o r n i a . "  Nova Hedwigia 32 Suppl.: 169-190. 



Cribb, A.B.,  1954 Macrocystis xpyrifera (L.) Ag: i n  Tasmanian waters .  
-b 

a - 
Aust. J. Mar. Freshw. Fks. 5(1)  : 1-34. 

1 .  

Dei t ,  M.E., 1932 Experiments with the s t i p e s  of Fucus ~d Laminaria. 

J.  EX^. B io l .  9 (3)  : 300-313. 

~ r u e h l ,  L.D.,  .I970 The p a t t e r n  o f  Laminariales d i s t r i b u t i o n  i n  the 

no r theas t  Pac i f i c .  Phycologica, 9 (3 /4) :  237-247. 

1 ' 

Frank, P.W., 1965 s h e l l  growth i n  a n a t u r a l  populat ion of the  turban 

s n a i l ,  Tegula funeb ra l i s .  'Grawth, 29r  395-403. 
. B 

Gall i ,  D.R. and A.C. .Giese,  1959 Carbohydrate d iges t i on  i n  a herbivorous 

s n a i l ,  Tegula funeb ra l i s .  J. Exp.  Zool. 140: 415-440. 

G r i f f i t h ,  L.M., 1967 The i n t e r n a t i o n a l  univalves of B r i t i s h  Columbia. 

B r i t i s h  Columbia Provinc ia l  Museum Handbook #26, 102 pp. 

Jones,  L. , 1971 Studies  on s e l e c t e d  small  herbuvorous i nve r t eb ra t e s  

i nhab i t i ng  Macrocystic canopies and ho ld fa s t s  i n  Southern 

Ca l i fo rn i a ,  Nova Hedwigia Suppl. W .  North ed. 32: 338-358. 

Kailov, K.M. and Z.P. Buriakova, 1969 Release of d i sso lved  organic  
I --,- --- 

mat te r  by marine seaweeds and d i s t r i b u t i o n  of  t h e i r  t o t a l  

organic  production t o  inshore communities. Liminology and 

Oceanography, 14: 521-527. 



h 

Leighton, D.L . ,  1966 Studies  of food preference i n  algivorous inver tebra tes  

b 
of South Ca l i fo rn i a  ke lp  beds. Pac i f i c  S c i .  20 : 1 0 4 ~  _113. 

<' 
Leighton, D.L., 1971 Grazing a c t i v i t i e s  of the  benth ic  i nve r t eb ra t e s  i n  

3 

Southern Ca l i fo rn i a  ke lp  bed% Nova Hedwigia Suppl. 

'3 
W. North ed. 32: 421-453. 

* 
Leighton, D.L. ,  L.G. Jones, and W.J. North, 1966, Ecological r e l a t i onsh ips  - % . z 

between g i a n t  ke lp  and sea  urchins i n  Southern Cal i forn ia .  

Proc . V t h  1 n t l :  seaweed Symp. Permagon. : 141-153. 

Lowery, L.F.,, A . J .  McElroy, J.S. Pearse,  1974 An ana lys i s  of the . 
* 

d i s t r i b u t i o n  of s i x  species  of gastopod molluscs i n  a 

~ a c r o c y s t i s  p y r i f e r a  ke lp  bed; i n  Press ,  Hopkins Marine 

S t a t i o n ,  P a c i f i c  Grove, Cal i forn ia ,  U .S .A. 

Lawery, L.F. and J S .  ~ e a r s e ' ,  1973 Abalones and s e a  urch'ins i n  an a rea  
, ' ,  

inhabi ted  b$.sea o t t e r s .  Marine Biology 23 : 213-219. -. I 
e 

V 

, * 

MacFarland, W.N. and J. P resco t t ,  1959 Standing crop, chlorophyll '  and 

i n s i t u  metabolism of a g i a n t  ke lp  community'in Southern 

Cal i forn ia .  I n s t .  M a r .  Sc i .  6 : -  109-132. =*  

Mann, K.H., 1972a Ecological  energe t ics  of t he  seaweed zone i n  a marine 
., 

bay on the  At l an t i c  Coast of Canada. - I.  Zonation and 

biomass of seaweeds. Marine Biology, 1 2  (l), : 1-10. 



hann, K.H., 1972b Ecological  energe t ics  of  the seaweed zone i n  a . 
marine bay on the  A t l an t i c  Coast of Canada. 11. Product- 

i v i t y  of t he  seaweeds. Marine Biology 14: 119-209. 

B 

Mann, K . H . ,  1972c Macrophyte production a n d . d e t r i t u s  food chains i n  

c o a s t a l w a t e r s .  Symp. of Detritus and its Ecological Roles - 
i n  the  Aquatic ~ c o s ~ s t e m ~ :  Pai lanza,  1: 46. 

, - 

,' 
.McLean, J . H . ,  1962 S u b l i t t o r a l  ecology of k e l p  beds o f  t h e  open coas t  

near   arme el/ ~ a l i f o r n i a .  Biol .  Bu l l .  122 (1) : 95-114. 

% 

Mil l e r ,  S.L., 19'74 Adaptive design o f  locomotion and f o o t  form i n  

, * ,  
prosbranch gastropods. J. Exp. Mar. Bio l .  Eco. 14: 99-156: 

Nortli , W . J. , 19 57- 19=60 Kelp Inves t iga t ion  Program Reports. University 

--? Cal i fo rn i a ,  I n s t i t u t e  of  Marine ~esource^s.  

: North, W : J . ,  1960-1974 
", 

Kelp Hab i t a t  Improvement P ro j ec t ,  Annual Reports, 

C a l i f .  I n s t .  Tech. Pasadena. 

North, W .  J. , 1971a G r o w t h  of  i n d i v i d u a i  fronds o f  t h e  mature g i a n t  k e l p  

Bacrocyst ic .  Nova Hedwigia Suppl. W.J. North ed. 32: 86-120. 

North, W . J. , 19 7& Observations on papulat ions o f  ~ a c r o c y s  t is  . 
Unpublished manuscript presented a t  a Semin?r on the  

cons t r i bu t io rk  of cu l tu re ,  l abora tory ,  f i e l d  and l i f e  h i s t o r y  



V 

tAoe systematics of benthic marine algae of the studies t o  

Pacif ic.  University -of Hokkaido, Sapporo, Japan. 

Pace, D. R . ,  19 72 Polymorphism in  Macrocystis in tegr i fo l ia .Bory in  

re la t ion  t o  water motion. M.Sc. Thesis Part  I ,  University 
9 " .  

of B .C., Vancouver, B .C., 'Canada. 72. 

Paine, R.T. ,  1969 The Piaster-Tegula interaction:  Prey patches, 

predator food preference and i n t e r t i da l  community s t ructure  . 

ine,  R.T. ,  1971 Energy flow i n  a natural  population of the herbivorous 
I 

Limology and Oceanography, gastropod Tegula funebralis.  

s- 

Paine, R.T: &d R.L.  Vadas , 1969 . Calorif ic  values of benthic marine a g a e  

" '  

and t h e i r  postulated re la t ion t o  .invertebrate fogd 
1 

preference . Marine Biology, 4 : 79-86. 

Pearse, J,. S . ,  1972 Class Study Project Kelp Beds o f^  Hopgins Marine _Station, 
9 

mimeogeaphed report .  I; ,3 

- 

c3 

k .  
Y 

Purchon, R.D., 1967 Feeding methods i n+  the gastopoda and digestion. The 
' *  . . 

~ i o l b g y ~  of the ~ol . lusda.  'Permagon. Oxford, '888 pp. 



Rosenthal, R. J. , 1968 A method of tagging molluscs underwater. The 

Vel iger ,  11 ( 3 )  : 288-289. 

Sargent ,  M.C.,  1952 photosynthesis and t r ans loca t ion  i n  g i a n t  kelp.  

Amer. J. Bot. 39: 99-107. 

T 
-4 

Scagel ,  R.F., 1947 An i nves t i ga t ion  of marine p l a n t s  near Hardy Bay, B .C. 

Report t o  t h e  Provinc ia l  Department o f  F i she r i e s ,  70 pp. 

Sokal,  R.R: and F. J. Rohif, 1969 Biometry, Freeman,- San Francisco, U.S .A .  - - 
776 pp. 

Teal ,  J.M., 1962 Energy flow i n  thmlt marsh ecosyqtem of Georgka. -. . - 
Ecology, 43 : 614-624. 

d 

Westl&e, D . F . ,  1963 Comparisons of p l a n t  p roduct iv i ty .  Bio l .  Rev., 38 ' '  . 

Womersley, H.B.S., 1954 The spec i e s  of  Macrocystis wi th  s p e c i a l  re fe rence  

to  those i n  southern Aus t ra l ian  coakts.  Univ. of ~ a l i f o r n i a ,  

Pub. i n  Bot. 27 (2 ) :  109-132. 
. - 

, . 
&, - - 

Wort, D . J . ,  1955 The seasonal  v a r i a t i o n  i n  chemical composition of 

Macrocystis i n t e g r i f o l i a  

B r i t i s h  Columbia c o a s t a l  

F-T 

and Nereocystis luetkeana i n  

waters .  Can. J. Bot. 33: 323-340. 




