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-*> ABSTRACT . - • 

Until recently, the rocky subtidal of the.' Atlantic coast of 
Nova .Scotia was characterized by sea o urchin/coralline 
alga - dominated "barren grounds', and virtual' absence of 'fleshy 
macroalgae. However, in the autumn months of 1980-1983, epizootics, 
decimated the urchin -, (Strongylocentrotus droebachiensis) 
populations, and seaxfeeds began to reappear in the subtidal. 

In this study, manipulative experiments indicated that recovery 
of the seax-jeeds occurred as a direct result of releas'e "from urchin 
grazing.^ In the absence of grazers, recruitment of seaweeds is 
inhibited by the coralline"alga Phymatolithon. The "mechanism of 
antifouling by the coralline is likely sloughing of -epithallial 
cells, from the surface of the crust. Extensive die-back of 
coralline crusts beneath seaweed coyer did not occur. 

Despite the antifouling action of Phymatolithon/ the kelp 
Laminaria longicruris demonstrated impressive ability to recolonize 
•and rapidly develop a closed stratum.. Although the kelp canopy 
erodes for most of the year, rapid grox<7t̂ h early in spring restores a 
closed stratum before fmost other seaweeds realize accelerated grbx-rth 
rates. In" manifesting characteristics of opportunistic, competitive, 
and stress-tolerant strategies, Lo •longxcruris" is well adapted to 
maintain its dominant status in a variety of habitats of varying • 

"~ levels*of disturbance, competition, and nutrient stress. ° 

\ The gastropod Lacuna vincta was the principal grazer of L. 
longicruris following mass mortality -of the urchins.. Although 
direct• consumption of plant tissue by the snails was relatively 
small, grazing damage promoted the tearing off of large portions of 
the lateral frill of the kelp laminae. .The snails exhibited strong 
preference for the frill region, but avoided the meristem and stipe. 
This pattern of grazing resulted in significant reductions in canopy-
area, but did not increase mortality of the kelp. Avoidance of the 
meristem by the snails is likely due to the high concentrations of 
polyphenols in this region. The' todgh stipe" is of relatively poor 
nutritional value. The labrid fish Tautogolabrus adspersus is the 
most important predator of Lacuna vincta, but its predatory impact 
is limited since snails Rapidly attain a size refuge safe from most c 

sizes of the fish. 

In overview, following mass mortality of sea urchins, L_." 
longicruris replaced the urchins as the single most important strong 
jInteracting specie^--influencing community structureo However, in 
contrast to the s|gHg,tion on barren grounds in which the urchins are 
the principal biol^PLcal determinants of community composition and 
organization, the..Mteip Influences community structure-in concert 
.with a su.Ite of .weakly interacting speciesa , 



*» 

ACKNOWLEDGEMENTS' 

''" « A-large fieid-oriented project Is never' a solo effort. My 
supervisor, Ken Mann,-was a continual source of* logistic and moral 
support, and »along x?ith committee members' Tony Chapman, Eric Mills 
and Ian McLaren, provided valuable "guidance and criticism of the 

'•research and wpttlng of^-the^thesis throughout. Brock Bernstein, 
-Jack McLachJkan and /Robert Scheibling also" gave' useful discussiono 
Identification of( seaweed species^might, have been a nightmare 
without the frequent' and .enthusiastic help of Carolyn Birdo Mark 
Ragan did not hesitate to interrupt a 'hectic s,chedule to perform the 
-polyphenol assays.* Similarly, Chris Field ,gave many hours of advice' 
on statistical proceaures. Charlie Thompson was a great help in the" 
building of several pieces of apparatus, and John Coates and.Doug 
Wiseman made my life easier by clearing roads< through ^bureaucratic 
jungles^ of red tape. Freddy (Stan) Watts'provided valuable advice 
and training in diving procedures. John'Parley kindly"allocated 'ma 
most of his office space for the writing -of this thesis,' and 
provided .timely opportunities for work-avoidance behaviour in* his 
expositions on the United Frail t Company., xtfhy we eat so many bananas, 
British Imperialism, and hoxi schistosomfasis has changed the history 
of 'the xforld. I greatly^~appreciate the efforts of>, and extend 
, sincere thanks to, all of these person's. 

, ., . ° . r 

Finally, because they deserve special mention, are the divers. 
I shall be ever grateful to Pat Young, James Smith, Blair Gill, John 
"Houston, and 'others too numero.us to name, for their0 untiring and 
'uncomplaining efforts beyond any reasonable call of duty. 'They 
worked lo"ng hours from open boats, and in abominable conditions in 
winter 5' in helping to tally m1400 man-hours underxrater on this 
project. „' " 



>«•*..* ' "a • * &- _^s - > _ xviia 

tf '« SYMBOLS AND ABBREVIATIONS * " t,? 

o^ -= probability of type I error 
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* * " * * v 
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CHAPTER 1 

GENERAL INTRODUCTION " 

Biological interactions play an iajhortant part in determining.the 

structure of many natural communi'tieso The recent history of the 

a O 

•mearshore rocky SUDtidal of the Atlantic coast of Nova Scotia provides 

/ a particularly colourful and dynamic example of hox-j interactions among 

* species can radically .affect community structure. In 1968, Ifann 

(1972a) first noticed the occurrenqe of high densities of sea urchins 

(Strongylocentrotus droebachiensis) on bare rock substratum as holesJ? 

In extensive beds of seax/eeds in*St. Margaret's Bay (see fig. 2 d ) . 

. These patches expanded, and rapid destruction of the kelp beds and 
' "a 

their replacement by what was. termed *urchin-dominated barren grounds' 

(sensu Lawrence 1975) soon followed (.Mann and Breen 1972| Breen and 

Mann l\976a,b| Lang and Mann 1976). Subsequently, "a large scale 
a 

t investigation revealed that the entire Atlantic coast of the province 

V / V a s characterized by high densities of sea^urchins but. virtually no 

macrophytes (Wharton and*Mann 1981), Moreover, unlike most herbivores 
1 ! a 

9 

that overgraze their food supply, the urchins were able to persist in 

"the absence of macroalgae, and thus maintained the' "barren' condition 

(see reviexTS by Mann 1977; Johnson and Mann 1982). 
o 

It seemed then', that the ^barren grounds' represented a new, 

long-term' configuration of the community that had far-reaching 

implications for 'the overall structure of the nearshore subtidal 

system (Mann 1977| T'Jharton and Mann 1981)o The urchins had mediated a 

transition from a highly productive system dominated by the kelp 



Laminaria longicruris (Mann 1972a,b), ' to one ofa«low productivity,. 
— — — — — — — — — _ _ • - — _ _ . „ ^ 

.devoid of seaweed. With a decrease in primary production of neaxly 

two orders * of magnitude (Chapman J981), a collapse in secondary 
n 

production could be expected, and there was evidence from lobster 
J"" 

catches* that this rfsd already occurred (Wharton and Mann 1981). 

However, first occurring In the autumn months of I960, and 

repeated during this season in the subsequent three years, xfere mass 

mortalities of the sea' ,urchins (see Miller and Colodey . 1983; 

Scheibling' and Stephenson 1984), Within two years,ourchins were 

almost eliminated from shallot7 water (<25m) by an epizootic, the *•> 
./ ' 

- . 3 

disease organism believed - tto be a Pagamoeba-1ike amoeba (G. Jones, 

perso coma.), Follox-jlng removal of the urchins, seaweeds began to 

reappear in the subtidal (Moore and Miller 1983? C&-R. Johnson 

personal observation). 
«a 

These events prompted the raising of a 1 number of queries 

concerning community structure that set the foundation for the presentri 

study. First, was it release, from urchin grazing that enable! 
-4-

widespread recovery of seaweeds in the subtidal for the first time in 
t 

over a decade? Second, the most abundant organisms^ following urchin 

mortality were crustose coralline algae. Coralline crusts are knox-m 

,to greatly Influence the settlement and recruitment of many 

invertebrate" species._ What is their effect on the settlement and . 

recruitment of seaweeds, and in particular of kelps? If recruitment 

of seax<7eeds is Influenced by coralline algae, is this interaction 

likely to continue if seaxreeds recover, or do coral-lines die and 
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recede if dense macrophyte Beds re-establifeh?. Third, L_. longicruris 

x/as the dominant" seaweed in shallox* water prior to ^he urchin 

outbreak, and ostensibly*accounted for the single greatest portion of 

the net production of the seaxjeed zone (Edels-teln et al. 19*69.; . Mann 

1972a,b). Calx this "kelp recpver and also =sustain itsXdosixnant status. 

i° * "V . s ' 
'in the post-urchin outbreak period? Finally, what are the predominant 

/ 

grazers of L. longicruris in the'absence of high densities of S. 

°droebachiensis, how does" their impact on this kelp compare with that 
_ — _ — — _ _ _ _ — _ — — — a . ^ 

of the urchins, and is the Impact of noti-echinoid grazers on kelp 
u 

predator-limited?" . . 

'Answers to these questions should indicate the resilience of L. 

longicruris to large- and small-scale disturbances', aid the 

Identification of those biological interactions that are Important in 

structuring this community when sea urchin numb,ers are low, and thus 
t) e 

considerably augment current concepts of the dynamics of this system 

arid engender implications .for others. Controlled manipulative , field 
a ! ' . 

0 

experiments have emerged as perhaps, the single most poxirerful tool 

enabling ecologists to Identify and quantify intea- and interspecific 

interactions (see Connell 1974J 1983a; Paine 19775; Qulnn and Dunham 

1983; Schoener 1983, but see also the cautionary copnents of Dayton 

and Oliyer 1980; Bradley 1983; Connell 1983b; Hurlbert 1984; Underxropd 

and'Dealey 1984). En this study I employed a largely experimental 

approach to test several hypotheses in attempting to answer the 

foregoing questions. Details of ®fhe hypotheses and background to 

their formulation are presented later in the introductory sections of 

the relevant chapters. A diocucsion of the'results of the experiments 



4. • 

is also given in each of the principal chapters. Thus, the final 

chapter is an overview attempting to integrate -the general conclusions 

alr.eady discussed in detail earlier. 
J 

* 

h 

j> 
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CHAPTER' 2 • " 

GENERAL METHODS' 

Only\ i n t r o d u c t o r y * i n f o r m a t i o n on f i e l d xtfork. I d e n t i f i c a t i o n of 

a l g a e , t he s t udy s i t e s and g e n e r a l comments on t h e s t a t i s t i c a l 

a n a l y s i s a r e g i v e n h e r e . D e t a i l s of s p e c i f i c methods appear i n t h e 

r e l e v a n t c h a p t e r s . U 

se2.1 Study s i t e s and u n d e r w a t e r xrork „ .. ' 
. , . . ) • a. 

IS 

Field Investigations were conducted at Mill Cove and Paul,, Pt. in 

St. Margaret's Bay on the Atlantic coast of Nova Scotia (/fig. 2.1) 

from . April 1982 through November 1983. Bo,th sites are moderately , "** 

\ ' . ; 

exposed and are characterized by boulder substratum to c. 15-l7m ' 

dep^ho Virtually all of the work was conducted at c_. 9-10m depth. 

This is approximately the middle of the bathymetric range of Laminaria 

•longicruris recorded by Mann (1972a) prior to decimat/fory-of kelp beds 

• / 7 • 
by Strongylocentrotus droebachiensis. 

'<Hs 

A major factor considered in choosing study sites was that urchin 

mortality occurred on the eastern side of S^. Margaret's Bay one year' 

before significant mortality was observed ©n the western side. At 

Paul Pt. sea urchins were exterminated »by disease in the autumn, 

months of 1980.^ In contrast, a healthy population of urchins 

persisted along the Mill Cove shore until September 1981. Thus^ 

simultaneous investigation of both sites permitted comparison of txro„ 

D 

different stages in development of the post-urchin community. It 

should be noted that it is not knoxm definitely that the Paul Pt. 



Fige 2s1 Map shoeing location of study sites near Mill Cove (A)'and 
• - i> 

Paul Pt. (B) In Sto Margaret's Bay. *"* 
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site was barren of non-calcareous macroalgae prior to urchin 

mortality. Hoxyever, the substratum and exposure characteristics, 'of 

this site, and the presence of numerou-s empty urchin tests and a 

litter of spines in the sediment between boulders when the /site was 
<r> • • . * 

-.£ a « 

first " visited in May 1982, sugges't that the area xxas., indeed a ^barren 

ground' (sensu Laxjrence 1975) prior to urchin die-offo -
* 

All underx/ater xrork was conducted using SCUBA from open "boats. 
" • -V 

In the experiments that required identifying»,» individual kelps, the 

plants were tagged x?ith numbered polyethylene strips tied loosely 

around their stipes. When sampling the non-experimental areas, 
o . > 

quadrats' xiere positioned randomly by sxiimming predetermined random 
• ; 

distances along predetermined randomly generated compass headings from 

an initial haphazardly selected pointo 

2.2 Identification of algae 

*> Txro experiments (chapters 3 and 4) xjere conducted in x-jhich the 

composition of the entire seaweed community was assessed. Fleshy 

algae were identified according to the taxonomy given in South arid 

Hooper (1980). Crustose coralline species xrere identified from 

information.outlined in Adey (1^64, 1965), South and Hooper (1980), 

and from an unpublished key compiled by R.S. Stenecko ' 

Since the focus of this study was primarily ecological andr-not 

taxonoraic, not all taxa x?ere identified to species. * Also, the 

taxonomic status of some of the algal species Is Currently in. revlex/ 

(Co " Bird,- personal communication)o ° Species of Cladophora„ 
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Chaetomorpha, Spongomorpha, Ectocarpus, Stictyosiphon, Calllthamnion 

and Fucus were not determined. Species of Antlthamnion and 

Antithamnionella x?ere pooled under the.generic assemblage Antlthamnion 

a&spp. When identification xras determined in situ underxrater,* taxa in 

the species pairs Ectocarpus spp. and Pjlayella littoralis, Chorda 

filum and C. tomentosa, and Sphacelaria furcigera and S_0 cirrosa, 

were not separated (e_.g_o see appendix A.4)o This ^practice is' 

i 
unlikely to> be of any consequence insofar as ecological interpretation 

'V 

of the data is concerned. Species differences xzithin any of these 

genera are established at the microscopic level, and there are no 

differences xn macroscopic form or habit. Moreover, altogether the°se 

genera represent only_ a minor portion of the florao 

2.3 Statistical analysis 

The analysis largely comprised' parametric techniques- using the 

MINITAB (Ryanetalo J976, 1980), SPSS (Nie et al.' 1975; Hull and 

Nle 1981), and BMDP (Dixon et al. 1983) softx7are packagesS^-The 

MINITAB package was also used in performing analyses longhand x?hen 

specific software 'was not available (e_.g_. principal components 

analysis *of ' variance-cov^ariance matrices (chapter 4); testing 

significance of differences in slopes-and intercepts In regression 

analysis (chapter 6); distribution-free tests of differences between 

frequency distributions (chapter 6)). Most commonly, procedures of 

analysis of variance (ANOVA) x?ere employed. For designs x?ith repeated 

measures and for the 3-x?ay moetel with large numbers of XJ!thin-factor 

categories discussed in Chapter„ 4, the BMDP package x?as used. 
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Otherwise, all ANOVAs, including multivariate '" ANOVA (MANOVA), were 

carried out using SPSS. " * \ 

Careful attention was given to the underlying assumptions of t3ie / 

parametric J2ests. Regarding i&JOVA in particular \(see Scheffe t1959; ' 

Winer 1.971; Sokal and Rohlf 1981; Underwood 1981), testing for 

non-additivity of main evffec«ts x?as not a problem, as in all cases 

rfrplicate observations were made of all cells. There xjere only two 

occasions x?hen independence of error terms could not be assumed. For 

one of these cases a repeated measures 'model ANOVA was followed. .In 

the other, the repeated -measures approach was not uŝ sd. Howeveroit' is 
' ' - • - f 

argued (section 6.2.2.1) that for this particular case a conventional 

Analysis without -consideration of repeated measures • was more 

conservative in testing the- null hypothesis than strict adherence to a 

repeated measures model." 

Two other properties of data assumed in ANOVA are a normal 

distribution of< error terms and homoscedasticity, or homogeneity of 

sample variances. For data sets small enough to be -handled by 

MINITAB, 'normality of residuals was tested . by examining the 

correlation of the raw residuals with their 'normal -score. The 

correlation cpefficient can be used dn a pox7erful test for normality ° 

essentially equivalent to the Shapiro and Wilk (1965) test (Ryan e_t 

alo 1980). For data .sets which could not be handled by MINITAB, 

normality" x?as assessed by visual inspection of a normal probability 

plot. » 

. For MANOVA, strict testing of multinormality of error terms was 
i o •* 
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not attempted. Instead, normality of the unidimensional marginal 

distributions were checked, again by visual examination of normal 

probability plots. While 'not absolutely rigorous (Legendre and 

Legendre 1983),- this procedure is commonly fbllowed,- and, certainly 

provides an adequate indication of multinormality (C. Field, pers» 

. comm.) o , ' 0 
ft. 5 a ^ I 

Homogeneity of sample variances in univariate ANOVA x-7as tested 

using the Bartlett-Box F statistic (Dixon, and Massey 1969)» With 

multivariate ' data, the F statistic approximation of Box's M statis-tic 

(Morrison 1967; Cooley and Lohnes 1971) X7as used as the criterion ^or 

testing homogeneity in group dispersion matrices. 

Frequently, the rax? data did not conform to the assumptions of 

homoscedasticity and normality of error terms, -necessitating 
a 

transformation to different scales that better met these requirements. 

Inmost cases, transformations successful in'stabilizing the variances 

..•also achieved normality of residuals. Because commonly use?d> 

. transformations (see Sokal and Rohlf 1981; Legendre and Legendre 1983-) 

x/ere rarely applicable, the objective method for finding a gfeiitable 

variance stabilizing scale given by' Draper and Smith (1981) was 

followed. This method was successfully applied to univariate data, 

hox?ever determining transformations for the multivariate data se-ts 

proved difficult. For the multivariate case, a unique transformation 

can be applied to each of the 'variates independently only tif the 

variatesmare uncorrelated (Press 1972)„ While the use of specific 

separate transformations may be attractive" in terms of„ statistical 

( 

o 

d a 
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tidiness, for the present study this practice' would imply unrealistic 
Q a . 

biological assumptions; namely that , there are no interactions or 

associations among seax?eed species. The only remaining option was to 

treat the replicate measurements of each variate of each combination 

of factors as a separate group, and apply the Draper and"Smith method 
3 0 

to these groups to obtain a single best overall transformation for the 

entire multivariate, seto This p-ractice .met X7ith only limited, success 

(chapter 4). • ,, - ' 
\ " ' Tests for nomoscedastxdty and1 normality of error terms were 

(a 

conducted in conjunction with every ANOVA performed in the analysis. 

When necessary, scale transformations awere made. In the tex't, 

transformations are described in terms' of the tintransformed variate9 

Y. Of course, the structure of- some data sets is such that no 

monotonic transformation exists to achieve homoscedasticity or 

normality of error terms. Fortunately, 'the robustness of ANOVA to 

departures from its underlying assumptions is xrell understood; the 

F=statistic and level of significance are little affected by mild 

v heteroscedasticity or non~.normality, particularly in balanced designs 

and with relatively high degrees of freedom (Scheffe 1959; Winer 1971; 

Underwood 1981)o In subsequent chapters x?hen ANOVA statistics are 

. presented, unless explicitly stated otherx-7ise, at1 can be assumed that 

both assumptions (homoscedasticity and normalityVof error terms) have 

been met, or at least that any departures from these conditions are 

• likely to be of little consequence to interpretationo 

When a posteriori multiple comparisons X7ere desirable (eogo x-rith 
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9 a-significant interaction of facWors indicated by ANOVA), °Tukeyrs 

honestly significant difference procedure x-7as follWed. This test was* 

preferred over the more commonly used Studeat-Nex-Ttuan—Keuls (SNIC) 

procedurTa-as it\is considerably more conservative in terms of keeping 

the .type 1 errc|r small (Winer 1971). Hox7ever, given that the^Tukey' 

method' tends to yield too few significant results, in some cases where 

inclusion of particular, groups within a homogeneous subset appeared 

dubious with the Tukey method, the SNK procedure was also run >j,for 

\ 
comparxson. ° 
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CHAPTER 3 

RELATIONSHIP BETWEEN RELEASE FROM SEA URCHIN (STRONGYLOCENTROTUS 

DROEBACHIENSIS) GRAZING AND RECOVERY OF SEAWEEDS • 

<* i o ' 

3c1 Introduction B 

On a global scale, sea urchins constitute the single most 

important assemblage of grazers influencing the structure of subtidal 

algal communities. The ability of urchins to overgraze extensive 

areas of seaweed cover is well documented and reported fr.om tropical 

through high latitudes (North 1974; Lax?rence 1975; Foreman 1977; Paine 

1977; Estes et al. 1978; Simenstad et al. 1978; Vance 1979; Duggins 

1980,1981b; Sammarco and Lawrence 1982; Dean e_t alo 1984). In 

tropical regions the impact of sea urchin grazing on algal community 

composition is important, but is second to that of fishes (Randall 

196^1965; Earle 1972; Vine 1974; Wanders 1977; Hay 1981a,b, 1984; Hay 

et al. 1983; Hixon and Brostoff 1983; Saratr&rco 1983). In contrast, 

urchins are far and away the most important grazers Influencing 

subtidal community structure in temperate waters. Where areas have 

initially been overgrazed and urchins then removed, from the system., 

either on a large scale or as patches in time and space (Paine and 

Vadas 1969; Lawrence 1975; Pearse and Hines 1979; Duggins 1930,1983; 

• Sousa et al. 1981; Cpwen et al. 1982; Jangoux and Lax?rence 1982; 

Breen et al. 1983; Himmelman et al 1983), or when urchins have 

switched to non-algal food sources (Duggins 198^),^" the extent and 

rate of recovery of seaweed cover is usually dramatic. 

In Nova Scotia, there has been an impressive recovery of seaweeds 
o 

\ ; 
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6 

In the nearshore -subtidal (Moore and Miller 1983; C.R. Johns&n 

c 
personal observation) following recent widespread mass mortality of 

sea urchins along -the entire east coast (Miller and Colodey 1983; 

Scheibling and Stephenson 1984).« An obvious and fundamental starting 

point to an ecological investigation of this newly instigated 

successional community, is to objectively determine the relationship 

betx-7een urchin mortality and recovery of seaweeds» This chapter 

outlines an experiment designed to test the premise that the 

reappearance of seax?eeds in the subtidal x?as a direct result of the 

release from grazing by sea urchins» 

* . 
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3.2 Methods 

\ 

The experiment was conducted at Mill Cove commencing 8 June 1982, 

approximately eight months after mass urchin mortality at this site. 

Seaweed community composition in an enclosure containing sea urchins 

(hereinafter referred to as the urchin enclosure) was follox^ed over a 

16 ,month p'eriod and compared with algal community composition in the 

surroWcfing non-experimental area and in a second identical enclosure 

void of urchins. The enclosure without sea urchins (hereinafter 
9 

referred to as the control enclosure) acted as a control for enclosure 

effect. • \ * . 

/ 

The enclosures-were Square^pehs constructed of 25mm mesh netting, . 
2 

were 16m - in area, ca. 1.1m high, open at the top and x-7ith an „ 

inx^ard-folding skirt at the bottom ca. 0.5m wide. The inner and 

outer edges of the skirt were weighted with chain, the top of the net 

buoyed x-7ith floats, and each corner of the net x-ras supported x-7ith a 

large float and a guy-line leading to an anchor. , This design was 

effective-in-containing urch-ins. Botli enclosures were erected in ca. 

10m water. , ' -"* 
V O ' a-

\ 

The urchin enclosure was stocked with animals collected from\ 

several localities on the eastern and south shores and Bay of Fundy 

(appendix A. 1). Continual restocking X7as required ,to overcome high 

mortality in the summer andjautumn months In attempting to maintain 

densities similar to those of 8-11 year old barren grounds (see 

Wharton and Mann J981). 
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Complete censuses of the density and size (length^^nd xTxdth of 

"lamina) of Laminaria longicruris x?ere made within the enclosures, but 

in the non-experimental area this species x?as sampled x?ith ten 

2 
randomly—positioned 2m quadrats on each ^sampling occasion. An in 

situ point estimation method was developed=to assess the abundances of 
V\ ' at 

all other non-crustose species in terms of percentage cover. The 

technique consisted of dropping 3mm diameter brass rods through 30 
- 4 I a-

randomly chosen holes of a possible 100 drilled in- a thick plexiglass 
> . 2 

\ tablet. The 100 holes x?ere equidistant X7ithin a 0.125m area and the 

plexiglass platform x?as ' elevated off tbSfe substratum by thrjee 

adjustable lead-filled legs of 300mm maximum extension. Species that 

each rod touched or through whdse canopy the rods penetrated x?ere 
-5 

recorded. In this manner estimates of the percentage cover ox each 
*i ° . &* 

• species, and of the proportion of hard substratuta bare and not shaded 

by algae, bare .but shaded, and overgroxTn by seax?eed t7ere determined. 

Ten quadrats to estimate percentage cover were taken for each of the 

three treatments per sampling occasion. I am not atfare of any other 

subtidal study that 'has used a point method of cover estimation 

similar to the one described here. An evaluation of thê  point 

technique and discussion of" the applicability of this method and 

sampling scheme In providing"quantitative data on seax7eeds suitable 

for testing by parametric methods Is given in appendix A.2. 

To avoid damaging plants wi'fchin the enclosures, divers lay on and 

worked through a moveable aluminium frame (2.5ia x 2.5m) X7ith 0.4ui 
b 

lega, and thus were alx7ayo elevated off the substratum. "Within the 

enclosures, quadrat positions were randomly determined on a 5 x 5 grid 
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system. 

4 

\ 

/ B] 

-Percentage cover data for the three treatments were collected on 

7 and 8 June 1982 immediately prior to addition of sea urchins to the 

enclosure, and subsequently in September 1982, and in January, April, 

August, and October 1983. Corresponding assessments "of L. 
' ° ' a ' 

longicruris were undertaken in August an/I December 1982, and in April, 
* ^ « 

August and- October 1983* 

In analysing these datas diversity was described by the Shannon *«* 
> t» 

function, H, defined as - «. 

'' * ' - ' * • • . • * " '* 

H = - p. log p (see Pielou 1978) 
X ,X o " 

a " * a. 

where p. x̂ as the proportion cover of the i species. 

/* 

While use of the Shannon estimate of diversity 1kay not be 

theoretically strictly ^valid (Pielou 1966)', Peet (1974) and Legendre 

and Legendre (1983) have pointed out that use of the alternative 

Brillouin index is rarely necessary or even desirables 'Moreover, the 

Brillouin index is 'not applicable to measurements of .percentage cover. 

/ It should also be noted that by 'calculating the mean and standard 

'error of diversity of each date/treatment ^combination from the 
o 

separate measures of diversity obtained from each quadrajt, the overall 

mean is likely to be too small. However,, since this practice was 

consistent for all date/treatment groups, comparison, of diversity 

among groups is "valid. ' . " • 
* J * 

An R-type (Legendre and Legendre 1983) principal components 



19. 

• V / ' a , 

analysis (PCA) was performed on the 10 x 10 variance-covariance matrix 

of species abundances In the 18 date/treatment combinations in an 

attempt to compare community structure in a more easily perceived 

space of loxrer dimensionality. The covariance matrix \.,as based on the 
i 

mean percentage cover of all species whose mean cover in the control 

enclosure and non-experimental area, for all'sampling dates combinedj 

exceeded 2%. Species included in the PCA are given in appendix A.-4. 

n 
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3.3 Results 

The experiment was plagued in it's early, stages by high mortality 

of sea urchins in the' urchin enclosure due to disease,(figo 3.1, 

summary, -data in appendix^ A. 1). Until January 1983 most of the' liye 

'animals in the pen x̂ ere diseased, ..pot feeding, and hidden in the 

crevices between boulders. It was riot until the fourth stocking 

attempt in mid January .1-983 that sea 'urchins remained • healthy f or ,any 

* vf \ - " 
length of time.< Even so, by mid July 1983 many animals x?ere beginning 

« -*> * 

^ to shox? disease symptoms, and the entire population had died by early 

October. Predation by crabs (Cancer borea|iafi and " lobster (Homarus 

americanus) also appeared to contribute'significantly to sea urchin 

mortality in the enclosure, especial!^Jaring the warmfer months. 

Once the problem of high urchin mortality was overcome and a 

consistent population of -"healthy ^ animals .maintained, all 

non—calcareous macroalgae within thtt urchin enclosure x?ere rapidly 

eliminated betxi?een January and April 1983 (fig. 3.1, summary data in 

appendix A. 5; the 28 species recorded over the course of the» 

experiment are given in appendix A.3). In ̂ contrast, at least 55% of 

the hard substratum in the control enclosure and non—experimental area 

remained overgrown or shaded by algae during the same period. This 

marked difference In seaweed cover was maintained at least until 

'August, but by late October algae were again growing in the urchin 

enclosure. On aiiy given sampling date, the amount of seaweed cover in 
t L q 

'the control enclosure and non-experimental area was similar. 

$ s 
Not suprisingly, the pattern of seaweed soecies diversity closely 
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Fig. 3.1 Proportion of hard"substratum (a) bare and unshaded, (b) 

bare but shaded, and (c) overgroxm^by non-crustose seaweeds in 

the enclosure containing urchins (U), the control enclosure 

without urchins (C), and in the non-experimental area (N) at Mill 

^ Cove; and (d), densities of sea urchins (Strongylocentrotus 

droebachiensis) in the urchin enclosures Bars are S.E. " 

^ 
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1982 
M J J 

1983 

M- U = Enclosure with urchins 
C = Enclosure without urchins 
N = Won experimental area 
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paralleled% that of amount of " cover (figo 3o2j, summary data in 
* » * 

appendix A.6). There was* a dramatic decline in diversity In the 

urchin enclosure relative to the urchin-void treatments by April 1983, 

and diversity remained lox7 in the urchin enclosure until , termination 
, o 

\ 
<5 

of the experiment. Throughout the experiment, algal diversity in the , 

non-^experimental area and-control enclosure treatments x-7as similaro . 

In the - principal components "analysis, separation of 

treatment/date groups on the first three principal vectors (which • 
V \ a 

accounted for 85.5% of the total raw dispersion, summary data inN 

appendix Ao7) demonstrated clearly the close similarity in'- community 

structure of the three treatments "at the beginning of the experiment, 

and later divergence in seax̂ eed composition in the urchin enclosure 

(fig.ji 3.3., summary, data in appendix A.8). This . style of data ' 

presentation also emphasized the marked temporal variability in 

seaweed community structure in the urfchin-void treatments, reflecting 

seasonal and/or successional effectso 
v> 

The percent cover and diversity measurements do not include Lo 
^. t 

longicruris. In view of the *very low recruitment and paucity of 

plants of this species" at Mill Cove (see chapter 5), formal treatment 

•of. the data on this spqcies would-be pointless. Suffice to say that 

the single recruit of L. longicruris present In the urchin enclosure 

on 13 January 1983 had .been destroyed 14 days later, where'as the txTO 

plants in the control enclosure remained for "the duration of the 

experiment. , , r. . 

In summary, there was no detectable effect of sea urchins on • 
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F i g . 3o2 Shannon d ive r s i t y " index* (H) for ' seawad ' 'camiaunity in 
' / 

enclosure containing urchins (Strongylocentrotus droebachiensis), 
a a ' v 

. enclosure void of urchins, and in the non-experimental area at 
, i ». 

Mill Cove. Bars are S.E. " * , 

V 

1 

y 
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Fig. 3.3 Separation of treatment/date groups on the first three axes 

generated by an R-type principal components analysis of the 

percentage cover of seax?eed species. U = enclosure containing 

sea urchins (Strongylocentrotus droebachiensis), C =» control 

enclosure (without urchins), N = non-experimental area (Mill 

Cove). 1-6 = sampling dates in June and September 1982, and 

January, April, August and October 1983, respectively. 

C a 
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seaweeds In the urchin enclosure from June through December 1982. 

This is attributed to high urchin mortality and cessation of feeding 

by the remaining, mostly diseased, animals. In less than three months 

after establishment of a healthy population of urchins in January 

1983, seaweeds in the urchin enclosure were decimated xfhereas algae 

continued to flouris'h in the control enclosure and non-experimental 

area. No enclosure effect was evident. 
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3o4 Discussion 
/ 

The r e s u l t s of the experimefe^p are •*. c l e a r l y cons i s t en t with the 
e 

hypothesis that the re—establishment of seax?eeds in the rocky subtidal 

is due to release from grazing by sea urchinso When urchins x7ere 

reintroduced into the system, the community resumed its previous 

configuration, namely, absence of any fleshy macrophyteso While the 

'outcome of the experiment may not be startling, this is the first time 

that sea urchins have been introduced into a se'ax7eed community in a 

controlled experiment.' 

Reappearance of seax-?eeds in the'urchin enclosure after April 1983 

was probably the result of declining urchin numbers, high grox7th rates 

of algae, and changes in the behaviour pattern of the urchinso From 

January until at least the end of April 1983, urchins formed exposed 

and dense 'aggregations on 'the sides and tops of boulders. Over the 

period raid June through mid July urchins >were only occasionally 

exposed and aggregated,'and from the end of July all remaining animals 

were hidden. This behaviour may be temperature related. When the 

thermocline x?as above the urchin enclosure (bottom temperature 4-6 

C), exposed aggregations were found. However, most urchins moved to 

the crevices between boulders during periods when the thermocline 

moved below the enclosure (bottom temperature in enclosure 10-12 C). 

0 

Movement of urchins in and out of hiding occurred over periods of only 

a few days in response to changes in the position .of the thermocline. 

This behavioural pattern was similar to that observed by Bernstein Vt 

alo (1981) in a barren region at nearby Boutilier Pt. They found the 
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proportion of urchins exposed during the day to be higher in winter 
I " a 

than in summer,^and there was alxrays a period in summer, when virtually 

all urchins x?ere hi'dden. CT ° 

In view of the extensive and annually repeated kills of I sea 

urchins over the past four summers along most of the Atlantic coast of 

Nova Scotia, the implications for change in the structure and dynamics 

of the rocky subtidal are vast. S.eax-?eeds are a major source of 

production in coastal communities (Clendenning 1971; North 1971; Mann 

1973,1982; Kain 1982?. Littler and Arnold 1982; Littler et al. 1983a), 

and provide substrata (Andrex<rs 1925; Doiaifasnes L969; Mukai 1971; 

Norton 1971; Sieburth et al. 1974; Cundell et al. 1977; Roland 1978; 

Gunnil 1982a,b, 1983; Lewis and Hollingworth 1982; Norton and Benson 

1983; Kitting et_ al. 1984), and spatial heterogeneity and shelter 

(Hagermann 1966; Mitchell and Hunter 1970; Bray and Ebeling 1975; 

Hobson and Chess 1976; Ebeling et al. 1980a,b; Russ 1980; Sheppard et 

al. 1980; Anders and Moller 1983; Coull and Wells 1983; Bell and 

Galzin 1984; Moreno and Jara 1984; Ojeda and S^ntelices 1984) for a 

diverse array of organisms In shallow x?ater communities. The virtual 

.elimination of urchins and recovery of seaweed beds In Nova Scotia Is 

likely to be manifest In (1) an increase in primary production In the 

nearshore subtidal of about two orders of magnitude (see Mann 1972b; 

Chapman 1981) with concomitant increases in secondary production, (2) 

greater diversity, and (3) the realization of a host of interactions 

within and aiaong species which may have great influence in shaping 

,overall coiamunity structure. 
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INFLUENCE OF ENCRUSTING CORALLINE ALQAE ON SETTLEMENT 
t? 

OF NON-CALCAREOUS SEAWEEDS - 0 

("> • • <*• . . r •. 
4.1 Introduction 

f) 
i.) 

The term "urchin .dominated barren ground' is a misnomer. Areas 
•7 ' 

where grazing by sea urchins has reduced or Removed cover of fleshy. 

° seax^eeds on hard substrata are also characterized by extensive cover 
9 

of crustose coralline algae (Paine and Vadas 1969.; Adey and Macintyre 

1973; Vadas 1977; Wanders 1"977; Vance 1979; Ayling 198l£„Sousa et al. 

1981; Himmelman et" al. 1983; Logan et al. 1984 ; Hagei/1983). %. 

predominance of encrusting red alga'e has also been" recorded where 

grazing by fish has been effective in preventing the establishment of 
> 

fleshy seaweeds (Vine 1974; Wanders 1977; Hay 1981b; Hay et al. 
1983). Indeed crustose corallines 'dominate much of the hard substrata 

of the photic zone 'from, tropical through arctic and .'antarctic 

latitudes (Adey 1964,1965,1966, 1970,1973;.Adey and Macintyre 1973; 
o 

Steneck and Adey 1976; Wanders 1977; Vance 1979; Ayling 1981; Masakl 

et al. 1981; Steneck 1982; °Hagen 1983} Masak,i 1984; Littler and 

Littler 1984). c . * • H 

Notwithstanding their cosmopolitan distribution and high 

abundance, relatively scant attention has been paid to the ecology of 

corallines. Most epologists seem to have viewed these plants as Inert 

primary substrata. This probably stems frock their very slow growth 

and low productivity. (Goreau 1963; Adey 1970; Adey and Vassar 1975; 

Steneck and Adey 197.6; Littler and Littler 1980,1984; Littler and 
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Arnold 1982; Littler et al." 1983a). However, productivity- is not the 

^-onlync jnly»criterion for assessing ecological importance. The magnitude and 

"outcome of interactions among species can be of fundamental' importance 

tq̂ -the structure of communities. 

To date, consideration of interactions of coralline crusts x?ith 

other taxa has largely focused on their influence on the settlement 
o 

and metamorphosis of invertebrates. The planjc^onic larvae of several 

*'* I • > - ' species of invertebrates including limpets^-=^Steneck 19,82), chitons 
. » * 

1 ' (Barnes and Gonor 1973; Morse et al. 1979; Rumill and Ca&eron 1983), 
o 

• • - abalone (Morse et al. 1979; Morse and, Morse 1984), asteroids (Lucas 

« 1975, cited in Morse and Morse 1984;. Barker 1977^polychaetes ("Gee 
' „ a - . \ 

1965), and corals (Sebens 1983a,b) have been found to" preferentially 

settle on crustose corallines. Moreover, for many of these species 

contact of the larvae with the surface of» a coralline is obligatory 
°'° * for settlement and metamorphosis, and therefore 'successful 

0 -

j - a. , recruitment, to occur. Recruitment of other invertebrate groups is 

inhibitedio|i, coralline crusts (Breitburg 1984). 

-

*° Other than the studies cited" above suggesting that coralline 

' cover increases when grazers limit e'piphytes . on their surface, the 

number of investigations of the' interactions of crustose red algae 

' , with their non-calcareous counterparts are relatively few. Little is 

known of the Influence" of, corallines on the settlement of fleshy 

seaweeds in the absence of grazers, though apparently not for lack of 

speculation. Most crustose corallines consist of three principal 

anatomical layers, viz. a basal hypothallium, a perithallium of which 
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the top layer of cells is maristematic, and an eplthallium derived 

from and overlying the meristem (fig. 4.1). Many corallines 

continually slough their epithallial cells, and a number of workers 

have suggested that this may act as an*iantifouling mechanism retarding 

overgrowth by fleshy species (Adey 1964,1973; Johnson and Adey 1965; 

Giraud and, Caboch 1976; Steneck and Adey 1976; Masaki 1984). 

Experiments have been conducted with only one species (Lithophyllum 

yessoense), in xrtiich it was shoxra that sloughing of epithallial cells 

x«ras effective in preventing fouling by Laminaria japoniea^Masaki et 

al. 1981,1983). 

In Nova Scotia, ~ rocky areas denuded of fleshy seax?eeds by sea 

urchins (Strongylocentrotus droebachiensis) x<?ere also characterized by 

extensive cover of crustose red algae (C.R.' Johnson personal 

observation). « Follox-d.ng die-off of the urchins, encrusting corallines 

j were conspicuously the dominant species in the rocky subtidal. 

Crustose corallines in St. Margaret's Bay are primarily represented 

by the genera Clathromorphum, Lithothamnium and Phymatolithon, the 

dominant species being C. circumscriptum, L. glaciale, P_. 

laev-igatum. and p. rugulosum. In view of the recent study by Steneck 

(1982) on the relationship "of the limpet Notoacmaea (-Acmaea) 

testudinalis (this grazer is also common in St. Margaret's Bay) with 

, these/genera, it seemed that an examination of the interaction of 

* encnusting red algae with fleshy seaweeds in the absence of grazers 

m'fght provide new insight into 'the role -of" corallines in structuring 
a- ' a 

the newly developing seaweed community. " This chapter outlines an 

^ ' a ' « * 

experiment designed to test the null hypothesis that the ' coralline 
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Fig. 4.1 Diagram of cross-section of generalized Pfaymatrflithon-1ike 

crust, ep - eplthallium, hy =hypothallium, mr =meristem3 pr =» 

perithallium. (Compiled from drawings and diagrams in Adey and 

Macintyre (1973) and Joliansen (1981)). 

O 

. I 
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genera Phymatolithon, Lithothamnium and Clathromorphum have no effect 

on the recruitment of macroscopic fleshy algae- relative to bate rock 

substrata in the- absence of grazers. 

• Y 

f. & a J, 

7 

0 . 

• \ 
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4.2" Methods ° „ 4 

t 

The cover of living coralline species on hard substrata in the 

noh-experimental areas at the Paul Pt. and Mill Cove sites was 
;• -

estimated using 0.25 m quadrats divided into' .100 5?s5, Cm squares. 

Squares with estimated proportions of -1/8,2/8,3/8,... ,8/8 %are of live 

corallines were recorded and summed, and,cover of coralline algae was, 

calculated as a percentage of the quadrat area. All non-crustose,, 

macroalgae x-7ere removed from * the', substratum prior to's estimating 
> Cs ,1 ' ' ' 

a. I 

coralline £.over. Thi,rty ..arid 25 quadrats xfere assessed at Paul Pt. 

and Mill CoVe* respectively* in October 1983. 
«* „ ' - . v ^ „ \ 

' * ' • c\ 

To teat the null hypothesis that in 0the absence of grazers 

trustose corallines' neither inhibit nor promote colonization by 
. %°' 4 ^ a 

non-calcareous macrophytes relative to bare rock substrata, settlement 

of fleshy species on *granite rock and on the coralline genera 
' • " ' a 

Clathromorphum, Lithothamnion, and Phymatolithon xfas folloxired from 

"June 1983 through October 19834. Eighteen groups of ten experimental _ 
a * 

•boulder's x?ere positioned at ca. Sm depth at MilJ Cove on 10=15 June 
1982. „ Each group of ten consisted of five rocks x?ith extensive cover 

1" 

of corallines, and five t7hich had been overturned "to expose-their bare 

underside surfaceD The rocks x?ere not shaded by seaweeds or dther 

boulders. All.rocks x?ere collected at ,ca.' 10m depth, and all 

manipulations outlined follox7ing x-7ere performed at this^depth.>x 

a I • 
a 

• M 

Initially the experimental rocks were scrubbed thoroughly over 

theic entire surface with T7ire brushes to remove 'all foliose algae and 

sedimentA From the colour of the crusts,*there was 'no evidence that 

, N 
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the scrubbing treatment had an ill effect ten any of the coralline 
a 

species (the pink colour of corallines rapidly changes to white after 

death). * • 

Initially and on each visit, limpet (Notoacmaea testudinalis), 
• t> 

chiton „ (Tonicella rubra), Mnd sea urchin jStrongylocentrotus 

droebachiensis) grazers were removed from the experimental rdcks and 

from»an area ca". 0.6m around each group. In 1983 the growth of algae 

concealed small numbers of newly recruited grazers x̂ hich reached a 

\ • ' , " -
maximum density of ca. 10 per experimental rock in August. Also, 

moderate densities of the' gastropod grazer Lacuna vincta infested the « :—_.. . -

Mill Cove site in March and April 1983, but this species was fbund 

exclusively on foliose seax-7eed and never on hard substrata. Lacuna 

appeared uniformly distributed on algae groxtfing on all experimental 

substrata. It was assumed that the law numbers of very small 

herbivores on the experimental- surface's had asnegligible effect on 

seaweed recruitment. * 

On each of six occasions (see figs. 4.1-4.3), one group of rocks 

was -selected haphazardly, the individual ' rocks sealed in separate 

containers underwater, and taken to the laboratory* and^stored at ca. 

2.0 C. o Portions of rocks to be excluded f̂ ora analysis (e_._g» 
/ c 

undersides and regions dvarlald by other rocks V ^ e r e delineated 
=) / ' 0 

underwater x?ith oil pastel Ncrayon. 

All non-crustose macroalgae on the experimental surfaces were 

removed, Identified, dried at ca. 80 C, ̂ and x-jeighed. Substratum 

areas were determined by dividing each surface into'flat sections or 

•JT"^ 
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sections, with curvature in only one plane, ̂ tracing these sections onto 

transparent acet-ate sheets, and converting, the weightvof " the tracings 

*" . ' f- ' " ' 
to an^ 'area from a predetermined regression equation. F-inal results 

2 • 

were calculate^ as dry weights of species per 0.1m of substratum on* 

each of{ the four substrata (granite + three coralline genera). Thus, 

on any one sampling date, five replicate observations of each seaweed 

species, on each of the four substrata were obtalnedo '. 

In analyzing these data, the Shannon -index̂  of diversity (H) (see 

chapter 3) and a measure of evenness (J) were us\ad, x-7here J is defined 

as -» 

J = H/log s 

and s is the total number of species (see Pielou ,1978), 

A supplementary experiment was conducted to control for the 

possibility that the bare undersides of overturned rocks might possess 

chemical characteristics to promote or inhibit seaweed settlement and 

vgrowth, and thus bias the primary experiment Twenty bare rocks were 

brought from the high intertidal adjacent the Mill Cove site ori 21 
0 

September'1982, and placed with a second group of 20. rocks collected 

at ca. 10m depth X̂7hich had been overturnedo For consistency, all 

rocks were scrubbed wi'th/ftxire brushes In the manner described 

previouslyo , These rocks were also.maintained clear of grazers. Ten 

rocks of each treatment were selected haphazardly on 31 October 1983 

*an'd the biomass of seax*7eed species on each rock determined7 as 

described above. 
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4.3 Results 
a . < 

Qualitative and quantitative analyses indicated that although 

there were.- no differences in the number and composition of seaweed 

species that recruited on the granite, Phymatolithon arid Lithothamnium 

.substrata, the biomass of seaweeds that recruited on Phymatolithon' was 

significantly less than that on an equivalent area of bare ^granite. 

Th© inhibitory effect of Phymatolithon was not species specific, and 

on average the biomass of a seaweed on the coralline was only 46% of 

its biomass on the same area of graniteJ Moreover, this estimate may 

be conservative, since significantly greater quantities of seax-?eeds 

grex-7 on rocks brought from the intertidal than , on the scrubbed 

surfaces of overturned subtidal rocks. , 

4.3.1 Incidence and distribution of coralline genera 

Encrusting corallines covered 98.0%. (S.Eo = 0.3) of £h_ê 'Pocky 

substrata at ca. 10m depth at Paul Pt., and 91.3% (S.Eo = 0.8) at 

Mill Cove. At Paul Pt. where a dense seaweed canopy had prevailed-

for at least 18 months (chapter 5), the patches devoid of live 

crustose corallines x-?ere primarily those areas beneath Laminaria 

longicruris holdfasts. 

/ ' ' 
' The relative abundance of coralline genera on the experimental 

3 

rocks x7as 7 2 a, 3% Phyma tol-f. thon, 26.7% Li tho thamnium, and only lo0% 

Clathromprphumo The latter genus occurred in small patches usually 

not larger uian 10~3J)a$fm diaraetero The "distribution of Phymatolithon 

and Li tho thamniua on rocks at both .sites followed a char^acterisltc 
\ " • , 



' ' * '„ ' " 4 1 ° 

patterno The top surface and the uppermost regions of the sides of 

rocks X7as covered 'mostly by Phymatolithon. Li tho thamnium x?as largely 

'restricted to a relatively narrox? band around the base of rocks 

immediately above the r-ock/sediment interface. Ori larger boulders 

occasional small patches of Li tho thamnium occurred higher on the side 

and top surfaces. 

4.3.2 Preliminary analysis;" diversity and total biomass 

In view of the sparse cover of Clathromorphum and the relatively 

lox7 abundance and unique spatial distribution of Lithothamnium, these 

genera were excluded from the quantitative analysis to avoid potential • 

bias stemming from* differences in orientation to light and area 

available for colonizationo Phymatolithon was the only genus 

comparable with the bare rock surfaces In terms of area and aspect. 

However, qualitative comparison of the species of fleshy seax-?eeds 

encountered on bare rock, Phymato.lithon, and Lithothamnium substrata 

is both valid and usefulo The qualitative differences" among substrata 

in the number of species found on the experimental surfaces (table 

\ •' X 

4.1), can be attributed to effects of chance In settlement:. With-the 
V \ ^ 

possible exception of p_. viridis, the species that \were not 

ubiquitous on all substratum types were relatively raVe on the 

experimental surfaces (fig. 4.4, appendix B.l). Furthermore, the 

species absent from coralline ̂ ubstrata on the experimental racks were 

all found growing on both phymatolithon and Li tho thamnium nearby.-
. a ~ . . 

\ 

There was little difference in the divers°ity and evenness of 

abundance of species in the seaweed- communities that developed on the 

file:///were
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Table 4.1. Occurrence of species of fleshy algae' on Phymatolithon, 
Litho thamnium and bare granite substrata in experiment examining 
influence of crustose corallines on settlement of .fleshy algae. 
(-4-) indicates those species recorded, (-) indicates species not 
encountered. 

SPECIES SUBSTRATUM 
/ 

Bare Phymatolithon Lithothamnium-

CHLOROPHYTA 
Cladophora spp. '+ 

PHAEOPHYTA 
Ectocarpus spp. " * + 
Acrothrix novae-angliae + 
Stictyosiphon spp. . + 
Desmarestia viridis _ + 
Tilopteris raertensii / + 
Sphacelaria cirrosa _+ 
Sphacelaria furcigera 4-
Sphacelaria plumosa + 
Halopterls scoparia + 
Petalqnia fascia + 

+ 
+ 
+ 

+ 
+ 
+ 

+ 

+ 
+ 

+ 
+ 
+ 
+ 

RHODOPHYTA 
Bonnemaisonia hamifera . + 
Cystoclonium purpureum + 
Chondrus crispus + 
Anithamnion spp.'.. + 
Callithamnion spp. . + 

. Ceramium rubrum -f 
Polysiphofiia flexicaulis + 
Polysiphon^a harveyi -
Polysiphonia nigrescens -5-
Polysiphonia urceolata + 
Rhodomela confervoides + 

+ 

+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
-f 

s+ 
f \ 
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bare and Phymatolithon surfaces (fig. 4.2, summary data in appendix 

Bo2). However, conspicous differences X7ere evident fa the total 

biomass of seaweeds that recruited to the two substrata (fig. 4.3, 

summary data in appendix B.3). ANOVA (all samples included)-indicated 

r 

a highly significant substratum x date interaction (ANOVA; 

0o235 ,Q 

transformation = Y ; interac£ion "effect F=6o83, df=(5s48.), 

p<.001). Tukey's multiple range' test (oC=.05, transformation = ln(Y)) 

indicated that by 9 August 1983 a significantly greater biomass of 

fleshy algae had recruited to the bare rock^surfaces than to an 

equivalent area of Phymatolithon (fig. 4.3). The decline in standing 

biomass after 9 August 1983 reflects deterioration of the summer 

annuals o ' * . 
o 

4.3.3 Multivariate analysis; responses of individual species ' 

Three-way (substratum x date x species) univariate ANOVA 

indicated highly significant date x species, substratum x species, and 
" •. * a. 

date x substratum x species interactions (table 4.2), suggesting real 

differences among species in. "their abundances on the different 

substrata. This test provided(objective confirmation of the patterns 

indicated from graphical depletion of species abundances on the txro 

substrata (fig. 4.4, appendix 1B.1), and suggested that it would be 

informative to prdceedto a 2=way MANOVA treating * species' as a 

multivariate response vector. I 

For the MANOVA, several changes to the raw data were made in an 

attempt to circumvent- problems of heteroscedasticity in group 

dispersion matrices and non-normality of residuals. Data from the 
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Fig. 4.2 Diversity (H) and evenness (J) of non-crustose seaxreed < 

species recruited on bare granite substratum and on "an equivalent 

area of Phymatollthon crust in the absence of grazers. 
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4.3 Total biomass of all non-crustose seaweed species recruited 

on bare granite substratum, and on an equivalent area -of , 

Phyma tollthon crust in, the absence of grazers. Bars are S.E. 

Homogeneous subsets .of substratum/date groups /according to 
J / 

Tukey's classification are given (©(,=.05,1 transformation 

= ln(Y)). 

J-

* 

r 

/ 
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Biomtjss of seaweed 
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Fig. 4.4 Mean biomass of seax̂ eed species recruited on bare granf <a 

and Phyma tollthon substrata'in the absence of grazers. 

••V̂ " 

SPECIES KEY 

CHLOROPHYTA 
Cladophora spp. 

PHAEOPHYTA 
Ectocarpus spp. 
Acrothrix novae-angliae 
Stictyosiphon spp. 
Desmarestia viridis 
Tilopteris mertensii 
Sphacelaria cirrosa 
Sphacelaria furcigera 
Sphacelaria plumosa 
Halopteris scoparia 
Petalonia fascia 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

'RHODOPHYTA 
Bonnemaisonia hamifera 12 
Cystoclonium purpureum 13 
Chondrus crispus 14 
Anithamnion spp. 15 
Callithamnion spp^ 16 
Ceramium rubrura - 17 
Polyaiphonia fleKicaulls 18 
Polysiphonia harveyi 19 
Polyaiphonia nigrescens 20 
Polysiphonia urceolata 21 
Rhodomela confervoides 22 

* * -
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Table.4.2o Influence of the crustose coralline alga Phymatolithon 

spp0 on the recruitment of seaweeds. 3-way ANOVA of substrate 

0.295 ' (2) X date (6) x species (22) model. Transformation = Y 

SOURCE df 

Date 
Substrate 
Species 
Date x Substrate 
, Date x Species 
Substrate, x Species 
Date x Substrate x Species^ 
Error 

5 
1 
21 
5 

105 
24 
ruS 

66.23 
15.25 
97.51 
i. A Q / cL 

• 24.21 
3.95 
2.86 

0.0000 
0.0001 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

1056 

/ 

sr 

J 
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first two sampling dates In the Incipient stages of the experiment'., 

and ten species rarely encountered9 were excluded from the analysis 
C a . a 

a. ' ""E 

(see fig. 4.49 summary data in appendix B.l). *\Also, dimension 
a p 

reduction" of the remaining 12 species was attempted by - performing an 

* ' ' a ' " 

R-type (Legendre and Legendre 1983) principal components analysis 

(PCA) on a mean variance-covariance matrix obtained by .averaging the 

eight group dispersion matrices (4 dates x 2 substraj-a. = j3 groups). 
it. rt 

The first four principal components accounted for 97'*!% of the. 

0 

total dispersion (appendix Bo4)\> Therefore9 restricting the analysils 

to ttiese variates provided a parsimonious but quite satisfactory 

description *of the data complex0 A high degree of structure" in the 

data was Indicated further by each vector having only one species (a 
a 

different species for each*vec&or) with a high loading (appendix B.5). 

Thusa in decreasing order of Importance;, the
1 species Ceramium rabnm, 

Bonnemaisonia hamif era t Polyslphonia nigrescens and De.smarestia 

viridis were responsible for most of ' the variance x?ithin. 

date/substratum groups. These were also the most abundant species 
"• i 

recorded at any time during the experiment (fig. 4.4). 
•> -. i 

To test for significance of date and substratum effects, a MANOVA 

was -performed «̂ n the firsj: four principal components (tabTe 4.3). 
-a 

t- j. . 1 « a 

However9 interpretation of tfhe results was not straightforward since 

heteroscedasticity °in group d-ispersion matrices was still evident 
a. ' ' <* 

after transformation. Unlike the case.for univariate -ANOVA where_ the 
a H 

implications - of heteroscedasticity on the else of the type 1 error are 

well understood (see'chapter 2) t the robustness of the equivalent 
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TtabaVe 4.3o Recruitment-of f leshy seaxrseds onto bare g ran i t e -ant: 

Phymatolithon s u b s t r a t a . tvTwo-way MANOVA of p r i n c i p a l component! 

iit date (4) x s u b s t r a t e (2) model j (PCI = PC4) 

Transformation =5 Y' 0/.128 

EFFECT - D&TE (adjusted fo r s u b s t r a t e ) , ' 

•$ "Test » '• F Hypothesis df Er ror df p 

Sotelling's trace S 2 0 . 3 . 
Wil lc 's lambda 16 e 9 

•. • • - i >y -

12 

" U n i v a r i a t e F-=teGts.with*.;(3..32) df ' . 

V a r i a b l e F," 
•., ' . ' 

83 
77 

• 

0 

0 
0 

a 

W> 
ft 

V 
1 

*PC1 ° 45.0- 0 
PC2 \ •' 22.2 . OsOOO 

- PC3M \ 20.0 Ol°000 
PQ4* -U 22.3 i ©.OOO* 

\ B r 
l 

EFFECT'- SUBSTRATE (adjusted for, da t e ) 

• " • ' . - " * " ' 

Test F Hypotheois df Error .df p 

Hote,l l ing"s t r ace 5M 4 i 
Wilk ' s lambda 5?4 ' 

29 , 0..002 , 
29 .' '. "0.W2 .*' • 

Univariate F-tests with (1.32) df 

Variable F . 

Xt.9 . 0.000 
. PC2 . 3.3 0.007 
PC3 ' 11.3 "X0.GQ2 y 
PC4 10.1 0.003 ' 

(Table'continued overleaf) 

5 « 
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Table 4.3 continued. 

substrate) 

Test 

EFFECT - SUBSTRATE x DATE (adjusted for data and 

F ' Hypothesis df Errotf" df p 

Hotelling's trace*\2.3 
Wilk's lambda 

Univariate F-tes^ wl\t&>^3a32) df r-

'Variable /!•' \ - p 

PCI 
PC2 
PC3 . 
PC4 

i 

\ 

3.7 
0.3 4 
4.0 *> . 

• .Jl.9 ' 
IT 

* t 

\Oo022' 
0.800 
0.01& 
0.148 

; 
-83 
77 

0.012 
0.029 

•O 

r 

r<-

file:///Oo022'
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multivariate tests under departures from homoscedasticity is not knoxm 

(see" Cooley and Lohnes 1971 % Press 1972). • -
t. ft ft 

. l 

In any case, accepting from the pr-eliminary analysis (section 

4.3.2) thatt a real and significant substratum effect exists,, it is not 

necessary to attach*much importance to estimating the likelihood of a 

substratum effect from the multivariate treatment.'1- The real 

usefulness of the SPSS MAKfOVA output for this analysis is in the 

univariate ANOVAs of each of the^principal components within each, of 

the "main and interaction effects (table 4.3). Some confidence can be 

placed in the univariate results as the model design xjas balanceda the 

distribution of error terms for each variate xi?aa normal„and,only milds 

if any2 heteroscedasticity was likely. These tests indicate that all 

four • principal components were significant components of variance 
4 " a 

xrfthin. the main effects. Because "each principal component had onlay a 

single species with a high loading, it may be concluded that; the four 

species C_. rubrura. B. hamifera„ P_. nigrescens and D. viridis (in 

decreasing order, of Importance) xrere" largely responsible for the 

observed differences, in the two substrata. 

The rank order of these four species x/as in direct accord with 

their overall abundance on the'experimental surfaces (see fig. 4.4). 

This indicated that for a given speciesa the difference in biomass on 

the Phymatolithon and granite substrata x-ras approximately porportional 

'to its abundance. At least among the more common species (biomass > 

0».Cgr« diry weight per 0.1m substratum)* the. relationship obetween the 

difference in abundance on , the two sublstrata and the biomass on 

• » * -
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i 2 a 

granite 'substratum was approximately linear (r =0.8J:s fig. 4.5). 

This suggests that the inhibitory effect of antifouling x?as similar 
/ ' 

for all algae encountered. 

In overview, It is clear that the coralline genus Phymatolithon 

A J 

supported less seax-yeed grox?th than an equivalent area of bare rock 

during the same period. Several observations indicated that the 

inhibitory effect of Phymatolithon was not species specific! (1) there 

t-rare no real qualitative differences in the species occuring ' on the 

tx7Q„ substrata, (2) patterns of diversity and evenness xiere virtually' 

identical on the two substrata, and (3), all species x-rere diluted by 

about the same proportion, the biomass of a given species on 

Phymatolithon being, on average, 46% of its biomass on 'an equivalent 

area of granite (fig. 4.5). 

4.3ik Assessment of bias in settlement and growth of seax?eeds on 

overturned rqcks 

»! Twesrey three species x?ere recorded in the control experiment 
i * \ 

comparing the recruitment of seax-7eed species on the bare surfaces of 

grani'te rojeks *• obtained from the high intertidal and on overturned 

subtidal .rocks (table 4.4)(. . Of these, 22 were encountered on the 
a.*. 

intertidal rocks, but only" 15 were recorded from the overturned rocks. 

Hof̂ evefj, most of the species » limited vto a. single substratum x̂ ere 
C- o a 

relatively rare (table 4.4), indicating that the differences may be 

accountable by chance in settlement rather than a real" substratum 

effect. 
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Fig. 4.5 Relationship between difference ^in biomass of seaweed 
v - , 

species on granite and Phyma to1i thon substrata, and biomass on 

—2 
granite (for species ^ O.lg dry xyeight O.lm substratum)® 
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Table 4.4. Biomass of seaweed species recruited on intertidal and 
overturned subtidal granite rocks. (*) indicates species 
Included in quantitative analysis. 

DRY WEIGHT (g 0.1 nf2) 

'INTERTIDAL ROCKS SUBTIDAL ROCKS 

SPECIES Mean S.D. Mean S.D. 

CHLOROPHYTA 
* Cladophora spp. 
Chafetomorpha spp. 
Rhiaoclonium spp. 

* Spongomorpha spp. 

PHAEOPHYTA 
Ectocarpus spp* 
Stic^tosiphon tor tills 

iaa.738t4.st1 aculeata 
stia viridis 

Chorda filum 
Laminaria longicruris . 
Saccorhisa dermatodea 
Sphacelaria cirrosa 
Sphacelaria furcigera 
Sphacelaria plumosa 
Salopteris scoparia 

RHODOPHYTA 
Bonnemaisonia hamifera 

* Cystoclonium purpureum 
Chondru^ crispus 
Callithamnium spp. 
Ceramium rubrum 
Polysiphonia nigrescens 
Polysiphonia urceolata 
Shodoraela confervoides-

0.211 
0.001 
0.008 
0.039 

0.002 
0.102 
0.210 
0.493 
6.443 , 
0.120 

0 
0.053 
0.004 
0.002 
0.005 

0.013 
0.489 
0.001 
0.268 
0.095 
8.205 
0.051 
0.246 

0.163 
0.002 
0.026 
0.061 

O.006 
0.158 
0.438 
0.697 
9.018 
0.183 

0 
0.168 
0.011 
0.006 
0.012 

0.029 
1.263 
0.0Q5 
0.313 
0.120 
3.039 
0*093 
0.290 -

- 0.020 
0 
0 
0 

0 
0.013 

0 
0.022 
0.026 

0 
0.454 
0.002 
0.017 
0.134 
0.000 

0 
0.235 

0 

J.10? 
p . 0 3 6 

5.543 
0.034 
0.051 

0.041 
0 
0 
0 

0 
0.032 

0 
0.068 
0.078 

- 0 
1.435 
0.005 
0.040 
0.327 
0.001 

0 
0.366 

0 
0.203 
0.036 
3.068 
0.030 
0.076 

•ST 
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Seven rare species unlikely to contribute to real structure in 

the data, and the brora alga Chorda filum, were excluded from the 

quantitative analysis. Being a gregarious and fast growing plant and 

( 
by far the largest of all species encountered when, sampling the 

experimental rocks, the chance settlement of a few C* filum plants on <> 

either substratum could introduce sufficient bias to' suggest a real 

substratum effect in a MANOVA x?hen no real effect existsu In the « 

manner outlined in the foregoing section, an R-type PCA was performed -

on the mean variance-covariance matri:; obtained by. averaging the two •> 

group dispersion matrices of the remaining 15 species, and" a J-1AN0VA 

conducted on the first three principal components. -

The first three vectors cumulatively accounted for *87.7% of the 

raw variation (appendix B.6). Element loadings associated with these 

vectors indlcatej£,;»that P. nigrescens, C_. purpureum, and Desmarestia 

vlridis were the primary contributors to this variance (appendix B.7). 

1 
In" the* MANOVA, after attempting several transformations, Jt»was 

a* 

evident* that transformations resulting in least ' heteroscedasticity 

xrere associated with the highest values of the F-sta-tistic calculated 

from J1ANQVA. Given this trend, and that a MANOVA. using the 

transformation giving least heteroscedasticity indicated a significant ' 

F-statistic (table 4.5), it was concluded that a significantly greater 

biomass of algae recruited to rocks brought from the high intertidal 

than.to an equivalent area on the ocrubbed undersides of overturned 

subtidal rocks. Of the 23 species encountered, 20 were more abundant 

¥ on the rocks collected from the intertidal (table 4.4). 
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Table .4.5. Settlement of seaweed on .bare surlfaces of overturned 

subtidal rocks, and 'rocks from the high\intertidal. One-way 

'0 156 ' 
ANOVA, of principal components. ' Transftirmatio]n = Y C 0 . (Note: 

I *- ' 
residuals of"marginal distributions not normally distributed, and 

dispersion matrices heteroscedastic 

.p = 2'x 10~5). • 

3dx's M « 3 8 . 9 6 , 

SUBSTRATE EFFECT 

' ' Test name 

f 

'0 

Hypothesis df , Error df | 

Hotelling's" tra.ce 
Wilk's lambda , ^t. 

4.25 
.25 

3 
3 

16 1 0.02.2 
. 16 . 0.022 

*!& 

a 
•** 

I ' -

, f 

<? 

• ) 

'• ^ 
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This result is somewhat enigmatic. All of the - boulders were 

granit,e and the only difference 'was in their collection sites. 

s 

"Although the surfaceo of the newly overturned rocks x?ere no doubt 

anoxic, after the scrubbing treatment all sulphides etc. should have 

• oxidized in much less than 24 hours. However, while the result may be 

difficult to explain,' prudence 'demands that the difference be accepted 
t 

as real. \ This being so, then clearly this result implies a 

conservative bias 'in the primary_ experiment. To reaffirm-, the 

k 

differences in abundance of seat-?eed species raeruitiag to equivalent 

'areas of Phymatolithon and-bare granite surfaces can be expected to be 

at least.as great as that observed between Phymatolithon and the bare 

surfaces of overturned rocks. 

* -a' 

"if. 

; \ „ 
% • 

\1 

s, 

' \ 

J . 
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4.4 Discussion 

4o4<l, Mechanism of linhlbltioa of recruitment' of fleshy seaxyeedo on 

Phymatollthon,cruc ts 

Before expanding on the ecological significance of the Inhibitory 

effect of Phymatolithon on seaweed cettleaant, it Is worthxyhile 
r 

speculating on the underlying mechanics!. Three possible mechanisms 

come to mind, via. (1) sloughing of surface epithallial cello, (2) 

chemical inhibition of settlement and/or growth of fleshy seaweeds, 

and (3) rugosity properties of the cruet surface adverse to settlement 

of*propaguleo (spores, gametec or. sygotes) of fleshy species. 

The most reasonable explanation to account for reduced 

recruitment of the macroscopic phases of fleshy seaxyeeds to ' 

Phymatollthon curfaces is ' sloughing-off of epithallial cells. 

Shedding of theoe surficial cells by Phymatolithon can occur at such a 

'" . a. ' a-

eate that, frequently there is no epitlaallium left o^r relatively ( 

\ ' . / '. 

large areas'(Adey 1964, 1973). .This hypothesis-is consfs'tent with the 

.findings of Masaki et al. (1981, 1983) wlio demonstrated that shedding * 

of epithallial cells by Lithophyllum .yessoense was effective in 
a '" ^ 

.preventing overgrowth by Laminaria <faponiea. 
< • - ' • ' a, . 

* i ' ''" 

Differences in the rugosity of the grarflte and .Phymatollthon 

surfaces are ' unlikely .to account for- the'diffetentia^recrui^ment of 

seaweeds ."on these substxa,ta. Although rough, and irregular surfaces 
s- J * a .' \ 4

 n a a 

are more favourable to. 'settlement and}attkchkent- of seawee,ds 'than 

smooth ones (Feldman 1937; , dene. Hartog 1972; Harliii and Lindbergh 

" .4 
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1977), the surface particle sise range xJhere this difference is most 

noticeable is in-the order of 0^0.5EH" (Foster 1975b? Harlin ''and 

Lindbergh 1977 and references) i Thus, xrihile --the surface texture of. 

the' bare rock was rougher than that of Phygtatolithon, the' surface of 

this coralline is certainly not smooth .(see Adey 1964; Steneck 1982), 

but exhibits roughness at "a grain size unlikely to retard settlement _» 

and attachment of fleshy macrophytes. Incidentally, the coralline 

Clatliromorphup eircuascrlptun wh.ich Is c©nsiderably smoother than 

Phymatolithon * and does not shad its epithalliura,- la rapidly ov'eSpgrcjTn 

with fleqhy algae in the absence of graaers to keep,, it clean (Steneck 

1982). , v • - ' 
a s * " . 

- ' a " ' - " 

The possibility that Phymatolithon chemically inhibits settlement 

of seaweeds also seems doubtful<fbut is not so easily dismissed. There 

° -* 

is much evidence Indicating that surface chemistry -of crustose 
( - > > 

corallines promotes the settlement and metamorphosis of many 

invertebrates (Gee 1965; Barnes and Gonor .1973} Morse' et al., lf?9; •* 

Rumrill and Cameron 1983; Sebens - 190a;, Morse and Morse 1954) but^ v 

inhibits recruitment of others (Breitburg 1984i.° Might there be a 

similar effect on the settlement of seawaeds-?-

- - * • . > - * o. • , 
Unfortunately ho tiling ic known of the influence of chemicals* 

released from .or available at the' siirface- osf coralline "crusts, on 
.. \ • » 'a - ., p . . * , 

• a -. a " \ ,1 * 

seaweed csettlement and growth* ' Also-, - unlike ̂ thp case'' for 

invertebrate*!.* where*there I B sons radenG.tanclIng of 'the influence *• of " 
* * a " . a " 

Gisrfaee chen-iB tcey on cettlGneat • of marine iuyertebra'fce larvae8'(bee' • 
^* ' ' ' " • „ » * . ' ' " . 

above. refcrencco ploo Gslcyg> i,9§591974§ Gacqroa and "DinesaroaGrr 1970; 

<? ft^mm^i 
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Burke 1980), l i t t l e i s knoxm of 'the effect of surface'chemistry on the 
* ' > - f f lt 

settlement of, deaxjee'dsiS Den Hartog (1972) ' contends that" xjith the 
o *0 ' *" I ' a ™ * ? 

I , - ' ' *> 

* exception of sea grasses, boring algae and parasitic algae, marine 
' ' a ' " 

plants are indiscriminate regarding the chemical composition of * their 

• substratum. Diatoms may be another group to add to den Hartog s list 

y of exceptions, as Scheer (1945) found that diatom colonisktlon - of 

V fouling plates was much higher x?hen a bacterial film x-ras "present 

\ . * • • • * ' ' . - " 
toftially. In any" case, current information suggests that the surface 
V **'; • • • 

'•chemistry., -of Icrustose coralline's is not likely to affect the 

settlement of fleshy macroalgae. . \p 

4.4.2( .Ecological* consequences of antifouling ,by ghyaatolithon' ! 

v * „ 

a " , Accepting that, sloughing 'of epithallial cells provides an • 

j * «» , * 

effective means of reducing overgrowth of̂  Phynatoli^hon , by fleshy ' 

seaweeds, x-c?hat is the- likely ecological impact, of 'tils effect, not 
» . r 4 

d~ af ^ - ^ 

.> ' ̂  ' only" on Laminaria longicruris but on the subtidal .seaweed community, in 

St. ".tlargaret's Bay as a' whole? „ ** ,, • . i 
• ' - •> •" • C a , . ' 

•° "" ' • " ' ' " ' v. G" " - " ' - "' 
"',' 4.4.2.J Effects - of coralliiieis in,"the absence pf* a°kelp canopy * ' 

a ' T ^ - """' ." 0 -. a 0 " ' ° ° « ^ *. 
O ' * " ^ a * a, - " -T. _ * a . . ' " ' . , <) 

•"» H, - , <• a . O " . , , " > ' » . . 
a ' " a"' A • f ' ' ' \'. " . 

« ' Fir-sfr consider? tne* s i tua t ion ' a t the Mill Cove "'site I n ' which - a 
. ' . . " - ' " - . ' *- « , " • • 

. ' ° , kelp ^canopy. „was lacking and the- seaweed Community- eomf.rJ.sed .mostly, 
. , .̂ -' " & „. \ '"•7^/ " , "-(,''"

1*'' *.' '. •' (A. • ' -« ,l\'-l, - \ 

"" , »...-, filamen-tfo-ns^speGies. ' In addition °*eo.***merely- reducing the"' .standing 
% . a T V - « r = " <̂ 1 * • a. « - >. . , . a . 

^ . - a*. , . ' .„ "a , V-B-Vy, g, " „ a ' . » . * ' • - ' "a - . 

;/7 . « crop,., i t ^is > tsSnipfiing to " speculate^ that In retarding overgrowth by 

• seaweeds 9 *slieddlng, df, ep i tha l l i a l "cells - represents a''"mild • and 

~ , • : predictable disturbance- acting^ to „ reduce ' the inteiasifcy of-
»o J , ••,iaeecopQci}?ict, aeaipsti'tioji anoag saaweeds for - piilbotrattia'" and eaaopy 

•£ 
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space. In doing so, monopolisation of i* .these resources by 

competitively superior species is presumably reduced, resulting In the 

' coexistence of ' a greater number of species than otherwise XJQUM be 

- .permitted. The role of various kinds* ̂of disturbances, both biological 

(e.go Paine 1966,1969,1974; Coaneii 1970; Dayton 1971; Dayton et al. 

1974-; Menge 1976; Menge and Sutherland 1976; Sonoa 1900; Ayling 1981; 
' a. ; • "j ' ' 

^Dethier 1984) and physical (Dayton 1971; Lubchenco and Menge 19S?8; 

°Paine 1979; Sousa 1979,1980} Paine and Levin ,£901; Dayton and Tegner 

19S4; Detbiey 19Q4), la preventing .competitive exclusion'la well 

, "entrenched in ecological "thinking. ' ' 
t> 

I a • " * • " . • 

In the broad Gpectrum frol negligible through extreme amounts, of 

disturbance, insofar as filaneatouc *seaweedG are coacerned," ;:shadd|.ag 

I • -
of• surficial cells by > Phyoatolithoa represeats_ at most a moderate 

level of disturbance. { Several workers have suggested that 
.' - a V. "* ° t 

I) ^ B ' *• 

intermediate levels of disturbance are most effective la |3romoting 

species coexistence (Paine and Vadas 1969;. "Levin- arid Paine 1974; 

concerning disturbance and'diversity. Î Tiie dilution-effect In terms "of 

reduced bionass on the coralline crust Is 'not species specific, at or^l l in 
*<0 ' \" 

. l e a s t ISmoag f i lanentous v spec ies^ ' The majority of exist ing1 ' models, 
> " a \ a i ' 

^-botfly, enp lMea l aad. t h e o r e t i c a l , fo'cuc on enhancing d i v e r s i t y t h r o u g h . 

' dlQtea?baac_ad s p e c i f i c a l l y H a i t i a n ' the* abm'dance- of competitively, * 

/ 

$ 
Cona-eir ^ 1978s' Lubchencp 1978; agamtaareo 1980,1982-, 1983; Ayling 1981; -" 

Carpenter 1901; Paine aad Levin 19dl; Hlson and- Brostoff 198.3). 

k However., there, is an Important difference in the xray pxat 

o . Phynatblithon affects other 'oeaweedo - aad the ' manner of cpeeies * . 

.. Interactions K,proposed and' observed? ̂ in most models and ^examples 

-P 

t* 

" i ,t> 



dominant gpecies only. However, limitation of competitively superior 

species Is not a mandatory prerequisite for coexistence (Menge 1976; 

Caswell 1978; Hasce-l 1979; Hanski 1981),. - _. -' „ -

404o2o2 Effect of corallia&s in the presence of a*kelp canopy 

1 . ' ;. ' • • ' • 

t-Jhen" a dense * canopy" covers the traders torey. filamentous species,' 

although shedding"of epithallial' cells 'from the ".crust xrould Continue, 

the influence of'- coralline antifouling oa* the structure of. the *o 

filamentous.' Socauaity cowld be expected- to--be of secondary Importance 
\^f? ' • a 

-to the shading effecj: of the.upper s t r a t a (sjipp°orted by observat ions ' • 
..\ _ '" *• 

"a-t Paul PtoS'.see also chapter 5 ) . a. „. '*' . 

4.4.2.3 Influence of Phyoatollthon^oa Laminaria versus filamentous 

- * sp'eci'a's » • -„ "" 

' - a "* . ' ' a 

Regarding Laminaria 'loaglcrurlb" $.a particular," this species x?as 

f ° ' >* -
not recorded' ton the experimental substrata, thereby r preventing • 

quantitative assessment of the,, effect of Phymatoli&hoa on . its - • 
„ -.a H "> • l 

"recr.ultE.ent. ' However s ' in view' of the f ladings of 1-lasaki and *r 

co=wdrkero "(1981,1983) mentioned earlier, there is no- reason eo. 

suppose that Phyoatolithoa does not have some .influence oa Laainaria """"7 
* ' " " " • 0 

r-ecrultmeat. / Mevertheiess i __ I t I s c l ea r from the community 

coafIgura t ion a t P«-ml P t . . that" a- "v i r tua l ' 1005? cover of c o r a l l l a e 
< „ _ ' f 

crust's on hard substrata cannot prevent the-establishment-of a closed 
e , a * 

° ' * " i - - ̂  

canb'py of this species. • la addition,, in closed Stands of Laminaria, 

, any effect of .ghyaatolitfton In limiting re'cjulCEsat qf* this kelp would 

be of niaor^Iappjctaaee relative. • to * intraopecif £e competition (oeo 

I < ' . a ' O - V J » ~ 
<) • a " •• • ' ' >t> 

r ' - / ' • ." . " ' <CV , " ' < 
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chapter 5). 

A' fundamental dichotomy separating large seax7eeds like Laminaria 

.•from their small filamentous counterparts, is that once kelps betgin to 

grow and their holdfast expand, .sloughing of the epithalliura wouM not 

Increase their susceptibility to detachment from the substratum. 
o 

\ 'Regarding filamentous 'species, it "is not n'ecessary to suppose tb,at 

\ shedding of' surface cells *- primarily affects microscopic phases,,. 
- - «. • " 

1 Groups of cello ready to be shed x?ere found to 'frequently attain olsec ^ 

* f ' " of /.ca. lea diameter -(cleaved cells'are noa^plgadated and groups of - ° ' — 

these' cells shot? up as chalky xihite scales on the sm-face of the „ . 

plant). Macroscopic juvenile andT" adult plants of many filamentous . . 

seax?eeds anchored" x7holly or partially to sueti scales x?ould be 

.susceptible to being dislodged even in"moderate surge conditions.'* It 

. * is possible that during seasons xihen virtually no recruitment oceurc, <* 

sloughing of the epithallium' could thin-but existing stands of 

' filamentous .algae. . Thus, while, re,le'ase, of epithallial cello by 

Phymatolithon likely inhibits recruitme!Yfe-af '..all seaweed species in. . 
at) ° • a 

' a ' . 5* ,. a > 

St. Margaret a Bay to some extent,.the impact can be expected to 

di££er\. among morphological groups, culminating among"the filamentous* 

assemblage. v . '''•'."*,'. 
' . - - ry. . a • 

4.4.3 • Graaers, sloughing of epithallial cells .and survival/7 of •*• 

crustose coraLJLjne* algae - * . -. ' "" ^jf 
. " ' . a " » * \ ® I ' ^ ^ ^ 

. \ pome a'uthof,s have" suggested a Convolved Wtua l l s t i c " • association 

r* 

of 'coralline crusts-and grasera (Steneck 1982,, 1083; Mdrse;aad, Morse 

1984). .. Their tliesiGa'stea.-*'froo several dbperv.aJ.iGacv ̂ a^ely, (15 .the" 
. . . . . « i. - . o . . , ' fiv „ * ' . - - . „. 

f, 1 r, . , • a " " ^ a, 

"., a . "3 

. . : ff\ 
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preferential association of many grazers x?ith crustose .red algae (see* 

introduction), (2)'the extreme grazer resistant morphology exhibited 

I 
by these plants (Adey _ 1973; Adey and • Macintyre 1973; •Steneck 

' 19\82,1983; Littler et al.'. 1983a,b; Littler and Littler ,1984; Morse 

and Morse 1984), * and * (3) in a fex? cases the apparent dependence of 

growth'oi? recruitment'of some corallines on grazing to" prevent their 

overg'roxjth by fleshy-epiphytes (Paine'and ¥adas 1969; Adey 1973; Vine 

1974; Wanders 1977; Ayling 1981;.Hay 1981b; Steneck 1982,19835. 

-a 1 al 

- -*--« Although- the*--argument for mutualism is souad -to-̂ a point, in the -. 

. light of the present resttlts .the general asserta«tion that survival of 

cor'alline crusts-*-is dependent on grazing .seems an overstatement of the 

case. For "crusts* t;hat do not shed epithallial cells, such as species 
• <• ' a * "> » 

• of, 'ClathromorpHium' ()Adey 1965; Steneck 1982), aad for s.everal troplca.l 
<» 

'° ° ' «- •> , 
species te**gj,'' see vine 1974; Wanders 1977), grazing probabl'y is 

• / <&- * - , 

maifdatorv for . survival, but for other species sloughing of the 
epithalliuja is sufficient to Jlm'i-t feuling to non=lethal levels 

. > ~ • D ' . ' ' ' 
• (Masaki e t a l . . .1981,1983). In the present study, both Phyflatolithofl 

' to aad ^ Li tho thamnion remained healthy In the absence*, of̂  grazers 
° \ - ~f? . (• 

throughout the 16 months of the experiment. Similarly, Padilla (1984)' 
- ' 1 » , ' a, O 

,found no chajalge in the-distribution* and abundance of coralline algae 
• <j •* 

s- -» 
x?lthln herbivore" exclusion cages over a nine 'month period, aad x?ithin 

* . . >- . 4 u. > 
urchin"removal areas over two years, relative to controls.'-I contend 

' * , a " < • < 

"• • ' • < * . , ' „ "," 

that -a general case suggesting, that cotalline^cruots require grdzing* 
B ' a I * 

"for survival, i s without jus t i f ica t ion ,_ .particularly' because! species 
" , ' ' ' • " » . " * c * s "••• \ '' ° r *'• 
that do • not slDttgll suJjfic^l .eelUo but retain, a ^cohesive" epitb.cM.2.' t 

<n 

ma 
% - , a V, 

° * "- 6coastit«ftG a aiacirity uhoag 'eruatoae red algae„ (Adey1 /;1964, -1973. 

, ^. l a T-. . ° . * , V a a 
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Johnson and Adey. 1965; Giraud and Cabioch 1976; Steneck and Adey 1976; 

.Masaki -et al.. 1981,1983 ) . ~~ - "*' 

a 
Certainly coralline crusts .do not require absolute protection 

from colonization by macroalgal epiphytes to remain viable. At Paul 

I 
Pt. X7here a dense kelp canopy had been present for at least 18 

months, the only areas of dead crust x?ere directly beneatn Laaiaaria 

holdfasts. Similarly, in southern Mova Scotia (A.R.O. Chapman pers. 

comOo), Worx?ay (iSagen 1983) and Japan (M. Hagen pers. /cona.)", 

crustose corallines thrive beneath dense turfs, and closed canopies of 

Laminaria hyperborea and L. japoniea respectively.* Extensive cover 

of coralline" crusts under dense canopies of Macrocystis pyrlfera have 

also been reported '(Moreno akd Sutherland 1982; Reed and Foster 1984). 

The * ability of some corallines to grox? ia relatively loxi light levels 

is also evident from physiological studies (Adey 1970). " It is 

tempting/ to suggest that In growing beneath cJ.oaed canopies x?here lox? 

light levels restrict the development of the undepotorey (see ^ chapter-
» a ' ' 

5), and- thereby overgrowth by epiphytes, coralline survivorship is 

enhanced. Apparently, there is a marked difference in the Intensity 
- p ' 

* , . ' a * . 

of grazing necessary "to create coralline-s-domiaated areas aad that 
o 

requi red to malnta i&jsora l l ine bottoms. . . ' 

4 . 4 . 4 ' Summary and comment oa impl icat ions for Iiardvbottom beathos 

K 

la the abseace qf grazers aad an'.overstorey canopy, the crustose 
o -' 

cotalllae ghyaatolithon- spp. 'significantly inhibited recruitment 'of ' 
a . ' F . ' . a " • - o * 

flpshy-, (mostly filamentous )-. seaxzeeds on Its*",, serf aco . • Slougliiag of 

epi t t l ia l l lol c e l l s by the '• c o r a l l i n e • ' i o t probably the' , ceeliaaldQ'^ 

Tr 
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responsible for this effect. Among smaller, mostly filamentous, 

species, the inhibitory effect is not species specific, but \ all 
i 

species are diluted by approximately the same proportion (=0.4jp on 

average). For these plants, In the absence of an overstorey canopy. 

It is suggested that the antifouling effect serves as a mild form of 

disturbance. Disturbance at this level may enhance diversity of the 

seax?eed community in tlte long term by reducing resource monopolisation 

and a3llox7lxig coexistence of species. 

' " • ' ' i 
Considering that crustose corallines constitute a dominant 

assemblage in subtidal hard-bottom coamiunitles" x7orldxride and that mo_st 

species dfo , slough their epithallium, the implications of the results 

-of the present study are more far-reaching .than just for the subtidal 

of St. Margaret's Bay or Nova Scotia.' Although grazing mighty be 

necessary to create coralline-dominated bottoms, once established, many corallines may reduce overgrowth by epiphytes and persist in the 
' '' I 
absence 6f grazers by sloughing their epithallial cells. Add to; this 

<• f * . 

innate antifouling ability the association xjith coralline crusts of a 

diverse assemblage of invertebrate^grazers, and corallines amount to a 

guild of prominent ecological significance in-shaping the structure of 
1 H " " a 

subtiHal hard-bottom communities." To date it seems that few 

ecol'ogists have fully appreciated the eminent ecological role of 

•̂ -encrusting red algae, probably because .more .attention has been given 

•their lox«?" productivity" than" their interactions ..with other species. 
p a a-1 a ^ 

i .O r *, </ „ 

' Crus to.se coralJInes cannot be vjaewed as passive' primary ^substrata as 
t " - ° •% .a. -

earlier wqrfcero have done (£.•£• Paine 1974; payton 1975a; Menge 

* i 

.<* • i. 
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CHAPTER 5 • ' 

RE-ESTABLISHMEKT AND MAB.TEMMSE OF LAMIWARIA LOHGICRURlS BEDS 

5.1 Introductiotf -0 ^? 
, . *- • ' ' <V 

4 * * ° 
J 

1 a , , ° ' ' • 

" ,' ' r Grime. * (1977,1979.) proposed the evolution of three primary 

strategies oin plants xjhich he related to ° different levels of 

disturbance and stress in the environment. He designated these 
a. a 

principaJL strategies a3 the competitive, stress tolerant, and ruderal 

strategies. Grime referred to disturbance as physically, tfr 
a 

biologically induced loss of plant biomass, and defined stress as the 

physiological . corfs'trai&ts » " on r production Imposed by resource 
9 a 

limitation. C-plants are adapted to environments of low stress and 
O -a ' • * <& 

.' „ . disturbance, S-plants to conditions of high stress but low 
disturbance, and R-plants to environments of low stress but „high 

o \ . . 
A disturbance. .Grime suggested that all plants could be categorized 

within a ternary framework relating competition, disturbance, and 
ai I 

4 ' stress (fig; 5.1). r 

/ • . ' . 

In this chapter, the response of Laminaria longicruris to 

disturbance on la large and • small scale is examined, aad then 

considered along with several of its life history characteristics in 

. . assessing its competitive ability. Clearly, x?idespread destructive 
. ' ' ' " • , * o 

, grazing of macrophytes by sea urchins represents a major disturbance 
• \ 

oa a large scale. Although species of Lamiaaria are particularly 

1 , susceptible to grasing by urchins because they are a preferred f.Qod ' 

' ' (Vadas 1977; Larson at al. 1980; Duggins 1983), several "species of 

I this .gGauo have eeaa quick to recover following release from sea 

\ 
<V » 
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Fig. 5.1 Suomary of the Grime (1977, 1979) model showing the location 

of plant strategies within a ternary framework of different 

levels of conpetition, disturbance and stress (redrawn after 

. Grime 1977). 
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t « . a • ' " ' " 7 4 . 

J ' \ . • a. 

urfihin gr^si 'ijgXPaine apd Vadas J969| Daytpn 1975b| Estes et_ a l* 

1978^ Dugginlr 19.80,1983) »*'1Et, has been ^hown tha t in Nova Scotia 
- . , ' a • • < ' 

release from grazing by Strongylocentrcftus droebachiensis facilitates 

seaweed recovery (Breen-and Mann 1976b; Chapter 3), but that crustose 

corall'ine algae can . inhibit recruitment of macrophytes (Chapter .4). 

Can Laminaria regain its status as a dominant species on. a large 
* a 

* " 
" sca le , ars was - c h a r a c t e r i s t i c - of the p re -des t ruc t ive grazing period 

*" , » 
* a 

.(s°ee Edelsteln et al.- 1969; Mann 1972a,b; ( Wharton and Mann 1981)? 
1 ""• ft 

'A lso , If L. l ong ic ru r i s do.es r e - e s t a b l i s h on a l a r g e - s c a l e , -is there _ 

a consistent- r e l a t i o n s h i p betx-ceen the extent of i t s recovery and * time' -• 

s ince ' u rch in-d ie-of f ? The l a t t e r question? x?as addressed by comparing 

the r a t e s of Laminaria recovery "at Paul P t . and Mill Cove. Both' of ' 

these" s i t e s axe .similarN^n terms "of exposure* substratum and depth, 

they are bo th^poten t ia l kefLp "hab i t a t s , and most l i k e l y supported 

extens ive ke lp cover' p r io r | f>s> the urchin outbreak '(see Mann 1972a). 
a | - l -

If subtidal community structure.'after mass-urchin mortality were 

to return to a configuration similar to that in the p'r*e-outbreak 

period,,'then not only should extensive Laminaria beds be restored', but 

'cover must also be maintained. Continued dominance of L. longicruris "', 

in the absence of high densities of sea,urchins would necessitate both, 

competitive ability and the ability to recover "from small scale' 

disturbances. Thus, maintenance of the newly established Laminaria 

bed at Paul Pt. was examined both in terms of the 'seasonal 

variability in components acting to reduce and increase canopy area, 

and the response iji recruitment to small scale removals of the canopy. 

http://do.es
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Finally, in light of the adaptations of L. longicruris to small-

and large-scale disturbances, its competitive ability, life history 
0 

charactef istics, and response to nutrient stress (studied by Chapman 

and Craig'ie 1977; Gagne et al.. 198-2; Espinoza and" Chapman 1983), it 

•is attempted to place this spepies X7ithin Grime"s (1977, 1979) ter-nary 

framework, ĉf plant strategies. . \ • 
'. ' ' " * ° . 

v 
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5 . 2 M e t h o d s , . < . - " " , " 
' a , ' . . ' * • ' 

. ' i-

5 . 2 . 1 Index of l amina a r e a . , -> „ -

,, P -a ' 

The canopy area of Laminaria longicruris laminae in the 
' -.fa -

non-experimental "areas at „ the Mill Cove and Paul Pt. sites and In 

four experimental plots,at Paul Pt. (see next section) was followed 

from October 1982 until October 1983. 'Lamina area xras expressed.«as an 
t- ' 

index of total, shade area of Laminaria blades per unit 'area of 
V M W I H M f IIIB I II M l . I — 1 — I * 

" • D J> * 
r 0 a ( 

substratum. Estimates of the shade .area of individual laminae'were 
obtained by measuring the total length-.and maximum width of^'blades in A 
situ and converting to shade area ' x?ith one ©f txro regression 

functions < " - = . 4 

t/ - - % 

'*• ' S ' ' ' % ~ 
The regression functions were obtained from measurements of 184 

« plants collected at Paul Pt. The plants . were. brought "to the 
• « ' P».a 

laboratory, laid flat ori plastic sheets and their outlines traced. 
° » ' - .0 

The 'tracings x̂ ere weighed and converted to an area by a knoxm function 
^ v . .• • I 

- relating .weight and area of the plastic. The areas were then. 

regressed against corresponding products of blade length x maximum 

'Ktfidth." .two separate functions were obtained, viz. - ' , . 
-*. J"*°" 

(J) for plants 4 0.5m lamina length, " . " 
Estimated shade area = ((0.672 x length x width)^*irz1f8) cm " • 

'' . « D 

2 
(N = 124 plants; t- => 0.98 adjusted for d.f.) 

(2)"for plants > 0.5m lamina length, 

' " \ * 'a 2 

>t Estimated shade area = ((0.60^2 x leng.th x width)+110.38) cm, 

» (N =s <.60 plants; r = 0.98 adjusted for d.f.) » 

"The estimated were of shade area and not surface area.of the kelp 



°- « / , . 
'a *. « 

< - ' '77' 

' O a • < " 

' Q - " ' ° "*- * * 

blades. The margins of L. longicruris blades are highly convoluted., 

and therefore the surface area ' of ..vone side " of the" lamina , is 

- . considerably greater than the Miad*. area o'f the same blade (see 

D chapter 6). Also, because blades overlap and, of course, never "lis 
V ' '" K , " < 

• "" a, • 

exactly horizontal in the fj^Ld, the index represents "an over-estimate 
of the actual"'sthade area cast by the L. longicruris, canopy. 

• ' - ' • ' \ °' \~< ' ' '. " \ 

On ' each sjimpling occasion, the lamina area index in the 
» '-> 

non-experimental areas xras estimated by measuring alL plants within 10 
* ' . - 2' 

randomly positioned quadrats of 2m . ^ 

5.212 Partitioning of changes in canopy area into components due^ to 
•* n « 

recruitment and mortality of plants, and net growth and net loss 
« ° ~ 

•of individual laminae x 

- •» , 
a a .* 

' The lamina area index", as defined in the foregoing section, was 

also "tietermined in four experimental plots'at Paul Pt. Within each 

$* 
" plot, Laminaria plants of lamina length 0̂(..2m were tagged and 

numbered; .plants with blades*less than 0.2m long were.too small and 
\ • . O ' 

delicate to tag. Excluding small plants would not' significant!}! 

B a . ' 1 

inf lueace the es t imates Tof'canopy area as t h e i r cont r ibut ion to thtj 
a o o * ' 

canopy was minimal * " f , ' ̂  ° 

On each,, sampling occasion the dimensions of all " tagged plants 

« were measured, notes made of plants lost since the previous sampling 

date, and any new plants attaining a blade length of 0.2m -were 

recorded as recruits ami tagged and measured. This procedure enabled 

partitioning of the changa in the lamina area Index from one sampling 

t ' - ' -
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~-? * 

period .to the next in to components'* ac t ing to increase canopy area (ne t 

groxxth of existiag^-sjcoHnts aad recru i tment ) and those serving to reduce 
< ; ' • 

' , ( , . » 'a J -

canopy area (mortality of plants aad net lossaof lamina-'tissue). Each 

component x?as ex-pressed as a, rate of change of the canopy area" index 
CJ • ' 

£..=.. 30 day period. Data, from the four'plots x-7ere averaged to obtain 

mean values of these rates for each'component for each time periodo" ' 
^ a. J 

': ' • i 

The f W r plots were part of a large experiment "involving 

manipulations of both^nnuaSa^and perennial seaweed species lq a , total 
' t> 1 «* . 
„ of eight plots (fig?. 5.2), but details of the complete experiment need . 

<* / . • 

not be given here. All .plots x?ere 2m x 2m in area and delineated by 
i. ' ^ ;? - / * 

• rope borders. To minimize edge effects, manipulations x?ere performed 

' /f \ ' ' ^ 
to at least 1m outs.ide tjae ropej/bordersX giving a total manipulation 

area of 16m 'per plot. Given the posslbi.Il.ty~ that grazing by limpets 
. \ 

(Motoacmaea testudinalis) and chitons (Tonicella rubra) mig-A affect 

. recruitment of Laminaria, th.ese molluscs were removed from all plots 
a .- , ij" x 

(see chapter 6)., The seaweed species removed and ^dates "of all 
_\ 

manipulations are given in appendix C.l. x ."- " 
* v 

* ' •* 

5.2.3 Recruitment of Laminaria; comparison between** • sites "^and 
•a-. " ' " " £ > " ' 

" influence of intraspecific competition y « - . -

At both .Paul Pt. and Mill-Cove, the number of L_. ̂ longicruris 

recruits in four 2m x 2m experimental plots, from which Laminaria had 

initially been removed, were recorded and compared \f±g, 5.2, -plot 

no's. 3,4,7 "and 8). ..Recruits of lamina length ^O.lm and 0̂»2ra , were 
. " V . 

censused In thesfe plots in May 1983. These eight 'plots x?ere also 

maintained clear of limpet (Mptoacm'aea tes tudinalis) and chiton 

http://posslbi.Il.ty~
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Fig. 5.2 Diagram of treatment types in experimental plots at both 
S ' . " * a 

" P45J^ Pt*. and Mil Cove*., * - \i 
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* C^o&icella rubra) grazers. '. * • *• -

, ' • ' •" - a „ • " ' • • 

To tect* the n u l l hgrpothecic tha t the Lo long ic ru r i s canopy a t 

.Paul Pto hao no e f fec t * on * i t s oon recruitment*, it* May *I983 
trt , " vj , _ ft 

recrui tment of Laminaria^in p l o t s x-?here the canopy had be^i? . removed 

(p lo t numbers 3,4,7 and 8, . f i g . 5o?) x?as compared x?ith recrii'itmeat in 

" nearby p l o t s xjhere Lamina-tla had not been' manipulated (p lo t numbers 

/ 

1,2,5 and 6, fig. 5.2) -and in the non-experimental area.. In,the 

non-removarT pl'oto, only recruits-of lamina leagth >0.2ra x?ere cencu'sed, 

xjhile in the temoval pTots and non-experimental area two size classes 

(blade length ^O.la and ^p.2ra^^epe^-lBxamlnedo ^Complete censuses were 

taken x-?i.thln the experimental "plots. >ln the non^experimentll area, 

I *" • „ .' ** " • ~- 9 
r e c r u i t s x-jere ctsunted^x-7ithin ten' randomly posi t ioned 2m quadrats. , " • -
. - - . . - ^ . ^ . . . . . - . , 
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5.3 Results 

5o3.1 Rate'of recovery of Laninaria can6py 

It (U 

«" The extent of the Laminaria canopy x?as markedly -dfrfprent at the 
0 * tl . a * ^aa * * 

tx?o "sites, < .At Mill Cove L. •' longicruris ' plants were .sparse aad ' 
.* , ' * o . •-

scattered xjhereas Paul Pt. was characterized by a- derise and closed 

cover of Laaiaaria (fig. 5.3, summary data i.n appendix C.2). Clearly., 

"-comparing the two sites, there x?as no consisteat relationship between 

the 'extent-.' of Laminaria;.cover and time since urchin mortality. The* 

Laminaria lamina area'index at Paul Pt. ca.18-20 months after urchin 

mortality .was about an order of magnitude greater • than that*at Mill 

,Cbye after an equivalent urchin—"free * period. Similarly, Laminaria1 

• * . - •*• * 4 ' -

• recruitment^ in .tlie kelp remove"! p^ots at P.aul Pt. was7 about tws) 

orders of magnitude greater than in- similar plots- at, 'Mill- Cove 

'« l ^ . « • " f ' ' a l / -
(table 5.. 1),. This difference .is ̂ clearly significant (l-Jirailed t-tests 
* « .. • - ' ' *\ 

„not' assuming homoscedasticity,- for recruits ^0.2m blade length's . 
' ' • a. ° S ' „ 11 , 

p=0.012„ "for recruits ̂ Oilm blade length p=0.005). . * v 

^ a ' 

5.3.2 partitioning of seasonal variation 'in the Laminaria canopy into 

~. "* -̂ 'i / i "* ' ' 

components due to recruitment", mortality, loss„of lamina* tissue 
. ; 4 * \" ' > ' , 

.and grot«7th"of plants" • j . 
\ Q " . a 

' «• 8 A . . 
r 

. » •" . a, I V 

-1" The fully developed Laminaria canopy at Paul Pt. *., exhibited 

significant seasonal variation . in -( cover (jfig. 5.3; ANOVA, • 

transformation*-̂  Y * ,. df=(6,63), p<0.000). The caaopy steadily 

deteriorated from ca. ,July„until early spring at which time recovery 
•7 

.was dramatic over a 6-8 weak period. In the decline phase, the.lamina 
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"̂  
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Pig. 5.3 Estimates of the lamina "area index of Laninaria longicruris 
^ — . — , 

in the non^experioent^L areas at Paul Pt. aad Mill Gove. Bars 

- are S.E. " 
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TABLE 5.1. Recruitment of Laminarlk. longicruris la kelp removal, plots 

(plot_no's. 3,4,?~aad'f£| see figo _ 5.1) at tail ,Gove and Paul 

Pj.o Standard errors ia parentheses ( ). 
* „• a ' \ 

SITE /NOTIIER of RECRUITS" n f 2 

Lamiaa Length t 

>0.1m. " ^0.2a r 

Paul 'P ts •' , .45.00 (7 .55) 23.38 (5.50') 

Mi l l Cove ' 0.19 (0.12> , 0.13 (0.13) 



r - * " • • • • . - • • • * 

•"*:• " ' • • ' ' • : o ' < * ' . # * . 
-•> a v " jSa» 1a^ 

' . £ > * » , Will,. ,--J,- a 

varea Index'fell! to less than half of its peak springtime value*' . 
- " ." ' "*„ ' \ * ' ' " ' *• 

In the - four -experiments!- "'plotS,° in x̂-Stl-h ''Laminar'ia^^was ao#» 

manipula ted, plots. 1?and-,2 d i f fe red from 5 and 6 in the tdan^nulation, 

* of annual . spec ies . Howeveis^regarding L. l o n g i c r u r i s , I believe^-that -
, ' •* a j — - ^ 

' , ^ ' \ a, • '' 

„ consideration of the four plots -as equivalent repjLicates is..justified.* 
«d - - ° .-?°* 

First, there was no evidence t©^ suggest- that "the annual" species" 
» a ' 

* " - ' < a" " a * 

exerted a detectable influence on the Laminaria canopy or Its 
-3". . " ' -*-...-

r ec ru i tmen t . It'-was obs'erve-d' t ha t 'by thfc time annuals f i r s t appeared 
* " ' - * * " . ^ * 

in - the spring, the new Laminaria..,recruits had grox̂ n .considerably and 
-• - * 1 . a j 2f 

.. , a <. ^ £ . ^ a [/**a 

had already formed an upper stratum over the developing annuals." The-" 

differences in the number of'' redrui'ts £0.2m lamina length-among plo.ts1. 

1 and "2, plots 5 and 6, and in the ̂ non-experimental ,, area, /. x*as not 

significant (ANOVA, F=0.17, U-f.^", p=0.S5)'. Se,cond7 the> pattern^of" • 

temporal .variation in the .ktMp canopy In the four .experimental .plots 

containing Laminaria was^ not' significantly different from that jpS't the. 

° ' . ... V 

non-experimental area (fig. 5.4, summary data in appendix c.4j table 

' 5.2). . * Thus, it seemed valid to examine the seasonal contribution*of 

the different components of variation in canopy area- within -the . s 
a- . Hi O , 

experimental plots and accept "this pattern as being the general case" . <. 

for Laminaria beds in .she are/ 

There were significant differences (|:able '5.3.) ' in the 

contribution of. each component to the net change in canopy area,t 
"• ' " ' i . ' 

depending on time of, the year (fig. 5.5,& summary - data in appendix 

C..4). For most of the year mortality of larger plants^.and erosion and-
a 'aj ', , 

tearing-away of portions of the lamina exceeded the combined effects 

a* - • I . I ' 
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l i g . 5.4 Lamina area index of Laminaria l ong ic ru r i s in experimental 
t *• 

p l o t s 1,2,5 and 6,.andtmea.n xfelues for . the no'n.-experimental a r e a , 
a, . „ 

"Paul P t . • ° 



Lamina area index 
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1 1 ' » 
A 

* - a , - ^ 

TABLE 5.2. Comparison of lamina area index of Laminaria longicruris 
in experimental plots 1,2,5 and 6 (see fig. 5»lj} with estimates 
of the index in" the non-experimental area at Paul Pt. Results of 
2-tailed t-tests; None of the comparisona shox? significant 
differences. • • " 

DATE PLOT 
*, NUMBER 

«t>* 

19 Oct 19,82 
/ 

05 Jan 1983 

06 Apr 1983 

24 May 19.83 

19 July 1983 

. i " 

03 Sept;,'19J3 

23 Oct 1983 

1 
2 
5 

' 6 

1 
2 
5 
6 

1 
2 
5 
£ 

1 
2 
5 
6 

1 
2 
5 

* 6 

1 
.•, 2 
' 5 
6 

1 
2 ' 
5 
6 

' . 8 > p > .7 
. 9 > p*> . 3 

' . 9 r > p > .8, 
' - p > .9 

. 7 > p > . 5 

. 7 > p > .5 

. 7 > p > . 5 

. 5 > p' > . 3 

.7 > p > . 5 

.7 > p > . 5 

.7 > p > .5" 

. 8 > p > .7 

. 7 > p- > 15} j 
* -»5. > p ,>>% 3 •' 

« «5 t > p > .3 '" 
" . 7 . > p >' . 5° 

• , . 9 >^p > . 8 
. 7 } p ) , 5 

> ,.5 > p > . 3 . 
• .8. > ' p > .7 

| . 8 > p > . 7 
) . 5 > p > . 3 

, . 5 . > p > . 3 
' .-7 > p > . 5 

•-.7 > p > . 5 ' 
. 5 > p > . 3 
. 5 > p > . 3 

p > . 9 

q> 
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Fig. 5.5 Partitioning of rate of change of lamina ares' index of 

. Laminaria longicruris into components due to mortality and 
a " ^ 

recruitment of plants, and net loss and net growth of individual 

laminaeo Bars are S.E. 
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TABLE 5.3. Comparison of contribution of components of recruitment, 
a 

mortality, net blade loss and*net growth of laminae to rates of 

change - in. the lamina area index of Lamin'aria longicruris in 

experimental plots 1,2,5 and 6 (fig. ' 5.1) at Paul Pt»n. Results 

of 3-way (component x date x plot) mixed model ANOVA with 

repeated measures. &. 

SOUE.CE F- dtf a P 

Component (C) 

Date »(D) 

C x D 

,,17.67 " 

2.78 

5.76 

(3,9) 

(7,21)f 

(21,63) 

0.000 

0.033" B 

0.000 
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of blade growth and recruitment*, of nex? individuals to the population, 

, and the Laminaria canopy declined. Mortality and loss df lamina 

'•tissue x/ag particularly high through the stormy months of October 
a, a ^ »* 'i) 

through February. Res tora t ion of the canopy during March- through 
a» 

mid-May yas due" largely to increased groxrth rates of already 
a 

established plants0 Feu plants xrere lost or exhibited a** decrease in 

blade size $uring this periodo Recruitment of plants of 0o2m mto^muiH 

lamina length xias also greatest during the period mid-March through 

mid-May. Hoxjever, because of the; small size of individuals recruited 
/ . 

over any 2=3 mdn^h period, their contribution in increasing net canopy 
area was minimal. . » -> 

a 

5.3.3 Influence,, of canopy removal on Laminaria recruitment 

A theoretical complication in interpreting data from this 
i ° 

a3 

experiment is that in the four sites where .perennial dominants were 

removed, Desmarestia aculeata, as well as L. longicruris, x?as cleared 

initially. Thus, at least in |heory, the influence of intraspecific 

' competition of Laminaria and the interspecific interaction of D. 

aculeata .on Laminaria recruitment are confounded. At the beginning°of y 

the experiment ("July 1982), both perennials xtfere classified as ' 
"a 

^dominants because Laminaria formed a closed upper strata and 
. a 

Desmarestia, although an understorey species, covered an estimated 

52.7% of the hard substratum in the non-experimental area. Hoxjever, 

subsequent behaviour of the Desmarestia population at Paul Pt. 

indicated that if ° Laminaria recruitment x-jas influenced by removing 

" both species, the effect could be attributed largely to the influence 
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9 
of the Laminaria canopy alone and not to , the combined effects .of 

Desmarestia and Laminaria. Fdrst, after starting the ^experiment, 
-C.. — — a - a — ^ a a - a a a a a - a — ^ ,. . 

Desmarestia cover- began to rapidly decline. By December 1982 the 

*"> 
cover of this species In the non-experimental area had dropped to 

v. 
16.3%, by March 1983 to 11.6%, to 5.0% in May and 3.6% in July 1983. • 

• / ' 

Thus, during the period of maximum grox/th of nexrly- recruited Laminaria 

sporophytes (March through mid-June, see section 5.4t)', Desmares tia, 

cover xias already much reduced. Also, the initial cover of D. 

aculeata in the Desmares tia/Laminaria v removal plots x-jas much less 

(only 31.1%) than the average for 'the non-experimental area (52.7%). 

Recruitment of L. longicruris beneath a canopy of adult 

con&pecifics was much lower than in plots x<rhere the canopy had been 
e » 

removed. The number of Laminaria recruits attaining, a blade length of 

O.lm or greater was significantly greater in the kelp removal plots 

than,. in the non-experimental area (table 5.4)." Similarly, the number 

of recruits of minimum lamina length 0.2m*was significantly greater in 

the kelp removal, plots than in the non-removal plots and in the 

unmanipulated area (table 5.4). Laminaria recruitment in the 

non-removal experimental plots xras not significantly different from 
. a. 6 

'that in the non-experimental area. ' 

Although a greater number of L. " longicruris recruits occurred in 

the kelp removal plots, these plants xrere significantly smaller than . 

recruits in the non-renioyal plots and in the non-experimental area « 

(tables 5.5 and 5.jJH£' The difference! In the size of Laminaria 

recruits in the non-experimental area and non-=removal experimental 
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t ' 0 - , > 

a. , . , ^ <\ * 

plots was not Significant (tables 5.5 and 5.6)s; 
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TABLS 5.4. Recruitment of Laminaria longicruris' In" kelp removal 

- t* " 

r plots, non-remov.al" plots, and In the non=experiraental area at 

, -. Paul Pt. Standard.errors in'parentheses ( ) ? - v^ 

TREATMENT 
V a 

is O "NOMEER of RECRUITS m~2 

^ 
'Removal plots -v 
v 
Jjton-removal p lo t s ° 

Non-experimental area« 

Lamina Length . 

V.5& 

• - 9,0.1m 

l - . ' _. . a a . _ 

"45.00 (7.55) 

-

6.25 (1/60) . 

^0.2ra 

23.38 (5.50) 

. 2.94'(1.Q7) 

4.10 (2.23) 

•&*t 

«aj> • 

Recruitment of plants ^O.lm lamina length in the removal plots xraj, 
significantly gi*ea£er than* in the non-experimental area (l-talled 
t=test not assuming homoscedasticityj p=0.-O08)o. 

Recruitment of plants "J,0.2m/^lamina length was cignlflcantly 
greater in the removal plots than" in the non-removal plots 
(p=0.Q18) and non^experimental. -area (p=0.022)|o (results of 
1-taiied tntests not assuming/nompscedasticity)* The difference 
in recruitment of plants. $.0.2s "laminâ  length in • the non=removal 
and non^experimental areas ,x?as not significant (2-tailed t—test 
not assuming homoscedasticity, p=Q<*524). 
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TABLE 5.5. Mean size (estimated shade area of laminae) of Laminaria 

longicruris recruits in kelp removal plots, non-removal plots and 

in the non^experimental area at Paul Pt. 

•A. Recruits of lamina, length ^0.2m 

• TREATMENT MEAN SELADE STANDARD 

- AREA (cm2) ERROR 

N 95% CONFIDENCE 

-' • INTERVAL FOR M E M 

'',Ite.HQval plots 218.3, 9.8 374 

Non-removal plots • 503.5 48.0 47 

Non—experimental area 375.., 4L1 ' 82 

,9 - 237.6 

406.8 - 600.1 

294.0 - 457.3-

B. Recruits of lamina length >0.1m 

TREATMENT MEAN SHADE STANDARD 

AREA (cm ) ERKOR 

N 95% CONFIDENpE 

INTERVAL FOR MEAN 

P. .Removal plots . * 122.9* 5.9 766 

Non-experimental area 260.4 30.5 125 

111.3 «=• 134.4 

200.0 - 320.7 
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TABLE 5.6. Results of t-? tests (homoscedasticity not . assumed) 

.comparing' mean siae (estimated- shade area) ^a£ Laminaria 

• -. • . - J 

-longicruris recruits In kelp removal plots, non-removal plots, 
/ 

and in the 'non-experimental area at Paul Pt. 

A. Recruits of lamina length ^0.2m -

COMPARISON" . . . " t df 

Removal vs non.-ren.oval plots , 8.767 419 p « 0.001 '•• 

Removal vs non-experimental area 5.535 454 p « 0.001 ™ 

Non-removal vs non-experimental area 1.957 127 .05 <p< .10 ;*-

B. Recruits of lamina length .^O.lm 

" COMPARISON • t „ ' df 

Removal vs'non-experimental area 7.209 889 p «0.001 » 

(*) indicates l-talled test 
(*••'••) indicates 2-tailed test 

http://non.-ren.oval
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5.4 '-Discussion ' t ' . * 
j. - i 

0 a . 0 • 

^4.1 Rate of recovery of Laminaria. .canopy and relationiHiip to 

proximity of spore refugia . ..- ' • • 

The presence of a dense stand of _!. longicruDis at Eaul Pt. 

wfeen the, si£e xjas f irajtJ^isited ca. 18 months, after urchin mortality 

indicates the kelp's Impressive potential to recolonise and rapidly 

develop a closed canopy. This rapid recovery and domlnat'lqn of the 

seaxj*eed community on a large scale is consistent with the outcome of 

an earlier.small scale clearing of sea urchins. When Breen , and Mann * 

(1976b) removed urchins from a 7m x 8m patch in St.. Margaret's Bay, 

Lo longicruris dominated the-ensuing community after only 4—5 months. 

Clearly, L_. longicruris" resembles several of "its congeners in its 

ability to recover and rapidly dominate seaweed communities- following 

release from grazing (Paine and Vadas 1969; Dayton 1975b; Esjtes et al. 

19'78; Duggins 1980,1983). * * 

* & a 

This capacity to rapidly re-establish and attain dominance is 

indicative of two important life history traits... L. longicruris has " 

an enormous reproductive potential, "and exh'ibits high growth rates 

during late winter and early spring. Chapman (1984) estimated this 
/» 

species to produce an average of ca. 1.5 x 10 spores cm' of soruc in 

a population at Pubnico in the south of Nova Scotia. In the Pubnico 

population, which is ca. S-̂ 10 times lesc dense than that at Paul Pt., 

' 9 - 2 
this amounted to a peak spore production of ca. 5.25 x 10 spores m 
substratum. 
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The groxrth rate of L. longicruris in St. Margaret's Bay is also 

impressive. From.mid-March until mid-June, .blade elongation may reach 

ca." 10mm per day «. (Chapman, and 'Cralgie 1977j Gerard and Mann f979; 
'0 

Gagne et al. 1982)'. Mann (1^72b) estimated that in one year of 

groxfth, individual plants in St. Margaret's Bay.xv-ould. grox<y 1-5 times 

their initial length, assuming no erosion atf the blade ̂ 4̂ Lp-fi These 

grow.th rates are not abnormal. Gagne. et al. * (1982) measured 

increments of blade length In other populations of this species in 

/ 
;Nova^cotia of 'ca. 18mm per^day, and Anderson et al* . (1981) reported 
rates up to. 35mm per day. , " .a " . . 

a 

•TJ$e occurrence of ,mass urchin mortality during -the autumn 

probably confers an advantage to Laminaria over other species for 
o 

recolonizing. Spore production in L. longi/ruris also occurs at -this 

time, and macroscopic spqrophytes first appear in the winter. 

Observations in' the . kelp-removal plots at Paul Pt. Indicated that 
t, 

rapid growth of these recruits beginning in °late winter enabled. 
Laminaria to dominate light resources before other species attained 

~ — ^ i 

their peak spring growth. ' « 

If L. longicruris is able to recolonize readily extensive areas 
. i 

after release from grazing, as xras evident at Paul Pt., why did a 

dense canopy of this1 species not develop at Mill Cove, even after more 
i 

than txro years following urchin mortality at this site? The 
, <• 

difference In the rate of recovery of the Laminaria populations at the 
o 

two sitae correlates with the distance to the nearest spore source. 

Close to Paul Pt., "a large refugial population of reproductive plants' 
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had persisted throughout the urchin-B-coralline dbminated .period .at 

'Bqutilier Pt., which is only ca. 0.4 nautical'miles upstream on an 
— >. 

6 a, " 

outgoing tide. At the height of the ebb,, currents in the area can be > 

C.5. 1-1.5 -knots since the main channel funnellng x-rater from Mosher 

and Boutiller Coves is betx<reen Paul PtS and nearby Luke Is. Along ' ^~^\ 

the shore from Boutiller Pt.' to Paul Pt., this tidal current is * V~~ 

evident both at the surface and at depths of at least 18m. In 
•> y 

.contrast, the closest refugial Laminaria population-to the Mill Cove 
. ' o. * 

site grew on .the Mill Cove breakx<rater "ca. p.6 nautical miles to the 

"south. More.ove2f7 this population exhibit?!, meager, if any, sorus 

projiuction. No other intertidal or shallox-? infralittoral population 

.was found from south of this breakwater to north of the Fox Pt. 

breakwater; xfhich lies ca. 1.5 nautical miles to the north of the.Mill 
i » * ' 

a * "~ o 

Cove s i t e . .Currents' in the area are considerably less than at Paul 
• a . ' , ' '' J 

Pt. It Is likely then, that an effective spore source_for the Mill 

Cove site x<ras considerably further afield than 0.6 nautical miles. • * . 

As a general case, the absence of a nearby kelp refugium at Mill 

* • - * 

Cove x>?as anomalous. Along most of the Atlantic coast, refuge 

populations persisted as a narrow^band in the lax? intertidal and very 

Shallow subtidal throughout the urchin-coralline period. These plants 

xi?ere -protected fyom urchin grazing by wave action. Following mass 

urchin mortality/ rates of recovery of kelp along much of the east 

coast indicate- that this infralittoral refugium provided sufficient 

spores to heavily seed the contiguous subtidal area (R.E. Sehelbling 
Q I * t 

pers. comm.; C.R. Johnson personal observation). 

• i 

dSs 



; « 102\ 

These comments raise a further query, namely," by what means is 

dispersal achieved over distances of the ofder. of hundreds of metres? 

It is known tpat in other laminarian genera, spores are "dispersed at 

most 3-5m f r W the parent plant (Anderson and North 1966; Dayton 

1973). In m e case of L. longicruris, the distance that a spore - ^ , - . 

might travel from a given parent sorus is Vot a critical factor in 

dispersal. In this species sorus production occurs in October through 

January (Chapman'1984), coinciding x-jlth the onset of rough weather. 

During this period the distal ends of blades, often supporting 

(u ' ' 
extensive cover of sofus tissue, are continually being eroded. Thus, 

"v " * 
' a. 

portions of spore beaming drift material may travel relatively long 

distances releasing spores en route. 
In otheri investigations of recruitment of organisms in aquatic 

communities, relatively, few author.s have commented on the importance 

' *'7l'~~x . 
of the source oF-^f'Scruits. Among these, Himmelmann et al. (1983) 

-a -aj., / ^ \ " 

observed poor colonization of Laminaria species in a subtidal ;area in 
a ' * 

0 

Quebec which was maintained /clear of Strongylocentrotus 

.droebachiensis. They attributed this to the rarity of Laminaria 'in 

the infralittoral algal fringe. Ambrose and Nelson (1982) suggested 

the importance of both distance to nearest spore source and current in 

recruitment of Macroeystis pyrifera. Gore (1982) and Ebert (1983), 

studying the recruitment of aquatic Invertebrates, have likewise 

emphasized the effect,of distance to sources of recruits. * 
v 4 

5.4.2 Seasonal variation in extent of Laminaria canopy 

Temporal variation in the canopy area index at Paul Pt. ' x<?as 
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consistent x-iith patterns of growth And blade erosion previously 

reported 'fori. longicruris in St. Margaret's Bay. lie-development 

of a cldsed canopy by rapid growth during March through May-^^iriillels 

observations by Mann (1972b), Chapman and Craigle (1977), Hatcher et_ 

al. (1977), Gerard and Mann (1979), "and Gagne et al.' (1982). 
i 

Elevated rates of blade erosion during stormy winter months have also 

previously been noted (Mann 1972b; Chapman arid Craigle 1978). 

1 ' • ' 
Rates of loss of canopy area due to mortality of plants also 

V a 

correlates positively x̂ ith the Incidence "of bad weather. In storms, 
y + ' ^ - ' 

Individual plants x-rere torn completely from the substratum, and 

frequently, blades x-jere torn from the stipes (x-yhiich remain attached) 
•a P 

"beloxff the meristematic region. • , Q 

* ' . . ' l ' 

The contribution of recruits of blade leng-th ^0.2m to cantfpy area 

peaked from mid-March .through May. This peak represented the nex?1-^-^ 

sporophytes recruited during winter reaching \his size class during 

the rapid growth phase in the spring. Perhaps more^-interesting x?as 

» the consistent appearance of plaints attaining this size from September 
Ca - * 

„ through February. This is probably the result of suppression of 
growth of macroscopic juveniles by the canopy rather than an ; 

\ 
indication of virtually year-round low level, recruitment. Reduced 

growth of juvenile -conspecifics under canopy plants of Ecklonia 

radiata has been demonstrated by Kirlcman (1981). However, it should 

be noted that Chapman (1984) found a low level- of rectuitment of;. 

microscopicV stages of L. ^ongicruris during periods when sor^ x-iere 

absent in the vicinity. afcni 
^ «. 

J 
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The failure of the canopy in the spring of- 1983 to attain a 

similar density to that during the same period in 1982 is attributed 

largely to grazing by the gastropod Lacuna,, vincta (see chapter 6). 

5.4.3 Intraspecific competition; density 4ePenaent regulation of 

recruitment 

5o4o3ol Shading by adult conspecifics - . * ' 

* a 

The marked reduction, in numbers of recruits of L. longicruris in 

the presence of an overstorey'of conspecifics is probably a\shading 

effect. In St. Margaret's Bay substratum space is' not limiting^ 
*. i ^ 

i -' ' 

the substratum under the kelp canopy at Paul*Pt. was particularly 
' . ' , ' • ' u 

open.' Unlike that for several other kelp species (Black 1974; Dayton 
" ' ^ a 

1975a; Velimirov and Griffiths-.1979;- Duggins 1980; Kirktuan 1981) there 

was no evidence of L. longicruris locally limiting recruitment of 

conspecifics (or 'other' species) by physical abrasion of kelp fronds 

sweeping the substratum*, Whereas the distal one-third of the lamina 

of L_. , longicruris may rest on the substratum, this usually occurred . 

"only in calm conditions. Also, . the lamina of L.. longicruris .is 

considerably more 'delicate than . those of the laminarian species 

•studied in the foregoing examples. The difference in the density of 

11 
recruits >in the unmanipulated area compared to the kelp removal plots,' 

where chitons and limpets x?ere also removed, cannot be attributed .to 

grazing i by these herbivores. Limpet arid chiton grazing had no 

detectable impact' on kelp recruitment (see* chapter 6)» It'seems that 

recruitment was limited by low light levels beneath the canopy. 
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Impeded recrdltment by an overstratum of adult conspecifics has 

also been noted in other kelps (Black 1974; Santelices e_t al. 1980; 

\ 
Reed'and Foster. 1984; Santelices and Ojeda 1984b), including Laminaria 

groenlandi'ca (Duggins 1980). Indeed, trie literature abounds with 

examples of "canopy effects' in which the°distribution and abundance 

of understorey species is inhibited by upper str,a.ta (Dayton 1975a,b; 

Foster 1975b; Pearse and Hines 1979; Harkin 1981; Ambrose and-Nelson 

1982; Cowen et al.««. 1982; Moreno and Sutherland 1982; Dayton et _ al. 
" '" ~™"""" - '" ^ ' "V 

'1-984; Reed and Foster 1984; Santelices and O'jed'a 1984a). 

It is interesting that when Chapman (1984) removed the canopy of 

;a mixed stand of L_._ longicruris and L_. digitata at Pubnico in the 

\ - , 

south' of Nova Scotia,„ recruitment of visible plants was not affected. 

Divergence of his results from those in*St. Margaret's Bay probably 

stems from two major differences in these populations. First, at 

Pubnico' the- kelp canopy is considerably more sparse than at Paul Pt. 

Perhaps a more important distinction is that the hard substratum at 

Pubnico is virtually entirely covered by a turf of red algae'(Chapman 

1984). Removal of this turf -resulted in a ten-fold increase in 

recruitment of Laminaria spp. 
ta 

5.4.3.2 Crox7ding by juvenile conspecifics 

A further density dependent effect on recruitment of L\> 

longicruris was vevident in areas from which adult plants had been 

removed. The Inverse relationship between the size and density of 

recruits suggests thata^crox^ding limits growth in juvenile plants. In 

the kelp removal plots,, Laminaria re-cruits settled In dense patches. 
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Within tbese patches substratum space x?as locally limiting -̂ and many 

plants grew-over or were entirely epiphytic on the, holcTfaiaJ-es of 

conspecifics. 

<5< 

A 
The shading effects of the canopy and of crowding In the absence 

of a canopy thus act in opposing directions, tendM^to minimize 

variance in the biomass of juveniles per unit area X7ithin a broad 

range of canopy development. Thlr tendency to maintain constant 

biomass in a virtually monospecific stand regardless of plant density 

a B *. 

I s in l i n e x?ith the behaviour of many seaxreed and fcerrestial p lan t 
<1 a , 

species (Cousens and Hutchings 1983).v A similar crox?ding effect in 

the intertidal kelp Egregia laevigata has been noted by -Black /1974). 

. Santelices and Ojeda (1984a) al'so found that plant size Increased with 

interplant distance in Microcystis pyrifera. 

5.4.4' Maintenance of dominance , _ ' „ 

Prodigious spore production, dispersion of sorus-bearing drift 

material, r and rapid growth early in the spring before other species 

realize peak growth rates, facilitate recolonisatlon and establishment 

of a closed canopy. Once a dense cover has • re-established,. these same 

traits enable L_. longicruris to maintain this stranglehold ° on 

resources. Annual rejuvenation of the canopy in spring has already 

been emphasized. In the absence of destructive grazing, openings in 

I-^TJ -the canopy are most likely to be cauclfed by xjinter storms. At Paul Pt. 

L. longicruris x?as quick(to respond to release from canopy shading. 

- «_ Accelerated growth early in the spring and the marked numerical 

response in recruitment following canopy removal resulted in Laminaria 
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a t r 

o 

dominating the removal areas before the arrival of summer annuals 

(which also increased follox7ing canopy, removal). The perennial nature 

of this species also aids its competitive ability., 

This pattern Is unlike those in most marine communities that are'P 
i 

subject to disturbance that ifs patchy, in time and space. Temporal and 

spatial patchiness In disturbance frequently promotes community 

species diversity by releasing resources otherwise monopolized by 

competitive dominants, thus allowing the proliferation of the ruderai 

but poorly competitive species (e_.g_= Dayton 1971; Levin and Paine ° 

1974; Ayling 1981; Paine and Levin 1981; Dethier 1984). At Paul Pt., 

L_. longlcrurtLs is both the competitive dominant and the opportunistic 

species that responds most-quickly to .patchy disturbance. » 

•• - -«%=- C ' > 
While Laminaria may have a><jlear advantage over other species in 

<? 

* recolonizing openings iniS-- the canopy formed during4winter, the same 

eventual outcome of dominance by Laminaria could be expected whenever 

the canopy x?as removed. No other seaweeds in this community approach 

the potential of Laminaria to form a closed perennial canopy. In the 

absence of Laminaria a closed cover develops only in the sammer. witti. 

the proliferation of a guild of annual species (C.R.' Johnson, unpubl. 

'data). Even if*summer annuals were permitted to form a closed upper* 

strata, this "canopy' disappears in the autumn. Thus, Laminaria could 

be expected to gain dominance by the follox7lng spring. This contrasts 

with the situation In many in be? tidal (Hay and,, South 1979; Sousa et_ 

al. 198l5 .and subtidal communities (Sutherland 1974;, Foster 1975a; • 

Sutherland and -Carlson. 1977f Peckol and Searles 1983), x?here the 
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season that -a limiting resource becomes available- may have profound 

impact on the composition and structure of the ensuing community. 

A fundamental characteristic of -a dominant species As that it 
r ' 1 / 

limits the distribution and abundance of others. Comparison of 

community structure at Paul Ptj and Mill Cove, and comparing the 
; ' ',?* 

composition of the kelp removai^versus the non-removal plots * at Paul 

Pt., showed that the Laminaria canopy inhibited development of 

understorey species (C.R. Johnson, unpubl. data). In .particular, the 

otherwisp ^Impressive proliferation of summer annuals was severely 

curtailed beneath kelp cover. 

' \ t 

Three^/species are ostensibly the principal competitors of 
/ -a 

L_. longicruris on, the Atlantic coast of Nova Scotia. In general, with' 

increasing exposure from moderate to high levels, L. longicruris is 

found in mixed stands with JL. digitata. Except at extremely exposed 

sites, usually in shallow water (<5m), L. longicruris appears readily 

able to coexist with L. digitata • •(C.R. Johnson, personal 
_ £5 , . 

observation). Desmarestia aculeata is a relatively large under storceŷ  

perennial also frequently found In association X7ith L. longicruris 

(Edelstein e_t al. 1969; C.R. Johnson, personal observation). 

However, qualitative observation indicates that Laminaria eventually 

dominates this association (AoR.O. Chapman, pers; comnio; 

C.R. Johnson, personal -observation). With increasing depth, 

Lo longicruris and L© digitata are normally replaced on • hard 

substratum by the kelp Agarum cribrosum (Edelstein et al.. 1969; Mann ' 

1972a). The wfepth of 'this changeover zone may vary from ca.lOm to 
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t * 

greater than.^Omo Indeed, within its depth and exposure * rangea the 

only situation in xjhich L. longi'cruris might be • severely limited by 

other species in. the long term is when dense turfs are present 

"(Chapman, 1984). In Nova Scotia these turfs are rare on .the , Atlantic 

coast. " * 
-•, a. 

I I 

5o4o5 The Grime model of plant strategies9 and categorization of Lo 

longicruris * 

L. longicruris does not dovetail neatly xiith- any one of Grime's 

(1977,1979) primary groupings. Hutcoccupiefe several positions within 

his ternary framework. Certainly, this species exhibits features 

characteristic of all three primary strategies. Grime argues that 

rapid groxith . and high reproductive - output, are two properties of 

ruderal species. L. longicruris> exhibits both of these features. The 

perennial nature and high« growth 'rates of this' kelp are traits of 

' s 

competitive species. 

L_. longicruris also displays ability as a s'tress-tolerant 

species. During eight-months of the-year, excepting December through 

March, nitrogen levels in St. Margaret's Bay are extremely low 

(Chapman and Craigle 1977;, Gagne et al. 1982). Chapman and Craigle 

(1977) showed that nitrogen was the main factor limiting growth of 

L., longicruris. Nonetheless, this species is well adapted to.deal 

with extended periods of nutrient stress. In St. Margaret's _ Bay, 

Laminaria accumulates nitrogen from the water when levels are high 

during winter, and this Internal nitrogen reserve, is utilized to 
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achieve high growth rates earlyoin the spring .when light conditions.. 

are* favourable but nitrogen virtually Vpsent In the water (Chapman and 

Craigle0197/; Gagne et alo 1982; see also Espinoza and Chapman 1983). 

. • ' v-

I t shouddb^ftoted that in Grime's scheme, a plant must manifest 

competitive * abi l i ty \Ln a n unstressed environment to be classified as 
a 

demonstrating a coriipetitive strategy. If St. Margaret s Bay is a 

nutrient-stressed environment, how does L." longicruris behave under 
" * a ' 

conditions in x-jhich nitrogen is not limiting? - At Centreville in the 
s 

Bay.of Fundy (fig. 2.1) where upwelling provides excess nitrogen year 

around (see Gagne et. al. 1982), L. longicruris dominated the 

community in the absence of destructive grazing (J. Gagne, pars. 

conn*, o) o . 0 . ' 

Clearly, , I.. • longicruris is an • opportunistic colonist. 

demonstrates impressive competitive ability, and is tolerant of 

nutrient stress. This kelp dominates subtidal communities in a range 

of 'environments in Nova Scotia, and therefore ""fits' several of 

Grime's primary and secondary strategies, -to-., emphasize this point, 

consider some of the environmental characteristics of several of the 

localities in which Laminaria flourishes. In the absence of sea 

%rchins, Paul Pt. is an environment of moderate levels of stress and 

Isturbance. More sheltered sites oifcg, the Atlantic coas-t are 

characterized by nutrient stress but low disturbance, x/nereas on the 
afc 

> yn 

\y of Fundy coast, Laminaria populations thrive in environments of 

low, stress and low or moderate levels of disturbance. In theoe four 

environments, L. longicruris adopts the C-S-R, S-type, C-type, and 
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C-R s t r a t e g i e s (sensu Grime) ' r e s p e c t i v e l y . In t h i s sense i t i s a 
» » 

non-conformist. The success of L. longicruris in a wide range of 
' - .; 

exposure and nutrient environments is undoubtedly attributable to the 

adaptations afforded it in adopting . this flexible "non-conformist' 

strategy. • 

How do the life history and ecological features of L_. longicruris 

compare with other^species in the genus? -Collectively, species of 

Laminaria constitute a dominant group on rocky substrata in "most 

shallow temperate x?aters in the Northern Hemisphere (e_.g_. see seview 

by ICain 1*979). Parallelling the case of L. longicruris in Nova 

Scotia, in experimental „ studies in the northeastern Pacific several 

workers have identified Laminaria species as competitive dominants in 

the.absence of sea urchin grazing (Paine and Vadas 1969; Dayton 1975b; 

Foreman 1977; Estes et al. 1978; Duggins 1980,1983). As with 

L. longicruris, recovery and realization of dominance following urchin 

removal In these communities was rapid. Closed fianoples developed in 

less than two years, indicating impressive reproductive and growth 

potential. Evidently L_. longicruris 'is not unique, within the genus in 

exhibiting traits of both competitive and ruderal plants. 
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- <-, IMPACT OF GRAZERS ON LAMINARIA LONGICRURIS' 

IN THE ABSENCE OF HIGH DENSITIES OF SEA URCHINS 
„ V U l " — " " — » ' - " • 1'"'-" •'" ' " 'I'"-'"" "•'—••" ' '"»'• •'-• • " " "'i ..I.I.I.—! .. ii. r — — — 

/ & . 1 Introduction ' - ' 

.. 'l 

0 In this chapter I' examine the impact on L_. longicruris of the 

principal grazers in kelp beds in^ the absence of high densities of sea 

urchins (Strongylocentrotus droebachiensis), and compare their effect 

on Laminaria with that of the urchins. "The predominant grazers are 

the limpet Notoaemaea testudinalis, the chiton Tonicella, rubra, and 

the prosobranch mesogastropod, Lacuna vincta.-

L. vincta is an annual species and occurs only x-jhere there is av 

lush cover of macrophytes (e_°_g. Smith 1973; Frallck et al. 1974; 

Thomas and Page 1983), whereas the chitons and limpets were common on 

the urchin/coralline barrens and are present throughout the year. Of 

the three, on'ly Lacuna grazes the macr'oscopic sporophyte, (see Fretter5 

4nd Graham 1962; Kain 1^71; Fralick et al. 1974; Brady-Campbell et 

al. 1984). However, chitons and limpets might potentially limit 

recruitment of macroscopic 'stages, by grazing the microscopic 

gametophytes and sporophytes. The null hypotheses that chitons and 

~limpets do not influence Laminaria recruitment, and that grazing by L_. 

vincta has no significant effect on the sporophytes, were tested by 

manipulation experiments in the field. 

The region of a plant on which a herbivore grazes can 

substantially influence "vthe outcome of the plant/herbivore 
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interaction. Depending on whether a grazer consumes the entire plant 

&, • • 

or just a part of it, and whether peripheral vegetative tissue, or. 
v 

reproductive structures', or primary structural regions are,attacked, 

directly affects the Impact of the grazer on the reproductive output 

° 
and likelihood' of mortality of the plant. Thus, the distribution of 

grazing by Lacuna on sporophytes was quantified, and in light of the 

results of the manipulation experiments, the implications of the 
- a 

grazing ' pattern for .the structure of Laminaria populations »and 

subtidal seax?eed community structure in general x?as examined. The 
f 

pattern of snail grazing was related to variation in the nutritional 
<D 

h? 
quality and toughness" of different parts of the .sporophyte, and to the 

a 

distribution of polyphenols within plants. 

Polyphenols are a" class of ^secondary metabolites which4iave * 

recently been demonstrated or strongly implicated . as • effective 
a 

antiherbivore compounds inhibiting the grazing activities of 

gastropods on brox-jn algae (Geiselman and McConnel 1981; Steinberg 

1984, in press). Polyphenols are polymers of phloroglucinol that are 

probably ubiquitous in all orders of brox-m algae (Ragan 1976; Ragan 

and Jensen 1977; Ragan and Craigle 1976, 1978; Steinberg in press), 

1* 
and ostensibly constitute « the 'principal chemical defenses of the 

Phaeophyta against grazers (see Steinberg 1984). The levels of 

polyphenols in Laminaria, and the impact of grazing by L. vincta and 

S. droebachiensis on •Laminaria are considered In discussing the 

evolution of a defense strategy in this kelp. 

The few studies "of L. vincta In the subtidal (Frallck • et al. 
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1974; Brady-Campbell et a l . 1984) have not been <"̂  quantitative, and 

ft* 
have,provided only limited information on the .behaviour of populations 

of this snail. In view of the apparent importance of Lacuna as a 

grazer 'of Laminaria (Fralick et . al . 1974; Brady-Campbell et al. 
a * " , 

A. 

1984| CoRa Johnson personal observation) 9 and the lack of knowledge 

of the basic natural history of this species ' in the. subtida„l5 * 

quantitative descriptions 'of densities, cohort patterns, and dispersal 

ability of posjt metamorphlc snails x-jere' attempted. Also, the impact 

of punner (Tautogolabrus adspersus) predation on Lacuna populations 

was assessed. This omnivorous labrid fish appeared to b«f the 
«SJ 

aria viz 
principal ( predator of Lacuna on Laminaria plants at Paul Ft., and 

therefore might significantly Influence the- Impact of Lacuna on 

Laminaria. In western North Atlantic temperate waters, cunner occur 

in high densities in nearshore habitats in x-?hich cover is available 

(Johansen 1925; 011a et al. 1975, 1978; PottT©'°and Green 1979;, Pottle 

et al. , 1981). ' 
o ' , 
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6.2 Methods "* " v 

V | 
/ 

6.2.1 Impact of limpet (Notoacmaea testudina-iLiB.) and chiton 

(Tonicella rubra) gfazlng on recruitment -of L. longicruris 

v Recruitment of ° L. longicruaftis (̂ 0.2m blade length) in txro 

'experimental plots (plots 1 and 2, fig. , 5.1) maintained clear of 

limpets and chitons, -was compared with recruitment, in the adjacent 

non-experimental area at\Paul Pt. in May 1983. -Complete censuses of 

recruits were made within the plots* In the., non-experimental area, 

2 
recru i tment was assessed- witljin ten randomly pos i t ioned 2m q u a d r a t s . 

v C 

To minimize migration,into the 2m x 2m plots, grazers were removed to 

a distance of ca. - 1m outside the plots, giving a total manipulation 

2 
area . of 16m per plot. Some animals* close to the rock/sediment . 

interface, and all those below it, could"not be removed. 

6.2,2„ Impact of L.. vincta on the canopy of L. longicruris y 

6.2.2.1 Description of the Lacuna - population 
a " * 

o 
Densities of snails .on Laminaria blades and per unit- area of 

at • & 

' /j ". " . a 

borxoni substratum x̂rere- followed at "*shallow (3-5m), medium depth 

TO-lit •11m) and deep (15-17m) sites .in the Kelp bed at Paul Pt. . from 

. February until October 1983. On each sampling occasion, densities per 

t area of substratum were estimated .using 15 randomly positioned 

, 2 2 

'0Jj25m (medium depth and deep stations) or 0.125p (shallow station) 

quadrats at each depth. "Estimates of densities on Laminaria blades 

were obtained by ^counting, snails on 25 .tagged plants in each of the 

shallow and. deep.stations, and on 50. tagged plants in' the medium depth 
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site. 'The total surface area of the lamina of each tagged plant x*as 

estimated from measurements of the length and maximum width of blades 

made on each "sampling date. Blade surface area (including both sides 

of the lamina) was calculated from these dimensions uafcf-ng the 

relationship - v ^""^"t--

2 
total surface area of lamina = 2 x (1.037LW - 11.376) cm 

xv*here L=lamina length (cm), and W=maximum lamina width (cm). 

2 ' ' ' 
- This function (r* =0.96 adjusted for .d.f.) xtfas obtained from 

measurements on 20 plants collected at Paul Pt., x<?hich represented a 
a ? 

size range from 0.28 - 3.30m. blade length. The laminae were cut^ into 

small pieces such that each piece would lie flat. These pieces were 

traced onto plastic, the tracings, weighed, and then converted to an 

area with a predetermined function relating weight and area of the 
•» 

plastic. . * -

The -densities of. snails on Laminaria blades were compared among 

depths and sampling dates by ANOVA. Strictly speaking, . a repeated 

measures model ANOVA should have been used since the same populations 

of plants were measured on each sampling occasion. However, because 

plants with the most (or least) snails at one time tended to have most 

(or least) snails on the next sampling date, the "subject' term of a 

repeated measures model x̂ ould be positive. Thus, use of a 

non-repeated measures design provided a more conservative test ' than 

strict adherence to a repeated measures approach (see 'appendix D.l for 

•further explanation). 

ft. 
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The size frequency distribution1 „of\ 'thsT' Lacuna -population on 
' v \ X 

\ . ' a. 

Laminaria blades in the non-experimental area at ca. 10m depth was 

followed from January through October 1983. Samples were collected by 
' / - i 

removing all snails from haphazardly selected kelp blades with "suction 

lifts. Cohorts x?ere identified from these, data? using graphical 

methods (Harding 1949; Cassie 1954). ' . • 

Lacuna, sex ratios x?ere estimated from the samples collected for 

^ a ° ° " e * 
size frequency analysis. Hox^ever, snails,collected on 23 January and 

o x t, -

29 July 1983 were not'sexed. In the samples for which sex ratios xrere 

estimated, a stratified random subsample of 50 snails of identical 

size frequency structure to the total sample x-raŝ staked." 

6.2.2.2 Dispersal ability of post-metamorphic-osnams " • ' 

The dispersal ability of snails-*x̂ ras assessed ±n terms of the rate 

of recolonization of Laminaria blades in six/4m .'and twri groups of para 
, —' ;—; . 
2 "* S\- ' 

16m experimental plots following the removal 6f snails from 'these 
plots in January 1983 using suction \lifts. Recolonization X7as 

a, 

.f. . 

followed for 41 days after the initial clearing. Prior to ' vacuuming, 

* all plants within the experimental plots were tagged, and the .number 

.» . of snails on their blades counted. After vacuuming, snails were 

counted " on subsamples of 10-54 haphazardly selected plants. The 

^ average number of snails per plant before and after snail"removal was 

compared, and recolonization ..as expressed as a percentage of ,the 
a y » 

IaitiaJ?-3iumber of snails per plant prior to vacuuming. 
*• •* * t ' 

r . " a * o " a r f ,. 

Snails x?ere frequently observed to be floating in the water 

/ 
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column with their foot and antennae extended fully. To test the 

hypothesis that protrusion of the foot and antennae by detached snails 
i 

facilitates dispersion by allox-jing snails to spend longer in the xrater 

'column, the sinking rates of Lacuna x7ith their foot and antennae 

withdraxrn versus extended' X7ere compared. Tx?o groups of 35 snails, 

representing as large a size range as X7as available, x-7ere selected and 

one group x?ashed x?ith ca. 4% formalin in seawater to induce 

withdraxral into the shell. The sinking rates of snails xrere 

determined in the bottom 1.00m of a resting column of seaxrater 1.32m 

high and O.lOm diameter. For both groups, sinking rate x?as regressed 

against* shell length and the sijfnificance of" the difference in thei 

slbpe "(Sokal jfnd Rohlf 1981, p.50&)—-and intercepts (Klelnbaum and' 

ICupper 1978, p.103) determined. 
" **f 

f 

6.2.2.3 Distribution of h\> vincta grazing on L. longicruris 

a 

It was observed that Lacuna x<?ere not evenly distributed on 

Laminaria blades, but seemed to prefer the convoluted marginal frills 
s 

of the laminae. To quantify the distribution of snail grazing on 

blades, the laminae of 14 plants collected at Paul Pt., representative 

of the size, range of Laminaria at that site, were first divided into 

10 regions (fig.' 6.1). TTie •-. proportion of each region exhibiting 

Lacuna damage xras determined by overlaying flat sections of blade with 

transparent acetate sheets marked with dots spaced at 6.3mm intervals, 
J 

and counting the number of dots over the damaged region and ov<§r the 

entire flat section. The distribution of damage across the 10 regions 

was analyzed by comparing an index of damage calculated for each 
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"6.1 Delineation of regions of Laminaria longicruris (I) asses 

for grazing-damage by Lacuna vincta; (ii) from xjhich samples wer6 

taken for de'termination of polyphenol levels; and (ill) for xjhich 

Chapman and Craigle (1977, 1978) and A.R.O. ^Chapman (unpubl. 

data) determined levels of organic nitrogen, laminaran,'* mannitol, 

cellulose and alginic acid. 

\\ 

& 
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region. The Index xjas Independent of., the total amount of damage,* ie. 

x?as sensitive to the distribution but 'not the extent of damage. 

• I . 
'independent of .the number of regions, and weighted for the..relative 

size of each region. The^ index °x-7as defined as 

ige index for region I = D(i) = (P(i) / P(i)) x X D ,/J5T(l)) 

where P(i) = d,(I)/T(I)"~ proportion of region i exhibitin^^ 

' . snail damage ^ 

and d(i) = number of dots over damaged area of region 1 

. C*J area of snail ..damage of region i ' '' 

T(i) = number of dots over entire region I 

.as*- total area of region .1- ~~ 

P(l) = average proportion of snail damage per region, for o 

all 10 regions • 

1 0 . > 9 • 

G = < £ d(i)/T(i) )/40 
, i"31 

Also, the ex ten t of Lacuna damage "on the s t i p e s , "holdfasts and 
<a 

meristems of 97 haphazardly selected plants at Paul Pt. , from' ca. 

5=18m depth was qualitatively assessed in aitu on 17 March 1983. The 

extent of damage was assessed on a scale of 0-4 (nil through extreme), 

and the severity of grazing' was recorded as either surface grazing or 

penetrating. 

6©2o2o4 Intraplant distribution of polyphenol^ compounds in. L@ 
0 

longicruris " l 

To test the hypothesis^ that the observed differential 

distribution df grazing by Lacuna on Laminaria correlates with .levels 
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a ' 

of polyphenolic compounds X7ithin plants, polyphenol levels in six 

regions of Laminaria (fig. 6.1) X7ere determined in each of five, 

plants.- Plants were obtained from ca. 10m depth at Paul Pt., 

transported in- sealed dark plastic bags on ice2 and analyzed 

immed ia tely^ t 

a 

The concentration of polyphenols in samples (ca0 1̂ 3 g blotted 

Jresh x?eight) T7as determined by a variation of the colorimetric method 

given in Ragan and Jensen (1977) using Brentamine Fast Red 2G Salt. 

f 
"*.. After xjeighing, samples xrere ground X7lth pestle and mortar In ca. 2-

ml redistilled anhydrous acetone, and the supernatant collected. The 
" a - ~ 

° «L_i. ' ' / ^ 

* sample x?as ground a second time in a mixture of dlstilieirx?ater (ca. 

1=2 ml) and redistilled -acetone (ca. 1-2'ml), and this supernatant 

added to the first. The aqueous acetone extract was then dried, first 

by rotary evaporation and then in a high vacuum evaporator. 
0 r 

Polyphenols x?ere dissolved from, the dried extract x?ith distilled xrater 

(ca. 5. ml), partlclesi removed from the resuspended extract by 
/ - a > 

centrifuging, and the supernatant decanted and diluted to 50.0 ml with 
-1 

distilled xjater. Brentamine (2.0 ml of 1 mg ml solution) x?as added 

^to 500 Ml .subsampfes of-̂ the 50 ml extracts, these, subsamples diluted' 

to 6.0 ml X7ith distilled water, and'InGubated at room temperature for 
o o 

20 minutes before 'reading Absorbanca ,,,. ^ against blanks of the 

Brentamine solution (2.0 ml) xxith distilled water (4.0 ml)X In the 

calculations, background readings of the subsamples' diluted to o.O ml 

X7lthout Brentamine x?ere subtracted from values obtained x?ith the salt 

present. 
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, Dry x?eights of the t i s sue samples used in preparing the e x t r a c t s 
a \ 

were est imated using regress ion functions r e l a t i n g b lo t t ed fresh 
D 

weight and dry X7eight. One of twoMf unctions were used, depending on 

the region of the plant from x?hich the sample was taken. These 

relationships x?ere determined^ from tissue samples taken contiguous to 

those used In preparing the extracts. Dry x?elghts of these secondary 
o 

samples x?ere determined after 24 hours drylng'*at ca. 105 C 
,J . — . 

for regions _S,M,A and B (see fig.' 6.1), 

f a . " 

I 

dry x?eight (g) = (0.06.79 x b lo t t ed f resh weight) + Oa,0222 

7 * 
( r =0.98 adjusted for d . f . ; N=32) 

**» 

for regions C and D (see fig. 6.1), 

,' dry weight (g) = (0.1403 x blotted fresh weight) + 0.0039 

? 
(r =0.97 adjusted for d.f.; N=17). 

=1 
Polyphenol concentration x?as expressed as mg .polyphenols g dry 

weight "&£ plant, relative to the high molecular xveight Ptyped 2') 

non-diffusable phloroglueihol.polymers in Fucus veaiculosus (see Ragan 

and Craigle 1976; Ragati and Jensen 1977). i 

fy 
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6.2.2.f5 Size specific grazing rates of L. vincta 

Tx?o methods X7ere used to estimate the size specific grazing rates 

of L_. vincta on the frill tissue of L. longicruris laminae. Size 

classes of snails X7ere in 2.0 mm increments of shell lengtho 

Method 1. Blending on their size, 10=25 snails of each size class 
1 n 

X7ere placed in cages (76mm diameter x 127mm high) x?ith l a rge meshed 

X7indox7S alloX'7lng flox-j-through of water in running seax?ater tanks a t 

ambient seax7ater temperature . Pieces of f resh ke lp blade x?ere x?elghed 

( f ive r e p l i c a t e b lo t t ed xret xjeights) , added to the cages , rex^eighed 
a . ft 

after ca. 2 days, and the differences in the mean x?eights before and 

after the expeVIment calculated. Ilhree cages containing kelp but not 

•snails acted as controls. 

Method 2. Depending on their size, 4-10 snails of each size ci|ass 
o 

xiere placed on a piece of fresh Laminaria blade 82mm in diameter in a 

petri dish (caĝ e) x?ith a mesh top. The cages xrere placed in running 

seax7ater tanks at ambient seax7ater temperature. There x?ere three 

o 

replicate cages for each size class, and four control cages containing 

Laminaria but not snails. Five replicate blotted fresh xreights x?ere 

made of each piece of kelp before the experiment and again after ca. 4 

days, and the difference in the mean X7eight of each kelp disc 

calculated. 

Grazing rate's estimated by both methods x?ere expressed gs g x?et 

-1 -1 ' 
x?eight snail day . - Since the results from the tx?o methods were 

similar^ they ue^e pooled -in the analysis (giving four replicate 

u 
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estimates for each size class). • ^—~. 

6.2.2.6 Impact of grazing by L«, vincta on the _L. longicruris canopy 

6.2.2.6.1. Direct consumption, of laminae 

The total biomass of L. longicruris blade consumed by L. vincta 

relative to the blade biomass available for consumption in any pejciod 

of T days, Is given by •* i> 

(T ( 
I JP(fe) x_Gx D(t) x S(t) 

OJ 
percent lamina consumed => ..a™_»«„_^ ___s 100% 

/

T 
B(t) 

r, 
where - - ' w 

JP(t) = row vector giving the proportion of the snail population in 

each size class at time t 

• * 0 

G = colusa vector giving the grazing rates of each size class of L_. 

vincta on L_. longicruris 

D(t) = density of snails on lamina at time t 
> 

~* " * —2/ 
S ( t ) =» to t a l " surf ace area of L. l ong ic ru r i s laminae m ^subs t r a tum a t 

time t 

B(t) ~ standing biomass of h* lomgicrurio laminae m substratum at 

time t -» • 

Using "es'timatec of these variables obtained at ca. 10a depth at 

Paul Pt. t this value was evaluated over the 254 day period 23 January 
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1983 to 4 October 1983, which represents almost the enti-re season that 

L. vincta was present at Paul Pt. during 1983. Thus, (integrating 

over this period provided an estimate of the direct consumption of L. 

longicruris by Lacuna on a seasonal basis. 

Variables weife measured using methods described earlier, and It 

was assumed that changes in variables between0 sampling' dates were 

linear. Values of S(t) and B(t) were calculated from in situ 

measurements of kelp laminae in the non-experimental area. Blade 
-arf" 

biomass was estimated from the frond dimensions with"the function -

blade biomass (g wet weight) = 0.063LW - 27.501 

xjhere L=blade length (cm), and W=maximum blade width (cm). 
2 

This equation (r =0.93 adjusted for d.f.) was obtained from 

measurements on 29 plants collected at Paul Pt." representative of the 

size range of Laminaria at this site. ' "" 

6.2.2.6.2 Overall impact on canopy 

Grazing by L_. vincta appeared to promote the loss of large_ 

portions of the frilled margins of the laminae of Laminaria. Two 

experiments were conducted to test the hypothesis that Lacuna grazing 

significantly reduces the size of the canopy by increasing the rate of 

/ 
lamina erosion. 

Experiment 1. On 25 Februrary 1983, 20 medium-sized L. longicruris 

exhibiting moderate damage from Lacuna grazing x̂ ere collected at Paul 

Pt., and 20 undamaged plants of similar siz'e were selected from 
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Cranberry Cove x?hich lies a short distance to the s6uth of St-<, 

Margaret's Bay. Plants were brought ashore in dark plastic -bags, 

weighed (five replicate x?elghts per plant), and then resubmerged and 

attached to a taut line about 40m long, 0.5m off the bottom, in 7m of ' 

xjater at Paul Pto After 21 days. the plants were brought to the 

surface for final x-jeighihg <(five replicates per plant), the percentage 

difference between the initial and final mean weights of each plant 

calculated, and the mean change in weight of the damaged'and undamaged 

plants compared^ y & 

Experiment 2. Length and x7idth Increments of two groups of plants, ' 

one maintained free of snails and the other unmanipulated, were 

compared on five occasions from 14 February through 29 July 1983 in 

ca. • 10m water at Paul Pt,, Over this period, the blade dimensions of 

sixty-one plants xdthin a 2m«ic 2m experimental plot and 50 plants in 

the adjacent non—experimental area (unmanipulated controls) X7ere 

followed." The experimental plot was maintained clear of snails using 

suction lifts. " Initially (February-March), vacuuming was performed 

ca. weekly, and thereafter bimonthly (April-July). 

6.2.2.7 Impact,of predation by T. , adspersus -on L. vincta 

When cunner first appeared in the kelp bed at Paul Pt. early in 

May,1983, they xyere observed to be voracious predators of Lacuna. 

"Predation intensity was assessed from field samples, in terms of both 

the proportion of fish containing snails in their, guts, and the 

proportion of fish in which Laquna constituted the greatest portion of 

the gut contents by volume. Cunner x~ere sampled above the thermocline 
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o ' • K **» 
at Paul Pt. on three occasions (13 June, 8 and 31 August 1983), and-

V? • - "*^ 

one sample x?as obtained from below the thermocline on 20 o July 1983. 

Slurp guns, spears and baited crMr-^traps-, f/acilitated collecting 

samples representative of the size range of /Tautogolabrus stm this 

site. 

0 
t) 

Three approaches to the aifalysid of the gut contents of the fish, 
in these samples were used to determine whether cunner exhibited size. . 
selective predati.on on snails. First, for each sample, the mean -~siz© 

* ' ' '" 
(total length) of fish"containing- Lacuna in their guts was compared 

with the sizes of fish without snails. Second, the preferences • of 
" al 

different size classes -_of fish (60mm size class Intervals of ts-tal 

length) for specific size classes of snails (2mm intervals of shell 

length) xrere determined using the following Index - • 4 
a .* a 

I. . = o. a / p. x n. 
13 ij 3 1 

a 

• where - " ' -

I. . '= preference index of fish in si2e class I for -snails in size 

class j 
" x>' 

o. ." = observed number of snails In size class j in guts of. fish in 
ij - ' 

size class i " * 

p. - proportion'of snails In the field' population in size class j 

n,'= total number of snails of all size classes consumed by fish of 
i ' ° ,? 

a - v 

size class i ' , < '" 

and where 

I - 1 indicates no preference 
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I > 1 indicates preference 

0 < I, . < 1 indicates avoidance * 

» - -

a,. The quantity p. was estimated from size frequency distributions 

of snail populations on kelp blades at ca. 10m depth (see section 

6.2.2.1)*. Because the sampling times when snails were collected for 

size frequency analysis did not- coincide with' the dates xjhen fish xo*ere 

to 
sampled, the .size frequency distributions of snails • on the fish-

sampling dates were estimated assuming linear changes in the size 

distributions between consecutive samplings. 

Third, three samples of fish (13 June', 20 July, and 8 August) 

were pooled, and the relationship between size class of . fish (30mm 

size class intervals of total length) and the largest siae class of 

snail C2mm intervals of shell length) in the fish guts was determined. 

To validate pooling of the three fish samples, "It was first necessary 

to demonstrate independence of the size frequency.patterns of snails 

and";\ fish on these dates. Independence was suggested in that all size 

classes of fish containing, intact snails In their guts were present on 

all sampling, occasions. Moreover, there was no significant difference 

among sampling dates in the distribution of the" "size of fishes 

containing intact snails (Kolmogorov-Smlrnov distribution free test, 

p»0.05 for all comparisons; see Hollander and Wolfe 1973, p.219). 

Because these three analyses were* based on the gut contents of 

samples of field populations, they provided only.indirect indications 

of ^ I G size preferences" of cunner.. Corroborative data were sought by 
•conducting a controlled laboratory experiment* Cunner in three size 
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c l a s s e s (^90mm t o t a l l eng 6 th , 110-160mm, _>180mm) x?ere p l a c e d . I n s i x 
j " a t 

220 1 aquaria (two replicates per sizerclass) of running sea xrater 

maintained at ambient seawa'ter temperature under conditions of natural 

photoperiod. Each' aquarium contained a . single' plant '> of ' L. 

lonlgicruris. -In the two tanks containing the large fish, there were 

five fish per tank, but all other aquaria contained 10 fish. After 12 

hours acclimation, the kelps xrere removed and each replaced xdth 

another plant on which 150 Lacuna x-rere feeding. Snails on these 

plants were in three size classes (2.01-4.00mm, 4.01-6.00mm, 

^6.01-8.00mm), in the proportion 14:111.25 respectively. After 120 

hours the fish were * ijembved and all remaining snails in each size 

class counted. The proportion of snails in each size class consumed 

per fish xo*as calculated for^tSSeh tank, averaged for each size class* of 

fish, and compared among fish/snail combinations. Also, the size 

preference index I .„ 'defined earlier in this section,* was calculated 
o * %^=*^ * , 

for each size class of fish. In this case - • . 

• o. == number of snails in size class j consumed by fish in size class I 

p. = initial proportion of snails in size class j ' " \ 
, J [* 

and n, =• total number of snails consumed by fish in size class I. 

v 
The significance of the deviation of this index from unity was 

\ 
tested for each fish/snail size class combination - using a t-feest, 

.where the test statistic (t ) xras defined as - - *•» "*̂ a ' 
• Pt 1 ^ a - > -

t = x-1 '1 (s*/,/!) with 9 d.f. 

and where -
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x'= mean of•I, . 

s =./mean'square of residuals' (fpr all groups) 

and N = number" of xeplicates = 2. 
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6.3 Results 

6.3.1 Influence of grazing by N. testudinalis and T.- rubra on 

recruitment of L. longicruris 

The number of Laminaria recruits ^0.2m blade length in 
r a, 

experimental plots x-rhere limpets and chitons had been removed did not 

-t 

differ significantly from the density of recruits of this size in the 
« . > 

adjacent non-experimental area (table 6.1). .Thus, 'at least ,on the ** 

scale of this manipulation, chitons .and limpets, had no detectable 

effect on Laminaria recruitment.. , 

6.3.2 Impact of L. vincta on the canopy of L_. longicruris 

6.3.2.1 Description of the L. vincta 'population at Paul Pt. in 1983° 

The mean abundances of Lacuna on all substrata (including 

Laminaria) per unit area of bottom, and on Laminaria blades only, from 

February until October 1983 are given in figs. 6.2 (summary data in 

appendix D.2) and 6.3 (summary data in appendix D.3) respectively. 

Firsts-gconsider total densities per unit area of bottom. For most -of 

the season, total abundances declined markedly with depth, but by late 

July densities were low at all depths, and the snails had ^virtually 

disappeared by early October (fig. 6.2). In shallow water, snails 

» , -. 
2 

occurred on all seaweed species only x?hen densities were >400m , and 

at the medium and deep stations Lacuna was found, virtually exclusively 

on. L. longicruris. This distribution suggests , that snails exhibit 

preference for Laminaria, but x<rhen tlenslties exceed a threshold level 

—2 -2' ' 
(between 400m, and 1000m at Paul Pt.), they will densely colonise 
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TABLE 6.1 Comparison . of recruitment of Laminaria longicruris of 

minimum lamina length 0.2m In two plots from which ''chitons 

} 
(Toiiicella rubra) and limpets (Notoacmaea testudinal.cs) were 

removed, with recruitment in the adjacent non-experimental , area 

(Paul Pt., May 1983). ^ 

TREATMENT NtlfBER of - COMPARISON WITH M0N-E3.PERIMENTAL 
RECRUITS m AREA 

t , p ( d . f . = 9 ) 

P l o t n o . l 

P l o t -no.2 

N o n - e x p e r i m e n t a l 
.area*. 

0 

1.25 

,6 .00 • r .-
4 . 1 0 a, 

(S .Eo~1 .41 ) 

' ! 

. 6 0 ^ * 

.406 

» 0 . 1 0 * 
(2 

»0 .10 

\ 

- c> 

http://tudinal.cs
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a 

g. 6.2 Densities of Lacuna vincta on all substrata (including 

Laminaria longicruris) per unit area-of bottom at shallow-(3=5m), 

medium depth (9-llm) and deep (15"-17m) stations at Paul Pt. Bars 

are S.aS. Homogeneous su.bsets .of depth/da't^ gropps according to 

Tukey's ** classification are given CoC^.OS, transformation 

.' * 
= (Y+l) ). 2-xray AJJOvA Indicated significant depth/date 

" " " • 0°11it) • 

interaction (transformations (Y+l) , F=25.1j df=8, p<0.001).' 

P 
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»/ 

Fig. -6.3 Densities of Lacuna vincta on Laminaria longicruris laminae 

i ' a 

at shallow (3-5ra), medium depth (9-llm) and deep (15-17m) 

stations at Paul Pt. during 1983. Bars are S.E. .-.Homogeneous 

subsets of depth/date groups according to Tukey's claccification 

are given (o4=.05,„ transfprmation = log.,, Y)„ 2=way ANOVA 
' • , alaU a O 

indicated significant depth/date interaction -(transformation 

= log 1 0 Y, F=26'.2, df=10, p<0.001). 

\ ' ' 

\ 

* 

C T - " 

<ft 
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Lacuna vincta densities on Laminaria longicruris 

(nos. snails 0°!m - lamina) 
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other species. 

Analysis of the distribution of snail sizes (figo . 6.4, summary 

data in appendix D.4) indicated the occurrence of three cohorts during 

the season, with new cohorts arriving in January (cohort #2) and May . 

(cohort #3) (fig. 6.5, summary data in appendix D.5). Because the 

growth rates" of both sexes are similar (Smith' 1973); Identification of 

three distinct groups from the size Histributlon data may be 

interpreted as cohorts of different ages 'rather than groups of similar 

aged animals of different sex. The increase in snail densities in 
r, » 

shallow water between the April and June samplings is attributed to 

the advent of cohort #3 in May. The presence of large snails in the 

January sample (cohort #1) implies that a small portion of the „ 

population overwinters. Presumably It is these overwintering snails,» 

which are mostly females, that spax-sn the new., cohort early in the year. 

T-Jhen Lacuna abundances were examined in terms of density per unit 

area of L. longicruris blade,-only the very broad population trends 

were similar to those of 'the total densities. In February, the 

densities of snails on kelp in shallow and medium depths were-not 

significantly .-different, and In March and April snails occurred on 

kelp in uniform densities at all depths (fig. 6.3). Thus, the 

magnitude of the spatial and temporal variations In densities on 

•Laminaria blades x?as much less than the fluctuations in. total 
1 I 

densities. These differences in ^density patterns are . largely 

explicable by,, the tendency of snails to colonize algae other than L. 

longicruris when overall snail abundances are high. 
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Fig. 6.4 Distribution »of shell lengths of Lacuna vincta-on Laminaria 

longicruris laminae at ca. 10m depth at Paul Pt. 

Jâ  
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Fig. 6.5 Graxtfth (mean shell length) of cohorts of Lacuna vincta on 

Laminaria longicruris laminae at ca. 10m depth at Paul Pt. 

*. 
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«=» The sex raSfcfo chan^e€ considerably from approximately, equal . 

numbers of males and females «from January until the end of April, to 

/ 
_, 70% females by early October (fig. 6.6, summary data in appendix 

D.6). Most of the large (>8.00mm shell length) individuals 

. constituting, cohort #1 were females (78.3%, N=60), and all snails 
s \ 

^10.00mm total length In"cohort #1 were females. 

• V 
6.3.2.2 Dispersal ability of post-metamorphic L. vincta 

Lacuna demonstrated an impressive ability to recolonlse L. 
f_y . a , 

2 2 • 
lotagjcrnris blades within the 4m and 16m experimental plots 

. » <• 

following initial clearing of snails (fig. 6.7, summary data in 

appendix D.7). Recolonization rates after clearing were as high as 

44".0% and 69.1% of. initial densities after only three and 17 days 

respectively. Moreover, these estimates are conservative in that they 
I * a 

do not take into account the decline in snail densities throughout the 

area* during the period- of the experiment.' 

Dispersal was achieved by snails floating ino the xrater column and 

being moved by currents. On seVeral occasions, x<,at'er to ca. 3-5m off 

the bottom teemed with floating snails. In additionj Lacuna -was 
, ' , a 

extremely adept at adhering to the surface of plants with which they'll 

made contact while floating. Floating snails extended fully their 
r 

foot and antennae, and comparison of sinking rates of snails with 

their foot {.extended versus withdrawn showed that this behaviour 

significantly reduces, sinking rate ("fig* 6.8), and therefore enhancea 

dispersal. The sinking rate of snails withdrawn Into their shell 

followed the relationship -

I 
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Fig. 6.6 Sex racio of Lacuna vincta on Laminaria longicruris laminae 

at ca. 10m depth at Paul Pt. 
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. 6.7 Rates of recolonization oj§ Lacuna yincta on laminae of 

' 2 2 
Laminaria longicruris in three groups of 4m and 16m plots 

initially ' cleared of snails at ca. ' 10m depth at Paul Pt. 

Recolonization is expressed as a percentage of the initial 
L. 

average number of snails per plant prior to ̂ clearing,. Number of 

plants sampled given in parentheses ( ). 
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Fig.' 6.8 Sinking rates" of Lacuna vincta .with "foot and. antennae 

withdrawn and withsfoot and antennae extended. - - v 



<3 \ 

150. 

Sinking rata (mm see" ) 

* \§p 

120 

40 

foot withdrawn 
y = 26-l + !6-2x 

17 

i r 
w 

1—r-r •rn—i—r—t—r 
9 •* SI ' 13° .' 15 

Shelf lengff. (mm) 



\ ' s 151. 

—1 sinking rate (mm sec ) ~ 26.1 + (16.2 s shell length) 

2° - 1 
(f =0.87 adjusted for d.f.? N==35| ANOVA^ determining significance 

of slope, p « 0 . 6 0 1 ) , ' *, 

and with the foot and antennae extended - * 

I -i ' • 
sinking rate (mmjsec ) = -12.2 + (12.5 x shell length) 

(r =0.89 adjusted\ for d.f.j N=35; J ANOVA determining 

significance of slope, p « 0 . ̂ 01) , ^ 

-. * v *^** 
\ Xa_^/ J 

xrhere shell lengths are ira^mm. 

The -slopes and intercepts of ^ the ' two regressions were 
4 

significantly different (p.<0.001 for both). ' | 

t " " „ -' ' - ' 

6.3.2.3 ' Distribution of gracing by L. vincta op L. longicruris 

- - "' ? V ' : ' 
Lacuna- grazing on Laminaria blades 'was highly and significantly 

ia ' '';. 0~" ' „ a 

clumped . (fig,.. 6.9,' summary -data in appendix D.8; AN0VA-, 
a 0 5 ° ° 

transformation = arcsin C(x * J + . 0 0 l \ F=32.8, d.f.-9, > p « 0 . 0 0 1 ) . 

Snails clearly avoided , the meristem and' mid'-portion of the blade 
- a' 

contiguous to the meristem, but exhibited marked * preference " for the 

me'dium-aged regiojis of .the frilled margins. It shoula be opted that ' 

' & * . * ' . • ' ' 

the estimates of relajtive grazing damage to the frill are conservative 

a ' „' " 

in that'all ^ pfLants 'used' in the analysis had lost tissue ixom their 
** • 

margins (as a result, of snail grazing), x-jhich could apt be included in.. 
' \ a a ' x 

the assessment of damage. ,. T*. 
& 

1 Qa 1 ' / 

• The in situ qualitative assessments of damage from grasing by 
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Fig. 6.9 Distribution of damage from grazing by Lacuna vincta on 
a ' ' 

laminae of Laminaria longicruris; damage Index (D.) for 10 

regions of lamina. Bars are S.HU Homogeneous subsets' according 

to Tukey's classification are given («*<--. 05, transformation ~ 

arc8ln((Y°*5H.Q01)). 
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snails also indicated that the meristem is not damaged by snails 

(table 6.2). Only 10.3% of the plants shox-ied any sign of grazing of 
aa 

the meristem, and in all cases 'this damage x?as light and barely 

detectable. Grazing of stipes xt?as more common, but in ,no case xrere 

stipes damaged to the point that they appeared significantly x?eakenedo 

It is interesting however, that • Lacuna attacked heavily the relic 

stipes of damaged plants xchich had been broken off at a point along 

\ 
the stipe. . - v 

a o 

\ 
6.3.2.4 Concentration of polyphenols within L_. longicruris plants 

The concentration of polyphenolic compounds in L. longicruris 

Xfas considerably and significantly higher in the meristem than 

elsexfhere in the plant (fig. 6.10, summar-y.data in appendix D.9j 

ANOVA, transformation = ln(Y), F=11.9, d.f0=5, p«0.001). Excluding 

the meristem, there xrere no significant intraplant differences In 

levels of polyphenols, which were parti"cularly uniform throughout the 

rest of the lamina. 

6.3>?2.5 Size specific grazing rates of L. vincta on L» longicruris 
a 

•a \ 

The grazing rates In the laboratory of specific siae claosec of 

L» . vincta on frill tissue of L_. longicratis are depicted in fig. 

6*11 (summary data in appendix D.10). Grazing rate was dependent on 

snail else according to the function ~ 

1 57 
grassing rate 0C (shell length) 

2 
(r =0.95 adjusted for d.f.). 
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TABLE 6.2 In situ qualitative assessment of damage" from grazing by 

Lacuna vincta to the stipes and1holdfasts, and the meristem of 97 

Laminaria longicruris plants at Paul Pt., March 1983. The 
(7 -. 

severity of, grazing is given as either ''surface grazing' of 

''penetrating', and "the extent of damage ranked from 0-4, xjhere 

0==none, l=barely detectable, 2=moderate, 3aheavy, 4aestrerae. 

REGION 

Meristem 

Stipe and 
holdfast 

SEVERITY OF 
DAMAGE 

surface grazing 

surface grazing 
-surface graaing N 

penetrating 
penetrating 

EXTENT OF 
DAMAGE 

0 
1 

0 
. 1 

2 
1 
1 

al 

0 

PERCENTAGE OF 
EXHIBITING SP1 

DAMAGE SC( 

89.7 
10.3 

77.4 
19.6 

• " .. 1.0 
1.0 
i;:o 

PLANTS 
3CIFIED 
3RE 

1 
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6.10 Intraplant variation in concentrations of polyphenols in 

i r " 
Laminaria longicruris (expressed relative to the high molecular 

<a 

x<reight "type 2 ' non-diffusable phloKogluclnol polymers in Fucus 

ve s i cu lo sus ) . Iters aifeyS^E. Homogeneous subsets - according to 

Tukey's c l a s s i f i c a ^ o n ^ a r e given (e<=».05, - transformation 

- la(Y)).* 

•ft 
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\> 

Fig* 6.11 Size specific grazing .rates of Lacuna yincta pn tissue from 

v'i * - , r* •' * - • \ °̂-
the/lateral frill/of Laminaria longicruris laminae (in tlie 

laboratoryy. * Bars "are S.E, t 
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This relationship indicateo that graaing rate, and presumably 

metabolic activity, is proportionally much lees in larger snails than 

in small ones, since bicaacG increaces proportionally to length cubed. 
I 

« i 

a* 

Over the course of the experiment, the change in xjeigbt of the 
i 

pieces of L. longicruris blade in the seven control cagea withou-t 
i, 

• s n a i l s xrao no t s i g n i f i c a n t ( t =0.691, d . f . - 6 ; 0.7>p>0-,5). , 
G I 

i 

/(3C3̂ -2.6 Impact of grazing by L. vincta on the canopy of jh* 

lonQlerurio 

6.3.2.(3.1 Direct consumption of laminae 

r * 

Tlie blonaco of L. longicrurio blade consumed by L. 

during the period 23 „ January «=• h October 1933, givfea by 
a ^ . i 

/

254 • i . , =2 

P. 7i G a D, x B,» -wao ec t ina ted to be-121.05 g 'freoh>3?elght ia 
•"•t. ™°* t 6 • / , 

substratum. This represents only 0.05,2 of the biomass of Laainar ia 
a. 

laminae that was available for consumption over thic. period. 
9 • ' ' 

6.3.2.6.2 Overall impact on canopy ' • 
' ta. I " n 1 

« • t, 

Experiment 1. When Laminaria plants dazsaged by- Lacuna gxasing 'we.re 

- held In the sea alongside undamaged plants "of"1 similar size _for 21 

"days, j£ha mean increase in biomass of the damaged/ plants x-?as 
a * a ' , 0 ' j * 

"significantly'less than'the weight increase of the" undamaged plants 

(table -6.3). • .Several- of the 'damaged plants had lost considerable 

portions of the. lateral frill of -the ,laainae. Fur thermo/re ̂  since the 

*'*damaged' plants were only moderately1 damaged (badly(damaged plant.s 

'that x?ere intact could not be fqund), the difference in weight change 
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TABLE 6.3 Mean change in. freoh weight of undanaged X-aainagia " 

longicruris plants, and pianto damaged 'from grazing by Lacuna: 

vincta. Paeatilto of experinent run oyer 21 dayoj. Febr«ary="IIareh; 

1983a ia cat '7n water at Paul Pt. Standard erroro In • 

pateeatliiaoec ( ). The nean increaoe in weight of the undamaged 

plants wao olgnificantly greater than that of the'pianto damaged 

by cnail grasing (l-talled fc—teot not asouoing homooeedastlcity., 

t =>2«Mi. df=ll, p^O.020). 
£ - * • * ' - . * 

ik T 

LAMIHARIA K x mm tJEIGBT C1IMJGE 

POPULATION , (as % of i n i t i a l weight) 

Damaged 11 . +3.86 (-6,36) 
' S a ^ 

Uiidanagsd 16 . * +17.90 (1 .60) yk-*\ 

3% ° 

Of the 40 plants Initially measureds 13 were lost during"the 
experiment. • \ 

' ** " ., ' « 
y . The difference in the length of laminae of the damaged and . 
•- undamaged plants "at. the beginning of the experiment ' was hot , 
significant (2-taiied fc^test not aGsumingj'noBioseedastieityj t =0.968, 
t.£=38,->=0.3%). P > V "* . , ; • ' , ' • ' "?* _ • 
' ' '•• \ < "»* " '.'"'. • . ' , "• * ° ' ' - ' V ' - * 

rift * * " -" n t ti 
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a a. ' ' 1 6 2 . 

ft " ^ 

betft&en the danage,d,and con t ro l p lan t s i s not l i k e l y to represent tlie 

nmaKirauxa e f fec t of greasing on IOBD df blade t issueo * ^ " 

Bsperiaent 4L*~ Although t h e ' c o n t r o l pfbtfts adjacent to the" p l o t where 
' a ' ' t. ' ' '• 

plants were .maintained clear of snails ©ere chosen at random-, there 

was a-significant.difference in the blade lengths of plants in the tx7o 
<a ^ a v v a 

' -. " ' . a - . . ' ' l 

treatments. Because"plants of. different sisas grox? at different rates 
(kann I97^b)s the analysis \7ao restricted to , kelps ©hose laplna 
V ^ 
\ * a ° 

lei\gtlis f e l l within the. sis^e range .0.40=1.00a. ITithin 'Jhlb range, the 
d i f ference i n ' . nean lamina!, length among the. two treatments a t the 

2 a , 

beginning of the experiment, was not significant (2-=talled t-teot not 
a " ' * 

assuming homoocedaqtlelty., t =1.90'9 dof̂ c-SSi., 0.10>^i>0.05). 

Plants' from X7hich snails were removed at'regu-laj intervals grex?-^. 
** a a „ 

• . a n . t 

much wider between February and. August than plants on which ^snails 

were gras&ig (fig. 6.12s suss-stary data in append!:.,: D.II5 •stable 6o.4). 
0 . ° '.-•-» ' ° \ 

".However 9 tlie differences in. the relative increase in , length of . the 

"".grased" and ungraded plants-x?ere not- significant ('fig. 6.13.. summary . 
S" » ' -

data In appendix 9*12; t ab l e ' 6»5Jo ' „ , . ' • * ' 
* m" ' ,; . » . ' ' * * , ° - •• 

a. * , *» 

9. From the -differences in "the width increments' of the control „,.-

versus the snail; removal plants, it Va&^possible ̂ to/predict,, what; l„the,' 

canowy biomass and lamina area index saigbt. have attained had snails 
" ' - ̂ ^ ^ a- ... ">. a V % a ' J 

not .been present" ln\*tb.e ^kelp'beef,;01 ̂ Ofven'tiiaSl:-.the bladll^.biomasfi- oS^-Et,- K 
. > • -. * " ' « . • > » . * "'-"-.-a - ° _ * . V • » » - * ' _• . 1 • ' °'A'ongicruria>V;fe£ .^proportional to the pro^udtrl-of its* .length and aaidSlura' 

>' , wis|tli, ( see oe'ctlen ^ " S ^ h i t eotllSd be expected'tha't* by •""Juije " 1983s ' 
> s (1 . ' * • ' * . « " • * 

- fllaninarili..' •xc'duj.d " ha^e..,,produced 28.3% g r e a t e r dtaSdlng biomass- i f thk-

' cnaillo hqd»«--nol: f3eeh p re sen t . • S imi la r ly , i t was ca lcu la ted .that i f the 
-* a .1 - r. ' " I •]" . «. 



n 
163.i^ 

Fig. 6.12 ' Effect of removal of Lacuna i vincta from Laoinoria 

lonnleruris on the rate ,of increase In width of Laminaria laminae 
— — • ^ _ _ 

at ca. lOta depth at Paul Pt. Bars are S.M ' Nunber, of pianto 

measured given in parentheses ( )• 
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.TABLE 6.4 Coiaparfson «ff Increments in iTidth of laminae of Laminaria 

longicruris In a population -̂ maintained clear of * Lacuna vincta 

XTith an unmanipulated control population at ca. • 10a depth at 

Paul Pto3 February-July.. 19Q3-. Results of 2-way AMOVA «• 

(treatment s date) shox?ing a highly significant difference in the 

relative change in xyidth of laminae of Che two populations.. 

SOURCE .df 

Treatment (T} t '* 10.38 !'•_ <0.001 

"Da te (D) ' - 12.60 3 s " - " ^ <0.001 

T x D. * 0.68 3 " 0.568' 

tj> 
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F ig . 6.13 Effect o f reajoval of Lacuna v i n c t a from Laminaria 
' » a. f 

longicruris on..the- rate- of increase, -la length" of Laminaria 

laminae at ca. 10a depth at Paul'Pt. "Bars are S.E. lumber -of 

plants measured given in parentheses ( ) . , 
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V 
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Increase in length 

(proportion of initial length) 

control-"plants -^ ^^ 

^ir*1 (25) 
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TABLE 6.5 Comparison of increments in length of laminae of Laminaria 

'longicruris in a population maintained clear of Lacuna vincta 

with an unmamipulatjed control population alk ca. 10m depth at 

-Paul Pt.,, "February^July 1983. Results of 2~way MQVA 

2 ' (treatment s date)s traasfomation <= ln((Y )+ .001)., showing no 

.significant difference in the relative change In length of. 

laminae pf the two populations. 

SOURCE 

' I 
TreatEent (T) 

Date (B) 

T x D 

2*30 

53.36 ' 

•" - 1.45 ' 

', 1 

3 

3 

0.131 

' - <0.001 

0.229 
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cianopy had not been subject to- grazing by snails, given all else 

equal9 by mid July 1983 the' lamina area index xrould have increased to 
l a . " ' 

27.3% greater than that- observed (fig. 6.14., summary data in appendix 

D.13). Furthermore^ these-estimates .are probably conservative In that 

this experiment did not. commence until after- f_he peak in. Lacuna 

densities had passed. 
a C , -. 0 

J a * 

•6.3.2.7 Impact of predation Toy T. adspersus on L. vincta 

- • •» [ ' • ' : ' 
Field observations• indicating , that cunner x?ere important 

* * a 

predators on Lacuna,, at least ear.ly in the summer, xrere, supported by 

data from analysis of the gut contents of fish. Until early August, 

the guts of- most fish above the thermocline contained snails«, and In 

•June Lacuna coaFpr-ised the greatest proportion of the gut contents of 

approximately-half•of the fish examined (fig. 6.15. summkry data in 

appendix vD.l4). However, as the summer progressed, .the proportion of 

fish* in which snails were the most important component of the gut 

contents declined « dramatically. By the end of August, very few fish 
"' ' ' ' a, ' ' 

<\ ^ * ' « 

guts'•contained snails. Indeed, it was first noticed early in August 

' that snails offered to T_» adspersus by divers were usually sucked 

into the fish's mouth"and then expulsed. Ejected snails were not 
harmed , * J * ^ « 

It is also noteworthy that-fish above and below the thermocline 

exhibited markedly different behaviour patterns. Above* the 
- ''' a 

thermocline cunner were'aggressive, .exposed in the water column . and 

r actively --feeding, whereas in 'the .deeper colder water they were 

sluggish, timid,'and for tiiê most part sought the shelter of crevices 
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Fig. 6..14 Predicted ' canopy area (lamina area index) in 

non-experimental .region at Paul Pt. assuming damage to•Laminaria 

'longicruris by Lacuna vincta^ bad not occurred. 
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'Fig* 6.15' Incidence of Lacuna' vincta in. guts of Tautogolabrus 

. ° adspersus collected from above the thermocline at-Paul Pt. 

<p 
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%n. the boulder substratum. ,, 
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a6.3o-2o7.1 Evidence_ from field populations of differential 

c- -

size-selective predation by different. size clashes of T. 
\ " ' *^... 

a adspersus on L̂ . yincta 

Analysis of the gut contents of-cunner indicated -that all sizes 

/ (of T. adspersus preferentially fed on small Lacuna, and tha£ this 

preference x:as most'pronounced -in small fish. » /̂  

In all samples of cunner8< the mean total length of ffjEsh 

containing Lacuna in their guts was greater than the ? length of .fish * 

• xjithout' snails- and in txro cases this difference xras^significant 

(tab̂ le 6.6).° This trend suggested that large fish x7ere more likely te 

feed on snails than smaller ones. 
al 

: ' - « *-
* Values of -the size preference index clearly indicated that all 

»-, . 
fish .exhibited strong preference for small snails, but that the bias 
& . , 

tox.ards small snails was most pronounced in the smallest fish (table 

6.7)." Moreover, the magnitude of preference, for small snails 

stiraated. using thiss indeSsv is conservative. Many fish contained 

fragments, of "Lacuna shells X7hi,ch could not be included in the size" 

* * ' •* V J " ° 
frequency ana lys i s . Examination of the s ize and^thiclcness of the .« 

V P 

fragments"suggested that most shell pieces xjere of small snails, but 
that*relatively fex? of the la^gier snails in the guts were crushed. 

" ' . - « \ \ • 

st In addition^ pthere was a clear relationship betueeji the size of ° 

the , largest snails in fish guts and size of the fish. Small fish 

consumed only small Lacuna, but larger fish ate a larger size range of 
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TABLE 6.6 Comparison of mean size (tot-sil length) of Tautogolabrus 
0 

adspersus * iTjth and x?ithout Lacuna vincta in their guts. Samples 

collected at Paul P-t., June-August 198^.., Included are results of, 

detailed t-tests, not.assuming homoscedcaticlty, testing H..- mean 

size of fish cpntaing Lacuna > mean size of fish Without .snailso 

Standard-errors in parentheses.( ). 

DATE H MEAN FOSIC LENGTH (mm) 
(1983) • *• -

<r\ 

13 June 

20 July ' 

8 Aug ' 

, 31 Aug 
9 „ 

41 ° 

30 

55 

1Q0 

Fish 
containiî g 

* Lacuna 

•v 

137 (7.5) 

170 (10.2) 

178 (5.8) 

188 "(14.8)* • 
a " « 

Fish 
x?lthout * 
Lacuna 

a 

108 (8.7) " 

153 (8-.5) 

167 "(10.6) 

143 (5.2) 

X 

2o47 

"' :1.29 ' 

.0.90 

2.89 

.019 

.104 

.188 

'.008 

at 

. " 

/ 
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TABLE 6.7 .Si^e-preference iadiceo of "specific „^>iseo clacoac of 

Tautogolabrus • adoperouo for Lacuna vinctao Indices obtained by 
comparing/ size . diotrlbufeaksft,, of snai ls in flab guto xritli 
d i s t r ibu t ion i g / the f i e l d . ^ Fioh oaaplec collected a t PauVPt.-, 
lune-Augus't " i jp j l " i • '' 

, b 

MIDPOINT OF SIZE 
CLASS (SHELL LEIfGTH) 

OF LACOIM. (mm) 

PREF53BSNCS INDICES 
QJ 

MIDPOINT OF SIZE CUSS (TOTAL 
LENGTH) OP TAUTOGOLABaiUS (us) 

1. 1̂  June <N=21) 

J y ': 90 150 
I 

210« 

1 
3 
5 
7 
9 

Oo.s 
°0.5 

d 0 

0 

7ol 
IcO 
0.0 
0.1 
0.0 

9.7 
0.1 
0.7 

! / 

a^L 

2. 29 July (N=14) 
p 

90 150i 210 

aV 

1 
} 

3 
5 
7 
9 

69.9 
0 
0 

- 0 
V 

54.8 
1*6 
0 

}o 
0 

, 3420 
2 .9 

0 
0.5 -

0 

3. 8 August (N=21) 

90 

1 
3 
•5 
7 
9 

294 

1 

• 

• o l 

0 
0 
0 
0 

150 
si 

237.0 
1.3 
0.2, 

0 
o • 

I 

•"210, 

34.6 
5.5* " 
0.9 

0 . ' 
0 ' 
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Fig . 6.16 Helat^onohip betx?een .size (sb.ell length) of ' largest Lacuna 

' ' vina^a In guts^of Tautogolabruo adoparaus and size ( t o t a l length) 

of T. adcraaroua. . . . «, 
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Fig. 6.17 -Proportion of LacunaVfflincta in specific oise classes 

" " • t o - a " a 

consumed par- fioh (Tautogolabruo adoperouo) of given size In 5 

days in a controlled laboratory eirgerleant. 

/ 
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TABLE 6.8 Size-oelectlve predation by ' Tautogolabruo adoperouo OH 
i --

Lacuna vincta in a controlled laboratory experiment •= comparison 

a *> A " 

. of the proportion of snails ih specific size classes conouEed per 

* fish of given size,in 5 days. Results of 2«i7ay ANOVA-(proportion 

of snails consuned by fish size and cnail Wise). 

SOURCE , F df 
J 

Y>ft 

'Fish Size (F) 37.1 « 2 0.001 

Snail Size (S) lu l l ' 2, 0.001 

' F s S 1.5 4 0.270 

r̂  
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Figo 6.18 ^ Size preference index (I...) describing the preference of 

different sises of Tautogolabrus adspersus for specific size" 

classes of Lacuna vincta in a. controlled' laboratory esperlment. 
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TABLE 6.9 Size-select ive "'predation by Tautogolabrus adspersus on'« 

Lacuna vincta in°. a C o n t r o l l e d ^.laboratory esperitBent. ^"Size 

preference-index ( I , . ) describing . tho 'preference of . .different" 
'ij' <a P 

sizes, .of fish fox specific "size classes nof snails, and the 
» ^ » -

significance of the deviation of th is index from unity*, 

SIZE CLisS >. MIDPOINT̂  of" SIZJ? CLASS" ! ( , . ) ... t • /"<&«&)' 
(total length) 

of, 
mUTOGOLABRUS (una) 

of SHELL LENGTH df 
LACUNA 

I j ' 

<90 3 

7 

t> 

4.83 11.67 
P/60 H-1.24 
0.67 -1.01 

<,opi 
& ">.100 V 

..(>.ioo 

® 

110-160 

>180 

a 3 

• 1 k 3 
-j<a- 7 

2.15 "3.49 ' "d.01>p>.001 
0»91 '-0.27 , >.k0"' 
0.77 -0.72 >.100 

2.44- .0l>>p>.Q2 
0.14- >400 .' 

>.loo .v 
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•snails ( f i g . 6.16, summary ' data in appendix 0 .15) . - These data . jgfi 

indicated that L. vincta >8o00nnil shel l length a t t a in a to ta l s ize ~ ** 
a . . — , ' , I \- " • ' . / - . 

'refuge from T_. adspersus' <15Q-240mm to t a l length. . < ° 
-a, . JZ**~ -"a"" 

, ' " • a * , - ' " " a, ^ ' a S C - t . a r f 
, a (3 " ^ . "• a 

6.3.2.7.2 Evidence from a laboratory experiment of differejitia't" 
^ 4a ^ a 

size~selective predation on L. vincta by different sizes-of *T_. \ 

•> o adspersus % * » 
* ' ' " • , ' • ' ' 

& _ . _ » , < > " • • . ' ' : ' ' ' " 

The behaviour* of cunner/, of 'specific , size classes in ' consuming 
"' a " " ' f t 

different^ sizes of snails in^the laboratory-closely parallelled the . -

patterns obtained by analysis .of the gut- contents of° animals from 
' - l> - / ^ • . ' ' 'a 4 • 

field samples.. Consideratioii" of the- proportions of the different „ . " • 0 
, ' - ' a ff 

.ft » . a 

sizes.of snails consumed by fish in each size class (-fig. 6,.i79 

summary data' in appendix °D.16? table 6.8)s and values of the 
J. " . > a - " * ' " 

size-preference index of specific, sizes .of 'cunner, unequivocally , 
> ;' ' 

^ i l l u s t r a t e d universa l ' preference by a l l f i sh for small'sngjLls, but 

that large fish .a te '"proport ional ly more large spa l l s than thei r 
a . . . ..si , T r *

 p 

'• * •' , ~ 

smaller conspecifics (fig. • 6<..f8- table 6.9). Only the preference 

indices of ficb for small snails *•differed., signific'antly from unity ' 
., ' . ' a- . Q» . . (» (j' 

(tablaS 6.9). However j, it ghojul'a' be noted that since the range that 
a a * ' . ' " '' 

I' . may fake when,an item Is preferred .'is infinitely larger than x-jben 
a I J " «• 

' * n a 
r> " .a 

an item, is avoided"' '(see section 6.2.2.7). testing the', deviation of 
this" index from unity may nofbe sensitive In detecting avoidance. • 

*-" 
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6.4 Discussion * • » 

Of the three species of grazers x?hich might' potentially affect 

populations of L_. longicruris in the absence of high densities of sea 

urchins, the impact of limpets (Notoacmaea testudinalis) and chitons 

(Tonicella rubra-) • appears negligible, but the prosobracb gastropod 

• a 

Lacuna vincta can-have considerable impact on the canopy structure of 

this kelp. 

/ "" 6.4.1 . Charact'erisltcs of L. vincta considered in relation to Its 

grazing pressure **> 

Lacuna exhibits several features that collectively signify this 
t 

species as a potentially important grazer of L. longicruris. 
( 

.Although L. vincta is a generalist herbivore able tfo utilize a 
, * \ ' + 

variety of seax7eed species, in the subtidal it demonstrates preference 

I' ' ' 
for L. longicruris. At >ca.9m depth i7here densities never exceeded 

-2 i < 
ca. 300m , snails were found virtually exclusively V on L. 
longicruris 4nd rarely occurred on other species. Only at shallow 

* -2 ' \ 

depths x?ben densities exceeded 1000m did snails commonly utflize 

other species as substrata. Preference for Laminaria may be of 

adaptive significance since the growth rates of cohorts feeding on 
-1 

Laminaria at Paul Pt. (1.46mm month, ; estimate for cohort #2 prior 
•» t> 

to cunner becoming active) suggest that Laminaria might be of superior 

nutritional quality to other food plants. Documented growth rates of 

cohorts feeding on species of Fucus are much lower, ranging from 
A - B-0 

—1 -1 
0„08-0„64mm month. . (Thomas and Page 1983), and 0.n~0„8.a^taonth • 
(Smith 1973). Also, at Paul Pt. snails grew substantially larger 

I I 
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than the largest snails 'found by Smith (1973), Fralick et al." (1974)', 

J&retter and Manly (1977), Grahame (.1977), apH Thpmas smA Page** (19P)". 

fn addition, egg masses were largely restricted to L_. longicruris 
. ' - • 

irrespective of depth ' and density. Laminaria ..blades provide 

relatively tough9 dependables flat surfaces suitable for the adherence 

of egg masses away from bentbic predators. These observations are 'in 
, . \ • • , 

kccogA with reports from both si<|es of the north Atlantic which 
indicate that although L. vincta may feed and spax-m on several^ 

9 ' ° 

"seaweed s'pecies, with, few exceptions, in the subtidal- Laminagj'a 

species are commonly, used for these activities.-.- whereas lacuna ".Is 
,"' - • •« . f 

often found on Fucus intertidally (Fretter and Graham 1962; Kaih 1971 % 

Smith 1973s Fralicly et al. 1974; Fretter. and Manly 1977? Grahame 

1977$ .Thomas and P^ge 1983). 
. ' ' - • / • ' • - ' 

A " -c 
Snails can appear in extremely- high - densities 'within a- /short 

. / ' * "X 
• / * • o 

period of time, suggesting mass simultaneous- settlement from the 

plankton. Early in January 1983, numbers of'Lacuna at' tile Paul P.t. 

site • were veryilox-i, but by 22 January maximum densities "exceeded >300 
-1 • ' ' 

snails plant at ca. 10m, and by mid February maximum densities of 
—2, i o ' B 

>4500 m • were - encountered- in shallow (3-4m) depths. Others have 
similarly reported the sudden appearance of high densities- of small L_. 

I a J 

vincta on subtidal populations of Laminaria'(Fralick et al. 1974) and 

intertidally on Fucus (Smith 1973| Thomas and Page 1983). 
0 i 
I a._t> 

In addition, several cohorts, may settle in a §ingle season0 

Spaxjning occurs for 'at least six months of the year, and although 

early' mortality is high (Smith 1973s Fretter and Manly ,,1977), 
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productive output is large (Grahame 1977, 1982). In intertidal 

ns of L. vincta in Britain, 'spax-ming occurs frdm • ca. 

January until June, and, first settlement usually'takes place not 

before May-June (Fretter and Graham 1962; Smith 1973; Fretter and 
* r A ' 

Manly ,1977/ Grahame 1977; Fretter 1984). At Paul„Pt„^ spax-ming was 
t> « 

observed similarly from January until mid June,./ However, given an egg 
•> . . . ' ' 

t life of ca. 2-3 weeks and a plank tonic larval phase of ca. 6̂ 8 

weeks, settlement of L_. vincta at Paul Pt. oin January indicates, that 
~ ~ — a — = a _ . ̂  . a, «T ,, 

spaxming 'commences earlier and lasts longer in Nova Scotia than in 

intertidkl populations. In Britain. 

Finally, unlike ̂ snails in intertidal populations (Smith 1973; 

Fretter and Manly 1977), L_. vincta has considerable capacity for 

dispersal in the subtidal. By extending fully their foot and 

1 antennae, larger sn&ils can considerably reduce thojLr sinking rates, 

and small snails can slow their sinking rates to the point where they 

are nearly neutrally buoyant. Also, L. vincta can produce copious 

amounts of mucus, and frequently snails x?ere observed to float with 

neutral buoyancy suspended from mucus threads. The limpet Helcion 

pellucidus which feeds and ,lives • on L. hyperborea, also produces 

mucus x?hen dislodged, allowing it to float and drift to other plants 

(Vahl 1983). Thus, if settlement of L. vincta were patchy along,a 

shoreline, given sufficient x-rater movement, it is likely that areas' of 
at 

lox7 settlement density X7ould soon be invaded by dispersing snails. I 

have observed'the xiater column teeming with snails several me,tres from 

the bottom, and others have collected L_. vincta in large numbers in 

surface plankton tows (R.S. Schiebling, pers. comm.). 'It seems that 



the high densities of snails recorded in shallow water were the result 

,of floating animal's being X7ashed inshore. _ » 

6.4.2 .Influence of predation tby T_. adspersus on the population-

•'" structure of L. vincta 

Cunner were clearly the principal predators of L. vincta , on L. 

longicruris plants. , Field observations and analysis of gut contents 

indicated' "that this fish is a voracious predator of Lacuna from when ' -

- • r " 
they- first become ..active in. late'April until mid-summer. Johansen 

*." . • - '' " " • •' 
(1925) also rteported Lacuna to be common in cunner guts. "However, the 

dramatic decline 'in the density of Lacuna before T_. adspersus became 

active suggests that there afrd other major sources ofamortality. Both " ̂  

Smith (1973) and Fretter and\ Manly (1972)^ reported extremely high 

juvenile mortality i'n iritertidal populations of L.' vincta. 

Predation on Lacuna is intense only early in the summer, since as 
. ^ — a ^ a — — — a , 

cohorts grow, a large' proportion of snails attain a size refuge from 

cunner-, predation. ' Snails >8o00mm shell length did not appear to be 

eaten by the largest fish (150-240mm total length) encountered. Thp 

marked preference of all sizes of fish for small Lacuna is.probably 

indicative of the difficulty of crushing the ,larger "shells. Food 

items found in the guts of • T. adspersus„ such as pieces of sea 
0 • > 

la, , a 

urchins and crustacean appendages, were frequently much larger than, 

the sizes of ingested snails, suggesting that large snails were not 

avoided because they were.too large for fish to swallow. Johansen 

(1925) also noted that • cunner were unable to crush? the) shells of 
KJ I ••=• 

0 

* 
molluscs other than small $pecies and individuals. 
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Overall then, since intense predation is limited in time and 

space, predation on Lacuna by cunner0probably only slightly moderates 

any impact the snails have on Laminaria. High densities' of snails can 

be present for some time prior to cunner becoming active, many snails 

quickly attain a size refuge protected from most sizes of fish, and 

predation does not appear to be incense below the thermocline. 

a "* ~* l, ' 

. . " a ' " " ' \ a t 

The preference of cunner for small snails likely Influences two 
a. 

primary characteristics of the Lacuna papulation. First and most 

obviously, cunner predation would cause a shift in the size structure 

*p£. Lacuna toxjrards a vlarger mean cohort size. The .pronounced increase 

in the estimated mean size of cohort #2 between the April and June 

sampling dates is likely to be partially attributable to predation by 
fa ' - 0 

« -
'T. adspersus. A more subtle and ecologically important consequence 

ci ° * 

n 

of cunner predation is likely to be a • change in the sex ratio of 

Lacuna, favouring females. Both male and female Lacuna grow.,at the 

same rates, but females usually grow larger (Smith 1973). Whereas 

this mortality pattern in itself would lead to an increase in the 

proportion of females, differential predation on smaller snails would 

accelerate this trend. At Paul Pt. the sex ratio changed from. 

approximately equal numbers of both sexes early in the season to .70% 

females by October. Differential predation in this manner is adaptive 

in that enhanced survival of females would augment spaxming in the 

next season. 
a* 

a o 

-* ' I 

This pattern of mortality is diametrically opposite .that reported a 

„ by Russell-Hunter and MdMahon (1975)"for an intertidal population of 
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' h." vincta JLn Massachusetts,' U.SX" They also observed a ca. 1:1 sex. 

*" "ratio in late winter, ̂ but by June 70% of the population were males, 

o and by the end of the summer all of the l̂ .rge snails were raa.le0 

Different again, Grahame (1977) found-approximately equal numbers of 

a both' sexes at the beginning of the spax-jning season-in an'intertidal 

population in Britain. Seasonal patterns of sex ratios among disjunct 

, populations are clearly Inconsistent, and there has been little work 

, to' elucidate the factors x?hich might influence sex ratios in L.. 

vinctao y ' * 
' ' ' v f t 

• I , „ 

„ A A 

6.4.3 Effect of grazing- by L_." ' vincta oh the. canopy of L_0 

longicruris „ » 
Despite their high numbers,-, the biomass of ..Laminaria blades 

consumed by snails was small, attaining an estimated maximum df 1.32g 
» 

- 1 - 2 * 
fresh weight day m , and amounting' po .only 0.05% of the blade 
biomass available for consumption .for 'the season period 

a 1 - ° " 

February-September. Although tbSse estimates were based on grazing 

•rates' measured in the laboratory, there was no reason to-suppose' that 

the laboratory rates „ grossly underestimated grazing in the field. 
t a — -

During the experiment snails x-yere actively grazing at all times when 
. '• * 
they were checked, and tĥ eir grazing left the characteristic holes and 
scars in the blade portions similar to those observed in the .field. 

These estimates'are much lower, than the value of 48.9g dry weight 

= 1 — 2 • day m given by Thomas and Page (1983) for Lacuna" gracing on Fucus 
o 

„edentatus, even when allowing for the higher snail densities in their 
* 

siteso However s they derived „ this value from the difference in 
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production m \>f Fucus at.two different positions on.the shdre, one 
\ > * ' » 
\ •: . •» < 

xjhich wes lightly, grazed and the other heavily . grazed by Lacuna. 
. £ \ • , . • 

Their value .includes plant material eroded"and lost as a result of 

grazing but which-xJas not directly consumed. Moreover, febey did 'not! 

control for differences in Fucus production at the two positions 
a) ' Z ' 

independent of grazing. / , 
i 

* .. 
Whereas *" the biomass, of Laminaria consumed by Lacuna was 

negligible, the net effect of snail grazing on the canopy was 
s <=> ft 

' a I 

significant. Grazing was concentrated on the frilled margins of the 

plant, and snails typically ate right through the blade, at first 

forming small holes xjhich later coalesced. „ Concentrated damage in 

this pattern promoted tearing away large sections of the lamina 

margins during storms, resulting' .in' significant, reductions in the 

width but not the length of plants. Therefore, by the indirect effect 

of weakening the delicate frill of laminae, but not other portions of 

tlie plant, grazing significantly reduced the canopy area but showed no 

evidence of promoting Laminaria mortality.. 

Some of these' observations differ from those of Fralick et al. 

(-1974) who examined grazing by a den.se bopulation of Lacuna on L_. 

saccfaarina and L_. digitata in New Hampshire, U.S.A. In contrast to 

the pattern at Paul Pt. in i7hich damage to the stipes, of Intact 

plants was not severe, even when mean snail densities -exceeded 

—2 ' » ' 

2200m , ̂ Fralick and^,colleage§ reported that " stipes were,, 'grazed 

heavily and that tblpf contributed to extensive destruction of the, 

kelps. No evidence of this was found after viciting several sites in 

http://den.se
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Nova Scotia, although"Lacuna colonized and grazed heavily the residual 

stipes remaining after the upper, portion.? of Sporophytes haid beten torn 

ax7ay by-storms or di-vers. , 

6'.4.4 Ecological implications of reduction . pi the L,. .Longicruris 

canopy fronjj grasjing /by L. vincta " 

The impact of Lacuna in effecting a significant reduction in the 
x 

cover of the dominant oVerstorey species is unlilcely to have much 

influence on overall community structure. The high grox?th rates 6f 
t> ', » V a 

, 0 0 a * a . " • ^ a 

.a *" t, "-

Laminaria during April and May far exceeded the effect of the loss " of. 

blade tissue,as a result of snail grazing.. Thus, it seems likely that 

the understorey species x?ould benefit little, from the reduction in 

canopy area since by^ the time most species commenced accelerated 

spring groxrtti, the canopy had recovered sufficiently to form a closed 
2 -2 

stand (lamina area index°>1.5m m, substratum, f i g . 5.2°). 
at " 

One effect of Lacuna grazing may be in fostering the' continued 

dominance, , of Laminaria by- reducing its mortality afid increasing its 
a — — — — * — — — j a, 

productivity. It has already been emphasized that because snails 
. a 

avoided the meristem0 and did little damage to the stipes of intact 
a ' ' ° 

plants, grazing did not appear to increase Laminaria mortality. 

Indeed, by promoting the loss of lamina margins, kelp mortality may be 

reduced since drag on the blade in heavy surge x?ould be redxiced, -X7hich 

x?ould ."lessen this likelihood of plants being torn from the substratum 

during storms. In addition, by-reducing canopy cover, Lacuna grazing 

may promote the productivity of Laminaria. Reducing canopy area by 

cutting off the distal one-third of laminae is used to increase the 



* . * ' - * ' , 194. 

•» '*• <°- ?..; " °0 .' * £s* tf.. - -
p ro iSuc t iv i ty of commercial 'kelp"-beds (Tseng 1980) , a l though severe -

, ^ * C a " " ^ 

pruning, of Laminaria decreases growth' rates (Luning et al. 1973; 
c 

Chapman an$ Craigie*19/8)o 

6o4o5 Relationship between Odistr̂ .butiotî of polyphenols and variation 

in- toughness and nutritional quality -in L. Ipngicruris, and 

subtidal community structure in „the absence of high densities of 
a ; V *' 4 

sea urchins - * 
« « s. 

It' seems likely then "'that the interaction betx7efen L. vincta and 
„ * • " ' . , ... . . . 

L. ..longicruris is mutually beneficial to both snail and< kelp. The 

nature of this interaction depends t;o a large degree on the 

distribution of grazing damage on the plant. If the distribution of 

grazing ' x7er.e more uniform, the .outcome of the interaction mi'gbt be 

altogether different. Certainly, - if the stipe and meristem were 

attacked by snails in densities similar to those encountered at Paul 
a " a 

Pt., there seems little doubt that extensive mortality of macroscopic 

i 

sporophytes xrould occur. With a drastic reduction "in the Laminaria' 

canopy, °x7hich would be unable to 'recover fully .in tbe spring, 
a » 

understorey plants x?ould flourish (C.R. Jphnson.unpublished data). 
& 

Thus, at least temporarily, the*Composition of the seax?eed° community 

would undergo a major shif J 

• Avoidance of the meristem of L. longicruris by'Lacuna correlates 

X7ith high concentrations of polyphenolic substances in this portion of 

the blade. Elsewhere in the plant levels of polyphenols are uniformly 

lox-7o The role of polyphenols as antlherbivore agents in terras tial 

plants is widely accepted (see Feeny 1976; Rhoades and Gates 1976; 
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McKey 1979; Rhoades 1*579; Swain 1979), and there is a small but 

convincing body of evidence indicating their effectiveness as defense 

compounds in many marine brox-m algae (Geiselme" and McConnell 1981; 

Steinberg 1984, in press). Levels of polyphenols in the meristem of 

L. longafecruris are slightly lower than in Fucus vesiculosus (Ragan 

and Jensen 1978). Collectively, species in the order F.ucales are 

characterized by high concentrations of polyphenolics and are, In-

general, avdided or least preferred by a taxonomically diverse array 

of grazers (Steinberg In press). Thus It -seems highly probable that 

avoidance of the meristem of Laminaria by Lacuna is a direct result of 

the elevated levels of phenols in this region. If this is fshe case, 

then in the absence of- large numbers df sea urchins, the structure of 

the seaweed community in much of the rocky subtidal of the Atlantic 

coast of NovS'Scotia hinges to a. large degree on the distribution of 

polyphenols in the" dominant canopy species. 

Intrablade variation ln«pbenollc .levels cannot account for the 

v differential grazing, of L_. vincta on %tbe -stipe*, and central .and fri'll 

portions of the. lamina. The ranking of,-grazing damage to these areas 
.? <• -a--. 

» . la , 

was lamina frill > central portion of lamina > stipe and holdfast. 
a? 

Txro factors that might account for the differences in feeding among 

these regions are toughness and nutritional quality of the tissue. 

The stipe and holdfast of L. longicruris are considerably tougher. 

than the meristem and mid-region of the blade, which are tougher again 
O 0 a, " D „ 

than the blade frill. Most mesogastropods, including Lacuna„ possess 
• ' \ 

' a. O 

taenioglos*san radulae (Pre.tter and Graham 19^2; Steneck and Watling 

1982). Steneck and Watling (1982) stressed that taenioglossan radulae 
taena 



are much less effective in excavating leathery macrophytes than other 

(docogjossan) typess and suggested*.* that" the grazing ability of 

molluscs possessing taenioglossan radulae is significantly limited by 

the toughness of their food. .Among several species of kelps all 

characterized by lox̂  levels of polyphenols, Steinberg (in press), found 

a significant negative correlation between frond toughness and the 

grazing rate of the gastropod Tegula funebralis. There is also an 

abundance of examples from non-kelp species shox7ing, that increasing 

toughness,' both X7ithin and among algal species, reduces susceptibility 

to grazing (Littler and Littler,1980, 1984; Lubchenco and Cubit 1980; 

Slocum 1980; Hay 1981a,b; Hay'et al. 1983; Littler et al. 1983a,4>). 

a Differences in the distribution of' damage from Lacuna grazing 

also correlate with variation in the nutritional quality of different1. 

regions of L. longicruris. Intraplant variation in levels of organic 

nitrogen (Chapman and Craigie 1977; A.R.O. Chapman unpublished data 

•'in table 6.10), laminaran and mannitol (Chapman and Craigie -1978), and 

es"Mulose and alginic acid (A.R.O. Chapman unpublished data in fig. 

6.r97 in L_. longicruis is summarized in table 6.11 o The ^vast 
a ' ' 

majority o°f the4 large number of marine gastropods investigated to date 

possess laminarinases, alginase's and cellulases (Yokoe and Yasumasu 

1964; Sova et al. 1970; Favorov and Vaskovsky 1971; 

Hylleberg-Krlstensen 1972; Gianfreda et .al. 1979a,b; Elyakova et al. 

1981). Hox7ever, X7hereas laminar inases 4 exhibit"Very, high,,, activities, 

cellulase and alginase * activities are typically low. Thus, the 

structural polysaccharides are hydrolylsed less well* than the reserve 

carbohydrates in broxra algae (see Livingstone and de Zwann 1983). 
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TABLE 6.10 Intraplant variation in organic nitrogen content. (*) in 

• Laminaria longicruris. From.flAoR.0. -Chapman, unpublished .data. 

Standard errorst in [parentheses '( ). 
J' 

0, * 

DATE REGION of MEAN % NITROGEN N 
PLANT (•••••) of FRESH. WEIGHT (-) , 

30 May" 

19 Sept 

S 
M 

S 
M 

0.07. (.004) 
0.16 (.018) 
0.13 (.018) 

0.06 (.005) 
0.10 (.004) 
0.13 (.022) 
0.16 (.007) ' 
0.12 ( .007)~ • 

5 
' 5 
*5 

4 
a 5 

5 
2 

•2 

(") Determined from ethanol soluble and NaOH soluble fractions only 
cellulose residue not included.- * „ 

(sws) See fig". 6.1. 
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,6.19 Intraplasft var ia t ion in leve ls " o f ^ a l g i n i c vijclii' and " 

cel ln lose in Lasainatia longierurio ' (/.E.O.- CbapEan", imp 

^ a t a ) ' . _ ( 
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TABLE 6.11 Qualitative ranking of intraplant differences in Laminaria 

.longicruris of damage by Lacuna vincta, levels of- -organic 

• nitrogen, .laminaran, mannitol, alginic acid and cellulose, and 

\ " V * " 
a overall nutritional quality. 1-5 =.least to greatest. 

STIPE a MERISTEM-a MID-REGION NEW FRILL & OLD FRILJ^ 

©razing Damage 2 ,. 1 

Organic N b*d ' * 1 - * 4 

Laminaran 1.5 , 1.5 
a 

Mannitol c 1 " 2 

.Alginate S \ 3 5 

-Cellulose e I 5 2.5 
i 

Overall ' _ 1 2 
Nutritional •» . . 
Quality 

of LAMINA 

3 

4 

3 

3 

3 

2o5 

3 

v 

i-

4 

4 

4 

4-. 5 

3 

'2 .'5 

a 

b 

c 

d 

See figo 6.1. * 

Chapman and Craigie (1977). 

Chapman and Craigie (IS?®). 

A.R.O. Chapman, unpublished data (see table 6ol0)c 

AoRoOo Chapman, unpublished data (see fig. ,19). 

.<a 
Overall nutritional quality determined assuming nitrogen, 
laminaran, and mannitol enhance nutritional value, and alginate 
and cellulose detract from nutritional qualltyo 
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Studies of the utilization of mannitol 'by marine invertebrates are 

x-ranting, -but it is likely that this simple sugar alcohol is 'absorbed 
« ° * V . 
* . . . 

directly t and metabolized readily intracellularly (R? Brox-m personal 
communication).. Therefore, assuming " that the structural-

-a. - ° 

polysaccharides cellulose and alginate detract from nutritional 

quality, but that mannitol, laminaran and • organic nitrogen enhance 

nutritional value, the overall nutritional quality of. different 

regions of the plant x?ere ranked (table 6.11).' The rank of the 
» t> 

nutritional value of the stipe, netr an.d old frill, and central region 
a * * 

of the blade,-matched "exactly the rank of the extent of grazing by 

Lacuna on these regions. 

Clearly, because the pattern of grazing on.the sfcipe and frill 

V 1 ' 
and central portions of the blade correlatead^^^^r^fe-th^^a^^Jiaaisfhness 

a a 

and nutritional quality of these portion's, either or both factors may r 

be implicated in influencing feeding bf Lacunao In any case, positive 

covar*iance of toughness and nutritional quality may be a consistent 
a 

pattern among most macro-algae. Littler and Littler (1980, 1984) and 

Li£tler et al. (1983a) found caloric content to decline - xrith 

increasing toughness (grazer resistance) among a diverse spectrum of 

algal taxa. 

6.4.6 Evolution of antiherbivore defenses in L. longicruris 

In this section, discussion pertains'only to the development of 
e, 

defenses against generalist macroherbivores. Both So droebachiensis 
, — ' — a ^ a a a — a a — a a — a - a — = — a ^ _ — 

and L_o vincta, the prinipal grazers of Laminaria in the north xrest 

} 
Atlantic Ocean,, are generalist-macroherbivores (Vadas 1977; Larson et 
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al. 1980; section 6.4.1). By *macroherbivore', 1 refer not to the 

size of the grazer but to the size of the food particle that it can 

rasp or bite from the plant. . .i • 
a. -

A central theme of ecological evolutionary theory maintains that 

allocation of the resources' aquired by an organism among groxtfth, 

p-
storage, repair and defense, should optimize the organism s fitness 

(McKey 1979; Rhoades J979; Calox? and Tox7nsend 1981; Janzen 1981). 

Also, a fundamental contention of the . theory of the , evolution of 

defense . against herbivores, is that there is a cost in developing 

defenses. Diverting resources .into defenses is done so at the expense 

. -• . 
of other resoutce-requirlng functions' such as growth, storage <and 

repair, all of which influence fitness'(Feeny 1976; Rhoades and Coates 

', * / 
1976; Rhoades 1979). Although the costs of different defense 

strategies have nojsfbeen.evaluated in energetic terms (see Fox 1981), 

• a , ' 6 

the cost argument * is intuitively attractive1^ and there Is some 

indirect evidence to support the the6r-y (Cates 1975; Rhoades 1979). 

Certainly, among a taxorfomically diverse array of marine algae, 

Littler and Littler (1980, 1984) and Littler ' et al.' »-(1983a) found 

that species x-rith the highest productivity were also most-*susceptible 

to herbivory. 5 

Thus, a corollary of the defence theory outlined by Rhoades 

(1979), is that in highly productive species,Vlsr x7hlch a considerable 
< • 

portion of -the net photosynthate is allocated t6 groxrth and related 
<* . . . 

functions such as storage, levels 'of chemicals for defense in 

vegetative tissue should be relatively lox-?;̂  there" should be a 

trade-off aabetxreen defense and competitive abilityo .'Given constant 



Q ' - 2Q3. 

' B A a 

if" ' a <=> " 

grazing pressure, and. assuming that polyphenols are tbe primary 
«. 

defense metabolites (see Steinberg 1984) and are ubiquitous in ° broxm 

algae (see Ragan 1976; Ragan and Jensen 1977; Ragan and Craigie 1976, 

1978; Steinberg in press), then it would be expected that, phenolic* 

levels in the vegetative tissue of highly productive broxm algae xrould 

be lower than in slower growing species. -The results for L_. 

longicruris from the presebt study, and data available for 'other 
a -a " v . 

species support this premise. Among 26< species ' representing fi^e 

- orders of brox-m' algae for x-?hich' Steinberg (in press) determined 

polyphenol levels'", only two did not match the predicted pattern (table 

6ol2). 

In high productivity kelps like Alaria In wb^ch the reprqductive 

bodies occur on relatively small sporophylls differentiated from the 

" principal vegetative lamina, the production of high levels pf 

Unpalatable secondary metabolites in the sporophylls (see Steinberg 
• -a s— 0, 

1984) is probably cost-effeq^irveo In contrast, in fast growing kelps 

like L. longicruris in which sori are borne on the single vegetative 

lamina, defense of the reproductive* units by loading the entire lamina 
a, * 

with high levels of toxins is not likdly to be cost effective. If, 

given the high productivity of Laminaria, the plant is unable to 

produce high levels- of chemical defenses in all regions, what other 

strategies might this plant have evolved? Since the sori are produced 

on the distal dne-third of the central portion of^ the lamina, 

reproduction by the sporophyte is contingent upon production of a 

robust vegetative lamina, and therefore ultimately dependent upon the 

proper functioning of the intercalary meristem.o It seems reasonable 
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TjfBLE 6.12 Relationship between phenolic content of vegetative tissue 
and growth rate in broxm algae0 

SPECIES TOTAL 
PHENOLICS a 

(% dry xrght) 

SPECIFIC 
GROWTH. 
RATE 

b 

LAMINARIALES 
Laminaria dentigera 
Lo farloxril 
L. Sinclairii 
Costaria costata 
Alarla marginatja * 
Pterygophora californica 
. Nereocys tis leutkeana 
Postelsia palmaeformis • 
Egregia menziesii 
Macrocystis pyrifera 

0.49 
0.84 
0.30 
0.31 
0.43 
1.11 
0.44 i 
1.65„ 
0.96 
1.07 

high 
high ° 
high 
high 

. - high,, 
high 
high . 
.high 
high 
high 

DICTY0SIPH0NALES 
Coilodesme californica 0.43 high 

B. HIGH PHENOL LEVELS 

LA12INARIALES 
Dictyoneurua californicum 
Agarum cribosum (*) 
Agarum fimbriatum (") 
Eisenia. arborea 

FtfCALES 
Halidrys dloica 
Seoperophycus harveyanus ' 
Sargassuia muticua 
Pelvetia fastigiata 
Pelvetiopcis liiaitata 
Cystoselra osmundacea 
Fucus disticbus 

DICTYOTALES 
Dictyota flaballata ' 
Ot. blnghamiae 
Dictyopterls undulata 

5.41 
4°. 05 & 5.53 
4.08 & 1.33 

3.11 

0 

12-. 54 
3o82 • 
3.77 * 
4.33 
4.93 

• 4.:42 
4^35 

4.04 
2.t9_^ 
^ 5 5 

lOX-7 

o low 
low' 
high 

V 

low 
low 
low" 
l0X7 

low 
high 
low 

low 
low 
10X7 

CHORDARIALES 
Analipus japonicus , 4.24 l0X7 

^ • Steinberg ^In press). 
Smith, personal.communicationc 

'A.RflvOo, Chapman, Jc 

('••) few populations. 
McLachlan,, R. 
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that In View of the small size of the meristem and the importance Of 

meristematic activity to the integrity of the »whole plant and 
o 

therefore to reproductive output, that selection • would favour 

production of chemical defenses in tbis region. 
a C 

Once the xjjsll protected mer-istem has produced new tissue, hox? 

'might the rest of the plant be protected against grazers? Toughness 

as a defense mechanism is likely.to be cost-effective with respect to 

fitness^ because it affords multiple benefits to the plant. Not only » 

may toughness inhibit grazers, but it provides protection from 

abrasion and shear and drag forces in the harsn^nhysical environment 

in xjhich kelps grow. Considering that survival and spore production 
, a a' 

in L. longicruris depends in the first instarfce on maintaining intact 

the holdfast, stipe, meristemr and central region of> the lamina,, it 

^ ' 

seems reasonable? to predicfc^that selection should favour developing 

toughness of these portions over toughness of the marginal frill. 

Thus, given commitment of much of the resource aquisition of" Lo 

longicruris to production, its 'antiherbisyore defense strategy of 

producing high levels of phenols in the meristem only, and of 

promoting toughness ' of the stipe, meristem anis central lamina region 

over the lamina frill, is consistent with "cost-effective 'arguments «. 
c, 

relating resource allocation and fitness. 'In addition3 a strategy of^ 

high growth and reproductive rates (see chapter $), bestoxJs an 

^indirect benefit in increasing -the likelihood of a given portion of 

the Laminaria population escaping serious grazing by swamping and 

satiating- their herbivoresP '* , 
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6o4o7 Comparison of the impact of So * droebachjetisis and Lo Vincta 

on populations of L. longicruris 
* a 

The effect of high densities of urchins and high densities of 

shails on L. longicruris differ in magnitude and possibly direction. 

Whereas high densities of urchins decimate Laminaria beds (Mann 1977; 
a •" . 

Wharton and Mann 1981), high densities of Lacuna do not appear to 

increase destruction of kelps and may even reduce Laminaria mortality. 

Although 'both the urchins (Vadas 1977; Larson et al. 1980) and 

the snails \xe generalist herbivores that exhibit preference for L_. 

longicruris/, ̂ heir modes of grazing and response to the antiherblvore 

defenses df \Laminaria are markedly different. The urchins are well 

adapted/to feed on Laminaria. They are "a relatively large grazer and 

their large and powerful feeding apparatus (see De Ridder and Lawrence 

1982) facilitates much higher grazing rates on kelp (Vadas 1977) than 

Lacuna is capable of. Not suprisingly, their feeding rates .are 

ostensibly- much less Influenced by the tougbnes's of their food than 
J) 

are those of the snails; urchins readily feed on the holdfast and 

stipe of • Laminaria. In common with most marine gastropods (see 

section 6.4.4), the urchins are able to digest the major storage' 

(laminaran) and structural (cellulose and alginic acid) carbohydrates 

of kelps (Fong and Mann 1980; see also Lawrence 1982).' However, 

unlike Lacuna, So droebachlensIs feeds on the meristem of Lo 

longicruris, although it is probable that the urchins prefer other 

regions of the plant since kelp species with elevated polyphenol 

levels are thMr least preferred food (see Vadas 1977; Larson e_t al. 

file:///Laminaria


207. 

< 1980; Steinberg1 in' p r e s s ) . 
at O 

There are also considerable differences in the spatial and 

temporal patterns of grazing impact by'these herbivores, which stem 

v, largely from dissimilarities? in their life historieso As might be 

expected of an annual species with a lengthy planktonic life and which 
i t 

produces several cohorts annually, the occurrence of high densities of 

Lacuna is unpredictable in time and space. In 1982 and 1983;; peak 

densities of Lacuna in St. Margaret's Bay occurred in January "and 

February, but iff 1984, qualitative obser»vations indicated that high 

densities did not occur until July .and August. Field - observations 

have also shoxm that considerable spatial variation in Lacuna 

densities can occur .on a scale of kilometres. Thus, pulses of 

(J? • * 

xtensive grazing of Laminaria by Lacuna potentially occur annually, 

but are spatially and temporally unpredictable. „,}>" 

In contrast, the time scale of the formation of high densities of 
- * v 

urchins, either over localized or extensive areas, is in the order of 

several years vjWtyarton and Mann 1981). Also, aside from the 

catastophic effects of epizootics (Schiebling and Stephenson 1984; 

Scbiebling in press), urchin populations are maintained in the absence 

:.• \ 

of macrophytes (Mann 1977; Wharton and Mann 1981; Johnson and-Mann 

1982), preventing the re-establishment of seax?eedso By comparison, 

Lacuna populations do not occur on coralline/urchin barrens, but are 

found only 'In macrophyte beds. Periods betx?een outbreaks of sea 
V .- • , ' 

urchins, and the length o^ time that high densities of urchins 

persist,-appear to be long and may be of .the order of decades. 
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GENERAL CONCLUSIONS 

The two principal configurations of the rocky subtidal of the 

Atlantic doast of Nova Scotia are unproductive se£r urchin/crustose 

coralline ^barren \ •»,grounds', and highly productive communities 

a* JtV , 

characterised by Henlfs. beds of seaweeds and., extensive coralline 

crusts, but fex-r sea urchins0 We nox? know several details of the 
Q 

dynamics of both of ,these community states, tbeir 'dominant organisms, 

and the relationships between them (summarized°in fig. 7.1). Here, 1^ 

attempt to integrate the results of the present study with those of 

other investigations in outlining (i) the adaptations-of Laminaria 

longicruris to stress and disturbance in the subtidal, (ii) the 

biological interactions important^Cn influencing the establishment and 

maintenance of d'ense stands of 4L_. longicruris in the absence of sea 

urchins, and (ill) the differences between these interactions and 

those "most important in structuring the barren form of the community. 
V 

The principal interactions that influence the structure of the* 

two states of the community differ in'C2humber and strength. On 

urchin/coralline barren grounds, community structure 'Is largely 

determined ' by a single strongly-interacting (sensu Paine 1980) 

species; the sea urchin Strongylocentrotus droebachiensis. In 

contrast, in the seaweed-dominated configuration of the community, 

Laminaria longicruris replaces S. droebachiensis as the single most 

Important strongly-interacting species,r but it influences community 

structure in concert with a suite of weakly-interacting species'. 
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Fig. 7.1 Diagram summarising the dynamics and principal interactiops 

influencing community structure In the rocky subtidal In Nova 

Scotia.. \Notice that the major void in understanding of this 

' fS°~-°^ 

system concerns the factors that lead to high densities of sea 
v 

urchins in kelp beds. 

file:///Notice
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Laminaria is a strongly-interacting species in that it limits markedly 

the abundance of several urBlerstorey* species' (C.R. Johnson, unpubl. 
a 

dataala___» " ' ': 

The transition from urchin/coralline barreks back to lush beds of 

seaweeds appears to be mediated by" epizootics (Schiehling and 

Stephenson 1984f Schieblfng in press). Recoverjjgof seax?eeds occurs as 

a direct result of the release from urchin grazing, and it is at this 
I " I 

point that several weak Interactions come into"play in influencing the 
a. ^ 

developing community. Immediately follox7ing m&sfeurchin mortality, by 

far the most abundant and conspicuous organisms are the encrusting 

coralline algae; they cover virtually all rock substrata in the 

subtidal. The most abundant genus, . Phymatolithon, inhibits 

recruitment of fleshy seaxjeetls, probably by sloughing its epithallial. 
cellso It seems likely that this innate antifouling action affects 

, t, 

both the microscopic and macroscopic stages of filamentous species, 
( 

but only the microscopic forms of kelps. 

The effect of coralline antifouling on the community composition 

of fleshy seax?eed species fs probably |wo~fold. Among filamentous 

plants, the antifouling effect Is not species specific,'*, but aj.1 

species are limited by approximately the same proportion. Thus, not 

only is the standing crop reduced, but it is probable that.antifouling 

acts as a mild disturbance preventing monopolisation of 'resources by a 

few strongly competitive species, and thus promotes seaweed diversity, 
a a4 

at least among the smaller species. Also, by retarding overgrox?th by 

epiphytes-, corallines likely augment their oxra survival. Extensive 

\» 
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die-back of coralline ctusts beneath seaweed cover,, even in plots 

\ -

maintained'clear of grazers, did not occur. Thus, antifw^ing by 

corallines is likely an enduring feature of seaweed beds in Nova 

Scotia. Evidently, the intensity of grazing n'ecessary to maintain'" 

coralline crusts is much less, than might-be required to initially 

establish them. In, summary, coralline algae are ° abundant at all 

times, regardless of the extent of^ seaweed cover or intensity of 
' a \ 

urchin grazing, but their Interactions with other species are_ 

considerably more sub(tle than those of the urchins and kelp. 
a a 

\ 

Despite their antifouling action and omnipresence* on bard 

v. . ' ' P ' ' ' . . < & . ' 

substratay coralline algae cannot prevent the recovery of lush seaweed 

beds. Indeed, in areas contiguous to refugial populations, extensive 

stands, of Lo longicruris forming a closed canopy can develop in less 

than 18 months. Recovery of Laminaria it\ areas where adjacent refugia 

are lacking is considerably slower, ad<G3is likely dependent upon 

seeding of spores by sorus-bearing drift material. The rapidity of 

the establishment of Laminaria beds reflects both the kelp's enormous 
• " — — — < * 

reproductive capacity (Chapman ,1984) and its high growth rates in 

t ',, ' . . . 
spring (see also Mann 1972b; Chapman and Craigie 1977; Gerard and Mann 

S 
1979; Gagne et al. 1982),. 

Once a closed canopy is formed, Lo longicruris demonstrates• 

considerable tenacity in maintaining—its dominance in the face of 

nutrient stress' (Chapman and_ Craigfe "1977; fiagne jst al. 19"82j 

Espinoza and Chapman 1988),* erosion%f^aminaaSJL_]̂ axid disturbance by 

•i - A • / 
storms and non-ecbinoid grazers. Although the canopy' "of L. 

&-

•Ir 
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longicruris is eroded steadily from summer through' mid-x?inter, 

J ° . ' ' 
accelerated -growth .in the spring results In the rapid re-establishment 

i , 

of a elos-ed stratum before most-other species attain thc=ir 'peak growth 

rateso Similarly, the formation of holes in the canopy results In a 

^markeda-a^numerical response In recruitment of this perennial kelp, and 

rapid growth in the spring soon reinstates its dominance "over' other 
at- j. 

" species. •; - ."•""» 

The ̂ primary grazer of Lo longicruris following the demise of the 
'0 a 

urchins is the gastropod Lacuna vincta. Although this snail manifests 

preference for L_. longicruris and can "occur in • extremely high 

densities, .Laminaria is apparently effectively defended against attack, 

by Lacuna, unlike the case when sea urchins occur in large numbers. 

This snail primarily attacks the 'lateral frill of the laminae, 

exhibits reduced grazing of the mid-region of the blade, but largely 

avoids the meristem-and stipe. It seems likely that snails do/not eat 

the meristem primarily .because of high levels of polyphenols in this 

reg"ion, but toughness is also likely a deterrent, and they probably 

avoid the stipe and holdfast primarily because of the -toughness of 
/i uMs tissue. 

The/ consequence of Lacuna attack on L. longicruris is that 

concentrated "damage on the frill promotes the tearing axray of large 

portions of this region, which leads to a significant reduction in the 

canopy"area but does not increase mortality of Laminaria. Loss "of 

frill tissue in this manner may even enhance continued dominance of 

the kelp by reducing the drag on plants,in storms, and hence lessen 
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their susceptibility- J.Q. .being torn from the substratum, and by 

stimulating grox7tb in response to decreased canopy area in xcLnter and 
-,s-a-_i£"a» 

early springf^_ 

aa A X7eak interaction that probably tempers the impact of " icuna on 

kelp, is predation on the snails by cunner (Tautogolabrus adspersus). 

This interaction is *weak' because intense predation by cunner on the 

snails occurs only in early-summer, commencing after snails have been 

presenfin high densities for some time. Furthermore, as the snails 

grox7, a large proportion of their population quickly attains a sise 

refuge safe' from most of these•predatory fish. 

C a -

Clearly, the impacts on L. longic.gurl3 - of high densities of 

Lacuna and high densities of sea urchins are vastly different. The 

kelp's anti-grazer defenses are effective against the snails, but not 

against the urchins. In viex? of the lox? preference of S. 

droebachiensis fpr algae- with lox? levels of polyphenolics in their 

vegetative lamina (see Vadas 1977; Larson et al. 1980; S.teinberg in _ v. V 

press), it is likely that if L. longicruris produced high 

concentrations of 'phenols throughout the sporophyte, it too irauld be 

much less susceptible to grazing by sea urchins. Hox7ever, this X70uld 

incur a cost in terms of the resources available for other metabolic 

functions, < including grox7th. Thus, it appears that L_. longicruris 

has evolved "a competitive, stress tolerant strategy,a.allox7lng rapid ° 
•i •. 

grox7th during periods x?hen nutrients are lax?, at the * expense of 

developing chemical defenses against large herbivores. u 
In short, Lo longicruris possesses a remarkable suite of 

/ 
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* adaptations that enable it to recover 'quickly' from decimation by sea 
. ' .a 

urchins, forming and maintaining dense beds in the long term . as long 

. as*,, urchin numbers remain" lox?. This plant exhibits opportunistic, 

stress-tolerant-and competitive" traits that, .enable it to assert 

.dominance in, -subtidal habitats of a variety of levels of stress and 

disturbance. Moreover, .when sea urchin numbers are,; low, L. 
«• j- — 

longicrurisa exerts considerable influence 'on seaweed '.community 

structure in severely curtailing the abun.da.nce of several understorey 

species (.CRo Johnson, unpublo data)0
 v0.'° * ' 
' t, * • 

' In x-7hich direction should- future research proceed? what approach 
a ' „ eh ^ ' 

might xbe most profitable in ameliorating our understanding of the, 

mechanisms that give structure to thi$ - subtidal syptein? At present, 

x-76 have some insight int.o 'hox-sr kelp "beds ass destroyed,"why sea urchin 
' ' ' -a, a 

populations are able to persist on "̂barren grounds', hbx7„ the urchins 

t > / .' «•* > ,* 

are obliterated, and the interactions with 'and adaptations of fr. 

longicruris that enable it to recover and maintain dense stands (see 

fig. 7.1). However, fundamental descriptive data on many aspects of 
-

the subtidal are lacking, and there are several ideas proposed in the 

present study that need critical testing. Further details are 

required of (i) the population biology of Notoacmaea testudinalis 

(limpet), Tonicella rubra (chiton), L_. vincta and T=- adspersus, and 

' ' ( i i ) the small-scale 'effect of limpeft and chiton grazing on seax?eed 

" recruitment. In addition, experiments need to be conducted to test 

the hypotheses (i) that the mechanism ©f antifouling by; Phymatolithon 

. is sloughing of "epithallial cells, (ii) that coralline antifouling 
> i => i ' • * 

reduces resource monopolization'"by competitively superior seaweeds, 
' wr.-.V'' a 

http://abun.da.nce
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(iii) that polyphenols" are effective in reducing grazing by Lo 
a? 

vincta, (iv) that the production of high concentrations of defensive 

secondary metabolites in brox-m algae .is done so at the expense of 

productivity, (v) that sloughing of large portioas of the frill of L. 

longicruris, promoted by snail grazing, reduces mortality of the kelp,' 

; . \ ' 

and (vi) that the impact of cunner predation on L_. vincta has little 

influence on the snails' impact on the L. longicruris canopy. 

Beyond these-queries, hox7ever, looms one overriding question that 

stands apart from all "others as the major deficiency i'n our knox-jledge 

of the dynamics of community structure" in this systems what are the 

factors that, act to bring about the expansion of the normally sparse-

populations of sea urchins in kelp beds to the point that destructive 

grazing of seaweeds occurs? In 1984, the answer still eludes us. 

^ 

( a 
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APPENDIX A.l (Chapte'r 3). 
(S trongylocen tro tus 

Population censuses of sea urchins 
'droebachiensis) in urchin enclosure at Mill 

Cove. Collection sites 
"* "U 
Date/ i ,~. 

1 

08 June 
15 July 
12 Aug 
05 Oct 
07 Oct 
13 Jan 
07 Mar 
28 Apr 
22 June 
11 July 
15 Aug 
04 Oct 

-

f y<^ 

1982 
1982 
1982 
1982 
1982 
1983 
1983 * 
1983 
1983 ' 
1983 
1983 
1983 

-

-

Initial 
opulation 

0 
275 
150 
20 
220 
30 
550 
540 
360 ' 
360 
180 
0 

.of urchins are 

Number of 
Urchins Added 

600 (1) 
0 

120 (1,2) 
200 (3) 
300 "(3) 
600 (4) 

. 0 
0 
0 
0 
0 , 
0 

, <S 

given In brackets ( ) . 
ps 

Population After \ 

«, 

Restocking ^ 

600 
275 
270 
220 

. .,520 
630 
550 
540 
360 
360 
180 
0 

• 

(-1) RoodoHead, Lockeport 

(2) Halifax Harbour 

(3) Eagle Head, Liverpool 

(4) Sandy Gove, Digby Keck 

O *> 
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APPENDIX A.,2 (Chapter 3)„. Evaluation Pi the point technique]; f OT& - ' 

estimating percentage cover of seaweeds. 

Measuring species quantities in terms of cover has" many . 
«• . « 

advantages over other measures such as biomass, or density or 

frequency of. Individuals. Cover estimates permit comparisons of 

species of x?idely divergent growth forms, reveal ecological 

• information on utilization of light and space'resources not .obtainable / 

from other measures,'and can be performed in situ without destroying 

individual plants. The latter attribute is of paramount importance in 

experimental studies which require folloxjing community responses to 

specific treatments through time. 

The point, technique used in the present study is particularly 

.useful in that data may be collected on- all species In a multllayered 

3-dimensIonal community, and the method is highly objectives guesses 

of p̂ oportlon̂ -aCover are not required. The two major disadvantages are -

first, that the method can only be applied to -relatively small species 

and is inappropriate for-large kelps, and second, that in strong surge 

conditions subjective judgement is often necessary in deciding xjhether 

or not' a rod passes through the canopy*-of a given individual.^ 
a * 

The question should now be addressed, box? accurate io a sample of 
a •• ' 

i 

tten quadrats using 30 random points of a possible 100 per quadrat In <? 

quantitativley estimating community structure., at^the St. Margaret's 
- » * , 

Bay sites? Consider first the consequences of using 30 points instead 

of 100. If It is assumed that all 100 points (N) represent the-actual 

proportion (p) of cover in the complete population of the quadrat, 
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i i ' < / 

then the variance of the estimate ($) of p from a sample size, of n 

points is given by -

" p(l-p) .(H-n) 
. ' v($) « .—— s ' - - _ • . ; 

n* « (N-l) , (Cochran 1977) «. 
-• i « „ * " ' . , , ' 
X7here« (N-=n)/CN=l) is* a correction term for fisrito population 

It follows that standard deviation (p) = standard error ($} - S.E 
* ' f o 

= V(9)s. 'where St.E.(p) is a measure or the deviation of the estimate ' 

A ' - * f 
(p) from the- actual value (p). Following the suggestion .ofp Elliot 

(1971) that it is desirable to keep S.E.(i?) within 20% of p., it 

follows that for n=30 points- the actual proportion cover of a species, / 

needs to be at least 0.3J77. "'Only about nine of the 28 species 
t t • ~~ 

* •> * 
encountered in the study consistently satisfied this requirement, even 

, * o 

during months of peak abundances. It Seems then, .that 30 out of1' 100 

points represents a minimum sampling intensity. However, it should be 

emphasised that this analysis does not consider tbe improvement In 

information quality gained in taltlhg less than 100 points and allowing 

more quadrats to be sampled per unit underoater 'time. 

°.& 

Now consider tbeyeff Iciency of a sample *of ten quadrats (of 30 

points per quadrat) in estimating community compositiono Over the' 

period 27 May to 8 June 1982, a sample of 35 percentage cover quadrats 

* . * o 

was taken in» the non-experimsntal area at Mill Cove and. the mean 

percent cover of all species encountered x?as calculated. FolloxTing 
0 . 

1 ( 

Southx70od's (1980) method, i t x?as determined from these mean values 
"a % 

that if ten quadrats were taken, only three of tbe five most common 

species bad a .standard error less than 20% of the mean (appendix Ao3)o 



Hot7ever, it could be assumed that further species would be added to 
1 

th i s l i s t l a t e r in the sumer x-jhen the annual species became abundant0 

v> 

p 
Overall, it was concluded that for the Mill Cove site the 

sampling scheme -adopted represented the minimum sampling effort 

necessary to*", obtain data on the more common species suitable for 

analysis -by parametric statistical tests. In "retrospect, this 

judgement proved sound "and parametric". procedures .were readily 

performed on these data. The method and sampling scheme devised. 

represented bo'tb a suitable approach to accurately quantifying 

cGiamunity structure and •,«=r' satisfactory compromise of minimum 

underwater time; versus data equality. 
• / 
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APPENDIX A.3 (Chapter 3). Evaluation of sampling scheme for 
estimating percentage cover of non-crustose seaweeds". Standard 
error of the estimates of percentage cover x?ben n = 10 quadrats 
are expressed as a percentage of tbe mean. Species are tbe five 
most abundant species, in_a sample of 35 quadrats -taken at Mill 
Cove from 27 May to 8 June 1982. 

Species Mean 
Percenta 
Cover (n= 

37.4 
27.5 
22.9 
14.9 
19.1 

•ge 

•35) 

S.Ec 
Mean 

-

, as % of"" 
when n=10 

15 
12 
19 
30 
35 

Bonnemaisonia hamifera 
Polysiphonia urceolata 
Rhodomê La confervoides 
Antlthamnion spp. 
Desmarestia viridis 
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APPENDIX A.4 (Chapter 3). " Species encountered in assessing 
composition of non-crustose seaxjeed • community in urchin 
enclosure, control enclosure and non-experimental area in 
experiment at Mill Cove to determine the influence of release 
from sea urchin (Stgbnfylocentrotus droebachiensis) grazing on 
seax-?eed community structure. (*) indicates species used in 
principal components analysis. 

CHLOROPHYTA 
4? Spongomorpba sppc 

» Chaetomorpha spp. 
Cladophora spp0 
Rhizoclonlum spp. 

PHAEOPHITA 
Ectocarpus spp./PIlayella littoralls 
Giffordia granulosa 
Cbordaria flagelliformis 

* . Acrothrix novae-angliae 
* Desmarestia aculeata 
* Desmarestia viridis ' , 

» Chorda filum/C tomentosa 0 
Laminaria longicruris 

,, Saccorhiza dermatodea 
Tllopteris mertensii 
Sphacelaria furcigera/S. cirrosa 
Sphacelaria plumosa 
Halopteris scoparia 

, Fucus spp. ^ ^ 

y RHQDOPHYTA 
'"' " Bonnetaaatis onia hamifera 

Cystoclonium purpureum 
Cbondrus crispus 
Corallina o f f i c ina l i s 

" Antithatanion spp. 
* Callithatanion spp. 
* Ceraraiuta rubrua v a 
'•• Polys iphonia nigrescens 
* Polyaiphonia urceolata 
* Rhodoraela confetvoides 
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APPENDIX A.5 (Chapter 3)„ Proportion of hard substrate (1) bare and 
unshaded, (2) bare but shaded, and (3) overgrox-M by non-crustose 
seax?eedg in the 3 treatments (urchin enclosure, control enclosure 
and non-experimental area) in the experiment at Mill Cove to 
determine the Tinfluence of release from sea-urchin 
(Strongylocentrotus droebachiensis) grazing on seaweed community 
structure. Standard errors in brackets .( ). Laminaria 
longicruris not included. 

PROPORTION of HARD SU^TRATE BARE and UNSHADED by NON-CRUSTOSE 
MACROPHYTES 

2> 

Date Urchin Enclosure Control Enclosure Non-experimental 
Area 

01 Sept 1982 
06 Jan 1983 
18 Apr 1983 
05 Aug 1983 
27 Oct 1983 

0.20 (.05) 
0.47 (.05) 
1.00 (.00) 
0.62 (.06) 
0.50 (.06) 

0.16 (.03) 
0.39 (.05) 
0.35 (.05) 
0.20 (o05) 
0.33 (.04) 

v 

0.13 (.02) 
0.44 (.05) 
0.45 (.05) 
0.18 (.04) 
0.36 (.05) 

PROPORTION of HARD SUBSTRATE 
MACROPHYTES 

BARE BUT SHADED by NON-CRUSTOSE 

Date - Urchin Enclosure Control Enclosure Non-experimental 
Area 

01 Sept 1982 
06 Jan 1983 
18 Apr 1983 
05 Aug 1983 
27 Oct 1983 

0.38 (.05) 
0.27 (.04) 
0 ( 0 ) 

0.16 „(°04) 
0.23 (.03) 

.0.40 (.05) 
0.27 (o04) 
0.56 (.02) 
0.30 (.02) 
0.35 (.03) 

0.48 (.03) 
0.31 (.04), 
0.26 (.03) 
0.42 (.05) 
0.29 (o04) 

(Appendix continued overleaf) -
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APPENDIX Ao5 (Continued) ' 

PROPORTION of HARD SUBSTRATE OVERGROWN by NON-CRUSTOSE MACROPHYTES 

Date Urchin'Enclosure Control Enclosure Non-experimental 
Area-

01 Sept 1982 0.42 (.05) 0.44 (.05) 0.39 (.03) 
06 Jan 1983 0.26 (.04) 0.34 (.04) 0.26 (.04) 
18 Apr 1983 0.00 (.00) 0.29 <.02) 0.29 (.03) 
05 Aug 1983 0.22 (.04) 0.50 (.05) 0.39 (.06) 
27 Oct 1983 ' 0.27 (.04) 0.31 (.06) 0.35 (.03) 
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APPENDIX A.6 (Chapter 3)'. Diversity (Shannon index) of non-cructose 
seaweed community in treatments .(urchin enclosure, control 
enclosure and non-experimental area) in the experiment at Mill 
Cove to determine the influence of release from sea urchin 
(Strongylocentrotus droebachiensis ) grazing on sea-weed community 
structure^ Standard errors in brackets ( ). Laminaria 

not Included. 

DIVERSITY . 

Date Urchin Enclosure Control Enclosure Non-experimental 
Area • 

08 June 1982 2.10 (.07) 1.86 (.12) 1.71 (.08) 
01 Sept 1982 ' 1.54 (o!3) 1.81 (.08) . 1.79 (.08) 
06 Jan 1983 1.38 (.15) 1.47 (.12) 1.22 („08) 
18 Apr, 1983 0.01 (.01)" . lo68 (»07) ' 1.52 (.15) 
05 Aug 1983 0.66 (.08) ' 1.61 (.09) 1.51 (.12) 
27 Oct 1983 =0.97 (.09) 1.46 (.05) 1„31 (o09) 
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APPENDIX A.7a(Chaj)ter 3). "Variance absorbell by principal vectors in 
an R-type principal components analysis of specie's abundances in 
the 18 date/treatment groups in* the experiment at Mill fvCove-ato 
determine the influence of release from ° sea urchin. 
(Strongylocentrotus droebachiensis) grazing on seaweed community 
compos ition.. 1) 

J-
Principal % Variance Cumulative % * 
Component Absorbed* Variance Absorbed 

^ '-a Q 

cn> • \ 
47.41 
76.36 I 

^ 85.50 
91.6b5 „• . 
94.770 
97.44 

' 98 .61 " 
99.34 
99.72 

100.00 

PCI ^ 
PC2 
PC3 
PC4 
PCS 
PC6 
PC7 
PCS 
PCS 

PClOa 

47.41 
28.95 

a . 14 
6.16 

,3 .11 
"2.67 
1.17 
0.73 
0.38 
0.28 
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APPENDIX A.8 (Chapter 3 ) , Values of the first three principal 

components (PC's) from a principal components analysis of species 
abundances In the 18 date/treatment groups in the • experiment cat 
Mill Cove to determine the influence of release from sea urchin 
(StijpngylocentrotuB droebachiensis) grazing on seaweed community 

o composition. 

<o 
URCHIN ENCLOSURE' ( " 

Date c PCI ., ~" PC2 " PC3 

" 

r 

-
* 

0 

-

' l 
\ * 

| j 

%J 
08 June 1982 
01 Sept 1982 
06 Jan 1983 
18 Apr 1983 
0§ Aug 1983 
27 Oct 1983 

CONTROL ENCLOSURE 

., Date s 

08 June 1982 
t)l Sept 1982 
06 Jan 1983 
18 Apr 1983 
05 Aug 1983 
" 27 Oct 1983 

-8.48 
-4.13 
-3.17 
0.00 „ 

-0.63 
-1.36 

PCI 

-7.14 
-5.23 
-3.90 
—5.35 ,a 
-7.21 
-3.19 

t i, 

-0.74 
°2.61 
1.98' 
0.00 
0.31 
1.75 

PC2 

-0.69 
' 3.M 

<t£o Jc. . 

0.72 
3.89 
3.56 • 

1.24 
2.15 
2.18 
0.00 

-1.03 
2.11 

' 

PC 3 

X © c.3 

1.03 
1.98 
0.67 

-0.14 
0.98 

O 

1. 

c 

* 

-

• , , , , 

NON-EXPERIMENTAL AREA 

Date PCI' PC2 * PC3 

, 
• . 08 June 

01 Sept 
06 Jan 
18 Apr 
05 Aug 
27 Oct 

SEE 
0 

\ 
1982 
1982 
1983 
1983 
1983 
1983 

-5.67 
-4.99 
-3.11 

' -4.29 , 
-6.44 
-3.81 

-0.68 
3.89 
3.20 
0.67 

. 4.29 
3.80 

•^ 

£> 

0.84 
-0.65 
1.05 
0.44 

. -0.30 
1.96 

a ^ . 

\ 
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APPENDIX B.l (Chapter 4). Biomass of seaweed species recruited on 
bare granite surfaces and on PhyEgtolithon cruets in the absence 
of grazerso Values-are means of 10 rocks. Standard errors are 
given in parentheses ( ) 0 (*) indicates species included in 
multivariate analysis. 

Sampling Dates 15- Jnly 1982 

SPECIES DRY WEIGHT (g Ool sf2) 

Granite Phymatolithon 

CHLOROPHYTA 
Cladophora spp. 

Ectocarpus spp. 
* Acrotbrix novae-angliae 
* Stictyosipbon spp. 
* Desmarestia viridis 
" Tilopteris marten'sii 

Sphacelaria cirrosa 
Sphacelaria furcigera 
Sphacelaria plumasa 
Halopterls scoparla 
Petalonia fascia ' ' 

RHODOPHYTA ' " 
s Bonneraaisonia hamffera 

Cystoclonium purpureum 
* Chondrus crispus 
'•• Antithamqion spp. 
'•- Callltbamnion spp. 
* Ceramiura rubrum 

Polyaiphonia flexicaulis 
Polysiphonia haryeyi 

* Polysiphonia nigrescens 
-.*.- polysiphonia urceolata 
* Rhodomela confervoides 

0 
0 

, 0 
0 
0 
0 
0 

0.01 
0 
0 

0.02 
0 
0 
0 
0 
0. 
0 
0 
0 
0 
0 

(.01) 

(.02) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.28 (.15) 
0 
0-
0 
0 
0 
0 
0 \ 
0 
0 
0 

(Appendix continued overleaf). 
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APPENDIX B.l (Continued) . 
(a 

Sampling Dates 13 August 1982 

SPECIES 

CHLORQPHYTA 
Cladophora spp. 

PHAEOPHYTA 
Ectocarpus spp. 

* Acrothrix novae-angliae 
•*' Stictyosiphon spp. 
- Desmarestia viridis 
" Tilopteris mertensii 

Sphacelaria cirrosa 
Sphacelaria furcigera 
Sphacelaria pluiaosa 
Halopteris scoparia 
Petalonla fascia 

RHODOPHYTA 
" Bonnemaisonia hamifera 

Cystocloniura purpureum 
-•' Chondrus crispus 
- Antitharanion spp. 
" Callithamnion spp. 

- " Ceramium rubrum 
Polysiphonia flexicaulis 
Polysiphonia harveyi 

* Polysiphonia nigrescens 
- Polysiphonia urceolata 
- Rhodomela confervoides 

DRY WIGHT (g (LI nf 2 ) 

Phymatolitbon Granite 

/ ° 
/ 0.01 
' 0.02 

0 
0.00 

0 
a 0 

1 ° 
\ .0 
\ . * 0 

0.00 
0 
0 
0 

(.01) 
(.01) 

* 
(.00) 

(.00) 

0.00 (.00) 
0.00 

s 0 
0* 
0 
0 
0 

(.00) 

,. r 

0 
• 0.01 

0.00 
0 

' 0.00 
0 
0 
0 
0 
0 

0.02 
0 
0 
0 

0.01 
0.01 
0.00 

0 
0 
0 
0 

(..00) 
(.00) 

(.00) 

< 

f 

(.01) """ 

(.01) . 
(.01) 
(.00) 

o 
(Appendix continued overleaf) 

^ \ 



APPENDIX B.l (Continued) 

230. 

Sampling Dates 21-September 1982 

SPECIES DRY WEIGHT (g 0.1 m ) 

Granite Phymatolithon 

CHLOROPHYTA 
Cladophora spp. o 

. PHAEOPHYTA 
Ectocarpus sppo 

" - Acrothrix novae-angliae 
•• Stictyosiphon spp.' 
" Desmarestia viridis 
•""' Tilopteris mertensii' 

Sphacelaria cirrosa ' 
Sphacelaria furcigera 
Sphacelaria plumosa 
Halopteris scoparia 
Petalonla fascia 

RHODOPHYTA 
" Bonnemalsonia hamlfera 

Cystocl'tjnium purpureum 
'•» Chondrus crispus 

JC~ Antithaianion spp. 
y $? Callithamnion spp. 

/ " Ceramium rubrum 
/ --«̂  Polysiphonia flexicaulis . 
/ Polysiphonia harveyi 
y *•' Polysiphonia nlgresceno t 

V ••' Polysiphonia urceolata 
\ ft Rhodomela confervoides ' 

0 

0 
0.14 (.08) 
0.02 (.01) . 
0 

^0.02 (.01) 
<? 0 

0 
0 

0.00 (.00) 
0 

0.17 (.16). 
0 
0 
0 

0o8J"(ol3) 
0o33 (.06) 
0 
o' 
0 
6 
-0 -

0 

0 
0ol4 
0 
0 

OoOl 
0 
'0 
0 

0ol3 
0 

0o08 
0° 
0 
0 

1.21 
„ 0.39 

0 
0 
0 
0 , 

1 0 

• 

.. 
(.12) 

(.00) 

-

(.05) * 

(.04) ' 
' 

(.03) 
('.'05) 

. 

-B 

(Appendix continued overleaf) 
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APPENDIX B.l (Continued) 

Sampling Dates 7 March 
taal 

SPECIES 

1983 

DRY WEIGHT (g 0.1 in ) ' 

Granite Phymatolithon 

CHLOROPHYTA >< 
Cladopbora spp. 

PHAEOPHYTA 
Ectocarpus spp̂ '. 

* Acrothrix novae-angliae 
'•">• Stictyosipbon spp.' 
, * '"Desmares tia viridis . 
'5s. Tilopteris - mertensii * 

'.Sphacelaria cirrosa 
t, Sphacelaria furclgera 

Sphacelaria pluraosa 
, Halopteris.scoparia 

Petalonia fascia , 

RH0DOPHYTA 
* Boilnemaisonia hamlfera 

Cys tocloniuia purpureum 
ft Cbondrus crispus 
* ikititbamnion spp. * 

„ {t . Callithamnion spp. 
*• Ceraraiura rubruia ' 

Polysiphonia flexicaulls 
PodysIphonia harveyi 

'•*J Polysiphonia nigrescens 
•"• ' Polysiphonia urceolata 
•! Rhodomela confervoi'des 

0.01 (.01) 
0 
0 

0.02/4.. 01) 
0.02^.01) 
0.00 (.00) 

0.00 (.00) 
0 ' 

' 0o03 (o02) 
-. f " 

0 
0 

• o . . 
0.15 (o07) 
0.35 a(.35)* 
'6.27 (1.04) 

0 
0 

0o01 CoOQ) 
0 . 
0 

6'o01-
0 

. 0 
0 

"•0.19 
0.01 

0 
d 
0 

1 0.(K 

(°.01)x 

(.16)' 
(.01) 

(.03) 

•0.04 (.03) 
0 
0.' 

0t,2J\( = i2) 
0 ' 

4.35-
0o02 

0 
0o05 
0.05 
0o01 

(1.58) 
(oOl) 

(.05) 
(.03) 
(.01) 

\ 

a V 
(Appendix continued overleaf) 
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APPENDIX 'B.l (Continued) 

Sampling Date s 9 Augus 11 

SPECIES " 

0 

CHLOROPHYTA 
Cladophora spp. 

PHAEOPHYTA < ., »." 
EctocarpuC spp. "« "* • 

. " Acrotbri°x novae-angliae1 

" ' Stictyosiphon spp.. ' 
. " Desmarestia viridis1 

' -• Tilopteris mertensii 
Sphacelarda cirro_sa 
Sphacelaria furcigera 
* Sphacelaria plumosa 
Halopteris scoparia 
Petalonia•fascia 

RHODQPHYTA ' ' 
'•'•' Bonnemalsonia hamlfera 

Cystoclonium purpureum , 
" Chondrus crispus ^ .* 
" Ant-ithamnion spp.,. 
* Callithamnion spp. 
* Ceramium rubrum 

, ' Polysiphonia flexlcaulis 
Polysiphonia barveyi 

" * Polysiphonia nigrescens 
* .'•'•' Polysiphonia urceolata 
"- * Rhodomela confervoides 

a . \ 

,1983 •E. 

» DRY WEIGHT ( 

» Granite , , 

40.00, 

t 

0 
0.01 
0 

1 ̂  

(.00)' 
J* 

(.01) 
V 

1.43 (.66) 
0 
0 
0 
0 
0 

5 vO 

• 

5.50 
0.09 
• 0 

0.07 
0 

5.22 
0 
0 

0o35 
0o01 
0.01 

ala.,,-!,,.,...,,... . L . - ^ 1 - . ^ . 

a 
1 

. 

(.83) 
(.06) 

(.07) 

(1.19) 

(.16) 
(.00) • 
(.01) 

g 0.1 m" 2)* 

Phymatolithon 

0.00 (.op.) 

0 

0 
0 
0 N 

" 0 
0 
0° 

0.01 (.01) ' 
0 
0 , -
'0 

V 

2.29 (.72) ° 
- 0 
-" 0 ' 
0 

. 0 
1.32 Co34) 
0 

0o0l C O D 
bo 10 (oOCy) 
0o02 (.01) 
0o04 (.02) 

(Appendix continued overleaf) 
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"APPENDIX B.l (Continued) • ' , -

Sampling Dates 20 October 1983 

SPECIES ,^ "" DRY WEIGHT (g*0.1 u~Z) ' 
j 

Granite Phymatolithon 

CHLOROPHYTA 
Cladophora spp*." 

PHAEOPHYTA • > * 
^""•"^Ejstocarpus spp.' 

••• Acrothrix novae-angliae 
" Stictyoslplion'spp. 
••' Desmarestia viridis 
* Tilopteris mertensii 

Sphacelaria cirrosa 
Sphacelaria furcigera 
Sphacelaria plumosa 
Halopteris scoparia , 
Petalonia fascia 

RHODQPHYTA 
" Bonnemalsonia hamifera 

Cystoclonium purpureum 
* Chondrus crispus 
, * Antlthamnion spp. 
!- Callithaianion spp0 

" Ceramiura rubrum' 
Polysiphonia flexlcaulis 
Polysiphonia harveyi 

" Polysiphonia nigrescens 
"«'• Polysiphonia urceolata" 
* Rhodoraela confervoides > 

0.03 ( .02) 

0 
0 

0.06 ( . 03 ) 
0 
0 

o.oi c=oi> 
0.02 ( .02) . ; 
0o04 (o04) a 
' 0 

0 

1.07 (-.53) 
0 

0 .12 ( .12) , 
0 

.0 .13 ( .04) , 
0.47 ( .16) 
0.00 ( . 00 ) • 
1 0 
2.94 ( . 68 ) 
0.07 (t.07) 
0.1-8 ( .08) 

a) 

0 

0 
0 

' * 0.08 
0 
0 
0 

0.00 
0 
0 
0 

0.45 
0 

. 0.01 
0 

0.0.4' 

-

• 

( .045 
v, 

•i 

( .00) 

' 

(o !7 ) 
o 

( .01) 
i> 

( .03) 
0 .02 ( .01) 

o-
0.00 

aOS'61 
* 0.01* 

Q.Ol 

. *s 

O 

( .00) 
( .33) 
( .00) 
( .00) 

0 

y 
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\ '• 

APPENDIX B.2 (Chapter 4) 0 Diversity (Shannon Index) and evenness of 
seaweed species recruited on bare' granite surfaces and on an 
equivalent area of Phymatolithon crust in the absence,of gra2ers. 

/ DATE GRANITE .PHYMATOLITHON 

Diversity Evenness Diversity Evenness 

15 July 1982 
13 Aug 1982 
21 Sept 1982 
07 Mar 1983 . 
09 Aug 1983 
20 Oct 1983 

0.288 
0.613 

. 0.540 
0.171 
0.501 
0.593 0 

0.958 
0.787 
0.639 
0ol71 
0.501 
0.550 

0.000 
0.647 
0.491 
0.265 
0.382 
0.524 

0.000 
0.926 
0.631 

' 0.255 
0.423 
0.524 

tr' 

<rz 
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APPENDIX Bo3 (Chapter 4)o Total biomass of all non-crustose seaxjfeeds 
recruited on bare granite surfaces and Phymatolithon crusts. v±n 
the absence of grazers.«_ Standard errors la parentheses ( ) 0 t 

DATE TOTAL BIOMASS - DRY WEIGHT (g 0.1 m ) 

Granite Phymatolithon 

15 July 
13 Aug 
21 Sept 
7 Mar 
9 ,&ug 
20 Oct 

1982 
1982* 
1982 
1983 
1983 
1983 

0.03 (0.03) 
0.03 (0.02) 
1.51 (0.34) 
6.86 (1.07) 
12.69' (2.32) 
5.12 (0o93) 

0.28 (0.15) 
0.05 (0.02) 
1.95 (0.17) 
4.99 (1.74) 
3.80 (0.99) 
1.23 (0.36) 



236. 

APPENDIX B.4 (Chapter 4). Variance absorbed by principal components 
in a principal components analysis of the 12 most common species 
recruited on bare granite ourfaces and Phymatolithon crusts in 
the absence of 'grazers. 

Principal % Variance Cumulative % 
Component Absorbed • Variance -Absorbed 

r- ' 

aPCl o 68.42, 68o42 * 
PC2 16.25" ' 84.67 
PC3 7.58 92.25 
PC4 4.85 • 97.10 
PCS , 1.86 98.96 
PC6 ' 0.33 99.29 
PC7 0.27 99.56 k 

PCS 0.19 99.75 
PC9 0.18 99.93 

PC10 0.05 99.98 
PC11 0.02 100.00 
PC12 0.00 100.00 

a43 
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.APPENDIX B.5 (Chapter 4). Element coefficients for the 'first four 
principal components (PCs) from, a principal components analysis 
of 'the 12 most4 comaon species recruited on-granite rocks and 
Phymatolithon crusts in tbe absence of grazers. 

. ̂  . SPECIES( 
E 

Acrothrix novae-angliae 
Stictyosiphon spp. 
Desmarestia viridis 
Tilopteris mertensii 
Bonhemaisonia baiaifera 
Chondrus crispus 
Antlthamnion spp. 
Callithamnion spp. 
Ceramium -rubrum 
Polysiphonia nigrescens 

- Polysiphonia urceolata 
Rhodomela confervoides 

PCI 

-0.000 
-0.000 
-0.095 
0.015 

'-0.251 
-0.002 
-0.018 -
-OoOlO 
-0.963 
0.003 
=0o002 
-0.003 

PC2 

0.003 
-0.001 
0.064 
0.016. 
0.959 
0.047 
-Q.034 
=0.013 
-0.256 
0.075 
0.021 

-0.024 

PC3 

0.001 
0.004 
0.101 
-0.005 
0.083 
0.023 
0.003 
-0.020 
0.015/ 

- 0.989' 
0.015 

-0.056 

PC4 

0.003 
-0.001 
0.983 . 
0.020 

-0.080. 
-0.018 
-0.094 
0.011 

-0.075 
-0.104 
-0.016 
0.010 
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APPENDIX Eo6 (Chapter 4)o Variance absorbed by principal components 
in a principal components analysis of the 15 most common species 

f(Cborda" filma excluded) recruited on bare granite rocks collected 
from the high intertidal and on the bare surfaces "of overturned 
subtidal rocks in the absence of grazers. 

Principal « % Variance. Cumulative % 
Component Absorbed Variance Absorbed 

!8.53 
6.87 
2.32 
0.66 
0.52 
0.50 
0.35 
0.12 " 
0.08 
0.03 
0.02 
0.00 
0.00 
0.00 
0.00 

88.53 
95.40 
97.72 
98.38 
98.90 
99.40 
99.75 
99.87 

^99.95 
99.98 
100.00 
100 ."00 
•100.00 
100.00 
100.00 

' 
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0 

APPENDIX B.7 (Chapter 4). Element coefficients for tbe first three 
principal components (PC's) from a principal components analysis „ 
of the 15 most common species (Chorda filum excluded) recruited 
on bare granite rocks collected from the high intertidal and on 
the bare surfaces of 'overturned subtidal rocks in the absence of 

^grazers. 

SPECIE^ ' PCI 

Cladophora spp» ' 
Spongomorpha sppo 
Stictyosiphon tortills 
Desmarestia aculeata 
Desmarestia viridis 
Laminaria longicruris 
Sphacelaria cirrosa 
Sphacelaria furcigera 
Sphacelaria plumosa 
Cystoclonium purpureum 
Callitharanion spp0 
Geranium rubruia 
Polysiphonia nigrescens 
Polysiphonia urceolata 
Rhodosaela confervoides 

-0.010 
0.'QQ2 
0.012 
0.028 
0.047 

-0.002-
-0.009 
0.001 
0.008 

-0.139 
• 0.019 
-0.003 
-0.988 

- -0.014 
• -0.013 

PC2 

-0.001 
0.013 
0.017 
-0.114 
-0.224 
-0.-087 
0.041 

-0.010 
-0.024 
-0.946 
0.070 
0.027 
0.120 

-0.043 
0.097 

PG3 

-0.093 
-0.023 
-0.037 
0o440 

- 0.839 
0.069 

-0.013 
0.007 
0»012 
0.252 

-0.107 
-0.017 
0.086 

-0.032 
0.047 

/ 
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APPENDIX C.l. (Chapter 5). Details of manipulations of seaweeds in, 
the eight experimental plots at Paul Pt. Limpets (Notoacmaea 
testudinalis) and chitons (Tonicella rubra) were also removed 
from these plots. Seaweed species removed were 
longicruris-, Desmarestia aculeata 
Antlthamnion spp., 

,PL0X NUMBER 
.AND TREATMEHT 

' 

BLOTS 1 and 2 

PLOTS 3 and 4 
Dominant perennials 
removed 

a. 

* 

. 

PLOTS 5 and 6 
Dominant annuals _/-
removed 

a, 4 

• 

PLOTS 7 and 8 
Dominant perennials 
and annuals removed 

** 

a^V 

• 

, .and 

Plot 

-

3 

4 

0 

5 

6 

7 

• 
8 

) i 

j Polysiphonia 
CeramlUaE rubrum. 

a 

.Date 

_ 

01 -July 1982 
05 July 1982 
25 -Hay ,1983 
01 July 1982 
05 July 1982 
25 May 1983 

06 Aug 1982 

. 
04 June 1983-

05 Aug 1982 

<e 
04 June 1983 

08 July 1982 
12 July,1982 
06 ang 1982 

24 May 1983 
27 May 1983 

13 July 1982 
30 July 1982 
05 Aug 1982 

• 

25 May 1983 
01 June |983 

" 

REMOVALS 

Species, 

«. * 

L. longicruris 
D. aculeata 
L. longicruris 
L, longicruris -
D. aculeata 
L. longicruris -

P. urceolata 
Antlthamnion spp. 
C. rubrum 
P. urcebla.ta 
Antlthamnion spp. 
P. urceolata 
Antlthamnion spp. 
C. rubrum 
.P. urceolata 
Antlthamnion spp. 

L. longicruris 
D. aculeata 
P. urceolata 
Antitbaanion spp. 
C. rubrum • 
L. longicruris 
P. urceolata 
Antlthamnion spp. 
L. longicruris 
D. aculeata 
P. urceolata 
Antitbamnlon cpp. 
C. rubrum 
L. longicruris 
P. urceolata 
Antitbanmion spp. 

C . a a,™ 

Laminaria 
urceolata.. 

g dry wght 

1 

911.0 
326.4 
68.0 

1824'. 7 
275.5 
85.8 

Sl19.1 
6.0 
9-. 5 

80,4 
12,3 
8.3 ' 
13i8 
"5.0 
46.3 
19.7 

1174*0 • 
37D.0 
92.7 „ 
10.9 
3.8 

„ 59.4 
" 192*0 

16.6 
3020.3 

57.6 
* 17.1 

8.1 
4.3 

157.0 
69.0 
13.6 
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x^1 

.APPENDIX C.2. (Chapter 5). Estimates of lamina area Index of 

Laminaria longicruris in the non-e"itperiaental areas at Mill Cove 

and Pa^l Pt. Standard errors in parentheses ( ). 

SITE DATE- LAMINA AREA INDEX 
0 2 -2 
(m shade area m substratum) 

Paul «Pt. 
' 

• 
-

i 

Mill Cove 

0 

19 Oct 
• 05 Jan 

06 Apr 
24 May 
19 July 
03 Sept 
23 Oct 

21 Dec 
28 Apr 
22 Jun 
02 Aug 
18 Oct 

1982 
1983 
1983 
1983 
1983 
1983 
1983 

1982 „ 
1983 
1983 
1983 
1983 

1.91 
1.00 
0.83 
1.86 
1.59 
1.33. 
0.73 

0,.0l 
0/.18 
0.13 
0.19 
0.23 

J> 

(0.30) 
(0.21) 
(0.16) 
(0.21) 
(0.29) 
(0.18) 
(0.09) " 

(0.01) 
(0.05) 
(0.07) 
(0.10) 
(0.09) 

0 

• 

t 

° 

.1 



a» 

242. 

^APPENDIX C.3o (Chapter 5). -Lamina area index of Laminaria longicruris 
in experimental plots no's. 1,2,5 and 6 (see fig. 5.1) at Paul 

* P t . 

a7™Hffr-a 

2 =2 
LAMINA ARES. INDEX (m shade a r e a m subs t ra tum) , 

Date ' P l o t 

-

05 
06 
02 

14 
15 

18 

02 
05 

14 

16 

15 
•18 

July 1982 
'July-1982 
Aug 1982 

Sept 1982 
Sept 1982 

Oct 1982 

Bet 1982 
Jan 1983 

Mar 1983 

May 1983 

Jul 1983 
Jul 1983 

01 Sapt 1983 
03 Sept 1983 

24 Oct 1983 

1.65 

1.63 

1.57 

1.44 

0.58 

1.52 

1.47 

1.19 

0.91 

" lo44 

1.67 

1.76 

1.37 

0.57 

1.23 

0.90 • 

' 0.72 

0.42 

•& 

2.05 

2.26 

1.78 

1.43 

0.52 

1.20 

0.89 

.0.71 

0.41 

2.01 

2.04 

2.01 

1.68 

0.68 

1.38 

1.28 

1.02 

0.75 

, 

-

' 
*<l 

"NO 
?~ 
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APPENDIX Co4. (Chapter 5 ) . .Partitioning of changes in the lamina area 
index of Laminaria longicruris in experimental plots 1,2,5 and 6 
(see fig. 5.1). at Paul Pt. into0 components due to mortality, 

\ recruitment,, and net loss and net growth of laminae. Standard 
errors in parentheses ( ) . 

RATE of CHANGE of LAMINA AREA INDEX 

2 —2 —1 
(m lamina area ta- substratum 30 days ) 

TIME 
PERIOD 

Recruitment Mortality Blade Growth Blade Loss 

1 -
2 -
3 -
4'-
5 -
6 -
7 -
8 -

2 
3 
4 
5 
6 
7 
8 
9 

.0026 (.0026) 

.0172 (.0118) 

.0033 (.0019) 

.0112 (.0099) 

.0638 (.0346) 

.0008 (.0008) 

.0000 (.0000), 
o0092 (.0039) 

.0340 ( 

.1107 1 

.1203 1 
o2141( < 
'.0114' ( 
.1159 ( 
.0604 
.0915 

,.0134) 
..0786) 
:.0597) 
:.0197) 
;.0080.) 
;.0283) 
;.0188) 
..0418) 

.1607 ( 

.1616 ( 

.1013 ( 

.0318 ( 
'.2811 ( 
.0691 ( 
.0154 < 
o,0167 ( 

;.0397) 
..-0463) 
;.0139) 

:.oioi) 
;.0315) 
;.0192) • 
...0046) 
;.0092) 

.0687 (.0257) 

.1742 (.0493) 

.1584 (.0384) 

.1049 (.0357) 

.0071 (.0022) 

.0467 (.0150) 

.0973 (.0109) 

.0958 (.0271) 

Time Periods? 1 
a 2 

3 
4 
5 
6 
7 

= 1 

18 July 
14 Sept 

Oct 
02 Dec 
14 Mar 
16 May 
16 July 1983 
01 Sept 1983 
24 Oct 1983 

1982 
1982 
1982 
.1982 
1983 
1983 

"S 
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APPENDIX Dolo (Chapter 6). Justification of, use of non-repeated 
t 

measures ANOVA design when tbe *subject' term of a repeated 

measures model is 'positive 

Assume that several populations of plants are subject to 

different treatments, and that parameters of these same populations 

are measured on several sampling dates. In strict terms,, analysis of 

these data should follow a repesreed measures.design in which'any 

single observation Y is given by - 43 ' c 

Y = treatment effect -I- date effect HI- date/treatment- interaction -K 

subject effect + error term . „ ' 

The model incorporates a subject effect because the same subjects 

' « a . ' 

are sampled on each date, ie. samples are not independentP The 

Si 

subject effect incorporates a measure of the covariance of the 

*?• . • 

observed measure (Y) with'" the repeated measure (date). .If" the 
. '* < 

covariance is positive, then tb'e subject effect w^ll be positive. If 

the subject effect' is positive, then by using a non-repeated measures.. 

model in which the error term is in fact the sto of the error term' and 

subject effect of tbe repeated measures model, the error mean square 

' is larger than in the repeated "measures case. Clearly, when tbe 

subject effect is positive, tbe F-ctatictic ic smaller and the 

• significance level more conservative in the non-repeated measures 
0 

approach than in the appropriate repeated measures-model 0. 
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APPENDIX D.2. (Chapter &). Densities of Lacuna vincta on all 

substrata per unit area of bottom at shallow (3=5m)B medium depth 

(9-11a) and deep (15-17ra) stations^ at Paul Pt. during 1983. 

Standard errors in parentheses ( ). 

DATE 
(1983) 

3—5m 

LACUNA DENSITY m 

9-llm 15-17m 

15 Feb 
21 Apr 
10 June 
28 July 
3 Oct 

2352.0 (253.5) 
1209.3 (196.4) 
2161.1 (298.9) 
382.0 (104.0) 
0 

303.5 (65.6) 
180.0 (49.4) 
225.1 (29.3) 
5.9 (2.5) 
2.4 (0.9) 

82.7 (27.9) 
65.9 (14.2) 
17.9 (4.4) 
3.2 Cl»2) 
0 

J ' 



^ 
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APPENDIX'D.3. (Chapter 6). Densities of Lacuna vincta A " Laminaria 

longicruris , laminae at shallow (3-5m), medium t(9-llm) and deep 

(15-17m) stations at Paul Pt. 'during 1983o Standard errors in 

parentheses ( 

« 

DATE 
(1983) 

2 Feb 
** 6 Mar « 

22 Apr 
10 June 
29 "July 

3 Oct 

S, 

' LACUNA DENSITY 
, 

3-5m 

19.6 (4o8) 
6.4 (1.0) . ' 
2.9 (0 .5) 
6.2 ( l o l ) 
6.3 (0.9) 
OsJO (0.0) ' 

1 

* 

' .<? 

0 "S ' 
Oolia L.A1-1INMIA LAMINA 

9-11® 
a 

26o8 (3.3) 
6.5 (1.1) 
3.4 (0.6) 
0.7 (0ol) 
0.6 (0.1) 
0.1 (0 .0) 

, 
15-17sT 

2o9 (0o6)° 
7.1 (0.9) 
4.6 (0.8) 
0.0 (0.0) 
0.1 (b.0) 
0.0 (0o0) 

s. 

* 

t K. 

a 

\ 



\ 
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\ 

APPENDIX D.4. (Chapter 6). Distribution of shell lengths of Lacuna 
V a • 

vincta onjLaBinaria longicruris laminae at ca. lOm^depth at Paul 

Pt't>, January^Octotesr 1983. 
• 0 

4 

DATE 
\(1983) 

PERCENTAGE OF POPULÂ EON IN, SIZE CLASS 
»? 

midpoint of s°ise c lass (ma) 

5 7 9 11 '13 15 

23 Jan 
' 5 Mar 
22 Apr 
6 June 
29 July 
4 Oct 

82.5 
35.5 
12.8 

' 7.9 
0.4 
0 

12.«2 
50o8 
33.3 
54.1 
7.5 
,0 

3.2 
. 1(L3 ' 

38.\i 
' 3i k 
67.3 
. .1.8 

HI 
' 2.2 

11.9 
5..J7 
24o4 
65.7 

V 

1 = • 

0.6 
1.0 
2.8 
v0.1 
0.5 . 

J l o -Ii. 

0.3 
0.1 
0.7' 
0.4 
-0' 
1.4 

0.2 
0.1 
0.5 

* Q; 
a 0 

0 

.0.1 
0 
0 

'•6.1 
0 
0 

• 3465 
, 1121 
' 430 
917 

!„ 816 
280 

aO 
a=£> 

£> 

" 

\ a •> ' - ^ 

V-, 
\ ' * . 

\ NP *': 

\ 
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r 
V 

APPENDIX D.5. (Chapter 6). Mean size (shell length) of cohorts of 

Lacuna vincta o*̂  Laminaria longicruris laminae at ca0 , 10a depth 
~ ~ — — — — - ~~a-a___a— \- ' ' y — — a ~ a — a — a — — a _ — 

at-Paul Pt. s January\October 1983." 

23 Jan 
5 Mar 

22 Apr 
6 June 
29 July 
4 Oct 

\ 

i 

. 

• 

• 

n«o 0.0 
'2.0 
4.3 

.&.&$. 
= 
= 

-. 
= 
-

^tS, 

3.8 
3 a JL * 

7o8 

*a> •o 

». * a 
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APPENDIX Do60 (Chapter 6)0 .Sesc ratio of Lacuna vincta on Laminaria 

longicruris laminae at ca. 10m depth at Paul Pt., March-October 

1983. N=50 for all dates.' 

DATE 

(1983) 

SEX RATIO (% FEMALES) 

- . v . . 

O 5 Mar 

22 Apr 

<rc3 6 June 

4 Oct 

56 

48 

64 

70 

\ 

•%. *V 4 
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\ » 
APPENDIX D.7. (Chapter 6). Reeolonlsation of Lacuna vincta on laminae 

2 2 
°̂  Laaiaaria longicruris "In three groups of 4m and 16m plots 

e V 

initially cleared o'f snails at ca0 10m depth at Paul Pt., 

' P 
January-March 1983o Recolonization is expressed as a percentage 

—1 
of the initial average number of snails plant prior to 

clearingo . Number of plants censused given In parentheses (Oio . 

-

o 

» 
-

0 

w 

>.. 

1 \ 

v/ 

«3 

. 'GROUP NUMBER.., 
SIZE OF PLOTS, 

(NUMBER OF PLOTS) 

Group 1 

4m 
(6 plots) 

>, 

Group 2 

2 
16m 

(2 plpts) 

Gxpu{t-»3 

V 2 
rKMti »• 

• (2 plots) 

ii 

DAYS 
SINCE 
CLEARING 

3 
. 14 
17 
23 
32 

4 
16 
24 
35 

10 
23 
30 
41 

• 

% RECOLONIZATION 

21.7 
32.7 
69.1 
53.3 
39.4 

44.0 
47.2 
31.8 
,28o6 

57.0 
60o9 
72o8 
51.1 

(32) 
(30) 
(25) 
(54) 
(54) ' 

(ID 
(16') 
(16) 
(16) 

(10) 
(15) 
(12) 
(14) 

. 

• 

' 

' £ 

' v. 
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APPENDIX D.8. .(Chaptej?-6-Xo_v*OistrlbutIori' of damage from grasing by 

Lacuna vincta on laminae of Laminaria longicruris." Damage index 

(D.) for 10 regions of lamina (see fig. 6.1, section 6.2.2.3). 
a ' N 

Standard errors in parentheses ("). 

CI 

1 

-REGION OF 
"LAMINA ( 1 ) 

1 
2 

> - o 3 '* 

4 
.5 
6 
7 
8 
9 

10 

' \ 

D 
• I 

0.14 (.04) 
0.45 (.06) 
0.44 (.05) 
0.18 (.05) 
0.06 (.03) 

0 -0 
0.01 (.00) 

~ 0.02 (.01) 
. 0.04 (.02) 

0.04 (.01) 

• 

, 

\* 

a) 
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APPENDIX Do9. (Chapter 6). Variation in concentrations of polyphenols 

within Laninaria longicruris plantso Expressed as nag polyphenols s 

-1 '' * 

g dry weight relative to the high Molecular weigbt (*type 2") 

non-diffusable phloroglucinol polymers in Fucus vesiculosus. 

Standard errors in parentheses ( ). 

/ REGION OF POLYPHENOLS CONTENT 
/ PLANT (*) 

rag g . dry weight 

Stipe 9.14 (1.29) 
Meristem 55.47 (6.02) 

A 7.02 (2.23) 
' B 8.04 (3.02) 

C 6.98 (1.60) 
D 4.71 (1.31) 

(*<) See f ig . 6 . 1 . 
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APPENDIX D.IO. (Chapter 6). Size-specific grazing rates (in the. 

laboratory) of Lacuaa vincta on tissue from the margins of 
\ " 

Laminaria longicruris. Standard errors in parentheses ( ). ' 

MIDPOINT Of 
SIZE CLASS OF 
SHELL LENGTH 

(mm) 

1 _ ,«2 , 

GRAZING RATE 

' —1 
kelp fresh wght day . snail * s 10 

1 
3 
5 ' 
7 
9 ' 

11 
13 

0.080 (.054) 
0.227 (.080) 
0.575 (.027) 
1.844 (.347) 
1.748 (.444) 
2.648 (.498) 
3.930 (.503) 
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APPENDIX Doll." (Chapter 6). Effect of removal of Lacuna vincta from 

Laminaria longicruris on the rate of increase in width of laminae 

at ca. 10m depth at Paul Pt., February-July 1983. - Standard 

errors in parentheses ( ) 8 | 0 

DATE 
(1983) 

WIDTH INCREMENT ao PROPORTION" , 
of INITIAL WIDTH on. .,7 FEBRUARY 1983 

Control Plants 
(no removals) 

Plants with 
Lacuna removed 

6 Mar 
22 Apr 
10 June 
29 July 

0.23 (.09) n=31 
. . 0.59 (.11> n=30 

* 0,81" (.11) n«27 
fa ,>*- 0.86' (.11) n«26 

0.37 (.18) n=31 
0.87 {.17) a=30 
1.33 (.20) n=28 
1.33 (.20) n-25 



<•%$ 

•-J-

X 

APPENDIX D.12. (Chapter 6). -Effect ,"„of -.removal of Laduna vincta from 
a* r ' 4 j 

Laminaria longicruris *Pn tbe "rate, of increase 1 in- length of 

• « " " < . ' ' ' ' ' l \ 

. laminde "at ca. ,10m depth at Paul P̂ t.*, Pabr,iiary-Juiy 1983. 
1 " • • • ' . *. * " 

Standard errors in parentheses ( ). ° < 

.DATE 
(1983) 

- LENGTH INCREMENT., as PROPORTION 
of INITIAL LENGTH on* 7 FEBRUARY 1983' ' \ 

' » * 
Control Plants 
°(no removals) 

' £ L . 

f t 0Apr-
0 June 

29"July 

' " - ^ M a s v * ** 0 * 0 2 ' ( . ' 0 3 ) ^ 3 1 , - 0.05 (.07) nk «2'°Apr- , , »*Q.44 (.96) n=30 ' 0.42 (.09) n4=30 

0 June 0.83 (.09) n=27 '„ ^ 0."83 (.12) n±28 
0.89 ( .J | ) n=j<25 

_L_a_^—_L 

0.83 (.09) n=27 ' , 
1.06 (.10) n=2Cj J. 

a . " ' \ -> 

9 \ 

\ ' 
f* 

<* 

' ' * \s ,« 

• . . : ^ 

% 
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APPENDIX D.13o (Chapter 6). Predicted values of tbe lanina area index 

for Laainaria longicruris {GQG oection.' 5.2.1) In tbe 

noti-experlnental area at Paul Pt. • ia 1933B accuaing danage to 

Laminaria by Lacuna yincta bad not occurred. * 

DATE 
(1983) 

LAMINA AREA INDEX (a cbade area 

2 
of lanina m subotratua) 

\\ " * 

Observed 
(onailo preaentl 

Predicted 
(aoouaing onaila 

absent) 

«< 

6 Apr 
24 |lay 

0.83 
1.86 
1.53 

0.95 
2.31 
2.02 

.-Tv,' t Vaa 

Q 

A -" \\--

•o 

a*f 

" i 

S 

• \> * .. 

>, 

•Ci 
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APPENDIX D.14-. (Chapter 6). Incidence of Lacuna vincta in guts of 

.Tautonoiabruo Gdspsgoug_ collected from above tbe tbernocllne at 

Paul Pfcoj, JuneTAuguat 1383o 

DATS 
(1983) 

PROPORTION with 
Lacuna present 

in guto 

PROPORTION in which 
Ian.ni.na greatest 
component of .. 

otonaeh eoa.teato
by. VOIUDB 

13 June 
8 Aug 
31 Aug 

41 
55' 
100 

0.61 
0.69 
0.09 

0.46 
0.24 
0.03 

! ' • 

http://Ian.ni.na


^ 
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APPENDIX Do 15. (Chapter 6). ' Relationship between-size (shell length)' 

of largest Lacuna vincta in guts of Tautogolabrus adspersus and 

oise (total length) of'T. adspersus. Saopleo .collected from 

Paul PtoB June-August 1983. 

MIDPOINT of .oiae ciaoo 
of total length of 
Tautonolabruo (ca) 

MIDPOINT of oise. class 
of obeli length of -
largest Lacuna found 
in fioh guto (EH) " -

<^V< ' W N § 

75 
105 
135 
165 
195 
225 

1 
3 
St. 
7 
7 
7 

•3 
7 

18 
13 
8 
6 

v 5 * . 

-y, * „• 

,a-«f 
4 4' 

i 

VO ft d 
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«* 
K 

APPENDIX D0?16-. (Chapter 6). Sise selective predation by Tautogolabrus 

-adoperouo on Lacuna vincta in a controlled laboratory exper^Eeiit. 

\, Broportion of snails In specific oiae classes consumed • per fish 

of given oise in^S days. Standard errors ia parentheses (. ). 

Midpoint of pise class . PROPORTION snails consuced fish 5 days 
of' obeli length of 

LacunA (oa) 
.<* x 

Sise Glass of Pish (inn) 

• V . 
< 90 a ' 110=160. > 180' 

• 3 - .. .054 (.011) o075 v(o025) . „\79-(.007), 

5* >x .-006 (.002) .035 <foi7) • ' . 0 % (.007) 

" rf '< . ' o006 (.0^8) ..032 (.020). '«076 (.012) 
.V \ - • 

• ' 

El 

5 < " ' 

3 - • " ' " <».-- <* / , aS . 

' <1 . 

^r 

\° 
v : •.« 

• a i - l ? <> ", & i a B 
0*»d v \ . . - . ' • ' - ' • •• • , . . ; • ' .,, 

5 a,-" „ a. » * ' . > > 

O <• . ' i *&' a trx 

• </ 

* . - J a ^ l 

• 1 : 

J. 
. v-

*j«:*» 

.) . 
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» liar. Mo l . Ecol'.. 78s 99-109. 

Chapman., A.R.Oo and. J-.S. Craigie (1977). Seasonal gr'owtb In 
Laminaria longicruris t Relations .wi-tb" dissolved inorganic 
nut r ients and in ternal reserves of ni t rogen. Mar. Biol.,, 40s 

-197-205. " o. . * , * *?~f, 

Chapman- A.R.O. and J.So' Cra ig ie ,USi§ ) • -Seasetaal growth In -» 
Lamlnafia longicruris I Relations with reserve", carbohydrate . • -' 
storage and production. Mar.' Biol.., 46j '209=213. • , 

Clendenning, K.As (l!$71). Photosynthesis and' general ^development in 
I'lacrocystlB« Ins" tnfe Mology_ of Glan^ Kelp Bead's (I-faerpeyfftls) ifa " 

« ". California. (®d. W«J» Nortjtr,), Biefaefte .zur'Nova Hedwigia/ 
'suppl. #32, pp. 170-190. ' . . - T ' , \«f ' ' 

Cochran^ I-J.G. (1977).. Sampling Teetiniquecs., ~3rd0 . ed. . JJiley^ Kfeu ' . ' 

<?' 

- J 

I " a 

/<? 



263. 

.•"v,. 

York. 

Connells J.'H. (1970)0 On the role of natural enemies in prevent.lng 
competitive exclusion In some marine animals and in rain forest 
trees.. Proco Adyo , Study Inst. Dynamics lumbers Popul.s 
298-312. 

Connell.. J.H. '(1974). Ecology! Field experiments in marine ecdlogy. 
In,. Experimental Marine Biology, (ed0 R. Mariscal)0 pp.21-54. 
Academic Press, Mew York. - ' 

. • Connell", JoH. s(1978). Diversity in tropical rain forests and coral 
reefs. . Science9-199s '1302-1310. . ' • 

*r Connellj J-oH0 (1983a)U Pn tbe prevalence, and relative importance of 
interspecific competition; Evidence from field,experiments. Aso 
fetoj 122; 661-696. ' . ' . * " 

Cpnnell, J.H. (1983b). Interpreting the results of'field -

experimentss effects of Indirect interactionso Oikoo„ 41s 
- .290-2917. "-'•- — T ~ "" — 

*" Coedey. W.W. and P.R. 'Lobnes (1971). Multivariate Data Analypio. 
Wiley, New York. ' . . ,< 

Coull. B.C. and_ J.B.J. Wells (1983). Refuges from fish' predations 
» .„ Experiments with pliytal meiofaufia from the' Mew Zealand, rocky 

intertidal. Ecqlogyj "'Ws 1599=1609. . 

Consensu R. and M.J. Hutchings (1983). Tbe relationship between , „ 
• ," - vdefisity and mean frond weight in.monospecific seaweed stands. ; 

* ' Matures 301s 240-241. . " -

"" Coweny, R*K., Ageglan, C.R. ' and M.S. Foster (1982). The maintenance . 
• of community structure in a central. California giant kelp .forest. 

..J. Ex^.i' Mar. Biol.' Ecol., 64 s' 189=201. ' ^ * 

,,• 'Criqp, D&J. (1965). " Surface chemistry., a factor i'n tbe settlement'of 
• ' marine invertebrate larvae. Botaniea Gotbeiiburgensja 11*1. _-3?roc. 

,'•, 5fah Marine Biological Symposium^' Gotebotg-, 1964, pp. 51-65. 

,' Crisp,, ..D.J. (t9>^.).. Factors influencing tbe settlement of marine 
, r '* v, inveytebratd .larvae. c Ins Cbemoreeeption j.n, Marine Organisms^ • 

•'" , t ' >(ed'a. Grant,. _ P. T. and "A.M. Hackle)s pp. 177-265. Academic 
' -" c" ' Press, London.' '\ ' ,' .A ,. 

: •' * CondellV'^.M'i, Sleejfer, T.D.o and R. Mitchell^(1977). Microbial' 
•\ 1 '* -populations associated with the surface of*the brown alga r „ 

• ' Adeopbfllua podosua^ Mierob. , Ego1.9 4_s 81-91.,'V. <* t ' % 

-' . Ddytoffj P.K. (1971). Competitions diGtorbanefe^Tiand coaaunity ' 
> organisations the Brovioion and subsequent utilisation' of s'pa£e>, &. 

• V ' • ' » « » • , . . . ; •' • "» * '. " • •• ' 

,ai 

"•J 

1, 

<3 

/ ' 



264. 

in a rocky intertidal community. Ecol. Monogr., 41s 351-389. 

-Dayton, 'P. It. (1973). Dispersion, dispersal, and persistence of tbe 
<.. annual Intertidal alga, Postelola palmaeforais Rup'recbjt.' 

Ecology, 54s 433-438. 

Dayton, f.K. (1975a). Experimental evaluation of ecological -, 
dominance in a rocky intertidal algal communityo Ecolo Monogr., 
45 s 137-159o . ' . 

Dayton, PoK. (1975b). Ejqjerliiiental studies of algal canopy 
interactions ia a sea .otte^-dominaied kelp' community at Amcnitka , 
Island, Alaska. Fioh.. Bull., 73s 230-237. 

Dayton, P.K., Currie, VP, Gerrode'tte, T., Keller, Bo.D., Rosenthal, #o 
and Do Ven. Treoca (1984). Patch dynamics and stability df doice 
California kelp comsjunitieso. Ecol. Monogr., 54s 253=289. 

Dayton, P.K. and J.S. "Oliver.(1980). An evaluation of experimental• 
analyses of population and community patterns in bentbic marine 

1 environments., Ins Marine Bentbic Dynamics,, (ed^s. Tenore, K.R. 
- and 'B.C. Coull), pp.93=120. Univ. South Carolina Preqp,•South 

* Carolina. . • •' 

Dayton, P.K., Robilliard, G.'A., Paine^ R.T. and L.B. Dayton (1974). 
Biological accommodation Tn the_bentbic community at McMurdo ' 
'Sound, .Antarctica.- Ecol. Monogr.,..44s'105-128. 

Dayton, P.K. and'M.J» Tegner (1904). Catastrophic storms, El Nino, 
, and patch stability in a.southern California kelp communityo 
Science, 224s 283-285. 

Dean, ToAo, Sehroeter,, SoC.' and JoD,. Dinon (1^84"^ Effects of 0 

, grasing by two' species of,sea urchins (Strongylocentro too 
f rane.iseanuo ,/aad Lyteebinus agaaegug) on recruitment and survival 
of"two opecleo of kelp (Maerocyctis pyrifera and-Pterygophora 
c&lifprnica)o Mar. Biol., 70s 301-313. . < 

den Hartois, Co (1972). .'Multicellular plants. Ins ferine Ecology, 
vol.1 (3)0 Snvirpncental factors,'(&&{ 0. Kinne), pp.1277-1289. 
Ilifcy,' Loudon. " •. 

»i - * , ' 

Detbier; tl.I0 (1304).. Disturbance and recovery in inter tfdaL pools, s 
Maintenance" of_ mosaic patternc. Ecol. Monogr., 54s 99=1:18..' 

Dixon, WoJo, BrotaTn, M.B., Engienan, La, Fratoe, J.U.-, KfLll,' M.A., 
'• Jean^icb, R.I". and J«,B<» Toporek (1983). BMDP .Statistical ' 

Softease. Univ. . Calfeornia Preoc", Berkeley. . 
• ' " < a. " ° ' 

a , . t> - ' _, 

Dlnoa, U.Jo aad F . J . Maoaej^(19a59)o Introduction to S ta t i s t ica l -
AaalyoiOa-'Sgdo- edo Mc#aw-Eili'0 few York* , 

•^31 i 

> 
a< « 

' ^ a 



"Q 
265. 

J3 

Dommasnes, A. (1969). On the fauna of Corallina officinalis L. In 
western Norway. Sarsla, 38s 71-86. 

Draper, N. and H. Smith (1981). Applied Regression Analysis. 
Wiley, New York. „ 

Duggins, D.O. (1980). Kelp beds and sea'otterss an experimental 
approach. Ecology, 61s 447-453*- • 

. Duggins, B.O. (1981a)0 Sea urchins"and kelps the effects of short 
term changes in urchin diet. '.Limnol. Oceanogr., 26s 391-394. 

t 

Duggins, D.O. (1981b). Intercpecific facilitation In a guild of 
bentbic marine herra^roras. Oecologia, 48s 157-163. 

\ ' — — ~ ' 
_Duggins, D.O. (1983). Starfish predation and the creation of mosaic 

patterns in a .kelp-dominated community. Ecology, 64s 1610-1619. 

Earle, S.A. (1972). The influence of herbivores on tbe marine plants 
of Great Lameshur Bay, with an annotated list of plants. 2ns • 
Results of the Tektite Program. Ecology of Coral Reef Fishes, 
(ed's. Colette, B.B. and S.A. Earle), Loo Ang. Cty. Nat., 
Hist. Mus. Sei. 'Bull., 14s 17-44. 

^ Ebeling, A.W«,.Larson, R.J. and W.S. Alevison (1980)b. Habitat 
, . * groups and .island-mainland distribution of kelp-bed fishes off 

Santa Barbara, California. Ins Muitidisciplinary Symposium on 
the Calif onaia Islands, (ed. D.M. Power),' Santa Barbara Mus. 
Mat. -Hist., pp.403-431. 

Ebeling, A.W., Larson, R.J., Alevizon, W.S. and R.N. Bray' (1980)a. 
. Annual variability of reef-fish assemblages in kelp forests off 

„ **" . Santa Barbara, California. Fish. Bull., 78s 361-377. 

Ebert, T.A. (1903). Radruitment in ecbinoderms. In: Eehlnoderm 
Studiesa vol.1.., (ed's. Jangous, Ms and J»M. Lawrence), pp. 
169-203. Balkema, RbtteEjIam. • 

Edelstein, T. Craigle, J..S. "and J. McLachlan (1969). Preliminary 
- ̂  o sufvey of the sublittoral flora of-' Halif&TL County. J. F'ish. 
* '" a" Res. Xoard Can., 26; 2703-2713. *> 

Elliot," J.H. (1971). .Some Methods for "the -Statistical .Analysis pi 
'Samples'of Benthie Invertebrates. Freshwater Biological a' -

„ " „. Association, Sci. Pub. " No. 25. 

- Elyakdva, L.A., Sbevehenko, N.M., and. S.M. 'Avaeira (1981). A 
comparative study, of carbohydrase activities In marine 

'* "inver?:ebrates.V Com£. ,.Biocheta. Physiol., 69B's 905-908.. } 
' ° - J " 

'-"• '"•*'. EtipinOaJa, J. ..and AiR.O." Chapman (ll83). Eeotypi'c* differentiation of 
' - Laminaria longlerurio in relation to oeawatar nitrate 

\ 



5, 

266. 

concentration. Mar. "Biol., 74s 213-218. 

Estes, J.A., "Smith, I.S. and J.F. Palmisano (1978). Se'a otter , 
predation and community organization in the western Aleutian 
islands, Alaska. .Ecology,, 59s 822-833. 

Favbrov, V.V. and V.E. ..Vaskovsky (1971). Alginases of marine 
invertebrates.6 Coap. Biochea-. J Physiol., J8Bs 689=696. 

a* ' - ,Feeny, P. (1976).. Plant apparency and chemical defense. Ins ° - -
' ' Biochemical Interaction Between Plants and Insects, Recent 

Advances in Phytochenistry, vol. 10., (ed's. Wallace, J.M. and 
R.L. Manoell), pp.1-40. Plenum Press, Hew York.. 

'Feldaan, J. (1937). Rechercbeo sur la vegetation marine de la 
Mediterranean La cote des Alberes. Cb.2. Le substratum. 
Revue, atgj|l.f, 10s 17-29.' 

Feng, W. an«| K.H. Mann (1980). RPle of gut flora in tbe transfer of 
amino acids through a marine food chain. Can. J. Fish. Aquat. 
&&•?&: 88-96. ' . 

Foreman, R.E. (1977«). Bentbic community modification and recovery 
following intensive grazing by Strongylocentrotua droebachiensis-. 

' * Helgo^ wiss, . 'Meeresunters.,'30s 463-484. 

'. " Foster,' M.S. (1975a). Algal succession in a IZacroeyctis pyrifera I 
forest. "Mar. Biol., 32s 313-329. * V - \ 

• ... a 

Foster, M.S. (1975b). Regulation of algal community development in a 
-•' Maesocystis pyrifera forest. Mar. Biol., 32s' 331=342. 

a Fox, L.R. (1981). Defense and dynamics in plant-herbivore systems. 
. . Am. Zool., 21s 853-864. 

s • -

) Fralick, R.A., Turgeon, K.W. and A.C. Mathieson (1974). Destruction 
of kelp populationo by Lacuna yincta (Montagu). Nautilus. 88s 

| 112=114. 

. fretter, V. (1984). " Prosobranchc. Ins The Mollusea, Vol.7. ^ 
* Retroaction, (ed's. Tompa, A.S., Verdonik,, N.H.. and J.A.M. 

. l ¥an den Biggelaar), pp. 1-45. Academic Press, Orlando. 0 . ^^p^ 

, • , - -Fretter, ?. and'A. Graham (1962). British Prosobranch Molluscs. 
lay Society, London. -' ' ,. '" 

a. . . _ . ' ' a 

Fretter, V. and R. Manly "(1977). Algal associations o£ Trifcolia 
* pullus, Lacuna vincta, and Cerithiopsis tubareularis (Gastropoda) 
,n wifh special reference to the settlement "of their larvae. 3% 
• 'Mar. Biol. Assoc. U.K., 57_s 999-1017.- ' ^ • 

y V Gagne, J.A.,- Mann K.H. and A.R.O.- Chapman (£982). Seasonal patterns' 

) 

* / 

/ 



.267 

of growth and storage in Laminaria longicruris in relation to 
differing patterns"of availability of nitrogen In the water. 
Mar. Biol., 69: 91-101. 

Gee, J.M. (1965). Chemical stimulation of settlement in larvae of 
Spirorbis rupestris (Serpulidae). Anim. Behav"., 13s 181-186. 

Geiselmann, J.A. and O.J. McConnell (1981)* Polyphenols in brown 
• algae Fucus vesiculosus and Aaeophylluta nodosum; Chemical 
defenses against the marine berbiYorous snail, Littorina 
littorea. 3. Cfaeta. Ecol., 7j 1115-1133." 

Gerard, "V.A. and K.H. Mann (1979). Growth and production of 
.-Laminar ia longicruris (Pbaeopfiyta). populations exposed to 
different intensities of water movement. J. Phycol., 15; 33-41. 

XJianfreda, L,. Itaperato, A., Palescandolo, R., and ¥. Scardi 
(1979a). Distribution of <,-i,4-glucanase and -glucosidase 
activities among.marine molluscs^with different feeding habits. 
Comp. Biocfaem. Physiol., 63Bs 345-348. . v 

t, 
'Gianfreda, L., Tosti, E. and V. Scatdi (1979b). A comparison of -

and -glucanase activities In fourteen species of marine 
molluscs. Bioebem. Syst. Ecol., 7; 57-59. 

Giraud, G. and J. , Cabiocb (1976). Etude ultrastrueturale de 
1'activlte des cellules ouperficlelles du thalle des 
Corallinacees (Rhodophycees). Pbyeplogia, 15 s 405-414". 

Gore, J.'A. (1982). Bentbic Invertebrate colonisations Source 
distance effects on community composition. Hydrobiolggia, 94s 
183-193. ' %f 

Goreau, T.F. (1963). Calcium carbonate' deposition by coralline algae 
and corals in relation to their roles as reef builders. Ann. 
N.Y. Acad. . Sci., 109s 127-167. 

Grahame, J. (1977). Reproductive effort and r-'and It-3 selection in 
two species of Lacuna (Gastropoda; Prosobranchla). ,Mar. Biol*, 
40 s 21.7-224. ° 

2dxng Grahame, J. (1982). Energy flow and breeding in two species of 
Lacuna; comparative costs of egg production and maintenance. 

t Int« J» Invertebr. Reprod., _5: 91-99. 

Grime, J.P. (1977). Evidence for tbe existence of three primary i 
strategies in plants and its relevance to ecological and 
evolutionary theory. Am. Nat.,-Ills 1169-1194.. 

(Grime, J.P. ' (1979). Plant Strategies and Vegetation Processes"'. 
„ Wiley, Chichester. ' ' 



°* 268. 

Gunnill,'F.C. (1982a). Macroalgae as habitat patch islands for 
Scutellidium lamellipes (Copepodas Harpacticoida) and Ampithoe 
tea (Ampblpoda: Gammaridae). Mar* Biol., 69; 103-116. 

Gunn,£ll, F.C. (J.982b). Effects .of plant size and distribution on the 
numbers of invertebrate species and individuals inhabiting the 
brown alga Pelvetia fastigiata. Mar. Biol., 69s 263-280. -

Gunnill, F.C. (1983). Seasonal variations in the invertebrate faunas 
°^ Pelvetia fastigiata (Fucaceae): Effects of plant size and 
distribution. Mar. Biol., ̂ s 115-130. ! 

t' 

Hagen, N.T. (1983). Destructive grasing of kelp beds by sea urchins 
in Vestfjorden, northern -Norway. Sarsfe, 68; 177-190. 

Hagerraann, L. (1966). Tbe macro- and microfauna associated with 
Fucus serratus L., with some ecological remarks. Ophelia, 3_: 
1-43. S 

tianski, 1. (1981). Coexistence of 'competitors in patchy environment 
with and without predation. Oikos, 37_s 306-3127 '• ^ 

Harding, J.P. (1949). Tbe'use of probability paper for the graphical 
analysis of polymodal frequency -distributions, J. Mar. Biol. 
Assoc. U.°K., 28 s 141-153. -* ' 

v. 

Harkin, E. (1981). Fluctuations in epiphyte biomass following -
Laminaria hyperborea canopy'removal. Proc. » Int. Seaweed Symp., 
10; 303-308. 
— -< 

j 

Harlin/$..M and J'.M. Llndebjirgh (1977)." Selection-of substrata by17" 
yseajWedss Optimal surface relief.. Mar. Biol., -hOv 33-40. 

Hassel, M.P«» (1979). The dynamics of predator-prey interaction 
-polyphagous predators, competing predators and hyperparasitoids. 
^ s Population Dynamics, (ed'o. Anderson, R.M., Turner, B*D., 
and L.R. Taylor), 20tb Symp. British^ Ecol. " Soc, pp.283-306. -
Blackwel.fi Oxford. 

Batcher, B.G., Chapman, A.R.O. and K.H. Mann (1977). An annual 
carbon budget for tbe kelp Laminaria. longicruris. Mar. Biol., 
44? B5-96.„ * n „ 

Hay, C.ft. and G.R. South (1979). Experimental ecology with 
particular reference to proposed commercial harvesting o£ 
Durvillaea (Phaeophyta, Durvilleales) in New Zealand. Bot. 
Mar., 22: 431*436. <• - ' 

"Hay, M.E. (1981a). Spatial patterns»of grazing intensity-on a 
Caribbean barrier reef s Derbivor^" and algal distribution, fejuat. 
Bot., 11: 97-109. ' \ . , * '' 

^ '. . U < 

http://Blackwel.fi


(S 
«a* ' 

fa 

a * - . a . ' 269. . 

^ ' \ . , . 

Hay, M.E. ;(1981b). Herbivory, algal distribution, and tbe 
maintenance of between-habitat diversity on a^tropical fringing 

"^ reef ..Mm, Nat'., 118s ,520-540." "" 

Hay, M.E. (1984). Patterns of fish.and urchin grazing on Caribbean 
s .coral reefss are previous^results)typical?^ Ecology, 65s 446-454. 

Hay, M.E., Golbutn, T. arid D. ..Downing (1983). Spatial andv temporal 
patterns in herbivory On a Caribbean fringing re'ef;' the effects 
*on plant distribution. Oecologia, 58; 299-308. 

Himmel'man, J.H;, Cardinal. A. and E. Bourget (1983). Community 
* . development following remov'al of urchins,•Strongylocentrotus 

droebachiensis, from tbe rocky, subtidal zone' of tbe St. Lawrence 
Estuary, Eastern Canada. Oecologia, 59_s 27-39., 

Hixoh, km A., and W.N.^ *Brostoff (1983). Damselfish as keystone 
species in reverse; Intermediate disturbance and" diversity of 
reef' algae-. , Science, 220s 511-513. 

Hollander, M. "and D.A. Wolfe (1973). Nons-parametric Statistical 
Methods. 'Wiley,-New York. 

' '4 • 
Hull, C.H. and N.H. Nle (1981)., SPSS Update 7-9*> McGraw-Hill, New 

York. . 

Hurlbbrt, S.H. . (1984). Pseudoreplication and the des'ign of 
ecological field experiments." Ecol. Monogr., 54; 187-211. 

Hylleberg ICrltsftensen, J. (1972). Carbohydrases of. some marine 
invertebrates cwitb notes on their fodd and oh the" natural 
occurrence of the carbohydrates studied. . Mar. Biol., JAs 
130-142. , ; •, • * 

** a 

Janzen, D.H. (1979). New horizons in the biology of plant defenses. 
• in:„ Herbivores Their Interactions With Secondary Plant 
Metabolites, (ed's. Rosenth^l, G.A." and D.M. JaQsen), ' 
pp.331-350. Academic. Press, New York. 

* a^ 

0 

Jansenj- D.H. (1981). Evolutionary, physiology of, personal defence. 
In: Physiological Ecology, (ed's.' Townsend, C.R. and P. ' 
Calow), pp. 145-164. Slnauer Associates,- Sunder.land, « 
Massachusetts. . „ / 

Johansen, H.W. (1981). Coralline Algae,°A First Synthesis. CRC 
Press, Florida. 

* < a , 

Johansen, J. (1925). Natural history of tbe cunner (Tautogolabrus 
adspersus Walbaum). Contrib. Can. Biol. New. Ser., _2s 
423-468. 

Johnson. C.R. and K.H.' Mann°(l982). Adaptations of 

t •», «> 
a fr a*a*v 



N-

\ j ' ° 270., 

V . .. 

< 'Strongylocentrotus droebachiensis for survival on barren grounds 
In Nova Scotia. In: International Bchinoderms Conference^ Tampa 
'Bay, (ed, J.IjL, Lawrence)., pp.277-283.' Balkema, Rotterdam'.' 

Johnson, J.H. "and U.H. Adey (1965). Studies' of Lithophyllum and 
related algal genera. £. Colorado School of. Min|s"7 60s 1-105. ' 

Kain, tl.Mo (1971). Synopsis -of biological data on Laminaria 
hyperborea. F.A.O. Fisheries Synopsis No. 87. 

Kain, J.Mo (1979). A view of the ̂ enus Laminar-la. Oceanogr. Mar. 
Annu. Rev.« 17s 101-161. • ' 

BKain,wJ.M. (1982).- Morphology and growth, of the giant kelp 
Macrocystis pyrifera in New Zealand and California. Mar. Bipl., 
67s 143-157. . a * ^ ~~t~ 
o r . ° ' * 

Kirkman, H. (1981).-' The^first year in the life history and /chê  
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