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FMacrocysEisqintegrifolié, Eory (kelp) beds in:Ba;kleytsound,'

-

y X ol ﬁ-x"‘a . . > :
Vancouver Island contain numerous invertebrate herbivores. A prosobranch

»

gastropod, Tegula pulligo Gﬁéiih5wasufggnd to .be numerigally‘dominant

throughout the year in all surveyed kelp‘bgds:hu”TE‘was~highly~motile.bnt.uuununww5w~

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

Laboratory feeding experiments with T. éulligo indicated that

.

consumption® of tissue was not a satisfactory indicator of graziﬁg'impact.

A significant amount of tissue was lost due to the incidental effects of

grazing. - In.the field giazing and water motion acted together to - .

accelerate the loss of plant tissue.

Growth of M. integrifolia was asséséed during a period of maximum 3

.

grazing and erosion -acted most directly on this frond structure. The

laminae grew as a moving belt of tissue up'tQ;24 days after they spljii

=

- from the apical scimitar. S
T~ a )

.

In a small (100 m square) kelp bed the plant énd herbivore population

wés surveyed twice over 60 days. Using this detailedrstudy a value was

FUR P N PN

“caléulated to réflect both the consump}ion of laminae production and

grazing impact of T. pulligo over 30days from the final sufvey. Tegula é
~ pulligo consumed 2.3 + 1.6% of lamina production, but the interaction of 1
its grazing with erosion caused a 1oss 6%”55ﬂff3815%'6f“15m1na’pr63ﬁ6fioh;' ”'77”7f
i ) ;
iii |
A i
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INTRODUCTION
The kelp bed (Macrocystis, C.A. Agafdh, 1823) communities -on the
- Pacific Coast of North America contain many separate plant-herbivore
associationss 1 have investigated the rgléfionspip,between the brown ' <

° -

alga Macrocy®stis integrifolia Bory (Ordér Laminariales) and associated

) herbivores particulgrly the prosobranch gastrgpod ngula puliigo Gmeliﬁ R é
.5Q ) w' v (Family Troéhidae) in-Barkley Sound on Vancouvef Island, British - . ‘§
B - Lo - N v
. Columbia, Canada. e
. . »
Macroqyétis intggfifolié grows inshoré from a meter above O tide A
level (Canadian Datﬁﬁ;‘to‘7 metgrs'ﬁelow and ranges from Poing Con;eptiony"
Caiifprnia to Kodiak Island, Alask;,'U.S.A; (Druehl, 1970; Norfh,'l97l; ! :
f:& Womérsley, 1954). Teggla-@dTiigoxis subtidal and ranges from Sitka, é
,,,,, < Alaska to lower Calli;oafn}a U.S.A] (Griffith, 1967). Species related . ;
7 to this plant and this animal have received considerable atten?ion from j
. researcﬁ;rs. | | ‘
North, (1957-1974) has led a researéh group investiééting h <
Macrocystis pyrifé;a (Linneaus) A. Agardh in California; These workérs.
7grﬁw#,i,/;1;J;studiéd{é§pgcts of ecoiogy, biochemistry, growth, physiology, é
__reproduction and faunal assécigtions. . Independent studies were:éonducted - éJ
,_,,4,/~’;;”+ éeariier; féi'examplé iﬁveétigééibns of faunél associations in the kelp beds :, §
T Z;ndres,l945rAleenL48é69..PublishedvstudiesconcerningE:integrifoiia“‘gj
: “F
. 3

have been largely lid%ted to growth (Scagel, 1947; North, 1973),
] \ .
morphological variatiQn (Pace, 1972), chemical composition (Wort, 1955),

and a single calorific value (Paine and Vadas, 1969).

. .
= 4
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Tegula funebralis (A. Adams), an intertidal neighbour of T. pulligo

has been the subject of many studigs: physiology (Galli and Giese, 1959), .
Fyoa k5 I

growth (Frank,‘1965), feeding rates (Best, 1964), energetics (Paine, 1966),

predator prey 1nteraction (Paine, 1969), and locomotion (Miller, 1974)

oy

The limited access to I_ pulligo has restricted research to a few' studies.h

o .
A class at Hopkins Marine Station, California performed short projects on -
«y -

the following: respiration, predation and distributionf(PearSe,'1972).

Lowry (1974) studied the distribution of ngula speciesnin’a,ﬂ. Efrifera

-bed. ’ . -

A ~ . L3

The major,purﬁbse of my study'was to assess the impact of Ig‘Bglligo

on the natural loss of M. integrifolia tissue.  During this stud§ I also

noted the distrdibutions of the other herbivores. The investigation was

.

in four parts: local M. integrifolia distribution and growth; T. pulligo's

distribution, population structure,'movement and feeding'behaviour;

interaction of the plant and the herbivore and a- detailed field assessment

o

of T. pulligo's grazing impacts
: The_first part of the study involved obtaining production rates of

plant laminae since the laminae were the most important frond structure in

v -

the plant-herbivore relationship. Further, I investigated distribution

of the plant horizontally and vertically as well as the phenology of the

kelp bed throughout the year.

The second part of my studies considered such questions as: what is

the distribution of T. Eulligo and'other herbivores vertically and

horizontally; do the- herbivores remain in the kelp bed throughout the

o - . “

year? Further, to establish a feeding rate for the snail answers to the



'

'A;Waé calculated in reference to a 100 meter square 5rea within a large kelp

.

[ A o
) 7
5\ . Co
\ i Bl 7 ' ‘*
) - 3 %
AN > 1;. : o - — — . i
‘ m‘l - —':Q»‘.
folléwiné‘questioﬁs were ;gqui;gd: what is the feeding period, feeding. )
. . - R B T T . . T {:’5 ",:{, - -
frequéﬁqy, the éfféct of light,' emperaiﬁnefan& food preference? A B
Initial laboratory feeding. experiments indicated the tissue consumed was
only part of the total tissue lost to the plant. Cod N
- This'aéditional tissue loss led to part threé of this study e
involving the intéraction of the grazers and the biant‘in'ﬁﬁe field.
ER SR o o . ’ : . )
:Specifically, doeg grazing yeakeghtissue so.it is: more susceptible to
. erosion by water motion? What are the characteristics of grazingvdamage
‘and:its'extent in the field?
The fourth part of the study was the calctlafion of a Gélue to e

e

oflect the impact of T. pulligo grazing on M. intégrifolia. Kelp bed
R =S M |

éompi?xity prevénted%the applicatioﬁ of a general model for the planti

herbivore systém over an”é?tended‘period and area. Therefore, the value’
: . ‘ , ,

- : - : . gy
N - N

bed and applied to a oné month period of maximum kelp growth.

This thesis is presented in four major sections, each consisting of

gt

specific methods, results and>discussion. They are preceded by -general-. -

i

imethods and followed by a general discussion.

-
®
’

GENERAL METHODS -

~

_ All statistics and statistical testsgcomputedgfrom;myﬂdatagwixhgonem_,f_444W4,

exception used standing routines .from STATPAK in the A.P.L. (A P;ogrémming‘

s

Language) of Simon Fraser UniversiEyvComputing Centre. The exception was

the t-test for the-equality of means which was designed by Sokal .and
. . . . Gt aE o



b . ' ¥
g Teo” - i ® ¢ %3% g%:'ﬂ,n b
i . o — =
- i /, R:_fi' &ﬁ o3 ¥ e T
. ) ;f‘z : . o . 4 " i
‘ : . P, . ' 0 - 4 l ' TR
& TTRoWLE (1969) . All tests for the equality of
¥ -~ 5 w0
Eee . at the 5 percent level of significance. ) A
P . S g - . ' :
& Laboratory studies were carried out in thezBamfield Marine Station,

s L

V Baﬁfield,fB.C. with one excéption.' Unless otherwise épecified'these'

experiments took’place in an open seawater system. ~ QOrganisms employed

SR e
Y
v

coL B . - S
o ,,;7 in laboratory experiments were transported to the open seawater system in
R plastic bags within 1 ﬁour; - All field studies were con@ucfééﬁih'BarkiéyA ©
g ) ‘ . . . ) i . : -
Sound, within a 5 Km radius of the Bamfield Marine Station and employed
- SCUBA. :" )
’ " STUDIES ON MACROCYSTIS INTEGRIFOLFA ’
- . 9 - ) 3

METHODS - - N T iy

General distribution of M. integrifolia in SoutheastlBarkléy Sound.

Aé During,July,1971,Wa,presence:absence,Surveymﬁas,conductedfformtheh4mm,;vwﬁiv
H . ; - . .
distribution of M. integrifolia (Druehl, pers. comm.). Presence or

absence was established by surface and underwater reconnaissance.  .:

v
1\\ -
» ) toE o - - \7"‘;\ .
/ Growth Measurements . Py = : E N

Figure l‘illustrates'the morphological terminology'employeé for

k

- M. integrifolia in this thesis.-

»
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- _the stipe length. - - o S

identified with surveyor's marker tape lettered withkwatefprodf ink.

The tape was tied loosely at* the base of each stipe or at an internode

’

to prevent tissue damage. The groups of fronds used in stipe

-elongation and blade number'ﬁeésurements with dates or measurements are

B “ : » N

-listed on Table (I). Stipe length was defined as/fhe distance from the -
.o ' - . o

most recent terminal slit to the junctute,of the stipe and holdfast.
Blade number was defined as.the total number of independent blades plus
the number of terminal slits per frond. Accuracy in measuring‘underwater‘

dec;eased with the sizg of the frond. Blade counts were estimated to be

approximately within 10% of the true number and length td within 10% of ™

e
b

o : . <A
Lamina Length and Width Increment, Duration and Pattern of Growth .

A paper punclf was use cut 1 cm diameter holes 2-3 éﬁ.inside the

0 centre distance bé&ween two opposite holes. Length increment

was defined as the change in &istance between a hole centre and the base

of the lamina (Cribb, 1954) . When holes were,punchéd in the meristematic

+

« area offphg/ié;épa, the holes grew in diameter but did not move along the

. P
6
-“
_Stipe Length and Blade Number
T ) s ‘ !
L All/s}}pé and blade measurements were made underwater with a meter -
r”"/ , ,,»// d ) ' : . -
stick.or 30 centimeter rule. Stipes and associated blades were 5

e R A A et D K

'
3
P)

lamina. To avoid this problem the holes were subseQuently punched at

F

least 5 cm from the base of the laminha. Four separate groups of fronds

H

were used for the study of lamina growth. The sample groups and procedures

-
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\

\\\\> used t%%fssess the/pﬁttern, relatlve growth and mean growth rate of PR

lamlnae are llsted 1n Table (I). ( ] ’ .

e

T \ ‘ : . | . ‘

o \ . . ) v : { v A

Biomass %er Unit Area of the Lamina
. Twenty-three fronds-ranging fro@AO.Q5~cm to-6.0 m in length were .- - - .o
collected from the Ross Islets Plateau kelp bed in June, 1973 (Eié,A2).

The apical lamina, first independent lamina, a mid region lamina and

basal lamina were removed from each frond. ‘:The fresh blotted weight of »~?«

each iamina‘was;meesured on.a toploading Mettler model ph200 balance to

0.1 Qm. The perimeter of'eech laminatwas traced.on newsprint for later
reference. No attempt was nade to«include holes in the lamina, unless

they exceeded one third of the width. The area of each tracing was

calculated by a Salm01ragh1e Model 236 planlmeter (Ssalmoiraghie Instruments,

— L.

Milan, Italy) to 0.1 cm2. Theiwelght.per unit area was then calculated

Ve ; .
-~" for each lamina grouping..,

RESULTS™
RESULTS

7

General distribution of M. integrifolia in Southeast Barkley Sound.

Lok Soipirct t <o

- o

Two forms of M. integrifolia were distinguished‘in the 1971 survey
(Fig. 2, Druehl, pers. comm.). There was an erect form which floated at-

the surface and a low-lying form which 'laid along the bottom. The

prostrate form was restrlcted to the sheltered northern end of the Trevor

\
. I 2 IR
E
p:

channel on silt covered bottoms. Macfochtis integrifolia was present in

<

moderately exposed to sheltered areas where there was a stable substrate

and good water circulation.

e G e kB W A

I
L
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Tﬁé distribution of two forms of M. integrifolia-
as observed in a survey covering southeast . ° . o ‘ 2

Barkley Sound in July 1971 (Druehl, pers. comm.) c j
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f Growth Measurements -

Stipe Lengﬁh and Blade Number

The rate of stipe elongation increased with the stipe length up

to ‘approximately 200 cm. Then the rate of growth‘decreaéedlby 30
‘percent'foi each additional 100-150.cm_of stipe length (Fig. 3).

A linear regression line for the data had an R value of 0.16 and accounted

for 2% .of the data variation indicating a poor linear-relationship. *°
v _ o , y ,
- 4 -~ -
Therefore a curved 'line was fitted by hand. Although a decrease in

L

growth }; suggestéd beyéna the'200’cm iehgﬁh position af the iine is in
dou’.b’i: duve ththe paucity" of measurements « - .

' Ihér; was a cqnstént relationship between thg lehgtﬁ of‘éiipes and
the number of blades (Fig. 4). The linear regressioﬁ line was a good
fit to the data with an R value of 0.9 accounting for 81% of the data

‘variation.

e ~~4here;was—a—siighﬁiinereaseWin~thefrateuofﬂb1adewadditionfover—the77~ﬁf7—~—w——

rénge of stipe lengths‘(fié. 5). The mean ?a;e of blade additiop'fér
the sample gas 0.4 SDii 0.2 bladés/day. ‘iycurvilinear rela£ionship haY‘
be argued for the variation in the rate of bladé addition with initial
stipe leﬁgth. - However, the previous bladé numbef.resﬁiéé éhowiqg there
is a con#tant number 6f blédes per unit léngth regardless bf 1éngth 1
iﬁdicate a_%ipear relatiqnship exists between the twa sets of data. The

/

R value for these data is 0.35 and accounts for only 12% of the variation.

e A

L

T

This is a poor fag and for any stipe length the rate of'addtfién can

length is required to prove this relationship. :
Pa *‘ _ B .

My '
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Figure 3

— — 1’13 - - —V——g ——
v ) L~
-
< 7
, » -
Variation in the rate of stipe elongation with
the length of 56 stipes measured over 30 day' ;
periods, during July, August and September at é
'*the”Ross*Islets~P1ateau~ke1prbed:‘“rTbemcurved”j"Wﬂm”*‘”f‘******"*“’*%
line was drawn by hand
- - - < line in doubt due to lack of points'
o e
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Figure 4 Variation;ih;the number of blades on ‘a stipe35
‘with the length of the stipe. Blade counts -
“ were made in the Ross Islets Kelp bed on 56
fronds during July, August and September,
"1973. The formula describes the line
through the points
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Variation in the rate of blade addition with the

sﬁipe length of'26 frbnds_measured over 30 aay

>

" periods in August and September in the Ross Islet

Plateau Kelp bed.  The formula describes the

line through the points

o



> s
,A. e
Bt
Q
)
—

BLADES/DAY

.

K2
T

o

y =.31+.0006x

I L ST
K o Qﬁ‘

4 ; \
v .
4
e O )
a . i
!,.,,.,.7, aal *
NN
o :
5 W ¢
. L ) 1 1 1 i ! 1
- - !

¥

N

| |
200 250 300" 350 400 450

o

¥ INITIAL STIPE LENGTH (cm)

|
i

.
L

‘_r!



3

‘r;\gam§g§:Leﬁgth‘and'Width Increment, Duration and Pattern of Growth

-ﬂ_ " The resu}fs of £he two approaches to the.prob}emﬁqf’frowth

'

. /duration replicate one ianother to some extent but illustrate clearly

fthé interrelétionéhiplof bladéipositibn oﬁ’thg:stipe and the grdwth
: actiﬁity~d? the lamina. B : ' , . E:wa

i

L.

The more basal a blade's position on the stipe the slower was the

Vi a

rate of lamina elongation (Fig. 6). After 22 dayS‘theré was no lamina

o éldnéation,on any of the tagged_blades." Assgm;nb a blade addition rate

of 0.4 blades per day; at sevepfdays follé&ing the'ih;tial‘meaéufementiét
least 2 blades were added above the tagged blade. The diameter of_tﬁé_’

punched holes alségéﬁéweq dramati¢ differences in %hé‘growth of adjacent

lamina (Fig. i). ' ’ . A .

” “
-

Hole?lpunched near the meristematic gegion of the first independent

3 .

blades ceased distal movement between 21 and 24 dayéLirig. 8). k'Thg mean - .

rate of elongation was 1.9 SDi 1.5 cm per day over 2§ days. The

changes in the rate of hole movement over time can be related to the

lamina growth pattern measurements.
Thefpattern of growth in length along the lamina was slow in the

meristematic region and increased toward the middle region of the lamina

-

(Fig. 9). Only one lamina was initiall? punched beyond 22,cm;'(at 29.5‘cmi

its distal movement ‘relative to the base was less than 1 cm per day.

. This single measurement suggests a trend to the cessation of grbwﬁﬁ in the

distal region of the lamina as shown -in the previous elongation data. The

overall«<rate of elongation was 1.9 SD + .9 cm/day.
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Figure 7 The relative growth of 1 cm diameter holes
T ; pﬁnched in the laminae of adjacent blades
| S
i P .
. ! - over 22 days.
! |
f ) B : - ST
i ) a. The most apical blade is the lower
; ¢ . blade in this figure
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e | . . .
[ b. The most apical blade is the blade
| on the right in this figure
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Figure 8

17a . ~
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-
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/ p | o -
The distal rate of movement of holes punched
in the laminae of the fvj.%rst independent blades
with 4 - 8 da:y intervals ffom first measurement.
Distal movement of basal holes was interpreted T
as the minimum rate of lamina elongation S
time period . . - Ni ’
0 -4 | ' .16
;
4 - 8 o ’ 13
8 - 14 . 11
14 - 22 | . 8
22 - 24 ‘ _ ' . 8
verti al lin < panges - ‘day
vertic 1. .es o ;‘ ) /r/‘gEin éﬁ?’ﬂay
horizontal lines = =~ ~ / mean in cm/day ’

T

rectangle verti@/afg ~ SD in cm/day
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Figure 9

g

18a

Varia?ion in the rate of hole mévement .
(eiongationxénd widening of tﬁe laminae) witﬁ
the éosition of the hole from the base of the
lamina over a‘5 day éériod, on the laminae of

the first independent blades of 16 fronds.

a. widening of the laminae L/”,,///~///'”"/"ﬁ”ﬁ
b. elongation-of the laminae

vertical lines ' range in cﬁ/day
horizontal lines ' mean in cm/day

vertical axis, rectangle ) SD cm/day



18b

X Ly
Q . w
S N3

1.25¢

—

~ (Av@/wo)  INIWIHONI

1
o]
o

HL1AdIM

e
Ll L /J 1 | L
o
®
1 | (] L
<t o (q\] —

(AVQ/Wwo)  INIWIYONI HIONTT

15 20

10
MEAN - INITIAL HOLE POSITION

(cm)



TR
19 . .

1]

!

!

et -
er decreases as .

—

The movément of opposite holes away from each oth
1

the holes move toward the distal end of the lamina (Fig. 9). Howéyer,

/
I |
to translaté the movement of punched holes into actual width increments

of the 1amipa, I assumed the lamina to be a moving belt of tissue.
0.43 Sh + 0.3 cm/day was

/
Therefore the mean rate of width increment of
j ) .
applied over the total linear growth period of the laminae.
Frof the;preceding1gfowth studies I concluded there aré three types

of 1amin4e on a frond at the beginning of any meaéurement period
ék\‘

AN

days.

="

exceedidg‘zz days.
Tﬁe lamina which has grown for part of the 22 days growth period an

1.
%ill cease growth before 22

ﬁhe 1aminae”éaaéafa££ing the measurement period and will complete

/

2.
/their growth before the end of the calculation period.
3. [ The laminae ghat are formed less than 22 days from the termination
of the calcuiatioﬁ périod and Q;;l.nof céase-gréwth befé;é ége end o
/ of the cal;u%ation period. The followingvf;fﬁula includes formulae

e
ment (A) of all 3 previous

/ -

/ to calculate ;he'tota1 area incre

categories ofilaminae:

f ~A =8 (' (La~x i.9) (La X .4) + Lc}(364i
+ 8 (Lbix 1.9) -(Ib X .4) ) (1)

Wherg‘s is-the sum of laminae area ihcfemeﬁt for each blade position

-

from 1 thru 9'and 364 is the total area.increment for a lamina over

!

22 days cm”. ' Ia is the duration of lamina growth for a blade

présént at the beginning 6f'phe study period;h
(2) - ,

;‘
= 22 =~ ‘(Ba X 2.5)

; s =
. L,

b
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‘Where Ba is the blade position relative to the apical scimitar and

1 blade is formed every 2.5 days. Ib is the duration of lamina

- growth for»a:bladé forméd Auring the calculation period but withouté
évcomplete gro&th period. .

Ib = 22 - (Bd X 2.5) 5(3)
Where Bd ifrthe blade posifion felative to ﬁhe laét.blade with a

completevgrowth‘period. ic is the number of “laminae growing for -

22 days in the calculation period.

7
1

Le = (T - 22 /2.5 - (4)

Where T is the ¢alculation period. : .

.Biomass Per Unit, Area of Laminale ) )
| L 2, . |
The fregh weight of lamina tissue (gm/cm”) increased toward the
basal region of the frond (Fig.'lO). 'The mean fresh ﬁeight of sporophyll

tissue was significantly greater than for all other laminae. The

¢
-

variation and range ofvvalues wére extreme for the sporophylls (Fig. 10).

- The mean area of the first independent lamina obtained from tracings used

for the calculation of lamina weight (N = 10) was 414 SD. + 199 cm2. The

+

mean area of all %ndependent lamina (N = 45) on the cdllected fronds was
1 ‘\ b .
660 SD + 116 cm®.

®-
s

DISCUSSION

The two types of M. ihtégrifolia encountered in the distributional

survey may be accounted for bg{&ﬂg/tendency of tﬁe plant to develop larger

1aminée in sheltered areas (Pace, 1972) . = The laminae reach a weight
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Variation in the fresh ﬁeight of M. integrifolia

laminae with their position

vertical lines

horizontal lines’

rectangle, vertical axis

lamina position
apical
mid !
basal

sporophyll

\

on the frond

range gm/cm square

‘mean gm/cm square

%

SD gm/cm square
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21
24
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e
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which canﬁot be floated by the pneumatoc&sts ang'drag”the’froﬁd*downward.

The observations on phénology; also vertical and horizontal distribution

are presented with the descriptidn of herbivore distribution. C

The growth of M. integrifolia laminae is a moving<bg1t of tissue as
with Laminaria‘lamiﬁae Mann (1972b) . However, it is Very different from

Laminaria because instead of a single lamina growing continugpsly, laminae

area gpgﬁéﬁ/;é detérﬁinate,—ceasing within approximately 20 days and frond
growth continues wifh a more recent lamina (more.apic;i laminae) . That
vyis, the’whole frond acfé as a belt of blades which are individually groﬁing
, for-a 'li(mited p;-:'riod. 7 » |
Vériatioh in ﬁhe growth fate‘of fronds in&terms of elongatioﬁ of the

1

stipe and blade addition for a given frond size will be discussed in two
aspects relevant to the study period. First is the importance of trans-

location and the condition of other fronds on the plant. -T¥ has been

shown that old M. integrifolia fronds translocate nutritive material to
young frondsrless than a meter in length (Lobban, pers. comm.) . The 1os§#

of the primary .apical scimitar appears to increase the transport of
- translocate to secondary fronds on the plant. Therefore, we could expect
significantly different growth rates for a given frond size depending on

) S - /

;

the cordition of its associated fronds.

Secondly, within a giveﬁ kelp bed there are physical gradienﬁs which

/

may influence‘the‘growth rate of fronds. For example,ﬂdepth,hqs been

correlated with the frond weight of M. Ezriféra (North, 1971).

=~- In the case of M. integrifolia this factor may be significanf since

some of the plaﬁt$ in most M. integrifolia beds are intertidal (Scagel, 1947).




The morphological variationﬁof wave-sheltered and;waﬁe—exposedfffonds,
suggests that a wave-epréﬁrngradient through,a’kelp bed may affect
’ . e 3

growth rates, in.particular l@mina‘widthz(PaCéf 1972L.f
Lamina growth measurements depended'oﬁ following the ﬁovement of
holes punched in the laminae., The holes were usually placed négf tﬁe base

of the laminae and I-did not measure growth beyond‘this‘point»exceptvin

g

growth pattern studies.  Growth did occur beyond the base, hoWéver,,the

error in the final calculation of area increment appeared to be féduCed,
- v f’ e . =

because the first indebendent lamina was split from the apical SQimitar due

to unpredictable ggvironmentdfﬂfactors such - as wave action. As a result
. Y o
of these factors the size and overall growth rate of the first independent

lamina'wasfhighly variable. Calculated from the movement of holes the

total area’ increment was 364 SD + 167 cm2. This value‘waé well within

area increment measured from laminae tracing from the first independent

lamina to the most basal laminae.

PO

"The cessation of growth or growth at a low uniform rate in lamina area

was suggested by the relative size-of laminae on the frond. Laminae
. N - o

' reached a maximum area near the mid region of the frond and frequently were

smaller in the basal regiont_ This pattern was observed ingy,fgxrifera

4 £

fronds by Sargent and Lant}ip {1952). Aleem/ki973l,'foliowing hole
. . _ r A - 4
movement to measure growth of M. Ezrifera,found laminae ceased growth after

.

4 to 6 days, in which time they were approximately 2 meters from the apical
scimitar. _ Thickness was not included in these measurements but increasing
weight per unit area of lamina toward the base of the frond suggests the
meristoderm is actively adding tissue after surface area growth ceases.

w

5
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“1In M. integrifolia the weight of tissue per unit could be an important

factor,ig/thé strength of the lamina and in thé/survival of laminae.

Sporophylls have a 51gn1f1cantly hlgher welght per unit area than adjaggnt

lamlnae and were observed to p§r51st long after more aplcal laminae were
lost. 'Thé‘mechaniéal afrength of tha heavier spoizphyll»tissue could be

a deterrent to herbivore damage and erosion.
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HERBIVORES

>

METHODS

A series of field studiesvjf}e conducted on ‘the distribution of

T. pulligo in the southeast area of Barkley Sound. A number of problems
. : \ ,

- were encountered in these surveys. Underwater observations were often’

v o

limited by poor visibility. The snail presentedéprobiéms due torips

small size and cryptic. colouration. The high-relief of the substrate and

¥ o 'y
the large undulating:sufface of M. integrifolia created problems locating .

~
-,

the snail. s
E

! ) "-4‘
General Distribution of T. pulligo in Southeast Barkley Sound

t

Seven sites were selected with a r nge of Wave exposure . (Table II,

Fig. 11). These sites were s ising a coﬁpass transect perpen-

dicular to the shoreline. A 1 m quadrat was laid every other meter along
a weighted line. Plant cover, substrate type and herbivores within each
quadrat were assessed on each transect. The end of each transect was

determined by the lower limit of the sea urchin 'Strongylocentrotus

franciscanus (A. Agassiz). The depth was recofded with a calibrated -

diver's depth gauge to .25 m. All data were t#ansmitted to a surface tape
recorder with a Sub-Com under@ater communication system,(Sub—gom Systém Ltd.,

North Vancouver, Canada). An additional twasites were surveyedfﬁsing

random quadrat placement.
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Figure 11 ' Locations of study sites in Southeast Barkley
. Sound, Vancouver Island - R -
numerals -~ Temporary survey sites.
. ¥ -
- letiers Permanen£ transect sites and the
Y .
detailedzgtudy site
BMS ' Bamfield Marine Station
scale 1l cm=1.2 km
"~ From chart-3637 Barkley Sound
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. September ;975/to September 1973 excepting De

28

Seasonal Distribution of T. pulligo and Other Herbivores -

. Permanent transects were constructed at four sites chosen for their-

diversity of exposure, diversity of kelp bedqd, sqbstfaté type and
o T e
herbivores (Table III, Fig. 11).

e

‘ 7 . i .
Transedtslzgte set perpendicular to

the shore line beginning at the edge of the intertidal zone (except at

Scottis Bay) and ending at least 5 m beyond the outer limit of M.

'integ

\

rifolia. A 1/8 inch plastic line was tied to 3/8 inch rock bolts
drive*fintc bedrock or boulders. The_line was used as a quide only, and
| . - . : .
on eadh survey a plastic surveyors chain (metric) was strung between the
Lo " . ! .

: . 2 -

pins. | A 0.5 m" quadrat was placed at 2 or 4 m intervals along the chain

and Q&éﬁt cover, substrate type and herbivore concentrations were recorded.
ER N

at Scott'é Bay the density of the kelp bed prevented the use of a

quadrat. Instead, a line encounter method was used. The herbivores

=3

were counted on each plant that touched the line. Transect surveys all

began in September 1972, but the Scott's Bay transect was abandoned in mid- =

winter, 1972, because large plants were drifting free in tangled masses

. along thertransect. “The data for the Wizard Islet transect were incomplete

due to the difficulty of maintaining a transect line. The China Hat Pass

and Kelp Bay transects were surveyed successfully each month from

-

cember 1972 and Auqust 1973.

During all surveys qualitative observations were, made on the distribution

and behaviour of T. pulligo,

2
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The‘Population Structure of T. Pulligg

In aréas near the permanent transects, collections of T. pulligo

were made from two distinct regions. One collection of 20-50

o T “‘ w /f\ ¢ ’ R .

- " - ) N

' : individuals from on<or beéneath M. integrifolia, and one collection from

",?,az .
{.;?f‘"‘ihe substrate outside the beds were made after each month's transect

o . . . :
survey. Degeneration of the kelp bed in the winter pr{vented successive

»

collections from M. integrifolia.f, At China Hat Pass the sampling

procedure for substrate celleggidn§.Was-changedrfrom a substrate surface
T TR Wy ' ) .
& € y

- collection to a complete removal‘of:the upper 5 cm of the subS%fate,

*

because I noticed individuals less than 10 mm basal diameter wére absent
' ) kY

in the previous samples. ° .
The final collection at Kelp Bay was to distinguish the size of

individuals upon the rocks and shell sandlwhiéﬁ had previously been grouped

head Vs

. as a cobble%collection. The basiégdiaméfgr of each snail was measured to

_ e = .
-

0.1 mm with vernier calipers.

Motilitz‘ !

In all motility experimenté 2; pulligo was tagged by the following
metth. A portion of the shell spire was scraped clean of encruétation.v
A drop of nQn—toxic epoxy (Sea Go-In Poxy Putty, Permalite Plastics,

Costa Mesa, Cal., U.S.A.) was placed on.théibleanvarea and a piece of
g labeled plastic tape was‘pfessed into fh@ ep;xy (Rosenfhall, 1969{.7 Care
was taken to prevent thé ldss\qf the~l§5el whilé’tﬁé epoxy éef.r ;The

specimens were held in ruﬁning seawater prior to replacement in the field.
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Motility and Substtaﬁe‘Preference of Tagged T. pulligo

1

The purpose of?this experiment was to study.the movement and
substrate preference of T.. pulligo in the kelp bed.

Tegula pulligo were collected from three distinct and adjaqeht areas:

shell sand, bedrock and on or beneath M. integrifolia at the ROSs Islets

kelp bed. Each of the 138 animals was coded for individual idemtification

and its substrate origin, then the basal diameter was measured to 0.1 mm.

The collections from shell sand and M. integrifolia were switched when

. feplaced in the field,; and the bedrock collection was the control. - Each

Ed

chIlegfion was deposiéed’in a permahent 0.5 m qﬁadrat. A search was made

~ '

within a 15 m radius for 0.5 hr at 3, 13, 30 and 48 days after replacement.
The ghutnbers within thé deposit quadrats, distance from point of replacement

4dnd numbersrof each type of substrate were noted using underwater writing

'
i

slates. . b ‘ _ o

Motility of Tagged Ef‘éulligo on M. integrifolia

An isolated plant at the end of the Scott's.Bay permanent transect was

ﬁg’stripped of all T. Euliigo. Twenty-nine snails were measured for basal

o

-

diameter, tagged, fhenireturned tdo the holdfast region. The plant was

exam%ped for the preseﬁce.of tagged and unta%ged individuals at 5, 10, 15
. .

and 88 days after depoéition.

o

Kelp Bay Infestation Experimeft
7

This experiment tested the rate of recruitment of T. pulligo to

M. integrifolia in areas devoid of M. integrifolia. Two fronds 1.5 m long
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were attéchéd to stones with rubber bands. Ohe‘frondVWAéiéiaééaiih'an

area of cobble'ggbstrate adjacent to the permanenE transect at Kelp Bay. .

[

i

The second frond-was set 15 h from the first frond at the seaward endgof

'thé transect. I counted the number of herbivores on the'frondsvand'notéd 

ﬁ, . . , :
the grazing damage after 2 and 4 days in June, 1972.
* - ‘ : ' _q:
: ' . J ' - . 3
— Motility as Related to Water Movement o ‘ . i ok
To determine if T. pulligo motility was affected by water movement
- tidal current measurements were made inside and outside the Wizard Islet ..

kelp bed using a Dumas Neypric current meter (Neypric, Grenoble, France) .

/

4

Qualitative observations were made of the T. pulligo's position on j////}///

7

o : ) i

M. integrifolia during the periods of maximum tidal flow and strgng<wavé

action. ‘ & o

el . _ . . .

- e

//,.' Feeding Behaviour //////////

T

e - T . :
———"Two general types of feeding experiments were-conducted in the

laboratory. fﬁé‘first typerof gxperiment foilowed the fresh weigh?floss
method describéa by Leighton (1966) . ‘The procedure Qas to allow ;
‘gonditioning periodsof one week. Snails were then subjected to afnon—
feeding period prior to the experiﬁént. - The fresh weight of algai pieées .
was determined to 0.01 gm and then the glgae’were placed in the hoiding
.containers. 'Leigﬁton was dealing Qifh;subjects exceeding 50 gm~b$dy —f
weight and used 1 or 2 individuals in 6 separate experiments. Siﬁée |

T. pulligo rarely exceeded 4 gm body weight, I put a mihimum of logsnails

- .
per container and 4 containers per experiment. Not all tissue which was N
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‘lost from the algal pieces wds due to consumption by T. pulligo. Fresh

E

weight of all algal pieces greater than 1 cm in any dimensionrwas weighed

e end of the experiment. A significant number of fragments were less

than 1 cm.
THe second type of feeding experiments was desighed to’éiiminate

this incidental tissue loss. These experiments folgtw&d—the previous

<]

glued.to disposible petri dishes’

. -

y . . ) : & B _ &
(100 mm diametegg with an organic glue Sico - Met (S}cdhel-Werke1 GMBH,
e : T

procedures except the lamina sections were

T T e e

Hannover, Germanyfﬁ(Fig. 12). This‘degign significahtly reduced tissue ’
losé ihcidental with graiipg and allowed weighing to 0.00llém. Therefore,
this method more accurately measured the actual consumption of algal.tissue.f
The first day's results were,léft out of the final'calculation’of a mean‘
feeding rate.

T 1 , o
Feeding Experiment to Test Feeding Rates with Two Species of Algae

Tegula pulligo was observed to occur upon Pterygophora californica

¥

Ruprecht which was often situated near M. integrifolia. To test the feédingf

rate of T. pulligo on both species a laboratory expefiment was performed in
November, 1971. This experiment was conductéd in a recycling seawater

system using 5, 1 litre plastic beakers. These had holés covered with a

plaétic screening to allow for water circulation. Tegula pulligo collected;

from both algae were, shipped in coolers‘to Vancouver. Groups of 10 snails
8] ' - .

ranging from 17 mm to 25 mm basal diameter were placed in each of 4 beakers

and immersed in 10° C water, plant-tissue alone in the fifth beaker was .the f

control. Both species of algae were placed in equal weights in each

3
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?eﬁri dish 1ids (100 mm diamter) with

M. integrifoliavlaminae glued to their surface

) z:i
é. fhe result of 2 a;ys of grazing{by T. Eulligd
b. The ré;ult of 57d;§s of gréziné hy 2; éuiligofr
c. A 3X view of T. pulligo grazing damagé *
*
PRI
< =
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beaker. After two days wifhout food, aéproximately 10 gﬁiof P.

californica and 10 gm of M. integrifolia were put into ‘each beaker.. The
: v = . - 7 -

algal sections were weigheég%n a Mettler balance, ;Model 415 to 0.01 gm and

at 0, 24 and 48 hours. '%gigal fragments less than 1 cm in any dimension:

wefe not recovered for weighing.

Diurnal FeedingﬁExperiment '
T B T . L)

‘Tegula pulligo was observed on M. integrifolia during both day and

» -

night. A feeding experiment was designed to determine if light affected’
the feeding rate of T. pulligo.
B Hind . .
An open seawater systém at 8.50 C held 4, 1 .litre bEakérs andr3, 4

L =
litre aquaria. Tequla pulligo was collected in March from M. integrifolia

-
+

at Wizard Islet, Scott's Bay'and the Ross Islets. Fifteen animals in the

18 mm to 21 mm basal. dlameter size range from each location were placed 1%

the beakars and aquafla. They were subjected to a 12/12 hour photoperlod

for a &eek p jor to the non—feedlng period and through the experiment.

s

“ﬁfterka 2 day non—feeding period approximately lO gm of M. 1ntegr1folla

lamlna was placed in g\gﬁ beaker and approx1mately 20 gm in each aquarlum
At the end of each photoperlod, the algae were collected for weighing and

the containers were cleaned once a day. The,experiment continued for 4

days. ' &

Lon§ Term Feeding Experiment

The same snails, used in the previous diurnal feeding experiment:were

used in a long term feeding experiment. The experiment followed.theiﬁ

:J >



&

*

B
A

&

diurnal experiment procedure except the light peripd wasrl4/ld (day/ :

night) and the weighings were ma@e'at 24#houf intervals for -8 .days.
- . ) {

- , {; ‘ A [‘

f
f
4

Consumption as a Function of Temperature
The procedure involving the gluing of lamina to plastic platés was

-

used to determine the actual consumption of tissue and to compare feeding
activity at different temperatures. 'The'temperatuﬁe%was regulated with
a refrigerated closed seawater module to within 1° c. All snails were

collected at Wizard Islet in October, 1973. ‘Forty-three individuals ‘were

placed in‘eaCh of 4, 4 litre aquaria, The size range of the snails was

- 17.0 Eh to 26.0 nn basal_diamter in 3 aquaria and the fourth contaiﬁéd

————

snails from 15.0 mm to 21.0 mm basal diameter.  Each experiment began

—

after a holding period of 3 days and a non-feeding period of 2 days and

(o]

¢ontinued for 4 déys. ~ The temperatﬁres Selécted (50, 10 ,.15O C) were

within the temperature range in the figld. The uppér limit was 2° c

£

s

below the summer maximum and the lower limit was at the extreme winter %3%/ ‘

(Fig. 13). At the completion of these experiments each group of T. pulligo

!

was weiéhea to 0.5 gm. Algal plates were weighed to .Ol‘gm before and

iz

after the 4 day feeding period.

7 Feeding Frequency

Thg feeding rates obtained in all grazing experiments were a mean of

. . ) .
all the individual feeding rates in_gach container. However; it was not

assumed that all snails were feeding at the same time. To obtain an

indication of the number of potential feeding snails the number of

ey
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Figure 13 Monthly variation of temperature atlone meter

N :

(-——)Qahd}five météré ( ):in Bamfield {:jgg;,m

thrBugh'l969—701 (Provided in part by the . -
"Bamfield Marine Station). This figure

reproduced with the permission, of D. Pace

)
“
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B individﬁals upon thé élgal plates (the plates were 75% of total substrate)
= ’ .during the consumption éxperiments were boqnted‘periodically at 15° e.
N . . - R . -

v

RESULTS . .

— L
- : : e
- L

S ) ) General Distribution of T. pulligo.in Southeast Barkley Sound-~ -~

. Tegula pulligo was present at all of the nine sﬁrvey sites. The

exposure and the algal cover of the survey sites did not seem to affect

o the concentration or occurrence of T. pulligo (Table IV). Tegula pulligo
was found on a wide range of substrates, the exceptions were fine sand and
silt. The maximum depth of distribution was approximatelyvlo meters

below 0 tide leVel.

I observed T. pulligo on all frond structures of M. integrifolia.

except the apical scimitar. The snails were widely distributed on the

[y

plant but were most concentrated on the basal laminae. Tegula pulligo

was observed on the followiné macrophytes: Agarum cribosum Bory; Alaria

marginata Postels & Ruprecht; Costaria costata (Turner) Saunders;:

Gigartina Stackhouse, 1890;‘Laminaria setchelli Silva; Laurencia Lamouroux,

1813; ILeathesia diffoemia giinneaus) Areschoug; Nereocystis luetkeana -

(Mertens) Postels and Ruprecht; Pterygophora californica Ruprééht; Ulva

Linneaus, 1853. Teguia pulligo also tended to clump in areas of drift

. . 2 - . ‘
algae, a concentration of 206 in a 0.5 m area of drift algae was recorded

o

at Wizard Islet.
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China Hat Pass and Wiéard Islet permanent

transects showing-the macrophyte canopy in the

summey season
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' canopy ofvg.

Seasonal Distribution of T; gtlligo and Other Herbivores

On all ermanent tra sects T. pulligo con51stently concentrated in
p ? pulligo

b .
one r%glon. At Scott's Bay the area of concentratlon was-on large

solltary plants at the outér end of the transect (Flg. 14). A mixed

+
-

californica and M. integrifolia over:. a cobble: bottom held -

. -

14); The maximum ¢oncentration of T. pulligo at Kei§~Bay was

the higheét concentrationg of T. pulligo at the Wizard Islet transect
i . - T .

(FigL
l !

adjacent to the outer llm;t of M integzifblia (Fig. 15).

varlatlon over the observatlon perlod at Chlna Hat Pass but when M.

There was

intégrifolia was present ﬁt supported thefmaximum concentration of T.

[

pulligo (Fig. 14).
Seasonal distribution data was limited to Kelp Bay and China Hat
i

Y

Pass transects. At both sites there.was a reduction in macrophyte cover

'dﬁring winter months as in Kelp Bay (Fig. 15). Between monthly surveys

the total T. Eﬁlligo present in all the quadfats ranged from 36 to 255

at China Hat Pass (Fig. 17). Maximum numbers per squafe meter were

recorded with the degradation of the China Hat‘Pass kelp bed in the winter

At Kelp Bay the band of high

(note numbers on M. integrifolia (Fig. 17).

pulligo concentrations was widest in the fall and early winter months

i

(Fig. 16).
Although the guadrat 'size used on the

was specifically chosen for T. pulligo some trends were observed tn the :

counte of cher herbiVores.'

The combined means bf shell diemeter from shell sand and M.

integrifolia collections of T. pulligo were not significantly different

surveys of permanent transects.

—.
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Figure 15

ﬂ.

42a

A schematic profile diagram of the Kelp Bay
s - %,

ok

early summer showing the macrophyte cover

ory

permanent transect for early fall, winter and

and conspicuous members of the underst

T

—
—f
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Figure 16

‘43a

The distribution of T. pulligo on the Kelp Bay )

transect from September, 1972 to July, 1973

P
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Figure 17
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]
Pass transect from September, 1972 ;to July, 1973
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Figure 18 A-L Histograms showing the size distribution of

: T. Eulligo collected from a cobble substrate

and from M. integrifolia during 1972 and 1973

at Kelp Bay
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Figure 19 A-L

4 6a

aw

Histograms showing the size distribution of T.

Eulligo collected from'a shell sand substrate

and on M. integrifolia during 1972 and 1973

at China Hat Pass
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between January and June collections (Fig. 19; G & H, K & L)

Stronglylocentrotus franciscanus (A. Aga551z) moved up to the edg§ f !

of the kelp bed in the early fall at China Hat Pass. Haliotis

kamtschatkana Jonas was absent at China Hat Pass and abundant at Kelp Bay

A population of Pugettia gracilis Dana occurred on ﬂ, integrifolia at
Scott's Bay and increased in mid-wintér. Idotheid isopods reached high
. ' /' ;

densities for short periods during the year.

T. pulligo Population Structure

A compilation of sample means is presented in

|

‘ |

I used only those samples collected by the same methods for [
statistical comparison. f
. N - {

{

Table V). .
The basal diameter of_g, Eulligo shells collected on the cabble

integrifolia (Fig. 18, A-L).

substrate at Kelp Bay was significantly larger than from that of i

individuals.collected on or beneath M.

frcm the single trial of separating adjacent shell sand and cobble

«
collections the mean basal diameter of the shells were found to be

To check for seasonal varlatlon

1

significantly different (Fig. l8, I, J).
in the population structure the cobble sample of December was compared

with the comblned shell sand and cobble samples of June, the mean basal

shell diameters were not significantly different (Fig. 18,7C, I, J).

At "China Hat Pasé'the;ﬁumberi of T. pulligo less thar 10 mm in casal

diameter increased when the collecting method was modified to remove the
upper 5 cm of the shell sand substrate in December (Fig. 19, E). " Two

population size modes were found at China Hat Pass, one of small snails
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TABLE V

Basal Diaméter of T. pulligo (mm) from collections

,im or beneath

//M.integrifolih

Location Month'. n

Kelp Bay Sept.
" i oCt.
" " /,‘/DEC. 367
" ."//‘Jan. 12

A .
" /M Mar. 32
n//t " Apr.
, L
'-/,/n " J_un.

1,/

//

/ China Sept. 105
Hat Oct. 45
Pass Dec. 49

" Jan. 26

" ) Mar. 31

" Jun. 43
ScottU; Sept. 33
Bay Oct, 25
" Jan. 35
Wizard Sept, 108
Islet Oct. 58
Feb. 8

a cobble only

b substrate removal

( .

18.9

mean

22.2
21.9

21.0

16.9

15.9

16.1

18.3 "
16,2"
17.2
25,7

27.5

25.7

18.8

19.0

~

2.3
2.7

2.5

1.7
2.2

2.9

4.0

2.5

3.3

On c&bble

and shell sand

n mean sd

45 16.2 2.4

59 14.6 2.7

40 15.7 2.3

52 14,9+ 3.2

50 15.1 3.3
37 16.2 4.3

a
34 18.6 2.1

78 11:1 2.4

95 13.4 4.0

20 10.8 2.4

On sheli sand

n mean

34 11.2

83 14.9

29 13.5-

45 8.8

38 8.4,

52 8.0

b
49 11.7

sd

2.6
3.1
2.3
36—

2.4
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Motility ~

" increased with time (Table VI). The maximum recovery distance did not . : ~

"minimum distancé of 1.75 m, although:in the final 48. days survey it was

&

upon the shell sand substrate and the other of large snails on M.

integrifolia (Fig. 19).

Only one size mode was .found in the collections from M.. integrifolia E
at Scott's Bay and it was significantly larger in mean basal diameter from *
, : , N

Rt

those on M. integrifolia at other sites (Table V). Wizard Islet ~

followed the same pattern of size distribution as Kelp Bay in my samples L

(Table V). . o

o . , .

~

Motility and Substrate Preference of Taggéd I.Agulligg ' o vz\

" The movement of individuals after being placéd on different

substrafes is expressed as a percentage of the totals recovered and tagged

N , .
(Table VI). The total percentage of tagged T. pulligo recovered

decreased with‘timé. The distance of recovery from the deposit area

7/
P

fepresent the total distance moved, as considerable multi-directional

movement took place between surveys. One tagged individual moved a

N

. : LI
,0.5 m from the deposit area (Fig..20j. -A substpége preferénce would seem

to be indicated by .the movement of‘the tagéed snails back to the area of

\ . .
their collection. ‘ L, -

Motility of Tagged T. pulligo on M. integrifolia

.

‘1\
There was a decrease in tagged snails and an increase in untagged snails

4
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Origin of snails found but not

deposited below M. integrifolia = -=-------

ya
] .// |
) ’ e
h , ! 50 .
" TABLE VI B
Ross Islets Tagging Experiment
Distribution of Tagged Snails Days from the Initial Deposit of Tagged
’ T. pulligo N
3} 13 30 48
Percent recovered of total -
tagged 54 34 - 13 . 12
Percent of total recovered .
found within .5 m” quadrat 45 61 50 18
Bedrock control group ' -
Percent remaining on bedrock . . .
from- bedrock collection . 96 93 84 42
Origin of other recovered Shell Sand . Shell Sand Shell Sand Shell Sand
snails ’ and M.
‘ intergrifolia
M. integrifolia collection
deposited on shell sand : =
Percent remaining on shell sand 96 36 . 33 - 14
. . '/,’
Origin of snails found but not . e
deposited on shell sand = = = = = —mcm—mm-——ee Shell Sand ----—-=-—=-=zr--
Shell sand collection
deposited below M. integrifolia
. Percent remaining below or on’ .
M. integrifolia . 100 54 ) 14 25

--- M. integrifolia -----—--—--.

1
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Figure 20 Ross, Islets tagding experiﬁent search and | .

deposit area for- tagged T. pull&go ;
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" “ TABLE VII

Scott's Bay TaggiggﬁExpériment
5 10

¥ ' Percent recovergd 62 45
of total tagged
number recovered 18 13
number of untagged 58 30

snails

Time from initial deposit (days)

15 88 -
.

24 7

7 2

13 20

a 29 I. pulligo were deposited at the base of the plant

on 5/6/72

N
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- did not dislodge E; pulligo.

- hours -grazing. The controls -did not show any significant net - change-in

54 ) v

with time in’ this experiment (Table VII). Wlthln 15 days a few 1nd1v1duals

e "

had reached the apical area of the plant a vertical distance of. 6 m.

Kelp Bay Infestation Experiment

The importance of spatial separation of herbivores was illustrated by

this experimenta— The horizontal distance separating the two plants was

approx1mately.15 m and- there was a 2 m differential 1n depth. . However, B

S. franc1scanus at the deeper transplant did not move shoreward to feed on

transplant A after consuming the transplant B (Table VIII) . The

concentration of T. pulligo on the single 1.5 m frond was exceeded only by

the counts of T. pulligo on drift alga.

Motility as Related ‘to Water Movement ' .

Durlng a period of maximum tldal flow (.5 knots), T. Eulllgo was

N o I P —

observed on M. integrifolia in concentrations exceeding 30 per plant.
At this time the plants were displaced up to 50 degrees from the vertical.

At Kelp Bay a one meter (wave height)'chop'causing violent plant motion

Feeding Behaviour

All results were expressed in f;esh blotted weigﬁt of plant in grams

per gram fresh blotted body weight of T. pulligo (including shell) per 24

. ” . ‘ S E
weight in any of the feeding experiments. i

L

=
=
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: ‘ TABLE IX . : : .
- ._...Feeding Rate_Experiment on Two Species of Algae ‘ o ;
M. integrifolia : P. californica
- : - Day Group ) gm/snail - gannv24a gm/snail gm/gm/24 g
1 1 .16 .07 o .07 .03
1 2 .05 .02 : .00 .00
1 3 .07 .03 ’ .01, .00
1 4 .04 .03 ‘ .00 ‘ .00
H 2 1 .03 .02 .01 .01
b 2 2 .11 .05 .00. .00
2 - 3 .10 ~ .04 .01 © .00
2 4 .08 .05 .00 . _ .00
Total for 48 hours  x = .04 sd = + .02 x = .01 sd = + .01
a. grams of plant lamina fresh weight per gram of blotted body we'ight/k

of T. pulligo
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- ‘Feeding Experiment to Test FeedingrRates\on Two Algae

R T

» The mean feeding rate of T. pulligo on g:i@alifofnica was’four'times

&

less than that for M. integrifolia. This was a significant difference

although the éxperiment'was terminated after only 2 days (Table IX).

Diurnal Feeding Experiment . - " _

There was no significant difference in the mean feediﬁg rate of

T. pulligo on M. integrifolia during the day and nighf feeding periods. P

o

Extreme values for feeding occurred during both day and night feeding <

periods (Table X). : ' S

T,

Long Term Feeding Experiment ¥

-

- An elevated feeding rate was observed for T. Euliigo during the

e e, e

s Ca
first three days of this experiment (Fig. 21).% A complete factorial

Anova was applied to the'résults:using‘the place of origin and the days as
two factors. The major component of feeding rate variation was in the

days of the expériment. The variation between the places of origin was

‘significant but not as great as between the days (Table XI).

rd

Consumption as a Function of Temperature

s

The grand means calculated for eéch experiment excluded the first

P

day's results. There was a significant difference in Ehe'feedigg rates

¥

: ) . e st S
at75O C and 15 C: Feeding rates at 10o C were not significantly
. e EY

different than 5° C. Feeding ceased when the temperature reached 18o C

z

(when cooling unit malfunctioned) (Table XII).

i
»

&

ol
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Variation in the feeding rates of T. pulligo

with time at 10° c. ---—- grand mean of days

2 to 8
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TABLE XI ;
<
Complete Factorial Anova of the Results
of the Long-Term Feeding Rate Experiment
o oo - A
¥
' Factors - af : F P Pefcent of Variance .
’ Place of; : .
Origin 5 3.6 .009 15.1 - :
. -..Days 7.7 906 T L000 ~55.7 i o -
3
o
KIE
3
) e g
o * 3
3
< ] '§
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_TABLE XIT

Consumption Rate Experiments at 3 Temperatures

Group " pay 1 .

£

;003
.006
..005
.006

= w N

. 007
.00°
.015
’18

oW N

.012
.013
.011
.022

= w N+

a. g}:ams of plant lamina

b. excluding one day

~

7

" Day 2 - - Day 3

a
gm/gm/24
7003 - © . .005
.005. . .004
.005 .001
.004 . .003
b .
.003 . sd =+ .002
.004 .006
L009 - ~.009
.009 .010
.012 o .013
b A
.01~ ©. sd = + .003
.012 ’ .008
- .010 .006
.010 .010
.017 .027
b
.013 © sd.= + .006

Day 4

.002
.000

.002 -

.000

.002
.007
.-009.
.008

.015
.011
.012
.019

pex gram cjf‘ blotted body weight, T. pulligo

1

o
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Feeding Freguency

The percent of individuals on algal plates 'in the f;eding taaks'
of the 15o C censumption experiment ranged from 40 to 0 percent of the
tank population. The ‘mean for 40 obeervations was 12.5 SD + 6 percent.
It'Qas not possible to dfeéingaish feeding ihdividaals from non-feeding

individuals on the plates. 7 P

DISCUSSION ' -

< &

i

Food resources may be an underlying factor in the distributional

pattern of T. Eulligo. Algal cover decreases with depth and fine sand
o . ) )
and silt rarely support multicellular algae. The range of macrophytes

inhabited by T. Eulllgo suggests feeding preference was not an 1mportant
factor in the distribution of populatlons. Despite the dlfferences in

the feeding rates on P. californica and on M. integrifolia; T. pullng

1nhab1ted both species. o B

’& P N
The_bimodal distribution of T. pulligo requires an explanation.

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

s
B 4

required to maintain this population. This size factor may ke related to

]
R

the feeding mechanism of the snail and selectiverpredation on the snail.

Vlsual sensing of prey plays a part in the capture of food by fishes

and T. pulligo forms a portion of the diet of Hexag;ammus aecagrammus

N . .

" (Pallus, 1810), (Leaman, pers. comm.). Therefore, camouflaging;of
6rganisms would be important in their survival on a given substrate.,

Young snails living in a shell sand subﬁﬁgate blend into the pack-

ground because of their brown and white colouration. This colouration
: o T .

~ Tl
L
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changes as they grow due to increasing encrustration by the red alga

«
Peysonnelia pacifica (Kylin). Young indiviauals.therefore would be more

visible than older snails on a brown~ma¢rophyte‘background'Subjecting them

to greater predation.

The subStrate may be véry important in the ability of T. pulligo to

feed efficiently. The feeding aétion of T. pulligo is similar to .other

herbivorous prosobranch gastropods which requires the radula to be

)

flattened over a bending plane as it is applied:to the.food sﬁbstratg
. . M g “ .

d « -

(Purchon, 1968). The extrémely rough texture and small si%e of shell .

sand fragments require a very small radula to harvest the micro—algal

cover. Since the radular size incréases with the growth of the snail
. © . .

then the efficieﬁcy of feeding will decrease on the shell sand substraté€.
- ' m .

The increase in radular size and change in colouration with age may then

" contribute to the biomodal population distribution.

Tegula in central California kelp beds are described ag/highly

motile . (Pearse, pers. comm.). Tegula funebralis with a similar foot

. structure to T. pulligo has the potential to move 10 m per“hourién a smgqth

surface (Miller, 1974).° Further, the rate,of'régapture'in,tagging 5

expe}iments suggest. rapid dispersion. However, fhe problems with ta§\13§§r7¥3‘

. s R o . o . - R
selective predation due to tag visibility, the high relief of the substrate

" and the limitations of underwater searches all coritributed to a low S

recovery rate.

" Theslack, of unidirectional movement'byitagged‘snaiis’and'the seasonal

stapility of the population §tructure_indicateA£ha£ a mass movement in and?®

RN

out of the kelp bed is unlikely. - -

L]
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63
in the spectrum of factors affecting the feeding rates of herbiVbres

I have only studled a few for T. Eulllgo. The difference in feeding rates

of T. pulligd—€Qr M. integrifolla and,g. californicatwas‘not clearly
; exhibited in the field"distribution. The greater surface_area prgvided

by M. 1ntegr1folla could dccount for any 1arger numbers per plant in the

@

field. The strong aflnlty shown by 1ntert1dal T funebralis for M.

=
¢

integrifolia (Best, 1964). when it has only indirect access to the plant

~

suggests preference must?be‘related more directly_to the field situation.

N =, . o .
- The use of ‘a non-feeding period "in these experiments did cause an’ -

v

~.

"However, the mean values 1mpbrtant to’ thlS study were calculatéd by e

deletlng the flrst\day s results tOﬂpartlally compensate for this factor.

1
. . <

There is an eVJ.dent need for long term feedlng experlments in the

iaboratory and in thé field to detgct én;Lseasonal or cyclic feedlng

¥

var1at;dn. : Feedlng rates at various temperatures partially fills this'gap :

) N ' ) . . . .
and indicate mid wihter -feeding rates are less than summer and fall feedinga

. . < » \ : ) c o
rates. .

~ Co- - =
- In %erms‘of body weight and feeding rate T. pulligo would appear to””
be an unimportant herbivore. However, let us consider the relative

feeding rates of a number of herbivores.

The feeding rates of a variety of herbivores have beenrobtained using
the algai weight or area loss method by several werkers (Best, 1964r
Jones, 1971; Leighton, 1971). I have converted their values to(a standard,

grams of plant tissue per gram blotted body weight of herbiVbre per 24 hours

feeding; to compare thé feeding potentials -of herbivores (Table XITI). .

PN

.
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TABLE XIII

Selected Herbivore Feeding Rates

Herbivore gm alga/ Mean © Mean* rInvestigatér t
i individual weight gm/gm/24 :
individual )
Astraea undosa 2.50 187 .013% gighton, 1971 -
Haliotis corrugata 8.50 578 .015 4 Leighton, 1971 .
T \ : 8 e 4
Pugettia producta 2.00 54 .037 - Leighton, 1971 E
. Strongylocentrotus ) . - ' o e ,
franciscanus 5.70 235 .02¢4 ="+ Leighton, 1971
Tegula funebralis .80 6.0 013° 7 Best, 1964
Idotea resecata .09 .08 1.12° “Jones, 1971
Tegula pulligo .20 2.3 .03 Sharp. 1973
. 3
* Wet weight of animals, with exoskéleton.
a. One of two individuals per experiment at 12.8O Cc - 13.9o C. For six
periods of six days each. Four phaeophyte’%pecies offered as food.
b. Sixteen individuals for 3 1/2 days at 14° ¢ - food - M. Ezriferé.
c. Mean ten individuals calculated from initial weight at 13.9o C - 17.2o c -
food - M. pyrifera. _ . : .
' - C e 3
d.  Mean for ninety individuals for eight days at lOo C/;/food - M. integri-
-_folia. ‘ " -
- 5 ‘

[Z3W

» Ty -~
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In Eerfisfof consumption per individual the herbivores with the greatest

-

feed%ng‘@oﬁentials per individual orggﬁism are the abalone and the sea

s

urchins, the largest herbivores. Hd@ever, the high feeding rate per

7" untt weight of Idothea means that large numbers of this isopod can gause

significant grazing damagé.' A large migration of Idothea destroxéa the
B3
canopy of a M. pyrifera bed in California (Jones, 1971). Size therefore

is not always a good criterion; motility and numbers may be more important.
From conducting feeding experiments with T. pulligo, I realized

incidental t;ssugfioés is also an important factor in grazing potential.

v B S . K3 \2- . > s .
An extreme case of incidental tissue loss is exemplifjed by S. franciscanus

- . —

which can sever the &tipe of a frond while onlg'consum{BG»a few grams of

=

tissue’(Leighton‘ei;al., 1966) . My feeding experiments have shown T.

pulligo does cause incidental tissue loss even in laboratory experiments ) . i
e ‘ < .

= .

_3’under quiescent conditions. At the sahe)temperature (ldo C) there was a
i 3 fold difference between the algal plate and free élgal section

experiments, due to loss of non-weighable fragments irf the latte? experiment. -,
)4

)

The previous discussion, K of comparative feeding potentials relates

directly to the question what is the relative importance of T. pulligo in
the kelp bed. There are herbivores feeding upon M. integrifolia tissue

with a greater biomass per individual than T. pulligo thus a greater

" feeding potential per individual. Astrea gibberoéa and H. kamtschatkana

are two such large herbivores with a greater feedihg potential than e
T. pulligo but they feed only indirectly on M. integ%ifolia in drift

_~ material. ~-Stronglyocentratus franciscanus is another cbvious large

herbivore and its ability to decimate large-kelp beds has been well

L]

= . .- -
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documented (North, 1960-1974). In the Barkley Sound area S. franciscanus

is only a periodic inhabitant of the kelp bed and is also limited in its

P
- coom

shoreward incursions into the kelp bed Kfaée, pers. comm,) . fﬁe,kélp
crab was got evident in the kelp bed except during»the final dégradation
of Lhe kelé bed. |

it appeérs there is no continuous grazing pressure froﬁ‘any of the
large herbivores presént in the kelp bed.

Small herbivo;es Qith a high feeding rate per unit weight'suchkas
isopods were always presen£ iﬁ tﬁe kelp bed but only when the pqpulation

peaked for short periods was conééqUential impact possible.

Tegula pulligo, although intermediate in both size and feeding rate

-

of all kelp bed herbivores was the single herbivore present feeding on

L}Q. integrifolia in high concentration throughout the plant's growth and

» P

degradation. Furthermore, a percentage of the T. pulligo population was

'feeding 24 hours a day on M. integrifolia., This herbivore also remains

- in the area of the bed throughout thé°Year and is present upon the earliest '

young sporophytes.

’

addition to the actual consumption of M. integrifolia tissue.

I conclude T. pulligo exerts the ggeatest continuous grazing pressgre

in M. integrifolia in Barkley Sound kelp beds.

gt

The incidental tissue loss due to T. pulligo grazing is a significant

e
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PLAN-HERBIVORE INTERACTION

METHODS

N % 4

Grazing Damage

-

To characterize the grazing damage caused by T. pulligo, I observed,:

- 4

damage caused in feeding experiments and with high coﬁaéntrations of .the

snails on M. integrifolia in the field. This damagggwas recorded with - ' j

-~

photographs and draWings.

- To access grazing damage and erosion in the field, a total of 107

fronds were collected during the spring and summer of 1973 from 5 kelp beds.
Fifty-five of these fronds were collected from Wizérngslet, Ross Islets

and Scott's Bay within one week in June, 1973. Observations were made of

- s w

stipe length, blade number, an estimdte of lamina tissue loss, the nature-

of the damage and region of damage. . The estimation of lamina tissue loss
was based on a comparison with whole lamina on the same frond.. The fegions

of damage were characterized as peripheral,,éentral, distal and proéximal.
The nature of the damage was characterized by shape and colour, such as
hole, slit, indentation and discolouration. Thee initial cause of the : :

damage was rarely decipherable, bgcause growth, decay and erosion obscured
- . - P :

the original grazing damage.

Frond degradation, grazing and erosion RN ' :

In the field, grazing and erosion act together in the degradation of

algae. The followihg experiments were designed to quantify the

o

[
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1

relationship between the combined effects of erosion and grazing on

M. integrifolia tissue logs in the field. These ekperiments also

5 L -

provided a comparison of‘laboratoiy feeding rates with field interaction

of grazing and erosion. A preliminary experiment was used to determine

the experimental period and overall experimentéi design. ‘The results
are presented here to explain the reasong‘fér final experimental design.

Fronds were collected from an islolated kelp bed subject to strong

z 7

tidal currents in Bamfield inlet. The fronds collected,had‘only traces

v

of aamage on their laminae since few grazers were present in this kelp bed.

The fronds were separated into 3 groups of 2 frondS'eéch; independent

.laminae were Eruncated by cutting off the uneven tips; then, marked with

tape and measured ,for length. Stones were tied to the holdfast of each
frond to permit free floation of - the upper frond. One group was depositedg ;_
in a concentration of T. pulligo at Wizard Islet. A second group was

placed‘in a cylindrical tank, 2.5 x 0.5 m with lOO'I; pulligo collected
from M. integrifoiia at Wizard Islet. An adjacent 1.0 x 0.5 m tank held
the third, a control group with no snails (Fig; 22a) . The fronds were
left under these conditions for 5 days.

.To give these fronds field exposure afte; removal of T. Euiligo, a’
moderately wave-exposed site.was chogsen at Scott's Béy at a de;th of 2 m,,‘ 
wiéh a fine'sand substrate devoid Qf'planté and herbivores (Fié. 23)« » A

: ¢
Eight_largé (10 - i5 kg) boulders were wrapped with rﬁbbe; béﬁ_ds and o ;
deposited at the experimental sité. Afterv5 days each lamina from the 3
three groups was remeasured and thé ffonds were transferred_to the boulders -k | i:

'

at the,Scott's Bay»fie}d site. The frondstere~retrieyed after 21 dais in N 4

’




Figure 22

“Hope

69a

. Grazing and erosion interaction experiment

" The feeding (tall) and control (short)

tanks connected to an open seawater
system

Ah extfeme case of lamina aamage
following a 7 day feeding period in

the feeding tank - ) .

w
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the fieid. : Only the(coﬁtrol showed net laminae growth «(Table XIV).
Since the experimentaiﬂplants grew and 1ost’tiSsﬁe during this pé?iod it
ywas difficult to obtain a trﬁe>value for the interaction of eriosion and
grazing with this exposure period. No quantitativ; relétionship could
be established between tissue loss and field grazing when the number of
- potential herbivbres Qere unknown.— .

Two' full scale experiments followed the above method described for

AR SR

the trial experiment excgpt the exposure period was shortened and all
. N ’ kS -

experimental f;§ﬁds'weré grazed on in the laboratory tank by a known
. oo ' . . - i
populdtion size of T. pulligo.

- - - .

Fohr-f;onds were used per group in both experiments. The two

, experimeﬁtal_périods were 3 days feeding and 7 days field exposure;
- . v - . N

7 days‘feeding and 4 days field exposure respectively. The wind ‘

velocities and‘directions plus sea conditions were obtained from 3 dgily
readings at the Cape Bealerlighthouée for the'experimental-period. This
information allowed cbmparison of the different exposure-beriods in terms

i

of tissue loss. : ) K

S

Drift Algal Collection
Numerous observations of drift algal accumulations were made during

survey dives. The origin, character and amount of this material was

_ investigated in this study to provide information on the nétqre of tissue

loss by erosion ahd grazing: - - o R , R N
g . - ° s . - "N . Sl
To collect this drifting material, one gallon buckets weFe covered

with heavy plastic except for a 15 cm diameter hole. The nﬁmbered buckets
—T ,—: .

- N T
2 Fat®
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Figure 23

-71a

The grazing and ‘erosion experimental
site located in%Scott's Bay with a
detailed analysis of its open angle

and fetch. Thé range of fetch in

"km is listed for each subdivision of

_the open angle i ' -
P .}
1
N
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were buried in pairs up to 5 cm from their lips. Five sites were chosen

in Lhé Ross Islets Plateau kelp bed. Three sites were within the bed in

shell sand and cobble channels; one site was at the outer edge of the
kelp bed and the fifth site was at the bottom of a rock cliff on a

sediment plain. 3

.The algae were collected from the buckets 24, 31 éng 46 days after

October 4, 1973. ¢ The largest ﬁ;agments were'picked up by hand and the. °

rest were removed by a slurp gun and exhausted into a muslin bag. In

the laboratory the recognizable fragmehts were separated, blotted and .

weighed on a triple beam balance‘tovo.l gm.

, RESULTS

Grazing Damage

Tegula Eulligd’grazing damage was very distinct; its radula removed

tissue layer by layer (Eig. 24). The meristoderm and part of the cortical

tissue were frequently removed and if the snail remained in one place it

created a hole. Tegula pulligo were most common on the laminae of the .

fronds and graziﬁg damtige was widely distributed ‘on the lamina./

‘It was found in the general grazing damage and erosion survey that

.

mature and well differentiated sporophylls received less damage than the
nearest ba;ai blades (Fig. 25). Tﬁe more basal was the lamina the greater
was the damage found on it. Grazing damage was not restricted‘tq anyﬁ’ -
portion of the lamina; although peripheral damage was most common. The

apical scimitar was rarely damaged by herbivores and the pneumatocysts were

~only damaged on old fronds after the loss of léﬁ;nae.
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"fronds in each' size class which had less than 10 percent of their

”

B
o

'The'frohdé collected from the Ross Islets, Wizardilslq; and Scott's

Bay were grouped into 5 size classes. The perlentage of blades on the
. . . N . - . .

- original tissue (less than 5 cm in length, degenerate 1aﬁiﬁée)%increased

IS

with the length of the frond (Fig. 26).

Frond Degradation, Erosionrand{Grazing . ‘ &

T, ~

For both full écale experimenté (Numbers 2 and 3) exposure ﬁériods

‘

.were comparable since the wind velocities and directions recorded at

i . . . .
. .
Cape Beale indicated a strong southeast wind, causing a moderate.swell at-

the Scott's Bay site during both experimental periods ‘(Table XV).
A total of 305 em 6f lamina {length) was lost in experiment 2 with

7 days field éxposure,gahdj;he control showed ‘'no net change in this

f

exposure;period'(Table XVI);'V ﬂhenﬁthe field exposure time was shortened

2

but feeding eiposure’lengthegéd in experiment 3, loss of laminae length

was ope_;hird of plants with 7 days exposure (Table XVII).

It was gyfde@tlfrom the ‘grazing damage that lamina area would have

+

been a better indicator of tissue loss (Fig. 22b). Apical scimitars were

¢ * ar . .
[ .

not #agged or measured but they did not sustain grazingfaamage.

Thé calculation of a ratef@f tissue logfﬁzombining the efgects Qf
erosion énd,grazing damage was based on experiment 2. The experimental
laminae had an average width of 10 cm and a weight .03 gm/cm2 of tissue
loss. Thg«resulﬁ of 3 days feeding and 7 days exposure was a g:@;ing A

erosion rate of 0.3 gm of M. integrif6lia lamina lost per gram/body weight

of snail per 24 hours grazing + .2 gm.

g
P,
_n‘«
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[
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Figure 25 M. integrifolia in various states of degradation

collected in May

a. A healthy young frond-all laminae complete

b. A ypuné frond missing 4-laminae but with

sporophylls (arrow) only partially: .
S damaged
i

c-d. Fronds which survived the winter and show
- new groth but are missing most of the

£

previous years laminae

i
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Figure 26 Variation in the percentage of total blades missing
more than 80 percent of their tissue (degenerate

laminae) with the length of frend

Frond éize classes (m) mid point N
0-1 s 17
1-2 1.5 13
2 -3 ( 2.5 11
3-4 3.5 6

4 Y 6.0 8
-
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" (approximately 160 gm) caused the loss of some material.

.78

Drift Algal Collection

The collection period‘wgs a time of accelerated degradation in tHe

-
J-

‘ »ROSS Islets. kelp beds. : The kelp béd at the collectlon 51te was open to‘=f
 a northrwest chop whlch ‘was common durlng the late ;ﬁll Maximumlf'*h
: N :, P AN e s

~

edge of the kelp bed (Table XVIII). Maérocystis integrifolia was the main

constituent of all colleétions and far exceeded the quantities of Ulva,

i
el @r

Fucus Linneaus 1753 and PtJ.lota C.A. Egardh, 1857 (Fig. 27; Table XVIII).

.

No analysis of fragment size was attempted but the bulk of the material

e

exceeded 5 cm:in one dimension-and 20 cm pieces of lamina was not uncommon
) . e . . . :
(Fig. 27a). Lamina tissue was the main frond structure represented;

pneumatocysts and stipe fragments were rare (Fig. 27c).

~

Herbivores were found in some buckets and they probably reduced the

total tissue recovered. The limited holding capacity of the buckets

DISCUSS ION

In general the results of the grazing damage survey shéﬁeaﬂthat the
longer tissue is exposed to_grazing the greater is the tissue damage and

loss. The cumulative effect of damage on the frond also explains the lack

of damage on the apical scimitar. The tissue of the apical scimitar has

been in existence forvthé>least'amouht of time of any structure on the frond.

By the time the herbivore moves .up from feeding on lower laminae there is
a new set of laminae and a new apical scimitar.

The survival -of the.stipe) pneumatocysts and sporophylls long after

¢ ~

. o B S e
'accumuIatlon of.algal fragments’occurred in the buckets within and at the

-
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Direction

NE

SE

SW

NW

‘Wiﬂd’Vélocigx‘ahd'Direction at Cape Beale
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4

4

During Erosion and Grazing Experiments

Experiment* 2
23/11/73 - 30/;1/73?
“Velocity Kn./Hrb.

5 .
8 8512 10 10 6
12 |

35 20 25 25 25

o

L4718 18 15
15 15 10
6

b three feadings per day

Experiment 3

a
30/11/73 - 4/12/73

b
Velocity Kn./Hr . .

8.6

5

28 15 35
25

15

20 12

a wmwell Low to Moderate -surface Light Choppy

to Choppy




. - (
) R
— . . 3
0°¢ 3 g+
tee T * 6 -1
T°T + z+
8 zeF L=
E B ! w,
ST-
o o 6v-
,;.,h/ - \ , 68- -
. G 0T+ CLTBT- 65—
STz + A TT-
§°s * 0L - TS
0L+ AIE Te-
879 + ETG - 9T~
uot3eTA®d . . o | @busT’
pIepuels U3IbUST 3N
. seUTWeT Te30L
‘w md%fﬂﬂ 183
, : .
AP e s
L4 ¥

3
’ T+ 8+ ¢ - T -
- ¢2- T1T- T1T- b-
0 2+ 0
0 IT- T+ 0 L -
. 0 € - ZT~
0 IT- 2z~ L - 6 -
- 8- ze- 0Z- gz~ 9 -
T+ o0z< ov-
T- v- 9-
- o0I- T - TI- Z1-
0 0 0 v - gI- z1-
s € - €1- 0

uoT3TSod TeoTdy 03 Tesed

SBUTWET ydes JO (wo) sbuey) yzbusg

a.

Joqumpy JuswTIadxd UOTSOId pue burzeid

IAX dTEV.L

<MmUA; ¥E 0D

<moNn

“€L/TT/0E 03 €L/1/¢€2 ‘e

puoxq

@

aansodxa pTaty pSAEP L
I933e SpuoIy ToIjuod

aansodxa pI1aTF SAep hA
I93Je SpuCII ¥ NUuel

pbutposay sdAep ¢
I933e Spuoxi y uey

L3
dnoas puoxj



_ 0°T + Vo0 + z +
0T A AT z -
. ST+ z°0.- T -
;o 6°T + 9°T - % 6 -

_ veT ¥ 0°T - s -
€T + 9°T - L -
EVAS S T - 9 -
T o+ 9°0 € -
€6°T + 80 - v+

1 86°ET+ z°6 - LE-
LE €+ 0°T - v -
_7I0°6 + PITTE LG=
‘uot3erasq yabusg

_ paepueis 7 3bust JION

. BUTWR'T I9d

SeUTWET TRIOL

.

P+

0

T+
0

T+
ml

o 0 -0

0 Z- 0
I- 0 0
1- T1T- ¢§-
Z. - 0 T +
IT- T- T-
0 1- v-
zZ-.0" ,T-
I1- 0 0
Z.- 5 - o=
0 T+ 9 -
pT- £z~ SI-

uot3tsod Teotdy o3 Tesed

yoes jyo (wo) sbueryy yzbusTt

sruUTUET

€ IsqumN JUSWTISAXH UOTSOId pue BUTZeId

ITAX JIH9VL

< mOLA

»

€L/2T/v 03 €L/11/0¢€ ‘e

“sansodxe
pIaT3 sdep § 1833®
spuoxj MHOHp:ou

MmO m

oK aansodxs
pToty sdep p
FJL© SPUOII V¥ XUe],

¥

< mULA
Ed

.=

butpeas siep (£
-7 .I93Fe Sspuoaj v yuer,

puoxd dnoxsn puoxd



“':»,,_‘

EEASELIET SN FR

g

-sporophylls.

b
L

s

other frond structures are lost may be due to the mechanical resistance

B

to herbivore mouth parts,
’ The principle: "Where there is an abundance of feéd, the-grazing

animal can express its preferences freely. As the fgéd supply decreases

'the’animal must eat less acceptable plant material or starve" (Arnold,

1964) would expléin»the ultimate feeding upon stipes, pneumatocysts and
ﬂ ) 4 7 §

-

-The frond degradation, erosion and grazing experiments relate
dire;tly_to the consistent pattern of growth and degrédation of kelp beds
at my study sites in Barkley Sound; The growth of new froﬁés and fﬁe
settlement of new plants occurred during the spring ana summer: ‘The kelp

’

bed reached maximum'density of fronds by late summer to early fall.

Urchins began to move up into the kelp bed at this time whereas T. Bulligo

had been active throughout the summer. Up to October growth of the pTEH%s
exceeded grazing and erosion tissue loss. The plants'ceased growing in

lgte’eétober to early November (Labban, pers. comm.). By_thi;%tg%e the

urchins reached maximum penetration in the kelp bed (Pace, pers. comm.).

/

The plants remaining above the urchin lige had lost most of their blades

by the end of Decemberir

Corre;ponding to this time of kelp béa degrédation thefe-%s é-étéady
increase in the megn,wind velocity and winds from a northerly direction
(Tébie XIX). The prevailing wind d;rection phanged the exposure index

for many kelp beds; including the Ross Islet Plateau kelp bed (Fig. 33).
This pattern of tissue loss when wave-exposure is increased and.
. ‘ -

grazing pressure is constant was reflected in the grazing and erosion
. . : e



Figure 27

e

*

Fragments of drift algae removed from catch

buckets at the Ross Islets Plateau kelp bed

{n October to November, 1973

a. The entire contents of a bucket - note

-some fragments are almost complete’
.laminae (arrow)
b. , Fucus and Ulva found in one collection
(arrow) .

C. Average size algal fragments

b

t“







- TABLE XVIII

Drift Alga Collections (Beginning October 1, 1973)

& =
Site Bucket Total Gm/ Percentage
Wt, gm Day M. integrifolia.

1st Interval

24 days 3
A 169.1 7.0 ) 86 -
B T 164.4 6.8 69
C 64.6 2,7 A Y.
D 172,2 7.2 ) 71 _
E eemmeee- NIL-aem-- .
. 4
) F  ececaca- NIJIL-~~comcnecaan
- 2nd Interval
24 days
., .
A 21.8 3.1 91"
1 ; 4 :
. B 70.8 10.1: 91
2 C . 3.5 .5 . 86
3 ) '75.0  10.7 83
’ -
E = ecceecee- NIL-«ccroncananaa
4 .
‘ F .,  =emeee- NILewcacoannn-
- . 52 -
G S
3rd Interval =
15 days -
. A P - -
1 K
: B 28.1 “1.9 100
2, c - - -
3 D K\ 10.7 2.0 100
E - NIL-«<econnnonaa
A .
F o eeeee- - N Lighenecaccane

& fresh blotted weight
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i : . -
experiments. - The grazing-erosion experiments have shown an increase in
wave-exposure period will increase the loss of tissue damaged by previous

L)

grazing. If we remove the grazers as in the controls f these
° b ’ , A f;
experiments; the tissug, loss is minimal until winter storms destroy the
: ] . Al #% , )
plant. 4 B T . : -

The elimination of  the major herbivore S. franciscanus from a

M. pyrifera bed resulted in the degradation of the'bed'being deiayed from

mid winter to mid spring (North, 1958) . Thereforgélig is évident'that .
g{azing and erosion are not acting ggéarately;iq;thg~field, since graéing
facilitates the final degradation of ‘the kelp bed. )

The value of .3 gram of M. integrifolia tissue lost éer giéﬁrgbdy
weighé of sgail per 24 hours grézing calculated for the interaction of
grazing and erosion on tissue léss is‘anAapproximate value. The conditions

of exposure and wave action chahge with timg and place and can change

within the area of the kelp be@. This value is conservative since it is

i

baded on lipegr tissue loss and not a trye area measurement (this excludes

~holes). The plants used were of the wave-exposed type described by Pace

- (1972). This type has stronger wave modified laminae’than the sheltéfed,

lamina since these plants can‘vary their morphology. This woulgaadds
plan: . TP gy This l&g@&{
: -

another conservative factor to the calculation. However, the conditions

prevailing at the time of the field experiments represented a moderate
. . . I

active water action and erosion period, creating a higher than average /

erosion factor:. ‘ ’ /
- . - /
The discussion of drift material is intimately connected with the I[*

f

previous subsection on grazing and erdsion. Grazing and erosion rates
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NE

2

SE

SW

CALM

MEAN |
SPEED
(kn/hr)

hi® . N

. a of total readings per month over 10 years to June, 1973

35

24

11

e

11

13.

5
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e

TABLE XIX

Cape Beale Light, British Columbia

Petcentage Frequency Wind Direction

23
10

34

11.3

16

37°

17

12.6

10

34

11

13.5

M

32

10.0

J

31

12

- J

32

29

13

A s
4 5
4011
3 5/

37 ,;o
8 10
5 5

24 15

13 7
2 2
, 8.9,

8.2,

(and Calms)® and Mean Speed by Months .

43

12

40

12,1
10.4

32

10

. i

26

12.5
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determine the amount of drift material present as well as its=vcharacter.

’

The large size of aigal fragmentsrsuggests that erosion and-
: érazing are acting together as grazing damage would tend to weaken lamina

tissue allowing large healthy pieces to break off. If erosion was. acting -

- a»

alone at thé tips of the laminae then small fragments would be lost as in

v E3

Laminaria, (Mann,'l972)-. ) 7 ’ ‘.

Dprift algal collections made during the fall in a M. pyrifera kelp

.. 2 7 . B .
bed ranged from 6 to 78 gm/m (Lowery and Pearse, 1973). Extrapolation

_ i 8 ' ‘
- from the: accumulations in my catch buckets resp;tséiﬁ,values‘froﬁ 100 to

C . TR g

500 gm/m . However, the buckets acted like treviges and accumulated the

- - .

drift material at a higherrconcentration-tham»tﬁé surrounding area. The

work of -Lowery. and Pearse involved collections from substrate surface only.
The drift material in my study consisted “almost entirely of
M. integrifolia. This fact, plus the absence of drift material in the

buckets outside the kelp bed, suggests that the algal fragments are not

carried’ far fzizﬁ;ggff%lp bed. However, more extensive studies are

required to prove,xﬁis statement. ’

“

~—

&
L)
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DETAILED STUDY OF A KELP BED . ‘ N
METHODS

'A‘iOO m quadrat was ‘chosen within the ROSS~Islets:Pla£eau kelp bed

for a comprehénsive study of plant and herbivore distribution.  Initial

insitu counts of the organisms were made and after 2 monﬁhs all M. integri-
folia and herbivores were removed from the plot. <

- An initial survey of the study area over a two week;period beginning
: . i

Jﬁne 18, 1973 was completed without disfupting the plant ér animal.

[

populations. The area was divided up into 4{ 5m x 5m seqtors.with lines
L . ; ‘ . ]
and pins. These lines served as a guiae~fé; the-placemen% of a moveable
gria system/tﬁ divide each seétibn into 25 -quadrats. Ihi$ grid Qas'held
approximaégly 1 m above the substrate and levelled prior té my making
observatlons (fig. 28) . N

Standard symbols defined substra;e, animals and planté: Divers
carried writiné slates which were grided into 5 c¢m sections. The ¥éla§i§g
position of plants and animals in;éach quadrat was recorded as a sketch on
one slate. Herbivores upon plaﬂfs were recorded as number per plant.

* Following thg;complete'reﬁoval 6f all plants in a sect&r the

herbivores on thé bottom wereféollecééd by ‘hand. In thé case of the shell

sand substrate a 1 m quadratfof substrate was removed to a depth of 5 cm

for laboratory examination. The basal diameter of all T. pulligo was
measured with vernier calipers to 0.1 mm.

The wind velocity and direction for the past 10 years were obtained

from the records of the Cape Beale lighthouse. Periodic salinity and



Figure 28

89%a

RN

The moveable grid system uséd at the Ross Islets
detailed stﬁdy site to subdivide 5 x 5 m sectors
into 1 m;quadrats. This reconstruction of the
grid does not include all the’meter lines uéed

to join the parallel lengths of angle iron or

the one meter steel rods used to complete each

quadrat \\\\\\\;g
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7 -

temperature readings were made with a Beckman insitu Salinometer Model RS .
, R

503 (Beckfan Instruments Inc., Cedar Grove, N.J., U.S.A.) to a depth of s

6 m during the study period. ) <

RESULTS e
There were two main types of substrate in the survey site and these

" are depicted in Fig. 29. The chart drawn from the iniJial survey does
»~ : i

" not show the exact details of topography but gives the @bjor topographical

§ ®

features of the site (Fig. 30).

i
R |
| I
The understory of the site was not included in theifinal pictorial

presentation (Fig. 31). In general this cover was sparse except for

. M 1 5
encrusting reds and corallines. Ptilota and articulate' corallinés.were
present as scattered tufts and Ulva occurred in a few areas. %

The canopy was dominated by M. integrifolia’except:at the shallow : 5

area of the site where Laminaria groenlandica and Alaria marginata were

.dominant (Fig. 32). During the survey it was not possible to determine

the exact boundaries of each M. integf&folia.plant due to the overlap of

plant holdfasts. * Tegula pulligo was the numeriéally dominant large

herbivore on 'the_ macrophytes. (Table XX).

The position of the herbivores on the bottom as shown in Fig. 33
represents the general distribution of individuals rather than their exact
spacial separation. : Thé herbivores on the sHéil’sahd porﬁiqn’qf'the site .

were those visible to. the diver, since the substrate was not distu¥bed in

the initial survey. s o O

Tegula puilégo'was twice as numerous on the macrophytes ‘than on the



Figure 29

91l1a

©

~/
» )/

¥

The two major substrate types found at the Ross

Islets detailed study site

i

<
‘\m’ﬁﬁ.‘;xw“

High relief bedrock substrate

A. gibberosa (arrow)
Shell sand substrate with half shells

of dead bivalves
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Figure 30 ‘ The topography of the Ross Islets Plateau’ Kelp
3' bed study site
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Figure 31 Symbols used to represent plants‘ahd herbivores

in figures 32 and 33

k4
o




93b

PLANTS ~ °

- v

Alaria (O M. integrifolia
A Laminaria ® young M. integrifolia
() P. califoica  { % dead holdfast

.-

ANIMALS

3% A. gibberosa
O H. kamtschatkana

A P. gracilis ». L
@ S. drobachiensis
B T. pulligo
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Figure 32 - The macrophyte canopy at the Ross Islets Plateau
, ) kelp bed study site including large herbivores

“on each plaﬁt in Juné, 1973
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Figﬁre 33 The distribution of large herbivores on the bottom
at the Ross Islets Plateau kelp bed June, 1973
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bottom (Table XX) . Further T. pulligo were larger but fewer on the

bedrock than on shell sand surface. Strongylocentrotus droebachiensis

was the second most abundant large herbivore on M. integrifolia.’

Astraea gibbefosa was evenly distributed in the survey site except

clumping occurrei;}nmgge crevices (Fig. 33, Table XX).

The folldéwing harvesting results include population structure and
9

U

distribution data. Degenerate (greater than 80% of laminae missing)

and healthy fronds were considéred pfoductive parts of the population and

-

‘were grouped together. _ Broken frond pieces were»coﬁsidered to be drift

material and were eliminated from the results.

Modes of frond size i

distribution were less than 100 cm and the mean length was less than 200 cm;

indicating a very young .and productive kelp bed (Fig. 34 a). The majority

i

|

!

. i

of degenerate fronds were in the 225 - 250 cm class (Fig. 34 B) and their l

mean was 365 cm and 80 percent of all fronds in the 450 to 500 cm class

were degenerate (Fig. 34 C).

A total of 404 kg wet weight of M. integrifolia tissue was harvested

/’from the 100 m gquadrat. Twenty-nine kg of the total weight was holdfast
tissue. It was not possible to remove all the holdfast tissue,

approximately 50 percent of this tissue remained on the substrate.

The T. pulligo population as harvested was within 25 percent of the

initial visual survey estimate (Table XX). Tegula pulligo harvested from

.

the shell sand area were considered separately,fibﬁ'the individuals on

bedrock because the total for the area‘was the result of extrapolation from

a single 1 m quadrat sample. The mean basal diameter of this population

significantly less than for the bedrock population, 8.8 mm vs 21.2 mm
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Fidure 34 Population structure of M. integrifolia fronds

collected at the Ross Islets study site from

"August 20 to 23, 1973 . :

\
4

Histogram of the size (1eﬁgth) distribution
of degenerate and healthy fronds (Class
width 25 cm)

Histogram of the size distribution of
degenerate fronds (Class width 25 cm)

The percentage of degenerate fréﬁds in

each size class of totalvfronds (Class

with 25 cm) _ ' v

T
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(Fig. 35). The mean basal diameter of T. pulligo collected ffom

M. integrifolia was 20.1 mm (Fig. 36).

2

The total population of A. gibberosa at the site did not change

between the surveys (Table XX) . The kelp crab P. gracilis was ‘the
second most abundant large herbivore on M. integrifSlia (Table XX).

. \‘:? " * - ,
There was no large change in the total numbers of the green sea urchin,

$. droebachiensis population (Table XX).

‘During and prior to the study period the wind velocity was low and

not from the exposed northerly direwsti'on of the study site. Therefore

i

erosion was not. yet accelerated in this bed. ;The temperature at 4 meters

r
£

ranged f;om 13.1 é&wléiio C in 8 readings during July 24 to September 28,

1973.

The results of this detailed study were in agreement with my previous
Y '
seasonal studied of T. pulligo and M. integrifolia.

Tegula pulligo was the numerically dominant herbivore in the Ross

Islet kelp bed. Tﬁe majoritvaere potential M. integrifolia gfgzéfs,
being found on the plants. deneral distribution and bimodal pobulation
structuré were the same as found in seasonal transeet surveys and monthly
samples (Fig. 35, 36).

The kelp bed was in a stége of rapid growth with the majority of o,
fronds less tpan 100 cm and healthy. This was the condition of all surveyed
beds during mid to -late summer. - ‘

The followiﬁg sub-section calculating 'T. pulligo grazing impact is .

B /7
based upon the plant and herbivore populations of the study area.
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Figure 35

100a

Histogram of the size distribution (basal diameter)

of T. pulligo collected from substrate in the Ross

Islets study site

main figure

insert

S

T. pulligo collected from bedrock

substrate

T. pulligo collected from a 1 m

quadrat sample of shell sand

substrate

&
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Figure 36 Histogram of the size distribution (basal diameter)

of T. pulligo collected on M. integrifolia

harvested at the Ross Islets study site

=8



101b

O€ 8¢ 9¢

S| i 1 i 1 1 1 1 1 i

(WwT) HIAIM SSYT1D
e ¢¢ 0c¢ 81 91 17l A OI

-001

’ - 0G1

-00¢

-0G¢

- 00t

AONINO3YS



a 102

.
¥

Calculation of T. pulligo Grazing Impact at the Study Site

The calculation of a value to reflect the impact of T. pulligo on

the net productionvof M. integrifolia was based on the application of

general conclusions and constants drawn from my-plant and animal studies

G

= N
to the specific situation encountered at the Ross “Islets PTat#au kelp bed.

The net production of the kelp bed was calculated using the most

_otorage -

. important ucture for net production, the lamina. The tissue 10%s due
—_— i 5 : ‘
~to T.r/Pulligo grazing was calculated from the actual tissue consumed in

- laboratory grazing experiments and the tissue loss due to grazing damage
and erésion as determined in laboratory and field studies. The period

chosen for the calculation was from ‘August 18, 1973 to September 18, 1973.

~

hnd ‘ The baéic assumptioné maderin the célculafion were considered in

previou; diséussions:

a)‘ .The lamina was the most important structure in the contin;ed life

and préduction of the froﬁd.J
R} b) " The population stfucturé and concentration of T. pulligo in the_study
ared were constant for the calculation period._
c) Thefe were no changes in physicalrparameters‘which would Have chénged
the" feeding .rate of T. pulligo or the growth rate of M. integrifolia
appreciably during the calculation'periéd. ‘

The‘constants used in the calculation yere mean values obtained from

previous sections of this thesis appropriate to the prevailiﬁg physical
and biological conditionsvand are as follows: A

a) One lamina was formed every 2.5 SD + 0.5 days.

b) A lamina grew in area for 22 days after splitting from the apicai



»

364 sD + 167 cm® over 22 days.

103

scimitar.

I3

c) The lamina grew at the rate of 0.4 SD + 0.30 cm pef day in width

and 1.9 8D + 0.9 cm per day in length for a total area increment of

i
A

d) The first 9 SD + 2 independent laminae were actively growing on
all fronds. “'
e) The fresh weight of lamina tissue ekcludingtsporophyl}s was‘bio33 )

SD + 0.007 gm/cmz.

-y

4

<

Tf) The consumption-rate of T. pulligo feeding on M. integrifolia was

at 0.013 sD + 0.006 grams per gram of body weight per 24 ‘-hours at 15°C.

g) Grazing damage and-erosion. caused by T. Eulligo were equivalent

to a tissue loss rate of 0.3'grams per gram of
3

+ 70%.

h) Tegu;a pulligo on a shell sand sU?strate
df g.‘integrifélia. ;

i) A total of 663 fronds with a mean length
the beéinning of the calcglation period.

3) On a mean frond for thé étudy site there

and 13 terminal slits for a total blade number

k) The area of an independént lamina is 660

1) The temperature at 3 m below‘theisugface

‘

body weight per 24 hour§

were not potential grazers

—w

of 200 cm were active at

were 20 independent laminae
of 33.

2
SD + 116 cm .

between August 18 and Sep-

tember 18, 1973, was 13.1°C to 14.6°C. This temperature range was

¢ ¥

comparable to the 15°C consumption rate experiment but 5C° higher than

the erosion-grazing experiment.

Py

m) One-thousand nine-hundred and ninety-three T. Euliigo with a,méan

basal diameter of 20.1 and a mean weight of 3.0 gm were actively fééaing on

I3

o

RS

PN
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+

~~M. integrifolia during the calculation pericd. ‘.

RN

N From my growth studies the equation (1) for total area increment

\ : o ey

. of a frond's laminae can bé applied—to the study site. }@n a&erage froné;“‘

from this study site growing during a 30 day period would have a total

3 ] lamina area increment of 4020 cm2 + 60%. since there were 663 actively

M »

growing fronds in the study site, there was a total of 2.7 million cm2 : g
+ 60% increment in lamina surface-area for the study site over 30 days.
At .033 SD + .007 dgm/cm™, this surface area was equivalent to a total ,

fresh weighf biomass of 102 kgm + 70%.

TN

9 .

A total' of 1993 T. pulligo with a total *ight of 5,980 'gm consuming

. . .013 sD + .007 gm/gm/24 hr of M. integrifoli fdéminae will consume 78 SD
k] ] . EE .
+ 42 gm in 24 hours and 2.3 SD + 1.2 kgm for 30 day calculation pexiod.

- @

However, using the grazing-erosion constant of 0.3 gm/gm/24 hr M. integrifbfia -

gt ’

- tissué loss, there is a total of 55 SD % kgm lost over 30 days + 70%.

$

ety

Using the minimum and maximum values for consumption, grazing.and erosion, e
and production, I obtained a, range of values expressed as a percentage of

total lamina production; Tegula pulligo consumed 2.3% of the total lamina

biomass production + 1.6%, but its impact/(graziné?erosion) was 55% of the

r

total lamina biomass production + 38.5%.
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GENERAL DISCUSSION

»

P,

a

7

The four sectiong of tﬁié‘thesis can be treated as independent
'jﬂ

units. However, each section has contributed specMfic information to

answer the question "What is the impact of T. pullidb on tissue loss in

M. integrifglia kelp beds".

Planfj%ra;th spudieé have been %gproached by the suggestion:
. z )

"Sometimes it may be con&énie?t to refer the standing crop to thé

feeding activities of a partieular,herbivore rather than to a

human harvest;pg'technique SR " (Westlake, 1963).
The l;ﬁina was choseﬁ for both its importance in plant productivity and as
sites of herbivore grézing damage.i The general morphology of M. Eyr;fera
is similar to that of M. integrifolia &nd M. pyrifera laminae are thex .
sites of 88 percent of thé f;ond photosynthetic capacity (Sargent and
Lantrip, 1952). In terms of standing crop the laminae of é, integrigolia
represent two thirds of the total dry plant weight (Scagel, 1947).

The surveys of T. pulligo and M. integrifolia distribution have shown
T. pulligo to be £he only large herbivore present on the plant during its

entire development and degradation.

P Feeding experiments have shown T. pulligo can feed continuppsly (as.

a total population) on M.-integrifolia during the plant's entire life

nistory. Azing was also recognized as being composed of tissue

consumpti d incidental tissue loss.

vy

3

V.
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period’under study. .,
LS ° : ~

Finally, a very ¢lose study of orne éﬁall part of a kelp bed over a
one month period has provided a modél situation. Using a known
population of plants and herbivores plus assumptions and constants derived

from previous studies, an actual figure was calculated for the grazing

impact of T. pulligo. ’ .
4

A

The calculation of a value which reflects the importance of a

. herbivore in a community has generally been based on the consumption rate

o

of fﬁe herbivore and the total production of tissue in the plant (Teal,
1962).‘ And if one considers only consumption, it may be true that:
¥In almoqé”g;ery case it appears that macrophytes yield only a

small fraction of their production to grazing food chains”

(Mann, 1972).
However, this statement is very misleading when one considers the total
loss of tissue due to the activities of I,AEulligoﬁén the Macrocystis beds
of the Northeast Pacific Coast. b

Using the food chain method of calculating herbivore imporganée'in
the community I found T. pulligo was consuming only 2.3 percent of lamina
production during the late summer at the Ross Islets Plateau kelp bed.
Hoﬁever, the actual impact of ﬁhe snail on tissue loss is probably much

/ A
closer to the figure of 55 percent of lamina production based on grazing-

erosion experiments.
To clarify the point, let us consider the fate of one lamina on a
M. integrifolia frond as exemplified by my studies. After a lamina is free

from the apical scimitar it grows vigorously for the first %jto lQidays.

' ~



ey

e TR

Ty

107 ,
:
Then its overall growth rate’sloys and cease§»after 22 to 24 days.“'During
this period it may be subject to light graziﬁ§ pressure but generally the
herbivores are active on lower laminae. .,
As the grazing pressure is increased>wHen the iamina;bécomes_more
: . . - ' #
basal relative to the apical scimitar, and the lamina is no longer adding &f/

tissue the balance is changed to net tissue loss. This results from

consumption, weakening of tissue due to consumption and perhaps microbial

BRTEL

degradation. Large pieces of tissue are lost because the grazing damage

has weakened the lamina and wave action places stress on the damaged area.

The large fragments become drift material which can be utilized by

lower level herbivores such as A. gibberosa. Such secondary grazing
Ny . .
increases the r?duction of particle size. ! Paine (1971) suggests a

.
C s

portion of this drift material is utilized by intertidal herbivores.

Other fragments may be more slowly broken down by bacterial degradation.
The fate of these small partiéles and fragments was beyond the scope of
this study, but it is reasonable to assume the utilization éf this material
by detritus feeding inverteb;ates and at least some conversion into
dissolved organic matter (Khailow & Burlakova, 1969; Mann, 1972). Even if
the tissue loss from the incidental effects of T. Eulligg grazing on

M. integrifolia does not enter a herbivore food chain, it is still lost to

the plant.

"

In conclusion, my study has pointed out the need to distinguish

P .
between the consumption of plant tissue by a herbivore and the actual impact

of the herbivore upon the loss of plant tissue in the field. These two
=5

el

approaches were seen to differ over 20 fold in my study.

ha N




108

The rarges of M. integrifolia-and T.’pulligo overlap in the Northern
Pacific. If their local distribution and association in Barkley Sound is
typical, T. pulligo has an important part in the turnover of organical

material in these kelp bed communities.

-
i

R



R L S

UL

109

* LITERATURE CITED

Aleem, A.A., 1957 Quahtitati&e underwater study of penthic communities

inhabiting kelp beds off the California coast with a self- -
contained breathing apparatus. Proc. IId Intl. Seaweed
Symp. Permagon.: 149-152. ////
-

Aleem, A.A., 1973 Ecologyvof a kelp bed in Southern California
Botanica Marina, 16: 38-95.

Andrews, H.L., 1945 The kelp beds of the Montéry region. yEcology, 26:
24-37.

Arnold, G.W., 1964 Some principles in the investigation of selective
grazing. Proc. Aust. Soc. of Animal Production 5: 258-271.

s .

Best, B., 1964 Feeding activities of Tegula funebralis. The Veliger,
6: Suppl. 42-45.

Black, W.R., 1972 Population ecology of the brown alga Egregié laveigata
Setchell and of the grazing limpet Acmaea insessa (hinds).
Ph.~D./fhesiS, Univ. Calif., Santa Barbara.

Clendenning, K.A., 1971 Photosynthesis and general development in

Macrocystis. - ’The Biology of Giant Kelp Beds (Macrocystis)

)

in California.” Nova Hedwigia 32 Suppl.: 169-190.

/
s

/

Y,

Y.



[T

© 110

Cribb, A.B., 1954 Macrocystis pyrifera (L.) Ag: in Tasmanian waters.
: = . =

- -

Aust. J. Mar. Freshw. Res. 5(1): 1-34.

Deit, M.E., 1932 Experiments with the stipes of Fucus and Laminaria.
J. Exp. Biol. 9(3): 300-313.

Druehl, L.D., .1970. The pattern of Laminariales distribution in the '

* northeast Pacific. Phycologica, 9 (3/4): 237-247.

B

Frank, P.W., 1965 Sheil growth in a natural population of the turban

T

i

snail, Tegula funebralis. 'Growth, 29: 395-403.

Galli, D.R. and A.C.:Giese, 1959 Carbohydrate digestion in a herbivorous

snail, Tegula funebralis. J. Exp. Zool. 140: 415-440.

Griffith, L.M., 1967 The international univalves of British Columbia.

British Columbia Provincial Museum Handbook #26, 102 pp;

-

Jones, L., 1971 Studies on selected small herbuvorous invertebrates
inhabiting Macrocystic canopies and holdfasts in Southern

California, Nova Hedwigia Suppl. W. North ed. 32: 338-358.

Kailov, K.M. and Z.P. Buriakova, 1969 Release of dissolved organic

1 -
T

matter by marine seaweeds and distribution of their total

organic production to inshore communities. Liminology and

Oceanography, 14: 521-527. : -



o

= B 51

Leighton, D.L., 1966 Studies of food preference in algivorous invertebrates

of South California kelp bads. Pacific Sci. 20: 104 113.

P
&

Leighton, D.L., 1971 Grazing activities of the benthic invertebrates in

Southern California kelp bedsa Nova Hedwigia Suppl.
% .

W. North ed. 32: 421-453.

‘

Leighton, D.L., L.G. Jonés, and W.J. North, 1966, Ecological relationships

between giant kelp and sea urchins in Southern California.

Proc. Vth Intl. Seaweed Symp. Permagon.: 141-153.

T

’ &, . e 4 i .
: . v, L
lowery, L.F., A.J. McElroy, J.S. Pearse, 1974 ~ An analysis of the

-

A
- distribution of six species of gastopod molluscs in a

Macrocystis pyrifera kelp bed; in Press, Hopkins Marine

‘Statibn, Pacific Grove, California, U.S.A.

Lowery, L.F. and J.S. Pearse, 1973 Abalones and sea urchins in an area E

.
‘

- '

: , inhabited by sea otters. Marine Biolegy 23: 213=219. ~J
+ L ) .

v

MacFarland, W.N. and J. Prescott, 1959 Standing crop, chlorophyll'and
insitu metabolism of a giant kelp community in Southern =

California. Inst. Mar. Sci. 6: 109-132. . ) o )

Mann, K.H., 1972a Ecological energetics of the seaweed zone in a marine

Y

“bay on the Atlantic Coast of Canada. -'I. Zonation and

biomass of seaweeds. Marine Biology, 12(1): 1-10.



. - : 112 g

P

}Mann, K.H., 1972b %cological energetics of the seaweed zone in é

*

marine bay on the Atlantic Coast of Canada. IT. Product-
ivity of the seaweeds. Marine Biology 1l4: 119-209.
b ‘ S i
z : e ‘
Mann, K.H., 1972c Macrophyte production and. detritus food chains in <
‘coastal waters. Symp. of Detritus and its Ecological Roles

in the Aquatic Egoéysteﬁgi ~Pailanza, 1: 46.

McLean, J.H., 1962 Sublittorai‘ecology of kelp beds of the open coast
near Carmel; California. _Biol. Bull. 122(1): 95-114.
Miller, S.L., 1§74‘1 Adaptive design of locomotion and foot form in

= ; C :‘prosbranch‘_gastropods. J. Exp. Mar. Biol. Eco. 14: 99-156.

North, W.J., 1957-1960 Kelp‘Investigation Program Reports. University

zyf”/\Sf§Chlifornia, Institute of Marine Resources.
- . h-. . .
< North, W.J., 1960-1974 Kelp Hab;tat Improvement Project, Annual Reports,
Calif. Inst. Tech. Pasadena.

North, W.J., i97laﬂ Growth ofqiﬁdividuai.frqnds of the mature giant kelp
- ; ‘. ‘ ‘ _Macrocystic. Nova Hedwigia Suppl. W.J. North ed; 32: 86-120.
North, W.J., 1971b Cbservations on pdpulations of Macrocystis.

Unpublished manuscript presenﬁed at a Seminar on the

constributions of culture,_labdratory, field and life hisﬁory



Coprb

113

f
@

e

studies to thg systematics of benthic marine algae of the

LR T

Pacific. University-of Hokkaido, Sapporo, Japan.

Pace, D.R., 1972 Polymorphism in Macrocystis integrifolia :Bory in

relation to water motion.- M.Sc. Thesis Part I, University-

of B.C., Vancouver, E.C.,‘Cénada; 72.

‘“Paine;_R.i., 1969 The Piaster-Tegula interaction: Prey patches,

predator food preference and intertidal community structure.

Ecology, 50(6): 950-961.

' : (gzgne,bR.T., 1971 Energy flow in a natural population of the herbivorous

Limnology and Oceanography,

2

gastropod Tegula funebralis.

; = . R y 16: 86-98.

":ﬁ Paine, R.T. ‘and R.L. Vadas, 1969 . Calorific values of benthic marine dlgae

" ‘and their postulated relation to ‘invertebrate food
' 3

preference. Marine Biology, 4: 79-86.

N
'

Pearse, J.S., 1972 Class Study Project Kelp Beds of HopKins Marine Station,
. o I . i - B

mimeographed report. - g

a '

purchon, R.D.,.1967 Feeding methods in-the gastopoda and digestion. - The

3 B

Biology, of the Mollusda. ' Permagon. _oxford, 888 pp. '

- - * rs
. | | :

?

ny




114 )

0
- - . Py

Rosenthal, R.J., 1968 A method of tagging molluscs underwater. The

iy

Veliger, 11(3): 288-289. s .

o - =
-2 . - 3

Sargent, M.C., 1952 Photosynthesis and translocation in giant kelp.

- Amer. J. Bot. 39: 99-107.

-

Scagel, R.F., 1947 1 An investigation of marine plants near Hardy Bay, B:C.

Report to the Provincial Department of Fishgries, 70 pp.

Biometry,<FreémanufSan Francisco, U.S.A.

B

Sokal, R.R: and F.J. Rohif, 1969

776 pp.

1962 Energy flow in the salt marsh ecosystém of Georgia.

Teal, J.M.,

Ecology, 43: 614-624.

N
o

Westlake, D.F., 1963 Comparisons of plant productivity. Biol. Rev., 38¢

385-425.

-

Womersley, H.B.S., 1954 The species of Macrocystis with special reference

to those in southern Australian coasts. Univ. of California,

Pub. in Bot. 27(2): 109-132.

ST
7
7

wort, D.J., 1955 The seasonal variation in chemical composition of

Macrocystis integrifolia and Nereocystis luetkeana in

British Columbia coastal waters.

Can. J. Bot. 33: 323-340.

A~
< .
&





