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Prkngfe, Je l l , ,  G , J *  Sharp, and J , F ,  Caddy (Ed,), 1980, 
Proceedings of the workshop orz the relat ionskip between 
sea urchin grazing and commercial plant/ankrnal harvesting, 
Can, Tech, Rept,, Fish, Aqcat, Sci, 954, 

Workers In eastern Nova S e o t ~ c i  hy;l)othzsized t a a t :  
I) lobseors are tne keysrone preaator of keip bea ecssysLems; 
2) lobster popillatro~is have declaneG Gue to pooz r,ianagemcnt; 
3) thls nas permitted ~rchrc papcilatlons tc explode, eauslng 
destruct;ve grazing of anacroalgae; an6 4) ehE resultant barren 
system ,s permanefir, A workshop, sponsorclu by i;";si?er~es 
3!anagement, disccssed these kypot~eses llqnt of presectea 
papers anh recornme;:clei rerned ha1 ac"ilon, Ic was conc;zldcd t k a ~  
kelp ~ e d  destrucrion LC St, Margaret's Bay, Eova Seoera, was 
due ta orcnlns; b u t  tne triggering process w a s  unclear. 
Aliocnthono~s sources, K e l p  dasease, and release f r s ~  
predat;on were dlscbssed, Lack of kastorica; data easE znd 
west  of St, Margaret's Bay arzd evidence the sauth and w e s t  
zoasts of :<ewToundland have not :a6 Larninarla aeds for - - - 

possibly centuries made ~t drftscuit to assess ehe cause of 
i I Lne urchin problem a l o n g  Azlantac Nova Scotlz and the 3ay of 
Ldndy,  Ev;Gence was presented sdggestlcg tce s r c h l n  
popu;at;on Increases off coaseal, southern Calsforn~a was due 
to the overharvesting of at least ebree ccnzerclal carnivores 
(splny lobster, Callforn~a sheephead, and tne sea otter) and 
one herbivore (abalone). Yany na~drai predators of urchins 
were elted for tr,e nortnwest k t l a n - c l c ,  some n e l n g  of 
conncrclal ~rnportance (lobsters, cod, haadock ,  Ciednder, 
wolf-; ish, ete, 1 wh;ie ochers (crab, ducks, etc,) have had 
:jol,~latlon decreases due to ~ n a n ' s  actrvltles, It appears, 
thcn, t h a t  tne trophlc pyraicrd lias aecn simpiif w i t l :  tile 
posslnic consecjucnse that s~cjniflcant annual chacyes rn 
carnli~ore clenss t r e s  perrarie tiit2 syscei?; to oszlllate ~ ~ i d i y ,  it 
das  feltprernatire to claim the k e l p  Dea eeosys"Lem of 
S L  ?!argaretg s Eay nad been per,aaner,tly lost; however, le w a s  
reeomrnende6 that a mul t l s~ecses /ecosys te l r ,  approach be einpioyeu 
In flsherres resource nanage;ae?t, 

Key VJord:;: Lobster, sea a r c h i i i ,  ke ip ,  crab, predator, prey, 
macroalgae , ~ . u l  tispecies resource management, 
lobster Eishil-ig , rriarine ~ l a n t  harvesting, 
barren grounds, herbivore, earfiivore, 

D r i n i l  le, J ,  D, , C,J, Sharp, and J. F ,  Caddy (Ed, j , 1980, 
17 rroceeainqs . of the werkshop on tne relationship b e t w e e n  

1 ,  sea u r c n r n  q r a z i n g  and commercial piant/animal harvesting, 
Can, Tech, R e p t , ,  Fish, Aquat, S c i ,  954, 



/ 1 "  Les cherciretirs de la Nuuvelle-2cosse *;ric? elr.7.s Les 
hypsth?ses que 1) le honard est le prci%titeiir dominant des 
6cosyst??mes de lits de v a r e c h s ;  2 )  les po2ulations Ze hoa:drds 
o n t  diminug Far suite d B u n e  rnauvaise gestion; 3) ceci a 

* / entralne u n e  explosion d e s  populations d'oursins de ixer ct, 
par v o i e  9c ccns&'yaence ,  un b r o u t d q e  destructeur des 
,-- - 7 -  

/' 
, I ~ ~ ~ C ~ O ~ ~ ~ U C ~ S ;  ~t 4) le syst&:e dd;~tidi< r:lae e:-i e s t  r4sii2te cist 

- - permanent, ~ . ; n  atelier de travail patr i~~-nr?& par Lcs 
Pi . ##f . "r 

y e s t i o f i n a i r e s  de peches ,  a exa rn lne  ces hypoth6scs 3 La lumrere 
des eon-mun?ica"L.s pr6sent&es et recoi?l'rnandd une action en vue 
d e  rgmgdier  3 cet &tat de choses ,  Or1 eri est venu 3 la 
conclusion que la destruction de iits de varechs de la b a i e  

p' 

St, Margaret, en Nouvelle-Ecosse, &ait l'oeuv~e des sursias 
16 de mer; 2ar  contre, le mdcanisne de decieneheznentnT;'ese pas 

# clakr, Dn a examine tour h t o u r  les sources aliochthoraes, la 
/ 

m a l a d i e  du v z r e c h  et le \degaqenef i i  de la p r & d a t i o n .  Lr i t ianqui 
i - .  \ de donnees hlstsriques a L'est et a i%ouest de la 5a;e 

St, Margaret et l%absence, depuis peut-Ztre des  sideles, de 
Pi 

iits de Lzininaria sure les cotes m&ridionale et occidencale de 
Terre-TJeuve  f o n T q u 8 i i i  e s t  difficile dw6valeur lBampleur de 
problame de $'oursin de m e r  le l o n g  de la e8te  a t i a n t i c c i e  de 3 la Nouve l l e -Eeos se  ct dans la baie  Ee Fundy ,  D e s  d o n n e e s  

d furent present&es sugg&rant que les augmentations de 
popir?ations dpoursins le I l o ~ y  des  cGtes de '_.a Califorrlie 

A - 
rn6ridionale rgsuitent de Pa preeation excessive par au n o i n s  
- iiois -- carrtivores dairnpsrtance comxereiakc jiangouste, l a b r e  de 
Californie et l o u t r e  de 3er) et un herbivore iorrneau) , La 
prksence de p l u s i e u r s  predateurs n a t u r e l s  de l'oursin de mer 

f l  
en A t l a n t i q u e  nord-suest f u t  mentionnee, certains ziyant cne 
importance commereiale (homard, rnorae, aiglefin, plies, l o u p s ,  

\ 
p t c . ) .  Par ailleurs, d'autres es2eces (crabes, canards, etc,) 
c n t  vu leers populations dimineur par s u i t s  d e s  activitgs de 
7 1 - - . J O  hosne, ii semble donc q u e  la =;yrz;ni.;3ie aiinent&ire art ete 

1 cimpiiFiee e+ - id - q u k u n  cconsedquence possible en sit  &t& 
d a ;  imporants chanyernents annueLs de denslte 9 des carnivores, 
?veer comne rgsultat, cn systhriie qai oscille de facon 

# A s  9 dgsordonnec, On est d'opinion q u Y i L  est trop tot pour 
. . " i .  sontenir gue l"cosyst~me de la Dale St, Nargaret est a ;amais 

ddtrult; cepen$ant, on recozn~-sanje d %i;-,ii;ser cine a p ~ r o c h e  
m L r i  t iesp6ces/ecosys t e i n e  % la gest i -on des  ressoizV- - .  L ~ e ~  
kai icutiqaes, 
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A study was initiated in St. Margaret" Bay, Nova Seot~a, 
to assess the trap!-rc relationskeps rn the food chzsn leadeng 
ro Isbsters . ""The don~zant algae are the kelps,, ,and fn these 
forests are foona large n~nbers of nerorvoraus sea urchins,,, 
which In turn are preyed apon by,, ,the lobster HsKarus 
arnerlcanus," -- ( X a n n ,  1972a) , Studres on lobster ecology, wsch 
the vlew to resource nanage~xent, are not new; but Mann felt 
that the ecosystem approach might be more prof rtable; ",  . .we 
now know chat you carA get only so far by s r u d y i n g  the 
lneeractkons of a S L R ~ P E  species with ~ t s  envrronrnent" (Karin, 
i472c), 

HIS s t u d y  was begufi In 1968 w n t h  the assesszent of the 
bentnie algal biomass of the Bay (Mann, 1972a), kt this time, 
the diversity appeared n c r n a i ;  ""At any given polnt on a 
transect several species of ~acrophykes c o u l d  be found wrfrhlr? 
a r a d l u s  of i m"; but, ",.,over a considerable depth range, 
one specles, or at most two, made up the greatest part sf the 
hiornass.'YTh latter specles belonged to the s e n u s  Lamlnarla. 

-- - - - -- - - 
The a n n u a l  primary produc"Lvi.ty contr~bdkied to the Bay by the 
seaweeds was 608 g c / m 2  (Mann, 197253; the pky-plankton 
contributed 190 g c/m2 ( P l a t t ,  1971j, 

T n e  major herbivore f o ~ n d  in zhrs comnuniey was tne sea 
ureken - Strongyloeentrotus --A droebachiensis Maller, Pixlier et 
al, (1971) c4aLmeG that "",,.~he production of seaweeds 
(17 000 kcal/rn2/-yr) far exceeds the ingestion by 
herbivores ( 663 k~al/rn~/~r) . , . " and " , , , it appears that 
food production gre~tly exceeds that needed to support the 
lobster pop~ias~on." However, h t  the tlae this rnf~rrnatlon 
was published destrbctlve grazrng of rhe k e i ~  oy urehlns must 
have b e g u n ,  Mann and 8 r e e n  { 1972) had the foresrght to 
speeu laee  " ", , ,that heavy ex2101 takion of lo~sters may lead LO 
t h e  overqrazlng of seadeed by ~ r z h l n s , ,  , " Breen rn 1979 
nored, "We publrshed support for this hypothesis, ,and %y 
e h e s l s  pro-jcct (Breen, 4574) was to test nc," Breen had 
resurveyed srx cf Mannss (1972aj transects and noted a 53% 
reduction rn size of the k e l p  beds, By 1979 the ~ o d s  had been 
reduced co 3 8  of ~ t s  former seze (A,R,O* Cnapman, pers. eornrn.) , 
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T h u s  h c t w e e n  1968 and 1937 Mann had witnessed, rn 
S t .  Margt-izet% s a y ,  a marked cnar ,qe  rr. wfia"cappezired t o  oe  a 
s t a o l e  e c o s y s t e m ,  The u r c h i n s  had  a p p e a r e d  to  be ~ r ,  

e q u ~ l l b r a u m  w l t n  t n e  m a c r o p n y t e s  h ~ t  a p p a r e n t l y  were n o t  
(Mann, ;977), Tne sys;em wenr f rom o n e  which h a a  s u p p o r t e d  a  
i u x u r r a n t  algal c o v e r  t o  u r c h i n - d o r n l n a t e c  b a r r e n  g r o u n d s  
(Mann,  sp, c 1 x . j .  

Mann and B r e e n  j 1972) s u c j g e s t e d  c h a r  ece l o b s t e r  was t h e  
" k e y s t o n e "  s p e c i e s  IG t h e  s y s t e m  and t h e  ma;or p r e d a t o r  o f  t h e  
urchin. They s c g g e s t e a  t h a t  t h e  lobster ,  bei f ig  a n  i m p o r t a n t  
comaere i a l  s p e c r e s  , had b e e n  r e d u c e d  z o  numbers  i n s u f  f l c i e n t  
t o  c o n t r o l  u r c h i n  d e n s i t i e s .  T h i s  r e l e a s e  f r o n  p r e d a t ; o n  h a s  
a l l o w e d  t h e  u r c h i n s  t o  o v e r g r a z e  t n e  b e n t h i c  a l g a e  (Mann and 
a r e e n ,  1 9 7 2 ) -  T a e y  go on to  a r g u e  ehae t h i s  is l i k e l y  a  
s t a b l e  dornaln and n o t  c y c l i c  rn s p i c e  o f  iocai a n e c d o t e s  to  
the  c o n t r a r y  and  c o m p a r a b l e  o b s e r v a t r o n s  e l s e w h e r e .  S m i l a r  
s t u d i e s  i n  C a i l f o r n i a  h a v e  d e a o n s t r a t e d  c y c l i c i t y  b e t w e e n  
urchln d e n s i t r e s  and  kelp b f o r n ~ s s ,  Mann and B r e e n  (1972) 
c o n c l o d e ,  " I t  1s p o s s i o P e  w e  a re  witnessing a  slniilar c y c l e  i n  
L a m i n a r i a  a b u n d a n c e  ( s lml l a r  to  C a l i f o r n i a ) .  However ,  t h i s  - 
seems i m p r o ~ a b l e  when extensive a r e a s  of u r c h l n - d o m i n a t e d  
b a r r e n  g r o u n d s  are  r e p o r t e d  s i r n a l t a n e o u s l y  f rom Newfoundland,, . 
from t h e  Fundy s h o r e , ,  , a n i  from o u r  own saxip?es o v e r  aboct 
200 km o f  e o a s t i i n e  i n  Nova S c o t l a .  The e v s d e n c e  s t r o n g l y  
s u g g e s t s  t h a e  i n  t h e s e  a r e a s  t h e  syste1-c h a s  moved f rom a 
s t a b l e  domaln o f  a t t r a c t i o n  I s l e )  r n v s l v i n g  d e n s e  g r o w t h s  of 
k e l p  to  another domain  i n v o l v i n g  D a r r e n  g r o u n d s , "  Evans  and  
Mann j 1 9 7 7 )  g o  o n  t o  c l a i m  t h a t  "Sea  u r c a l n s  h a v e  d e s t r o y e d  
k e l p  b e d s  along many n o n u r e d s  of n r l e s  of C a n a d i a n  A t l a n t i c  
c o a s t l i n e  and 13 t h e  s a n e  a r e a s  l o o s t e - r  s c o c k s  h a v e  d e c 2 l n e d  * "  

W n a r t o n  j 1980; pers .  cornn, j , i n  recent ~ n v e s t l g a t l o n s ,  e i a l r c s  
t h a t  b o t h  r h e  e a s t e r n  and  s o u t h e r n  s h o r e s  o f  Nova S c o t i a P s  
A t l a n t i c  c o a s t  h a v e  l i t t l e  benthic z l g z i  c o v e r  and that n f  
there is a  p s a t r v e  e o r r e l a t ~ s c  between k e l p  b e d s  and l o ~ s c e r  
a 'nundance  theen, dime to  c,5e greseence 05 u r e l i i n - d o m i n a t e d  b a r r e n  
grounds off e a s t e r n  S h e l b u r n e  G o ,  ( F l g d r e  I j , t h e  l o b s e e r  
c a t c h e s  a r e  bound t o  d e c r e a s e ,  

Most c o r n x e r c l a i  f i s h e r a e s  i n  Canada a r e  a f f l i c t e d  w l t k  
l h e  r e z s o n s  for t h e  l a r g e  o s c i i l a t r o n s  r n  a n n u a l  landings, "" 

fluctuations a r e  many, a n d  f l s h e r r e s  s e r e n c e  h a s  nor oeen 
p a r t i c u l a r l y  s u c c e s s f u l  e a t h e r  rn i s o i a t l n g  t n e  e r l t l c a l  
f a c t o r  or  f a c t o r s  or f a n d ~ n g  ways of p r e d n c t i n g  f u r u r e  
e v e n e s . .  ." { K e t c h e n ,  1 9 7 2  3 , W e  a r e  o n l y  now novkng from a  
single s p e c i e s  c s n e e p e  of r e s o u r c e  management t o  a  
a u t l  r s p e c r e s  a p p r o a c h  which will hopef  ~ l l y  i n c l u d e  "whole 
e c o P o g r c a l  unies - v n r t s  c o n s ~ s t l ~ g  of a  n m b e r  o f  s p e c n e s ,  
i n c l u d i n g  t h o s e  whre5  c o n s t k t u t e  s e v e r a l  I ~ n k s  ;n t h e  food  
c h a i n  ..." ( K e t c h e r ,  02,  elr.;. Xann (1977) was aore e x p l r e r t  
when he  f e l e  r e s o u r c e  m a n a g e r s  s n o o i d  n a r r y  e c o s y s r e r n  t h e o r y  





and popiil at ion dynamics r ""Ecoiog ists i n  t h o s e  t w o  a r e a s  h a v e  
Lend& to  d e v e l o p  "Leir t h i n k i n g  a l o n g  r a d i c a l l y  d i f f e r e n t  

He s u g g e s t e d  (;Nann, 1977) t h a t  i f  t h i s  had  b e e n  d o n e  i i i ies ."  - 

t h e r e  may y e t h a v e  b e e n  a  h e a l t h y  k e l p  bed  i n  S t ,  M a r g a r e t ' s  
Bay; "...the f a t e  of t h e  k e l p  e e o s y s t s m  i n  S t ,  M a r g a r e t ' s  Bay 
should serve t o  r e m i n d  fishery x a n a g e r s  that w h i l e  t h e  c o a s t a l  
zone is c z p a b l e  of s u s t a i n i n g  high productivity o v e r  l o n g  
p e r i o d s  it is not i n f i n i t e l y  r e s i s t e n t  tc h d a a n  e x p i s i t a t i o n , "  

Tne c o a s e a i  w a t e r s  off ene countles of S h c i b u r n e  a n d  
Yar rno i i eh  p r o d L e e  3 0 %  o f  'Lhe L o o s t e r s  rn t n e  X a r s t i n e s .  Mziily 
o t n e r  c o r n m e r c l a i  species a r e  s i s o  l a n o e d  nn L a r g e  a n n u a l  
q u a n t ~ c l e s  l nc lu3 :nq  2 0  C O G  YT of b e n t h i c  a l g a e  j ~ , a l n i y  
Z h s n d r u s  and A s c o p h v l l ~ m j  [ F r r n g i e ,  L980j, The  d e ~ e i o p r ~ e n t  of --- - - - - - - -- 
a a r r e n  g r o u n d s  could n a v e  a d e v a s t a c s n g  e f f e c t  o n  tne  tom1 
f r s h e r y  t h r r o u g r ,  d l r e c t  reduceloil  h n  t h e  plant r e s o u r c e ,  
t h r o ~ g h  c h a n g e  rn h a b l t a t ,  a n d  through reducing t h e  p r l r n a r y  
p r o d u c t r o n  b a s e  of t h e  food c h a i n ,  

C o n s e q u e n e i y ,  f i s k e r ; e s  ~ a n a g e m e ~ t  2 e r s o n n e P  s p o n s o r e d  a 
~ ~ s r k s n o p  in N a r c h ,  1979, p r l n c l p a l l y  tc assess Mann's 
h y p o t h e s r s :  " ... t h e  e x p ; o s i c n  of sea u r e h l n  p o p u l a t l ~ n s  was 
made p o s s i b l e  by r e d d c t i o n  o f  predation p r e s s c r e .  A n  o o v l o u s  
eaolee sf key  p r e d a ~ o r  1s the ;ooster," (Mann, 1977). 

Approximately sixty d e l e g a t e s  ( see k 2 p e ~ d l x  1) a e t e n d e d  
t a e  zwo-day s e s s i o n ,  E r g n t e e n  b a e k g r o a n d  p a p e r s  w e r e  
p r e s e n t e d  ( s ee  Append l x  I1 thro~g5sut three  l c d l v r d u a l  
s e s s r s n s -  The f o u r t h  s e s s a o n  consisted of a s t r u c r i i r e a ,  
r o u n d - e a b i e ,  e a p e d  C i i s ~ d s s l o n  of t o p r e s  relevant to t h e  "Eann 
i 3 y p o c h e s l s ,  " The cnairman, D r *  3, C a d d y ,  p r e s e n c e 2  
""state n e n t s "  "(see A p p e n d ~ x  11:) per t i i i ene  t o  t h e  central theme, 
an6 d: s c u s s  i o n  foi lowed e z c h  statement , T h e  chalrman -ti-er, 
e a b i e d  e o n c l ~ s l o n s  base6 on e a c h  d r s c u s s i o n  sess Ion,  T h e y  
were d e b a e e d  a n d  modified to  s a e l s f y  t a e  majorizy In 
a t t e n d a n c e ,  T n e  t a p e d  session w a s  t r a n s p s c d  to  t y p e ,  This, 
a l o n g  wleh the fodrteen subrnrtted p a p e r s ,  w a s  r e - e x a m l n e d  by 
rne ealtoz-s a n d  a  r e v i e w  p a p e r  ? r e p a r e d .  A surnaa-ry a5 t n e  
l a t t e r ,  wr ", n e o s , c i i l s ~ o n s  and ceco;r iner?dat ;ons,  was s u ~ n r e k e d  to 
CAFSAC [ C a a a d l a n  L t P a n t r c  F r s n e r i e s  S c l e n r r f  le A d v a s o r y  
Gornrnlttee ( A p p e n d r x  P V ) :  for fisheries mai?agement  
e o n s l d e r a t r o n s ,  

~t s h o u l d  be  n o t e d  t h a t  f o u r  p a s e r s  p r e s e n t e d  a t  t h e  
w o r k s h o p  a r e  noe p u b l i s h e d  In this p r o c e e d r n g s ,  
Dr, F o r e m a n ' s  p a p e r  w a s  2ub l : shed  prior t o  t h e  m e e t i n g  
( F o r e m a n ,  4 9 7 7 3 ,  Dr, MePeaX, d u e  to t i m e  r e s t r a i n t s ,  was  able 
t o  s h r n b i t  only o n e  of two p a g e r s  p r e s e n t e d ,  and Drs, B e r n s t e i n  
and V a d a s  d l d  not subm;t  r h e ; r  p a p e r s ,  



X revlev! paper of tce workshop was writtefi by the 
editors. The submrtted papers and taped discussions were x e d  
as reference ifiaterlai, The aoove intrsdcctlon forms a p r t i s n  
of this paper, The rexainder of the latter is presented as 
ehe  f i n a l  chapter of t h i s  proceedings. 
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Oceans is p ieased to welcome you to t h r s  workshop, As the 
head sf z h e  Resource Branch, 1 wsli famlilarrze you w r t n  the 
make u$ oE ~ h e  Fisheries Ma~agernent g r o u p *  Thrs group 
eonslsts of a Freld Services Branch, made up of t w o  d~.vnslocs: 
Conservatrsn and Protection, and I ~ s p e c t ~ o n ,  B o t h  provide 
surveillance and enEsrcement sf regulhtions, O d r  Branch, the 
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research. 

The Resource Branch forzed CP-TSAC (Canaaiac Atlantic 
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Ifivertebrdces an2 Xarinz P l a n t s  Drvlslon 

Ballfax, Nova Scotra 

INTRODUCTION 

jin recent years, attentLon has m e n  drawn co those 
lobscer-producsng areas of the C a n a d l a c  Mari tme provinces 
which have experienced severe decilnes i~ landings, In 
particular, these lnciuded the cei-itci-a poorelon of 
~orzhurnberland Strase r n  tke southern Gulf sf S e ,  Lawrence, 
and the soctheastern coast of Novd Scotia centered arsdnd 
Cnedabucts Bay, 

A muitidisespirnary study was anleiated nn 
Nor~hurnberland Strart I n  1975 (Caddy et ale, 1977; Stasko 
et a4, , 1977) which farled to ldentsfy iiny environment-related 
event of sufficnent magnitude to explain the decline, whereas 
fishery-related evencs were such as to suggest the 
possiblliey of recruetmerit averfishing (Robifison, 49741, 
Subsequent investigations have focused upon this latter 
hypothesis (Robinson, 1977; 1379)- 

In the rneancnrce, p u ~ l l c  requesrs for an Inquiry Into 
events In the Chedabucto Bay area subsequent to the 
conseructlon of the Zsnso Cabseway In 1954 lea to the Canso 
Ndrlne Environment Workskop, The f ~ r s t  session was held ;a 
November, 1977, and further sessLsns to f e e u s  on seleceed 
topics were held during 1978, Ko environme~tal event was 
identlf l e d  suf f scient to expla1r-i ene scope and magnitude of 
cne deelrne in lobster landings, Two hypotheses presented to 
explain the r e e r c l t n e n t  £allure w h i c h  had o c c ~ r r e d  are 
6iscussed l a t e r ,  

investigations and analysis of data from eastern 
r4aritime lobster pop~lakions i n i t i a t e d  in 1976 quickly 
r e v e a l e d  that they were be ing  grossly "growth overfished"", 
Central to this conclusion was the observation that the size 
limit in the current fisheries was at or around the size sf 
first female maturity, The fishery was highly intensive, 
with rates sf rejnoval as h i g h  or higher than any other knowrl 
f i s h e r y ,  Every a n a l y s i s  indicated the biological 
desirability of substantial increases in the miniriuni legal 
size, or drastic (in human terns) reductions i n  fishing 



effort (Robinson, l977). Coincidentally, the same general 
conclusions were independent-ly being reached by American, 
Newfoundland, and European investigators (Morrisey, 1970; 
znnis, 1978; Anonymous, 19773, The Karitirne inshore lobster 

. * 

f ishcry is reqarcled as a largely juve.nl . i .e  fishery, ~itli e w v r y  
!;ot.crlt j a l  f o r  r t?cr~i i t~~- , te i~f  overfi S ! I ~  nq 

O n e  o: hrie a n i !  !yr, i c-a I tc~cl.i:i*qtli~s of i, f i skicry l ~ o p ~ i  l c a t l o n  
c z o  ,oq :st 1s ;in est rrrat:o:; or" e n e  conditions whlch Lena  
ti:emselves to MSY (rnax:rn~:n susta;naole yreld;. A ciassrcal 
t c l c h n l q u r  LS to plot tlme-serles of catch and effort, An 
atte:;.pt to do this, con;bined ililtk ileerature revrews, ,ed tc 
the concidsron that, on the whole, tnrs was a futlle 
endeavor, Over-expioltatroE on the part of tne f lsnery 
appeared to predate the selent~frc ilterature and ro nave a 
slgnrf~cant effece on rhe interpretation of productlsn 
stujles conducted over the last calf century, 

. - within the concept of the "theory of ecological liz-it~~" 
if the lobster fishery is seen as a highly effective ,. u-*c2-+ LLi.iUior 
whose ixpact upon the prey species plays a significant role 
in limiting production, and if this role is suspected to have 
been operative for most of the history of the fishery, then 
an investigation into thar history nay shed some perspective 
on recent events in the fishery. 

The fo i l sv i :nq  1s a brref review of tnaf hist~ry, w r ~ k  
sleciai refereree to ehe southeastern coast of Kova S C O ~ L G ,  
In r,laRy Instances, references are made oc the basis of m e  
perspeceives of carrent popuiatron dynamrcs studles, To 
f arrl ~tate discussron, Ylaritrxies co~ntles and lobster 
drstrlets are 11lustrazed In Fagure i, 

HISTORY OF T H Z  FISWE3Y 

The origins of tzc Canadran looster f -shery can oe 
rraced to 1851,  hen five small cannerres were oprating in 
destern Nova Scotla (Whlee, F , N ,  - :n kiakehar,, 1909; p, 44G1, 
XoCiern fishery aevelopnent cosmenced rn 1869, when tne flrst 
l a r g e  cannery was construetea ir the sane area ~y Azerlcan 
nntrepreneurs seckrng new sa~rc?s of sd2ply In lrght of 
(:eel iring catches rn tne d , S ,  fisnery. I n  that year 61,iCO 
l - I D  cans were preserved (Prrnce, i899 1 ,  Suoseq~er-t arowt~: 
;7f r.11~ industry was rapla, 3y 1873, 67 ezinnerles (Table l) 
rc>corcled 4,t965,000 i - l ~  cans ;3rcserved, Of tne ?;ova Scot la 
ct3r?r1c~rles, 40 j 93%) were loca~ed along bi;e sou~heastceoast 
: ran S h c l i ? ~ ; r ? , e  County "c Cape Breton County lncluslve, The 
first i ~ v e  shipment of 543 tons was recordea ;n 1881; as 
deli, 17,491,000 l-lb cans were preserved, Tke 6evelop:nent 
of the live trade was controlied rjy the proxlmrty of the 
fishery tc the Boston marxet. 



F i g u r e  I. Canad ia -1  Maritime Pro-iintes loi>s.l;er Sii s-krrii-ts as of 15'77. 



TABLE 1. Numbers of Maritimes canner ies .  

Year N.S. N.B .  P.E.1.  Total 



By 1895 . ~ r , . . ~ ~  la-~-pa .npv.z ;-;--li 
,- ~- 3 

/c:LliL. ! & i i . ~ * , -  i i b a ~ I  3.5 1 G ~ ~ , ? e ~ i ~ ~  ,,r: tl",e 
;$ariti.aes; 24 were in Nova Scetia w e s t  of " 7 - -  n d a - j r a x  ' " Coun;y and 

* .  74 W e r e  F;; Zalnlanb ~ O I J ~  Scc; t j - -  "r=---- 7 v  -. - 2 11 _. 

L~*. L A ~ i t i  adii;(;'42: C o u n t y  e a s t  -- L;iat year, abont one.-+-": ( A f i o n y ~ o u s ,  1890 j , in " *  , i - L r d  of t h e  
- - - *  western Sc0t-a catch 1 ~ ~ 2 s  so la  alrve i n  +"-c d l ,  - -  dnlced ' States 

1 ,  whereas in e a s r e r n  Nova ScoELa ( I n s p e c t o r  x inney,  i n  
. - " - "a very sma-1 t r a d s  ( in l i v s  ex2orts) frofil 3jest divlsisn 

of 'gal if ax p-"- ' -  - "  " " .. tu S J ~  i s E y ; nofie f roa  the^ crvlslons" i I---?- d l > *  

Hoekin, i n  above), 

" - . - Lne mec; i b g a "  Ma"Le1.2~. $ r o d ~ c t ~ o ~ ~ ~ @ a k e c :  +-" 5, b u t  Z 
, * number of even"- 13 l e d  ";.L f ~ r " L ; a -  * L . i i ~  L b n ~ d ~ ~ r - 4  aeveiops~nt d_t-iag 

- - *  i i i te_r l~zn cis'r,ery ;>r0.4.--4; t h e  1390 i s .  a--- ~ .duuL L i ~ n  c 0 n t i r i ~ e 6  j-0 see i i c e ;  
- ' but de;i?and ~n@rease@, c a ~ s i n g  lac,ded orice in cam-+.- &ia{;d tch 

7 I l C y P  -* 
A , e d ~ 2  t e n f o l d  f r s r ~ ~  "1 or 2 cer>"s" . i- per  l o b s t e r  to or 29  
c e n t s "  ( P r i n c e ,  1899 3. In jds t  o n e  year  "a ezse (48 IDS) of 
canned l o b s t e r  w h i c h  so ld  i n  1897 f o r  s h  . , 0- $5 @an ,QOW 

r e a d i l y  be so ld  for $8 or $ g h  or piQreW, The de;aand fcr  
canned C a n a d i a n  lobs te r  was farej;er sgi~v-- - -  by t he  1897 

. . c l s s i n i ;  of c a n n e r i e s  rn rdiaifie, r e s i ; ~ j ~ ~ ~ ~ g  f r a i F .  a decf.siof i  xc; 
- .  rr ;ceb- ;  ct ehe f i s h e r y  j-n chat s e a t e  to i o o s t e r s  -1drge efioua!~ 

nili;lrke"CIksrzde, "%p, -'-#:;o-r 692 ;'"I 'i for the l i v e  -r- - i.tc. A . i : ~ j c s ~ L  ,d,-r,eries more t f ~ a n  
. . d o u b l e d  during t h h s  decad<2 to 760 1960,  he yea r  0 2  t f ie 

- - 
7"- greatest nilmber e v e r  in pro.vfnces TaS1.e -1) , sicipro\~ed 

- .  . ~ r a i l  f a c i l i t i e s  rendered i l v n  b shlplxcncs f rox the easrern 
shore ( e a s t  of H a l i f a x )  lp&are f e a s i b l e  so t h a t  by 1980 aS0u.t 
25% of the catch was exsoriled alive, The p r i c e  jump sf 1898 
was a l s o  a k e y  f a c to r ,  

- . , "  s h i f t  occur red ,  s 2 a r r e d  by - aecilnlng orices f o r  canned 
lobster fiieat d a r i n g  +-j;e i92Css ( c h i c f l y  2 func+- ioc of 
competition on t h e  European aa rke t  f p ~ g  canr;ed Japanese crab 
meat - 80% of ; ? r e - w o r j j  war 11 P - ~  ba ;Kc. . 9e ry  - - C ) ~ O C ; ~ - ~ ~ -  - , , ,, Lon w a s  sold 
overseas)  increasing d e ~ a i l i  f o r  live lobsters, w h i c ~ :  in 
part reflected declining catches cveryk~he-pe, A subsidized 

- .  
ce.-Llect i o n  scrv I.cc by vessel .  was i r i augu ra t ca  :r: 1930 along 
L -  Lfie eastern skope  j i n c l u d i n c  R.^ichaner,d c o \ ~ n t y ;  2zcilitzte 

i . - -  , live shipments, haacling about one an6 one-fiz-; % L I . . ~ ~ O I I  

p o u n d s  of Lobster Ic 1932, 



size iinilt, Thss dnstrlet was expnded to les presenc 
houndzrres r? 1947; 3 i s t r l c t  7A W a S  a l so  formed [as distlnet 
from 7B) as a "rnarkec" ilsnery, In ehe latter 1950's 
Elshermen I n  Drstr;cts 5 anC 6B s t a r t e d  to phase ouz the 
"cannery" port ion af tneir f i s n e r s e s ,  T h i s  process was 
completed i n  Distcscr 5 with rne atfa;nment of a market srae 
i s m i t  In 1961, uar was halted part way in D r s t r l c k  63 after 
i957, T h u s ,  only che SB "portion of the southe~st eoasc Es 
today fsshrng at less than a xarket size, 

Whereas the character 02 the Nova Scozia lobster 
l n d u s t r y  was esrabiished by t9e tLrn of t k e  cenzury, the 
F; ,Lshery itself concicded deveiopinc j ,  The introduction of 
gasoline engines into the frshery, and decreasicg catches 
inshore led western Nova Scoria feshermen to tend tc 
"relinquish the inshore and harbour Eisking and c a r r y  on 
lobstzring in deeper water,, ,tc 20 or 30 fathoms" (Prince, 
1899), One power-driven boat would t o w  a number of others 
out to the grounds and back again at t h e  efid of the day, 
Southwestern Nova S e o t i a  fisherxen appear to have 
consistently led in fishery development, for in 1916 ~t was 
observed chae "around the shores of the c o u n t i e s  sf 5heLb~rne 
and Yarmoat&,,,-kkey go out some 18 cr 26 miles off the coast 
of ehe mainland, This has necessitated the best equipment of 
motor boats and fishing gear, and mere was n o t h i n g  to be 
seen elsewhere to match their mechanically worked 
trap-hoists, ehe general efficiency of their boats, or ti-ieir 
rnernods of fishing" ( H a l k e t t ,  19161, By contrast, fishermen 
interviewed by the author stated that t rap-haciers  were not 
general ly introduced irito the Guysboroug3 County f ishery 
until after World Nar PI, 

Two other signif~cant developmenrs were tne ;ntroductron 
sf zhe parlour trap e a r l y  In the c e n t d r y  and the echo sodnder 
r n  rhe post-war era, Superf  i c r a P % y ,  ehe flstesy appears 
unchanged (men go out nn b o a t s  and catch lobsters ;n traps); 
in fact, the flsnerrnan of today 1s a far more e f f  lclent 
predator cE ioosters than any cf h;s predsssors, The 
lateraction of tne demands sf ,he ~ n d u s t r y  an5 che czpablilty 
of the men In the fishery dobid ap2ear ro nave nad an ~xpact 
on the capabnllty of the ecosyscerz to 2roduce raw zatcriai - 
the lobster rtself, 

TRENDS IN RESOUi3CE PRODUCTION 

The fishery of 1873 landed a n o u t  25 millron I b  of 
Lobster (Frgore 2 ) ,  This value, and otners in whole or in 
parc for  the n e x r  6 G  years, i s  derive2 Cram estrmzites of meat 
exrractfon ef f icrencies of 17-22% (Wakeham, 1969; Venning, 
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Figure 2, Canadian lobster landings,  1870-1977, 



~ 9 1 0 )  assurnrng a mean value of 2@%, Average welght of 
Lobsters in the catch in the developing areas was given as 
1-1/2 to 3 Lb (eg, S.E, Nova Scotia, S,E, New Brunsw~ck; 
[Venning, op, clt,;), whereas areas with little development 
y l e i d e d  aderaqe wesghts of 4 to 5 Ib (eg, Pictou and 
Antigonlsh Counsiesj. It appears that the 1873 iandrngs 
eons isted of approx lmately 10 mill r a n  iobsters. 

The f rshery appears to have become fully developed 
during the i 8 9 0 % s ,  By 1890 the average weight in the canner 
fisheries was absue 1 iD per lobster, whereas rn~rket lobsters 
were about i,25 1b ( A n o n y ~ o u s ,  1890), This soggests that the 
Canadian catch of just over 90 m i l l i o n  lb comprised almost an 
cquivaient number of lo~sters. ?t also suggests t h a t  the 
fishery was no longer basea upoc a standing stock of o l d  
lobsters. By i898, even w;zh a catch of abotit 82 mnllion io, 
it was o~serve6 (Prince, 1699, p a  8) that "the szgns of 
exhaustion are unmistakable. Small irnaature lobsters, 5 to 8 
or 9 ;aches l o n g  (@-2-1,0 ib), w h i c h  a f e w  years acjo were 
rejected w r t h  conrernpt, are now eagerly taken and form In 
some districts tae staple artlcle upon which the lobster 
canners depend, Instead sf t w o  or three lobsters sufficing 
to fill a l-lb can, not less than E ~ v e ,  six, seve;;, and even 
c e n  lobsters are now required", At 208 extraction 
efficiency, average canner w e l g n t  W O U ~ G  range from 0,s-1,0 Ib, 
This suggests that the d e c l r n e  in iandlngs to t k l s  date 
reflected a decreased average weight sf lobsters rather than 
a decrease in numbers landed* 

Landings are resolvable by county srnce rhe early 
1893 "s, and these have D e e 1 3  s u n ~ a r ~ z e d  in Figure 3, For t n e  
loaster fishery of 1898, c l e a r l y  the Norst was yet to be, 
The frshery of the eastern caasc was to decline from aboot 
13 niilian to less than 4 million PG l a n d e d  per year In the 
early 1920%* The western Maritrrnes, for w h l c h  the marn area 
of producehon h d s  always been the western Shore of Nava 
Scotla, declrnea Eran about 2C zllllon to about 5 m i l l l ~ n  is 
lanced per year in the mrd E93Ggs, 

By 1896, many references clearly lndleare that ehere 
were f e w  lobskers b e l n q  caught whlch had weights greater than 
1-3 Ib, the size acceptable for  he llve market trade* it 
was acknowledged oy Professor Prlnce that the str;et 
enforceinent sf the then u n i v e r s a l  9 nnch T,L, (cd. 1 ibj legal 
mzninum ssze limit would put the canneries out of business, 
as i r , ~ c t i  sf therr raw material was from lobsters of less than 
L ~h;s sizer Ifi recogn~tion sf ;his, an 6 inch T . L ,  f i ~ n e m d r n  
size ilrnlt was instituted for the "canning" anvlslons east of 
H a i i f a x ,  but the 9 inch T , L ,  lrrnrt was retained west of 
Halifax ' k i n  which waters tne llve lobster indus~ry has 
attained same inportanccif , 



17xgure 3, Lokstesr landlrzys :ma t h e  
three f lshery areas of 
the Marlt arnes : 

4 3  5- g I sbsler Landings - Salathern Gulf ~f St Lawrence d - lo 

3a: C a n e r  fisheries of the 
southern Gulf of St, Lawrence 
regime, inc luding  Magdaicn Is 
and V i c t o r i a  Co,, N,S, 

3b: Landings 05 the eastern 
ArLant~c coast  o f  Nova Scotla 
Or rgxr i a l ly  cannery f l s h c r i e s  
(to 1940); are now rnarket 
fssherles a P m o s ~  exel~s~vLiy 
(sbnrce 19613, includes Cape 
Bre ton ,  Rlchnond, Guysbo~ougk 
and k!alafax Count ies ,  

3c: Market flsherles tsrace 193.3) 
of the western Marltlmes, 
Inciudes areas w e s t  of 
H a l l f a x  Go,, N,S,, and t n e  
waters of t h e  Bay of Yundy 
~ r l ~ l ~ d j r i g  5~du the~11  New 
B r u c s w  r c k  , 



There was no,, h3wever, any concerted atteili~t to enforce 
- 7 ~ ~  *iAL new L B ~ L ~ s ,  The canneries regulre2 raw nater~ai, ana the 
capab;ilty sf r h e  frsh3ry to ex2lebe the stocks contnncied to 
~ n c r e a s e ,  Laadrngs far ehe next decade can be seen to have 
h e l d  u? In t he  southern Shif b ~ ~ t  to D e  decllnrng in other 
aceas.  31 l909, tF*e newly f o c ~ e d  select COaC?Ttlkitee on Marrne 
and Frsherles appointed ""C:n~;ander 'Xllirarn Wakeham, off leer 

,n charge 0 2  c:?e GuIf Flslieries ~ L V ; S ~ B ~ " , ,  colnlnlssloaer to 
invesc~gate : n ~  Iobster f~stery rn  Quebec and the Narx'clne 

n 1, Provinces" , l,le 1,227 pages of evidence t a ~ e n  in sworn 
testimony oy t h i s  eo~nrrklsslon :Wakendrfi, 1909) afford an 
lncimate view of the fishery at that crrne, The cne clear 
picture w n l c h  emerges w l t h  respect to the resource was tnat 
ca tches  were b e l n g  s u s t a i n e d  by r ~ u c h  increased effort l a n d n n s  
xuck smaller lobsters, 

It was noteed {page 1,218) "we have f o u n d  znem t a k e n g  
t h e m  so s ~ a l l  t k a e  Lt reqdired 14 to f b 3 . i  a pound t r n "  
(averaye P ~ v e  weight aosd t  one-third of a padnd) , This 1s 
s u ~ p o r t c j 6  by data s u b a n r t t t e  do zhe esrnrnissnean which c-docdaei-t 
the s r ~ e - - ~ -  L,eq&ency dlstrib~tlan of she P , E , I ,  catch of $909 
(TaoSe 2) and ~ndicaee 80% of cne catch eo be less than 8 
-v ,,,,hes T\R Y , " e  2erha.p~ e h l s  was ac excreme, as measurements at 
Porcku, R~chmond County {Figure 4, data fro3 Salkett, 9910) 
i n d l c a e e  a larger size range, This latter area may be at the 
o2posrte extreme, as " a r o o n d  the s o u t h e a s t  coast of Gape 
E r e t o n  and along the shores of Gas@e,..the average size, ~t 
IS ciained, still contin~es f a i r l y  l a r g e "  {?rinee, 18994. 
F i s h e r a e n  along t h e  soutaeastern s h o r e  sf Nova Scstra 
tes clf~ed chat anor;at 50% sf the ca tch  was from below the 
8 eneh T , L ,  l e g a l  slze Ilmit, The saggest- i .cn is t h a t  t h e  two 
se t s  of size-frequency data represent opposite extremes, w l t h  
the rest of t h e  Maririrnes somewnere nn between, 

The specnai report on t he  lo~ster ~ndustry by 
Sdperintendene R,N, Vennxag  (1910) s u b n ~ t t e d  to the above 
s e l e c t  cornjriittee, Desides eontalnrRg an excellent revlew of 
flslaerles regulataons to thaE date, cvsieains Laany of the sane 
observations, Pdt arrived at an a x a z x n g  conclbs~on - that tne 
s s z e  ilrnit be acandoned altogether! 

This eonclusron was based oc a number of ""fats", some 
of which by now have a farnll lar ring ta them, The "markec" 
fisheries were well developed, especraliy in western Nova 
Scstia. The canneries thus depen@ed upon Lobsters of less 
than t h r s  size (9 inch T , L ,  or I Ib) f o r  c h e r r  raw material, 
The closed seasons and ""bercied" female iaws were f a i r l y  well 
ouserued, whereas the size Isnie was not, nor was it 
considered enforceable. A closed season en the summer was 
+- L , l v ~ g h t  t- .- to prob~ecc cne felnzie 1 ~ - r f n $  r.he ""spawning season" - 
a concept  we now k n o w  to be meaningless w i t h  aespeet to 



T A Z M  2. Sumar;zed 1engtl-,-frequencies of lo~sters landed a-c e1gh-c 
2rlnce Zdward Island cancerles owned ~y Portland Packing Co,, 
May 14-July 10, 1969. (Data from W.F. Tidniarsh - ;n Wakenam, i909.1 
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Fiqtiri: 4, Size-frequency data from southern Cape Breton 
Island for some years, Trap numbers are for 
Richmond County only,  Arrows indicate 
apgroxirnate sizes at which 50% and 100% of 
lobsters are mature, 



l o b s t e r .  F l n a i l y ,  from s t a t r s t i c s  s f  t h e  l a s t  i 2  y e a r s ,  
P i  1 ,ooknnq b r o a d l y  o v e r  t h e  w h o l e  l o b s t e r  f i s h i n g  a r e a s ,  the 
f i s n e r y  h a s  o e e n  a n d  c o n t n n u e s  t o  b e  a  c o m p a r a t i v e l y  s t e a a y  
o n e " " .  A l t h o u g h  h e  d l d  n o t e  t n a t  t h e r e  nad  "beseen c o n s r d e r a b l e  
r e d u c t ~ o ~  Ln ehe s h i p m e n t s  o f  S r v e  i o b s t e r s " ,  t h e  
s ; g n ~ f i c a n c e  w a s  l o s z  t o  h rm,  C u r l o o s l y ,  h e  makes no 
r e f e r e n c e  to  the e v r d e f i c e  c o i l e c t e d  by t h e  W a ~ e h a m  
C o r n r r l s s l o n ,  a n d  w e  d~ not krisw i f  ~t were a v a l i a b l e  to  nrm. 
We rr,~~st a s s u m e  r t  was  n o t ,  e l s e  how c o u l d  he h a v e  had  s u c h  
f a ~ t h  I n ,  for n n s t a n c e ,  b e r r l e d  f e m a l e  l a w s ?  The  e v l d e n c e  
c l e a r l y  l n d r e a t e d  f ew f e n a l e s  t o  b e  m a t u r e  a t  less chan 
9 r n c h e s  T, L, , w h e r e a s  i n c r e a s i n g  p e r c e n t a g e s  o f  t h e  c a t c h  
were of l o b s t e r s  b e l o w  t k l s  s i z e .  

T h e  s i z e  I l n z t  was  a o a n d o n e d ,  a n d  no f u r t n e r  r e f e r e n c e  
to t h e  IkJakeh~ra Con~rnissnon n a s  y e t  b e e n  f o u n d  ~ q r  "Lls a u t h o r .  
D a t a  a d a l l a o i e  f r o m  t h e  s o u t h e a s t e r n  e o a s z  s f  Yova S e o t l a  a re  
i l l b s t r a t e d  i n  F l g o c e  4 a n d  a p p e a r  e y p e c a l  s f  t n e  a r e a .  Ic 
the 1914 A n n ~ a i  R e p o r u p .  8 )  t h e  k n s p e c t o r  f o r  w e s t e r n  ?<ova 
Sco t l a  n ~ t e d  t n a t  " m e  large 2 r o p o r t l o n  of t h e  c a t c h  f o r  
p a c k l n q  p u r 2 o s e s  1s of i o o s t e r s  l c s s  t h a n  7 z n c h e s  in 
1 e n g r h . "  T h e r e  d o e s  not a p 2 e a r  so h a v e  b e e n  any  r e v e r s a l  of 
i , n l s  t r e n d  untli t n e  c o n n l n e d  poor c a t c h e s  and  p o o r  c a n n e r  
p r i c e s  o f  t k e  1 9 2 6  q s  e n c o u r a g e 2  f r s n e r r n e n  t o  o p t  f o r  " m a r k e t "  
f i s h e r n e s ,  

Tne  l a n d l a g s  I n  w e s t e r n  Nova S c o t e a  ( P r g u r e  3 c )  
reliocanded r n  t h e  e a r l y  19-40 'st a b o u t  a g e n e r a b o n  l e r i g t n  
after t h e  a p p i l c a t n o n  of m a r k e t  s r z e  I r r n n e s .  %lor  to  1933 
tney d o c u m e n t  a  f a i r l y  s t e a d y  d e c l r n e  s l n c e  t h e  t t r n  of t h e  
century. The  1 9 2 1  p e a k  r e E l e c t s  e f f o r t  ( a  slx-week s e a s o n  
e x t e n s ~ o n )  , t n e  zrcpact  of whrch  rnhy be s e e n  :n t h e  y e a r s  
nmrnedraee ly  f o l l o ~ r n g .  The  1arid:ngs Lave  h e l d  up  r a t h e r  w e i l  
s i n c e  the rned 3 9 4 0 b s ,  i f i  spite o f  g e n e r a l l y  I n c r e a s e r i g  
f i s n i n g  p r e s s u r e ,  u n t z i  f a i r l y  r e c e n t l y ,  T h e  c a u s e s  a r e  open 
t o  q u e s t z o n .  Some of t h e  ; n i t r a l  decline r e f l e c t s  r e d u c e d  
a v e r a g e  srze, o u t  t h l s  1s c l e a r l y  n o t  sufficient f o r  a t o t a l  
e x g l a n a t r e n ,  To a l a r g e r  G c g r e e  ~t nust  r e f l e c t  r e d u c e d  
r e c r u l t x e n t .  T n e  o n s e x  &as p r t r a l l y  a a s k e d  oy t!;e a D 1 ~ 1 t y  
of t h e  f l e e t  t o  e x p l o i t  grounds f ~ r t h e r  a n d  f u r t h e r  o f f s n o r e  
a s  I n s n o r e  ~ r s u n d s  necarne d e p l e t e d ,  a f e a t u r e  unnqde  t o  t h i s  
a r e a ,  8~ t h ~ s  r e g a r d ,  h i s t o r y  a p p e a r s  t o  be r e p e a t r n g  
r t s e l  f , T n e  s u g g e s t r o c  1s t h a t  a " s t o c ~ - r e c r i i t x e n t "  e v e n t  
c a u s e d  m o s t  s f  t h e  759 d e c i n n e  landings, the p a r t n a l  
ame;noratlor of whnch p e r m e t t e d  t n e  p a r t f a l  r e u o u n d ,  I f  t n i s  
hypothesis 1s s t p p o r t a n l e ,  l e  d o e s  n o t  s x p l a r n  t h e  L l k e i y  
e f f a c e  of t h e  c u r r e n t  f e s h e r y :  s r z e  i i n n t  low r e i a t l v e  to 
r n s t u r l t y ,  hlgkly e f f s c i e n z  f l e e t ,  e f f o r t  n o v r n g  o f f s h o r e  a s  
n e a r s h o r e  s"Loes b e c a n e  d e p l e t e d ,  



L a n d r n g s  f r o m  a l o n g  t h e  e a s t e ~ n  siiore ( F l g d r e  3 b )  nave  
r e c e n t l y  come u n d e r  Intensive s c r u t l n y  by t h e  C a n s o  M a r r n e  
Z n v ; r o n m e n t a l  impact Workshop  ( M c C r a c k e n ,  Zd., 19793, I n  t h e  
I l g h t  o f  n o  l r k e l y  e n v r r o n n e n t d i  l rnpac t  associated w l t h  t h e  
C s n s o  C a ~ s e w a y  b e l n g  o f  s u f f i c i e n t  s c o p e  t o  explain e v e n t s  
s d b s e q u 2 n t  t o  ;ts construction in :9>4, two  m a j o r  h y p o t n c s e s  
were p r e s e n t e d ,  

One o f  t h e s e  h y p o t h e s e s  j 2 o ~ r n s o n ,  1979) v i e w e d  t h e  
; n l t r a l  d e c l i n e  a s  r e c r d r t m e n t  o v e r f l s k l n g ,  wr@h s u b s e q u e n e  
e v e n t s  r e f l e c t 1  ng a n t a g o n i s t i c  r n c e r a c t i o n s  o f  p o p u l a r l o n  
d y n a m r c s  a n d  t h e  f i s h e r y ,  The  s e c o n d  hypothesis ( D a d s w e l l ,  
1 9 7 9 )  v rewed  e v e n t s  s u b s e q d e n z  t o  1956 f r o m  t h e  a s s a m p t i o n  
t h a t  a  ~ n a l o r  p r o p o r t r o n  of e a s t e r n  s h o r e  l o b s t e r s  G r l g i n a t e d  
a s  s o b t n e r n  G u l f  o f  S t ,  L a w r e n c e  l a r v a e ,  t h e  s u p p l y  o f  w h l c h  
w a s  b l o c k e d  by t h e  c a u s e w a y .  T h e  forrner lmplcres  thae t h e  
s y s t e m  will r e c o v e r  given s u f f ~ c r e n t  r e m o v a l  o f  fishing 
e f f o r t ;  t h e  l a ~ t e r  l r n p l l e s  e l t h e r  l u v e n r l e  ~npuis ( e g , ,  
h a t c h e r l e s j  or o e h a v l o r a l  d d a p t a t a o n  o n  t h e  part o f  t h e  
l o o s t e r s  b e f o r e  r e c o v e r y  1s p o s s l ~ i e ,  Various o p t l o n s  a r e  
, u , , d e r  I .- ~ n v e s t i g a t i o n ,  a n d  a rxanagznen t  p r o g r a m  IS I r  
preparation, 

T h e  f o 2 l o w l n g  1s a sbrnmary o f  c h e  a r g u m e n t  f o r  t n e  flrst 
hypothesis, T h e  l o n g - t e r m  downward t r e n d  in tk e a s t e r n  
shore landings 1s a r e s u i t  o f  r n c r e a s l n g i y  ~f f  e c t r v e  f r s k l n g  
e f  f o r c e  S h o r t - t e r ~ r ~  c y c l e s  r ~ ~ p o s e d  ;psn t h l s  t r e n d  r e f  i e c t  to  
some d e g r e e  a  r e i a x l n g  of that e f f o r t ,  ~ u t  n a y  a l s o  r e E l e c t  
aey2scal;y good y e a r - c l a s s  s u r v i v a l  of l a r v a e ,  S o u t h e r n  G u i f  
l a r i i i l n g s  (Frcjicire 3 6 )  n a v e  h e l d  u p  due t o  m e  surnmer 
t e m p e r a t u r e  regime a i l o w ~ n g  s l g n ~ f l c a n t  ndmber s  o f  newly  
r n a t d r e  f e m a l e s  to e x t r u d e  e g g s  ~ e f o r e  t h e  a p p l i c a t i o n  o f  
f l s n l n g  e f f o r t  the n e x t  spring. C e n t r a l  N o r t n d r n b e r l a n d  
S t r a i t  r e c r u r t r n e n t  1s u n d e r  t h e  :nf l u e n c e  of t n e  f a l l  ( A u g u s t  
10 co O c t o b e r  10) f i s n e r y  of D ~ s t r a c t  8 a n d  a c c o u n t s  f o r  most 
of the varrathon 7~ s o u t h e r n  Gulf landings, T h e  e a s t e r n  
s h o r e ,  I ~ k e  h o r t ~ u m b e r i a n d  S t r a i t ,  d o e s  n o t  have t n e  
" "reficiqe- ~ n - t r ~ w "  aaf f o r d e c  t n e  r e r n a l n d e r  of s n e  s o u t n e r e  G u i f ,  
a n d  when f r s h ~ n q  e f f o r t  d e c r e a s e s  s u c v i v a ;  e n o u g h ,  s d f f e r s  a 
r e c r u i t x e n t  f a l i u r e .  B y  analogy, s o u t h w e s t e r n  Kova S c o r l a  
nas had a " " r e f u g e - s n - s p a c e "  r n  t h e  o f f s n o r e  a r e a s ,  w h i c h  h a v e  
h a r b o a r e d  s u f f ~ c r e n t  b r o o d  s t o c k  t o  r e p l e n ~ s h  t h e  ~ n s h o r e  
g r o u n a s .  T h e  proportion s f  t!l;s s t o c k  c h r r e n t i y  s u b j e c t  e o  
I n c r e a s e 6  e f f o r t  n e e d s  t o  b e  a s s e s s e d ,  

Ansnymokls, 1890, Annual r e p o r t  of z h e  D e p t ,  Mar, "ski,, 
Appendlx 3: 1 2 7 - 1 3 6 ,  

Anonymous,  1 9 7 7 ,  Reports sf t h e  w o r k i n g  g r o u p  o n  3ornarus  
s t o c c s .  I C E S  G ~ i 9 7 7 ' K :  l l  
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INTRODUCTION 

Sfnce the work that I will be d x s c u s s i n g  has all been 
previously pdbiisned, I will give a brief summary of the work 
I did, Setting ehe reader refer eo c h e  original papers for  
data if he wishes, I w i l l  be more cslSoquial and Rare 
speculatave were this story not p~~lisned, 

The b a s i c  framc~crk for the praject chat I segan in 1971 
was developed ~y K.H. Mann and R , J ,  Miller, Mann had carried 
out a sdrvey of seaweed populations f n  St, Margaret's Bay, as 
2iirt of a larger I B I  progfaa to study production processes rn 
t h e  Eay (Kann, 1972a), The s u r v e y  showed a simple seaweed 
cornrncnity s t r ~ e t u r e ,  stratlffed with depth: an intertidal 
f u c o i i  zone, e shallow subtldal zone dominated by C h o n d r u s  
and C h o r d a ,  then a braad zone dominated by two species sf 
Laminaria, and finally a deep Agarurn zone, T h e  Laxiinaria 
zone accounted for  most of the algal biozass per unit 07 
sh~reline, 

The proeuctlvnty o f  the benthic algae was shown to be 
extremely high (Mann, l972bj, equalling tne annual planktonic 
productivity of 3-4 krn of adjacent s h e l f ,  However, w i t h ~ n  
the Larninar la  - zone were  barren patches with relatively nigh 
densrties of sea urchins, These were the nost important 
anrec t  consumers of kelp (Miller et a;., 1974), a l t h o u g h  tney 
took only a small part of the annual algal production, The 
cxlstence sf barren p ~ e c h e s  w f t h l n  zce Earninarra zone was 
pdzzllng; and the muck higher densrty cf sea orchins in tnese 
patches, rather than in the kelp, seemed at frrst a paradox, 
I f  sea urchins were consumers of kelp, why were they most 
abundant outside ehe kelp beds? Why were there no a l g a e  
grow:ng on patches sf s e e r n l n q i y  saltable habitac tnat was 
surrsucded by sense kelp? 

It was suggested that sea urchins were grazing away the 
kelp and had caused tile patches, Miller observed a barren 
o a t c h  w i ~ h i n  his s t ~ d ~  site 4-L-4- c l i a L  was increasing size, 
& 

Maan t a l k e d  with fishermen who described sea urchins "moving 
into" an area, k e l p  disappearing, and lobster abundance 
decreasing, They said that if the area were l e f t  a lone ,  kelp 



e v c l n t u a l  l y  reappeared, sea d r e h l n s  disappeared , and lobster 
landings r n c r e a s e d .  The c y c l e  p e c ~ o d  was r e p o r t e d  to be 
t h r e e  t o  four y e a r s ,  

Xann s u g g e s t e d  t o  m e  that l o b s t e r s  m i g h t  b e  a key 
predator, f o r  r e a s o n s  descussed b e l o w ,  a n 6  ehac o v e r h a r v e s t i n g  
s f  lobsters migP1.t have iliiowec sea u r c h i n s  to become a b u n d a n t ,  
W e  p u b l i s h e d  s u p p o r t  f o r  t n i s  nypotnesis [Nann  a n 6  B r e e n ,  
P972), and my t h e s l s  p r o - j e c t  was t o  t e s t  r t  ( B r e e a ,  l 9 7 4 3 .  

A i t h o u g h  w e  toyed w s t h  t h e  rdea  of manipulating i o b s t e r  
a s u n d a n e e  ;n f e n c e d - o f f  p l o t s  w i t n l n  the Bay, t h i s  was 
c l e a r l y  u n f e a s l b i e .  I f  o u r  1 6 e a s  w e r e  c o r r e c t ,  t h e  k e l p  
s y s t e a  of t h e  Bay was a l r e a d y  out of e q u i i i b r i u m ,  so r e s u l t s  
would  not b e  r e p r e s e n t a t i v e  o f  e v e n x s  beginning r n  a  b a l a n c e d  
s y s t e m ,  As w e l l ,  s u c h  a  p r o j e c t  would n o t  be p o s s i a l e  w i t n o u t  
t h e  c o o p e r a t i o n  sf t h e  l o b s t e r  f i s h e r m e n ,  S u c h  c o o p e r a t i o n  
caul6 n o t  r e a s o n a b l y  ne  e x ? e c t e d ,  c o n s i d e r i n g  t h a t  I woul4 
reifiove p a r t  o f  the Bay f rom t h e i r  f i s h i n g  grounds and t h e n  
remove l o b s t e r s  from t h e  r e m a i n i n g  p a r t  S o r  u s e  i n s i d e  t n e  
p l o t s ,  

I n s t e a d ,  1 l o o k e d  a t  the i n d l v r a u a l  c o m p o n e n t s  o f  t h e  
p r o b l e m  s e p a r a t e l y ,  t e s t n n g  w h e t h e r  k e l ~  was I n  facr  
disappearing, w h e t h e r  s e a  uschnf i s  were r e s p o n s r b i e  f o r  t h r s  
d l s a p p e a r a n e e ,  w h e t h e r  locister d e p l e c n o n  was r e s p o n s i b l e  f o r  
b r c h l n  i n c r e a s e ,  w h e t h e r  l o b s t e r s  had i n  f a c t  d e c r e a s e d  i n  
a b u n d a n c e ,  a n a  f i n a l l y ,  w h e t h e r  f ~ s n l a g  c o u l d  be  r e s p o n s i b l e  
fo r  l o b s t e r  d e p l e t r o n ,  Thls was c n e  l o g r c a i  se r les  of t h e  
p r ~ j e e t ,  not n e c e s s a r i l y  t c e  tlme ser ies  of t h e  work i t s e l f ,  

DZSAPPSARANCE OF KELP 

D u r i n g  t h e  p e r i o d  o f  the  s t d d y ,  casual o b s e s v a t r o n s  made 
t k r o u g h o u c  t h e  Bay r n d ~ c a t e d  d e c l i ~ l n g  k e l p  b e d s  a t  many 
p l a c e s .  I n  1 9 7 3 ,  I re-surveyed s i x  of N a n n s s  ji972aj 
t r a n s e c t s  @n the w e s t e r n  s h o r e  of t h e  Bay,  The r e d ~ c r i o r .  s f  
kelp ~ e d  w r d t h  on t h e s e  s i x  t r a n s e c t s  w a s  53% b e t w e e n  1968  and 
1973, D u r i n g  the p e r i o d  o f  my s t h d y ,  I s a w  no neN kelp b e d s  
deveioping o n  p r e v i o u s l y  b a r r e n  rock { e x c e p t  rn t h e  s t u d y  s n c e  
l e s c r i b e d  o e l o w ) ,  and  none  were reported, 

K e l p  d l 6  n o t  disappear eorcpletely nn a i l  areas, There 
were r e f u q e s  o f  t w o  ~ l n d s ,  N e a r  the ~ n r e r t i d a l  zone of 
e x p o s e d  s h o r e s ,  s u r g e  a p p a r e n e l y  p reven ted i  s e a  u r c h i n s  froin 
grazing and t h e r e  wzs a  n a r r o w  f r l n g e  of i a m i n a r r a ,  K e l p  a l s o  
g r e ~  on b o u l d e r s  i n  d e e p  water s e p a r a t e d  f r o m  o t 'Er  rocks by 
wnde e x p a n s e s  of s o f t  s u o s t r a t e  whlcn  s e a  urchnns a p p a r e n t l y  
d i d  not cross .  S ~ n c e  1974, k e l p  Ras contnnued t o  a e c r e a s e  i n  
c h e  Bay ,  an6 1s now n e a r l y  a b s e n t  :6hap.anr pers ,  courn, * )  , 

Ckapman,  A,2,0,, A s s o c i a t e  P r o f e s s o r ,  3aPhousle U n l v , ,  B f x . ,  N , S .  



S E A  U 2 C H i b i S  AND KELP BEDS 

S-cro~g elrcdrristanteal  e v ~ d e r ~ c e  linked sea urchins with 
t n c  demise af kelp, Fisnermen had told Mann that sea urchins 
moved in prier to t h e  d e c l i n e  in kelp, Maanis s u r v e y  data 
showed that sea u r c h i n s  were abundant where k e l p  was not, and 
v i c e  versa, Sea urchins were mose abundant right at the 
m a r g b n s  of kelp beds, cr at rne e6ges of "holes" in the k e l p  
cover; In o t h e r  words, at the kelp/barren rock interface, 
There was evidence of the destrdetive powers of sea urchins in 
zhe literature from California and Britain, 

However, it was possible t h a t  sea u r c h i n s  had n o t h r n g  to 
do with the decrease in k e l p  beds: perhaps some s u b s t a n c e  in 
the water had interfered with k e l p  reproduction; perhaps the 
water temperae~re had changed at a critical time of year ,  The 
pattern of distribution of sea urchins could be explained by 
s a y i n g  that fo r  some reason sea tarchins stayed o u t  of k e l p  
beds but preferred to f e e d  near them where  food was most 
a b u n d a n t ,  

I t  appeared sinipLe to test t he  role sf sea urchins on 
kelp grazing by p i a c i n g  them i n  a healthy kelp bed and also by 
reirtoving t hen  fro= bar ren  rock n e x r  EO a receding bed, The 
removal yielded c lear  resufrs:  the kelp ~ e d  edge stopped 
receding; and the barren rock was quite q u i c k l y  covered w i t h  
a lgae  which, after a year, was dominated by -- Laminaria. This 
r e f u t e d  the hypothesis that something was wrong in t h e  water. 
However, sea urchin additions were noe so successfuf. P c o u l d  
nat establish a patch of barren rock w i t n i n  a healthy kelp bed 
no rnaeter h o w  many sea u r c h i n s  I placed at m~rked f~catior~s. 
The sea d r c h r n s  dispersed, or apparently were dissersed by t h e  
waving action of the kelp in surge, 1 a l s o  found  t h a t  some 
urchins were killed by predators (starfish and a crustacean), 
The general failure of t h i s  experiment, csupied  wit^ the 
inability of jds t  a few sea urchins eo graze on a blade of 
kelp waving in the surge, le6 me to prs2ose a critical density 
phenomencn, kt l o w  densities, sez urchins would be restricted 
to grazing tke understoryg but at higher densities t h e y  c o u l d  
weicjh the k e l p  down and b e g i n  to devoor  whole plants, When I 
ncasured the rate of recession of the edge of a k e l p  bed at 
v a r i o u s  points, I f o ~ n d  no recessLon where sea urchins were 
less than 2 Xg/n2, and so t h i s  w a s  used as a rough 
estimate of t h e  t h r e s h o l d  i i e n s l s y ,  

mi ,ne pattern of sea t ~ r c h i x s  around the disappearing kelp 
bed was dranatie, Inslde the k e l p ,  sea urchins were exerernely 
scarce, arid the k e l p  w a s  Gense a ~ d  lush, At the kelp edge was 
a narrow 5arAd where sea urchins covered khe bsttsn entirely, 

., 7 often severai layers deep, Taere  was 3esse kel? irnnedlazofy 
"ahead" of t h e s e  sea u r c h i n s ;  out oc t n e  ocher side sf the 



narrow S a n d  was ociy n a r r e c   roc^: even t n e  erect eoraLP~nes 
and kelp stipes were grazed away, Sea drckln densrty reached 
403/m2, an6 ~lornass 15 kg/rn2 ae ene kelp edge, T h e  
1nd1vrdua;s were large acd s n ~ w e d  n;gn gonadal nndaces, As 
one moved away from the kelp across barren rock, sea ~rchlns 
becditlc progresslveiy srcaller ail6 Less abundant, 

Repeated sarripl lng showed Lna t t h e  pattern staysd constant 
as the kelp bed receded. There was always a dense strip of 
sez ~rchins at the kelp edge and fewer behind, showing that 
the concentration of individuals was moving steadily into the 
kelp and removing all 5ut the encrdsting algae, Mhen there 
was not more kelp, the eoncencration of sea urchins quickly 
dispersed. Over the n e x t  few months, there was a steady 
decrease I n  both density and average size of the urchins, 
This suggested thar the large indivi6uals were either starvrng 
or migrating out of the area eornpieeely. 

Areas LC w h l e h  kelp nad elsappeared several years 
previodsly showed low numbers sf small rndlvlduals, w k i c 5  were 
still appcrently keeping the So~torn in a barren condition, 
Lang and Mann (1976) c~nticued to Look at such areas, and 
foucd  that sea urchin populations on barren grounds were 
stable; nn other words, t h a t  recr~rtmen? is sufficient to 
malntain t h e  populations e~ their present state. 

At this point, I will eonseder tne poss~bilrty of 
reciprocal cycles in the abundances of kelp and sea urchins. 
If the subtidal communities of Atizintie Canada have flipped 
into a different and much less prsductlve configuration, one 
whlch is going to persist for  a long tine, we are looking at a 
rnajcr disaster. If, instead, we are observing part sf a 
natural cycle, the situation 1s much less alarming, There is 
no way to determine at this psint which condition exists, 
Hlstorieal observations on subtidal kelp communities arz poor, 
so the oniy definitive evidence will be obtained fron 
ooserving St. Margaretg s Bay in the corning years, However, 
cycles have certainly occurred in the past; but, as deseussed 
below, the present disappearance of kelp loes not appear to be 
part of a cycle, 

Scott j 1902) spent part of a surnEer examining the feeding 
of sea urchins near St, Andrews, N , B , ,  zipparently proapted by 
the claims of l o c a i  fishermen that sea urchins had become 
abundant and were destroying the algae locally, Ee presented 
z n  interesting list of arguments to suggest that sea urcnins 
could not be responsible for t h e  reported kelp decrease; but 
In t9e process of doing so, he gives a famxliar picture: 



Y B  mr inere are n o w  localrtres wnere sea drch~ns are so 
namcrous it would oe hard ce magrne them more 
abundant - where ehey  are masse6 in heaps often 
obscuring the oortorri - zind yec in tP~ese very places 
seaweed 1s eqcally plenc~f ul, great bunches being 
f o ~ n d  in all suitable places, 1 nave seen usdlders 
covered w r t h  seaweed, and yet in tne interspaces 
between the boulders the bottom was LitersTly 
carpeted with urchins whose ~nfesclnes contarned 
seaweed alone," (p, 53) 

That descrlption applies extremely well zo the receding 
kelp ~ed/barren rock interface, and suggesrs that kelp in fact 
was decreasing, Anether of Scotrss arguments was that in 8902 
seaweed was abundant on che shores of Grand Nanad, where 
Stimpson had r eporzed  only carpets of sea urchins g n  1851, 
This 1s strong evldence thae kelp was destroyed in 1359 but had 
ret~rned by 1902, 

More recently, Ar~old (1976: reported thzt sea a r c h i n s  nad 
secsxe more abundant and denaded a study shore in New B r u n s w i e k ;  
later, the sea urchins apparently had diminished again, and 
seaweeds had returned to the intertidal zone, The story of the 
fishermen who talked %s Mann was t h a t  kelp eventually returned 
to areas d e n d d e d  by sez u r c h i n s ,  En British Geiambia, the sane 
species of sea urchin demonstrates dranatic but temporary 
"outbreaks", described by Foreinan (1977), 

As evidence against cycles, several 2alnts can be made, 
Barren g r o u n d s  now which were establisned eleven years ago ;n 
tke Bay are highly stzble, The sea ~ret~ins are reproducteve 
and their population are in equilihriu~, Although their 
blsrnass 4s quice l o w ,  they are more than capable of p r e v e n t l n c j  
che growth sf all aacrophytes, Sane change in this situtatlon 
must occur oefsre t he  barren grounds can be replaced w i t h  a 
macrophyte eomzunity, and th4s is strong evidence aga;nss a 
slnple cycle of sea urch in  an@ kelp abhndance, Altho~gh 
historical observations on kelp are poor, one can argue that 
surely rf kelp had disappeared Eron scch a large area before, 
it would have Seen norlced by flsnerx.en and reported, F~nally, 
the size sf tne area affecte6 and the length of tlse that 
barren grounds have persisted s n  the Bay suggest that we have 
not observes part of a cycle w h i c h  w114 reverse i t s e l f  ~f we 
Wa, -i .L a few xcre years, 

LOBSTERS ANC SEA LRCAINS 

If sea urchins were n o t  Increaslncj as part of a simple 
cyclic ineeraeeion with kelp, then another explanation was 



needed, We t h o b g t t ,  DecaLse of t he  control of sea u r h c i ~ s  oy 
predators I n  other systems, tcat a recent release of predation 
pressdre was the ~ o s t  likely cadse, We sdggested the lobster 
as the eontroilinq ?redator:  it Mas t known sea urchin 
predator; and aecause of fishing, w? could easily suggest a 
c a u s e  for a decrease en rts grazing on sen u r c h i n s  (Mann and 
Breen, L972;, (The concept cf one species belng a "controPllng" 
predator  of a n a r h e r  is without doubt an over-simpiificatfsn 
except rn a very slmpPe system, Sea ticchins have many 
predators and most of these nave many prey, Wnat I tested was 
tnc l d e a  that looster predation was important enough that a 
great redaction c o u l d  ailow a sea u r c r i i n  population r o  escape 
the l n f i u e n e e  of the sulte of predators,) 

The role of lobs te r s  c o u l d  not be meashred directly by 
rna f i l pu i a t ron ,  as discussed in the introduction, I n s t e a d ,  I p u t  - - 
 an^ the available information togetner i n  a sinpie sfnulation 
model, The purpose of the x,odel was to test whether a lobster 
2opulatio.n of reasonable size, feeding at known rates and with 
realistic size interactions w i t h  its prey, was capable of 
1 + :  -,it ,trng the g r o w t h  o f  a sea u r c h l i n  populatin, This was ;h fair 

test of the hypothesis - the asdel x i g h t  show that only an 
irnpossibiy dense lo~ster population wodPd control sea U T G ~ ~ R S ,  

and the hypothesis would be falsified, If the model showed 
thet a reasonable Lobster popolatian eouYd control a realistic 
sea urchin population, tfie idea would be tes ted  but not proven, 

To make the test f a i r ,  I pciz ail rhe information into the 
~ o d e l  and then did n o t  change any parameter values once the 
model ran, This =#as o b v i s u s i y  necessary because I eoold get 
any resolt 1 wanted from fii3dli~g w i t h  parameter values in the 
model, In cases where 1 nad no rdea wha t  a prameter  value 
s h o u l d  be, I set It so as to operate against the hypothesis, 

The no6e5 contained xnformat ie r i  on Losster feeding rate as 
a function of temperatare and 2 r e y  density, water te rn~era turc  
regimes, the size selectivity of varisas size lobsters, io~ster 
mortality and g r s w r h ,  and sea u r e h l n  mortality and growth; 
later it contained crab feeding rates, size selectivity, growth 
an3 mortality rates, and tne relative preference of Lobsters 
between crabs and sea urehlns, The sources of these data were: 
first, ny awn data; second, published values; and third, 
reasonaoie guesses, 

When j u s t  lobsters and sea a r c h i n s  were considered, the 
a n s w e r  was a b i t  ambiguous, Over  the range sf l o b s t e r  and sea 
d r e h i f i  population use6 (these were a l s o  determined from field 
observations and the liceraturej, sea urchins were controlled 
aoout nalf the time, When I incladed wolffnsh as an ad2itisnal 
~ ~ ~ d q + - n - r ~  there was alxost no change, When 1 i ~ c l u d e d  rock L------- 

craos, t h e y  c o u l d  n e t  cont ro i  sea urchins a lone ,  but lobsters 



a n d  erdbs c o n t r o i l e d  sea d r c n i n s  ~ n @ e r  m o s t  e o n d l t r o r ~ s ,  A t  low 
P o o s t e r  d e n s r t y ,  s e a  urchin p o p u l a t r o n s  e x 2 l o d e d .  

- 
T h e  h y p o t n e s i s  k h u s  p a s s e d  ~ t s  ~ e s t ,  i s h o a l 6  r e p e a t  tnae 

t h e  ro le  of l o b s t e r s  1s ~ o t  2 r o v e n  by t h e  m o d e l ,  b u t  is shown 
t o  o e  p l a u s i b l e ,  

F u r t h e r  $dosa was c a r r l e d  out by t h r e e  p e o p l e ,  Evans  
( a n d  Mann, 1977) showed t h a t  : dnderestimated t n e  p r e f e r e n c e  of 
i o b s t x r s  fo r  c r a b s  o v e r  s e a  u r c h i n s ,  Drumrfiond* ( u n g u o l i s h e d  
M S )  s h o ~ e d  that 1 u n d e r e s t i m s t e d  c r a o  Q e n s i t y  a n  t h e  Bay by 
a b o u t  50%, Coleman (4978) t h e n  r a n  t h e  m o d e l ,  i n c o r p o r a t i n g  
t h e s e  new d a t a ,  H e  f o u n d  my B a s z e  conclusion from t h e  model  e o  
b e  cor rec t ,  but h e  a l s o  showed that c r a b s  were t h e m s e l v e s  c lose 
eo b e l n g  c a p a b l e  of l i m i t i n g  s e a  u r c h i n s ,  

( T h e  model. was v e r y  h e l p f u l  r n  s o r t h n g  oue t h e  role o f  
c r a b s ,  I t  was n o t  c l e a r  f rom a  t r o ~ h f e  d r a g r a m ,  a n  which  
l o b s t e r s  e a t  c r a b s  a n 6  s e a  u r c h l n s ,  wha t  e f f e c t  a  c h a n g e  i n  
c r a b  a o u n d a n c e  woula c a v e ,  T n c r e a s i r i g  c r a b s  would increase 

c r a b  predation o n  s e a  u r c h i n s ;  5u&, o e c a u s e  iobsters  ? r e f e r  
c r a b s ,  E o b s e e r  2 r e C a t i o n  on  sea a r c h l n s  rnrghc b e  r e d u c e d  and 
t o t a l  s e a  u r c h i n  p r e d a t i o n  ecdLd a c t u a l l y  be r e d u c e d ,  Tne 
model  showed t a a t  t h i s  d i d  n o t  h a p p e n  - increasing c r a b  
a b u n d a n c e  was s i n i l a r  t o  i n c r e a s ~ n g  lobs ter  a b c n j a n c e . )  

LOBSTER ABUNDANCE A 5 B  S O 3 S ' T E R  FISETNG 

T n e  n e x t  s t e p  was t o  de te r r r i ine  w h e t h e r  l o u s t e r  a b u n d a n c e  
h a d  d e c r e a s e d  ~n S t ,  Margaret" Bay. If ~t na6 i n c r e a s e d ,  or 
re i r , a lned  n e a r l y  c o n s t a n t ,  the i d e a  r e l a t i n g  s e a  iirchlrr and 
l o b s t e r s  would h a v e  t o  be  discarded, The Bay 1s p a r t  of zwo 
s t a e ~ s t i c a l  a r e a s ,  so I u s e d  t a b u l a t e d  l a n d i n g s  f r o m  each of 2 1  
p o r t s  a r o u n d  t h e  s h o r e ,  

The  i a n d ~ n g s  had d e c r e a s e 6  by n e a r l y  t w o - t h h r d s  o e t w e e n  
1 9 5 9  and  1 9 7 3 ,  Wnen t h e  nurnoer of l s c e c s e d  f i s h e r m e n  ( t h e  o n l y  
a v a r l a b l e  m e a s u r e  of e f f o r t )  was u s e d  to  g n v e  c a t c h  per u n r t  
e f f o r t ,  t h r s  v a l u e  had  d r o p p e d  oy more tnar i  56%- In 1976, CPUE 
had  d r ~ p p e d  t o  2 0 0  p u n d s  frorr. a n  a v e r a g e  of 700 ;n 1 9 5 9 - i 9 6 i .  
T h e r e  was a s l n u l t a n e o u s  d e c r e a s e  In meat s e a w a t e r  'Lempera tu re  

3eeernber  ( w h e n  :nost  of t h e  l o o s t e r s  were c a u g m )  rri R a l l f a x  
N a r S o u s  ( w h e r e  t h e  n e a r e s t  s e r r e s  s f  Gats were r e c o r d e d ) ,  
However ,  c h e  d e c r e a s e  was too snail jl C) t o  a c c o u n t  f o r  s u c k  
l a r g e  d e c r e a s e  I n  a p p a r e n e  a b ~ n d a n c e ,  

The f i n a l  a s p e c t  o f  my p r o j e c t  was t o  l o o k  a t  whether 
C { P ~ ~ ~ . P +  , . - nad c a u s e d  t h e  d e c r e a s e  in l o b s t e r  ab i ;ndance i  T h i s  
d i s s o l v e d  q u i c k l y  i n t o  a s e m a n t i c  problem, L o b s t e r s  were o n c e  
so numerous  that t h e y  were h e l d  i n  Iow esteem, c o n s i d e r e d  

"Drurnrnond, Nancy,  M.S@, s e u c e n s ,  3 a i n o o s i e  G n s v , ,  d f x , ,  N , S ,  



valueiess, and were even used  for fertilizer (DeWslfe, 1974)- 
When a fishery began around 9870, it quickly peaked, and then 
landings declined unril 1918 (Wilder, 1965), There can be no 
question that the period before 1918 saw a great decrease in 
lobster abundazee, and that the population cnanged from one 
limited by natural factors to one 1meted by flsking pressbre 
as well, 

After 1918, the catch rernaened steady at around 40 million 
pounds, Wilder (1965) suggested chat the popolation responded 
primarily to environmental factors (nut without a fishery, 
would no doubt have ~ncreased), This idea Has supported by 
several authors who found correlations be~ween lobster 
aouridance and previous values of temperature or river runoff, 

Whether lobsters declined in St, Nargaret's Bay after 1959 
as a resulc of fishing or as a resule of something else, it is 
obvious that the population Bad been kept at well below 
klstorieal levels by f s s h i n g .  

DISCUSSION 

The change in sobtidal communities in St, Margaret" Bay 
has been massive, Bottom, which once supported 100% iamrnaria - 
cover, with a dense understory sf erect corallnne algae and 
small fleshy red algae such as Irish moss, now is inhabited 
only by enerasting re6 algae and rsolated Desnarestia. Flsh 
(especially cunner), crabs, starfish, periw~nkles, and other 
animals have also shown drastic decreases. The barren grounds 
support sea archins as the major organism nn about rhe same 
abundance as they were in the kelg bed eornnani ty .  It 1s almost 
certain that disappearance of kelp and its assoelaced fauna has 
led to the recent drastic decline of lobster stocks. The kel? 
bed community was both shelter and food supply, The effect on 
other food chains is not known, because the trophic paths were 
not known, Kelp is very highly productive, most of the 
production being detritus, which is processed first by bacterla 
and then by small organisms such as arnphipsdjs and mysids, 
These may have been important to commercially valuable flsh; 
the kelp itself may have been valuable as shelter for juvenrle 
fish. The loss of so much primary production will no doubt be 
reflected elsewhere, If not, the loss of the lobster fishery 
would be bad enouqh. 
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T H E  DLSTRSBUTZOiY OF SEA UXCBIN-DOMISATSD BARREK GXOUNDS 
ALONG THE SOUTH SEIOZE OF NOVA SCOTIA 
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nalnousie Unlvcfslty 
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INTRODUCTION 

The destructive grazlng of rnacrophytes by the green sea 
u r c t i l n  Strongylocentrotus droe~achler~sls ( O , P ,  Mbller) has 
Seen docu~r~ented for St. ??argaret's Bay, Nova Seo"ca (Breen, 
1974; Breen and Mznn, 1976). Thls has resulted ;n the loss 
of a major rnout of prlrnary proudctron to tile STI. iYarcja~ei-,Bs 
Say syszein (Mann, 1972a; bj, 

Overgrazing of -the seaweed zone nas ieC to the 
cstabllshrncnt of sea urzhln-dozlnated barren grou~ds over 
n o s t  of the rocky suo~idai zone of St, Xaryaret's Say, These 
qrounds appear to possess a degree of perslscance, and to 
d a t e  no evidence of regeneration of macropbyte growti1 has 
been discovered. 

I t  bias been proposed (Breen and &lann, 1976) that the 
rlsc in sea urchic numbers prlor to destrucrlve grazing 1s 
facsLitate6 by the removal of the dorn~nant predator, the 
American lobster Rornarus aaericanus Eiine Edwards, through 
tne activities of a commercial flshery. 

The dlrect relatronsklp between seaweeds and Lobsters 
1s not Known; noivever,  it rs sossrole that ;uvenlle lo~sters 
require the seaweed for cover and protection from predators. 
The occurrence of small iobsiers rn seaweed beds has been 
reported by Scarract (1972). The effects of larval 
survrvors1;ip on recrultsent to ihe flsnery have beeri shown 
by Sutelif fe j 1973 ) , and rt appears reasonable to assume 
t h a t  factors af fccting juvcnlle survrvai should ae reflected 
r n  the coaxercial catch, 

it Decornes necessary, therefore, to exai;,zne  he 
relatlonshlp between lo~ster a~undance and seaweed 
drstributlon to ascertain tne effects of over removal of 
lcusters from the system and the subsequent clecgradacson of 
the seaw2ed zone. 



ST. MARGARET'S BAY, NOVA SCOTlA 

i 3 e f o r e  4968, ene predominantly r o c k y  s u S t , d a l  s u b s t r a t e  
o f  Se. X a r g a r e t s s  Bay w a s  c o v e r e d  w l t n  m a c r o p h y c l c  a l g a l  
g rowch  down to  a  d e p t k  of a b o u t  20  n, The  k e l p s  t a m l n ~ r r a  
l o n g r c r u r l s  P y l .  and  L. d a g l t a t a  ( B u d s . )  L a ~ ~ o u r  had a  
b i o m a s s  of a n s u t  16 kq f r e s h  welqht /m2 and  a n  a n ~ u a i  
p r o d u c t i o n  on  t h e  oraiir of 1750 gc/rI2 (Mann, 1 9 7 2 a ;  b). 

B r e e n  arid Mann (1976) r e c o r d e d  a  7 0 %  r e d a c ~ a o n  s f  
s e a w e e d  c o v e r  a l o n g  15  kr t  of c o a s t i ~ n e  s n  St, T 4 a r g a r e e c s  Say 
sc a  s r x - y e a r  gerso-2. This was accom2anned by d e n s e  
aggregations o f  t h e  sea u r c h n c  S .  d r o e b a e k - i ~ e r ~ s l s ,  Removal 
o f  s e a  u r c h i n s  r e s u l c e d  I n  a r e t u r n  o f  m a c r o p h y z e  g r o w t h ;  
h o w e v e r ,  r e s r d u a l  p o p u l a t i o n s  of s e a  u r c h i n s  seemed to b e  
c a p a b l e  o f  k e e p i n g  rhe s u b s t r a t e  c l e a r  of a l l  groweh e x c e p t  
c o r a l l i n e  a l g a e .  I t  was  f i r s t  t h o u g h t  t h a t  a f t e r  m a e r o p h y t e  
r e m o v a l  was c o m p l e t e  t k s t  p o p u l a t i o n s  s f  s e a  u r c h i n s  wou ld  
2 l e  off or m s g r a t e  away.  T h i s  was n o t  o b s e r v e d  ( L a n g  an6 
Mann, l976), and  known s i tes  o f  g r a z r n g  11 y e a r s  old a r e  
st191 r n a i n t a ~ n e d  by irehins i n  Eke b a r r e n  c o n d s t i o n ,  R e c e n t  
o b s e r v a t i o n s  ( A . R , O ,  Chapman, p e r s .  comrn,) e s t i m a t e  r e s i d u a l  
k e l p  c o v e r  I n  St. M a r g a r e t ' s  Bay a t  l e s s  t h a n  1%- 

Lang arid Mann (1975) examined  t h e  c h a n g e s  t h a t  o c c u r  I n  
t h e s e  s e a  u r c h i n  p o p a l a t i o n s  a f t e r  destructive g r a z i a g  of 
t h e  i n a c r o p h y t e s  h a s  b e e n  c o m p l e t e d ,  It was shown c h a t  s e a  
~ r c h i n s  grew slower I n  o a r r e n  a r e a s  ( F i g u r e  11, p r e s ~ m a b l y  
d u e  t o  a  lower a b u n d a n c e  of f o o d ,  

T t  was a l s o  shown ( F i g d r e  2) c h a t  t h e r e  was a  shift I n  
r h e  s i z e  f r e q u e n c y  s f  t h e s e  p o p u l a t i o n s  f r o m  l a r g e r  s r z e  
c lasses  to  s m a l l e r  s i z e  c l a s s e s  accompan ied  by a r e c r u i t m e n t  
p u l s e  and  s u b s e q u e n t  I n c r e a s e  in d e n s i t y  ( F i g u r e  3 1 ,  

e his a g r e e s  w i t h  o b s e r v a t n o n s  on  s e a  u r c h i n  p o p d l a t l o n s  
i~ C a l i f o r n i a  a f t e r  c o v e r  o f  s e a w e e d s  were r e d u c e d  ( K e l p  
H a b i t a t  Improvement  P r o j e c t  Annua l  R e p o r t ,  1 9 7 5 ) ,  and iri 
A l a s k a  ( E s t e s ,  1978). 

OBSERVATIONS ON THE SOUTH SHORE OF NOVA SCOTIA 

A s u r v e y  was c o n d u c t e d  on t h e  A t l a n t i c  coast of Nova 
S c o t l a  b e t w e e n  H a i n f a x  and Yarmouth a t  s e l e c t e d  a r e a s  w i t h  a  
h ~ s e o r y  o f  s i g n i f l e a n t  lobster  c a t c h ,  T h i s  was t o  q u a n t i f y  
t h e  e x t e n t  of d e s t r u c t r v e  g r a z i n g  a l o n g  this s e c t i o n  o f  
c o a s t  and  establish t5e c o n d i t i o n s  s f  s e a  u r c h i n  p o p u l a t i o n s  
e n c o c n t e r e d .  

The s u r v e y  c o n s i s t e d  of f i v e  s i t e s  divided l n t o  l f 2  x 
i / 2  n a u t i c a l  m i l e  s q u a r e s  of whleh  14 o r  15 a t  e a c h  s i t e  
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F i g u r e  I, (from Wharton B,Sc, Thesis Dalhsusie) 
Decreases in growth  rate and gonad fresh 
weight w i t h  time since des t r ~ c t i v e  grazing, 



Site L ii N2153 

-- -1- 
- 

0 1 2 3 4 5 6 3  
Age class (years) 

Figaye 2, (From Lang and Mann, 19763 



Figure 3. (From Lang and Mann, 1976) 



were sampied  (Figure 4)- A t e a c h  station within a site 
- .  tilrpo transects viere sl;rveyr:.c: ir zi t r i - r a d i . a l  patterr,, w i t h  . . t h e  centre at 10 m depth, Only syuhres  w r e k  depths of 18 m 

were considered ir:  he s.tst'ion selection process, A l o n g  
each a r m  of tkAe tri-radial transec~ zhe a m o u n t  of substrate 
dee:?,ed sl; i t & > i e  f o r  aacropky~e cover was det.erminerJ 2nd the 
percentage that w 3 s  in fact covered by nacrophyte growth 

r n ~  l.a"@e recorded, i c e  results of t h i s  assessfient appear in " 
(see also Figure 41, 

The area of c-astline frox the approaches 05 flalifax 
- - darbour to the iqestern limits of Sz, Nzrgaret's Nay are well 

l u c  o the r  wz>-;;ters at Da:.housie known t<)i t11e aiitp"- 
Cover of .khe s ~ J ~ L ;  P University, ~,dal by nacrophytes in this 

area could safely be esti j--ated at less t h a -  18, The r ocky  
subtidal in this area i.s covered prekia~inantly by tile 
car-1lir.e algae with the bclk of -tile primary production 
provided by benthic diatons (A,R,G, Chapman, pers, eornn,), 
Breen (1974) has stated that benthic diatoms were observed 
as b e i n g  the earlv settlers of substrates clearec.5 of se& 
archins, It appears that sea urchins in this area are 
keeping t h i s  zone in Its earliest successional stages,  his 
zone is referred to as the sea crehin-dorfiinated barren 
g r o i l n d ,  

~ L -  iliis : was also the situation ef icaunt2red over m j c h  of 
~ i - i e  6 :  ,irst three sites w e s t  of KdiiLax. T h e  axiount of 
substrate that was suitable for covsr and actually covered 
was 3,6%, S,8%, and 11,5% respectively, The barren areas at 

. - 
these sites bear- a striking resemslaace to those existing i n  
St, Narqaretgs 3ay. In each of these three sites k e l p s  were 
encountered, t y p i c ~ l i y  in areas of intense water m o v e m e n t ,  - . - .  At. the fifth site wesz of E a i i r a x  the percentage cover 03 
suitable substrate was i~ excess sf 99%, Atthe fourth site 
the overall cover was 74%; however, if the site were divided 
at Green Island {approximately in haffj the percent cover on 
t h e  eastern s i d e  would be 59% 2nd the wes te rn  side 93%- 
Fron this po i f i t ,  they ~ v . b ' q i i  be referred to as Sites 4s and 4 b  
~ n d  dealt with separately* 

. . The sea d r c h l n s  encoufitereG at i i i ~  CL"e j 5 alere large, 
sparsely distribured, and confined to starions at A-;. L,-c_. 

eastern end of t5e site, F f ~ j - ~ c - r n e n  - - kiave reported seeing 
""pockets" of archins b c t  none were encountered in the course 
O~ the surveys, K~..ick of chis area cocLd be described as a 

healthy k e i p  bed cornnunizy . 
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Figure 4. Tile souti-iern and southv~esterr! shores of Nova S:otia, showi~q 
the study sites. 



T.ABLE I .  The percentage o f  suit?ible s u b s t r a t e  bea r ing  macrophytes. 

S i t e  surveyed % of  s u b s t r a t e  s u i m b i e  fo r  cover 
thzit w a s  found t o  b e  covered b y  
macrophyees 

S i t e  i (S tonehurs t ,  3.6 
Blue Rocks) 

S i t e  2 ( P o r t  Mouton) 8.6 

S i t e  3 (Ingomarl 11.5 

S i t e  4a (Clarks Harbour) 59.0 ( s e c t i o n  of s i t e  being 
a c t i v e l y  grazed) 

S i t e  4b (Clarks Harbour) 93.0 (section of e s t a b i l s h e d  
seawee6 cover) 

S i t e  5 (Pubnico) 99 - 4  



i~rchi.ns at S i t e  $':I (532 cover), al"ci-lo;li<-fh aiore dense 
2 than tile poptil.ations at Site 5 at 2-5 tirchi.cs/n , were 

still predori~inantiy large (Figure 5)- .site 43 (59% cover) 
showed marked differences in sea urchin 2opulations with 
densities averaging 60-7 ! . i rch lns /m2,  and observation 
revealed aggregations of urchins and active grzzirig of 
macrophytes in a typical Eronr  ?attern described by Breen 
and Mann (1976) for St, P?acgarst" B q y ,  

Populations at Site 4a also have higher frequencies of 
sea urchins in the smaller size classes (Figure G j ,  TL' & i i S  
s~ iiirt : - in size fre(;uencj.es has also been docdmenkec f o r  

populations of the Pt, Lorna k e l p  bed cear San Diego, 
~ 1 . . 

CaliEornia, in association w ~ z c  changes ln K e l p  cover (Kelp 
fiabita+ - impro~e~i~ent Project, 19751, 

On .the hasis of ti-;is evidence, I believe that the front 
of grazing at t h e  interface betweeri Sites 4a and 4b is 
active and that f~rther damage in this area can be expected, 

Also ox interest in the Ca7 L i l - ~ r n i ~  ' ' urchins is the 
appearance of a lzrye number of juveniles following the 
disappearance of kelp, This recruitxent 2uise has been 
observed in urchin populations at t h e  three sites west of 
Halifax (Sites 1, 2, and 3) (Figures 7, 8, and 91, The paise 
appears strongest nearest the site o f  active grazing a n d  
seems to he fi;rti?i-,st alorig at the site enos",di.st,.nct f-roiii 
tile site of active grazing. Based on tl;is, itappears "cat 
the chran~iog ical order  of aestructive qraz ing , from oldest 
to ;cost recent, has been S i t e  1, Site 2, then S i t e  3 wit?; 
Site 4 now being actively grazed, S i t e s  2 and 3 arc, 

, . -  however, qljite s lz , l i . ; -  an6 dj ctim -+-lo~ - 
a L ,.., i i c  . . - .  ,. ~t tills tine W O L I ~ ;  be? 

most1.y conjecture, Comparative grow-ti; rzte cs t i imates  sl;otild 
substantiate this, 

Densities at Sites 2 and 3 are 113: and 104 i 1 r c h i n s / n 2  
respectiveiy hut density of urc1:ir.s at Site 1 average2 only 5 62 urchinsfm . This lower density wss also encocntered 
in older estahlisheb barren sites i n  St, Plargaret's Bay and 
i.s most Likely a result of urchins spproaciiing a number 
sustainable on the benthic diatom production, 

C A T C F ~  W I S T C ) ~ . ~  QF ~ C B S T E K S  ";';-IS ~ " 1  * A  - a l y ~ ~ ( ;  COAST OF hOVA SCCTIA 

The commercial catch of the h-i::ericaL lobster has been 
on the decline generally in recefit years (Ro~inson, 1479); 
however, the catch along the Atlantic eoasc warrants close 

I - . :  examination, it c a n  be seen jr ;gures l@ and 11 j that car Lches 
appeared to decline first in G u y s b s r o u g h  C o u n t y  on t h e  
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Figure; 5 and 6. Sea urchin size frequencies at S i t e s  4a and b. 



FIG. 7, SITE 3 
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1 .  La~lclir l i is  of lobsrer for rl--6. &ova Scotid coufi-cies of Q u e e i ~ s ,  

Srieiburne, and Yarnoutl;  between 1946 and 1976. 



eastern shore Lnen hailfax, Lunenourg, and Qdeens Counties, 
Catches stnil. appear to be hrgh in Yarmsutn County, Thns 
corresponds well with the extent and apparent t ~ m e  sequence 
of destructive grazing observed along the s o u t n  shore, 
A i t h o u g k  Guysborough  C o u n t y  was n e t  nncluded In th;s survey, 
extensive damage uy sea urchnns has been reperced, Carcnes 
appear to oe at reasonable levels In SneLburne County whlch 
I n c l u d e d  Slte 3, S ~ t e  3 was extensively grazed although 
this grazrng appeared eo Ge of a relaevely recent nature. 
if lobster abundance and the avaiiabrlity of cover by 
macrophytes is related, then the decredse in catch of 
iobsters  rn tne Snelburne area may be imminent, 

The rnecnanrsn involved in the recruitment failure in 
tkese areas may well be the increased rnortallty of juvenile 
lobsters as a result sf predation and the reduced 
availability of surtable habrtat, 

PERSISTANCE OF SEA LJRGRIE POPULATIONS AND EXPECTATIONS BOX 
REGENERATION OF KELP BEDS 

Sez crchins have demonstrated through growth  plasticity 
and availability to utilize drverse 5ood sources that they 
can persist on tnese "barrenP' grounds, Wherever kelp is 
found in refuge from urchin grazing it is normally 
surrounded by dense stands of sea urchins presurna~ly living 
off the detrital proGuction, As this kelp will no doubt 

- 
provide the spores to facl~itate any reqeneration, the 
presence of surrounding ~ r e h i r ~ s  may in some w a y  hsnder the 
process. 

To this point in time, no evidence of regeneration has 
been discovered, and even if sea urchin abundance is a 
cyclical phenomenon ~t would appear to be one wieh a 
Tonq period beeween esmes of high macrsphyte produetron and 
possibly lobster ab~neance, 

CONCLUSION 

The destruction oE macrophytes has been observed in 
St, Margaret's Bay, and the subsequent changes I n  sea urchin 
populations documented, Dartage of the sort observed ic 
St. Margaret's Bay has been foind along the south shore of 
Nova Sestia and damage is sresently occurring in the Cape 
Sable region, The abundance of Lobsters in zhese areas 
appears to he correlated zo the arrioul-lt of macrophyte cover 
available, pres~mably for habitat for jdveniles, 



R e g e n e r a t i o n  o f  k e l p  h a s  n o t  b e e n  o ~ s e r v e d ,  a n d  t h e s e  
b a r r e n  a r e a s  a p p e a r  t o  p o s s e s s  a  d e g r e e  o f  l o c a l  s t a b i i i t y .  
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PREDATION ON T H E  SEA LiRCELN (STROXGYLOCENT40T3S DRBZBACEEENSIS) 
BY T E E  AMERICAN LOBSTER (HONARUS A3IERICANUS) AED THE ROCK CRAB 
(CANCER PRROiliZTUS) 

K,W, E1rne-r 
Departmene sf Flsherles and Oceans 

Resource Branch 
Invertebrates and Marine Plants Division 

Biological Station 
St, Andrews, N,B, 

Thirty-nine percent of the lobsters and 39,5% of the rock 
craos investigated fe6 suceessEulLy on sea urchins wleh;n a 
six-day period in che laboratory, Various predatssn 
techniques dsed by zhese predators to opeE sea urchins of a 
range of sizes are reported. All sizes of lobsters and ail 
but the smallest rock crau srze class studled were ab le  to 
exploie the f a l l  slzc range of sea urchins avallaoie, 
i n e l ~ d i r ~ g  the largest prey of 73 rnm in diameter, Gnven a ranse 
of sea urchin sizes, all sizes of lobsters and rock crabs 
tested attained a similar w a n  dally predation rate of 
approximately one sea urchin/predator/day. Mean daily energy 
intake was similar for both lobsters and rock crabs and 
appeared to hccrease w ~ t h  predator snze, Given a choice, both 
lobsters and rock crabs shswea preferences for dlstinct sea 
urchin srze ranges, The size of preferred prey increased w r t P i  
gredator size, Lobsters and rock eraos, when grven a choice 
between equal numbers of sea urchin and mussel prey, displayed 
4:43 an6 1:79 preEerences respectEveLy for mussels, Given the 
low predation rates and preferences obtained, it is diffic~lt 
to consider sea urchfns as ma;or prey rtems sf lobsters and 
rock crabs, acd rhese predators as major influences on sea 
urchin population dynamics, 

INTRODUCTION 

T h e  green sea urchin, Szro~gylocentrotus droe~acnlensrs, 
IS the dominant sublittoral anlmal a l G g  many rocky coastirces 
of the easxern and western seaboard of K o r t h  America 
(Himmeinan, 1969; Miller et aL,, 1971; Vadas, 1958), SruGres 
by Miller and Mann (1973), Foreman (19771, and Vadas 
(unpublishea daea) nzve shown the green sea urchin to be a 
most important benthic herbivore, conesoiling ehe drstrsbiltion 
of rnacrodlgae an? scron~ly bnf1uenc;ng specles csnposliion and 
diversity l n  the subi~ttsral zone, On the Paeifle csasE of 



N o r t h  A n e r l c a ,  Foreman jig77 1 documented  periodic 
S. d r o e b a c h i e n s i s  population o d t b r e a k s  whzch l e d  t o  l o c a l i z e d  - 
p e r t d r b a c i o n s  o f  t h e  n e n t n l e  rnac rophy te  c o m n u n l t y .  Foreman 
(i977) s a g g e s t e d  t n a t  these o a t b r e a k s  were environmentally 
c ~ ~ t r o l f e d ,  probaoiy r e s d l t l n g  f r o m  f a v o ~ r a ~ 3 e  piankron blooms 
and  GOO: s e a w a t e r  t e x p e r z c u r e s ,  Similar p o p d l a t l o n  outbreaks 
have seen d e s c r i b e d  f o r  z h e  cas t  coast  s f  Canada by Mann and 
R r e c n  (1972)- S l n c e  9968 l a r g e  z n c r e a s c s  Ln S ,  d r o e k a c h i e n s l s  
p o p d l a t l o n s  a l o n g  p o r t i o n s  of the C a n a d i a n  ~ t z a n t l c  c o a s t l i n e  
h a v e  led t o  c o n s ~ d e r a o e e  areas b e i n g  c o m p l e t e l y  denuded  of 
k e l p  (Breen and Mann, 1976a,b,; Yann,  1 9 7 7 ) -  Mann and B r e e n  
( 1 9 7 2 1 ,  B r s e n  a n d  Kana j1946a), and Mann 3 1 9 7 7 )  h y p o t h e s i z e d  
" t a t  this s i t u a t i i o c  was l a r g e l y  d u e  t o  a  d e c l i n e  I n  t h e  sea 
u r c h i n ' s  " k e y s t o n e "  p r e d a r o r  ( P a i n e ,  1966; 1969), t h e  Amer ican  
l obs t e r  (Hsmarus  arberieanas), F u r t h e r a o r e ,  Lacg an6 Mann 
(1976) and  Mann 11937) have  suggested t n a t  t h e  k e l p  d e n d d a t s o n  
is  ~ r r e v e r s i b l e  a s  large p o p u i a c i o n s  of sea u r c h i n s  c a n  
p e r s i s t  on t h e  b a r r e n  g r o u n d s ,  The d e s t r u c t i o n  of t h e  k e l p  
~ e d s  is b e l i e v e d  t o  be a c c e L e r a t i n g  t h e  d e c l i n e  o f  l o b s t e r  
s t o c k s  still. f c r t h e r  by d e c r e a s i n g  the o v e r a l l  p r o d u c t i v i t y  of 
t h e  i n s h o r e  s y s t e m  a n d  depriving S s b s t e r s ,  j u v e n i l e s  
especially, s f  s p a t i a l  r e f u g e s  ( B r e e n  and  Mann, 1 9 7 6 a ) .  

H i r n m e l m a r i  and S t e e l e  (1971) studied a  variety of 
3. d r s e b a e h i e n s i s  p r e d a t o r s ,  i n c l u d i n g  lobs te r s  and  rock - -- 
c r a b s ,  and  c o n c l u d e d  t h a t  p r e d a t i o c  had l i t t l e  s i s n i f i c a n c e  i n  - 
c o n t r o l i i n g  p o p u l a t i o n  s i z e .  S r e e n  (1974), B r e e n  and Mann 
( 1 9 7 6 a ) ,  WirtPe a n 6  Mann ( 1 9 7 8 ) ,  Evans and  Nann ( 1 9 7 7 1 ,  and 
R e d d i n  ( 1 9 7 3 )  f u r t h e r  examiced  t h e  role of l o b s t e r s  and r o c k  
crabs a s  s e a  u r c h i n  p r e d a t o r s .  However, t h e i r  c o n c l u s i o n s  
f r e q u e n t l y  c o n f i i c c  and a re  not always consistent with the 
c o n c e p t  o f  l o b s t e r s  as  t h e  g r e e n  sea u r c h i n "  k e y s t o n e  
p r e d a t o r .  In the p r e s e n t  p ipe r ,  p r e d a t i o n  b e h a v i o u r  and 
foraging s t r a t e g i e s  s f  l o b s t e r s  and r o c k  c r a b s  o n  sea u r c h i n s  
a r e  r e a s s e s s e d .  A s  both  e d i b l e  n u s s e i s ,  Xytilus e d u 1 i s  and 
h o r s e  r n d s s e f s ,  Modiolus x o d i o l ~ s ,  a r e  esrn~noniy p r e s e n t  i n  
large numbers  ia a s s o c i a e i o n  w i t h  s e a  u r c h i n s  ( X a n n ,  1 9 7 7 ;  
Mil ler  e t  ale, 1 9 7 1 ;  R . L ,  VaZas ,  p e r s ,  c o m m , ) ,  t h e  f e e z i n g  
$ r e f e r e n c e  by l o b s t e r s  and r o c k  c r a b s  for m u s s e l s  a n d  s e a  
u r c h i n s  was i n v e s t i g a t e d ,  

L a b o r a t o r y  e x p e r i m e n t s  were p e r f s r ~ ~ e d  t o  Cietermlne t h e  
f o l i o w i n g :  

1, The t e c h n i q u e s  used  by i o b s ~ e r s  and r o c k  c r a b s  t o  f e e d  o n  
sea u r c h i n s  of a r a n g e  s f  s i z e s  

2, T h e  f e e d r n g  r a t e ,  In terms of n u a o e r s  of s e a  u rch ;ns  e a t e n  
energy i n t a k e ,  by varxogs s x z e  classes o f  i o b s t e r s  and 

r o c k  c r a b s  o n  a  s i z e  range of s e a  u r c h ~ n s  In u n l l r n i t i n g  
numbers 



3, The preferences by lobsters an6 rock crabs whet offere2 a 
choice between equal numbers sf sea u r c h i a s  and edible 
mussels, 

M A T E R I A L S  ANG MSTHGDS 

, a ts te rs  and rock crabs were ca~tured by oertom trawl I n  
Passarnaqusddy say, New Brunswiek, near che m s u t n  of the Bay or" 
F'andy xn December L 9 7 7 ,  @ u r ~ n g  experiments anlnals were kept 
individ~ally rn 77 x 32 en yiass aquaria filled to a depth sf 
37 crc with running sea water at 12,5 + 0-5 C, Sea urchins 
were collected ar i o w  tide or dre~~ed-from ?assamaquoddy Bay 
using a Cigby tc~cle-drag in January and Febrcary 1978, 
Edible mussels were colieeted dcreng the sam;e perlod from a 
E,W,S.T, sheleered populatio~ on pier pilings in Passarriaquoddy 
Bay, thereoy standardizing shell eharacterxsties w h i e n  vary 
with exposare and trdal level ( E l n e r ,  1978; Seed, 1973;, 

Lobster size was determined by ceasuring caraoace length 
from the posterior edge of an eye socket to che edge sf the 
carapace parallel to the longir~dinal axis, Rock crao size 
was deterrttined by measuring -the carapace w l d t h  betweerm t h e  
taps sf the mesc drstai a a r g i n a i  teeth, Sea ~rckin size, sn 
terms of tesr dsameter, has i t ieasdzed across the w ~ d e s t  para7 of 
t n e  animal, e x c i i i d i n g  ehe spxi:es, PIi.?cisscls were slzed 
accordrng to shell length, 

Predators were starved for two days prxor to a14 fee2;ng 
exseriments to standardize hunger levels. O n l y  undamaged, 
healthy sea urchins and nussels less fhan orie week In 
captivity were used as prey. During ali feeding exprrmenzs 
sea urchins that had attached tnenseives ec the tank wail, out 
of reack of tne ?redatorst were regdlarly removed ts the tank 
bottom. 

Predatroc recQnrques and foragrng b e k a v ~ o u r  of three srLe 
classes of loosters and e n r e e  srze ciassss sf rock eraos on 
sea urckins frcm 10-73 nix dlameter were observed, Fragments 
of sea brchxn e e s t  were collected after each successful attack 
to asd In the interpretatnon an6 descrsptnon of the p r e d a t r c n  
cecnnlques, O n l y  those predators cha r  had sdccessfuliy preyed 
u p o n  set urchnns wnehrn a prellnlnary six-Gay perlod were dsed 
for furtker scudy, 

Individual lobsters and s o c ~  crabs of three slze classes, 
each size class oeing cornposed sf fnve nndlveduals, were 
presented w i t h  sea urchics of slx srze classes, eaeh 
represented ~y three individuals scae-cered over the tank 
f l o o r ,  The numoer of sea urchins eaten in eaeh size class was 



a o n r t o r e d  d a i l y  f o r  I; d a y s .  E a t e n  prey was m l n g  r e 9 l ~ c e d  oy 
ones o f  s i f i l l a r  s r z e  t o  m a l n t a i n  p r e y  a v a l i a b r l i t y ,  O n l y  m a l e  
l o b s t e r s  and  rock c r a a s  were o s e d  e o  a v o s d  potential Elas 
c a u s e d  by  sexual d r f f e r e n c e s  r n  m o r p h o l o g y  and p r e d a t i o n  
n e h a v i o b r ,  The  prey ( s e a  u r c n l c )  s:ze ci~sses l e e s t  d l a a e t e r )  
w e r e  10 -19 ,  2 8 - 2 9 ,  30-39, 46-49! 56-39, arJa 56-69 illxi, P r e d a t o r  
s ~ z e  c l a s s e s  wsre 55-65,  85-95,  145-955 1x-c c a r a p a c e  l e n g t h  f o r  
l o b s t e r s  and  50-50,  80-96 120-933 mrn c a r a p a c e  w l d t h  for  f o r  
r o c k  c r a b s .  

F o u r  m a l e  l o b s t e r s  85-95 rnn c a r a p a c e  l e n g t h ,  and f o u r  
male r o c k  c r a b s  80-90 nm c a r a p a c e  w i d t h  were e a c h  g i v e n  t e n  
s e a  u r c h i n s  30-39 mrn d i a n e t e r ,  and t e n  m u s s e l s  30-35 mm 
length. The number and s p e c i e s  of p r e y  e a t e n  were monitored 
d a i l y  for II days, e a t e n  prey b e i n g  r e p l a c e d  d a i l y ,  The s i z e s  
of s e a  u r c h i n s  and  m u s s e l s  used  were known t o  Se v u l n e r a b l e  to  
l o b s t e r s  and  r o c k  c r a b s  of the s i z e s  u s e d .  

T h e  e n e r g y  v a l u e  of m u s s e l  and male and f e m a l e  s e a  u r c h i n  
E i e s h  was m e a s u r e d  i n  a G a P l e n k a n p  b a l l i s t i c  bomb c a l o r i m e t e r ,  
T h e  f l e s h  f rom known s i z e s  o f  m u s s e l s  and bo th  sea u r c h i n  
s e x e s  was d r i e d  t o  c o n s t a n t  w e i g h t  a t  7 5  C, e n a b l i n g  
r e g r e s s i o n  e q u a t i o n s  o ?  prey d r y  w e i g h t  on s i z e ,  and h e n c e  
p r e y  e n e r g y  c o n z e n t ,  to  be c a l c u i a t e d ,  

RESULTS 

O n l y  21 (39%) out of 5 4  l o b s t e r s  a n d  32 ( 3 9 . 5 % )  out of 81 
r o c k  c r a b s  of t h e  s i z e s  use6 s u c c e s s f u l l y  f e d  o n  s e a  u r c h i n s  
w i t h i n  t h e  p r e l i r c i n a r y  s i x - d a y  p e r r o d ,  AkS t h e  p r e d a t o r s  t h a t  
f a i l e d  t o  e a t  s e a  u r c h i n s  o p e n e d  a n d  a t e  e d i b l e  m u s s e l s  within 
a s i x - h o u r  p e r i o d ,  i n d i c a t i n g  t h a t  t h e y  were  i n  a f e e d i n g  
esnd i t  ion, 

20th l o b s t e r s  a n d  rock c r a b s  a p p e a r e d  to  e n c o u n t e r  and 
attack s e a  u r c h i n s  r a n d o m l y ,  S e a  u r c h i n s  t h a t  c o u l d  no t  be 
o r o k e n  within a s h o r t  p e r i o d  Mere r e j e c t e d .  A t t a c k  s u c c e s s  
r a t e  d e c r e a s e d  a s  sea  u r e h r n  s i z e  ~ n c r e a s e d .  B e f o r e  S e g i n n r n g  
thc a t t a c k  p r o p e r ,  rock c r a b s  and lobs ters  u s u a l l y  tore t h e  
sea u r c h i n  away froin i"t h o r r z o n t a l  or  v e r t i c a l  s u b s t r a t e  
using e h e i r  c h e l a e  or w a l k l n g  l e g s ,  However, b s r h  l o b s e e r s  
and  r o c k  crabs were o c e a s r o n a l l y  o b s e r v e d  f e e d i n g  off  l a r g e  
s e a  u r c h l n s  t h a t  were s t i l l  a t t a c h e d  to  t h e  s u b s t r a t e .  
L o o s t e r s ,  a n l r k e  r o c k  c r a o s ,  a r e  h e t e r o c h e i o d s  and u s u a l l y  
~ s e 6  r k e i r  c o n p a r a t ~ v e l y  m a s s s v e  c r u s n e r  c h e l a  ro o p e n  s e a  
d r c h l n s ;  t h e  mere s ; e n d e r  c u t t e r  c k e i a  s e r v e G  o n l y  ro 
n a n i p u l z t e  and  s c p p o r e  p r e y  t n a t  was beirig c r u s h e d ,  2 o c k  
c r a o s  c ier r ,ons t ra ted  no  s o e h  c h e l a 1  p r e f e r e n c e ,  l n v a r i a o l y  the 
s e a  u r c h i n  test w s d l d  be b r o k e n  i n t o  f r a g ~ ~ e n t s  ~y b o t h  



l o o s t e r s  and  r o c k  c r a b s  o e f o r e  a l l  eke s o f t  t r s s u e  w a s  
e x t r a c t e d .  Rock  c r a b s  tore away t r s s u e  u s r n g  t h e i r  c h e l a e  and 
m o u t h p a r t s ,  w h e r e a s  l o b s t e r s  u s e d  o n l y  c h e l r  m o u t h p a r t s  to  
glean f l e s h  from t h e  b r o k e n  t e s t ,  

The f o i l o w ; n g  d r s t i n c t  p r e d a e r s n  m e t h o d s  o n  s e a  u r c h l n s  
c o u l d  be  recognized for i o h s t e r s  and rocK c r a o s ,  L o b s t e r s  
r ~ d l s c r i r n r n a n t l y  h a l v e d  or c r u s h e d  s e a  urchins smal l  enough eo 
o e  g r r p p e d  w r t n r n  rhe e r u s n e r  c h e i a ,  L a r g e r  s e a  a r c h r n s ,  Gver 
a b o u t  $ 3  nn d i a m e t e r ,  w e r e  d s d a l l y  h e l d  by t h e  t h l r d  
f i a x i l l ; p e d s  or  f r r s e  p a n r  of w a l k i n g  less w c n i s t  b e r n g  
punctured by a p l n e h i n g  a e t l o n  of c h e  c r u s h e r  c h e l a ,  The 
~ n l t l a l  p d n e t u r e  was t h e n  e n l a r g e d  by e i t h e r  c h e i a  u n t i l  ,he 
s o f t  t r s s u e  r n s l 6 e  t h e  t e s t  c o u l d  be e x t r a c t e d ,  L o b s t e r s  were 
o c c z s r o n a l ~ y  o b s e r v e d  s c l s s o r l n q  away t n e  sea urchln3s s p i n e s  
b e f o r e  a t t e r n p t n n g  to  p u n c t u r e  t h e  t e s t ,  In a few i n s t a n c e s ,  
l o b s t e r s  punched  h o l e s  through tse t e s t  u s i n g  t h e  t r p s  of o n e  
or b o t h  t h e l r  c h e l a e  I n  a  s e a b b r n g  a c t i o n ,  L o b s t e r s  Bad 
d l f f l c u l t y  s p e n r n g  t h e  l a r g e s t  sea u r e h l n s ,  o v e r  a S o u t  65 na 
diameter, which were d k f f l c c l t  t o  m a n i p u l a t e  and whose s r z e  
e x c e e d e d  t h e  Gape of the c h e l a e ,  S e v e r a l  spans s e i s s s f r n g  and 
p u n c t u r e n g  a t t e m p t s  were n o r m a l l y  r e q u l r e d  b e f o r e  these p r e y  
succumbed .  

Rock c r a b s  c r u s h e d  o u t r i g h t  saall  s e a  u r c h i n s  which c o u l d  
b e  g r a s p e d  w i t h i n  t h e  c h e l a 1  5 a p e ,  S e a  drehins l a r g e r  t h a n  
a b o u t  20  mrn d i a m e t e r  were ~ n a n l p d l a t e d  with t h e  c n e l i p e d s  and 
w a l k i n g  l e g s  whilst i n d i s c r i ~ i n a t e  a t t e a p t s  were made ta 
p u n c t u r e  c h e  t e s t  by s t a u ~ i n g  and p n n e h i n g  with c h e  c h e l a e .  
S p i n e s  w e r e  f r e q u e n t l y  s c i s s o r e d  aHay,  a l l o w i n g  e a s n e r  
p u n c t u r i n g  of t h e  test, ADoi i t ;  h a l f  of t h e  c r a b s  oDserved were 
more s p e c l f l c  In e n e h r  predation methods a n d ,  a f t e r  turning 
t h e  s e a  u r c h i n  over, a t t a c k e d  t h e  v u l n e r a b l e ,  n o n - s ? r n e d ,  
p e r i s t o m i a l  m e a b r a n e  a r o u n d  z h e  sea d r c n l n 8 s  r . o a t h .  Even  t h e  
l a r g e s t  s i z e s  o f  s e a  u r c h i n  a v a l r a b l e  were v u l n e r a b l e  t o  
predation by r k r s  l a t t e r  method after t n e y  had oeen t d r n e d  
O v e r ,  

S e a  u r c h ~ n  f r a g x i e n t s  r e s c l c r n g  f r o r .  l o o s z e r  predation 
were i n v a r i a b l y  f l n e r  t n a n  t h o s e  l e f t  a f t e r  r o c k  c r a b  a c t a c k .  
I n  a d d r t r o n ,  r ~ c k  c r a b s  that hat3 apened s e a  u r c n r n s  t h r o u g h  
t h e  p e r l s t o r n i a l  r e g i o n  c h a r a c t e r l s t r c a l l y  l e f t  t n e  a p i c a l  h a l f  
o f  c h e  t e s t  u n b r o k e ~ .  

The e n e r g y  v a l u e  of m u s s e l  f l e s h  was 1 7 - 2 9  4 i,i kJgei 
(n = 6 )  and t h e  energy value c f  male and f e m a l e  sea u r c h i n  
f l e s h  was 16,21 - i 0.20 k~g-" ( n  = 6 )  and 20,46 - + 2-17 
k ~ g - l  ( n  = 6 )  r e s p e c t i v e l y ,  

T h e r e  were co s l g n l f s e a n e  d s f f e r e n e e s  b e t w e e c  Lne test 
drc, l ie ter  to f l e s k A  a r y  w e z g h t  r e l a t l c r n s h l y s c  f o r  male an6 fernale 



s e a  u r c h i n s  ( s l o p e :  e = 1 - 2 8 ,  n = 6 3 ,  2 = ;  0,2; n n t e e - c e p t :  - - t = 0.10, P > 0 . 9 ) .  T h u s ,  f o r  s e a  u r c h i n  p r e y  a  i:i s e x - r a t l o  
was assmeCi  w i t h  2 mean f i e s n  e n e r g y  v a l u e  of 1 8 - 3 3  I ~ 3 g - l ~  
a n d  a t e s t  d i a a e t e r  t o  f l e s h  Gry w e l g h t  (W) r e l a t i s n s h l p  o f :  

M u s s e l  d r y  w e i g h t  (M) w a s  p r o p s r t l o f i a l  t o  n-tussei l e n g t h  
according t o  t h e  e q u a t i o n :  

A i l  l o o s t e r s  and  a i l  D U E  t n e  s r c a l l e s t  s r z e  class of r o c k  
c r a b  were a ~ l e  t o  open and  e a t  tke f u l l  s i z e  r a n g e  of s e a  
u r c h i n s  a v a r l a o l e  t o  them,  However,  froni  t h e  d i e c  c u r v e s  
( F i g u r e s  1, 21, i t  1s a p p a r e n t  that b o t h  l s o s t e r  and r o c k  
c r a b s  showed p r e f e r e n c e s  f o r  c e r t a i n  s i z e  r a n g e s  o f  s e a  
u r c h l n s .  M o r e o v e r ,  t h e  s r z e  o f  t h e  p r e f e r r e d  p r e y  i n c r e a s e d  
w i t h  p r e d a t o r  s i z e ,  F e e d r n g  r a t e ,  i n  terms o f  mean n u n b e r  of  
s e a  u r c h i n s  e a z e n  p e r  d a y  ( F i g u r e s  3 ,  4) showed no  a p p a r e n t  
I n c r e a s e  with p r e d a t o r  s i z e ,  a l t h o u g h  it  was v a r i a b l e  be tween  
individual p r e d a t o r s  from d a y  co d a y ,  and  b e t w e e n  p r e d a t o r s  o f  
t h e  same s l z e  c l a s s ,  Mean d a i l y  e n e r g y  ~ n t a k e  f o r  b o t t  
i o b s t e r s  (Figure 5 )  and r o c k  c a b s  ( F x g u r e  6) ( a s s u m i n g  all 
p r e y  were c o m p l e t e l y  e a t e n )  was a g a i n  variable, although some 
l n c r e a s e  w i t h  p r e d a t o r  s i z e  was i n c i e a c e d ,  

When o f f e r e d  a choice beeween e q u a l  cumbers  o f  sea 
t r c n i n s  and m u s s e l  p r e y ,  b o t h  l o b s t e r s  and rock c r a b s  s h o e d  
a n  o v e r w h e l ~ i n g  p r e f e r e n c e  for m u s s e l s ,  b o t h  i n  terms of  
numbers  of p r e y  e a t e n  and e n e r g y  i n t a k e  ( T a b l e  I ) ,  

S e l e c t e d  l o o s t e r s  and  r o c k  c r a b s ,  o f  t h e  s i z e s  u s e d ,  f e d  
s u c c e s s f u l l y  on a wide size r a n g e  of s e a  u r c h i n s ,  and most 
were c a p a b f  e of b r e a k i n s  o p e n  t h e  ; a r g e s t  S ,  d r o e b a c h i e n s i s  
a v a i l a b l e ,  The p r e d a t o r s  had s e v e r a l  s e a  u v c h i n  o p e n i n g  
t e c h n i q u e s  t h a t  v a r i e d  w i t h  p r e y  s r z e ,  L o b s t e r s  and r o c k  
c r a b s  b o t h  e r u s h e a  s m a l l e r  s e a  u r c h i n s  o u t r i g h t ,  However,  t h e  
f l e s h  of p r e y  l a r g e r  t h a n  ehe g r a s p  of t h e  p r e d a t o r ' s  c h e l a e  
c o u l d  b e  f u l l y  e x t r a c t e d  only  a f r e r  t h e  i n i t i a l  p u n c t u r e  h o l e  
h a d  b e e n  e f i i a r g e d  and t h e  t e s t  re broke^ i n t o  s m a l l e r  
f r a g m e n t s ,  S o a e  r o c k  c r a b s  showeG a  p r e f e r e n c e  f o r  a ~ t a e k i n g  
t h e  r e l a t l v e i y  v u l n e r a b l e  p e r r s ~ o n i a l  a e m b r a n e  a r o u n 6  t h e  
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Figure 1, Mean d a i l y  sea urchin consumption (2S.E.) p lo t t ed  aga ins t  sea 
urchin t e s t  diameter f o r  th ree  lobs te r  s i z e  c l a s ses .  
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Figure. 2 ,  Mean daily sea urchin  conslunp-tion (I S,E,) plotted a g a i n s t  s e a  
urchin test diameter  for three rock crab s i z e  c l a s s e s ,  
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F i g u r e  4 .  I n d i v i d u a l  rock crab f e e d i n g  rates, expressed  as mean nuniber 
( 2  S.E,)  of sea u r c h i n s  e a t e n  p e r  day r e l a t i v e  t o  rock  crah size, 
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Figure 5. Individual lobster feeding rates, expressed as mean energy 
intake (i S.E.) per day relative to lobster size, 
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Figure  6. I n d i v i d u a l  rock  c r a b  feed ing  r a t e s ,  expressed as mean energy 
i n t a k e  (* S.E.)  p e r  day r e l a t i v e  t o  rock c r a b  s i z e .  



T a b l e  1. Lobster and rock crab p r e d a t i o n  on a nixed popui at-ion of mussels 
ana sea urchins. Experiments sconaucted from February t o  Apr i l  1978. 

Ratio no. cf Xean energy 
Mean nunlber s e ~  i i r ch ins :  Total  (k9) ~ n c a k e  

i'rey eaten i;redar;sr iiicssel s prey energy p r e d a t o r  
nii~i~bers (.-S. E, ) eaten value (KJ) day-i (iS.T.) 

a )  Lobsters: 
Sea urchins 10 0.98 s 0,56 146. i 2,50 s 0.97 

1 :43.4 
Mussel s 10 7.82 -P 0-27 24, O f  18-76 2 0.65 

5) 2ock crabs: 
Sea urch-ins 10 0,69 i: 0.04 l46,1 1.33 3.63 

1 :79 
Mussel s 10 7.11 i: 6.42 24.07 :7-67 I o 6 i  



urchin" south; lobsters showed less speciflc attacg pa~terns, 
Hlnrnelrnan and Steeie ji97l.i an2 aeadrn (1973) rnfrequently 
onserved Kewfoundiand Lobsters specrng sea urchrns oy first 
punct~ring the perrstomra: membrane, They also ooserved 
Newfoundland rock craos p-ncnin? a aole through the lower edge 
of sea archnn tests, but. not startnng at the edge of the 
perls~omlal merribrane, aramelrnan and Steele ( ~ 9 7 ~ )  aiso noted, 
conErary eo G ~ T  ebservatlonsp thae sea urch~n test fragments 
resultang from rack crab predatlsn were frner t h a ~  those 
produced by lo~sters, and chat sea urenlns were immune from 
losster and rock crao ?redation as lorng as t h e y  re~ztarned 
attached to che substrate. These regronal differences suggest 
that factors such as iearnrng nay  De involved in the attack 
behavloiir. 

Lobscers prsbaoiy showed less sgeeifrc ogenlng techniques 
than rock crabs Secause of their lar$er, nore powerful chelae 
chat rendered most sizes of sea urchin vulnerable. 
Notwitnstandlng their smaller ekelae, rsck crabs appeared 
eqdlvalent predators to lobsters, opening similar sizes of 
prey at a compara~le rate, k s rx t i l a r  overlap in lobster and 
rock crab predatory capabrlieles was observed for sea scallop, 
Placopecten mageilariicus, prey (Elner and Jamieson, 1979) and 
suqqests txat lobsters an2 rsck crabs wsold be dlrect - - 
competitors i n  limited 2rey situations, O~servati~ns on 
predation techalques u s e d  by v a r i s c s  crab species and lobsters 
to open the sea urchin Paracentratus Livldus (Munez et ale, 
1965) reseable those noted for - B. arnerfcanus and - C, irrsratus 
on - S. droebachiensis prey, 

Lobsters and rock crabs showeo preferences for specific, 
comparatively broad sea u r c h i n  size rancjes; and larger 
2redatoss showed a preference for prey of a larger size ranye 
than smaller predators, Sixiilar, but narrower, more 
well-defined diet curves have Seen denonstrated for qreen 
c r a u s ,  Carcrnus -- aaenas, optimally foraying on mussels eo 
maximize their enerqy intake per dnit foraging time (Elner and 
Hughes, 19781, and for lobsters and rock crabs fsragnng on sea 
scallops (Elner and Janressn, 19793, Elner and Hughes (1978) 
o~served that green craos actively chose prey from afi optrmal 
preferred size range, However, oecause of the oroadness of 
the preferences rn these experrments and the associated 
observatlsns on prey seiectron bohaviour, it 1s likely that 
the diet curves reflect only mechanical consiGeratrons. It is 
suggested that preferences are explained by predators, 
relative to tneir size, having drfflculty and faiidres in 
opening larger sea urchins and finding snaller sea urchlns 
more drffneult to ~nanipuiate and detect. 

W l t n  unPlinrred prey ava~iaur~ty, ail size classes of 
,obsters and rock crabs nad a slmrlar sea urcknn predation 



r a t e  of a b o u t  o n e  sea d r c k i n / p r e d a t o r / d a y ,  although u e c a u s e  
t h e  l a r g e r  ? r e d a t e r s  o p e n e d  l a r g e r  p r e y  t h e l r  e n e r g y  l n t a k e  
"I? *as g r e a t e r ,  3y e o m p a r l s o n ,  Hrnrcelnan and S t e e l e  (1971) 
o b s e r v e d  mean dally predation r a t e s  s f  0 - 3  s e a  u r c h i n s /  
i o b s t e r / d a y  an6 0-6 s e a  u r c h s n s f r o c k  c r a b / d a y ,  The r o c k  crabs 
had  a k l g h e r  predation r a t e  b u t  a t e  s m a l l e r  sea u r c h i n s  khan  
t h e  lobsters, R e s u l t s  from Brrnrnelman and S t e e l e  (1971) and 
t h f s  s t u d y  a r e  l n  g e n e r a l  a c c o r d ,  a n d  differences c a n  be 
a c c ~ u n t e d  far by n a t u r a l  v a r r a t l o n  and p o s s r b l e  p r e y  s i z e  and  
t e r q e r a t u r e  d l s p a r r t i e s ,  

L o b s t e r s  and r o c k  c r a u s  d e m o n s t r a t e 6  1:43,4 and  S:79.C 
n u w e r l c a i  p r e f e r e n c e s ,  r e s p e e c n v e l y ,  for rn~sseis over sea 
a r c h l n s  w5en  equal. n u ~ ~ b e r s  of boeh s p e c l e s  were a v a i l a b l e ,  
Thae s e a  urchins are  n o t  a favoured food sf l a a s t e r s  is 
s u p p o r t e u  oy o i f a c t l o n  experiments (Neleese, i9731 t n a t  showea 
t a c k  w a t e r  f r o m  n n t a c t  prey and e x t r a c t  of e c h i n o d e r m s  was 
p r a e t i c a i l y  n o n - s t m u l a t o r y  to i o b s t e r s  w h e r e a s  e x t r a c t s  of 
m o l l u s c s ,  c r a s t a c e a n s ,  and flsn were h f g h l y  s t x m u l a t o s y ,  
S l m i l a r S y ,  Hl r t le  and  Mann (1478) c o n c l u d e d  t h a t  c r a b s  are  
p r o b a b l y  mare a t t r a e t l v e  t o  l o b s t e r s  b e c a u s e  s f  t h e i r  more 
s t i r n u l a t o r y  odor a n d  t h e i r  c j r e a t e r  a c t i v l s y ,  compared t o  s e a  
u r c h i n s  or m u s s e l s .  Evans and Mann (19771 also f o u n d  t h a t  
l o b s t e r s  e x h l n l t e d  a 5:l p r e f e r e n c e  f o r  r o c k  c r c b  o v e r  sea 
a r c h r c  p r e y  when e h e  n u m e r i c a l  r a t r o  o f  s e a  u r c h l n s  t o  c r a b s  
v a r i e d  f r o m  S,25:I t o  8:i, i n  c o n t r a s t ,  B r e e n  (3.974) acd 
B r e e n  and  Mann ( 1 9 7 6 a j  n o d e l l e d  e h e  f n t e r a c t l o n s  b e t w e e n  
l o b s t e r s ,  s e a  u r c h i n s  and  rock c r a b s  o n  t k i e  m s r s  t h a t ,  odt of 
f i v e  p rey  s p e c l e s ,  s e a  urchins and  rock c r a b s  were p r e f e r r e d  
DM l o b s t e r s  s e c o n d  o n l y  LO g r e e n  c r a b s  and  were s e l e c t e d  a t  a 
h l g h e r  r a t e  t o  h o r s e  m d s s e l s .  : lsweuer, B r e e n  (19743 a n a  % r e e n  
and Mann ( 1 9 7 6 2 )  use6 cnly n o r s e  m u s s e l  s i z e s  t h a t  t h e y  
considered c e a d l i y  a v a i l a b l e  t o  l o b s t e r s  Ln t n e l r  a r e a ,  and l t  
1s prs~able eka-c the n u s s e i s  were too l a r g e  for the p a r t r c ~ i a r  
s i z e s  o f  l o b s t e r s  to  open, 

In c o n e l u s a o n ,  although a p r o p o r t i o n  of t h e  l o b s t e r s  and 
r o c k  c r a b s  s t u d l e d  were s c f f i e r e n t l y  v e r s a t l i e  and a d a p t e d  co 
open a wede r a n g e  of sea u r c h i n  p r e y ,  t h e y  a p p e a r e d  t o  do so 
w i t h  a  l o w  p r e f e r e n c e  and a t  l o w  r a t e s ,  L a o o r a t s r y  
experiments may demonstrace a ? a r t i c u l a r  p r e d a t o r ' s  f e e d i n g  
c a p a b i l i t i e s  on a  p a r t i c u l a r  prey, bu t  they do n o t  show t h a t  
d- L L ~ ~ S  3- 4 h a p p e n s  ~ n d e r  naturai c o n d i e ~ s n s ,  Indeed, studies by 
G a r n i c k  (1978) i n d i c a t e  t h a t  t h e  rate s f  g r e e n  s e a  u r c n i n  
p r e d a t i o n  i n  t h e  field may De below t h a t  o b s e r v e d  i n  t n e  - 
l a b o r a t o r y  d u e  to S .  d r o e b a c h i e n s i s  f o r m i n g  d e f e n s i v e  
a g g r e g a t i o n s ,  ~ e v e u t h e i e s s ,  with t h e s e  r e s u i t s  it is a i f f i c u l t  
t o  a t t r i b d t e  i n c r e a s e s  in s e a  u r c h l n  nzrnbers t o  a d e c l i n e  i n  
t h e  l o b s t e r  p s p b l a t i o n  a l o n e ,  or L o  s u p p o r t  t h e  hypothesis 
t h a t  ioosters and  r o c k  c r a b s  a r e  a  key f a c t o r  In c o n t r o l l i n g  
the p o p u l a t i o n s  of s u c h  an a ~ u c d a n t  prey, 
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r-? -n i h ~  FOOD OF LOBSTERS 

D,J. S c a r r a c t  
De2a r t rne r - t  of F l s h e c l e s  a n d  Oceans 

F i s h e r i e s  and E n v r r o n r i i e n t a i  S c r e n c e s  
B i o l o g n c a l  S t a t i o n  

S t .  A n d r e w s ,  N e w  B r u n s w i c k  

T n e  s t o m a c h s  o f  2 , 1 8 1  lobs te rs ,  1 , 7 5 7  o f  whreh  were 
c o l l e c t e d  by d i v e r s ,  w e r e  d i s s e e k e d  a n d  t h e  c o n t e n t s  e x a x r n e d .  
~ u c h  o f  t n e  c o n t e n t s ,  e h o u g n  c h e w e d ,  were r e a d l l y  
i d e n t i f  i a b l e ,  P r i n c i p a l  p r e y  r eems  are sea urchins, s t a r f  l s h ,  
c u n i c a t e s ,  p o l y c h a e t e s ,  c r a b s ,  p e l e c y p o d s ,  e e l g r a s s  anC s h e l l  
f r a g m e n t s ,  w i t h  g r o t i p s  s t e h  as n y s i d s ,  s n r r x i d s ,  a m p h r p o d s ,  
~ s o p o d s ,  a l g a e ,  b r l t t i e  s t a r s ,  fish a n d  o r h e r s  occurring wxzn 
v a r y l n g  b u t  l e s s e r  f r e q u e n c y .  T h e r e  w a s  n o  e v l d e n e e  of 
c a n n i b a l  i s m .  

C h a n g e s  r n  diet w r t h  s e a s o n  a n d  w l t h  l o b s t e r  s r z e  a p p e a r  
t o  he r e l a t e d  t o  t h e  a b u n d a n c e  or o r h e r w l s e  of s u i c a o l y  s r z e d  
o r  p r e f e r r e d  f o o d  w h l c h ,  i n  t u r n ,  a a y  b e  r e l a t e d  t o  t h e  
s e t t l i n q  t r m e  a n d  sdccess of n a a y  of t h e  p r e y  r t e rns .  C h a n g e s  
ln d r e t  w l t h  m o l e  c y c l e  a p p e a r  t o  be r e l a t e d  o n l y  p a r t r a l l y  t o  
c , , , e  i- n e e d  for c d l c i u r n  a n d  may more ilkely r e f l e c t  c h a n g e s  i n  
predation u f  f  l c l e n c y .  Newly s- ioi ted iobsrers  b e g l n  f e e d i n g  
w i t h l n  h o o r s  o f  e c d y s r s  put t k e , r  d i e r  c o r p r l s e s  nzems 2 r c k e d  
o f f  f l o o r  and  w a i l s  o f  b c r r o w ,  a n d  a c t r v e  f o r a g i c g  d o e s  n o c  
b e g r n  u n t i l  l a e e r .  F e e d i n g  d r r n r n l s h e s  as t h e  l o b s t e r  e n t e r s  
p r o e c d y s r s .  L o b s t e r s  c o n e a r n  n e w l y  ingested f o o d  a t  a l l  t r m e s  
o f  d a y  b u t  n a v e  f u l l e s t  s t o m a c n s  i n  late rc,orrn;nc& Maxsinurr, 
s t o m a c h  c o n t e n t  w e r g h t s  a r e  2 . 2  t o  2 . 5 %  o f  c o t a l  body w e i g h t .  
R a t e  o f  f e e d i n g  h a s  y e t  t o  b e  determined. C a l o r i f  l c  cocteat  
of d i e t  i n  f a l l  is h i g h e r  t h a n  I n  s p r l c g ,  d u e  l a r g e l y  t o  t n e  
i n c r e a s e d  a v a l l a b l l i t y  of p r e y  s p e c r e s ,  suc4-1 as c r a b s ,  w l t h  
h i q h  calorific v a l u e .  

N e r r l c k  ( 1 9 0 9 )  f o u n d  t h a t  t h e  f o o d  o f  i o b s t e r s  c o n s r s t e d  
p r  l n c i p a l  l y  o f f i s h  a n d  b e n t h i c  i n v e r t e b r a t e s ,  algae, 
e c l q r a s s ,  s h e l l  f r a g m e n t s ,  s a n d ,  and  g r a v e l .  T h e  f ; s h  w e r e  

7 .  small and were t a k e n  ai l v e ,  i n d e p e n d e n t l y  of f n s h e r m e n '  s 
t r a p s ,  ~.e., t h e y  were n o t  b a i t ,  i n v e r t e b r a t e s  were ~ ~ o s t l y  



c r u s t a c e a n s  s u c h  a s  i s o p o d s  and d e c a p o d s ,  ( p r i n c 1 p a l l . y  c r a b s ) ,  
m o l l u s c s  ( p e l e c y p o d s  and g a s t r o p o d s ) ,  s t a r f i s h ,  s e a  u r c h i n s ,  
a n d  h y d r o i d s .  R e  d e t e c t e d  i i t t l e  c h a n g e  i n  t h e  f o o d  d u r i n g  
w i n t e r  and  s p r i n g  m o n t h s  wnen s a m p l e s  were t a k e n ,  b u t  d i d  n o t e  
that l o b s t e r s  f e d  when t h e  w a t e r  was c o l d ,  Me a l s o  considered 
t h a t  w h i l e  l o b s t e r s  were s c a v e n g e r s  t h e y  p r o b a b l y  p r e f e r r e d  
f r e s h  f o o d .  S q u i r e s  ( 1 9 7 0 )  examined  t h e  s t o m a c h s  o f  ; 86  
t r a p - c a u g h t  l o b s t e r s  f rom Newfound land .  A p a r t  f rom f i s h  
( p r o b a b l y  b a i t ) ,  wh ich  o c c u r r e d  i n  5 0 %  o f  t h e  stolr iachs 
e x a m i n e d ,  p r i n c i p a l  p r e y  were p o l y c h a e t e s ,  c r a b s  and 
p e r i w i n k l e s  w i t h  lesser a m o u n t s  o f  l o b s t e r  s h e l l  f r a g m e n t s ,  
w h e l k s ,  m u s s e l s ,  s e a  u r c h i n s ,  and  o t h e r  species.  D o w  ( 1 9 4 9 )  
s t a t e d  t h a t  f rom o b s e r v a t i o n s  on  l o b s t e r s  i n  c a p t i v i t y  and  t h e  
e x p e r i e n c e  o f  c o m m e r c i a l  f i s h e r m e n  it was b e l i e v e d  t h a t  
l o b s t e r s  a t e  f i s h ,  m o l l u s c s  and o t h e r  i n v e r t e b r a t e s  and s m a l l  
q u a n t i t i e s  o f  a l g a e .  L o b s t e r s  I n  c a p t i v i t y  a r e  e x t r e m e l y  
c a n n i b a l i s t i c  and t h e r e  is a  s t r o n g  p o p u l a r  o p i n i o n  t h a t  t h i s  
a p p l i e s  i n  n a t u r e  a s  w e l l .  P r u d d e n  ( 1 9 6 2 )  sums up p o p u l a r  
o p i n i o n  w i t h  t h e  u n q u a l i f i e d  s t a t e m e n t  t h a t  l o b s t e r s  a r e  
s c a v e n g e r s  and  c a n n i b a l s .  

T h i s  p a p e r  is ~ a s e d  on  t h e  a n a l y s i s  o f  s t o m a c h  c o n t e n t s  
o f  2 , 1 8 1  l o b s t e r s .  I t  d e s c r i b e s  some a s p e c t s  o f  t h e  d i e t  of 
l o b s t e r s  and e x p l o r e s  b r i e f l y  t h e  e f f e c t s  o f  s e a s o n ,  l o b s t e r  
s i z e ,  s t a g e  i n  m o l t  c y c l e  and t i m e  of d a y ,  and v a r i a t i o n s  f rom 
y e a r  t o  y e a r .  

METHODS 

L o b s t e r s  were c o l l e c t e d  f rom v a r i o u s  l o c a l i t i e s  i n  
K o u c h i b o u q u a c  Bay ,  N.B. ( F i g u r e  I). Most were c o l l e c t e d  by 
s c u b a  d i v e r s  who s e a r c h e d  a r e a s  o f  s e a b e d  t e m p o r a r i l y  e n c l o s e d  
b y  a  S l a c k  n y l o n  n e t  f e n c e  f a s t e n e d  to  a  f o l d i n g  metal f r a m e .  
The  n e t  f e n c e ,  which  was buoyed o n  t h e  u p p e r  e d g e  and w e i g h t e d  
o n  t h e  l o w e r , w a s  a b o u t  1 rn h i g h .  I t  h i n d e r e d  the e s c a p e  o f  
l o b s t e r s ,  d e l i m i t e d  t h e  a r e a  p r e c i s e l y ,  and  e n c o u r a g e d  t h e  
d i v e r  t o  e x a m i n e  t h e  g r o u n d  c a r e f u l l y  r a t h e r  t h a n  m e r e l y  p i c k  
u p  t h e  most e a s i l y  c a p t u r e d  l o b s t e r s .  A number o f  l o b s t e r s  
w e r e  examined  Krorn s a m p l e s  taker1 i n  Kouch ibouyuac  Bay w i t h  a  
s p e c i a l l y  d e s i g n e d  l o b s t e r  d r e d g e  ( W i l d e r ,  1953) which was 
u s e d  t o  s a m p l e  s m a l l  l o b s t e r s ,  

Hand c o l l e c t i o n  e l i m i n a t e s  b i a s  t h a t  may o c c u r  i n  
s a m p l i n g  by t r a p p i n g  when o n l y  h u n g r y  lobs te rs  m i g h t  be 
a t t r a c t e d  t o  a p a r t i c u l a r  b a i t ,  or  by t r a w l i n g  or  d r e d g i n g  
when o n l y  a c t i v e  or f o r a g i n g  l o b s t e r s  would b e  t a k e n .  
However ,  hand c o l l e c t i o n  is d e p e n d e n t  upon t h e  v i s u a l  a c u i t y ,  
m a n u a l  d e x t e r i t y ,  p a t i e n c e  and e n d u r a n c e  o f  e a c h  d i v e r  and Is 
u n d o u b t e d l y  b i a s e d  i t s e l f .  A p a r t  f r o m  t h e  f a i l u r e  t o  co l l ec t  



Figure 1, Sampling s t a t i ons  at Kouchibouquae, N,B. 



Z o ~ s t e r s  b u r r o w e d  u n d e r  immovab le  b o u l d e r s  or r n  d e e p  
crevices, t h e  maen b i a s  was p r o b a u i y  en t h e  u n d e r e s t r m a t i o n  o f  
l o n s t e r s  s r r i a i l e r  t h a n  a b o u t  3G mni c a r a p a c e  l e n g t h  ( S c a r r a t t ,  
19'73)- N o n e t h e l e s s ,  l obs te r s  a s  smal i  a s  6,8 mn G i  were t a k e n  
a l t h o u g h ,  f o r  p r s c r i c a l  r e a s o n s ,  t h e  s eomach  c o n t e n t s  o f  t h o s e  
less t h a n  a b o u t  15 mm were n o t  e x a m r n e d .  T h e  l a r g e s t  l o b s e e r  
was 158 mn CL. 

Captured l o n s t e r s  w e r e  p l a c e d  r n  a f l n e - m e s h e d ,  n y i o n  n e t  
n a g  a n 6  brough-o t h e  s u r f a c e  w h e r e  r n e y  were k i l l e d  I n  a 5 %  
s o i b t r o n  o f  neutralized f o r m a l r n  I n  s e a  w a t e r .  T n e  d e p e h ,  
t e m p e r a t u r e  o f  z h e  water n e a r  s h e  ~ o t t o m ,  a n d  t h e  n a t u r e  of 
s h e  s e a b e d  a t  e a c h  s t a t l o n  w e r e  r e c o r d e d .  L a t e r  t h e  l o o s t e r s  
were s e x e d ,  m e a s u r e d ,  a n d  w e i g h e d ,  a n d  c h e  s n e l i  c o n d l ~ l o n  a ~ d  
t h e  a b s e n c e  o f  a n y  w a l k l n g  l e g s  or c h e l a e  n o t e d ,  T h e  c a r a p a c e  
o f  e a c h  l o b s t e r  w a s  r e ~ o v e d ,  t r , e  s t o n t a c h  e x c i s e d  an6 ;cs 
c o n t e n t s  f i u s h e d  I n t o  a p e c r l  d i s n  f o r  m r c r o s e o p l c  
e x a n r n a t i o n .  

O b s e r v a t r o n s  o n  t h e  1 9 6 5  samp;e were p u r e l y  q u a l i r a z r v e ,  
n o  a t t e m p t  w a s  made t o  e s t ima te  the r e l a t i v e  a m o u n t s  o f  p r e y  
I t e m s ,  a n d  only f r e q u e n c y  o f  o c c u r r e n c e  IS a v a l i a b l e .  In 
1 9 6 6 ,  t h e  e n t a c t  s t o m a c h  was  w e l g h e a  w i t h  i ts  c o n t e n t s  and  a n  
e s t i m a t e  w a s  made o f  tne v o l u n e  of e a c h  p r e y  r n  terms o f  
t e n t h s  of t h e  t o t a l  s t o m a c h  c o n E e n t s .  I n d i v i d u a l  i t e m s  
o c c u p y i n g  less the:: 0.1 o f  the t o t a l  c o n t e n t s  were r e c o r d e d  a s  
p r e s e n t  i n  t r ace  a m o u n t s .  S u b j e e t r v e  a s s e s s m e n t s  were a l s o  
made o f  s t o m a c h  f u l l n e s s  t o  t h e  n e a r e s t  q u a r t e r .  ( M c L a u g h l l n  
a n d  Hebord  [I9591 u s e d  a  s i m i l a r  technique t h a t  e s t l r n a t e d  
f u l l n e s s  i n  2 0 %  i n c r e m e n t s . )  T n e s e  e s t l n a t e s  o f  s t o m a c h  
f d l l n e s s  were s u b s e q u e n t l y  snown t o  o e  I n a d e q u a ~ e ,  a n a  I n  a l l  
o t h e r  s a m p l e s  t h e  s t o n a c h  was w e l q h e d  f u l l  and empty  a d ,  by 
s u b t r a c t i o n ,  t h e  w e i g h t  o f  t h e  c o n t e n t s  o b t a r n e d .  From t h e s e ,  
k h e  following v a l u e s  w e r e  c a l c u l a t e d :  

l j  F o r  a l l  s a m p l e s ,  f r e q u e n c y  o f  o c c u r r e n c e  of each prey: 

Pi 
w h e r e  I is number o f  o c c u r r e n c e s  ~f prey, an6 I% 1s 
number  or' s t o m a c h s  exarnrned  rm the s a m p l e ,  

2) F o r  a l l  s a n p i e s  e x c e p t  d u r i n g  1 9 6 5 ,  v o l u n e  o f  o c c u r r e n c e  
( a n d  s t a n d a r d  d e v i a t i o n )  : 
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p o l y n o i d s  a n d  p o , y d o r r d s ;  r o c k  c r a o s ,  C a n c e r  - i r r o r a e d s ;  
l o b s t e r  s t e l ;  f r a g m e n t s ;  n s i l u s c a n  s h e l l  f r a g m e n t s  w h r c n ,  
j u d g i ~ g  o y  t h e r r  e r o d e d  condrz :on  had  b e e n  p r c k e a  u p  o f f  cbe 
n o t t o r n  a n d  n o t  a s  p a r t  of a  i i v i n g  molidsc; h o r s e  :nLssels, 
M o d r o l u s  i ~ , o d r o l ~ ~ s ,  w h l c h  had  b e e n  l l v r n q  wnen e a t e n ;  s t a r f i s h ,  

~ 

.. . - - .- - .- - .- - -- --- 
j,cl? i n s ,  S t r r o n c ~ i o c e n + c r o t i i s  p r i n c i p a l l y  A s t e r i a s  v u l g a r i s ;  sea 

.. . - ..-.--. ~ .--.-- ~- - 

c i r o e b a c h i e n s i  s ;  and  t u n i c a t e s  , pr incipaliy P l ~ l c ~ ~ ~ i s  s p .  O t h i ? r  
-- .- - - - -- - .- -- -- - -- -- .- 

prey s p e c l e s  werl c a k e n  ~n ,esser d i i lounts ,  a n d  I n  some 
I n s t a n c e s  tcese n a v e  Decn y r s d p e d  I n  T a b l e  1, A c ? m r t t e d l y ,  
l n f o r r n a t l o n  o n  p r e y  r d e n t l f  r e d  t o  s p e c l e s  l e v e l  1s los t  uy 
t h i s  m e t h o d ,  Duc m a j o r  p r l n c r p l e s  a re  n o r  o ~ s e d r e z  srace indny 
l t e m s  were n o t  i d e n t l f n a b l e  oeyond  f a m r i y  or p h y l a  i n  t n e  
f l r s t  p l a c e ,  

A fiurnber o f  g e a t d r e s  a re  c l e a r .  L o S s t e r s  e n j o y  a  v a r l e d  
d i e t .  T h e y  n o r m a l l y  a p p e a r  LO take llve food, wh;ch l n c i d a e s  
r e l a t r v e i y  f a s t  movrng  c r e a t u r e s  s i ich  a s  f l s h ,  m y s r d s ,  s n r i m p s ,  
a n d  a m p h l p o d s ,  a s  w e l l  as  sessile or slower movlng  fsrns,  
r n e y  d o  t a k e  a  p r o p o r t l o 5  o f  l n a n l m a t e  material s u c h  as  s a n d  
a n d  p e b b l e s ,  and i r  1s c lea r  t h a t  t a l s  1s d e l l b e r a z e l y  e a t e n  
a n d  n o t  m e r e l y  I n g e s t e d  a c c i d e n t a l l y ,  They d o  s c a v e n s e ,  
a i f i o u g l ;  this 1s n o t  t h e  n a l n  s o u r c e  o f  e h e r r  f o o d ;  a n d  frolr ,  
trrrie t o  t ~ m e  t h e y  l n g e s t  some ~ r z a r r e  r t e m s  s u c k  a s  p i e c e s  o f  
p i a s t i c ,  wool, t e a  b a g s  c o m p l e t e  w l ~ h  c o t t o n  c o v e r  a n d  t e a  
i c a v e s ,  a n d  r n  o n e  i n s t a c c e  a  smsil I r o n  n a s i .  

T h e r e  1s n o  e v i d e n c e  t n a t  t h e y  a r e  c a n n l u a l l s t l c  in 
n a t u r e .  Ail t r a c e  of l o b s t e r s  f o u n d  i n  t h e  s t o m a c h s  were 
s h e l l  f r a g m e n t s  m l y ;  by c o n t r a s t ,  c r a b  r e K a l n s  c o n s r s t e d  o f  
b o t h  s h e l l  a n d  s o f t  p a r t s .  

There a p p e a r s  t o  be  some v a r l d t l o n  oecween  s e a s o n s  a n d  
a l s o  b e t w e e n  y e a r s ;  f o r  e x a m p i e ,  c r a D s  were more f r e q b e n t l y  
consumed  i n  l a t e  summer a n d  fall t h a n  I n  t h e  e a r l y  summer 
( F l g u r e  2 ) ;  a n d  t u n l e z t e s  w h l c h  w e r e  commonly present s n  1965 
a n d  1 9 6 6  s a m p l e s  w e r e  o n l y  r c c o r d e 6  r n  a few s a m p l e s  and  r n  
t r a c e  a inoancs  i n  l a t e  1957, C r a b s ,  s t a r i r s h ,  a n d  m d s s e i s  oz 
t h e  o t h e r  n a n d ,  were e a t e n  more f r e q u e n t l y  I n  l a t e  1967 m a n  
a t  ot5er  " i m e s  ( T a b l e  I ) .  H e r r i c k  ( 1 9 0 9 )  s t a t e d  t k a t  t h e  
s t o m a c h s  o f  s o f t - s h e l l e d  l s o s c e r s  were f r e q u e n t i y  s t u f f e d  w r t h  
m o l l u s c  snciis and o c h e r  c a i c a r c o u s  Lragments, p o r n t l n ~  o u t  
ti-I(. rieecl f o r  ii " s u p p l y  of Ilme i?ft?r noirini;," The  f a i l  1967 
sarnjii t. (roe:; <:or; tL l  I n  a Lower pei-ceilkage of liar+-snel led 
l o b s t e r s  t h ~ n  o t h e r  s a m p l e s  a n a ,  for this  r e a s o n i  e k a n y e s  i n  
d l e t  b e t w e e n  y e a r s  a n d  s e a s o n s  n a y  be m a s ~ e d  by c n a n g e s  d o e  to  
the m o l t  c y c l e .  

Changes I n  d r e t  o f  h a r d - s h e l l e d  l o b s t e r s ,  May-Octooer  1 9 6 6  

Each l o b s t e r ,  a t  capture, w a s  a s s i g n e d  to  one of s i x  
s h e l l  h a r d n e s s  categories: 1) newly  m o l t e z ,  s h e l l  s o f t  a n d  



Table I. Percentage frequency o f  occurreocc o f  food ?".,c?m s n  lobs.?;er fioroa;nz 
T = t r a c e ,  

Year -- 1965 1966(l) 1966r2: 4967(1) - 1907 -- 1 9 6 i ( c " j  - Crays : l )  - -- "rags(? --- -- i 

ho. lobsters  ~n sampi e 229 429 412 41 2 148 129 2 09 "13  

Mean CL (m)  40.2 40-8 4Q, 3 42-6 4x8 41,5 ?"i3 9 ( /A ,  2 

% hard  she1 l -- - 134.6 77,2 98-0 95.3 63.5 25 - C 83, C -- -- - ---A -" - 

Empty (%) 9.6 19,C ?3. t? 4-6 4.1 0. 8 ?5,0 ~1.3 

Detritus 6.6 33-0 44.7 53-7 52-0 92,2 4 : . 1  49- 3 

L I ~ ; U I ~  2-1 9 - 2  3-6 a. 7 2.3 s 3 2 -  7 * 

Sand, pebbl es i U , O  7-0 1-7 6-8 6-1 0, 8 L,3 7, 5 

Algae,  green 0,2 (3-2 0.8 13.5 T I 

red 1.2 1-0 C. 5 

brown 0-9 0, i U, 3 2.7 T 2,  ? 3. 7 

Vaseul a r  pl ants ,  eel grass 21.8 29,8 10-9 26-7 27-0 8.5 '2. S C ,  1 

6-4 T 
- 

Forarnen-i Fera i?, 2 l . O  4. ? 

Porl'fera ?. 1 0, / 13-7 5.3 8, 0 

Hydroida 2-1 0,s 0.7 2-9 4. l T i 1.9 

Turbei l a r ~  a 0- 5 

Eryozoa T 0,2 0-2 T 7 

Pol ychaeta 24-7 8-6 8,ri 2i?, l 27.7 4- 7 21.5 18.3 

1 sopoda 

C i' rri peda 

Oecapoda l a rvae  



Table 1 (cont 'd . )  

Di urnal 

study 

Year 1965 1966(1) 1966(2) 1967(1) 1967 1967 (2) Drags(1) Dragsj2j 

No. lobsters  in sample 229 429 412 412 148 129 2 09 213 

Mean C L  (mm) 40.2 40.8 40.3 42.6 40.8 41.5 23.9 24.2 

% hard shell  - 84.6 77.2 98 .O 95.3 60.5 85.6 84.0 

Cancer i rroratus 9.2 6.1 23.1 7.3 12.2 41.9 13.9 14.6 

Homarus americanus shell 3.1 2.1 12.9 1.4 3.9 0.5 

Mysidacea 0.2 2.3 11.7 

Hyppol y t  i dae 1.7 

Moll usca she1 'l fragments 31.0 9.6 21.6 26.0 14.9 10.1 10,O 10.3 

? (chi tons) 3.9 2.8 5.1 1.0 0.7 0.8 0.5 

Gastropoda 3.0 0.7 1.2 1.5 2.0 T 1.4 1.3 

Pel ecypoda general 

Mytill idae 

Echi nodermata 

ti01 othuri a 

Asteroi dea 

Ophi uroidea 4.8 1.6 1.5 3.4 4.1 

Echi noidea 

Tunicata 

Vertebrata 

P i  sees 0.9 2.3 5.6 2.2 2.0 7.8 0.5 0.5 

Non marine items 0.4 0.5 0.7 0.8 

Mean no. preylstomach 2.0 2.8 2.2 2.5 3.3 2.3 2.5 2.1 
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claws not yet filled out; 2) recently molted, claws filled out 
bat shell, still soft; 3 )  shell firm but yielding to light 
pressure from the fingers; 4) sheii hard, y i e l d i n 2  only to 
moderate pressure; 5) shell hard and rigid; 6 )  same as 5, but 
with epiphytic or epizootic growths such as sponges, 
b r y o ~ o a r ~ s ,  barnacles, (Regrettably, LO zttempt was nacie to 
disting~ish lobsters approaching the m o i L  ,j These cateeyories 
can be approXimate:j with the terminology of Drach an<$ 
Tekerniyovtzeff (1457) as fo,llows: 

Sneil category 1 2  3 4 5 5 
Tnter,nolt stsge A1 A2 B Cll-C3 a- "4 D ~ - 4  

For tne purposes oC xvestlgatlng seasonal changes LC CIPC 
ceitequr~es, 1-4 were consitl7ereC to repr3serit recently m 3 l t e i " l  
lobsters and are lqnor~d for the crxe beirg. 

Molting began In J u l y  and continued st least until 
October. The frequency of empty stonachs among the 
hard-shelled lobsters changed froia n o n t h  to nonth (Table 2)- 
Tho high n u n b e r  during May when the water was cold is easily 
understood; thereafter, there was a general decline in the 
frequency of empty stomachs except in August when it was again 
high, This high value may be the result of premoit fasting 
described by Templeman (i936), 

Tne frequency of occurrence of eacn a: tne prlnci~al 2 r e y  
I terns also changed throdgtodt tne slx-mofirn sarnpl ;ng per lod 
(Table 21, Thus, crao remalas an6 shell fragments nncreased 
srgnlf~can~ly, w h i l e  the r c c l d e n e e  of sea 0rch;ns rose to a 
peak i n  J j i y  and then fell away. S t a r f  ~ s h  reac5ed their peak 
E r c q u e n s y  r n  August, Mussels P,ad 6. k i g h  frequeccy :c Xay, 
decirned to d low in A~gcst, and tnereatter lncceased 
si l y h e l y .  

Frequency of occurreccc alone is not enough to 
denonstrate the full contribution of each prey item to ti;e 
total faod intake of the Lobster sarriple; an estii-nate of mass 
is required, In the absence of weights of stomach contents, 
the relative proportion of each food item in each month's 
sample was calculated, Thus, selecting a few of the principal 
prey items: more starfish were eaten by hard-shelled lobsters 
d ~ r i n g  August, September, and October, whereas the trend in 
selection of inussels was quite t k e  reverse, being ar its 
lowest for hard-shelied lobsters in those two months, Sea 
urchins declined in importance during the six-nonth period, 
while CraDs increased, Lonster shell fragments were deCecied 
only during the molticg season, These trends are shown 
graphically in Figure 2, 

suitably sized sa;aples of s o z t - - s h e l l e d  lobsters were 
restricted to A u g ~ s t  and September, Seasor~dl  change in food 



Table 2. Percentage frequency of p-jnc-ipal ?rey i n  stomachs of hard-  

shel? ed lobsters,  May-October 1966. 

- 

May June Jh ly  Aag. Sep~. kt. 

Number of lobsters examined 80 130 1?6 166 176 i 3 

Empty 2 4 9 8 14 7 0 

Detritus 6 0 7 7 8 5 48 4 8 5 2 

P: ant  Fragments 1 8 4 2 - - - 

3 5 15 18 17 9 4 E e l  grass - 

1 : 1 1C 2 I Sand, pebbles - 

Pol yc haeta 6 8 10 10 9 - 

Cancer irroratus 5 2 5 2 1 2 1 2 3 

Lobster she1 i - - - I 12 15 

She1 1 f ragrnents 1 2 10 19 22 8 

Mussel s 42 4 0 2 7 8 12 2 3 

S ' I ; E S T ~  I sh 1 1 4 22 10 2 3 

Sea uchins 2 1 3 6 4 4 2 3 12 31 

Tunicates 3 '1 4 5 5 6 9 9 21 3 i 



seicccron oy soft-shelied ~ o ~ s c e r s  has, accordingly, ~ o t  Deen 
exam~ned, 

Tne effect of irtoie cycle on food seiec~lon 

Sa-iples t z k e n  :r! Auguse and Septe,r;Der 1966 and In 
Septscbrr-Sctober 1967 containeu adequate numbers of lobsters 
w i t k ; n  the SIX, shell-hardness categorles Eeser~oed above, 
The samples were pooled and Er ie  reiatlve proportion of eacn 
princlipa? prey ;tern computed Eor edc'll 01 khe six eategorles 
(Flqure 3 ) , Statlst~eal dsf ferences were tested by first 
cornpoting frequency and mean v o l u n e  of ocearrence of each 
preyr tl-en performing a 2 x n eonclngency test en frequeneles 
and a one-way analysrs of variance on mean volumes w l t n i n  the 
shell categorres, 

??has rather obliqke approach to assesssnq tne 
slgnlfrcance or o~hecwise of observe@ al-fferences ~ri cr.e L O ~ Q  1 
ano~~nts of food eaten by loosters wltnln a sanple rs dsctated 
by the ri,lposs%billty or' ootalnrng c s e i g h z s  of prey irerns In the 
stomachs, and assessing tke d~ffercnccs drroctiy. All 
principal prey ~terrzs excepttd~scates show slynificant 
frequency differences among the slx shell. categorles, Only 
mussels show sagnlficant varlatron sn m a r  voldne sf 
occurrence. Fassels and sca archlns have rather unusual 
curves and will be discussed separaeely, 

- it r s  clear that Lobsters begln feedlag withen a aatter 
of nocrs of molting, before the lobster kas fully grovln to its 
new slze Idef~nltlon of shell category i), K o s t l y  items of 
nigh caicrtm, content are taxe?;  for exaixple, there were o n l y  
small amounts of partially dlgested soft parcs of p r e y  
(referred zo as detrltusj, This suggests that lobsters do noc 
forage a ~ d  the shell fragments, chrtons (and cast sheii) are 
pecked up off the floor (and wails) a-lf tne i ? u r r o w ,  r A a r g e  
meals of 12bssels were eaten oy Lobsters 1c shell category ; 
although freq~~ency of ocearrence was low, Th;s  ;gooid be 
conslstenc wrth non-foragln~ lobsters eatlng opportdnisticz;,y 
on mussel popuiatroris in or close to tne barraw. 

As t h e  srlell hardens, foray i r i j  1s res~:ned and :l?e 
~ncidencc of more moolie prey specres ~ncreases, Crabs and 
starfis? are t a K e n  by acziveiy f o r a q i n g  lobsters In the 
alddie-skel i hardness eatesorles, The Incrdence of 
semn-digested de~rltus 1 s  a5 ~ t s  greatest In these groups, 
Sea urchlns follow a s~rnllar curve except :or the nlgh 
rncrdence In sneli caregory ; whlcn seems to represent 
sehectlon of cast sea brenin splnes and fragments of test off 
the burrow f loor 



Mussels 

Shell Category 

Figure 3, Prlnclpal prey I t e m s  as a proportion of to-cal food at 
dlfEerent stages of the lobster molt cyc le ,  



I n  lobsters appra&etiing przmolt, the frequency in 
occurrence of detritus, crabs, and starfish (the evidence of 
active foragi~g) is reduced, Sheii fragments are more common 
than in the stomachs of intermalt lobsters, as are polychaetes 
and possibly tunicates, It is probably safe to assume a 
return to a less active foraging behavior pattern, a l t h o ~ ~ g h  
there dues n o t  appear to be the same demand for calcium as in 

;'he number of iobsters w i t h  expty the early possrcoit groups, "' 

stomachs is higher. 

Chanqes rn DLet Vilth Lonster S,ze 

m lo eliminate variation d u e  to molt cycle and season, 404 
bard-shelled lobsters taken in j u n e  1967 were exam.i:?ed, They 
rc.tnged Fro3 16-83 mm CF,, To determine whether  lobsters vary 
their food with size, the lobsters were grouped into five size 

49-9 mm; 50-59,9 mz, anc5 grou2s: below 3C rnrfi, 30-39-9 mrfi, 40-"" 
Gver 6O ax CL, The number of lobsters in each yroJp . " 

containing prey was tested against the number not containrrsg 
the item J X L  contingency test), Polychaetes were nore 
frequent in stomachs of larger Lobsters (Table 31, as a l so  
were crabs, mussels, and fish, Tanieates were taken r c o s t  
frequently by lobsters of interrcediate size, There is an 
impression that starfish were mare frequenrly taken by the 
smallest l o b  s t e r s  and sea urchins by Lobsters of ineeraediate 
size, b ~ t  these resalts are nor statistically signif icanr, 

Dif fcrences in relative voiilrne occupiel5 by each prey i t e m  
were explored as bcf ore i>y cornputicq for each prey a 
one-factor analysis of variance. Sea urchins were ea ten  in 
significantly i a r y e r  amounts by smaller lobsters (Table 41, 
e v e n  though i r e i j u e n c y  of occurre~:ce within the s i z e  g r o u p s  d i d  
not change siynificantiy, T u n i e a t e s  were taken in greatest 
quantity by intermed iate-sized lobsters, and interjxiediate-- 
sized lobsters had relatively snaller voicmes 05 mussel 
remains in their stomachs. 

The iaportance of each prey species to the dizferent size 
groups is summarized in Figure 4 w h i c h ,  in effect, combines 
both frequency of occurrence and meal size, Sea urchins 
for~ed a significantly smaller part of the diet of lobsters 
over 56 Ern carapace length, There were two peaks in the 
selection of poiychaetes, one by lobsters less than 3C mn and 
one by lobsters in the 50-60 rnn size range, which ray 
represent prciacion on different-sized species, Tunieates 
were t a k e n  most abundantly by lobsters in the 59-60 rnm size 
range. Mussels were taken in larilest amounts by lobsters 
sl:laJ.ier than 30 rfin?, and t h e n  incccasingly by lobsters abovt? 
4 i ?Tiis was quite clearly a size selcc-cion, The smallest 
ioosters were selecting recently liiietamorphosedt mussels, w h i l e  



l a b i e  3 . Percentage frequency of occtlrrence of pr incipal  prey -in hard- 

shelled lobsters by s i z e  groups ,  s p r i n g  1957. 

Size  group 

2.2 Empty  \"% ) 8.0 7.7 0.8 10-7 change 

Detritus 50-0 40.2 59-3  63-0 60.7 

Sand 4.0 0.0 6.5 No. 9 

Crabs T 2, fi 5.7 "L. 4 14.2 p c . 0 :  

She1 l f ragnents 24. C 26.5 82.4 25.0 21.4 

Mussej s 6.C 4,2 18,7 25,O 28,6 p < -61 

Sea urchins 28.61 35-9  40,7 26,1 :7-8 



Table 4. Mean relative volume o f  principal prey species by lobster 

s ize groups, spring 1967. 

Size group -- 

1. 2 3 4 5 F -- 

Size (nm) 130 30-39. 9 40-49.9 50-59.9 >60.0 rat io  

Number 5 0 117 123 92 2 8 

Detr -i Lus 4.4 5.0 4,9 3.9 5,1 

Sand 3.0 1.8 1.7  1.0 2.5 

Eel grass 

Polychaetes 

Crabs 

She? 1 fragments 

Mussel s 

Sea urchins 

Stz l rF i  sh 

Tunicates 

P i  sces 0.0 3 -0  1 .O 3.3 7 -3  



0 20 40 60 
Carapace Length ( m m l  

Figure 4 Estimated weights of prey items by size groups, 



i a r q e r  l o b s t e r s  w e r e  e a t i n g  l a r g e  m u s s e l s  o n l y .  C r a u s  arid 
f r s h  r e m a i n s  were found m a i n l y  i n  l o b s r e r s  o v e r  35  n - , ~  C L ,  
S t a r f r s k  ( l i k e  s e a  u r c n l n s j  a p p e a r  eo b e  of aore l n p o r t a n c e  i n  
t h e  d i e t  of s m a l l e r  i o b s ~ e r s  b u t  n e i t h e r  f r e q u e n c y  o f  
o c c u r r e n c e  n o s  mean r e l a t i v e  vo lume  show s i g n l f l o a r i t  
d r l f e r e n c e s  o e t w e e n  t h e  s i z e  qrouc; .s ,  B o t h ,  h o w e v e r ,  s i i o w  
idcntlcal t r e n d s ,  T n e  o b s e r v e d  s e i e c t z o n  is ilkely redl  and  
p r o c a o l y  d e p e n d e r - r  upon t n e  r e a d y  a v a i ; a b i l L t y  o f  sfiail 
s e a r t i s h  a t  t n a t  t i n e  o f  y e a r ,  

S a r , p i e  s i z e  I n  z h e  f a i l  o f  1957 Was too s l d a l l  f o r  
e f f e c t i v e  s t a t ~ s t i c a i  a ~ a l y s i s ,  o u t  some c o r r o n o r a r i v e  
e v i d e n c e  1s f o r t n e o m l n g ,  G r z b s  w e r e  t h e  p r l n c l p a l  f o o d  i t e m ,  
p a r t r c u l a r l y  of l a r g e r  l o b s t e r s ,  b d t  t n e  a o u n d a n c e  of n e w i y  
s e t t l e d  c r a b s  t h a t  y e a r  e n a b l e d  t h e  s m a l l e s t  l o b s t e r s  t o  add 
t h i s  I t e n  t o  t h e l r  d i e t ,  

D i u r n a l  c h a n g e s  In s t o m a e n  c o l a r e n t s  

T h r e e  d e c e l a p f s  were made t o  c o l l e c t  s a : n p l e s  s u i r a u i e  for 
t h e  a s s e s s m e n t  o f  d i u r n a l  c h a n g e s  in s t o i x a c h  c o n t e n t s ,  OE 
July 5 ,  1 9 6 7 ,  s a m p l i n g  Degan a t  o n e  s t a t l o n  a t  i3:00 a . m .  a n 6  
t h e r e a f t e r  a t  f o u r - h o u r  i n t e r v a l s  u n z i i  lQ:00 p.m. when r o u g h  
w e a t n e r  e e r m i n a c e d  t h e  s t u d y .  Tne s t a t i o n  was r n  7 r~ of w a e e r  
(mean  e e r n p e r d t u r e  7 . 5  C j . S u b s e y u e n e l y ,  s e v e n  sampies were 
t a k e n  f r o m  t h e  same s e a t ~ o n  a t  a p p r o x i a a t e l y  f o u r - h o u r  
i n t e r v a l s  b e t w e e n  10:00 a . n , ,  J u l y  2 4 ,  a n d  1i:00 a . ~ , ,  J u l y  2 5  
T h e  mean t e r , p e r a t u r e  w a s  6 - 8  C anCl t h e  w e a t h e r  was o v e r c a s t  
w i t h  o c c a s r o n a l  r a i n ,  A f u r t h e r  se r les  o f  s i x  s a f i p l e s  w e r e  
t a k e n  a t  a d ~ f f e r e n t  s t a t i o n  i n  9 m of water b e t w e e n  :2:00 noo 
o n  J d i y  27  a n d  8:00 a - m e  on J u l y  2 8 ,  Mean botton t e z p e r a t u r e  
was 6-4 C a n d  t K e  w e a t h e r  c i e a r .  Ten  lobsters were e a k e c  :n 
e a c h  s a m p l e .  

The  J e l g h t  of stomach e o a r e n t s  r e l a t i v e  t o  z o t a i  height 
when p l o t t e d  a g a i n s t  t l m e  o f  eaa ture  g i v e s  a n  r n d n c a t i o n  o f  
periodic c h a n g e s  ( Z ; g u r e  5 ) .  The  s t o m a c h s  were a t  t h e ; r  
f u i l e s t  d u r i n g  t h e  l a t t e r  part of t h e  n i g n t  a n d  Earning, 

t1t tI .e  rnZorm;.t:on c o u l d  be o m a l n e d   fro^^? t h e  a p p e a r a n c e  of 
t h e  s t o , n a c h  contents s l n c c  sore newly i n i g ~ s t e d  m a t e r i u l  was 
f o u n d  a t  a i l  t i n e s  o f  t h e  d a y ,  In g e n e r a l ,  a l l  p r e y  s p e c l 2 s  
w i t t i  t ne  poqs rnie e x c e p t ~ o n s  of s h e l l  E r a q m e n t s  w e r e  st t i -~e l r  
maximum v a l u e s  i n  nlynt a n d  i n o r n l n g  a n a  a t  t k e r r  l o d e s c  d u r i n y  
t h e  a f t e r n o o n  a n d  e v e n l n g .  

T n e r c  is g e n e r a l  a g r e e m e n t  t h a e  l o o s t e r s  a r e  more a c t l v e  
a t  n i g h t ,  b u t  i t  is possible that many l o b s t e r s  may t a k e  f o o d  
b a c k  l n e o  t h e  b u r r o w  to b e  consumed a t  i e r s u r e ,  T h i s  h a s  5eefi 
o ~ s e r v e d  among i o b s t e r s  r n  z n e  l a b o r a t o r y  a n d  may p e r h a p s  





a c c o u n t  f o r  t h e  g e n e r a l l y  n r g n e r  s t o a a c n  ~ e r g h t  b u r l n g  t h e  
n o r n n n g  h c u r s .  Tne  l o w  I n e l d e n c e  o f  s h e l l  f r a g m e n t s  d ~ r r n g  
c h e  night a n d  a o r n l n g  may be dtie t o  t h e s e  i t e r c s  De lng  p , eked  
ilp rr ia lniy f r o m  irile f i o o r  o f  t h e  ucrrovJ d u r i n g  t h e  d a y t m e .  

P, f ew  ot  b e  l o u s r e r s  exani rned  were c o m p l e t e l y  q o r ~ e d ,  
O n e ,  b e l g h i n q  92,0 g ,  nad szomach  e o n L e n t s  w e r g n i c g  2 - 5  y or 
2,78 o f  the t o c a l  w e r g n t ;  a n o z i i e r  w e l g h l n g  515 g had silornach 
c o n t e n t s  oE 12,7 g ar  2 , 4 %  of t h e  t o t a l  w e r g n t ,  Tne mean 
v a l b e  of t h e  1 6  f a l l e s t  s t o m a c h s  o f  t h e  1957 f a i l  s a n p i e  was 
2-2%* 

T h e  f o o d  o f  l o b s t e r s  a s  a  s o u r c e  of e n e r g y  

3rawc e t  a:, ( 1 9 6 8 )  g a v e  d e t a r l s  of t h e  c a l o r i e  c c n t e n ~  
o f  s e v e r a l  n a r l n e  o e n t n l c  r n v e r t e b r a z e s .  S e v e r a l  ~f t hese  
h a v e  Deen ~ d e n z ; f ; e d  I n  i o ~ s t e r  s c o m a e h s ,  a n d  g e n e r a i z z a e r o n s  
may be lnacTe a b o u t  o t h e r  prey w k i ~ c h  h a v e  o n l y  rjeen r d e n t i h e d  
a s  Zar a s  i a n r i y  or p h y l d n ,  T h b s ,  p o l y c k a e t e s  c o ~ ~ a o n l y  r a c y e  
bet wee^ 5 0 0  a n d  800 c a l / g  l l v e  w e l g h c ;  A s t e r r a s  v u i g a r n s  --  
Deeween 500 a n a  6 0 0  c a l / g ;  S t r o n g y i s c e a t r o ~ ~ s  a r o u n d  ~ c G  -- 
c d i / q .  W L C ~  c e r t d i n  a s s i ~ m p f i n s ,  i t  L S  D O S S ~ D ~ ~  to e s t r m t e  - 
t n e  c o n t r r n u t i o n  o f  e a c h  o f  t h e  principal p r e y  g r m p s  t o  s h e  
e n e r j y  u u d g e t  o t  t h e  l o o s t e r  p o n L l a t r o n  ( T a ~ i e s  5 a n d  61, 

T h e  f ~ r s t  d s s d ~ p t r o n  1s t h a t  t h e  detritus wkrch  for t n e  
m o s t  , > a r t  LS u n l d e n t r f ~ a b i e ,  p c i r i r a l l y  d l q e s t e d  r e i n a r c s  o f  
otri lcr iood, LS d e r l v e d  - pro r u t a  f ro in  rder , : i f :aoie  fooZ I",I,~, 
T E  t n i s  :s so,  d e t r r l e u s  caf i  r;e cxc ic lded  frorr, tne c a l c u l a - , f o n s  
a n d  a t t e n t L o n  f o c u s s e d  o n  t h e  l a e n t n f l a o l e  p r e y .  T h e  s e c o n d  
a n d  more  t e n u o d s  a s s u r n p t l o n  r s  m a r  z h e  d l g e s t r o n  raLes o f  all 
prey iterris a r e  c o m p a r a b l e .  Thls 1s c l e a r i y  ~ 0 - i  so, and  
a e c e p t r n g  e n l s  assumption w l i l  r e s b l t  r n  u ~ d e r e s t ; n a t l o n  of 
r a p r d i y  a r g e s c e d  p r e y  species, f i o d e v e r ,  r n  t h e  1 9 6 7  spr;ng 
s a i n p l e s  s t a r f l s h  a n d  p o l y c i i a e r e s ,  a l t h o u g h  ap?ear;r ,g  p a r e  May 
down t h e  r e l a t r v e  a b u n i a n c e  l i s t ,  t o g e t h e r  e o n e r l c b t e d  a 3 a ; o r  
f r a e k l o n  of t h e  energy a v a r l a b l e  t o  l o b s t e r s ,  w r t n  s e a  
u r c h i n s ,  c r a o s ,  a n d  m ~ s s e l s  e o ~ t r r b u t l n g  somewhat  less ( T a o i e  5j, 

i n  e n e  f a l l  ( T a b l e  6), n e a r l y  naif t h e  m e r g y  was d e r l v e d  
f corn c r a b s ,  w l t i ,  a  l a r g e  f r a c t i o n  coming frorr, s r a r f  r s h ,  Other  
p r e y  w r t l ~  l o w  c a l o r i e  c o n t e n t s  n u s t  be eaten l a r g e l y  a s  a  
s o u r c e  o f  calclurn c a r b o n a t e  f o r  s h e i i  c o n s t r u c t i o n ,  T h e  
c a i o r r e  v a l u e  o f  tne l o b s e e r  d l e t  ir, t h e  f a l l  1s approximately 
46% h l g h e r  t n a n  ,n t h e  s p r l n s  - 053  e a i / g  c o m p a r e d  w i e h  476  
c a i / g ,  T n e s e  d a t a  n a v e  a l r e a d y  a p p e a r e d  i n  M11;er e t  a l ,  
j;971j, 



Table  5.. C a l o r i c  content and contribution o f  principal prey items t o  

energy budyet, s p r i n g  1967. 

Cal oric Cont r-i but ion 

Food item slag c a l / g  wet w t  lobster 

Detritus 2.3 - - 

Sea urchin 

She1 l s 

Tunicate 0.5 4 00 2 00 

Eel grass 

Mussel 

Crab 

Brit t :e s t a r  0 , 2  0 0 

Sand 0. 1 0 0 

Fish 0.1 1,000 100 

"total w e i g h t  of prey excl udi  ng noncontbtisti b j  e nazeri a1 and detritus 

derived from prey. 



Table 6, Ca"irr.Sc con ten t  and contr-ibut'ion o f  pr- incipal  prey items t o  

energy budge t ,  f a l :  1967. 

Cal orf c 

content 

C o n t r i b u t i o n  

cal lkg 

Food i t e f i  ~f kg  c a l l g  wet lilt l obster 

S t a r f i s h  3.7 630 2,330 

Il2tr-i tus  3,6  - - 

Grab 3,O 1,603 3,660 

Sea urchin 1-2 3 00 3 60 

Mussel 1.1 500 3 

Snel l s 8.5 0 0 

Lobster she1 Is C, 5 0 0 

PS sces 0.4 1,300 4 00 

Ee: grass 0.1 0 0 

Poiychaete (3* 1 700 7 0 

R ema i nder 0. i 500 5 0 

T o t a l  14.3 ( ~ - 6 ~ )  6,780 

a- fo ta l  weight  of prey excl uding noncombustible material and 

de t r j  tus  derived From prey 



D I S C ~ 7 S S I O F  AKD CONCL i jS IONf  

It is clear that lobsters are most unspecialized feeders, 
They will consume al~riost  s n y t h i n g  , regardless of  its possible 

- - nutritive v a l u e ,  It is e q u a i i y  clear, however, that their 
c ~eeding is net entirely random in that there is selection by 
lobsters of differing sizes and at different stages in the molt, 
cycle, Differences i f i "  d i e t  r e l a t e d  to lobster size are 
probably a function sf the availability of different sizes of 
prey, This was clearly iilustrated by predation on the 
smallest mussels by the smallest lobsters, and by the large 
numbers of crabs  eaten i n  s p r i n g  by b ~ r g e r  lobsters, T h e  
smallest crabs collected b y  divers at .tne . . saxe time as these 
lobster sa:npEe (Scarratt and towe, 1972) were about 22 nn in 
carapace width and weighed about 2 g. Such a crab would be a 
f u l l  meal f o r  an 80-103 g lobs te r  ( c , L ,  47-50 x lmj ,  Smaller 
Lobsters w i l l  only find appropriate-sized c rabs  during late 
summer when newly  metamorphosed crabs are s e t t l i n g  from t h e  
plankton, T h e  same argument can explain the  occurrence from 
time ta time of l obs t e r  stomachs f u l l  of small "bite s i z e g i  
tunieates, sea urchins, znd other speciesp and may, to a l a r g e  
e x t e n t ,  e x p l a i n  seasonal differem- j l ~ e s  i n  diet arid p o s s i b l y  
differences between years, For examp le ,  pelychaetes were eaten 
more commonly i n  1967 than in 1966, w h e r e s s  t z n - -  etates were the 
reverse, Whethser  i a these a r e  r e su l t .  of r e a l  changes in the 
populations of p~lpchaetes and t u n i c a t e s  or are due to 
sampling h i a s  sf sene type s h o u l d  be r e s o l v e d ,  

Food selection by r e c e n t l y  molted lobs ters  d i f f e r s  from 
that of hard-shelled lobsters, There is a tendency for - * 

soft-shelled lobsters to ignore ~a!~c iua -poor  foods and eat 
more heavily of c a i c i u r n - r i c h  foods, R s v ~ e ~ ~ e r ,  the pattern is 
by no means clear cut and may be confused by the ~vailability 
sf prey of a suitable s i z e ,  C-lei. dependence o f  newly 
m o i t e d  lobsters is difficult to resolve accurately because the 
n s r m a l  lobster diet is heavily dependent upon crastaceans, 
molluscs, and echinoderms, Possibly the main part of the 
immediate postmolt calcium requirements are obtaaineid frorr, the 
gastroliths and from calcium stored i n  the hepatopancreas 
(Passano, 1960) and also from the cast shell which is I - -  ~ ~ u a l l y  
consumed, (Note that parts, at least, of many east shells are 
eaten by lobsters other than t h e  o r i g i n a l  owner,) T h i s  nay 
mean that normal postmolt calcium r e q u i r e m e n t s  can be m e t  from 
reserves w i t h  only a slight or te inpsrs ry  shift in diet, and 
tile shifts observed may r e p r e c ~ - "  - i;.e,i~ predation erPE i c - i e n c y  changes -- r a C i i e r  t ] ;arl  anyl_il in.ij else, r or exaifiple, e x a l n i r l m t  $.c'n 
of the stomach contents sf lobsters within 2 %  h o u r s  of f i io i t ing  
(shell eategcries 1 and 2) shows these lobsters  feed on such 
things as shell fragments, chitons, sea urchins, s n d  starfish 
which are items t h a t  can be picked up froxi the floor and walls 
of t h e  burraw, The  absence of other  e%----.,- b a i i t  fe ; i rn~  aimd tl:e 



y e n e r a ;  low o c c ~ r r e n c c  o f  u n l d e n t l f i a b i e  d e t r l ~ u s  s u g q e s t s  
t h a t  f o r a y i n g  d o e s  n o t  a e g l n  u n t i l  a  few d a y s  d f t e r  t h e  m o l t .  
T r a v r s  (1955) c o n s i d e r s  t h a t  P a n u l r r u s  - -  a r g u s  d o e s  n o t  f e e d  f o r  
s e v e r a l  d a y s  ( p e r h a p s  f i v e  o r s l x )  f o l l o w r n g  m o i t l n g .  Ropes  
( 1 9 6 8 )  s n r c ~ l a r i y  s t a t e s  t h a t  C a r e l n u s  maenas  d o e s  n o t  f e e d  
i m m e d i a t e l y  b e f o r e  o r  a f t e r  m o l t i n g  and f e l t  t h a t  o l t s  o f  
s h e i i  c o n t a i n e d  rfi t h e  s t o m a c h  of newly m o l t e d  c r a o s  were 
p r o b a b l y  i n g e s t e d  b e f o r e  e c d y s r s .  T h l s  seems i l l o g r c a l  
b e c a u s e  t h e  w h o l e  o f  t h e  e a t r e ~ l a r  l i n r n g  o f  t n e  s t o m a c h  1s 
s h e d  t c r o u g h  t h e  mouth a x  m o l t r n g  a n e ,  f a r l i n g  ~ t s  r u p t u r e ,  
a n y t h l r . g  contained w i t h i n  wodld b e  d r s c n a r g e d  a s  w e l l .  T h e r e  
a r e  g e n e r a l  s z a t e r n e n t s  t h a t  c r u s t a e e a  d o  n o t  i n n - & l a t e l y  e a t  
b e f o r e  or a f t e r  e c d y s l s  ( P a s s a n o ,  1960 ) b u t  e v r d e n c e  p o r n t s  
s t r o n g l y  t o w a r d s  l o b s t e r s  beg I n n i n g  to  r n g e s t  a a t e r i a l  s h o r t l y  
a z t e r  t n e  molt is  c o m p l e t e .  

Mil ler  e t  a l .  (1971) e s t l n a t e d  p r o d u c t i v i t y  o f  l o b s t e r s  
and  s e v e r a l  p r i n c i p a l  p r e y  s p e c r e s  i n  i n s h o r e  s e a w e e d  z o n e s  
and  c o n c l u d e d  t n a t  p r o d u c t i v i t y  o f  p r e y  s p e c i e s  e x c e e d e d  
r e q u i r e m e n t s  o f  l o b s t e r s ,  However,  t h e y  s p e c u l a t e d  t h a t  
l o b s t e r  p r o d u c t i v i t y  z , i g h t  be  l i m i t e d  by t h e  demands  of 
c o E p e t  i to r s ,  and m i g h t  be i n c r e a s e d  by c o n t r o l 1  i n g  c o m p e t i t o r  
a b u n d a n c e .  
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ABSTRACT 

Populations of sea urchins, Strsngylocentrotus 
droebaehiensis, were studied in three locations varying in 
wave exoosure, Urchins were most abundant in shallow water .. 
or just below the subtidal fringe sf Aiaria esculenta, In 
the most protected location the density was low but mast 
individuals were large, In the more exposed locations the 
density was very high, but a large poportion of the 
individuals was small, This suggests that urchin 
recruitment and rnoreality increase as exposure increases. 

Urchins feed primarily on algae, Their rate of 
consumption varies with the season and appears to be 
related to their annual reproductive cyc le ,  Also, they 
consume different alqae ae markedly different rates, When 
glven a choice sf algal foods, u r c k x n s  dnsplay strong fosc 
preferences, Laminaria Ponglcrdris and Alaria esculenta 
are h i q h l y  preferred and consumed at the hiqhest rates, In - - -  
contrast, Agarurn cribrosurn and Ptiicta ~errata are eaten 
slowly and only when other foods are not available, 

Urchins are an important factor in determining the 
distribution of macrophytes, In the winter, the 
distribution of Alaria is exeended into more protected 
habitats, where it is not present in the adturnn,  and in - 

exposed locations the Alaria zone is extended to greater 
depths. This process is favoured by the low winter 
consumption rate of the urchin, the limitation of urchin 
grazing by frequent heavy wave conditions, and probably by 
the rapid growth rate af Alaria, During the s2ring and 
summer, a marked increase in the consumption rate of the 
urchin and the increased frequency of calm conditions 
results in a reduction of the Alaria zone by urchin 
grazing, Tke survival of Agarurn eribrasum and Ptilota 
serrata at greater depths, where urchins predominate, is 
probably due to eke marked undttrdctiveness of these algae 
to urchins, 



An addendux  ,s c j ~ ~ e ~  d n s c ~ s s ~ n g  :he fac to rs  
infiuencing the d~strihutloc of Zamlnarla I n  Newfoundland 
and ~ h e  Sr, L a w r e n c e  E s t d a e y .  

INTRODUCTION 

I became in fe r e sced  I? tne zcbe cf sea u r c h i n s  in 
subtidal e o i n r n ~ n i t i e s  d u r i n g  the sumfiler of i 4 6 h v h e r a  I was 
involved in a k e l ?  survey sf t h e  west  and s o u t h  coasts  of 
Newfoundland, A t  t h i s  time I was r epea t ed ly  impressed by 
the v e r y  high dens1 t i e s  o f  cne u r s n i n ,  --- Stranmocentratus --- 
droebachiensis, over large sc re t ckea  o f  coastline, T P ~ ~  --- 
situation was freqdentLy associated w i t h  a s c a r c i t y  o f  
maersphytes  and g e n e r a l l y  iov: d i v e r s i t y  o f  organisms, I t  
seemed o b v i o u s  that any animal prescnc i n  such g r e a t  
numbers must have considerabic impact  on i t s  environment, 
Thus, 1 made a srddy of  t h i s  prsolen be tween  June, 1968, 
and September, 1969, and w i l l  here p re sen t  my major 
f i n d i n g s ,  

General DPscributien of Orgacisms i n  t h e  S u b t i e a l  Region I n  
Newf oundl and 

T h e  distribution of the ma,or b e n t h i c  species  on rocky 
shares in Newfound land  z n  relation to wave exposure  i s  
shown schenatieally in Figure  1, In the i n t e r t i d a l  r e g i o n ,  
there is a alstinct zonation p a t t e r n  r e s u l t i n g  from the 
d e f i n e d  vert1ca.i limits sf b a r n a e l s s  and f n c s i d  a lgae ,  
Alar ia  escu lenra  i s  t h e  m j o r  species making up the 
subtidal a l g a l  fringe, Ic exposed locations t h e  Alaria 
zone  e x t e n d s  froa i m or more above lowest water sf spr%ng 
tides (LWST) to a depkh cf about 6 m  elo ow LWST, This zone 
decreases in w i d t n  w i t h  i iecreasing wave exposcre, and i s  
not presen t  in protected Iscarions, The r e d u c t i o n  in t h e  
w i d t h  of the AlarFa -- zcne can a l s o  oe observed along the 
s i d e s  o f  small i n l e t s  and sinrge c h a n n e l s  i n  exposed 
locatians, --- Laminaria di%&g~fi  i s  a eon~nsn constituent of  
the subtidal a l g a l  fringe in exposed laeations Sue it 
r a p i d l y  6isappears as exposl~re  decreases,  Below t h i s  
subtidal. a l g a l  f r i n g e  and e x r e n d i n g  from 15 to 25 rn d e p t h ,  
t h e r e  are  l a r g e  nuncers o f  the ~ ~ r c h b r i ,  = 
droebachiensis, C r u s ~ o s e  coraliine algae are abufidant on 
s t ab l e  r ~ c k  subss ra t e s  in e k i s  region:  species which form 
smooth c r u s t s  are comrmn 1~ exsosed areas, and n o d u l a r  
forms suck as L i t n s e h a r n ~ i a n  sp, prc6oainatc? ia more 
protected Iccatisns, Noc-zaica~eoas macrophyees zre not 
common in t h i s  ureh~n-do fc ina te2  r e g i o n ,  The major 



Figure I. Schematic sketch showing the d i s t r i b i u t i o n  of the major orgarlisms 
om rocky shores of Ne=iiifoi~ndiand in relati011 to exposure, 



perennial f o r m s  are =arum -- - c r l b r s s u n ,  -- which 1s u s ~ a l l y  
s c a t t e r e d  ~n ~ t s  6 i s t r i b u t i s n ,  and P t n l o t a  - s e r r a t a ,  w h z c h  
u s u a l l y  forms a s p a r s e  u n d e r g r o w t h ,  The  a b o v e  p a t t e r n  
a p p l i e s  to  s h a r e s  where t h e  s u b s t r a t e  is e i t h e r  b e d r o c k  or  
l a r g e  stable b o u l d e r s ,  and t h i s  pattern is interrupted when 
t h e  ? r e d o m i n a n t  s u b s t r a t e  is s a n d ,  p e b b l e s ,  or c o b b l e s .  
T h e  l a t t e r  t y p e s  of s u b s t r a t e  become i n c r e a s i n g l y  more 
common a s  e x p o s u r e  d e e c e a s e s ,  

RESULTS AND DISCUSSTON 

a i s t r i b u t i o n  of U r c h i n  P o p u l a t i o n s  

To exarnlne  t h e  c h a r a c t e r l s t l c s  s f  u r c h l n  p o p u i a t l o n s  
i n  r e l a t i o n  t o  depth and e x p o s u r e ,  1 made v e r t i c a l  
t r a n s e c t s  a t  t h r e e  d i f f e r e n e  locations on t h e  A v a l o n  
P e n i n s u l a ,  e a s t e r n  NewfounGland ( E i g d r e  2). 

( i l  T h l s  a r e a  f a c e s  n o r t h e a s t  t o w a r d s  z h e  
o p e n  N o r t h  A t l a n t i c  a n d  r e c e i v e s  heavy wave a e r i o n .  
B e d r o c k  is  t h e  p r e d o n i n c n t  s u b s t r a t e  and e x t e n d s  to  a d e p t h  
of a b o u t  48 rn, S a m p l i n g  was started a t  4-9 m d e p t h ,  j u s t  
b e l o w  t h e  -- A l a r i a  f r i n g e ,  and c o n t i n u e d  to  a  d e p t h  s f  
24.4 m e  

(2) P o r t u g a l  Cove ,  T h i s  site is l o c a t e d  21 krn I n s i d e  
of C o n c e p t i o n  Bay and r e c e i v e s  m o d e r a t e  wave a c t i o n ,  Here 
t h e r e  is a m i x t u r e  o f  loose s u b s t r a t e  a r e a s  and b e d r o c k  
p o i n t s ,  One t r a n s e e t  was made o n  bedrock s u b s t r a t e ,  
s t a r t i n g  a t  3 , 0  rn d e p t h ,  just b e l o w  the Alaria z o n e ,  and 
c o n t i n u i n g  t o  15 - 2  m depth, n e a r  t h e  lower l i m i t  of b e d r o c k  
a t  P o r t u g a l  Cove, A s e c o n d  t r a n s e c t  was xiade from 0 , 3  t o  
2 1 , 3  rn on  loose rock s u b s t r a t e .  

(3) . T h i s  is a p r o t e c t e d  a r e a  l o c a t e d  n e a r  
t h e  i n n e r m o s t  part of C o n c e p t i o n  Bay,  The ~ o t t o m  is m o s t l y  - - - 
loose n a t e r i a l ,  b o u l d e r s ,  c o b b l e s ,  and o c c a s i o n a l l y  s a n d ,  
S a m p l e s  were c o l l e c t e d  from 6 . 3  t o  18 -3 m d e p t h ,  

I n  e a c h  t r a n s e c t ,  samples w e r e  s y s t e m a t i c a l l y  t a k e n  i n  
h o r i z o n t a l  se r ies ,  u s u a l l y  a t  3 , 0  rn d e p t h  intervals 
(Figure 31, I n  m o s t  i n s t a n c e s ,  s i x  s a m p l e s  were c o l l e c t e d  
a t  e a c h  l e v e l ,  A s q u a r e  grid w i t h  a n  a r e a  s f  8 , 2  m2 
w a s  u s e d  a t  a 1 4  l o c a t i o n s  e x c e p t  Holyrood, where u r c h i n  
d e n s i t i e s  were l o w  and 0,8 a2 and  1-0 m2 g r i d s  were 
u s e d ,  

Histoyrams s h a w r n g  t o t a l  d e n s i t y  and b i o m a s s  of 
u r c h i n s  a t  each depth sampled in the foar t r a n s e e c s ,  and 
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Figure 2 .  Northeast  po r t ion  of t h e  Avalon Peninsula ,  Newfoundland, showing 

l o c a t i o n s  where s u b t i d a l  t r a n s e c t s  were made. 





the coneclbutrsn of s ~ n a i ?  1 < 20 arim rr, ~ e s t  dlarneteer), 
rned l i rm  sized (20-40 mmj , and large ( >  40 ram) urchrns to the 
totals, ace yrve f i  rn Figure 4, In the bedrock tracseet at 
1,sgy Bay, denssty show& a decrease wrth depth, from 350 
urchins in-2 at 4 - 9  x depth to 80-EOC i r e k i n s  n-2 at 
18-3 to 24,4 m depch, Biomass was greacest at 8 - 2  m, 2,s 
kg rn-2, a23 deeceased weth l n c r e a s l n g  6epch eo 
0,6-0,8 kg a-2 ac 18-3-24,4 m d e ? t h ,  Durlag the 
saaplsng period, Siorass was slrghtly lower ae 4,9 rn than 
at 8 , 2  x, and t n i s  was 6ue to the cjreater numbers of large 
urchins at 8 - 2  m depzh, However, l a r g e  urchins eari move 
aPout to a co~siderable extent, During calm periods, when 
they move to more shallow water to graze on algae, peak 
biomass undoubtedly occurs just below the AParia fringe, 

i3enslt.y and b~azass also decreased with increasing 
depth in the bedrock transect at PorrugaS Cove, However, 
at comparable levels, values were generally less ehan ar 
Logy Bay, Thus, d e n s i t y  and biomass at 3,C n 2eptk ac 
Portugal Cove were similar to the values at 8 - 2  m deptn at 
Logy Eay. While quantltatlve samples were not cs;lected 
from within the Alaria fringe at Logy Bay and Portugal 
Cove, 1 observed that densirles were low in thrs habitat, 
The anlrnals present almost always had short, blunt spines; 
and the spine breakage is probably due to b e i n g  bae te red  oy 
algal fronds, 

In contrast zo t ne  patterfi  rn the aoove kraf isects ,  on 
loose s u b s t r z e e  at PartagaS Cove densrty showed an Increase 
w i t c  Increasing d e p t k  to a 2eak at 95 rn depth, Thls 
pattern was encireiy due to r h e  eanzribotion of small 
urchrns, as rnedrun-s ized and large drehins decreased I n  
numbers w i t h  Q e p t h  as in zae ocner t r ansee t s ,  The rock 
material en shallow water in c h i s  transect was well scoured 
due to oeing moved smut by wave a c t i o n ,  It 2s likely t h a t  
small urchins, if t i l ey  settle in "illis ared, are crushed, 
The iocse rock material Decornes more s t ~ b 4 e  wltn lnereaslng 
depth, as was evidenced by t h e  Increase in the abundance of 
crustose coralline a l g a e ,  Eitkothaanisc sp,; and these 
i r r e y h l a r  s~rfaees supported l a rqe  numbers of small urchins 
( F i g u r e  5)- SrnaiT urchins con t r i ' i -7u te  little Lo t o t a l  
bromass; thus, blornass decreased with increassng depth as 
in the other transects, 

At Holyrood, u r c k l n  denslznes were lower than at Logy 
Bay and Port~yaS Cove by an or2e.c of magnitude ( n o t e  change 
in scale nn Figure 41, Tne geak density was 31 o r c h i n s  
rn-2 at 0,3 m depth, At 3 , 0  and 6,4 rn depth the 
substrate was cmrser ar 12-1 aria 18,3 rn depth and the 
density of urchins ~ccreased s l k g h k l y ,  At Holyrood a peak 
bromass of 0,8 kg n-2 occarre2 near the l e v e l  of EWST, 
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A number of generalrzatlons about urchin populations 
are sdggested by the eransect data: (1) Urchlns are most 
abondanf rn shallow water, or lust below the subtrdal 
Aiaria fringe, (2) Urchln abundance increases wlth 
rncreaslng wave exsosoze, Thus, at cornparazlv? depths, 
dcnsrty and Sionass were greater ac Logy Bay than on 
uedrock zit Portugal Cove, and were least at iIolyrood. 
(3) ?,ecrultxent rs rnar~ediy xiore successful I n  exposed and 
moderately exposed areas than ;n protected areas, Thls was 
lndlcated by the hrgh denslty of small urchins ~t Logy Bay 
and Portugal Code compared eo the scarclty of small urchins 
at Holyrood. (43 Morcaiity sncreases w r t h  inereaslng 
exposure, T k l s  1s suggested by the marked decilne in ~ h e  
numbers of small, med~um-sized, and larger urcklns at Logy 
Bay and Portugal Cove, compared to an increase in the 
proportion of individuals In these tnree groups at 
Holyrood. Wave actlon ~tseif, or waves carrying desrrs, 
are probably dlrectly responsible for the h l g h  mortalrty In 
exposed areas, (Sj Growth rate lnereases with decreasing 
exposure. Thls was suggeseed from cnanges In 
size-frequency drstrlbuteons for Logy Bay and Portugal Cove 
over a period of just over a year (Zinmeirnan, 1969), Tnere 
Mas greater modal advanceinent az Portugal Cove, Increased 
s p ~ n e  oreakage acd consequently aore ecergy belng needed 
for splne rcpal r  (Ebert, 19683, ar colder water 
temperatbres, may be factors caas ing  decreased growth in 
exposed areas. Greater yrowtn I n  protected areas would 
also contrrbute towards the greater proporelon sf larger 
anlnals rn protected areas, 

Feeding Rceivities 

Gut analyses: 1 have previously described the cjut 
contents of ~rc2ki.n~ collected fron shallow water throughout 
one year at Portuyd1 Cove (3immelrnan and SteePe, 1971), 
firown algae, particularly fucoids and Alaria escuienta, 
always occ~lrred with the hiqhest incidence and also formed 
the bulk of the gut contents of many ind;viduals. 
Coralline algae, erther pieces of Coralllna sfficlnales or 
secdpinys of encrusting corail~nes, and some anlrnal 
material, especially small eddlis, regularly were 
present rn small quantities, Variobs other species of 
non-calcareous algae occurred from time to tine when they 
were present in the field. The main materlais observed in 
the guts of urchins from deeper water (15 m) were pieces of 
Ptllota serrata and coralline algae, 

Food preference, To obtain a relatlve estimate of the 
preference of ~rchins for various aiqae, an equal bulk of 
12 species of a l g a e  w e r e  placed eqdidistantly-along the 
edge of a large shallow tank (173 x 84 x 8 cxi) containing 



iiC small orckzns (20 xrn rn Lest dlarneterj, T n e  nomber of 
urcnins 1n z o n t a c t  with each alga, and the rate 0: 

disappearance of che varlous algae was recorded ( T a ~ l e  I), 
In the first focr days of the experinent, large numbers of 
urchins were grazing on PeQalan~a fascia, Afaria esculecta, -- - 

and Maioe&@clon  ranentacedrn, and these alcjae dnsappeared -- 
rapidly. Laminaria and F n o r d a  tormentosa 
disappear& on ehe srxth day, As the most desirable 
species clsappeared, there was ar, Increase in the numbers 
of arch;ns In contact with algae cf ~nterrnediate 
deslraoiliey, T h r o u ~ h o d t  ehe experiment, only a small 
n u x b e r  of urchins were in contact witn Wqarurc - cri$rosurn and 
Ptilota sersata snd these algae remained In ttte tank for -- 
several weeks after all other sgecies had Seen consumed. 
Sim~lar results were o~tarned rn a s e c o n d  experixent usrny 
larger d r e h ~ n s  (50 ma in t e s t  diameter; Table 2 ) -  
Laminar~g, -- Alaria, Pexalcnra, G h c r d a ,  and Halosaccion 
disappeared rn the f ~ r s t  four to Six Gays, and Agaram was - - present for t i v e  weeks after a ~ i  other algae had been 
consumed, Thus, urch;ns have marked food preferences and 
Agarurn and Pzllota are the least preferred algal foods. 

Consurnpt lon  rates on different specles of algae, To -- 
ootain the rate at which urchins Lngesc different algae, a 
weighed portion sf each alga (damp dried) was placed in a 
tank containing urchins of a specill@ size (test dla~eter), 
The amount consuned each day was d l v i o e d  by the number of 
urchbns present to give the g r a m  consumed u r c h i n - 1  
day-1. Figure 6 shows the consunptaon rate of 13, 3 0 ,  
and 50 rnm urchins on elght specles of algae d u r l n g  
Scptenber, i968, Lsalnarla ; o n g l c r u r ; s  and Aldria -- -- 
e s e u l e n t a  were consumed at the h ~ g n e s t  rates; the rates were 
m a r k e d l y  lower for X v a  sp,, Defsarestla v l r ; d l s ,  Fucus 
v e s i c u ~ ~ s u s ~  and --- lux nodcsun and were lowest for 
Agarurn cr1~rosuz an6 P"r1ot.a serrata, Tnis order of - 
consumption rates closely resembles the r e su le s  of the food 
preference experinents, This 1s to be ex$eeLed spnce the 
latter reflect the a b i l l z y  s f  urch~ns es consume ehe 
different a l g a e ,  as well as the p~rely ehemieai 
attraetrveness of tne various algae, Thus, a r e h r n s  consume 
different algae at markedly different rates, even when 
there is no other food available, 

Seasons; rate of consumption, F ~ g u r e  7 shows the 
consumptrsn rate of drchins on iannnarla iongrcruris I n  - 
February, Kay, and Sepeeaber, Zx~erlmentai temperatures 
were i,G-1,5, 1-3-2,0, and i a - 1 3  C respectnvely, similar 
sea temperatures at the Marlne Sciences Research 
Laboratory, Losy Bay, There was a s n a r p  Increase in che 
esnsdmptien rate Detween Febrdary and May ifrsrn k,O to 2 
50 {rim d r c h r n - 1  day -fj, even triodgh there was little 
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Figure 6. Consumption rate of - S, droebachiensis, - measuring 
10, 30, and 50 mm in test diameter, or Laminaria 
longieruris, Alaria -- esculenta, U l v a  sp., 
Desmarestia viridis, Fucus vesiculosus, - A s c o p h y l l m  
nodosum, Ptilota serrata, and Agarum cribrosum 
during September, 1968. 
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Figure 7. Consumption rate of g, droebachienslis on --- Laminaria 
longicruris during September, 1968, and February 
and May, 1969, 



change In temperature, The consumption rate probably 
declined during the summer [to 1,3 g urchin-%) 
day-? in September) as temperatures were inereas;ng, 
and continued to decline in the aueurnn as temperatures were 
decreasing, Vadas (1977) reported a similar annual cycle 
in the percentage of urchins feeding in the f ~ e l d ,  It 
appears that the consumption rate is n o t  correlated with 
temperatare. 'The consumption rate does, however, appear to 
be related to the annual reproductive cycle, Spawning in 
S, droebachiensis occurs during Sate March or April - 
(Himmelman, 1975, 4978) and thus coincides with a period 
when consumption increases markedly, The gonads are 
enlarging and developing in the summer and autumn when 
consurnpcion is decreasing, F u j  i [ 1967 ) noted that small 
urchins, which have n o t  reached sexual maturity, do not 
have a seasonal cycle in consumption, These observations 
suggest that an endocrine pathway links feeding activity 
and the annual reproductive cycle, The spring 
phytoplankton bloom is the environmental cue for spziwnlng 
in S, droebachiensis (Himmeirnan, 1975, 1978) and thus xlay 
indirectly be the signal far increased consumption in the 
spring , 

Grazing in the Field 

The great abondance sf urchzns in the shallow subtidal 
reglon of Newfoundland suggests that t h e l r  grazing 
activities could strongly Pnf laerce t h e  struckore of the 
subtidal community* An estimate of the grazing potential 
can be made using the size-frequency daea far the field 
~ r c h i n  populations and @he consumption rates as measuree in 
the laboratory. Thus, in the region just below the Mar ia  
fringe in the bedrock  areas at Logy Bay and Portugal Cove, 
the urchins cou ld  potentially consume about 100 g sf 
Earninaria or A l a r i a  m-2 daily during September, In 
February, about 6 3  g of Laminarie rn-2 day-2 would be 
consumed and about 160 g 1 i n  May, k rough  
estimate for a year would be about P O 0  kg rn-2, In the 
region where Agarurn or Ptilota are common, for exarn~le ae 9 rn 
depth on bedrock at Portugal Cove, only & o u t  5 g m-2 
sf Agarurn or -- Ptllota c o u l d  be consumed daily, using the 
~ e p t e n G  feeding rates, The food preference experiments 
demonstrate that these algae would only be e o n s u n e d  if 
other algae were not present, When an area is denuded of 
algae, a very Isw density of urchins will prevent a l g a l  
colonization. For example, L e i g h t o n  et a9, j1966) estlmate 
that for the related urchin, - 5, p u r p u r a t u s  which is similar 
Ln size to S, droehaehiensis, the density must be reduced 
to 10 urchins rn-1 for a l q a l  eoiociaation to occur, If - 

the feeding rates in the laboratory are at a l l  indicative 



o f  t h e  p o t e n t i a l  feeding rates i n  t h e  f i e l d ,  t h e  i m p a c t  o f  
u r c h i n  g r a z i n g  is c o n s i d e r a b l e ,  

D r i f t  a l g a e ,  Whenever  p i e c e s  of m a c r o p h y t e s  break 
away f rom t h e  i n t e r t i d a l  r e g i o n  or s u b t i d a l  a l g a l  f r i n g e  
and drift to  t h e  bottom at. greater depths, u r c h i n s  q u i c k l y  
f i n d  t h i s  mater ia l  and  d e v o u r  it, In t h e  f i e l d ,  o n e  
c m m o n l y  f i n d s  a g g r e g a t i o n s  of u r c h i n s  f e e d i n g  on  t h e  d r i f t  
a l g a e ,  e s p e c i a l l y  after stormy p e r i o d s ,  On o n e  o c c a s i o n ,  I 
a n c h o r e d  a  Large clump of nodosum, and  a n o t h e r  
s f  F u c u s  v e s i c u l o s u s  ( e a c h  weighing a p p r o x i m a t e l y  2-3 k g )  a t  
L5 rn o n  t h e  bottom a t  P o r t u g a l  C a v e ,  A f t e r  a few d a y s ,  
u r c h i n s  were c o v e r i n g  t h i s  i n a t e r i a l  to t h e  e x t e n t  that it 
was b a r e l y  v i s i b l e ,  and a f t e r  s i x  days  o n l y  f r a g m e n t s  of 
a l g a e  r e m a i n e d ,  The  k e e n  a b i l i t y  of urchins t o  s e n s e  and 
l o c a t e  a l g a e  was n o t e d  i n  t h e  l a b o r a t o r y ,  When an u r c h i n  
is  kept i n  an  a q u a r i u m  (20 1 v o l u m e )  w i t h o u t  f o o d ,  it 
r e m a i n s  s t a t i o n a r y  m a s t  of the t i m e ,  However,  within 
m i n u t e s  a f t e r  a piece o f  L e m i n a r i a  is p l a c e d  i n  the 
a q u a r i u m  the urchin's p o d i a  become a c t i v e  and it s t a r t s  
s e a r c h i n g  fo r  t h e  a l g a ,  The a lga  is u s u a l l y  f o u n d  i n  t e n  
m i n u t e s ,  

Wave a c t i o n  and u " " The  i m p o r t a n c e  of 
wave a c t i o n  i n  l i m i t i n s  u r c h i n  qrazinq was n o t e d  w h i l e  
d i v i n g ,  This was v i v i h l y  d e m o n s t r a t e 2  by D e s m a r e s t i a  
viridis growing on v e r t i c a l  rock f aces  at Logy Bay 
( F i g u r e  8)- The delicate f i l a m e n t o u s  structure of  this 
a l g a e  allows it  to b e  washed about by slight wave a c t i o n ,  
While d u r i n g  t h e  summer a n  most rock f a c e s  a t  Logy Bay 
u r c h i n s  a r e  a b u n d a n t  and relatively evenly d i s t r i b u t e d ,  
urchins were n o t a b l y  absent on  s u r f a c e s  which were a b r a d e d  
by D e s m a r e s t i a  a s  it moved i n  a  r o t a t i n g  f a s h i o n  with t h e  
i n c o m i n g  and  outgoing s u r g e ,  A s i m i l a r  u r c h i n - f r e e  a r e a  
w a s  a l s o  o b s e r v e d  a round  o ther  a l g a e ;  for  e x a m p l e ,  Alar ia  
e s e u l e n t a ,  Agarurn crrbrosum, a n d  Besmarestia a c u l e a t a ,  when 
they were b e i n g  moved about  by waves, When t h e r e  were calm 
p e r i o d s ,  t h e  u r c h i n s  a p p r o a c h e d  the a l g a e  and commenced 
g r a z i n g  ( F i g u r e  91, U s u a l l y  many u r c h i n s  a t t a c k  a p l a n t  a t  
t h e  same t i m e ,  A s  a g roup  t h e y  c a n  a n c h o r  t h e  p l a n t  and 
p r e v e n t  Further movement sf t h e  alga if there is a s l i g h t  
i n c r e a s e  i n  wave action, T h u s ,  u r c h i n s  move away when they 
a r e  b e i n g  a b r a d e d  by moving o b j e c t s ,  and t h e  movement of 
algal f r o n d s  by wave a c t i o n  d e t e r s  u r e h i n  g r a z i n g ,  

Annual e x t e n s i o n  and r e c e s s i o n  o f  t h e  s u b t i d a i  A l a r i a  . . 

f r i n g e ,  A h i g h  d e n s i t y  of Aiaria s p o r e l i n g s  a p p e a r e d  
d u r i n q  t h e  w i n t e r  of m y  s t u d i e s  i n  Newfoundland 
( l 9 6 8 L l 9 6 9 3 ,  In e x p o s e d  locations t h e  A Z a r i a  f r i n g e  was 
e x t e n d e d  t o  g r e a t e r  d e p t h s  and i n t o  s m a l l  ifiiets and 
c h a n n e l s  w h e r e  i t  was p r e v i o u s l y  a b s e n t *  I n  more p r o t e c t e d  







ioeatlons, where there was no - Aiarsa d u r l n g  rhe prevlous 
summer, a shaiPow z a n e  of Alaria was established, T h ~ s ,  
there was a vertical and horizontal increase in the 
distribution of AParia, The sporelings grew rapidiy d ~ r i n g  
F e b r u a r y ,  Marcn, and April, D u r i n g  April, May, and June, 
when there were calm periods, high densities of large 
urchins were seen in shallow water f e e d i n g  on the new 
WLaria p l a n e s ,  T h e r e  was o f t e n  a continuous band of 
u r c h i n s ,  15-35 crn in w i d t h ,  at the lower edge sf t h e  Alaria 
zone  ( F i g u r e  10)- When there  was inc reased  wave a e t i v i e y ,  
ehe urchins d ~ s p e r s e d  downwards drnd "cie grazing activity 
w a s  i n t e r r u p t e d ,  By l a t e  June, t ne  new g r o w t h  sf Alaria 
had nearly been eliminated in most iocations, and at 
Portugal Cove u r c h i n s  were grazing in the L o w e r  fucoid 
zone, O l d e r  Alaria were attacked aurlng t h e  summer 
(Figure LP), T h e i r  t o u g h e r  stlpes of fe r  some protection 
a g a i n s t  u r c h i n  grazing, but  on calm days t h e i r  b l a d e s  s a n k  
to the bottom and were anchored  and devoured by groups sf 
u r c h i n s ,  In some i n s t a n c e s  c r c h i n s  w i l l  climb and graze on 
the stipes, Thus, there is a v e r t i e a i  and horizontal 
e x t e n s i o n  of t i l e  Aaaria zane d u r i n g  t h e  w i n t e r  and it is 
reduced again by urchin grazing curing calm periods in the 
spring and summer. 

ng factors influenci 
distribution sf  rnacrophses - - ( F i g u r e  1 2 ) -  U r c h i n s ,  
e s p e c i a l l y  l a r g e  ones, are concentrated in shallow water 
next to the seaweed zone ,  T h e r e  is a seasonal cycle i n  the 
r a t e  at which urchins consume macraphytes, This c y c l e  does 
n o t  appear to be related to t h e  annual ten2erature cycle, 
b u t  i s  probably physiologiczlly relared to the annual 
reproductive cycle, During the w i n t e r ,  A:arja sporelings 
appear and the distribution of Aiarla is e x t e n d e d  to 
greater d e p t h s  and $0 more protected areas ,  D u r i n g  this 
period, the ingestion of algae by urchins is at its lawest 
rate, and further urchin f e e d i n s  is reduced by f r e q u e n t  
heavy wave conditions, B u g g e l n  (1974) shows rhere is a 
marked increase in the growth rate sf A l a r i a  during October  
and November and r a p i d  g r o w t h  continues c h r o u g h  the winter, 
These factors favour the e x t e n s l c n  of the Alaria zone 
d u r i n g  the winter. In March or April r h e  spring 
p h y t o p l a n k t o n  outburst s i g n a l s  spawning in S ,  droebackiensls 
flIimrne.lman, 1975; 1978), Following t h i s  there is a marked 
increase in the rate at w h i c h  u r c h i n s  consume a lgae ,  This, 
combined with the increased f r e q u e n c y  o f  calm conditions, 
resuizs in a re~uction of  the distrioution of Alaria by 
u r c h i n  grazing. T h u s ,  the i n t e r a c t i o n  between u r c h i n  
grazing and wave a c t i o n  appears to be the main fac to r  in 
determining t h e  vertical and horizontal distribution of 
A l a r  ia, 
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Figure 12. Seasonal changes in factors influencing 
the feeding of - S. droebachiensis and the 
distribution of Alaria esculenta. 



I n  the u r c h r c - d o ~ l n a i t e d .  recqron below tile Alarla - --- 
fringe, there ss an abundant growth of corall~ne algae, 
scattered plants of Agarar t  - crlDrosurn, -- and an undergrowth of 
Ptlicta sersata, The marked anattractiveness of Agarum and - - - - - - - - - - - - - - - ----- 
Ftilota to urchins undoubtedly contributes to their -- -- --- 
survrval ~n this region, Also, the calcareous structure sf 
the corallines prevents them from being consumed ae a h i g h  
rate, Annual specles, such as - Monostroma - - spp. and 
Desrnarestia -- - - virrdis, - appear and flourrsh for a while during 
the winter and spring, especially on boulder tops and rocky 
prornlnences, but are consumed by urchins during the summer. 

ADDENDUM 

~istribution of Laminaria in Newfoundland and the 
St, Lawrence E s t u a r y  

My observdtlons fro= the NewfoandBand region, 
primarily the west and south caascs of Newfoundland and the 
Avalon Peninsula, indicate that beds of Laminaria 
l o n a i e r u r i s  are uncommon. Three factors appeared to be -- 
present where Laminaria beds occurred : ( 17- moderate to 
siiqht exposure, (2) qood circulation, and (3) suitable 
r u c k y  substrates (bedrock or boulders). Larnlnaria - --- beds 
were most common in shai%ow bays, in passages between 
islands, and at the entrance to ~nlets, Strong tidal 
currents were invariably associated with Larninar la  - -- - beds, 
and are probably important in supplyins n u e r i e n t s  to the 
plants. Currents may a l s o  be beneficial in keeping the 
f r o n d s  suspended and moving, thds preventing attacks by 
urchins, S ,  drsebaehiensis, having a keen a b i l i t y  to 
detect alqal foods and beinq a very mobile urchin, can 

e 

readily move to a food source. T have often observed that 
Laminaria exists on boulders or small bedrock outcrops 
which were surraonded by sand or pebbles, while on adjacent 
areas with more continuous rocky surfaces and h i g n  s r e h i n  
densities, no Laminaria was present, Urchins probably have 
d i f f i c u l t y  moving across sand, and the movement or scouring 
action of fine sediments during periods with increased wave 
a c t i v i t y  may be harmful to urchins, Thus, in certain 
situazions urchin attacks are probably  limited by substrate 
barriers, Another common example o f  isolated populations 
of Eartinaria is on piers, For exaxiple, while there was no 
Laminaria in my study area at Portugal Gave, there was a 
luxuriant growth of Laminaria on a pier located O , Q  kn away. 
This situation suggests that hydrographic cond it ions are 
suira~le fo r  Laminaria gr~wth, On piers, Laxinaria fronds 



a r e  a l w a y s  s u p e n d e d  and move f r e e l y  w i t h  e v e n  s l i g h t  wave 
o r  c u r r e n t  a c t i o n .  They a r e ,  t h e r e f o r e ,  less v u l n e r a b l e  t o  
u r c h i n  g r a z i n g ,  

Whrle L a m i n a r i a  - -- - d i g i t a t a  i s  found a s  a n  u n d e r s t o r y  
p l a n t  i n  b e d s  o f  L, i o n g n c r u r l s ,  - - - - - - ~t is most common i n  
a s s o c i a t i o ~  with - A l a r i a  - - e s c u i e n t a  -- - - - - - i n  t h e  s h a l l o w  s u b t i d a l  
r e q i o n  a t  e x p o s e d  l o c a t i o n s ,  I ts  numbers  i n c r e a s e  w i t h  
i n c r e a s i n g  e x p o s u r e  and i n  v e r y  e x p o s e d  s i tes  L. d i g i t a t a  
c a n  fo rm a l m o s t  p a r e  s t a n d s  n e a r  l o w  w a t e r  l e v e l .  The 
s h o r t ,  f l e x i b l e  (but strong) s t i p e  and  s t u r d y  d i v i d e d  b l a d e  
of - L, d i g i t a t a  and  the e x t r e m e l y  f l e x i b l e  s t r u c t u r e  of 
k l a r i a  e s c u l e n t a  w i t h  s u p p o r t i n g  m i d - r i b  r e g i o n  make t h e s e  -- 
p h a e o p h y t e s  w e l l  a d a p t e d  to  w i t h s t a n d i n g  t u r b u l e n t  wave 
a c t i o n ,  I n  c o n t r a s t  t o  L, d i g i t a t a  and A l a r i a ,  
L. l o n g i c r u r i s  --- is  seldom-found i n  e x p o s e r  r e g i o n s  of 
E e w f o u n d l a n d ,  W h i l e  t h e  v e r y  h i g h  urchin d e n s i t i e s  and 
u r c h i n  r e c r u i t m e n t  r a t e s  i n  e x p o s e d  a r e a s  may a c c o u n t  f o r  
the a b s e n c e  of L, l s n g i c r u r i s  -- i n  d e e p e r  w a t e r ,  it is less 
c l e a r  why t h i s  s p e c i e s  is n o t  common i n  s h a l l o w  w a t e r .  Why 
d o e s n ' t  the P i m i t a t i o n  of u r c h i n  g r a z i n g  by wave a c t i o n  
allow L. l o n s i c r u r i s  t o  Deeorne e s t a b l i s h e d  i n  t h e  s u b t i d a l  
f r i n g e ?  I t  may b e  t h a t  L, l o n q i e r u r i s  ---- is less s u c c e s s f u l  
t h a n  pep- A l a r i a  a n d  L. d i g i t a t a  i n  s p a t i a l  c o m p e t i t i o n ,  
A n o t h e r  h y p o t h e s ? ~  would b e  t h a t  - L. -- L o n g i c r u r i s  is n o t  as 
c a p a b l e  o f  w i t h s t a n d i n g  s e v e r e  b e a t i n g  by w a v e s ,  Its long 
h o l l o w  s t i p e  , e s p e c i a l l y  i n  o l d e r  p l a n t s ,  is c o n s i d e r a b l y  
less r e s i l i e n t  t h a n  t h a t  of L. - d i g i t a t a  and  t h e  b r o a d  
membranous b l a d e  is more d e l i c a t e ,  L, l o n g i c r u r i s  may b e  
a n a l o g o u s  to  t h e  k e l p s  having f l o a t a y i a h  b l a d d e r s  on  t h e  
P a c i f i c  c o a s t  of North America which  do not o c c u r  i n  t h e  
s p l a s h  zone, luetkeana and Mac 
p y r i f e r a  a re  common i n  e x p o s e d  locations a r e  
u s u a l l y  f o u n d  a short d i s t a n c e  off s h o r e .  They a r e  
r e p l a c e d  by -- Eessoniapsis ---- Littoralis and --- A a a r i a  spp. i n  t h e  
l a w  i n t e r t i d a l  and upper s u b t i d a l  regions. 

I n  Nova S c o t i a ,  B r e e n  and Mann j1976a, 1 9 7 6 b )  
d o c u m e n t e d  a marked r e d u c t i o n  i n  t h e  s i z e  o f  Laminaria b e d s  
wh ich  was t h e  r e s u l t  s f  a t t a c k s  by d e n s e  f r o n t s  o f  g r a z i n g  
u r c h i n s ,  They hypothesized t h a t  this change had b e e n  
b r o u g h t  about  by t h e  reduction i n  t h e  p o p u l a t i o n  of o n e  of 
t h e  u r c h i n ' s  predators, the lobs ter .  T h i s  r a i s e s  t h e  
q u e s t i o n  a s  t o  whether t h e r e  h a s  been a s imi lar  c h a n g e  i n  
t h e  s u b t i d a l  community of Newfoundland.  C o n s i d e r i n g  t h e  
l a c k  o f  L. l o n g i c r u r i s  i n  e x p o s e d  locations d u r i n g  t h e  
p e r i o d  ox my o b s e r v a t i o n s ,  1967 and  1968 ,  I s u s p e c t  t h a t  
t h e s e  a r e a s  h a v e  n o t  s u p p o r t e d  L a m i n a r i a  b e d s  i n  r e c e n t  
h i s t o r y .  I t  is u n l i k e l y  t h a t  t h e r e  h a s  b e e n  s u c h  a rnzrked 
c h a n g e  t h a t  f o r m e r  L a m i n a r i a  b e d s  are now not e v e n  f o u n d  i n  



a few locations, Large populatrons of Laminarla 
loacjicruris are, however, found on the open coast off 
southwestern Nova Scotia, This would suggest that they 
should also be able to exist in exposed areas off 
Newfoundland, However, several factors may be different, 
The ianinaria beds off the Nova Scotia coast occur on 
shaiKk platforms which e x  tend out a considerable distance 
from shore. Wave action nay be reduced as ~t passes over 
this type of area, In exposed areas off Newfoundland, this 
cype of topography is rare. Another favourable factor off 
southwestern Nova S e a t i a  may be the very strong tidal 
currents and high nutrient levels, which should seimuiate 
extremely rapid growth, 

In the St, Lawrence Estuary, the distribution of 
Laminaria is very restricted. (Here, lobsters are f o u n d  
only in the outer portion of the Estuary.) En many 
locations the l a c k  of macrophytes is due to the presence of 
unsuitable substrates, Lacations which have suitable rocky 
bottoms support high urchin densities, and here the 
principal perennial algal specles are Agarum cribrosurn, 
Ptilota aserrata. a, Phycadrys rubens, and e m s  tose c o r a m n e  -- -- - --- 
algae. Phycodrys may be an unattractive food for urchins, 
along wieh ~ g a r u 5  and Ptiiota, In lsehtions where there is 
moderate to liqht wave action, and where there is not a 
great deal of ice movement during the winter, the 
Agarum/urchin community may extend to the l o w  intertidal 
zone, 

- i n  the Estuary, Alarla esculenta, Lamlnaria - -- - -- - - -- -- - 
longicruris, L ,  digitata, L, saccharins, and Saccorhiza ---- - - -- 
dermatodea are f o m d  t6Zje~her in the subtidal fringe, -- -- - -- 
although Alaria predominates at higher levels, Laminaria 
is most common on rocky points where there are scrong tidal 
currents, The subtidal algal fringe is narrow and usually 
does not extend below I m below LPJST, Tne ability of 
Laminaria and Aiaria -- to grow ac greazer depths in the 
Estuary was demonstrated In an experimental sitdation, 
Starting In July, 1978, a 20 .m stretch of shoreline 
(bedrock) at Les Escsumins was maintained free of urcnins 
to a depth of about II a, Dtiring the autumn, 1978, -- Alaria 
and Laminaria plants were found in this area to a depth of ---- 
8-"1)* 

Along rocky points in the Estuary, there is extensive 
ice scouring oaring the winter, Ry spring, organisms are 
found mainly in crevices, Urchins are not present in 
shallow water in the spring an6 have either been crushed by 
ice or have Seen driven to deeper water, after the melting 
of ice, there is a rapid g s o w t h  of cclonial dlatons, 



Msnostrama, and o the r  small a l g a e ,  followed by the - 
appearance of l a r g e  phaeophytes, One f i n d s  concentrations 
of u r e h a n s  at the bottom edge sf r k r s  new a lga l .  zone d g r i n c j  
the summer, The alga: zone sersists e h r o ~ g h  t h e  summer 
where t h e r e  i s  t i d a a  or wave action or where unsuitable 
substrates for u r c h l n s  are f o u n d  below the alcjal zone, 

Whale ice  e s n o ~ ~ ~ s n s  could account  for t ~ e  destruction 
o f  Larn inar la  d u r i n g  the a u t u m n  and winter, observations 
during che autumn of 1978 i n d r e h t e d  tnac E, l o n g i c r u r i s  
plants were deterioraeins ~ezsre there was slgnlfleant 1ce 
fornation, 9 f i  a population at P c i n t e  Meeis tnere was a 
striking reduction in bronass by October ,  when most of the 
p l a n t s  were worn down to a short Length, While increased 
wave actlon could be a f a c t o r  i n  d e s t r o y i n g  t n e  p l a n t s ,  I 
o b s e r v e d  t h a t  the stipes became more f r a g i l e  i~ t h e  autumn, 
This coctiiieion va rded  aver  s h o r t  distances, For exarn~le ,  
i n  early December in the r e g i o n  of B i c  I f o u n d  t h a t  plants 
in the landward side of a small reef c o ~ l d  easily be broken  
( their s t i p e s  were especially ~rittle j , while those an the 
seaward s i d e  were more sturdy. T h u s ,  a structaral change 
may lead to the r e d u e t i a n  in Earninar ia  in t h e  a u t u m n ,  

A l a r g e  population of perennial Laminarla observed in 
t h e  E s t d a r y  is i~ a s h a l l o w  bay at ILe-Ed-Bic, near  
R i m o n s k i ,  M a s t  of t h i s  population occurs from the LOW 
intertidal region and down ta 1 rrb below LWST, T h e r e  is a 
g r e a t  dea i  of w a t e r  movement in t h i s  bay t h r o u g h o u t  the 
t i d a l  cycle, A s t a b l e  kce l a y e r  forms over t h l s  Say d a r i n c j  
the w i n t e r  (approximately 40 cm in t h i c k n e s s ,  F e b r u a r y  
1979), thus allowing the s u r v i v a l  of t he  k e l p  bed, 
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INTRODUCTION 

Urcnin-dominated areas are a common f e a t u r e  of  
Newfoond land  and L a b r ~ d o r  coastal marine biology, as are h e l p  
~ e d s ,  The i n t e r a c t i o n  be tween  t h e  t w o ,  n o t  to mention the 
myriad other  spec ies  present, is a complex ecological. suzzle, 
To date, little local research has been done a p a r t  from 
H E m m e l r n a n ' s  (1969) study on sea u r c h i c  f e e d i n g ,  D u r i n g  ehe 
past n % n e  years  we have been e x a r n l n i n g  a l g a l  ccliirrzl_inity 
structure and biogeography i n  Newfound land  and Labrador ,  This 
has i n c l u d e d  g e n e r a l  s tud ies  of seve ra l  hundred s i t e s  and 
r egk la r  repetitive s t u d i e s  at s e v e r a l  sites, While these 
studies were not directed towards the sea ~rchin/kelp bed 
rnteraction, they do p r o v i d e  d ~elaLively oroad background 
which may be u s e f u l  rn understanding some aspec ts  of the 
problem, In addition, nature "designed" some mass r n o s t a l ~ t y  
experiaents on a massive sca le  w h i c h  p rov ide  some i n s i g h t  into 
attainment of equilibrium between local algae and g r a z e r s ,  

OBSERVATION AND DISCUSSION 

The shallow coasta l  b i o t e  of N e w f o u n d l a n d  and Labrador may 
be classified into a fiumber of  geograpk%cally and v e r t i c a l l y  
distinct community t y p e s ,  Each t ype  o s u a l b y  reflects a local 
interaction sf p h y s i c a l ,  chemical, and biological pararrteters, 
O n e  particular, vertically zoned community assemblage occupies 
maeh of t h e  coast of  Newfound land  an6 s o u t h e r n  Labrador,  The 
physical., chemical characteristics of e h i s  coast i n c l u d e  a 
bedrock-"dominated s u b s t r a t e ,  consxderable exposore to wave 
e n e r g y ,  a relatively l o w  tidal range (usually less than 2 m), a 
salinity range between 28 and 32%, a water eeznperatdre range sf 
-2 to about 16 G, and a p e r i o d i c  s c o d r i n g  by heavy  arctic pack 
ice, 

The i n t e r t i d a l  o ~ s t a  of  t h e s e  shores i s  quite 
neterogenesus,  d e p e n d i n g  l a c y e i y  on timing and degree sf rce 
actron, Irnenediately fallow~ny ;ice act ion, t h e  i n t e r t  f dah i s  
colonized by diatoms and filamentous a lgae ,  usually a n c l u d i c g  
U l o t h r i x ,  - Urospora, and Pilapella, -- Secondsry  succession is 



more erratrc and may be demrnated Sy Halosacc~on, Dela~area, 
Petalonla, Ghoria, or a number of s t h G  a n n u a l  
specees, T azers in this community type are usually 
amphipods, especially Gail1 s, Perennial specles, inelud~ng 
Aiarla, FLIGUS, Balanus - Llttorzna, Larnnnarla, and - 
Chondrus, are usually rrnpartant  only a year or inore after heavy 
ice aetron or rn areas reiacively protected from tne scour in^, - - ., 
The Low intertidal and upper s u b t i d a l  are dominated by a Xelp 
bed fringe, The lower l i m i t  of kelp is determined by the upper 
limit of major sea u r c h i n  ncmbers and varies with season and 
weather, The upper limit of sea urchins is chiefly determined 
by wave energy and substrate slope and represents only an 
instantaneous equilibrium boundary point of the Xelp b e d ,  The 
zone, which is alternately dominated by sea urchins or kelps, 
is rather barren Z u r i n g  sea urchin domination, with only a few 
mainly ~iicroscopic and encrusting plants, Below this zone ,  
usually by a 6 to 10 rn depth, a permanently urchin-dominated 
encrusting coralline a l g a l  community occurs,  These p l a n t s ,  
which requi re  surface grazing for success (Adey, pers, camm,"] 
form a thick ( u p  to 50 cm) profusely branched cover which 
shelters an extremely abundant and diverse animal community. 
W i t h  increassng depth, sea urchins are less abundant and by l5 
to 20 rn the coralline algal community gains an important 
overstory of Agarurn and Ptilsta, These regions are still. -- 
t h o r o u g h l y  g r a z e d ,  although the nast  important grazers are now 
Tonicella spp,, chitons, rather than urchins, -- 

Areas w i t h  extensive s u b t i d a l  kelp forests in 
Newfoundland represent a distinctly separate biogeographic unit 
than the above, Overall d i v e r s i t y  is similar, but the flora 
and fauna are completely distinct, The mast o b v i o u s  f e a t u r e s  
of the mature k e l p  bed are a complex fleshy seaweed u n d e r s t o r y ,  
e p i p h y t e  communities, and a lack of encrusting corallines. 
Besides the different biological characteristics, s u b t i d a l  
N e w f o u n d i a n d  and Labrador kelp community areas generally 
possess a narrower seasonal temperature range, less seasonal 
variation in nutrient concentrations, and considerable water 
movement by either upwelling or major currents, Such beds 
occur off Cape Race, the n o r t h  share of Fortune Bay, along 
parcs  of t h e  Straits of B e l l  Isle, and at other Locations, 
These areas correspond in ssne features so the habitat along 
the Yarnouth coast sf Nova Scotia with its major kelp beds, 

The central question of this conference is the stability 
of a kelp and sea b r c h i n  community, In the absence of saiid 
historic data, opinions on either side are speculative, One 
po2ular hypothesis 1s c h a t  the kel? bed was t h e  prehistoric 
climax eornrcunity until lobster fishing redheed predation 
pressure on sea urchins, p e r ~ n l c s l n g  sea urchin iorninance, This 
does not seex likely in Newfoundland, based on two 
c~rcurnstantiai pieces of evidence, The Zirst 1s the chick 

"Adey, Smithsonian Z n s t i t u t e ,  Washington, D,G, 



g r o w t h  sf coralline algae i n  urchin-dominated communities. 
Excavation at s u c h  sites indicates coralline rhodolith 
production dating back at least hundreds of y e a r s ,  indicating 
that these areas Mere not stable kelp beds before the lobster 
fishery began, The second  i s  exaaination of sediments for sea 
urchin spine and test fragments as zn inaicatisn of sea urchin 
abundance, A recent upsurge in urchin abundance should he 
ref1ectedi i n  recent sediments, Core samples in local waters 
( S l a t t ,  pe r s ,  comm,) do n o t  show chis, There is, however, some 
erratic variation which may correspond to mass urchin mortality, 
i c e  darnageror other causes, 

On the short-term tlme scale, we nave been observing sites 
in major kelp and sea urchin-dominated areas for nine years, 
During this time, some beds have expanded greatly and others 
have retreated, We have seen no correlation between these 
changes and lobster populations or the absence of lobster 
fishing. Labrador, without lobsters, shows similar patterns to 
Placentia Bay with h i g h  lobster pop~lations, 

MASS MORTALITY 

When sea ice is particularly abundant, virtually all algae 
and grdzees may he removed to d e p t h s  of 5 to 10 m, Subsequent 
reeoisnizatisn depends on many factors, If grazers have 
a c t u a l i y  been killed by crushing or stranding, recolonization 
may be quite r a p i d ,  l e a d i n g  w i t h i n  less  than a year to much 
more extensive kelp beds than before the scouring. These beds 
may be stable for years or may be quickly e r a d i c a t e d  by a 
t r e m e n d o u s  population increase  of -- Laedna ,  Margarites, or other 
prolific grazers, If grazers are merely shaved into deeper 
water or crevasses, they can crawl out and lnhibit or prevent 
recolonization, 

Sea urchins have a poor tolerance for reduced salinity, 
Unusually rapid spring thaws, heavy rainfall, and some winds 
can combine to produce a surface low-salinity layer fatal to 
sea urchins but not k e l p s  or many other species of marine life, 
This has been observed on several occasions in Newfoundland and 
Labrador, especially I n  fiords, The largest example was 
observed in Kaipakok Bay, an 80 krn long inlet in Labrador, In 
9976, much of the Bay was u r c h i n  dsminaeed, The spring runoff 
of 1977 killed a l l  urchins to a d e p t h  of 12 to 15 m, This was 
approximately 60 to 75% sf t h e  t o t a l  popu:atisn in t h e  Bay, 
The first summer o f  recovery  produced  much diatom and small 
algal growth, Longer-term recovery will be observed, Similar 
cases were observed in Terra Nova Eatlonal Park, Bonavista Bay, 
Aquaforte, and elsewhere where s imi lar  effects were observed to 
depths sf 3 to 4 rn, The  A l e x a n d e r  Bay location developed a 



small kelp bed subsequent to the urchin mortality. This 
persisted for three years before succumbing to a combination of 
urchins, Littorina spp., and arnphipods, 

Another unpredictable cause of sea urchin mortality is 
disease, We have occasionally observed large numbers of 
urchins dying from same type of unknown infection, 

Normal mortality by predation has been observed for all 
stages of urchin growth, Larvae are eaten in large numbers by 
many predators, The large scypho~edusa, capillata, and 
s m a l l e r  medusae can eat vast numbers of larvae, Anemones 
sponges, tunicates, and larval fish do as well, If planktonic 
predation is high, low recruitment may occur, Small 
post-recruitment juveniles are still susceptible to many 
predators. As the urchins grow, their predators change. 
Table I lists some of the major predation observed but not 
quantified. T h e  work of Squires (1970) and Ennis (l973), as 
well as our own observations, suggest that lobsters are not an 
important urchin predator in Newfoundland, 
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TABLE 1. Observed sea urchin predators  i n  Newfoundland waters ,  

Sea Urchin Size 

Larvae Small 
( 5  m) 

Medium Large 
:5+ t o  25  mm) (over 25 mml 

Predators  

Cyanea Teal ia  
ctenophores flounders 
Ophiopholis gunnels 
Metridiurn shannies 
sponges small Cancer 
tun ica tes  R y  a s  
medusae juvenile  lobs te r s  

small sea s t a r s  
juvenile cod 

flounders 
Solas t e r  
cod 

woiff i s h  

sea b i rds  
la rge  lobs te r s  

Leptas t e r i a s  Cancer 
Cancer 
sea  b i rds  
lobs te r  
o ther  aneEones 



MULTPSPECIES CONSIDERATIONS OF RESOURCE mNAGCMENT IN 
SOUTHERN CALIFORNIA KELP BEDS 

Mia 3, T e g n e r  
S c r i p p s  Institutnon of Oceanography 

LaJolla, Gal ifornia 

S o u t h e r n  California kelp beds, especially those a r o u n d  
major metropolitan centers, have suffered 2rom severe 
episodes of sed u r c h i n  overgrazing in the Last four decades. 
The proposal that increases in sea urchin populations 
leading to this destructive g r a z i n g  were caused by release 
from predation by the sea otters i s  rejected on the basis of 
h i s t o r i c a l  d a t a ,  While fluctuations in s t a n d i n g  crop have 
been observed, some k e l p  beds in t h i s  r e g i o n  continue to 
flourish in the absence of either otter predation or human 
control of urchins, A b a l o n e s ,  spiny lobsters, and sheephead 
are other species whose  2opuIations have been reduced by 
fishing and w h i c h ,  by virtue of their trophie relationships 
w i t h  u r c h i n s ,  could be expected to control a r c h i n  
distribution and abundance patterns, Studies of giant kelp 
mortality in t h e  Point Lorna k e l p  bed off San Diega provide 
evidence for the role of lobs ter  an6 sheephead predation in 
controlling u r c h i n  populations, These bioEogicai  
interactions provide a mechanism far the maintenance of 
southern California kelp bed communities in a s t a b l e  
configuration after ehe demise sf t h e  sea o t t e r  fron this 
reg ion, 

Sea urchins are well known far t h e i r  abilities to 
contro l  t h e  distribution and abundance of marine plants; and 
especially where their preferred foods are large kelps, 
these herbivores can be the major structure-determining 
factor in nearshose communities, In his recent review, 
Lawrence (1975) c i t e s  reports fron several parts sf the 
world where urchins appear to have overgrazed their food 
supply, leading ta urchin-dominated barren g r o u n d s ,  Mann 
and his associates have documented the decline of kelp beds 
in St, Margaret's Bay, Nova Scstia, in the face of intense 
grazing pressure by cent ro tus  droebachiensis (this 
work is reviewed by Mann, 89771, ~ 6 x 2  increase in u r c h i n  
grazing was apparently caused by heavy  fisning of an 
important u r c h i n  predator? the lobster --- Bsmarus arnericanus, 



The u r c h i n s ,  s u s t a r n e d  by drift from a l g a l  r e f d g e s  too 
shallow for u r c h i n  g r a z i n g ,  p r e v e n t  a l g a l  recolonization I n  
deeper water ,  Because of the p e r s i s t e n c e  of t h i s  
association, Mann (1977) has proposed the hypothesis that 
the urchin-dominated barren g r o u n d s  of Nova Scotia are not 
representacdve of c y c l i c  changes in the a b u n d a n c e  sf k e l p  
and assoc ia ted  her~ivores bur. i n s t e a d  are a new, s t a b l e  
eon f igo ra t i o f i  sf t h e  sys tem,  In other  words, he i s  
suggesting that overfisning a predator of t h e  majar grazer 
has so per turaed  the community chat i t  w i l l  n o t  be able  to 
recover to i t s  p r ev ious ,  Isng-persisting s t a t e ,  

The  d e c l i n e  sf kelp b e d s  in s o u t h e r n  California 
predates that documented for Nova Scotia b y  many years ;  and  
here as well, sea u r c h i n  grazing has received much sf the 
same, I would like eo c o n s i d e r  the resiliency of  these kelp 
bed communities and t h e  applicability of MannDs hypothesis 
to s o u t h e r n  California, This will entail f i r s t  a discussion 
of t h e  history o f  c h i s  ecosystem and t h e  changes  which  have 
taken place as a resul t  of human impact on t h e  nearshore 
e n v i r o n m e n t ,  Secondly, my own research has d e a l t  w i t h  the 
n a t u r a l  history and population dynamics of t w o  sea u r c h i n s ,  

purpuratus and especially S. franciscanus, 
which i s  now the abject of a commerciaP fishery, These two 
sea urchins are the-most important consumers 05 kelps in 
southern California; central sf t h e i r  populations is 
fundamental to the persistence of  k e l p  beds in t h i s  r e g i o n ,  

SOUTHERN C A L I F O R N I A  KELP BEDS: W BRIEF HISTORICAL P E R S P E C T I V E  

The giant kelp, mrifera, is the most 
prominent a l g a  o f  sou arnia kelp beds*  Several  
o the r  k e l p s  con t r  e d i v e r s i t y  of these 
assemblages, hut is most irnportane in terms of  
biomass and i t s  contribution to the spatial structure of  the 
community. I t s  h o l d f a s t ,  f r o n d s ,  and canopy f u r n i s h  food, 
s u b s t r a t e ,  or shelter for  a v a r i e t y  of organisms, These 
beds are the location of valuable fisheries for abalone,  
spiny l obs t e r ,  fin fish, and most r e c e n t l y ,  sea u r c h i n s ,  
The  sur face  canopy, w h i c h  forms large offshore beds o f t e n  
covering severa l  km2, is e a s i l y  h a r v e s t e d  and has been 
an important resource s ince  the e a r l y  part of t h i s  c e n t u r y  
( L e i g h t s n ,  Jones, and N o r t h ,  1966; North, 1971), 

When potash supplies Decame a n a t i o n a l  concern about 
1910, Congress authorized a s u r v e y  o f  w e s t  coast kelp 
resources, The beds were mapped during the period of 1911 
to 1912 and the t o t a l  area of  k e l p  beds in s o u t h e r n  
California (Szn Diego to Point Conception) was estimated at 



253 krn2 ( N o r t h ,  1971). N o r t h  (IMR, 1963) has used these 
data to assess subsequent c h a n g e s ,  especialiy the decline of 
large k e l p  beds a round  the t w o  major metropolitan centers of 
sou the r f i  California, D u r i n g  t k i e  decade of L940-5950, 
p r o d u c t i v e  beds a r o u n d  the P a l s s  Verdes p e n l n s u i a  (the s i t e  
of t h e  L o s  Angeles County s e w e r  o u t f a l l )  deteriorated to t h e  
point t h a t  little or no harvestins was conducted, A decade 
later, the same changes took place in the PsPct Lorna kelp 
bed off San Biego (see E e i g h t s n ,  Jones, and N o r t h ,  1966, for 
tistorical variation of the P o i n t  Lorna seds). In both cases, 
t h e  historical. data  inbjcated that t h o s e  portions of the 
beds close to soarces of  waste dksgosal were affected first 
j % E K ,  19631, 

E a r l y  investigations of these once p r o d u c t i v e  beds 
revealed an a b u n d a ~ c e  of  g r a z e r s ,  p & r t i e u i a r % y  sea u r c h i n s  
(IKR, 1963), Kor th  and h i s  eo-workers described barren rock 
bottoms where grazing pressure prevented a l g a l  
recolonization, Perhaps the coup - de -- grace was delivered to 
these communities by the warm-water years of i957-1959 when 
a~normally high temperatures prevanfed t h r o u g h o u t  t h e  year, 
19";  shore island beds produced normally in 5957; b ~ t  by $958 
t h e s e  were a f f e c t e d ,  as were the beds a long  the coast, By 
1959, N o r t h  reports t h a t  most of zhe canopies in k e l p  beds 
of southern California had deteriorated and many beds had 
virtually disappeared ( T N R ,  19631, 

Several  a d t h s r s  have proposed t h a t  t h i s  apparent 
population explosion sf 5, pur~ratus -- and S ,  franciscanus 
associated with the deelXneTf kelp beds axon~ the coast of 
southern California ( N o r t h  and Pearse, 1978) was caused by a 
decrease i n  predation by the sea o t t e r ,  l u t r i s  - 
(McLean, 1962; N o r t h ,  1965, Lowry and Pearse, B 9 7 3 ) ,  
Leighton, Jones,  and N o r t h  (1966) consider the o t t e r  to be 
the  o n l y  preda tor  capable of controlling u r c h i n  populations 
in California, Sea u r c h i n s  are a preferred food sf sea 
otters ( E b e r t ,  1968), and stter pre5ation of u r c h i n s  has been 
documented as having major e f fec t s  on k e l p  community 
s t r u c t u r e  in Alaska (Estes and P a l m i s a n o ,  1974; Dayton, 
19751, A s  t h e  now protected s t t e r  has began to reoccupy 
part of i ts  f o r ~ e r  r a n g e  in cen t r a l  California, u r c h i n  
d e n s i t i e s  have decreased and rhe herbivores are now 
r e s t r i c t ed  to deep crevices beyond the reach of the ot ters  
( L o w r y  and Pearse, 1973)- 

The problem w i t h  t h i s  hypcthesis far the control sf 
u r c h i n  populations is t h a t  o t t e r s  were probably gone from 
s o u t h e r n  California 130 to 150 years  ago (Ogden, 1941), 
Hunting is known to have continued up to t he  time of the 
Gold Rush in 1848 and sporadically after that; but this most 
likely took place n o r t h  of Point Conception where sea 



conditions and the coastline are c o n s i d e r a b l y  rougher  and 
w h e r e  in f a c t  a r emnan t  population d i d  s u r v i v e  (Woodhouse, 
Cowen, and Wilcoxon, 4977). Furthermore, the abalone 
(another preferred food of the sea o t t e r ;  Ebert, 1968) 
f i s h e r y  da tes  back to t h e  18 58 's a r o u n d  San D i e g ~  (Cox, 1960 ) , 
and l a r g e  kelp beas were documented in 9913 ( N o r t h ,  1 9 7 3 f ,  
A c c o r d i n g  to N o r t h ,  t h e  major decline of surface canopies 
did neat begin until the 19409 (IMR, 1963), These 
historical data strongly s u g g e s t  t h a t  f ac to rs  other than 
o t t e r  population have eontroPLed u r c h i n  populations in 
southern California, 

S E A  U R C H I N S  AND THEIR INTERACTIONS WITH OTHER SPECIES 

S i n c e  sea u r c h i n s  can be considered a foundation species 
(Dayton, 1932) in these communities, any  factors which  affect 
t h e i r  birth or d e a t h  rates are likely to be important to the 
naintenance of  community structure, I have been s t u d y i n g  sea 
u r c h i n  recruitment, competition, and mortality pa t t e rns  to 
d e t e r m i n e  wha t  disturbances may have prevented u r c h i n  
domination in t h e  past, An obvious  consideration is those 
species which, in additlsn to sea ottersl have been fished, 

While severa l  b e n t h i c  invertebrates g r a z e  an a t tached  or 
d r i f t  Macro -- (Leighton, 19711, t h e  abalones, by virtue 
o f  t h e i r  physical s i z e  (Haliocis rufescens a t t a i n s  s i z e s  up 
to 36 cm; Cox, 1960) and the magnitude of  t h e i r  populations, 
require consideration as competitors sf the sea u r c h i n s ,  
Seven species  are found in s o u t h e r n  California; all are 
s u b j e c t  to b o t h  sport  and commercial f i s h e r i e s .  While 
abalone s h e l l s  are common in Tndian  middens dating back more 
than 7,000 years ,  the recorded history of the abalone fishery 
in California b e g i n s  w i t h  the C h i n e s e  in the ear ly  1850's 
(Cox, 1960)- T h e s e  immigrants, coilecting primarily green 
and black abalones in shallow water a r o u n d  San Diego, b u i l t  
up an industry to over 4-1 aillion pounds  per year in 1879. 
When coastal counties made it u n l a w f u l  to fish far abalone in 
shallow water ,  Japanese hard h a t  d i v e r s ,  later followed by 
Caucas ians ,  took t h e i r  place subtidaily and e x t e n d e d  the 
f i s h e r y  t h r o u g h o u t  the state (Cox ,  1960), 

While l a n d i n g  records indicate that a l l  commercial 
species have suffered major d e c l i n e s  in s t a n d i n g  stock, d a t a  
are presented in F i g u r e  1 for  the pink abalone,  H, 
t h e  second  most v a l u a b l e  species,  because the northern l i m i t  

I 

of i t s  range is Point Conception (Cox, 1960]e Interpretation 
of these  d a t a  i s  n o t  yet confused by t h e  range e x t e n s i o n  of 
the sea o t t e r ,  The p ~ n k  abalone" range was opened to 
conrinnercial f ishirlcg in 1943, A f t e r  1952, the c a t c h  declined 





as v i r g i n  stocks were depiered ( C o x ,  1963)- T h e  average 
ca t ch  of  recent years i s  a small percentage of peak yields, 

The a b a l o n e s ,  especially t h o s e  f o u n d  subtidally, share 
v e r y  similar food { l e i g h t o n ,  1966) and habitat preferences 
with the two stronqyiocentrotids. Under optimal conditions, 
both groups  feed on drift a lgae  carried by currents and 
s a r g e ,  While u r c h i n s  are well known to a t t a c k  attached 
plants when drift becomes limiting, red, pink, and white 
abalones h a v e  a l s o  been observed f o r a g i n g  ari 
h o l d f a s t s  (Leighton, 1971: person~l observations), 

Considering that these herbivores share  b o t h  food and 
h a b i t a t  resources and that aoa isne  s c a n d i n g  stocks have been 
g r e a t l y  reduced by fishing, I.$ Ls tempting to speculate that 
tae u r c h i n  population g r o w t h  may have been c a u s e d  in p a r t  by 
a release from competition, It has been sugges ted  that 
abalones out-compete u r c h i n s  for space {Lowry and 2earse, 
1973) but t h a t  where  foaG is limiting, u r c h i n s  may be able to 
dis2lace  abalones by differences in feeding ha~its ( S h e p h e r d ,  
1973). We have been conducting s t u d i e s  of exploitive 
conpetxtion betweea red u r c h i n s ,  - S ,  franciscanus, and red 
abalones, H. r u f e s c e n s ,  in t h e  l abora tory  ( T e g n e r ,  unpublished 
data). ~ n a e r  c o n d i t i o n s  of limited food s u p p l y ,  the u r c h i n s  
have proven to be superior exploiters capable of scaveng ing  
ail the food t h e y  need E s r  g rowth ,  despite t h e  presence of 
abalones .  Red u r c h i n s  and red abalones exhibit virtually 
identical resistances to stasvatron. B e h a v i o r a l  observations 
support the c o n t e n t  ion that u r c h i n s  are bet ter  foragers, 
When presented with the scene of s t a r v e d  
abalones a s s u m e  f e e d i n g  pos tu re  and w a i t  for t h e  food to 
d r i f t  to them; starved urchins Rove toward t n e  source of the 
scent ( T e g n e r ,  unpublished data), 

F i e i d  observations sf habitat partitioning s u g g e s t  cha t  
abalones may be superior in interference competition in the 
presence of adequa te  food su2ply (Lowry and Pearse, 1973; 
personal observations)* Manipuiations of the d e n s i t i e s  of 
t h e s e  t w o  h e r b i v o r e s  are planned to study competition for 
space, The e f f ec t s  of t h i s  hypothesized interaction may be 
most obvious where predators (urchins and abalones  share many 
of tne same predators) res t r ic t  the herbivoresg f o r a g i n g  
patterns 

More clearly than competition, predation is important 
f o r  r e g u l a t i n g  the ribondances of the two stronqylocentretids. 
Sea urchin predators in southern California today i n c l u d e  
three a s t e r o i d s  ( kelianthoides, - -  Astrometis 
sertullfera, and Derrnasterias -- imbricata), cancer crabs 
(Cancer ---- aneennsrius, - C. praductusj, the spiny l o b s t e e  
( P a n ~ l i r u s  --- interrdptus), the h o r n  s h a r k  ( d e t e r a d o n t u s  - 



sheephead 
( E e i g h t o n  

) and three labrids of w h i c h  ehe California 
(Pimelometapon ) is most important 
Z o n e s ,  and North, 1966; W i n g e t ,  1968; Rasenthal 

and Chess, 1972; Tegner and Dayton, i~ preparation), Two of 
these predators are subject to fishins pressure, Spiny 
lobsters are taken by b o t h  csmrnerciaP fishermen and sport 
divers; sheephead are a spor t  fish taken by anglers and spear 
fisher~en, Commercial lobster Landings data are presented in 
Figure 2 ,  Data are not available for  the sport catch of 
either species, 

To analyze urchin predation patterns, 200 rn2 
eranseets were established at three depths (10, 15, and 20 m) 
in the Point Lorna kelp bed,  7rchin populations were eensussed  
and the tests of dead sea ~rehins collected as sften as 
possible, While we were n o t  ab l e  to visit these areas with 
sufficient regularity to establish rates of predation, some 
interesting patterns emerged ( T e g n e r  and Dayton, in 
preparation], Morphological differences between purple and 
red urchins suggest different susceptzbilities to predation, 
f ,  - is smaller, w i t h  a maximum test diameter i n  
t h i s  area o f  about 70 mm, and h a s  short spines relative to 
its test size, S, franciscanus reaches about 140 mrn locally, 
h a s  lonq  sp ines  relatiwe to its test size, and has a 
considerabiy t h i c k e r  t es t  than S, W h i l e a l l o f  
the predators  c i t e d  t a k e  purple-urchins, only the s p i n y  
lobster and sheephead  prey on a d u l t  S ,  franciscanus, - 

Male sheephead  feed on large red urchins by t u r n i n g  t h e  
animal over and u s i n 9  dog-like teeth to p u n c t u r e  the oral 
s u r f a c e ,  The oral surface of t h e  u r c h i n  is b i t t e n  in a 
r e g u l a r ,  characteristic pattern ( w h i c h  allows identification 
of the predator when s u c h  tests are f o u n d )  ca give the fnsh 
access to ths s o f t  tissues inside, The advantage of long 
spines is seen in how these predators  h a n d l e  5, B 

the purple urchins are attacked from any angle and often t h e  
entire test is consumed (Tegner and Dayton, in preparation), 
Sea urchins are the major dietary constituent of sheephead  
larger than 30 em (McClenegnan,  1968, unpublished M,Sc, thesis) , 

Winget (1968) reported that t h e  spiny lobster, 
P, - feeds on sea u r c h i n s  but assumed that only 
S, purpuratus was t a k e n ,  Xolluscs were most h e a v i l y  consumed, - 
followed by sea urchins and crabs ,  Because of  t h e  problems 
of o b s e r v i n g  a skittish, nocturnal predator i n  t h e  f ~ e l d ,  we 
c o n d u c t e d  f e e d i n g  tests in the laboratory, The lobster was 
capable sf ha r id l i ng  full-size red urchins, generally by 
inverting its prey  and using i c s  third rnaxillipeds and 
a n t e r r o r  walking l e g s  to pierce the t e s t  ( F i g u r e  3 j ,  
I r r e g u l a r  holes, oc@asi@n&lly in the aboral sbrface,  were 
made in most tests; however, same urchins were consumed by 





Figure 3a, The spiny lobseer, Panulxrus i n t e r r u p t u s ,  us ing  rts 
anter ior  walkinq Legs an& t h i r d  m a i b l i p e d s  to break 
i n t o  the surface o f  the red sea urchin, Stroxgylocentrotus 
fraiiei.scanus, 



Figure 3b. Recovered tests of 2, franciscanus following 
eonsurnption of soft parts. 



s i m p l y  r e m o v i n g  t h p  peristomial membrane. A g a i n ,  
S .  - were a t t a c k e d  f r o m  a n y  a n g l e  and  t h e  e n t i r e  
t e s t  consumed ( T e g n e r  and D a y t o n ,  i n  p r e p a r a t i o n ) ,  

S h e e p h e a d  ( a n d  l o b s t e r s  Po some d e g r e e )  a r e  f a r  more 
common a t  o f f s h o r e  i s c a t i o n s  s u c h  a s  San Clernen te  I s l a n d  and 
T a n n e r  Bank,  S e v e r a l  e f f e c t s  c a n  be  n o t e d  i n  t h e  u r c h i n  
p o p u l a t i o n s  of t h e s e  a r e a s ,  Compared t o  t h e  c o a s t l i n e ,  t h e  
s h o r t - s p i n e d  p u r p l e  u r c h i n s  a r e  more c r y p t i c a l l y  l o c a t e d  and 
t h e  p u r p l e  t o  r e d  u r c h i n  r a t i o  is much lower, S i z e - f r e q u e n c y  
d i s t r i b u t i o n s  o f  r e d  u r c h i n  p o p u l a t i o n s  s u g g e s t  Cha t  t h e  
p r e d a t o r s  a r e  h a v i n g  a m a j o r  i n p a c t  o n  t h e  30 t o  6 0  rnm s i z e  
c l a s s  w h e r e  r e c r u i t s  are no  l o n g e r  s h e l t e r e d  by t h e  s p i n e  
c a n o p i e s  o f  a d u l t  u r c h i n s  ( T e g n e r  and D a y t o n ,  1 9 7 7 ;  i n  
p r e p a r a t i o n ) ,  W h i l e  t h e  e f f e c t s  o f  i n c r e a s e d  p r e d a t i o n  c a n  
b e  o b s e r v e d  In t h e s e  u r c h i n  p o p u l a t i o n s ,  some e p i s o d e s  o f  
o v e r g r a z i n g  h a v e  b e e n  r e p o r t e d  f o r  S a n  C l e m e n t e  I s l a n d  
( N c P e a k ,  pers ,  c o m m .  1 ,  I t  s h o u l d  b e  n o t e d  t h a t  e x t e n s i v e  
a b a l o n e  and  l o b s t e r  f i s h e r i e s  are c o n d u c t e d  t h e r e  so l a r g e  
l o b s t e r s  are n o t  common. 

T h u s ,  c o m p e t i t i o n  with a b a l o n e s  and  p r e d a t i o n  by s p i n y  
l o b s t e r s  and  s h e e p h e a d  a r e  p r o p o s e d  as  b i o l o g i c a l  
i n t e r a c t i o n s  which  may h a v e  r e g u l a t e d  s e a  u r c h i n  a b u n d a n c e s  
i n  t h e  p a s t .  I n  1 9 7 1 ,  a  c o m m e r c i a l  f i s h e r y  b e g a n  R a r v e s t i c g  
sea u r c h i n s  a r o u n d  the N o r t h e r n  C h a n n e l  I s l a n d ;  t h i s  f i s h e r y  
s p r e a d  t o  S a n  B i e g o  i n  t h e  s e c o n d  h a i f  of 1976, O n l y  t h e  r e d  
u r c h i n  is l a r g e  e n o u g h  t o  be  c o m m e r c i a 1 l y  f e a s i b l e  f o r  t h e  
e x p o r t  m a r k e t  a t  t h i s  t i m e ,  The  f i s h e r y  h a s  grown r a p i d l y ;  
a b o u t  1 2  m i l l i o n  p o u n d s  were l a n d e d  i n  1977  ( F i g u r e  4 1 ,  The  
v a l u e  o f  t h i s  r e s o u r c e  s u g g e s t s  t h a t  major e p i s o d e s  o f  r e d  
u r c h i n  o v e r g r a z i n g  i n  t h e  f u t u r e  a r e  u n l i k e l y .  

RESILIENCY OF THE POINT LOMA KELP BED 

G i v e n  t h e s e  b i o l o g i c a l  i n t e r a c t i o n s  which may h a v e  
c o n t r o l l e d  u r c h i n  p o p u l a t i o n  after t h e  d e m i s e  o f  t h e  s e a  
o t t e r ,  I would l i k e  t o  go b a c k  to  the q u e s t i o n  o f  t h e  
r e s i l i e n c y  o f  s o u t h e r n  C a l i f o r n i a  k e l p  bed c o m m u n i t i e s  by 
c o n s i d e r i n g  o u r  s t u d y  a r e a s  o f f  San D i e g o .  A f t e r  t h e  
M a c r o c y s t i s  c a n o p y  o f  t h e  P o i n t  Lorna k e l p  bed r e a c h e d  a 
r e c o r d e d  l o w  i n  1 9 6 6 ,  a  p r o g r a m  of o r c h i n  c o n t r o l  by 
q u i c k l i m e  was o r g a n i z e d  and  s t a r t e d  l a t e  i n  1 9 6 2 ,  I n  1 9 6 3 ,  
t h e  C i t y  o f  Saw D i e g o  moved i t s  sewer o u t f a l l  t o  d e e p e r  
waters ,  B y  1 9 6 4 ,  c o n s i d e r a h i e  r e s t o r a t i o n  s f  t h e  c a n o p y  had 
o c c u r r e d  ( L e P g h t o n ,  J o n e s ,  and N o r t h ,  2 .966)-  Today ,  a f t e r  
e x t e n s i v e  u r c h i n  c o n t r o l  e f f o r t s  ~y t h e  K e l p  H a b i t a t  
Improvement  P r o g r a m  a n d  Relco, t h e  P o i n t  Lorna bed o n c e  a g a i n  
c o v e r s  a l a r g e  a r e a .  From a  k s w  of 0-03 sq, mi. i n  1 9 6 0 ,  t h e  
canopy h a s  grown t o  3-22 sq, m i .  i n  1978 (McPeak,  p e r s ,  cornin.). 
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Figure 4. Commercial red sea urchin, Strongylocentrotus _franciscanus, landings, 
Data are compiled from various California Department of Fish and 
Game sources. 



I n  r e c e n t  y e a r s ,  c e r t a i n  a r e a s  of t h e  P o i n t  Lorna bed 
have  remained  u n s t a b l e ,  s u f f e r i n g  major  losses o f  canopy and 
r e q u i r i n g  c o n t i n u a l  u r c h i n  c o n t r o l  fMcPeak, p e r s ,  eomm.), 
O t h e r  a r e a s  o f  t h e  bed have e x h i b i t e d  f a i r l y  s t a b l e  c a n o p i e s ;  
t h e s e  have  v a r i e d  i n  p e r c e n t  c o v e r  w i t h  t i m e  b u t  have  n o t  
gone  t h r o u g h  d r a s t i c  d e c l i n e s ,  My c o l l e a g u e ,  P a u l  Dayton,  
h a s  been  s t u d y i n g  M a c r o c y s t i s  m o r t a l i t y  i n  t h e  P o i n t  Loma 
k e l p  bed s i n c e  1970 a t  s i t e s  which Kelco h a s  g r a c i o u s l y  
a l l o w e d  u s  t o  s t u d y  i n  an  u n h a r v e s t e d  s t a t e .  These  a r e  t h e  
same t h r e e  s i t es  where I have  been f o l l o w i n g  s e a  u r c h i n  
p r e d a t i o n .  A l l  t h r e e  s i t e s  have  s i g n i f i c a n t  u r c h i n  
p o p u l a t i o n s  w i t h i n  or a d j a c e n t  to  Dayton" p l a n t  t r a n s e c t s .  
The d e e p e r  t w o  s i t es  a r e  c h a r a c t e r i z e d  by e x t e n s i v e  v e r t i c a l  
r e l i e f ,  r e e f s  and b o u l d e r s ,  w h i l e  t h e  t h i r d  is m o s t l y  f l a t  
pavement  r o c k  w i t h  a  few l o w  l e d g e s  and b o u l d e r s .  The amount 
o f  v e r t i c a l  r e l i e f  a p p e a r s  t o  be i m p o r t a n t  t o  u r c h i n  
p o p u l a t i o n s  f o r  t w o  r e a s o n s .  F i r s t ,  v e r t i c a l  r e l i e f  makes it 
e a s i e r  f o r  u r c h i n s  t o  s n a r e  and h o l d  down d r i f t  k e l p ,  
e s p e c i a l l y  i n  s u r g e  c o n d i t i o n s ,  Where u r c h i n s  c a n  be 
s u s t a i n e d  by d r i f t  k e l p ,  t h e y  a r e  less l i k e l y  t o  a t t a c k  
a t t a c h e d  p l a n t s .  S e c o n d l y ,  b o t h  l o b s t e r s  and sheephead  a r e  
d e p e n d e n t  upon v e r t i c a l  r e l i e f ,  fo rming  c a v e s  or l e d g e s .  The 
n o c t u r n a l l y  f o r a g i n g  l o b s t e r s  r e q u i r e  s h e l t e r  ( f r o m  
s h e e p h e a d ,  among o t h e r  p r e d a t o r s )  d u r i n g  d a y l i g h t  h o u r s ,  and 
t h e  sheephead  need a  p l a c e  t o  s l e e p  a t  n i g h t .  Sheephead a r e  
common and l o b s t e r s  a r e  p r e s e n t  a t  b o t h  of  t h e  s t u d y  a r e a s  
w i t h  e x t e n s i v e  v e r t i c a l  r e l i e f .  I have  n e v e r  o b s e r v e d  e i t h e r  
p r e d a t o r  a t  t h e  t h i r d  s i t e .  Dayton" M a c r o c y s t i s  d a t a  
i n d i c a t e  t h a t  100% o f  t h e  o b s e r v e d  m o r t a l i t i e s  a t  b o t h  s i t es  
with e x t e n s i v e  v e r t i c a l  r e l i e f  was caused  by e n t a n g l e m e n t  
w i t h  o t h e r  d r i f t i n g  p l a n t s .  A t  t h e  f l a t  s i t e ,  50-708 o f  t h e  
k e l p  m o r t a l i t y  was due  to  u r c h i n  g r a z i n g  and t h e  r ema inde r  
was c a u s e d  by e n t a n g l e m e n t .  M a c r o c y s t i s  d e n s i t i e s  a t  a l l  
t h r e e  s i tes  have  shown c o n s i d e r a b l e  v a r i a t i o n  o v e r  t h e  y e a r s  
o f  t h e  s t u d y  b u t  o n l y  t h e  f l a t  s i t e  went t h r o u g h  a  v i r t u a l l y  
c o m p l e t e  loss o f  p l a n t s  (Day ton ,  i n  p r e p a r a t i o n ) .  I t  is 
i n t e r e s t i n g  t o  n o t e  t h a t  a l t h o u g h  no u r c h i n  c o n t r o l  measures  
were u s e d ,  a  m a s s i v e  M a c r o c y s t i s  g e r m i n a t i o n  r e s t o r e d  t h e  
canopy i n  a  l i t t l e  o v e r  a y e a r .  

T h i s  e p i s o d e  p r o v i d e s  f u r t h e r  e v i d e n c e  i n  s u p p o r t  of a  
r e l a t  i o n s h i p  between Macrocys t  is  and u r c h i n  s e t t l e m e n t  which 
a f f e c t s  u r c h i n  p o p u l a t i o n  s i z e  p roposed  by P e a r s e ,  C l a r k ,  
E e i q h t o n ,  ~ i t e h e l i ,  and Nor th  ( 1 9 7 0 ) .    hey o b s e r v e d  t h a t  
b a r r e n  mode p o p u l a t i o n s  of S .  f  r a n c i s c a n u s - a p p a r e n t i y  
c o n s i s t e d  o f  c o n t i n u o u s l y  r e c r u i t i n g  s m a l l  a n i m a l s  b u t  t h a t  
a f t e r  an  a r e a  became r e f o r e s t e d  w i t h  M a c r o c y s t i s ,  t h e  s i z e  
f r e q u e n c y  d i s t r i b u t i o n  o f  t h e  p o p u l a t i o n  s h i f t e d  t o  t h e  r i g h t  
a s  t h e  a n i m a l s  p r e s e n t  grew and r e c r u i t m e n t  d e c l i n e d .  They 
p roposed  t h a t  f i l t e r  f e e d i n g  o r g a n i s m s  a s s o c i a t e d  w i t h  t h e  
canopy were  e f f e c t i v e l y  min imiz ing  l a r v a l  s e t t i e m e n t .  The 



largest pulse sf red urchln recruitment observed at our flat 
site in three years of study was after the Macrocystis canopy 
was eliminated by grazing, After the canopy returned, 
recruitment rates went back down, kt another location, 
settling experiments detected red d r c h i n  recruitment at both 
edges of a dense 100 rn canopy, but almost na settlement was 
observed at a reef inside the bed (Tegner and Dayton, in 
preparation), Thus, in an indirect manner, 
apparently affects the population size of a major grazer. 

Eight years of relatively stable canopies and 
mortality caused only by entanglement with 
dicate that sea urchin populations were being 

controlled in these two areas of extensive vertical relief, 
At both sites, red urchin recruitment was observed in all 
three years of this study at fairly constant rates (Tegner 
and Dayton, in preparation), Predation was a l so  significant 
in these areas, suggesting that these urchin populations have 
been in a steady state, Our sampling program at the third 
site, which underwent an episode o f  urchin overgrazing, ruled 
out the possibility sf increases in u r c h i n  abundance caused 
by recruitment but did n o t  test for immigration, While one 
explanation of this episode would be an increase in u r c h i n  
populations, an alternate hypothesis would be a decrease in 
the supply o f  drift kelp, This grazing episode took place 
during the time o f  year when Point Loma is most susceptible 
to surge conditions which  can make it cult for the 
urchins to trap drift, At any rate, rapidly 
recolonized the area and the grazing cycle was completed, 

Other examples of cycles of sea urchins overgrazing 
their food source, followed by algal recolonization, are 
available, Foreman (1977) documents a massive outbreak of 
S ,  droebachiensis in the Strait of Georgia where a - 
combination sf environmental factors favored urchin 
recruitment, His results indicated that S ,  droebachiensis 
undergoes periodic outbreaks which are responsible for 
localized perturbations a f  the kelp community and that about 
8 to 12 years are required to complete the cycle ,  North 
( 1 9 7 9 )  records algal recolonization after urchin grazing has 
destroyed kelp beds  when urchin concentrations are reduced by 
starvation or m i g r a t i o n ,  Pearse, Costa, Yellin, and Agegian 
(1947) document two incidences sf localized mass mortalities 
of S, franciscanus caused by disease, another mechanism whieh 
couTd complete cycles o f  urchin grazing* We have observed 
s r m i l a r  outbreaks sf disease at P o i n t  Lorna, 



Whether t h e  c o n d i t i o n s  of  1960 were e v i d e n c e  of a  
m a s s i v e  c y c l e  o f  u r c h i n  g r a z i n g  or r e p r e s e n t e d  a new s t a b l e  
c o n f i g u r a t i o n  s f  t h e s e  e c o s y s t e m s  is s u b j e c t  t o  d e b a t e ,  The 
k e l p  beds a round  the major m e t r o p o l i t a n  c e n t e r s  s f  Los Ange le s  
and San  Diego may w e l l  have d e t e r i o r a t e d  s o  far t h a t  t h e s e  
a r e a s  could n o t  have  r e c o v e r e d  on  t h e i r  own; s i n c e  e x t e n s i v e  
u r c h i n  c o n t r o l  e f f o r t s  were expended i n  bo th  a r e a s ,  t h e  
q u e s t i o n  c a n n o t  be answered ,  T h e  P o i n t  Lorna bed showed 
s i g n i f i c a n t  r e c o v e r y  one  year a f t e r  u r c h i n  c o n t r o l  measures  
were s t a r t e d  ( L e i g h t a n ,  J o n e s ,  and N o r t h ,  1 9 6 5 ) ;  but it took 
s e v e n  y e a r s  o f  e f f o r t  u n t i l  t h e  f i r s t  growing bed s t a b i l i z e d  
a t  Palos Verdes  i n  1974  (Wi l son ,  Haaker ,  and Hanan, 19781,  
However, Pa1os  Verdes  is t h e  s i t e  o f  t h e  l a r g e s t  sewer 
outfall i n  s o u t h e r n  C a l i f o r n i a ,  and l a r g e - s c a l e  e c o l o g i c a l  
c h a n g e s  have o c c u r r e d  i n  t h i s  area ( G r i g g  and Kiwa la ,  1 9 7 0 ) .  

O f  more b i o l o g i c a l  i n t e r e s t  is t h e  h i s t o r y  o f  k e l p  beds  
Less h e a v i l y  impacted  by waste d i s p o s a l ,  R o s e n t h a l ,  C l a r k e ,  
a n d  Dayton ( 1 9 7 4 )  r e p o r t e d  on a  bed o f f  9el Mar, C a l i f o r n i a ,  
which h a s  undergone  ma jo r  f l u c t u a t i o n s  i n  r e l a t i v e  k e l p  
h a r v e s t ,  Dur ing  t h e i r  s i x - y e a r  s t u d y ,  t h e r e  was a pronounced 
oscillation i n  s t a n d i n g  c r o p ,  a p p a r e n t l y  caused  
by storms, The l e  i n d i c a t i o n  that u r c h i n  g r a z i n g  
c o n t r i b u t e d  t o  k e l p  m o r t a l i t y ,  Other b e d s ,  i n  c o a s t a l  areas 
distant f rom m e t r o p o l i t a n  c e n t e r s  or o f f s h o r e  i s l a n d  s i t e s ,  
have  r e c o v e r e d  from t h e  warm-water y e a r s  t o  become m a j o r  
p r o d u c e r s  o f  k e l p  without e i t h e r  o t t e r  p r e d a t i o n  or human 
a c t i v i t i e s  t o  c o n t r o l  u r c h i n s  (McPeak, p e r s ,  c o m m , ) ,  A 
n o t a b l e  example is t h e  l a r g e  bed a round San N i c h o l a s  I s l a n d ,  
The higher p r i c e d  s k e l f f i s h ,  a b a l o n e s  and l o b s t e r s ,  are both  
h a r v e s t e d  i n t e n s i v e l y ;  but s i n c e  San N i c o l a s  is t h e  f a r t h e s t  
s f  t h e  Channel  I s l a n d s  from any  main land  p o r t ,  u r c h i n  d i v e r s  
h a v e  only r e c e n t l y  begun to  i n v e s t i g a t e  t h i s  a r e a ,  Local 
a r e a s  of t h e  San  NicoPas bed have  c y c l e s  of  u r c h i n  
o v e r g r a z i n g  Beading t o  losses o f  s t a n d i n g  c r o p ;  
hot, as w e  have  o b s e r v e d  a t  P o i n t  Lsma i n  r e c e n t  y e a r s ,  t h e  
l a r g e  b e d s  of this i s l a n d  have  p e r s i s t e d  (McPeak, p e r s .  eomm, ) , 

The p e r s i s t e n c e  of  kelp beds  i n  s o u t h e r n  C a l i f o r n i a  w e l l  
over a c e n t u r y  a f t e r  t h e  demise  of t h e  s e a  o t t e r  from t k n s  
r e g i o n  c l e a r l y  i n d i c a t e s  that o t h e r  f a c t o r s  Rave c o n t r o l l e d  
sea  urchin p o p u l a t i o n s  and t h e r e b y  m a i n t a i n e d  t h e  s t r u c t u r e  
sf this community i n  a s tab le  c o n f i g u r a t i o n ,  S o u t h e r n  
C a l i f o r n i a  k e l p  b e d s  have  s u f f e r e d  from u r c h i n  g r a z i n g ,  
e n v i r o n m e n t a l  p e r t u r b a t i o n s  such a s  t h e  warm-water y e a r s ,  
sewage d i s p o s a l ,  and heavy  human u s e ,  N a t u r a l  r e c o v e r y  froin 
s u c h  stresses i n  many a r e a s  i l l u s t r a t e s  t h e  r e s i l i e n c e  o f  t h e  
ecosys t em;  However, c o n t i n u e d  p rob lems ,  such a s  a t  PaSos 
Verdes, s u g g e s t  that t h e r e  are  l i m i t s  t o  t h e  a b i f  ity of  t h e  



s y s t e m  t o  resxs t  a n d  r e c o v e r  from s e v e r e l y  d i s t u r o e d  
c o n d i t i o n s ,  Hopefully, our r e c o g n i t i o n  o f  t h e s e  l i m i t s  is a  
m a j o r  s t e p  t o w a r d  p r o t e c t i o n  af t h e  n e a r s h o r e  e n v i r o n m e n t ,  

I have  p r o p o s e d  b i o l o g i c a l  i n t e r a c t i o n s ,  predation by 
spiny l o ~ s t e r s  a n d  s h e e p h e a d ,  and  p o s s i b l y  c o m p e t i t i o n  w i t h  
a b a l o n e s ,  a s  t h e  f a c t o r s  w h i c h  h a v e  c o n t r o l l e d  sea u r c h i n  
a b u n d a n c e  and  d i s t r i b u t i o n  p a t t e r n s  s i n c e  the t i m e  s f  t h e  s e a  
o t t e r s  i n  s o u t h e r n  C a l i f o r n i a .  T h e s e  i n t e r a c t i o n s  p r o v i d e  
m e c h e n i s m s  for  t h e  m a i n t e n a n c e  of k e l p  community s t r u c t u r e  
a n d  a r e  f d n d a m e n t a i  t o  t h e  systen's r e s i l i e n c e  t o  e x t e r n a l  
perturbations. The populations of spiny lobsters, abalones, 
and to  a Lesser d e g r e e ,  s h e e p h e a d ,  h a v e  a l l  been r e d u c e d  by 
f i s h i n g ,  A knowledge of t h e  functional r e l a t i o n s h i p s  between 
t h e s e  s p e c i e s  and s e a  u r c h i n s  w o u l d  h a v e  predicted that 
e x t e r n a l  p e r t u r b a t i o n s  f a v s r a b l e  t o  u r c h i n s  a n d / o r  
unfavorable to  c o u l d  l e a d  t o  the d e s t r u c t i v e  
o v e r g r a z i n g  e p i s o d e s  o f  t h e  l a t e  fifties. T h e  biology and 
h i s t o r y  o f  this complex  community underscore the need for a 
multispecies approach to  the management o f  r e s o u r c e s ,  
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J.D, P r l n c j i e  a ~ d  R , F ,  Ser?p;e 
Department oi r isherjes and O c c d i ~ s  

Resource Srancn 
invertebrates and Marrne P l a n t s  Dl v ~ s l o -  

Eailfax, Piova Seatra 

Srudres were e a r n e d  o u t  ;n t5e soutndestern Kova Scot La 
area coacern~ng Chonorus crls2us and r t s  relations5-i.p to o t n e r  
benthrc algae, Standsr$g crop, nzrvesti ng areas, g r s w t 3 ,  
re~roduct~on, and s~ceessioc were rnonltorea, O L ~  of 3; qerera 
of algae, Aseophyilai, C h o n d r u s ,  - -. arid La:nrnarra spp, x,ac?le u? 
7 4 , 3 R  of ti% olornass at the transect s r t e s ,  F c c u s  sac,, . - -  - * - 

PhylLop?lora  s p p , ,  Coralli;:a o f f ~ c ~ a n a l ~ s ,  - Cil~eto; l iorp~zi  - 5 3 p a t  
and Desrnarestla spp, made up 23,E% of et3e cneaess, T~qo -- 
percent (2%) was composed of 21 other  gznera of aigee, 
S r x t y - o n e  (61) corlnmerciai Cnondrus ue35 were IscateG drid 
approxlmatciy 630 narvestcrs ~ e l 1 , z e f i  these oeds .  Cconcrus - 
was ioilii~! to qruw from a spore LO a ;icproc3u~d;_~ve plact in t ho  
years. Si-iccessron on a concrete b l o c k  tciolc approximately 
three years for C h o r ~ d r u s  establ rshment, It is estirnateti five 
to ten yesrs w111 be rec;ulrea to re-establish Chondrus in 
barren areas. 

Marrne plants are narvested c c m m r r a a l l y  from a number of 
areas in the Xarrcsse provrnees i f french, 197 1; Pringie, 
1976); b u ~  one of the most r ~ ~ ~ p s r t a n t  areas is sodthwestern 
Nova Scotla, between Cage Sable I s l a n d  and Prnkney P t .  
(Fryures 1, 9, and 401, Here, approxlrnateiy 7,800 acres of 
ocean Dotton have a r n i n l ~ . ~ ~  a: 40% Chondr~s cover ( H a q g e r t y  
and ~cilenkrand, 19761, The large tsdes, nutrient-rjch 
waters, extended g e o w l n g  season, and relatively ~ce-free 
ecnd rtlons promote a luxurious seanc5,ng crop of benthrc dlqae, 
One c e s u i t  LS a ccmmerclal narzre plant ~ndustry Sbsed on 
t h r ~ e  genera: ianlnaraa L a r n o u r o ~ x ,  ChonGros Stackn,, and 
Aseopnyilum S t a e k h  , , which has Deen ongoing for approximately 
43 years, 49 years, an6 20 years respectrvely, The flrst two 
genera are harvested in the sgbtldal; consequently, the 
observatrons by BreeE and Xann (1976), OF local overgraarng cy 
the sea a r c h l n  Strongylocentrotds -- droeuachiens:~ -- j 8 , P .  Muiier) 
of b e n t h r c  algal populations, are of extreme concern ea those 
bnvolved In the marine plant r n d b s t r y .  



p:. - -  PERMANENT TRANSECT S ITE  

Figure I. The commercially important beds of Chondrus in the Pubnice area 
and the daily mean nuxrber of harvesters observed/bed during 1975 
and 1976. Shown as well, the location of permanent transeets 
B, L, and P and the o u t p l a n t i n g  site, 



T h i s  p a p e r  is p r e s e n t e d  to  g i v e  d e l e g a t e s  to  the workshop  
i n f o r m a t i o n  o n  3 0 t h  t h e  e c o l o g y  o f  t h e  c o m m e r c i a l l y  i m p o r t a n t  
b e n t h i c  a l q a e  o f  s o u t h w e s t e r n  Nova S c o t i a  and I r i s h  moss 
h a r v e s t i n g .  F o r  d e t a i l s  on t h e  s t a n d i n g  c r o p  o f  L a m i n a r i a  
s p p , ,  see McPeak ( 9 9 8 6 ) :  S h a r p  ( 1 9 8 0 )  r e v i e w e d  t h e  h i s t o r y  o f  
L a m i n a r i a  h a r v e s t i n g ,  

1. STANDING CROP 

METHODS 

G h s n d r u s  and Ascophy l iu rn  h a r v e s t i n g  t a k e s  p l a c e  a l o n g  t h e  
west  s i d e  of t h e  West P u b n i c o  p e n i n s u l a  ( F i g u r e  I ) ,  A s  a 
r e s u l t ,  t h r e e  r e p r e s e n t a t i v e  s t u a y  s i t e s  were c h o s e n ,  A 
s t a i n l e s s  s t e e l  c a b l e ,  marked a t  1 m i n t e r v a l s ,  w a s  l a y e d  
a l o n g  t h e  o c e a n  b o t t o m  a t  e a c h  s i t e  v e r t l c a l  t o  t h e  shore, 
e x t e n d i n g  t h r o u g h  t h e  a l g a l  z o n e ,  Above t h e  h i g h  t i d e  = a r k ,  
e a c h  t r a n s e c t  was p e r m a n e n t l y  marked and  a  b e a r i n g  taken w i t h  
a  s u r v e y i n g  t r a n s i t  to  d e t e r m i n e  t h e  a n g l e  o f  t h e  t r a n s e e t ,  
A l l  r n a e r o p h y t e s  w i t h i n  a  0 . 2 5  m2 area ( s a m p l i n g  u n i t )  were 
c o l l e c t e d  a t  5 m i n t e r v a l s  ( 3  m i n t e r v a l s  f o r  T r a n s e c t  9) 
a l o n g  t h e  t r a n s e c t  l i n e .  The t i m e  a n d  d e p t h  f rom s u r f a c e  were 
r e c o r d e d ;  a n d  u s i n g  C a n a d i a n  T i d e  a n d  C u r r e n t  T a b l e s  
(Anonymous,  l 9 7 5 ) ,  t h e  l e v e l  o f  e a c h  s t a t i o n  w i t h  r e s p e c t  t o  
c h a r t  d a t u a  was c a l c u l a t e d .  

The p l a n t s  were p l a c e d  i n  p o l y e t h y l e n e  g a r b a g e  b a g s ,  k e p t  
o n  i ce ,  and  t r a n s p o r t e d  t o  t h e  l a b o r a t o r y  w h e r e  t h e y  were 
s t o r e d  a t  -5 C .  The p l a n t s  f rom e a c h  s a m p l e  u n i t  were s o r t e d  
t o  a t  l e a s t  g e n u s  and o f t e n  to  s p e c i e s  and w e i g h e d ,  

and C h o n d r u s  were d r y  we ighed  a s  w e l l ,  The  d a t a  
f r o m  e a c h  t r a n s e c t  were p o o l e d  and rcean v a l u e s  d e t e r m i n e d .  

RESULTS AND D I S C U S S I O N  

G e n e r a l  D i s t r i b u t i o n  

T h i r t y  g e n e r a  of b e n t h i c  a l g a e  were i d e n t i f i e d ;  t h e i r  
d i s e r i b u t i o n ,  r e l a t i v e  eo c h a r t  d a t u m ,  is shown ;n F i g u r e  2 .  
The  mean t o t a l  b i o m a s s  fo r  a 0 - 5  m w i d e  by L 3 i , 7  + 21,9 rn iong 
s t r i p  t h r o u g h  t h e  a l g a l  z o n e  off t h e  West ~ u b n i c o - p e n i n s u l a  
was  3 6 8 . 0  + 86 .3  kg w e t  w e i g h t  ( T a b l e  11, The mean weight 
( w e t )  o f  ~ g c o p h ~ l l u r n ,  C h o n d r u s ,  L, l o n g i c r u r i s ,  and 
I,. d i g i t a t a  i n  t h i s  s t r i p  was 102.9 + 76.5  k g ,  83 .7  i 49-3 k g ,  - - 
3 1 . 4  4 2 6 . 3  k g ,  and  55-9 + 85.8 kg r e s p e c t i v e l y  ( F i g u r e  31 ,  
~ i g u r e  4 shows  t h e  p e r c e n t a g e  o f  t h e  t o t a l  s t a n d i n g  c r o p  b a s e d  
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Figvre 2, The vertical distribution of identified taxa along Transect B 
off West Prmbnico during August, 1975. 





Species Biomass 

Figure 3. Tne mean biomass f o r  a 0-50 rn wide s t r i p  t h r o u g h  the i-ientaic-: a l g a l  
zone of f  t h e  W e s t  Pubn ico  penir rsuia  during the sI;znrr,er, :I975 





on weight for t n e  e ; g h t  m o s t  a b u n d z n t  g e n e r a ,  Note t n a t  
A s c o p h y l l u r n ,  C n o n d r d s ,  a n d  L a m i n a r r a  s p p .  make u p  7 4 , 2 S  of t h e  
b i o m a s s .  F l v e  o t h e r  g e n e r a :  F u c u s  E i n n a e u s  s p p , ,  P h y l l o p h o r a  
G r e v n l i e  s p p , ,  G o r a l l i n a  o f f i c s a n a l r s  L., C h a e t o r n o r p h a  Kutznng  
s p p , ,  a n d  Desmarestia L a n o u r o u x  s p p ,  make up 23,8% of t h e  
r e r n a b n l n g  ~ i o m a s s  a n d  " o t h e r "  taxa r e p r e s e n t  t h e  r e m a n n d e r  
{ 2 % j .  

~ s c o p h y l l u n  b e g i n s  a t  3 - 5  m a b o v e  c h a r t  dacum ( F i g u r e  5 ,  
~ a b l e 7 ) ;  b e t w e e n  3,5 a n d  3 , 0  rn the mean s t a n s i n g  c r o p  was 
3 , 2  - + 2-0 g wet weignt/rn2, B e t w e e n  2 3  m a n d  0 - 5  rn t h e  
mean w e t  werght/rn2 w a s  6720 r 5111,2 g ;  this d e c r e a s e d  t o  
t o  31-0 + 185,6 g w e t  w e n c j b t p i ~ ~  b e t w e e n  enart d a t u m  hnd 
6 m ~ e l 6  c k a r t  d a t u m ,  The mean s t a n d i n g  c r o p  f o r  t h e  e n t i r e  
Ascophy??urn zone w a s  1 7 0 0 . 8  - + 3804.8  g w e t  weight / rn2 .  

C k o n d r u s  r a n g e d  r n  d l s t r r b u t i o n  f r o m  3 , s  XI m o v e  c h a r t  
d a t u m  t o  10-5 rn b e l o w  c h a r t  d a t u m  ( F i g u r e  6 ,  T a b l e  2)- 
B e t w e e n  its u p p e r  i;mit and  2-0 m, t h e  mean s t a n d i n g  crop was 
130.0 -b 156.0 g w e t  weight / rn2 ,  T h ~ s  i n c r e a s e d  eo 
1057.6-t 820,O g w e t  weight / rn2 b e t w e e n  1-5 rn and -7-6 n 
a n d  d e c v e a s e d  co 54-8 + 54-8 w e t  weight /x2  b e t w e e n  - 7 , s  
a n d  -;0.5 m, The  m e a n - s t a n d r n g  c r o p  f o r  t h e  e n t i r e  G n o n d r a s  
z o n e  was 1 0 5 4 . 8  - i- 952,O g w e t  wexght/m2, 

L, i o n g r c r u r i s  Pyl, r a n g e d  From 2.0 m a b o v e  c h a r t  datum 
t o  -8T5 rn below {Figure 7 ,  T a b l e  21, Mean s t a n d r n g  c r o p  from 
the upper limit down t o  c n a r t  d a t u m  w a s  6 5 , 6  t 1 4 2 - 4  g wet 
welght/m2 bet wee^ -0-5 and  - 8 . 0  m. T h e  mean s t a n d i n g  crop 
throughout t h e  zoce w a s  9 4 4 . 0  - +- 2 2 4 3 . 6  g  w e t  wenght/rn2, 

L, d i g r r a t a  (Huds,) L a m o a r ,  r s n g e d  f ro3  i,O x a a o v e  chart 
cazum-to  - 7 , s  m b e l o w ,  a n d  ~ e t w e e n  its u p p e r  l i m ; t  and  -1-5 x 
t n e  s t a n d r n g  c r o p  w a s  1 2 3 . 6  + 187,5 q w e t  welght / rn2  
(Frgure 8 ,  T a b l e  2 1 ,  T h r s  i n c r e a s e d  t o  615-6 - T 9 7 5 - 2  g wet 
welght/m2 b e t w e e n  -2,5 m a n d  -7.0 m, The  n e a n  s t a n d ~ r ~ g  
c r o p  t h r o u g h o u t  t h e  zone was 4 i 6 , O  - + 785,4 g w e t  welght/m2, 

Tne P u b n i e o  area ( F n g u r e  i) h a s  approximately i7-2 krn oE 
cornrnerclally h a r v e s t a n l e  s h o r e  z h a t  n s  I r k e l y  s i m r l a r  r n  both 
p h y s r e a l  and c h e i z r c a l  e c o l o g r e a i  p r ame te r s  t o  t h e  s h o r e  
s u r v e y e d  off t h e  West Pubnaeo p e n b n s u l a ,  G s i n g  t h e  d a t a  
above, the total s t a n 6 ; n g  c r o p  o f  b e n t h l e  a l g a e  nn t h i s  a rea  
was c a l c u l a t e d  a t  1 2 6 2 2  MT wec welgnt, Of r h l s ,  Ascoph I 

G h o n d r u s ,  -- - L, i o n g r e r u r r s ,  a n d  i, d n g l t a t a  w o u l d  x a k e  u p  
3529-5 PIT, 2 8 7 0 . 9  KT, 1077 ,O  PIT, a n d  1947-4 MT r e s p e c e r v e l y ,  

O u r  d a t a  f o r  the aarrington ( F l g w - e  9 )  a n d  r l e d g e p c r t  
( F i g u r e  1 0 )  a r e a s  a re  n o t  complete b u t  t h e  q u a n t i t l e s f k m  o f  
s h o r e  are  l i k e l y  s i m i l a r  t o  t h e  Pubnrco a rea ,  Z a g g e r t y  a n d  
 elle en brand ii976j s u g g e s t e d  c n a z  t h e r e  was 23500 MT of 
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Figure 6. The distribution, by w e i ~ h t ,  of - C, crispus in relation to chart  
datum along the West Pubiiico peninsula, 



Weight L. longicroris (wet  g h . 2 5  m21 
12 

F i g u r e  7 .  The d i s t r i b u t i o n ,  by weight, of - L. l o n g i c r u r i s  i n  relation to 
chart datum a long  the Xost  Pllbnico p e n i n s u l a .  



Weight L .  d ig i ta ta  ( w e t  g/0.25 m21 

Chart Dafum 

Figure 8. The distribution, by weight, of - L, digitata in relation to 
chart datum along the West Pubnico peninsula. 



BARRllrdGTON AREA 

I M E A N  NUMBER HARVESTERS 1975 

[I MEAN NUMBER HARVESTERS 1976 

Figure  9.. The commercially impor tan t  beds  o f  Chondrus i n  t h e  Ba r r i ng ton  
a r e a  and t h e  d a i l y  mean number o f  h a r v e s t e r s  o b s e r v e d h e d  duriing 
1975 and 1976. 
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Figure 10. The commercially important beds of Chondrus in the Wedgeport area 
and the daily mean number of harvesters oSserved/bed during 1915 
and 1976. 



Chon&-us ' & t w e e n  Cape Sable  I s l a n d  ane P i n k n e y  Pt, [ca, 406 Xm - 
of shore j and t h i s  was in beds with greater than 40% coverage, 
The  h a r v e s t  in 1956 w a s  appj-oxi~~ate1-y 3aCG MT (MacFarlane, 
1952) and the latter author noted, ",,,it is es t ina ted  that 
t h e  total of nearly eight million 2 o u n d s  probably represents 
a b o u t  one-t-ird of t h e  avaiLabl2 Cl;ondrus i~ t h i s  --- --- par t  of PGC3v;a 

r - 9  Scotia, ""his would be approxin-s&tcly 9763 MT, tne mean 
annual crop of Chond~us f o r  the period frofi; 1974 to 1978 ~ a c  -. u 
111fiO MT wet weight ( F i g u r e  ii), only s i i g k t i y  rssre than the 
s u g g e s t e d  " a v a i l a b l e "  crop eaieulated by NacFarlane (ap, - - ckt), 

D u r l a g  1975 and 1476, betweera Czipe fabie I s L a n d  ana 
V ~ 3 t  G u r r n g  =he P i n X n e y  Pe., s d r v e y s  were made along ck1e c---" 

h a r v e s e r n g  season to 6etermlne the Eollowrng: the Ioeeeron or - - 
cce econom~eal;y i~pereact ~ e d s ,  the h z r v e s  trcg error:, and 
the proxrnlty of t he  beds co rnCirvzduaL h s r D D ; r s ,  S ~ x t y - o f i e  
(61) ~ e d s  (Flgores 1, 9, and 16, Yhbie 3: were bdect;f,ea aLa 
4 3  separaee harboers ( T a ~ l e  4) noeed,  4pprox;nate:y 656 boats 
were c o d ~ c e d  in harbodrs d d r l n g  a 2eriod i n  n l 6  acason wrxn  i; 

"7 p, was too rough Zs harves", I T a ~ i e  4 ) , ,,,e araricai ria1u.e oZ w e  
~ n d u s t r y  cs the h a r v e s t e r s  1s asprcx;zaeely 52 zllllor-, 

5, GROWTH AND 2EPRODUCTICN 

- L L  A- was felt ecat aspects sf t ne  = l o l o g y  of Ckondrc s  cod id  
-- 

sest se actalned 5y ~ u t p l a r ~ t i c g ;  ckAus ,  eezhn iques  were 
d2ve;opd t h a t  e c u l d  be e~2loyed LZ coxnerc;ally ixportant 
~ e d s  (5an;c acd Prsngie, 19781, B eoncreze aur?la~@ing block 
was secured to tke occac x t t o n  off t h e  K e s ~  Puonlco 2enrzsu;a 

at 0,5 m aelow e h & r c  d a e m ,  Tce o u r p l a n e s  M e r e  (Flg~re 1" 
observed at r e g u l a r  intervals and g r o w t n  was ;crtPaiiy 
assessed ay Increase I n  l 3 n g c k  ( l a g ~ r e  125, Classes 2-TV nn 
S l g a r e  13 r e f e r  to PrlneeY s (2971) rnorpne2cg;cal eicsses,  

m - .  - i h e  p l a n t s  f n ~ r e a s e a  ~n s e n g ~ h  by a f a c t c r  cf t w o  between 
A L ; ~ ~ ~ ~ ~ ~  October, 197Q, Thereafter, t h e  rate of i n c r e a s e  
was constant z u j y ,  1973; t h e  rz"3 LC inc reased  a $ a i n  bet-depn 
A j ~ g m s b a d  November ,  The first dichotomy was obserx~e- U LR ' 

O c t c b e r ,  1976, t he  second in 4ate  March,  and the s i x t h  by 
.- * November, Car~ospsrangia were rlrst observed i n  l a t e  August, 

1977, when coincidentally the first Class 1x1 p l a n t s  were 
observed j F i g u r e  12 1 , 



Y e a r  

Figure  11. The commercial landings of Chondrus f o r  the years 1374 to 
i978 in Marine Plant Harvesting District 12, 
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TABLE 3.  The l o c a t i o n  o f  c o m i e r c i a l l y  impor tan t  Chondrus c r i s p u s  beds  o f f  
sou thwes te rn  Nova S c o t i a  . 

Wedgeport S e c t i o n  Pubnico S e c t i o n  B a r r i n g t o n  S e c t i o n  

A l l e n  I s l a n d  
Big  F i s h  I s l a n d  
Big F i s h  Reef 
E a s t e r n  Bar 
F a r  P o i n t  i s l a n d  
F a r  P o i n t  Is l a n d  Ledge 
F i s h  Ledge 
Green I s l a n d  
Green I s l a n d  Ledge 
Half Bald I s l a n d  
I n n e r  F i s h  I s l a n d  
L i t t l e  Bald I s l a n d  
L i t t l e  F i s h  I s l a n d  
L o b s t e r  I s l a n d  
Lobs te r  I s l a n d  Ledge 
Mark's I s l a n d  
Mike I s l a n d  
S p e c t a c l e  Is l a n d  
Tucker I s l a n d  
Tusket  I s l a n d  
Tusket  Wedge 
Western Bar 
Wilson I s l a n d  
Wilson Poinz 

a b o t t  Harbour 
A r ~ l l e  S o m d  
Camp I s l a n d  
F r o s t  i s  l a n d  
Jones I s l a n d  
Lear  I s l a n d  
The Thrum i s l a n d  
Ledge Harbour 
Lcwer A r g y l e  
Morton Neck 
Peggy I s l a n d  
Pubnico Harbour 
Pubnico S t r e t c h  
Ram I s l a n d  
S t .  Ann P o i n t  
The Twins 

Bald  Bar 
B a r r i n g t o n  Pass  age 
3 e a r  P o i n t  
Bear  P o i n t  Thrums 
B0n P o r t a g e  
Egg I s l a n d  
F i s h  I s l a n d  
Forbes  P o i n t  
Goodwin I s l a n d  
Green Ledge 
Lower Woods Harbour 
Oute r  I s l a n d  
P r o s p e c t  i s l a n d  
S t .  John I s l a n d  
S t .  John Ledge 
Shag Harbour 
Solomon I s l a n d  
S  toddard  Is l a n d  
Vigneau I s l a n d  
West Head 
Whale I s l a n d  



TABLE 4, The n w b e r  o f  Chondrrus b o a t s  oSserved/harbour  on a bay i n  
mid-Cnondrus season when it w a s  t o o  rough t o  h a r v e s t .  

Harbour 1975 Count 1976 Count 

The H a w k ,  Cape S a b l e  I s l a n d  
C l a r k s  Harbour, Cape S a b l e  I s l a n d  
Swims P o i n r ,  Gape S a b l e  I s l a n d  
West Head, Cape S a b l e  I s l a n d  
Newellton, Cape S a b l e  I s l a n d  
Orion Wnarf, Cape S a b l e  I s l a n d  
C r i p p l e  Creek,  Gape S a b l e  I s l a n d  
Causeway, Cape S a b l e  I s I a n 6  
m c t o r s  Cove 
Bear  Point 
Shag Harbour 
P r o s p e c t  P o i n r  
Lower Woods Harbour 
Woods Harbour 
Forbes P o i n t  
B.C. Packers  Wharf 
Ledge Harbour 
Dennis P o i n t  
W ~ o t  s Harbour 
Argyle  Sound 
Lower Arcjyle 
Camp Cove, Lower Argyle  
Glenwood 
Rocco Poine 
&rams Xiver  
S u r r e t t s  I s l a n d  
Morr is  I s l a n c  
Lower S u r r e t t s  I s l a n d  
S l u i c e  P o i n t  
Mdzse 2o;nt 
B"&iiards P o i n t  
gobards I s l a n d  
- 
a e l  Brook 
W e d ~ e p o r t  ( P u b l i c  Wharf) 
Wedqeport {Doueet Wharf) 
Wedgeport (Tuna blharf) 
Wedgeport (Cape Wharf) 
Little River  
Corneau Hill 
Pinkney Point 



g r o w t h  ( ~ n c r e a s e  i n  i e n y t h )  of t a g g e d  p l a n t s  on  t h e  w e s t  coast 
of I r e l a n d  and t h e n  e s t i m a t e d  t h a t  m a t u r e  p l a n t s  had b e e n  
i n i t i a t e d  t w o  y e a r s  p r e v i o u s l y  f r o m  t h e  b a s a l  d i s c .  

M a e F a r l a n e  ( 1 9 6 8 )  e s t i a a t e d  c h a t  " f r a i t i n g  b o d l e s 9 *  a r e  
d e v e l o p e d  f i v e  y e a r s  a f t e r  s p o r e  g e r m i n a t i o n  i n  p l a n t s  o f f  
c o a s t a l  N e w  B r u n s w i c k  and Kova S c o t i a .  From t h e  d a t a  
p r e s e n t e d  h e r e  i t  a p p e a r s  M a c F a r i a n e D s  ( o p ,  - - c i t , )  e s t i m a t e  can 
b e  r e d u c e d  by two t o  t h r e e  y e a r s .  

4, PLANT SUCCESSION 

C o n c r e t e  o u t p l a n t i n g  b l o c k s  were p u t  i n  p l a c e  ( H a n i c  and 
P r i n g l e ,  1 9 7 8 )  i n  Z u l y ,  1 9 7 5 ,  a t  v a r i o u s  d e p t h s  o f f  t h e  west 
s i d e  o f  t h e  W e s t  P u b n i c o  p e n i n s o l a .  I t  was o r i g i n a l l y  p l a n n e d  
t o  q u a n t i f y  p l a n t  s u c c e s s i o n  on a  r e g u l a r   asi is b u t  t i m e  was 
n o t  a v a i l a b l e .  However ,  t h e  b l o c k s  were p h o t o g r a p h e d  
r e g u l a r l y  and s c r a p i n g s  f r o m  t h e i r  s u r f a c e  were o c c a s l o n a l i y  
made. 

The o b s e r v a t i o n s  p r e s e n t e d  be low were made on B l o c k s  2 
and  2 a ,  l o c a t e d  5 c m  a b o v e  c h a r t  da tum.  

By mid December ( f o u r  months  a f t e r  p l a c e m e n t )  o n l y  a  
small p e r c e n t a g e  o f  t h e  b l o c k s  w e r e  c o v e r e d  w i t h  r r a c r o a i g a e  
and  t h e y  were e p h e m e r a l s  ( T a S l e  5 ) .  S i m i l a r  c o v e r  was p r e s e n t  
i n  March and  A p r i l  { T a b l e  5). The number o f  t a x a  p r e s e n t  i n  
May and J u n e  i n c r e a s e d  m a r k e d l y  ( T a b l e  5 ,  F i g u r e  131,  and  by 
A u g u s t  much o f  t h e  b l o c k  was c o v e r e d  w i t h  C e r a m i u ~ ,  r u b r u m  
( F i g u r e  1 4 ) .  C h o n d r u s  g e r m l i n g s  were f i r s t  o b s e r v e d  a t  t h i s  
t i m e  and were a b o u t  1 . 5  e n  l o n g .  They no d o u b t  o r l g l n a t e d  
f r o m  s p o r e s  d i s c h a r g e d  sonetirne b e t w e e n  S e p t e m b e r  and 
aece rnber .  The m a c r o a l g a l  d i v e r s i t y  i n c r e a s e d  by a  f a c t o r  of  
t w o  b e t w e e n  A p r i l  and  May ( T a b l e  5 )  a n d ,  a t  t h i s  t i m e ,  t h e  
f i r s t  d i c n o t o m y  was o b s e r v e d  on  t h e  C h o n d r u s  p l a n t s ,  now a b o u t  
2 . 0  ern l o n g .  L .  l o n g i c r u r i s  p l a n t s  were f i r s t  n o t e d  a t  t h i s  
t i m e  ( T a b l e  ST. A f t e r  38 m o n t h s  t h e  b l o c k s  were c o v e r e d  by - 
p e r e n n i a l s  s u c h  a s  C h o n d r u s ,  L z n i i n a r i a ,  and F u c a s  ( F i g u r e  151, 
t h e  f o r m e r  b e i n g  t h e  most a b u n z a n t .  

T h u s ,  a t  t h i s  p a r t ~ c u i a r  s i t e ,  it t a k e s  a b o u t  three y e a r s  
t o  a c q u i r e  z. r e l a t i v e l y  d e n s e  b o t t o m  c o v e r  o f  C k o ~ d r u s  oc 
c o n c r e t e  b l o c k s ,  The s u c c e s s i o n  on  t h e  g r a n i t i c  o u t c r o p s  
would  l i k e l y  be  s i m i l a r .  A l t h o u g h  a  few p l a n t s  a r e  
h a r v e s t a b l y  m a t u r e  t h e  b u l k  a r e  n o t ,  and it wouid  t a k e  a  
minimum o f  a n o t h e r  y e a r  to  a t t a i n  a  r e l a t i v e l y  d e n s e  b e d .  

The s u c c e s s i o n  on  " b a r r e n "  g r o u n d s  would l i k e l y  b e  
c o n s i d e r a b l y  slower,  T h e s e  b l o c k s  were p l a c e d  i n  t h e  m i d d l e  
of d e n s e  C h o n d r u s  b e d s ;  c o n s e q u e n t l y ,  s p o r e  s e t t l e m e n t  wouid 
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Figure Block #2A, Pubnico, N.S. 
on June 22, 1976, almost 
11 months after placemen 
showing light recruitmen 
of ephemerals . 

Figure 14. Block #]a, Pubnico, N . S . ,  
on August 25, 1976, 
filmed 12-1/2 months 
after placement, showing 
almost complete coverage 
by Ceranium with some 
Fucus and ~arninaria 
present. 



Figure  15. Block # 2 A r  Pubnico, Rs., On SeptenSer 18, 1978, Fi lmed  25 months 
a f t e r  placement, showing t h e  e s t a b l i s h n e n l  of perennials, such as 
Chondrus,  ami in aria, and Fucus. 



likely nc heavier than on barren grounds, As a result, the 
patterc of succession might be dif ferenc and the time to 
acquire a mature Cho~drus bed foliowing urchln removal could 
be erght to ten years. 

There 1s a I~xurious standlng crop of macroalgae rn 
southwestern Nova Scotia that likely contrrbutes slgnlficantly 
to the primary ~roductiv~ty of  he area, The four eornrnerclal 
species, A, nodosum, G, crispus, L. longlcrurrs, and 
i. d~gitata, make up 74,2% of the-standing crop. Tnere are - 
approximately 650 fishermen rn the area that sup2lement their 
income by harvesting Chondrus, The harvest~ng and extractlsn 
of algin from Aseophyllurn is an nrnportant local bnduscry, 
Consequently, it wouPa be unforeunate to permit the decimat~on 
of these beds of benthic algae by sea urchins, partncuiarly 
when rt takes a mrninum of three years to at-caln a h a r v e s c a b l y  
mature Ghondrus p l a ~ t  from a sFore and possioly from flve to 
ten years to develop a dense bed on barren grounds. 

ACKNOWLEDGEMENTS 

Thanks are extended zo Jackie Booth, 2en;e Eall 
Doug MacXae, and Dale RodGick for enear assistance in the 
biomass, outpianting, and successron stodles ani ta 
Don Jones for his assistance in iscatlng @o%nerciaily 
important Chondrns beds and determining harvester effort, 
Rob Hooper, Memorial University of Newfoundland, assisted w r t h  
plant identification, Local Chondrus harvesters such as 
Deiphus d'Eon and Arehur Lewis dXnttremone eisslsted w a t n  boat 
charters. 

REFERENCES 

Anonymous, 1975. Canadian Tide and Current Tables, 

Breen, P.A, and K,R, Mann, 1976, Changlnq lobster abundance 
and the distribution of kelp beds by sea tirehlns, Mar, 
Biol. 34: 137-142. 

Ffrench, K.A. 1971, The Irish moss industry. Dept, Fish, ana 
Forest., Ottawa: 236 p. 

Haggerty, L.C. and K. tiellencr~n6. 19?6, Irish moss survey I n  
sotithwese Nova Scotla, Nova Scotla Kes, Foun6, Corp,, 
No, 9026: 1-67. 



H a n i c ,  2. and J,B. P r i n g i e .  1978, O u t p i a n t  methoa  f o r  
p h e n o i o g i c a i  s t u d i e s  of C h o n d r u s  c r i s p u s  i n  r n e c h a n ~ c a i l y  
h a r v e s t e d  b e d s .  J. F i s h ,  R e s .  Bd Canada 35:  336-338. 

M a e F a r i a n e ,  C, 1952, k s u r v e y  of c e r t a i n  s e a w e e d s  of 
c o m m e r c i a l  i m p o r t a n c e  i n  s o u t h w e s t  Nova S c o t i a ,  Can ,  5, 
B o t ,  3 0 :  78-93,  

M a c F a r l a n e ,  C, 1 9 6 8 ,  C h o n d r u s  c r i s p u s  S t a c k h o u s e  - a  
s y n o p s r s .  N.S. R e s ,  F o u n d , ,  H a l i f a x ,  N , S . :  47  p, 

McPeak, R, 1 9 8 0 .  A p r e l i m i n a r y  a s s e s s m e n t  o f  t h e  L a m ~ n a r i a  
r e s o u r c e  n e a r  L o w e r  Woods H a r b o u r ,  Nova S c o t i a ,  d u r i n g  
July, 1 9 7 7 ,  I n  P r o c e e d r n g s  o f  t h e  w o r k s h o p  o n  t h e  
r e l a t i o n s h i p  z t w e e n  s e a  a r c k i n  g r a z i n g  and c o m m e r c i a i  
p l a n t / a n i r n a l  harvesting ( e d .  J , D .  P r i n g l e ,  G.J. S n a r p ,  an6 
J , F .  C a d d y ) .  Fisheries and  O c e a n s  C a n d a ,  H a l i f a x ,  Nova 
S c o t i a .  

P r i n c e ,  J. 1 9 7 1 ,  An e c o l o g i c a l  s t u d y  s f  t h e  m a r i n e  r e d  a l g a  
C h o n d r u s  i n  t h e  w a t e r s  off P l y m o u t h ,  M a s s a c h u s e t t s .  Ph.D. 
T h e s i s ,  C o r n e l l  U n i v e r s i t y ,  S t h a c a ,  N e w  York ,  1 9 1  pp. 

P r i n g l e ,  9.D- 1 9 7 6 .  The m a r i n e  p l a n t  i n d u s t r y  - c o m m e r c i a l l y  
i m p o r t a n t  s p e c i e s  and  r e s o u r c e  management .  I n  P r o c e e d i n g s  
o f  t h e  Bras d80r L a k e s  A q u a c u l t u r e  ~ s n f e r e n c e ( e d ,  
G,N, McKay and  X, McXayl, C o l l e g e  of Cape B r e t o n  Press,  
Sydney,  N.S. :  161-181 ,  

P y b u s ,  G, 1 9 7 7 ,  The ecology of C h o n d r u s  and 
s t e l l a r a  ( R h o d o p h y t a )  i n  Galway Bay, J. Mar. B i o i .  Assn, - 
U , K ,  57: 509-728. 

R o s e n v i n g e ,  K.L. 1 9 3 1 ,  The m a r i n e  a l g a e  of Denmark, 
c o n t r i b u t i o n s  t o  t h e i r  n a t u r a l  h i s t o r y .  I V ,  Rhodophyceae  
( G i y a r t i n a i e s ) ,  K o n g e l i g e  Danske  V i d e n s k a b e r n e s  S e l s k a b s  
S k r i f t e r ,  7 R a e k k e ,  N a t u r v i d e n s k a b e l i g  og Mathematisk 
A f d e l i n g ,  7:  499-542. 

S h a r p ,  G,j, 1980, Tne hnscsry of L a x r n a r l a  n a r v e s e l c g  off 
s o ~ t n w e s t e r n  Nova S c o t l a ,  In P r o c e e d r n g s  of t h e  w o r k s n o p  
o n  ~ h e  r e l a t r o n s h l p  b e t w e e n  s e a  u r c k r n  g r a z r n g  a c d  
comrnerc la l  p l a n t / a n r m a l  n a r v e s t r n g  ( e d ,  J.D, P r l n g l e ,  
G.J. S h a r p ,  and J . F ,  C a d d y ) .  Z r s n e r l e s  and O c e a n s  C a n a d a ,  
H a l l f a x ,  Nova Sco ' c ra .  

T a y l o r ,  A,R,A. 1959/60, S e a w e e d s  i n v e s t i g a t i o n s  ( I r i s h  moss). 
Ann. Rep. and  I n v e s t i g a t o r s  Sammar ies .  F i s h .  R e s .  33 
C a n a d a ,  S t .  Andrews,  N - 3 .  : 181-183.  



HISTORY OF KELP HARVESTING IN SOUTHWESTEAlq NOVA SGOTIA 

Glyn J. Sharp 
Department of Blsherres and Oceans 

Resource Branch 
Inverte~rates and X a r l n e  Plants D ~ V ~ S I O ~  

Halrfax, N , S ,  

INTRODUCTION 

One of the aizs sf thls workshop is to ~rovide a  
strong scient~f PC basls for mafiagement of our rernarnbnj 
kelp resources, An rl,zpenCilng quesrlorr 1s:: tc;. wha", exten; 
shoulk kelp narvestlng be permitted in soutnbessern Nova 
Scotia jS,W,S,S,)? Irlsr to the exlseence of any 
governmental control or scse~taflc ;nvestigataon, a keip 
harves~ing ~ndustry exlstee 1c S , W , N , S ,  from 4943 to i945, 
Tne  A i y r n  Corporaclon of merrea  obtalced its raw materlai 
from S.W,N.S, for an alganate extractnon plant at Roeklana, 
Kame, Tnrodgh ~ntervlews wrth f rsherrnen, forxer company 
offlerals, and lla~ted publrsned ~nformatron, I have 
oDtalned a reasonable Snstory of this ~ndustry. 

DEVELOPMENT OF THE I N D U S T R Y  

There were two prlnclpal harvest areas centered around 
coileetion centers. H o l d l n s  tanks were constructed ar  
Ciarks Harbour on Gape Sable Island by 1440 and at Lloq 
Island I n  tne Tusket Islanes by 1913 [for loeatiori ,  se? 
Figures 9 and 10, pages 157 and i58 respectively, of x i s  
volume), Inrtiaiiy, all kelp was Gelivered drrectly to the 
tank site; nowever, due to sxcesslve delays In u n i o a d l c s ,  
the buyer provided floats for off-loading at nuaerous 
wharves rn each area frse which ke collected the harvese, 
In addlkion, ehe harvesters were provlaed wltn 5G0 Ib 
capacity net bags to facilrtate handilng naterial to acd 
from che t a n k s ,  

During the f;rst chree yea r s  o f  harvestnng, the 
harvest methods consisted of c u t t r n g  wlth slckies or 
scythes at low tide, uslncj grapnels and gatnernng 
storm-tossed zaterlal, T5ese methods karvested a a l n l y  
LarfiFnarla dlgltatz (Ruds, 1 Larnobr, (h~rsetari kelp) , The 
buyer agaln ~rcproved the narvest teennology by nnerodueing 
a large dragrake to harvest the deeper popuZatrons of 
Laminaria iong;crurls De La Tyiaae (broadleaf kelp), It 
ccmslsted of a 1,s rn-l,8 m gleee o f  oak w a r h  steel rods 
3C en-45 cn: Isng, spaced 7 - 5  cn-12-5 em apart as trnes 
j?lgure I), Tnls was draggea over the bed oy lobster boats 
9 - 2  m-12,3 rn in length, eqdlpped wsth winches, Usually two 
men were requlred to handle t h ; s  equlprnenc, 
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Figure 1. Kelp dragrake a s  used i n  southwestern Nova Scot ia  i n  t h e  1940's. 

a) towing point  ( f l a t  bar  s teel)  
b) rake t i n e s  (mild s t e e l  rod) 
C )  main beam (hardwood] 
dl t r i p  pa in t  



The m a i n  h a r v e s t  began  i n  t h e  e a r l y  su1l:mer af e e r  t h e  
e n d  o f  t h e  l o b s t e r  s e a s o n  and  c o n t i n u e d  w e l l  i n t o  t h e  
w i n t e r  m o n t h s .  S t o r m - t o s s e d  material  w a s  p r i n c i p a l l y  
g a t h e r e d  i n  t h e  f a l l  and  e a r l y  w i n t e r ,  Each b o a t  c o u l d  
h o l d  1 0  t o  1 2  t o n s ;  and  d u e  t o  t h e  ease o f  h a r v e s t ,  some 
h a r v e s t e r s  made two t r i p s ,  h a r v e s t i n g  2 0  t o n s  p e r  Gay, 
Al tho i igh  w e  o n l y  h a v e  rough  estimates o f  t h e  t o n n a g e  p e r  
d a y  l a n d e d  by t h e s e  e a r l y  kelp h a r v e s t e r s ,  r e c e n t  s t u d i e s  
o n  t h e  e c o n o m i c s  o f  k e l p  h a r v e s t i n g  i n  t h e  Grand Manan a r e a  
p r o v i d e  more p r e c i s e  d a t a ,  Using a  steel. d r a g r a k e  
( F i g u r e  21, h a r v e s t  ra tes  were f rom 114 t o n  to 5 t o n s  p e r  
h o u r  d e p e n d i n g  o n  t h e  h a r v e s t  a r e a  ( T a b l e  1 ) ,  I t  was f o u n d  
t o w s  o f  l e s s  t h a n  f o u r  m i n u t e s  f i l l e d  t h e  rake t i n e s ,  
D i v e r s  o b s e r v i n g  t h e  a c t i o n  of t he  r a k e  I n  t h e  bed n o t e d  
1 0 %  o f  t h e  p l a n t s  i n  t h e  p a t h  o f  t n e  r a k e  were removed,  t h e  
m a f  o r i t y  s l i p p i n g  t h r o u g h  t h e  t i n e s ,  T h e  h o l d i n g  c a p a c i t y  
o f  t h e  h a r v e s t i n g  v e s s e l  and t h e  d i s t a n c e  t o  t h e  k e l p  ~ e d s  
were t h e  l i m i t i n g  f a c t o r s  r a t h e r  t h a n  e f f  i c i e n e y  of t h e  
g e a r  ( S h a r p  a n d  N e i s h ,  1 9 7 S ) ,  The p r i c e  t o  t h e  f i s h e r r n e c  
i n  t h e  2940"  b e g a n  a t  $5  p e r  w e t  t o n ,  and r e a c h e d  a  
maximum o f  $8 p e r  t o n .  T h i s  price w a s  very c o m p e t i t i v e  
w i t h  l o b s t e r ,  which  a t  the b e g i n n i n g  o f  t h i s  l n d u s t r y  
r a n g e d  f rom $ . I 7  t o  $.36  p e r  p o m d  and  was s u b j e c t  t o  g e a r  
loss and w e a t h e r  l i m i t a t i o n s ,  I r i s h  moss h a r v e s t i n g  d i d  
n o t  become a c o a p e t i t i v e  i n d u s t r y  u n t i l  a f t e r  f 9 4 5  when t h e  
p r i c e  w a s  $ . 0 5  p e r  pound f u r  d r i e d  I r i s h  m o s s  and 5 ,6E p e r  
pound w e t .  

The h a r v e s t  o f  k e l p  s f  f e r e d  many a d v a n t a g e s  o v e r  
m o s s i n g  and  l o b s t e r l n g ,  The w e a t h e r  was r a r e l y  a p r o b l e m  
s i n c e  t h e  a r c h i p e l a g o  o f f e r e d  s h e l t e r e d  h a r v e s t  areas,  A 10 
t o  1 2  t o n  h a r v e s t  c o u l d  b e  o b t a i n e d  in t w o  to four h o u r s  
w i t h  a n y  t i d e  l e v e l .  N o  f a r t h e r  p r o c e s s i n g  or  h o l d i n g  of 
t h e  h a r v e s t  was r e q u i r e d  by t h e  h a r v e s t e r ,  T h e s e  
a d v a n t a g e s  e n c o u r a g e d  20  t o  30  b o a t s  i n t o  t h e  i n d u s t r y  o n  a 
p a r t - t i m e  b a s i s  i n  e a c h  a r e a .  

C o n c r e t e  h o l d i n g  t a n k s  4,6 rn x 4,6 m x 1 - 2  m and 
l a r g e r  were c o n s t r u c t e d  at t h e  c o i l e c t i s n  s i t es ,  h o l d i r ~ g  4 0  
t o  60  t o n s .  S i x  o f  t h e s e  t a n k s  h e l d  the h a r v e s t  a t  3og 
I s l a n d  i n  a  18-208 s a l t  s o l u t i o n ,  D u r i n g  t h e  h e i g h t  of t h e  
s e a s o n  a 29  m company b o a t  was u s e 2  t o  t r a n s p o r t  the k e l p  
t o  R o c k l a n d ,  Maine, t w o  t i m e s  p e r  week,  c a r r y i n g  100 t o n s  
p e r  l o a d ,  O t h e r  b o a t s  were c h a r t e r e d  as t h e  h a r v e s t  
demanded.  The h a r v e s t  had no  r e s t r i c t i o n s  p l a c e d  upon i t ,  
The amount  o f  h a r v e s t i n g  i n  a  bed d e p e n d e d  e n t i r e l y  o n  its 
d i s t a n c e  f rom a c o l l e c t i o n  c e n t e r ,  i ts wave e x p o s u r e  and 
t h e  h a r v e s t  p e r  u n i t  e f f o r t  c o n s i d e r e d  e e o n o m i e a l  by t h e  
f i s h e r m e n .  D u r i n g  t h e  c o u r s e  of t h i s  o p e r a t i o n ,  t h e  
e s t i m a t e d  p e a k  y e a r  o f  h a r v e s t i n g  was 5 , 0 0 0  t o  6 , 0 0 0  w e t  
t o n s  o f  k e l p .  E x a c t  r e c o r d s  s f  e x p o r t s  are o n l y  a v a i l a b l e  
f r o m  t h e  C l a r k s  H a r b o u r  o p e r a t i o n  f o r  1 9 4 2  to 1949  (Tab le  2 ) -  
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Table I .  A. Kelp yield/tow - Oxhead, Grand itlarian 

Tow no. Kelp w e t  weight Duration of  tow 
j lbs/kgl (minutes 1 

2. Kelp ha rves t  r a t e s  i n  Grarid Manan ke lp  beds. 

T r i a l  Locale Kelp wet weight Duration 
(Ibs/kg) (hours)  

1 Grand Harbour 320/145 
2 Green I s l and  & Oxhead 2,000/909 
3 Sheep Rock Channel 378,972 
4 Sheep Rock Channel 260/118 

*Neish and Sharp, 1976. 



T a l e  2 .  K e l p  exports - C i a r k s  Harbour, 1942-l'!M9*, 

Year W e t  wei5h-t Operational period 
( tons ) (months; 



- - $he i n d u s e r v  developed, in 1 3 4 6 ,  fievq h a r v e s t  
technology in the farm of a r f iechanieal  harvester, A mowing - ~ dev i ce  was cons$-rce.ced to r l c  on "I--- i - i s r -  'p-*ck .'a .J of a Cape . " I s l a n d e r  ( F i g u r e  3 ) .  T h i s  cons is ted  of a -'- , i l d ~ n - d r i ~ e n  -- 

reciprocating cutter on a s?ring-:oade6 " - frane, The frame 
c o u l d  be raised and lowered $0 zva;a rocks and to yoplace - - -A 

the n e t  bag used for  collecting +-he severed k e h -  This 
machine had n u m e r o u s  problems a12.d w a s  o n l y  partially 

s .  7t is nn-Lereseins 4 " s  note ">""  "I-." successful, A e s i ~  s u b  j ecieive 
observation was made that r z q p o w t h  of "'he c,. " r  a d d  was faster 
after c u t t i n g  t h a n  d r a g g i n g ,  a 20 n Soat was under 
construction to ac t  as a packer  afie h a r v e s t e r  ihli 194G6, 

. - The  i m p a c t  of i -his h a r v e s t  on t h e  x e A p  a n d  
associated resources is one of conjecture. A l t h o u g h  =here 
was riO ShOTf-a(Te Of  --"" rav1  ---.&-.-i illaLcL-C;I -'" in ~ some s p e e i f  i c  are&$ 

- . "  there were reports of harves ted  :>opuizelo~s A not recovering 
at a l l  or not reaching former s t a n d i n g  P---P irLupil Some 

. , fishermen a t t r i b u t e d  lower lobs ter  l a n a l n g s  to t h i s  
h a r v e s t ,  

5,800 to 6 3-t would appear t3a t  per  year 1s 
> "  an insignificant CroDDing ,.. i in Sew, P * , S ,  when eomparsd to the 

surveyed  s t a n d i c g  crop cf 90G,0C0 tons iXacFarlane, 1.952b). 





L i t t l e  H a l f  B a l d  I s l a n d  and S p e c t a c l e  I s i a n d  and l e @ g e s ,  
w h i c h  were a r e a s  most c e r t a r n i y  h a r v e s t e d  beeween 1943  and  
1 9 4 6 ,  had a t o t a l  o f  2 6 , 4 0 0  t o n s  when s u r v e y e d  be tween  1945 
a n d  1 9 5 0 .  The l e d g e s  n e a r  Cape S a b l e  I s l a n d  were r e p o r t e d  
t o  h a v e  2 9 , 0 0 0  t o n s  o f  s t a n d l n g  c r o p  a f t e r  s e v e n  eo n r n e  
y e a r s  o f  h a r v e s t i n g .  P e r n a p s  t h e  l n e f f l c i e n c y  of t h e  
d r a g r a k i n g  h a r v e s t  method a s  described e a r l i e r  c o n t r ~ o u r e d  
t k e  s u s t a i n e d  n a r v e s t  I n  t h e s e  a r e a s ,  

In t h e  p e r n o d  s i n c e  1949  t h e r e  were p e r i o d i c  
s m a l l - s c a l e  h a r v e s t s  o f  K e l p  for h e a l t h  f o o d  and meal. 
Bonda S e a f o o d s  p u r c h a s e d  k e l p  f o r  m a l  i n  t h e  rnld P9SOVs .  
A r g o s y  S e a w e e d s  p a r c n a s e d  a p p r o x l n a t e l y  20 t o n s  a t  $40 per 
t o n  i n  1 9 7 4 ,  More r e c e n t l y ,  M a r i n e  C o l l o i d s  h a v e  p u r c h a s e d  
s e v e r a l  h u n d r e d  t o n s  f o r  a  d r i e d  f o o d  p r o d u c t  i n  1978.  I t  
i s  n o t e w o r t h y  t h a t  t h i s  r e c e n e  h a r v e s t  was c o m p l e t e d  w i t h  a  
d r a g r a k e  d e r i v e d  f rom t h e  d e s i g n  used  t h i r t y  y e a r s  a g o ,  
Tke  h a r v e s t  o f  9 t o n s  f o r  f o u r  n o u r s  o f  t o w i n g  is a l s o  
s imi la r  to  e a r l i e r  c a t c h  per u n i z  e f f o r t  l e v e l s .  W e  
u n d e r s t a n d  t h a t  a n  i n c r e a s s n g  m a r k e t  f o r  d r i e d  kelp 
p r o d u c t s  w i l l  l e a d  t o  g r e a t e r  h a r v e s t s  i n  t h e  eornnng y e a r  
b y  M a r i n e  C o l l o i d s .  

- i n  c o n c l u s i o n ,  w e  h a v e  r e c o r d s  o f  a  f a i r l y  l o w  l e v e l  
b u t  s u s t a i n e d  h a r v e s t  f rom ~ w o  a r e a s  o f  S,W. N . S .  ; h o w e v e r ,  
n o  r e c o r d s  were made o f  t h e  impact on t h e  kelp beds or 
a s s o c i a t e d  r e s o u r c e s .  F o r t u n a t e l y ,  w e  a r e  now i n  a  
p o s i t i o n  t o  b o t h  m o ~ r t o r  t h e  ~ m p a c t  o f  k e l p  harvesting and 
c o n t r o l  t h e  l e v e l  and means  o f  h a r v e s t ,  
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dominated the bozzom to depths of 15 m: Lamfnarlh 
lsngicruris De la P y l a i e  and Lamlnaria d i g i t a e a  (Linnaeus) - 
Lanrnouroux.  These speelcs  comprise the Sulk sf commercially - 
ucilizabke kelps, Three additional k e l p s  were observed 
during diving surveys: Xiaria escuienta ( L f n n a e u s )  GreviPle, 
Agarurn cribrosum (Mer tens)  BOry, and ~Eesrhiza dermatoodea 
(De la PylaLe) 9. A q z r d h ,  -- Desmarestia sp?, were also 
c~lincted at a variety o E  sits~, 

Several papers dea; witn the systematics or ecology of 
:;ova Scotla seaweeds ( : * a z e F a r l a n e ,  i961; Xann, 1472, 1973; 
n-  laylor, 1957; Lan2 an6 :armY1, 1976; Breen and Mann, l976), 
Mann (19723 found tkae Laninarla at Sr, t4argaretPs Bay, Nova 
Seoeia, grew rapidly from January through April, and slowly 
from July through Oeto~er, Be estfaated that summer biomass 
curnover was four to ten times durlrdg the year, Chapman and 
Craig~e (1977) Geterm~ned that tne onset sf winter growth in 
L, longicruris carrelated with increased dissolved nitrate?, - 
Reserv3s of nhcsogen were accurndia~ed during winter months 
within the 2lants a rd  were subsequently depleted following 
reductxsn sf nitrate in the water column, 

METHODS A N 2  MATERIALS 

S c u ~ a  e q u i p ~ e n r  was used when dlvlng, and u n i s u r t s  
( P o s e i d o n  Co, itd, ) praviGed warath in tne %O C Nova Sz~tia 
waters, The diving tender was a leased 8,s rn Cape Island 
f~shing vessel, Diving operations were limited to depths 
ranging from 0 to 15 rn reiatlve to aean sea level during 
periods cf s i ~ c k  t:de, Areas for g e n e r a l  assessment were 
deterrnlned ny evaluating ckares a ~ 6  fathometer tracr~gs, A 
Farallon underwater propuision v e h i c l e  was used for general 
surveys to evalaate the substrate and extent of kelp beds 
over large areas, Areas surveyed by M a c F a r l a n c  (1952) and 
information from local soCrees helped determine site 
Iscation, The f o l l s w ~ f i g  s i ~ e s  were surveyed: Seal Island, 
Greet Island, St, John's Ledge, Twin Islands, ani Duck 
3- Lslan6, 

Kelp plant density and wet weights were cieterrninei from 
aacerial collected along a 50 m transect line at five 
randomly seLected I rn2 areas defined by square 
quadrats, AT1 conspicuous brown afqze were collected from - - 

the quadrats and placed in :flesh bags, Laminaria was divided 
into two size classes: harvestable and ncn-harvestable, 
L, Longfcrcris w l r h  a stipe ionger ckan P rn i n  l e n g t h  and - 
i, digitata with stlpe diameters greater chari 1.5 cm were - 
considered harvestable, Wet weights were measured on an 
Ohaus scale at SMP, In a few i n s t z n e e s  density estimates 



were obtained by c o u n t l c g  plants -- in s i t u  ratner than 
eo%leeting within the square meter quadrats. 

To gain an idea of tne variability of s t a n d i n g  crop and 
plane density, standard errors (SE) were calculated for each 
data set using appropriate scatlsrlcal t r i n s r o r r n a t ~ o n s ,  The 
varaance increased with ehe size of t h e  rriean, and tnus 
d e t a i l e d  comparisons ne tween  6ress u s i n g  data collected in 
this study are noc possible with any statistreaf precision, 

RESULTS 

The sulk of the Earn ina r i a  resource existed between 2 $0 

10 rn below mean sea l e v e l ,  Dense stands were a l so  present 
to depths of 15 m at Seal Island, where water clarity was 
Setter than near the m a i n l a n d ,  A r  sites other than Seal 
Island, red algae became domicant ae depths greater -t.he8-i 10 m, 

Sea i i r c h i n s  (StrongyLoceztro~is droebachlens;~) were 
abundant at Green Island and were rare or absent at che 
other areas. The highest Gensiry of Besmarestla - spp. was 
noted at Green Island and Hospital Reef where sea urchins 
were abundant. At Twin Island, Chondrus  crks2bs 
(Stackhscse) appeared to be in greater aDunGance than 
Laminaria in some shallow rocky areas, 

Seai Island 

Seal Island was the xost e x z e r ~ s i v e  kelp community 
observed during the two-week si i rvey.  Approxiaately 1,200 ae 
of Laminaria-dominated substrate oecured on the west side of 
Seal Island. Here, dens? beds of 2, Lsngicruris and 
1;- d i g i t a t a  were n o t e d  to d e p t h s  o? 1-5 m e  No d i v i n g  was - 
done on the east s i6e  of Seal  I s l a n d ,  

The substrate was rocky and contained numerous large 
boulders (to 2 rn in heigLt.3 seatkered tkroaghoue, Goo2 
substrate, high water cLarity, ar.d strong currents probably 
contributed to the large size and abundance sf kelp at Seai 
Island, - L, icngicruris was especially sbundant azop 
boulders, whereas E .  d i g l c a t a  and Alar i a  e s c u l e n t z  were 
often found in depyessions, i, iongicrcris p l a n t s  were 
exceptionally large with many-sripes reaccing 5 rn in length 
anG lamina up to 7 rn long, An oeeasisna; sea urchin was 
noted d ~ r i n g  survey dives, 

Two cransect lines were sampled at Westaide hnd 
Divisron Po in t ,  D e n s i t y  and blonass were dezerrnbned at 



Westslde, w n i i e  o n l y  density was deeermlned at Division 
Point, Density estimates jplants/m2), far bstn 
transects togeeher, averaged 6 - 5  for L, iongrcrdrss and 7 , P  
for - L ,  digitata, A14 kelp, inelgding-juveniles of these 
species, averaged 32-20 piants/mL (Ta~le I), Biomass at 
Division Point was est imazed by multiglylng density by the 
average weight per p l a n e  (grand nean) as determined in other 
transects (Table 21, Fkrvestable plants of E ,  longicruris 
and L. digitata at Westside averased 1-91 kg-and 1-06 kg, 
and yielded 3,82 and 5 , 2 8  kg/n2 respectively (Table 33, 
Harvesta~le plants of L, isngieruris and E ,  at 
Division Point averages 7 , 3 7  and 9,20 kg/m2 respectively 
( u s i f i g  the grand mean weight per p l a n r ) ,  The average 
standing crop of kelp at Seal I s l a n d  was 68-35 T/ae; 
therefore, a rnaxinarn resource of 87,736 T may be available 
(Table 43, ApproxirnatePy 84% of the biomass was large piants 
and considered harvestables; therefore, a r.axin-iurn 
harvestable resource of 7 3 , 6 8 0  T was available, 

Green Esland/Bosphtal Weef 

TWO transeets wers completed in the Green I s l a n d /  
Bospital Reef area where approximately 650 ae sf Sattom 
appeared suitable for kelp, The area was dot te6  with 
numerous shoals and shallow areas, Dense f o g ,  during the 
surveyp prevented laare extensive study, 

Substrate at Hospital Ree f  was rocky and contained 
areas sf large boolders interspersed with sandy patches, 
L ,  iengrcruris dominated the rocky substrate while Chsrda - 
fiium (Linnaeusj Lammouroux and Zostera marina L, dominated 
sandy areas, Desrnarestia spp, and several species of red 
algae were also comaon on the rocky bottom, The largest  
concentrat ions sf sea urchins ( average of 10/rn2) 
observed d u r e n g  the s t u d y  were seen at Hospital Reef, 
L, lonsicruris was the dominant k e l ~  at Greeri Island, 

4 .. - -  
Stands of A, escuienta, A, eribrosurn, - L, digitata, acd 
S.  @ermatoaea were also zbserved, - 

Warvestable k, " - in the Green 
Island/BospBtai Reef  srea averaged 5,150 and 0 , 3 0  plants/ma, 
respectively, with an average weight per plant of 0,%5 kg 
and 0 - 9 8  kg, respectively, 3iernass of ha rves t ab l e  
E, ionqicruris and L, - - averaged 2 , 8 7  and 0 - 2 9  kg/rn2, 
respectively. The average standing crop of a P B  kelp was 
3 * 9 7  kg/rn2 or 17,76 T/ac, The 647 ac m a r  Green I s l a n d  
would yield a maximum of 11,450 T of k e l p ,  7 9 , 6 8  or 9,100 T 
of which is considered harvestable, 











St. John% Ledge 

St, John's Ledge is a permanently Sodyed rocky reef 
apprsxlaately 350 ac in size, The northeast side of ehe 
ledge was surveyed at d e p t h s  between 5 and 15 m and 
apparently was unsuitable for dense % a n i n a r i a  g r s w t b ,  
Suostrate shallower than 10 m was eozble and slit, 
providing a poor kabltat for  plant attachment, Baui6ers 
dominated the substrate at 15 n, Red algae, A, cribrosum 
and scattered - E, digitata plants were obscrvea, Kelp was 
not i n  eornmerclal quantities, presumably because sf 
siltation and/or poor light, 

The southwest corner of St, John's Ledqe in contrast to 
the northeast side was well suited for Laxinaria g r o w t h ,  
Mose sf the substrate was solid and contained large bouleers 
(about 2 m in height), Three t ranseces were completed in 
this area, L. digitara dominated the samples, Desrnarestrc 
spp ,  and a variety sf red algae were also present as 
su"o@dopy-. 

Barvestable - L, lon~icruris and L, digitata at St, JennLs 
Ledge averaged 1 2 7  and 3.26 piants/i2, wicn an average 
weiqht per piant of 0,58 kq and 1,09 kg, respectively, - - - - - 
Biomass sf large L ,  longicruris and - L, d i g i t a t a  averaged 
0 - 7 4  and 3 , 5 5  kg/k2 respectivgf y ,  The average standzng 
crop of ail kelp was 5 ,88  kq/mz or 26,24 T / a c .  The 
niaximum standing crop from 356 ac near St, John's Ledge 
would be approximately 9,200 T. 7 3 . 0 %  or 6 , 7 0 0  T is 
considered harvestable. 

Twin Islands 

Twin Islands, on the northwest siae, (also referred to 
as "The Brothers") are surrounded by approxixately 185 ac sf 
suitable substrate at depths from 2 to 90 rn, About 60 ae may 
support CommereialPy important quantities sf kelp; the 
remainder is dominated by Chondrus and sand. 

Dense patches of harvestable - E .  Pangicruris were 
observed on isolated boulders, 5, digitata was also 
observed scattered throughcut t h e  sdrveyed area, A 
subcanopy of low-statured filamentous algae and articulate 
corallines occurred anong Chondrus. Sea urchins were 
oceasionaS1y observed, 

The sorvey of Twin Islands was q ~ i t e  limited and may be 
the least accurate of the five stations because only a small 
area was surveyed, Warvestable L. * 

L a  digitata averaged 1-34 and 2 , 3 0  - 
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Seal I s l a n d  j190,400 T), St, John's Ledge (28,800 T ) ,  O l d  
Woman Shoa l  '25,100 T j ,  Gull Island and B a r  (22,600 TI, and 
Spectacle Island area  (:7,466 T), The estimaeed yieldlac 
ranged frors 26 to 128 T and averaged 73 T/ac a-c the s t u d y  
sites, 

MacFarlane e s - c i ~ a t e d  an average (grand mean) y i e l d  o f  
212 T/a@ from Seal i s l a ~ d ,  St, John's Ledge, and Twin 
I s l a n d s ,  The 1977 es t i z ia ted  y ~ e l d ,  from t he  same areas, 
averaged 54 T/ae {Table  41, There  are several  possible 
explan~tions f o r  t h e  difference in biomass estimates: 

1; The 1977 samples underestimated the s t a n d i n g  crop 
because random samples were collected froxi areas sf l o w  
p lacz  density, whereas s u r r o u n d i n g  areas supported h i g h e r  
densities, Diving  observations 616 n o t  ind icaee  sampling 
was biased toward low d e n s i t i e s ,  

2 )  The s t a n d i n g  crop was overestimated durlng 1948 to 
1950 while eanpling w i e h  t he  modified Peterson grab, A 
larger S ~ c ~ a s s  2er  area would resuse i f  t h e  P e t e r s o n  g rab  
sampled a i l  Laninarne attached w l t h ~ n  t n e  I 1 2  sqGare y a r d  
p l d s  a n y  Laminaria attachel c u t s i d e  t he  sample area but 
l a y i n g  w i t h r n  the sample area, 

31 The 1948 to 1956 data may have been cslleeeed zn 
shallower water, supporting higher s t a c d i n g  crops, t h a n  the 
d e p t h s  surveyed in t h i s  s t u d y ,  

4j The $948 to 1950 s t a n d i n g  crop may s e t u a l l y  have 
been much h i g h e r  than during 1977, S t a n d i n g  craps i n  ~hree 
be6s s r u d i e d  d u r i n g  t w o  consecutive years  by MacFarlane 
v a r i e d  by a factor of 2 to " 3 , 

MdcParlace (1952) s u g g e s t s  t he  skze  of ha rves t  w o ~ ~ l d  
vary from year cs yea r ;  for ~ n s t a n e e ,  she estisateJ a c o t a i  
of 12,GC3 T of - L a ~ ~ i n a r r a  in three beds d u r i n g  t h e  1950 
s J r v e y ,  By 1951 t h e  estiaate had increased to 30,860 !? for  
the three kelp o e d s ,  Additicnai annual estinates of 
standing @cop are necessary to d e t e r a r n e  more adequately the 
pstentral available L a ~ n i n a r i a  -- niomass, MacTariane (1952) 
conducted h a r v e s t i n c j  s t a d i e s  during the summer sf 1948 off 
n o r t h e r n  T w i n  Island, API spcrophytes were remove6 from an 
area  approxinaaeiy 0,07 acres in size (324 132;- Tho 
harves tea  area was ressrveyed d u r i n g  the autumn of 1949 and 
t h e r e  was no 6e;eetabi.e difference i n  g e n e r a l  appearance of 
the harvested area or @iornass/na when compared to a 
nearby control ,  

In concldsion, ii appeafs that conmercially important 
quantities of - Eaainhria e x i s t  irA Xova Scor ia ,  Befo re  



attempts to harvest it are made, however, quarterly studies 
by experimental narvesting s h o o l d  be conducted to determine 
a harvesting strategy which would permit an a n n u a l  maximum 
sustained yield, Earvested areas sko t i ld  be sugficiently 
large to approximate a commercial harvest, Kelp recruitment 
and seasonal changes in available biomass at different 
geographical locations should be determined while testing 
harvesting equipment, T h e s e  studies would resoit in 
development of a prudent resource management strategy for 
the harvest of the Lamicaria resources in Nova Scstia, 

This assessnent of the Laminaria resource near Lower 
Woods Harbour originated as a report for Scotia Maririe 
Products. Tom RosenthaS was instrumental in developing rhe 
sampling program, collecting and evalaaeing k e l p  saaples, 
and writing t3e origrnal report, I am i n d e b t e d  to 
Tom Rosentha1 for his endless energy and assistance, 1 
thank Craig Barilotti for editing the report, many hcipf~i 
comments, and statistical e~eluatiar~ of the datz, My thanks 
are also extended to Dale G l a n t z  isr e v a 2 u a c i n q  the 
manuscript, Xay Oleksyshyn for drawing Fegure 1, 
Bueky MeConnell for providing 1ogistica! arrangements, and 
Ron Shand for skippersng "ce d i 1 7 i n g  vessel and praaris'sxng 
invaluable information d u r i n c j  the surveys, 
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ENVIRONMENTAL CONTROL OF KELP GROWTH I N  ST, MA2GARETBS BAY AND 
ON THE SOUTHWEST SHORE OF NOVA SCOTIA 

W,R,O, Chapman and J a c q u e s  Gagne 
D e p a r t x e n t  of B f o l o q y  
D a l h s a s i e  U n i v e r s i t y  
H a l i f a x ,  Nova S e o t r a  

INTRODUCTION 

Dense  kelp f o r e s t s  oceGr i n  t h e  s u ~ l n t t o r a l  r e q i o n s  of cne 
s o d t h w e s t  s h o r e  of Nova S c o t n a ,  i n  c s n t r a s e ,  t h e  A t l a n t a c  
s h o r e  from Cape S a b l e  to  B a l l f a x  s u p p o r z s  s p a r s e  popalatlons of 
k e l p  and t h e  s u b l i e t o r a l  is d o m i n a t e d  by s e a  urchins, 

O o s e r v a t i o n s  i n  S t ,  N a r g a r e t ' s  Bay o v e r  a p e r n o d  o f  II :Tsars 
(1968-49791 by a s s o c i a t e s  of D r .  K , H ,  Manc a t  Ba~housle 
U n i v e r s i t y  h a v e  shown t h a e  g r a a r n g  by s e a  u r e h r n s  has a e s t r o y e d  
most of t h e  k e l p  f o r e s t ,  B r e e n  ( 19743  ~ e l ~ e v e s  t h a t  
o v e r E r s h i n g  o f  c o n m e r e s a l  c a r n r v o r e s  ( e s p e c i a l l y  l obs t s r s )  
w h l e h  p r e y  o n  s e a  u r e h i c s  h a s  r e s u l t e d  i n  t h e  d e s t r u e t i c n  s f  
t h e  k e l p  f o r e s t s ,  I f  t h i s  IS so, why do k e l p  f o r e s t s  p e r s i s t  
i n  s o u t h w e s t  Nova S c o e i a  w h e r e  t n e r e  1s ~ n t e n s e  csfltxiercra: 
f i s h i n g  a c t i v i t y ?  Our  s b s e r v a t a o n s  h a v e  shown that s e a  wazer 
I n  t h e  k e l p  f o r e s t s  i n  s o u t k w e s ~  Nova S c o t i a  is much h r g n e r  I n  
dissolved n i t r a t e  t h a n  water i~ S t ,  M a r g a r e t ' s  Bay. Is n t  
p o s s i b l e  t h a t  t h e  h l g h  n b t r r e n t  l e v e l s  p r o m o t e  a g r e a t e r  
p r n m a r y  p r o d u c t i v i t y  o n  t h e  s o u t h w e s t  s h o r e  and t h a t  this En 
t u r n  makes e h e  b e n t h i c  s y s t e m  more resilient to  I n t e n s e  
f l s n n n g ?  A s  a  f l r s t  stes t o w a r d  t e s c s n g  c h l s  h y p o e h e s l s ,  l e  1s 
n e c e s s a r y  t o  d e v e l o p  a n  b n d e r s e a n d ~ n g  of t h e  f a c t o r s  whica  
c o n t r o l  the growzh of k e l p ,  T k l s  p a p e r  s y n t h e s i z e s  work 
c a r r i e d  o a t  by t h e  D a i h o u s i e  r e s e a r c h  g r o u p  o v e r  the p a s t  f i v e  
y e a r s .  

MATERIALS AND METHODS 

Keehods  u s e d  to examrne ?lank growth  (ln L a m r n a r i a  
I o n g i e r u r i s  9e l a  P y l a f e ) ,  p h o t o s y n t h e s ; ~ ,  r e s p i r a t r o n ,  t i s s u e  
a n a l y s i s ,  s e a  w a t e r  a n a l y s i s ,  and  -- ~n s i t u  i r r a d i a n e e  are  
r e p o r t e d  by Chapman, Koyt,  and P a t o n  (19763, Chapman and 
C r a i g i e  (1977, 19781, H a t c h e r  (1977), and Hatcher, Chapman, and 
Mann (1977). S i n c e  1977, ~ r r a d i a n e e  ( a s  photon f l ~ x  d e n s l t y j  
h a s  b e e n  i n t e g r a t e d  c s i n g  a Lambda instrument LZ-500 
i n t e g r a t o r ,  Methods  fo r  e x p e r i m e n t a l  a n a l y s i s  sf t h e  role  of 
d i s s o l v e d  n i t r a t e  o n  p l a n t  g r o w t h  are  r e p o r t e d  by Chapman, 
Markam, and L u n i n g  ( 1 9 7 8 ) .  



S t u d y  s i t e s  a r e  s i t u a t e d  in S t ,  M a r 9 a r e . c P s  Bay ( F o x  p o i n t ,  
4 4 0 3 7 ' N ~  54003 'W;  B o u t l i e r s  Point, 4 4 ° 3 5 W N ,  63O56'W) and  on  the 
s o u t h w e s t  s h o r e  ( S a n d y  Cove,  44"308N, & 6 ° 3 6 6 W ;  C e n t r e v i l i e ,  
4 4 0 3 3 W N ,  66002" ;  l u b n i c o ,  4 3 0 3 9 % ~  65049~WW).  

RESULTS 

S e a s o n a l  g r o w t h  p a t t e r n s  o f  L a m i n a r i a  l o n g i c r u r i s  a t  t h r e e  
d e p t h s  a t  Fox P o i n t  i n  S t .  M a r g a r e t "  Bay a r e  shown i n  F i g u r e  1, 

T7 The  s i g n i f i c a n t  f e a t u r e s  a re  a s  f o l i o w s ,  r h r s z ,  a  p e r i o d  of 
r a p i d  g r o w t h  b e g a n  i n  mid w i n t e r  and  c o n t i n u e d  u n t i l  l a t e  
s p r i n g .  S e c o n d l y ,  t h e  r a t e  of groweh was f o u n d  to  d r o p  s h a r p k y  
t h r o u g h  t h e  summer, f a l l ,  and  e a r l y  w i n t e r ,  

F l u c t u a t i o n s  i n  d r s s o l v e d  m l c r o n a t r i e n t s  a re  shown ~ n  
F i g u r e  2 ,  O n l y  d i s s o l v e d  n i t r a t e  showed a d i s t i n c z  s e a s c n s l  
a v a i l a b i l i t y  which  m i g h t  r e l a t e  to  s e a s o n a l i t y  s f  plant grodca, 
N i t r a t e  w a s  a v a i l a b l e  on ly  d u r i n g  t h e  w i n t e r  and  s p r i n g .  
D u r i n g  most o f  t h e  summer and fall, l e v e l s  were be low t h e  llnlt 
o f  d e t e c t a b l l i t y .  

N i t r a t e  i n  t h e  p l a n t  t i s s u e s  w a s  f o u n d  to  v a r y  greatly 
t h r o u g h  t h e  y e a r .  I n  w i n t e r ,  NO3 o c c a s i o n a l l y  e x c e e d e d  
150 p moles p e r  g  f r e s h  w e i g h t  w h i c h  is c a .  28,000 t i m e s  5 i g h e r  
t h a n  a m b i e n t  s e a w a t e r  l e v e l s  and represents a nitrogen reserve 
o f  2.5% o f  t h e  t o t a l  t i s s u e  d r y  w e i g h t .  S e a s o n a l  v a r i a t i o n s  at 
9 m a r e  shown i n  F i g u r e  3 ,  a l o n g  w i t h  s e a s o n a l  f l u c t u a t i o n s  i n  
p l a n t  g r o w t h  r a t e  and a m b i e n t  n i t r a t e ,  O f  s p e c i a l  i n t e r e s t  rs 
t h e  f a c t  t h a t  NO3 is a v a i l a b l e  i n  p l a n t  t i s s u e s  f o r  up t o  
two months  a f t e r  d e p l e t i o n  f r o n  t h e  w a t e r  c o l u m n ,  

R e s a l t s  o f  e x p e r i m e n t a l  a n a l y s e s  o f  t h e  r e l a t i o n s h i p  
b e t w e e n  p l a n t  g r o w t h  and n i t r a t e  a v a i l a b i l i t y  a re  shown i n  
F i g u r e s  4 a n d  5 .  F i g u r e  4  shows  t h e  e f  f e e t s  o f  -- i n  s i t u  
f e r t i l i z a t i o n  of a k e l p  bed a t  Fox P o i n t  w i t h  s o d i u m  nitrate, 
T i s s u e  n i t r a t e  i n  t h e  f e r t i l i z e d  p l a n t s  i n c r e a s e d  to  20  J xo les  

f r e s h  w e i g h t  i n  c o m p a r i s o n  w i t h  a maximum s f  1 . 0  y moles 
C J - ~  fresh w e i g h t  i n  c o n t r o l s ,  The  e f f e c t  on  summer g r o w t n  
was  v e r y  marked  a n d  i n  t h e  p e r i o d  A u g u s t  to S e p t e m b e r ,  1 9 7 5 ,  
p l a n t s  a c h i e v e d  n o r m a l  w i n t e r  growth ra tes ,  F i g d r e  5 shows a 
M i c h a e l i s - N e n t e n  k i n e t i c  a n a l y s i s  of t h e  e f f e c t  of n i t r a t e  
s u b s t r a t e  c o n c e n t r a t i o n  on s p e c i f i c  g r o w t h  rate of  
L, s a c c h a r i n a  ( c l o s e l y  r e l a t e d  t o  L, i o n g i c r u r i s )  i n  c u i e d r e ,  - 
A g a i n ,  t h e  r e l a t i o n s h i p  b e t w e e n  g r z w t h  and  n i t r a t e  l e v e l s  i n  
t h e  e n v i r o n m e n t a l  r a n g e  is v e r y  s t r i k i n g .  

The s o u r c e  o f  c a r b o n  f o r  w i n t e r  g r o w t h  w a s  d e t e r m i n e d  
f i r s t  by m e a s u r e m e n t  o f  t n e  l e v e l s  o f  l a m i n a r a n  ir. t h e  t i s s u e s ,  
L a m i n a r a n  i s  t h e  m a j o r  c o n v e r t i b i e  c a r b o h y d r a t e  r e s e r v e  of 



Figure i, Seasonal growth ra-ces of Laminaria P o n g i e r ~ r i s  a t  3 depths  a t  
Fox Point, S t .  Margarets Bay. 
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Figure 3 ,  Seasonal  charges  i n  grow"&. r a t e ,  m r e n t  nlerate, and tissue 

nrtraie at 9 m ar Fox Pornt, Growtk rates are integrated over 
monA&s; n u t r i e n t  l e v e l s  are shown for single p o i n t s  in tlrr,e. 



Figure  4. E f f e c t  of sodium n i t r a t e  f e r t i l i z a t i o n  on summer growth rates of 
plants at 9 rn depth. Means f 2 standard e r r o r s  are shown. 
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Figure 5. S p e c i f i c  growA& r a t e  (p) of Laminavia sacchar ina  i n  continuous 
flow c u l t u r e  under var ious  NO; concent ra t ions  (s), Means 2 95% 
confidence l i m i t s  a r e  shown. Curve of  t h e  r e c i p r o c a l  p lo t  S / y  was 
der ived  by l i n e a r  r eg re s s ion .  



t a r n i n a r i a ,  F i g u r e  6 shows c l e a r l y  t h a t  by e a r l y  F e b r u a r y a  when 
r a p z d  g r o w t h  was b e g i n n i n g ,  l a ~ i n a r a n  r e s e r v e s  were low and 
a l m o s t  c e r t a i n l y  c o u l d  n o t  p r o v i d e  s u f f i c i e n t  carboc for t h e  
s u b s e q u e n t  g r o w t h  o f  ?:ants,  The  r e l a t i o n s h i p  b e t w e e n  
p k y o t s y n t h e t i c  c a r b o n  f i x a t i o n  afid ehe d e n a n d  f o r  c a r o o n  ~y 
g r o w t h  is shown i n  B l g u r e  7 ,  E x c e p t  f o r  t h e  p e r i o d  Octooer 
t h r o u g h  e a r l y  J a n u a r y ,  t h e  c a r b o n  c o n e e n t  of f iew t i s s u e  was 
below t h a t  o f  d i e l  net a s s i m i l a t i o n ,  T h e r e f o r e ,  during ehe 
p e r i o d  of r a p i d  g r o w t h  In t h e  f l r s t  half of t h e  y e a r ,  t h e r e  was 
e n o u g h  c a r b o n  p r o v i d e d  by p h o t o s y n t h e s i s  to s u p p o r t  g r o w t h ,  In 
t h e  l a s t  t h r e e  months  o f  t h e  y e a r ,  p h o t o s y n t h e s i s  w a s  
i n a d e q u a t e  and l a m i n a r a n  r e s e r v e s  were e x h a u s t e d ,  s u p p o r t l a g  
t h e  g r o w t h  o f  p l a n t s ,  

A l l  s f  t h e  r e s u l t s  t o  t h i s  p o i n t  r e f e r  t o  Fox P o i n t  i n  
S t .  M a r g a r e t s s  3 a y  wcere n i t r a t e  YS presen t  i n  s m a l l  
q u a n t i t i e s  b e t w e e n  April a n d  December, F i g u r e  8 shows  NO3 
l e v e l s  a n d  g r o w t h  r a t e s  of - L, l e n g i c r u r i s  d u r i n g  t h e  summer o f  
F975 a t  Sandy Cove,  which  Is s i e u a t e d  on Digby Neck on t h e  bay 
of Sundy.  D u r i n g  t h a t  stimner, arnb~ent n i t r a t e  l e v e l s  did naz  
fal l .  b e l o w  2 . 0 ~  M and h i g h  g r o w t h  r a t e s  sere  maintained t h r o ~ g h  
t o  J u n e / J u l y .  A t  a 1 9  t i m e s  t h e  suarner g r o w t h  ra te  was h i g n e r  
t h a n  a n y  r a t e  m e a s u r e d  i n  t h e  p r e v i o u s  t w o  y e a r s  I n  
S t .  M a r g a r e t ' s  aay. 

F i g u r e  9 shows t n e  r e s u l t s  s f  r n - p r o g r e s s  o b s e r v a t i o n s  of 
t h e  g r o w t h  of E .  l o r i g i c r u r i s  a r  t w o  s i tes  on  t h e  s o u t h w e s t  
s h o r e  o f  Nova z c o t i a  ( C e n t r e v l i l e  and P u b n i c o )  in c o m p a r i s o n  
w i t h  B o u t l i e r P s  P o i n t  i n  St, M a r g a r e t ' s  Bay.  In S e p t e m o e r ,  
g r o w t h  r a t e  was h i g h e s t  a t  C e n t r e v i l l e ,  srrnilar a t  P u b n i c o ,  and 
lower i n  St, M a r g a r e t ' s  Bay,  S u b s e q u e n t l y ,  d u r i n g  she f o l l o w i n g  
w i n t e r ,  growth ra tes  a t  C e n t r e v i l l e  fell s h a r p l y  i n  comparison 
w i t h  t h e  o t h e r  t w o  s i tes ,  Ni t ra te  c o n c e n t r a t i o n s  a t  all t n r e e  
s i t e s  rose t h r o u g h  t n e  w i n t e r  a n d  by December, C e n t r e v i l l e  and 
P u ~ n i e o  l e v e l s  were a a r k e d l y  h i g h e r  t h a n  t h o s e  o n  S t ,  M a r g a r e t ' s  
Bay,  l r r a d i a n c e  l e v e l s  a t  a l l  t h r e e  s i t e s  f e l l  t h r o u g h  rhe 
w i n t e r .  The d e c r e a s e  a t  C e n ~ r e v i l l e  was more marked t h a n  a t  
t h e  o t h e r  t w o  s i t e s  and t h i s  n a y  a c c o u n t  f o r  the more r a p i d  
d r o p  i n  g r o w r h  r a t e .  

The  o b ~ e c t i v e  of t h i s  work is to d e t e r m i n e  t h e  f a c t o r s  
w h i c h  c o n t r o l  the groweh o f  k e l p ,  Hav ing  d o n e  t h r s ,  ic may D e  
p o s s i b l e  to  e x p i a l n  t h e  o c e a r r e n c e  of dense k e l p  f s r e s c s  i n  
s o u t h w e s t  Nova S c o t i a .  O u r  e a r l y  s t u d i e s  i n  S t ,  M a r g a r e r t s  Bay 
show c l e a r l y  t h e  i m p o r t a n c e  of t h e  a v a i l a b l e  d i s s s i v e d  n i t r a t e  
o n  t h e  g r o w t h  o f  2, l o n g i c r u r i s ,  D u r i n g  six a o n t h s  of t h e  
y e a r ,  s e v e r e  n i t r a t e  l i m i t a t i o n  G e p r e s s e s  g r o w t h  r a t e s .  F o r  
t h r e e  o f  t h e s e  s i x  m o n t h s ,  i r r a d i z n e e  l e v e l s  a r e  l o w  and 
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Figure 6. Seasonal variation in laminaran content in 5 tissue sections 
from plants of &. longicruris at 3 depths at Fox Point. 



Figure  7.  Nean d i e 1  n e t  a s s i m i l a t i o n  of w h o l e  L.  l o n g i c r u r i s  p;ant, 
and carbon content  of new t i s s u e  ca l cu la t ed  for  2-week intervals, 





Figure 9, Comparative growth rates (means? at CentrevilPe and Pubnieo on the 
south shore and at Boutliers Point In St, Margarees Bay ( S , M , B , )  
in relation t~ changing NO3 and irradianee levels at the 3 s l t e s ,  



there 1s insuf f lcnerLt photosynthetnc carbon proddetion to 
support the carbon demand of groweh, Ddrlng thrs time, 
carbohydrate reserves banle J? during the summer are exnabsted. 
Experrmen~al work hzs snown that, darlnq sdrnner nitrate 
ilrnltat~on of g r w e h ,  larnnnaran reserves are accu~r~ulated 
(Cf iapman ana Craigie, 1977)- If nitrate li~ltazlon 1s 
ameirora~ed experlnentaliy, lannnarac accmbla t , on  1s red~ceo 
and g r 3 w t n  1s depressed x i o w  t h z t  of esnzrol p l a n t s  durinq 
last two ar three f i o n t c s  cf the year when ihght rs Irrn~ted, 
Between late January and early spr:nq, nscrate and rrradiance 
condrtions rnprove and ra2ld planr growth ensaes, kccumulaeed 
nitrate E n  tke tlssues allows an extenslsG of r a p ~ d  growth rnco 
e a r l y  summer, 

At San6y Cove on Dlgoy Neck, filtrate levels were found to 
be reiatrveiy kfgh t h r o u g n  the surriner and 2rtsurnabiy thns 
accocnts ;n part for the rapld growtn of kelp, Zowever, 
sd~sequent Mnzter work at CentreviiLe jca, 6 kr t  from Sandy 
Cove) showed that srswth was depressed b e i o ~  that at other 
sltes exaxined, Thls :my be a reflecclon of m~nenal 
carbohydrate aceurnulaelon daring the surnxer because of high 
nntrare avaelabrllry. Information on t h l s  point w l i l  De 
avalSaSle later this year, At tne present tlze, rt rs not 
clear wnetker or not n e t  anngai k e l ?  proddctlon is k ~ g h e r  I n  
areas of high nitrate avarlaallty. A clear ansMer to thrs 
questlsn should be for~~ula-ced by m e  fall of 1979, 
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The I l f e  h r s t s r y ,  eeofogy and flsnery of the ioDster,  
Romarus azerscsnds, 1s s d m r r ~ a r l z e d  for Southwestern Nova Scotla 
S s I Tne hypcthesls t h a t  nnsaore and off share ( ~ e y o n d  
t h e  93 km or 50 n a u c ,  rille d , n l t )  s tocks  are n n t e r d e p e n d e n t  to 
some unknown degree, 1s Dr ;e f iy  dlsetissed, OveraJ1 icndlngs 
in S,W,N,S, (Lobster D1stri.c; 4 )  have beet reiaclvely stable 
since the i a e e  194C nowever, sere decalled eon-qarison sf 
inshore landings between the early 1963% sad 1977-78 shows a 
general declins eas t  e f  Cape S a ~ i e  IsLani i ,  a recent downtcrn 
in Lobster Bay j u s z  w e s t  of Cape Sable  i s l a n d ,  and no change 
on t h e  west  shore at Port Xalzland, Seasonal ca tches  &nd 
effect ot weather on f l s h l n g  are d l s c ~ s s e d  for ScaLlseieal 
D i s t r i c t  32, 

In t h e  nearshore areas o f  S,W,N,S, ( F i g u r e  I ] ,  the most 
v a l u a b l e  fishery species  is +be L 8 l obs t e r ,  Its h a b i t a t  inclldlci'es 
areas covered by Lar t i na r i a ,  as well as areas denuded of 
vegetation as a result of see arch in  g r a z i n g .  The e f f e c t  on 
lobster of such a f t e r a t i o n  of habitat constitutes one sf t h e  
themes of t h e  p r e sen t  workshop, This paper - briefly dL Q~~~ --;' A O ~ S  

some aspects of the l i f e  cycle  and ecology of lobsters and the 
lobster fishery in S,W,N,S,, L o b s t e r  D i s t r " e t  A= 4 

LI >;I " ' C qq.11 - ,, ..,,, _c;i<y AKB ECOLOGY 

The habitat of f sbs tess  off E,TA,m,S, ~ a n s e s  f ~ o r c  low t i d e  
Rocky areas appear to be the to oepths of o v e r  406 - 

preferred habk t , a t ,  but "jsbsters are axso f o u n d  on sandy  and 
" '7' mud s u b s t r a t e s  ( S t a s k s ,  1 9 , ~ ;  Cobb, 1477; Cooper and ilzrnann, 

1977 1 ,  



F j g u r e  1 ,  Counties, f i s h e r ~ e s  s t a t ~ s " c c a l  drs t r ic t s  and lobster  f ~ s " n  nlj d~strlcts 
i n  western Nova S c o t i a  and southern New B r u r ~ s ~ ~ ~ c i C ~  Gotxed ~ I R C S  m t h  
c i rc led numbers denote lobster  d l  s t r ~ c t s .  



In S , r d . N , S , ,  lobsters reach t h e  isc-t' ,,a- size of 81 mm 
carapace length ICE, measured from posterior m a r g i n  of eye 
socket to posterior margin of carapace 2araliel to 
longitudinal f i x i s  of the body) at an estimated age of s i x  to 
e i g h t  years ( i q i l d e r ,  1953; FLoweirs and Saila, 1972) A"chis 
s i z e  lobsters  rt;iou.lr; or; t he  average approximeteli. o;;ce 61 yea r  

d 
with a growth increr f ten t  of :46 GE per moul",i7" ,&,,.ier, 7; 1953)- 

. . . .* Moulting is nore f r e q u e n t  for smaller animals and presumably 
less frequent for larger' ones a n 6  for nature  fe~aies ( A i k e n ,  
19771- Most females reach maturity at s s i z e  cf a b o u t  108 rnm 
CL, based on the presence of e x t e r n d l  eggs [Tempiemari, 193Sa; 

C-c;rpu?ac. AT unpublished data). usuall1.7 oceu-;rs 
female's s h e l l  is s o f t  a f t e r  moulting ( T e n p l o ~ ~ a n ,  1936a. 
Dunham and Skinner-Jacobs, 1948), The fem2j.e stores %he sperm 
internally to fertilize i t s  egGs at t h e  time of e x t r u s i o n  
(TempPelxan, 19362) , F e r t k k  ize6 0 ~ - s  are extruded from Aagust 
to October and deposlteii on the swiamerets on the unkierside of . - " . the abdomen where t h e w  are csr r lea  t h r o u g h  the w i n t e r  u n t u  

-! they hatch the followrng sumner, 

T h e r e  arc f e w  berr ied (egg-bearing) fensales in inshore 
areas; less than 1% of fe~~ales in @scnercLai t r aps  a r e  berried 
(except in +ha & a & -  saall san2ie froi% S t o n e h u r s t  ;Tab le  1: ) T h i s  
is probably the r e s u l t  of h e a v y  fishii-iy pressure and a m i n i m u m  
legal s i z e  (81 ll-im CL) that is below t he  size of maturity. 
contrast, afi average of 19% 0% fe-- 

BY 
,,idles were b e r r i e d  ic 18 

samples (9,537 females sampled) from offshore areas beyond 
93 km (50 n a u t ,  mi) from shore (Stasko, 19'781, 

Most lobster eggs ic S , k J , N , S ,  h a t c h  in July and augast 
( S t a s k o ,  in press a), Larvst> -- r i s e  to the surface and re~zin 
in su r face  waters 1-2  m~ntks, -*---. dt.:p~rau - A q s = -  i.a6q 0fi water temperatures 
(Templeman, i936b), before settling to bottom soZe time during 
Stage IV (Scarratt, S973j, 

L i t t l e  is known of khe e a r l y  ben th i c  stages of lobsters 
especially o f f  S , W , E , S ,  Larvae settle to t h e  bottom ir? late 
summer (Stasko,  in press a), E a r l y  post--LarvaP lobsters are 
generally considered to be burrowing animals (cobb, 19-]7; 
Scarratt, 19721, Small lobsters bela*] 40 ~ r f i  G L  do not usually 
enter traps, T h i s  appears to be a behav1ora.1. charac te"r - i s t ic ,  
since June to e a r l y  September 197";t foa;ir ~ e ~ d x r  areas 
around S , K 3 , N , S ,  no lobs te r s  less that 40 nm CE were c a u g h t  
(Figure 2) in t r a ~ s  A t h a t  were designed to retain lobsters as 
small as 35 mm CL, 

In S,W,N,S,, iobsters b e i c w  t b e  ~ i i n i n u m  l e g a l  size of 
81 rnm CE are common in i n s h o r e  waters, but are 2ractically 
absent from traps in deeper or more o f f sho re  waters { S t a s k o ,  
1978). conversely, these are f e w  lobsters over 129 3.r:- 2L 
( approx i m a t e i y  ;, 4 kg) t rapped in insk iore  areas ( pis..-- tale 2) 
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F i g u r e  2 .  S i z e - f r e q u e n c y  d i s t r i b u t i o n  of l o b s t e r s  t r a p p e d  i n  SW Nova S c o t i a  ( P o r t  
i ' l a i t l a n d ,  Lower West P u b n i c o ,  !"id I s l a n d  n o r t h  of  Sea l  I s l a n d ,  and P o r t  
LaTourf  d u r i n g  J u l y  and Augus t ,  1977.  The si , iall  t r a p s ,  b r i t t ~  20-iriii: l a t h  
s p a c i n g  and 7 6 ~ m m  d i a m e t e r  e n t r a n c e  r i n g ,  were d e s i g n e d  t o  e x c l u d e  l a r g e  
1 o b s t e r s  and r e t a i n  l o b s t e r s  a s  srilall a s  35 riirn C L .  The coi , ,mercial  t r a p s  
had  30-40 mm 1 a t h  s p a c i n g  and app rox i rna t e l  y 120-mrn d i a m e t e r  e n t r a n c e  
r i n g s .  The d o u b l e  peak f o r  commercial  t r a p s  arld c o r r e s p o n d i n g  b u l g e  i n  
t h e  o t h e r  c u r v e  a r e  presumed t o  r e s u l t  f rom combin ing  sarrrples fror,;  
d i f f e r e n t  a r e a s  and frotn p r e  and p o s t i ~ ~ o u l  t p e r i o d s *  



a l t h o u g h  i n  t h e  late 1870% the a v e r a g e  weight of e o r n r n e r e l a i l y  
c a u g h t  i n s h o r e  l o b s t e r s  i n  t h i s  a r e a  was a p p r o x i m a t e l y  1 , 1 - 1 , 4  kg 
( 2 , 5 - 3 - 0  I b )  ( V e n n i n g ,  1 9 1 0 ) ,  w h i c h  c o n v e r t s  t o  112-121 nm GL 
( W i l d e r ,  1 9 5 3 ) .  The  a v e r a g e  s i z e  o f  l o b s t e r s  i n  t h e  C a n a d i a n  
o f f s h o r e  f i s h e r y ,  beyond a  l i n e  a p p r o x i m a t e l y  9 3  krn (50 n a u t .  
mr) f r o m  s h o r e ,  is a t  p r e s e n t  a p p r o x i m a t e l y  1 1 5  mrn CI, {Wilder, 
1 9 7 4 ;  S t a s k o ,  u n p o b l i s h e d  d a t a ) ,  

The  a p p a r e n t  a b s e n c e  o f  s m a l l  l o b s t e r s  and a b u n d a n c e  o f  
b e r r i e d  f e m a l e s  o f f s k o r e ,  and  t h e  a b u n d a n c e  o E  s u b i e g a i  
f e m a l e s  i n s h o r e ,  l e a d  eo t h e  h y p o t h e s i s  t h a t  t h e  i n s h o r e  and  
o f f s h o r e  ( b e y o n d  the 9 3  km l i n e )  l o b s t e r  s t o c k s  o f f  S,W,K,S, 
a r e  t o  some d e g r e e  i n t e r d e p e n d e n t ,  T h i s  h y p o t h e s i s  g a i n s  
f u r t h e r  s u p p o r t  f r o m  l a r v a l  s u r v e y s  and  t a g g i n g  s t u d i e s ,  
L o b s t e r  l a r v a e  a r e  found  f r o m  s h o r e  to  t h e  e d g e  s f  t h e  
c o n t i n e n t a l  s h e l f  beyond B r o w n s  Bank ( S t a s k o ,  i n  p r e s s  a ) ,  
Summer s u r f a c e  c u r r e n t s  f r o m  t h e  Browns Bank a r e a  move 
n o r t h w a r d  ( F i g u r e  3 1 ,  t h u s  p r o v i d i n g  a t r a n s p o r t  rnechanksrn to 
d e l i v e r  p a s s i v e l y  d r i f t i n g  l a r v a e  from t h e  Browns Bank a r e a  co 
i n s h o r e  f i s h i n g  g r o u n d s .  T h e r e  is a l s o  some i n d i c a t i o n  t h a t  
a d u l t  l o b s t e r s  o f f  S.W.N,S, c a n  d i s p e r s e  c o n s i d e r a b l e  
d i s t a n c e s  and  t h a t  some do move f r o m  t h e  S e a l  I s l a n d  a r e a  co 
Browns Bank and  beyond { S t a s k o ,  i n  p r e s s  b; S e a s k o  and Grazarn, 
1 9 7 6 ) .  

A d d i t i o n a l  l a r v a 1  c o n t r i b u t i o n  f rom t h e  s o a t h  s h o r e  of 
Nova S e o t i a  ( e a s t  of Cape S a b l e  i s l a n d )  by means of t h e  
w e s t e r l y  c u r r e n t s  ( F i g u r e  3 ) is p o s s i b l e ,  a l t h o u g h  b e r r n e d  
f e m a l e s  e a s t  o f  Cape S a b l e  I s l a n d  h a v e  b e e n  j u s t  as s c a r c e ,  
e x c e p t  f o r  a  p o s s i b l e  r e c e n t  i n c r e a s e  i n  1977 t h a t  is b a s e d  o n  
a s m a l l  s a m p l e  ( T a o l e  11, 

THE LOBSTER FISHERY 

F i s h i n g  f o r  l o b s t e r s  o f f  S,W,N,S, o c c u r s  m o s t l y  o n  
i n s h o r e  g r o u n d s  f r o m  a few meters be low low t i d e  t o  a  d e p t h  of 
a b o u t  30 m. S i n c e  1 9 7 1 ,  a n  o f f s h o r e  f i s h e r y  h a s  d e v e l o p e d  
beyond  9 3  km ( 5 C  n a u t ,  m i )  f r o m  s h o r e  ( see  o f f s h o r e  i a n d n n g s  
i n  F i g u r e s  4 ,  5 ) .  Only a  few b o a t s  h a v e  f i s h e d  t h e  area In 
b e t w e e n ,  t h o u g h  t h e  number a p p e a r s  to  b e  i n c r e a s i n g ,  

T h e  i n s h o r e  l o b s t e r  f i s h i n g  s e a s o n  i n  LoDster D i s t r i c t  4 
( F i g u r e  1) is o p e n  f r o m  t h e  l a s t  T u e s d a y  i n  November  t o  t h e  
e n d  s f  May, However,  most of t h e  f i s h i n g  rs d o n e  b e f o r e  and 
a f t e r  t h e  c o l d  m i d - w i n t e r  p e r i o d ;  i , e . ,  d u r i n g  t h e  f i r s e  few 
weeks a t  t h e  s t a r t  o f  the s e a s o n ,  and  a g a i n  from l a t e  A p r i l  to 
t h e  end  o f  t h e  s e a s o n ,  H i s t o r i c a l l y ,  i n  S,PI,N,S, ,  t h e  f i r s t  
r e s t r i c t i o n  o f  t h e  f r s h i n g  s e a s o n  was a  c l o s e d  s e a s o n  d u r i n g  
J u l y  and  A u g u s t  i n t r o d u c e d  i n  1 8 7 4 ,  s h o r t e n e d  to J u l y  10 t o  
A u g u s t  20  i n  1 8 7 6 ,  and f u r t h e r  s h o r t e n e d  t o  A u g u s t  i t o  A u g a s t  3 1  



F i g u r e  3. Pattern o f  summer surface currents o f f  irestern Nova Scotia ( a f t e r  
Bunlpus and Lauzier 1965; Tri tes  and Stasko, u n p u b l  i shed d a t a ) .  
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Figure 4. Annua l  lobster l a n d i n g s  For western Nova S c c t i a  (Gigby,  ' i a r r~~ou th ,  
She1 b u r n e ,  Queens and i u n e n b i ~ r g  c o u n t i e s )  wh~cl-i approx imate  Lobster 
Distr ic t  4- 
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F i g ,  5. Annua l  lobs ter  l a n d ~ n g s  by reg i on  v/.l;t"r;ri Lobster S ~ s t r i c t  4 a+ te r  1947 
when the detailed s t a t ~ s t - i c a l  d ~ s t r ~ c t s  wane establ  isheb.  



I n  1879, T f i  1 8 7 9 ,  the c l o s e d  s e a s o n  was A p r r l  1 to  Augusr  1, 
maklng t a i s  i n  e f f e c t  a  f a l l  f l s h e r y .  By t h e  turn o f  t h e  
e e r i t u s y  - & h i s  b e c a x e  a  l a t e  fail and  S p r i n g  fishery o p e n  
D e c e n b e r  1 5  t o  May 3 1 ,  and with m i n o r  m s d n f n c a t i o n s  h a s  
remarried so t o  ~ k e  p r e s e r ~ t ,  

The  mifilmurn l e g a l  s l z e  s l n c e  N o v e n s e r ,  1951, h a s  a e e n  
81 r n ~  ( 3  3/16 i n , )  CL,  erst^-^^- L A L a l l y ,  t h e  rnlnirnurn l e g a l  s l z e  
was a p p r o x i x a t e l y  94  ma CL {0,7 k g )  f r o m  S u l y  7 ,  1 8 7 3 ;  
a p p r o x l m z r e l y  79 mi CL (9 i n .  ~ o t a l  l e n g t h )  from O c t o b e r  1 9 ,  
1 9 2 3 ;  7 7 - 8  am ( 3  i/i6 I n , )  C5 f r o m  Z a n a a r y  2 5 ,  i934; and 
7 9 , 4  mrc ( 3  i / 8  ;n,) CL f r o m  Novenber  ;I, 1941 t o  N o v e ~ b e r  6 ,  
1 9 5 1 ,  

The b o a t s  now used  r n  l n s h o r e  a r e a s  a re  g e n e r a l l y  90- 
13-5 R l o n g  Cape I s l a n d - t y p e  boats. N r t h  tne g r a d u a l  I n c r e a s e  
i n  a v e r a 5 e  Doat  s i z e  o v e r  t h e  y e a r s  and ~ n t r o d u c t l o n  o f  
h y d r a u l i c  t r a p  n a ~ l e r s ,  d e p t n  s o u n d e r s ,  r a 6 a r ,  and LORAN, t n e  
c , ~ s n r n g  efficiency and d a l l y  t r a v e l  r a n g e  h a v e  ~ n c r e a s e d ,  
D u r r n g  t h e  1977-1978 fishing s e a s o n  e h e r e  were  2 , 5 3 2  
r e g i s t e r e d  lobster  b o a t s  I n  L o b s t e r  Dlstrlct 4, A l m o s t  ail 
cornmerc la l  traps a r e  wooden,  e i t h e r  h a l f - e y l s n d r n c a i  or 
Sox-1nke i n  s h a p e  wnth b a s e  w r d e r  than top, wl@h r h r e e  or f o u r  
bows 0 .8 -1 .2  E l f i  l e n g L h ,  w l r h  an e n c r a n c e  r l n g  12-14 ca i n  
d i a m e t e r  and l a c k  s p a c i n q  o f  3-4 ern, The b a i t  n o r m a l l y  u s e d  
i s  salted kerrlng, f r o z e n  m a c k e r e l ,  f r e s h  g a s p e r e a u x ,  f ~ s h  
h e a d s ,  e e e ,  - w h a t e v e r  1s i o c a i l y  a v a n i a b l e  a t  l o w  cost ,  On 
S . W . N . S ,  ~ n s k o r e  g r o u n d s ,  t r a p s  are g e n e r a l l y  se t  s l n g i y  w r t h  
a buoy f o r  e a c h  t r a p .  O f f s n o r e  traps, w h i c a  a r e  l a r s e r  t h a n  
l n s h o r e  o n e s ,  a r e  u s u a l l y  s e e  on  a  trawl l n n e  of 5C c r a p s  p e r  
t r a w l .  

L o b s t e r  i a n d ~ n q s  i n  S,W,N,S, rose to  about 8 , 3 0 0  MT 
p e r  y e a r  a r o u n d  t h e  t a r n  o f  t h e  c e n e u r y ,  and g r a d m l i y  
d e c l i n e d  e o  l o w s  of a b o u e  2000 MT i n  t h e  1 9 3 0  ks, S n ~ c e  t h e  
l a t e  19408s l a n d i n g s  h a v e  b e e n  r e l a e i v e l y  s t a b l e  a t  arounfi  
4000-5000 MT ( r a n g e  approximately 3560-6G00 MTj ( S t a t i s t i c s  
B r a n c h ,  S e p t ,  of F a s h e r l e s  and O c e a n s ) ,  U u r l n g  1 9 7 8  i n  
Lobster D r s t r r c e  3 t h e  c a t c h  of 3653 KT, v a l u e d  a e  $21-5 
n l l l l c n ,  was i 9 . 1 %  o f  t h e  t o z a l  C a n a d i a n  l o b s t e r  l 6 n d l n g s .  
T h e  e o r n p a r a s i e  a v e r a g e  p e r c e n t a g e s  f o r  f i v e - y e a r  periods s l n c e  
1950 j l , e , ,  1950-54, 1555-59,  196C-64, 1965-69 ,  1 9 7 0 - 7 4 ,  and 
t h e  t h r e e - y e a r  p e r i o d  19-75-77] a re  2 3 , 9 ,  L9,9, 2i,4, 2 6 , 5 ,  
3 1 - 5  ar,d 2 6 ,  

T h e  r e l a z i v e  s t a b n l r t y  o f  S a n d i n g s  s l n c e  t h e  lace  1 9 4 C 9 s  
h a s  n o t  b e e n  g e o g r a p h l c a l i y  unaforrn ,  E a s t  o f  C a p  Sable 
I s l a n d ,  i n  S t a t i s t l e a l  D l s t r i e t s  18 and 21-31 (south s h o r e ) ,  
l a r i d l n g s  o f  i n s h o r e  l o b s c e r s  h a v e  d e c l i n e d  s l n c e  t h e  ;9508s t o  
a  f r a e t r o n  o f  f o r n e r  l e v e l s  { F n g d r e s  1, 51, A comparison o f  
e h e  commerexa i  p o r c  and a e - s e a  s a m p l e s  as  S s s n e h a r s t  



(Statistla: 3 s s 2 r r e e  26) d u r b n g  153C-51 v e r s d s  ,977-78 ana  at 
Port Modton (Statrstleal 3 1 s t r r c t  28) dur r - ig  .~4;2-47 v e r s s s  
1978 l for  eo!rtrnc.cc~a l s a ~ ~ ~ p i e s  secl Campnel l ,  ,n p r e s s ;  f o r  a t - s e w  
data s(2e F r g u r e  6, Table i 1 ,  i n u l ~ a t e ~  t h a t  f e w e r  :onst.ers a r e  
i n o d l t r n y  anto l e g a l  s r z e  n o w  t h a n  Ln t n e  i 4 4 3 " - - 5 0 ' s ,  Trlas 
suggests t h a t  r e e r d ~ t r n e n t  of Lobsters rnto t h e  f%st~ry has 

L-L deellned on tke sobrh shore  srnee the i 9 4 0 % s ,  i h l s  d e c l i n ~ r q  
trend In landings may now he e n a l n q ,  Recent landsngs a long  
t h e  s o u s n  shore have i nc rease2  s l l q h t l y  from 386 KT d u r a n g  t ?e  
1977 fall fishing season to 395 MT d u r z n g  the E998 f a l l  
season, 

Tn Lsoster Bay (Stacist~cai D i s t r l c r s  3 2 ,  3 3 )  i a n d i n g s  
have been h i g h e r  than nn any sf the s t a t i s t i c a l  districts in 
S,W,E,S, However, In recent years (1970-73; l a c d i n g s  in 
Lobster Bay have d e c l i n e d  ( F r g u r e  5). Reports from fishermen 
i n d i c a t e  that rke decline h a s  been qreates t  i f i  the nearshore  
areas, but the true nagnitude of the decline h a s  been masked 
by good catches of boats f i s n s n g  more t h a n  15 km fron-i shore at 
Seal Island and other  d i s t a f i z  areas,  A redwcekon of  
r s c r u i t i l i e n t  in Lobster Bay Is i n d i c a t e 6  9 fewer s h o r t s  eaugnt 
and by a decreass in the percentage of anarnais  in t h e  first 
moult size range above legal. size d u r i n g  the 1977-78 f i s h j n y  
season compared to the 1942's jTa9l.e P, F i g u r e  6 ) -  

Along the west snore (StatrsticaL Discr lc t s  34-38), 
landings have renainee relatively srable  ( F e g u r e  5) t h o ~ g h  the 
raeio of  shorts to legal-size a n l n a i s  has increased (Tabie  1, 
F i g u r e  6). The s l i g h t  Increase in average w e i g h t  s f  lobs ters  
from the 1940% so 1977-78 ( T a b l e  I) may be due to the 
increase in minimimi s i z e  Limit from 79-4 to 61 nrn C L  x r i  1951 
i F i g u r e  6)- 

Seasonal catches,  along w l t h  ~ 0 t d i  l a n c i ~ n g s  nn cne most 
producelve area  ( S t a t n s t e e a l  D a s t r i c e  321, are graphed nn 
Figure 7 ,  S r n c e  i.957 (wnen  s t a c i s t l e a l  d l s t r l c e s  were l a s t  
modlfled) tnere was a gradual Increase In landsngs (on a 
f s s h r n g  season ~ s s l s  hs opposed to a caienaar  year), w l t k ,  a 
rapnd Increase In 1968 and a rap ld  decline after 1976. In the 
f a l l  sf 1967 a t r a p  Iln-t was ~ a t r o d u c e d ,  ou: t t a s  resuleed ~n 
Increased f l s h l n g  eff~re sznce prlGr to T a l l  1967 f e w  
ilsherrnen feshe6 the new 375 t rsp  limit, 

A l o ~ y  w l e n  the Increase I n  landings d f t e r  $958 came a 
change in t h e  p a t t s r n  of fail-spring catcFies, Prior ta 1968 
the f a l l  and subseq~ent s p r l n g  catches ~ n c r e a s e d  and decreased 
rndependently of eacn other, After 1368 an Ancrease in f a e l  
l a n d i n g s  w a s  followed by a decrease in landings the f o l l o w i r l q  
sprrng, a Geeresse sr, fa11 Landings by an i n c r e a s e  cke 
foilowing s p r r n y ,  
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Figure  6, S i  z e - f r e q u e n c y  d i s t r i b u t i o n s  of l o b s t e r s  ( e x p r e s s e d  a s  p e r c e n t  of t o t a l  
c a t c h )  froni a t - s e a  sanrples  f r o n ~  s e l e c t e d  p o r t s  i n  SW Nova S c o t i a  a t  the 
b e g i n n i n g  and end of f i s h i n g  s e a s o n s  1945-46 and 1977-78, Data  from t h e  
1945-46 s a m p l e s  were  c o n v e r t e d  From t o t a l  l e n g t h s  t o  c a r a p a c e  ' l eng ths  
( W i l d e r  1953) g i v i n g  l o w e s t  increr ; ients  of 3-4  iiini, whereas  f o r  t h e  
1977-78  d a t a  t h e  fobrest i nc r emen t  was 1 nliil. S i z e  groupi  ngs  used i n  
g r a p h s  were  3-4 rnm f o r  1945-46 and 5 mm f o r  19 /7-78  d a t a ,  g i v i n g  the 
i m p r e s s i o n  of  h i g h e r  v a l u e s  f o r  t h e  1977-78 d a t a .  



Figure 7 Lobster landings for S ta t i s t ica l  District  32 on a fishing season basis ,  
The fishing year i s  from la te  November t o  end of June, b a t  landings d a t a  
t o  31 October were used to a1 low for sale of lobsters he1 d in pounds. 
" Fa1 1 " incl udes landings recorded November-February ; "sspri ng" i n d  udes 
Mareh-October. 



Table 2. Xind speed and air temperature in S.W. N . S ,  
(Yarmouth airport) as possible factors in f f s h s n g  
success. Suitable weather for fishing was 
arbitrarily defined as havirig average wind of less 
than PS knots and peak gusts of less than 40 knots. 
For each year the number of fishing days fro3 start 
of lobster season on last Tuesday ic November eo the 
end of December were counted, excluding Sundays wzen 
lobster fishing is prohibited, Temperatures showfi 
are averages of daily mean temperatures from start 
of lobster season zo end of December. 

No. of low-wind (fishing) days 2 3 25 1 3  26 

Average air temperature ( o C )  4-0.4 -0.2 - 2 . 2  i.0.6 



Zn the fall of 4976 landsngs dropped to aooGt half sne 
srevious level, At lease ? a r t  of tne fall 1976 decrease can 
be e x p i a l n e d  by wlndy ,  cold weamer In ehe f z i i  of 1976 { T a ~ l e  2 ; ,  
However, rncreased fan6lngs I n  tne sFrxng of i977 d ~ d  pet 
fully compensate for t t r s ;  end a n n i a ;  l a n d l n g s  concnnued ro 
decline ic 1577-78, wsth no rea, nrnprovexient 15 zns rai- ot 
1978, Thls declnne cGmes a p w o x r m i t e l y  sEe l a s s t e r  generation 
time after the hrgc iandlngs reached ;n 1969-76, 
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SEA YXCHIN (STR0XGVLOCZKTZOT;GS SROEBWCEIEhSIS) DISTRIBUTION 
A R a U S D  WESTZSN h 6 V A  SCOTZA 

Alvars 8, Scasko, Alan C2ap~ePI, and Donaid E, Graham 
Separm.ent GE ' *-snerles  and Oceans 

2esoccce Branch 
Pnverzeorates a ~ ~ d  X a r l n e  Plants G l v r s r s n  

SE, A n d r e w s ,  Kew a r u n s w l c k  

Sea urchin ( droebachirnsrs) 
distribution and aSundanee w e r e  estimated around-estern Nova 
Scotia PY interviewing iobscer fishermen and by eomplling 
byeatcn daea from lobster t r ap s  sampled at sea, Sea urchins 
are p r e s e n K  in a l l  shailow areas except the upper reaches of 
A~napolls Basln and Se, Mary" Bay, and en mud bsrtom such as 
e a s t  sf Mud and Sea: I s l a n d s ,  They are also found on shallow 
areas of Browns and Georqes Banks, Abunda~ce along the Fundy 
shore of Nova Scoria increases froxi few at Bails B a r D o u r  to 
abundant at Cicjby, decreasing to few in Lobster Bay ( s o u t h e a s t  
of Yarrnoath) , and l r icreasing to abundant east of Cape Sable 
Island, Sea u r e a i n  d~strioueion data saapled by lobster t raps  
have serious li~itarions and s h o u l d  be confirmed by diver 
observaalons. 

There is a dearth of enforflateon in the literature on sea 
urckin (Strongylocentrotus - droebachiecsis; distribction and 
aoundanc% In the Earitirnes region (New B r ~ n s w i c k ,  Prince 
Edward Islarid,  act5 Nova Scetia), Such information is of 
increasing interest Decacse of possible effects the sea 
urchins nay have on marine plants a n 6 ,  indirectly, on 
lobsters. 

Mann and his assocrates j e , g , ,  Mann, 1977) have studied 
localized sea u r e n d n  ecology i 2  St, 3iargare-k" say and on the 
s o u t h  shore of Ncva Scstia. Some data on sea u r c h i n  abundance  
in Wsr thurnber l anZ  Strait (Gulf of St, Lawrence) are e o n i a i ~ e d  
in Stasko et &I, (i9771, Neish (1973) and MacKay (99751 
surveyed sea urchin dlstrination from Grand Manan I s l a n d  to 
Cape Spencer, N,B, We c o d l d  find no reports on sea u r c h i n  
distribution from soathwestern Nova Sestia and the Nova Scotia 
share of the Bay of FunGy, 



P3 ihls papzr p resen t s  t k e  r e s u i t s  of a sLrv\?y ( ~ n t e r v l e v ~ s )  
of f i s h e r r f e n  a35 a eonpila~~on of sea d s c n l c  aycatch data from 
Lobster t r zps  sampled a r o u n d  w e s t e r n  Kova Saocli-i durlng 
1977-78 w l t k  saxe add:cloca; sampiang at Granm Manan, 
AS tho tqc  o u r  rnethoc5olsgy does n o t  nnd icare che absoloce 
aburdznce  of sea u r e k ~ c s  in an area, ir prowldes a rodgh  
indicatnon of r k e ~ r  aistrabutnon an3 relative a ~ a n d a n c e ,  

Tnree approaches were t a k e n  : i n t e r v i e w i n g  fishermen, 
su rnna r i z inq  byca tch  d a t a  from cornnereiai lobster tra2s sampled 
at sea d u r i n g  1577-98, and summarizing bycateh data from t raps  
fished daring research cruises  in summer, 1977, 

Two or three i n s h o r e  lobster f i s h e n e n  per port were 
i n t e r v i e w e d  at s e l e c t e d  ~ o r t s  a round  w e s t e r n  Nova Seotia from 
Halls Harbour on the upper Bay of Fundy to t h e  S h e l b u r n e  area 
(Figure l), In addirion, we i n t e r v i e w e d  iobster fishermen and 
a few scallop fishermen who frsh deeper waters beyond t h e  
norma: i n s n o r e  g rounGs ,  i n c l u d i n g  the Browns Bank area and 
northeast Georges Bank 

The bycateh  of sea u r c h i n s  in commercial lobster  t r aps  
was recorded as pare  of at-sea lobster  sangling on commercial 
lobster boats  during the lobs ter  fishing seasons in 1977 and 
1978, Many sea u r c h i n s  were small enough to e a s i l y  pass 
t h r o u g h  the lath spaces in t h e  commercial traps, 

F u r t h e r  daea on sea c r e h i n s  were collected during the 
closed labsrer season on research cruises in summer 1973 at 
f o u r  sites: Port Maitland, L o w e r  West P u b n l c s ,  Mud Island 
( n o r t h  sf Seal Island), and 2ort LaTour ( F i g u r e  81, Two types 
of t r aps  were used: (1) local wooden co~merciad lobster traps 
(Su) w i t h  36-40 arm l a t h  spzcing an3 entrance ring 
a2proxirnarely 120 rnm in d i a r c e t e r ;  and ( 2 3  smaller experimental 
t r aps  ( E X ;  w i t h  approximately 20 rnn lath spacing and 76 nm 
e n t r a n c e  ring d e s i g n e d  to r e r z i n  ho5sters Gown to a s i z e  of 
approximateiy 35 rnm czrapiziee length (CE) and e x c l u d e  large 
lobs te rs ,  T h s s e  traps were fished at a nurncer of stations at 
each s i t e ,  F r s n  shallow water in bays to a d e p t h  of 
approximately 25 m, One camaercial and one exper ix~enta l  trap 
were set approxixaeely PC a asa r t  on a s i n g l e  b~oy, B a i t  was 
f r o z e n  aackerel w i t h  aLl. o l d  bare  removed and new b a i t  added 
each time the t r a p s  were hadled, Soak time was ~ s u s l i y  24 k ,  

F r e q u e n c y  d~srrloution of che number of sea urch~na per 
trap h a u l  was coxpared { F i g u r e  2 )  w i t h  the n e g a t i v e  binomial 
distribution w h i c h  1s def rned oy t w o  paraKeters ,  t h e  
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Figure 1 .  Map of Bay of Fundy and SW Nova Scotia showing sampling locat ions 
f o r  both at-sea samples and interviews. The numbers represent 
bycatch of sea urchins (avg. no./trap haul ) in lobster traps 
sampled a t  sea in 1977 and 1978 in lobster d i s t r i c t s  1 t o  4. In 
the 50 samples, most (76%) had 75-200 traps (range 23-247 t raps)  
per sample. Seasons are indicated as: Sp - spring (commercial 
lobster fishery mid April to mid June), Su - summer (research 
fishing mid June to early September), F - fa1 1 (commercial lobster 
f i shery November-December ) . The traps used were 1 ocal commerci a1 
1 obster traps,  except those marked "Ex" which were experimental 
t raps designed to retain small lobsters down to 35 mm carapace 
length and fished alongside the summer traps in 1977. 



Port Moitlaod ( 18 - 26 May, '781 
N =  (103 T r o e s  

Mean = 0.12 Sea Urchins  / Trap 

- P ied ic ted  

- Obswved 

Port La Tour (30  A u g  - 2 Sepf , ' 7 7 )  
Sd = 195 Traps  

Mean = 12 5 Seo Urchins  / Trap 

Stonehurst i 5 Dec., '77 1 
N = 98 Props  

Menn = 14.0 Seo Urchins I" Trap 

Number  of Sea Urchins Per Trap 

Figure 2 .  Catch-per-trap frequency fo r  three areas using samples lri t h  large 
number o f  sea urchins. Shaded histogram shows observed values; 
blank histogram shows values  predicted on the basis of the  
negative binomial distribution. " "Kbs  the exponent o f  the 
negative binomial d i s t r i b u t i o n .  



a r l t h m e t r c  mean (X) a n d  t h e  e x p n e n t  (K), u s l n g  a c o r n p ~ t e r  
p r o g r a m  d e s c r i b e d  by D a v i e s  ( 1 9 7 1 ) .  D i f f e r e n c e s  b e t w e e n  t h e  
o b s e r v e d  d i s t r i b u t i o n s  a n d  t h e  p r e d r e t e d  n e g a t i v e  b l r i o m i a i  
v a l u e s  w e r e  n o t  s i g n i f i c a n t  (P > 0.10), u s i n g  the c h i - s q u a r e  
t e s t .  

RESULTS 

i n t e r v i e w s  

F i s h e r n e n  r e p o r t e d  s e a  u r c n i n s  a l o n 5  t h e  whole Nova 
S c o t i a  c o a s t l i n e  e x c e p t  in a f e w  i s o l a t e d  p o c k e t s  ( T a u l e  1 1 ,  
One  s u c h  p o c k e t  Is t h e  u p p e r  A n n a p o i l s  B a s i n  w h e r e  muddy 
uottom a n d  low s a i r n i t i e s  may b e  f a c t o r s  i n  l i m i t i n g  sea 
u r c h i n  p r e s e n c e ,  A n o t h e r  a r e a  l a c k e n g  i n  s e a  u r c h i n s  1s 
L s o s t e r  Bay just o f f  Lower West P u b n i c o ,  a l  t n o u g h  n e a r D y  
f i s h e r m e n  f r o m  A r g y l e  d i d  r e p o r t  a  f e w ,  ?done were r e p o r t e c  
f r o m  e a s c  o f  Mud l s l a n d  w h e r e  c h e  s u b s t r a t e  r s  s o f t ,  A z  t h e  
o t n e r  e x t r e m e ,  f i s h e r m e n  i n  s o m e  a r e a s  r e p o r t e 8  c a t c h ~ r ~ g  
h u n d r e d s  o f  sea u r c h i n s  p e r  Gay i n  250  t o  375 c r a p s ,  w l t 5  
o c c a s i o n a l l y  15  t o  o v e r  1,000 sea u r c h l n s  p e r  s i n g l e  t r a p ,  
S u c h  a reas  o f  sea u r c h i n  a b u n d a n c e  e x t e n d  f r o n  t h e  Dlgby s h o r e  
t o  P o r t  M a i e l a n d  (except for c h e  upper A n n a p o l n s  B a s r n  and  
u p p e r  S t .  Xary"  s a y ) ,  and the c o a s t l i n e  e a s t  o f  Cape S a b l e  
I s l a n d .  Few sea u r c h i n s  were r e p o r t e d  f r o %  t h e  n o r t h e r n  half 
o f  L o b s t e r  Bay ,  

A f e w  s e a  u r c h i n s  are  w e a s i o n a l l y  s e e n  r n  l o b s e e r  traps 
f i s h e d  i n  t h e  s h a l l o w e r  a r e a s  d i s r a n t  from s h o r e ,  Sone h a v e  
b e e n  n o t e d  a s  distant as  Browns  Bank a n d  mr t3eas t  G e o r y e s  
B a n k ,  Xn f a c t ,  s c a l l o p  f i s h e r m e n  r e p o r t  t h a t  on t h e  s3aiiowcr 
a r e a s  o f  G e o r g e s  Bank sea u r c h i n s  a re  p l e n t i f u l  i n  s o x e  
l o c a t i o n s .  

A g e n e r a l  c o n c l u s i o n ,  a g r e e d  t o  by a l l  f i she rme : ,  n s  t h a t  
s e a  u r c h i n s  a re  f o u n d  o n  h a r ~  b o t t o m ,  L a r g e  sea urchl~s were 
n o t e d  a l o n g  t h e  Fundy s h o r e  w h e r e a s  smaller o n e s  were i o d n d  
f r o m  S t ,  Mary 3 s a y  s o u t h ,  

O b s e r v a t i o n s  o n  c h a n g e s  rn a b d n d a n c e  ( T a b l e  l )  are 
p r o e a b l y  more  s u s p e c t  than f l s n e r r n e n k  d e e s e r l ~ t r o n s  of p r e s e n t  
o c c u r r e n c e  of s e a  u r c h i n s ,  A s i d e  f r o m  t h e  f r s h e r r n e n  
a t t e m p t i n g  c o  r e c a l l  e v e n t s  o v e r  a  number  of y e a r s ,  there  r s  
t h e  p r o h i e m  of their estimation of s e a  u r c h i n  s i z e ,  A f e w  
l a r g e  a n i m a l s  may b e  more n o t i c e a b i e  t h a n  a l a r g e  nbn;ber c f  
s m a l l  a n i m a l s ,  a n d  c h a n g e s  i n  s i z e  o v e r  the y e a r s  rnig5z he 
i n t e r p r e t e d  a s  c h a n g e s  i n  n u m e r i c a l  a b u n d a n c e ,  B a s e d  o n  ene 
i n t e r v ~ e w s ,  t h e r e  is n o  c h a n g e  1n  a b u n d a n c e  of sea u r z n i n s  In 
4-9 ~ n e  upper Ray of F u n d y ,  a  d e c r e a s e  nn c h e  DegSy area, an 
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I n c r e a s e  I n  S t ,  Mary" Bay t o  P o r t  M a r c l a n d ,  no  c h a n g e  I n  
L o b s t e r  B a y ,  a n  i n c r e a s e  a t  Mud-Sea: I s l a n d ,  a n  i n c r e a s e  t o  
1 9 7 7  w i t h  s t o s e q u e n t  d e c r e a s e  ( smal ler  s i z e s ? )  e a s e  of Cape  
Sable I s l a n d ,  a n d  n o  c h a n g e  i n  areas d i s t a n t  f r o m  s h o r e ,  

B y c a t c h  i n  L o b s t e r  T r a p s  

I n  t h e  Bay of Fundy  a;ong t h e  N e w  B r u n s w l c k  s h o r e ,  sea 
b r c h i n s  were f o u n d  In l o w  c o n c e n t r a t i o n s ,  ~ u t  were a b s e n r  in 
d e e p e r  a reas  of f  t h e  n o r t h e a s t  s i a e  of G r a n d  Manan I s l a n d  
( F i g u r e  I), On t h e  Nova S c o t i a  s r d e  of the Bay e h e r e  were f e w  
sea u r c h i n s  a t  C a n a d a  C r e e k ,  w i t 5  g r e a t e r  a b d n d a n c e  I n  zhe 
D i g ~ y  area ,  a n d  f e w  a r o u n d  t h e  tip o f  S,W,N,S, The  g r e a t e s t  
a b u n d a n c e  was f o u n d  e a s t  of Cape  S a b l e  T s l a n d .  Variations In 
s e a  u r c h i n  b y c a t c h  b e t w e e n  t r a p s  a n d  between s a m p l e s  were 
c o n s i d e r a b l e .  

I n  t h e  summer 1 9 7 7  t r a p p i n g  s t u d y  z h e r e  were f e w e r  se- 
u r c h i n s  i n  t h e  local  e o r n m e r c i a 9 - t y p e  t r a p s  ( l a b e i l e d  S u j  ;nan 
i n  the same t y p e  of t r a p s  f i s h e d  c o m m e r c i a S l y  d u r i n g  the 
s p r i n g  a n d  f a l l  l o b s t e r  f i s h i n g  seasocs ( l a b e l l e d  S p  a n d  7 j 
( P i g d r e  1). A t  P o r t  M a i t l a n d ,  i n  L o ~ s t e r  B a y p  and  a t  Kud 
I s l a n d  n o  s e a  u r c h i n s  were c a u g h t .  A t  P o r t  L a T o u r  s e a  c r c h i n s  
w e r e  a b d n d a n t ,  

T h e  r e s u i t s  f r o m  t h e  e x p e r i i n e n t a l  t r a p s  showed a s l rn , ;a r  
t r e n d  b u t  w e r e  more e x t r e m e  t h a n  t h o s e  o b t a i n e d  by t h e  o t h e r  
t w o  a p p r o a c h e s  ( i n t e r v i e w s  and commerc ia l .  fishery); no  s e a  
u r c h i n s  were c a u g h t  n o r t h w e s t  of Cape S a b l e  I s l a n d  w h l i e  aany 
w e r e  c a u g h t  i n  t h e  Por t  L a T o u r  a r ea .  C o m p a r i s o n  of t n e  t w o  
t r a p  t y p e s  ( T a b l e  2 )  shows that c h e  e x p e r r m e n t a l  t r a p s  c a u g h t  
m o r e  sea u r c h i n s  than t h e  commercial t r a p s ,  D u r i n g  t h e  first 
s a m p l i n g  p e r i o d  (July 4-81 e h e  mean number  of s e a  u r c h i n s  p e r  
t r a p  i n  t h e  c o m m e r c i a l  v e r s u s  e x p e r i m e n t a l  t r a g s  was 1,3 
v e r s u s  5 - 2  (P < 0 , 0 l ,  two-way a n a l y s i s  o f  v a r i a n c e ) ,  while 
d u r i n g  t h e  s e c o n d  p e r i o d  (Aug 3 2 - S e p t e m b e r  2 )  t h e  d r f f e r e n c e  
(10.3 v e r s u s  1 2 . 5 )  w a s  noE s t a t i s r i c a l l y  s i g n i f i c a n t ,  For t h e  
o t h e r  s p e c i e s  r e c o r d e d ,  t h e  e x p e r i m e n t a l  t r a p s  c a u g h t  n o r e  of 
t n e  s m a l l e r  s p e c i e s  b u t  f e w e r  o f  t h e  l a r g e  o n e s  j l o b s t e r s  and  
j o n a h  c r a b s ) .  

T h e r e  was g r e a t  v a r i a b i l i t y  i n  c a t c h e s  of sea k r e h i n s  r n  
both trap t y p e s  during the summer r e s e a r c h  c r u i s e s  a s  we;: a s  
i n  t h e  c o m m e r c i a l  t r a p  d u r i n g  c h e  s p r i n g  a n d  f a l l  commerc la :  
l o b s t e r  f i s h e r y ,  T h i s  is i l l u s t r a t e d  i n  F i g a r e  2 w h e r e  t h e  
p r o p o r t i o n  o f  t r a p s  is p l o t t e d  a g a i n s t  t h e  number of sea 
u r c h i n s  p e r  t r a p  f o r  t h r e e  I o c & t i c n s  w i t h  l a r g e  c a t c h e s  cf s e a  
u r c h i n s .  Most t r a p s  i n  e a c h  of t h e  t h r e e  s a m p l e s  c a u g h t  none 
o r  v e r y  f e w  sea u r c h i n s ,  w h i l e  a f e w  traps c a u g h t  l a r g e  
n u m b e r s ,  T h e  o b s e r v e d  v a l u e s  c l o s e l y  f o l l o w  e k e  n e g a t i v e  



Tab1 e 2. Tota l  number of animal s cabgkt i n  commercial and exper-irnenta? lobster 
t r a p s  Fished at Port LaTour d u r i n g  research cruises i n  summer 4977, 

No. or' Sea Hermit ROCK Jonah 
Trap  type t r a p s  urchins Whelks crabs -- crabs crabs Lobsters 

Survey 1 (4-8 Ju ly)  

Experimental 199 1025 0 0 63 0 52 

Survey 2 (30 Aug. -2 Sept. ) 

Commercial i 99 2055 1i38 17 34 5 90 

Experimental 195 2432 3196 59 199 3 4 7 



binomial d i s t r i b u t i o n ,  w i t h  l o w  "K" v a l u e s  ( e x p o n e n t  of t h e  
n e g a t i v e  b i n o m i a l  d i s t r i b u t i o n )  i n d i c a t i n g  a  nsn-random or 
c o n t a g i o u s  d i s t r i b u t i o n  ( P o o l e ,  1 9 7 4 i e  

Of t h e  t h r e e  a p p r o a c h e s  u s e d ,  i n e e r v i e w i n g  f i s h e r m e n  was 
t h e  m o s t  s u b $ e c t i v e ,  Some p r s b l e x s  w i t h  this s a m p l l n g  
t e c h n i q u e  a r e  s i t e  s e l e c t i o n  t o  p l a c e  t r a p s  f o r  b e s t  l o b s t e r  
c a t c n e s ,  a v o i d a n c e  oy f i s h e r K e n  o f  s e a  u r c h i n  c o n c e n t r a t i o n s ,  
v a r i a t i o n s  ix kype  of b a i t ,  not c l e a r i n g  o u t  sea u r c h i n s  a t  
e a c n  h a u l ,  r n a t t e n t i o n  t o  s e a  u r c h i n  n u n b e r s ,  e f f e c t  of s e a  
u r c h i n  s i z e  o n  s u b j e c t i v e  i m p r e s s i o n s  o f  a b u n d a n c e ,  and 
d i f f e r e n c e s  i n  inernory o f  t h e  i n d i v i d u a l  f i s h e r n a n .  Some of 
t n e  s u b j e c t i v i t y  is removed i n  a t - s e a  s a m p l i n g  s f  c o m m e r c i a l  
t r a p s  by r e s e a r c h  p e r s o n n e l  who a c t u a l l y  e o a r t  t h e  s e a  
u r c h i n s ,  

A f u r r h e r  improvement  is a c h i e v e d  on  r e s e a r c h  c r u l s e s  
w h e r e  t r a p  l o c a t i o n  is d e t e r m i n e d  w i t h o u t  r e f e r e n c e  t o  l o b s t e r  
a b u n d a n c e ,  t r aps  a r e  c o r n s l e t e l y  c l e a r e d  a t  e a c h  h a u l ,  and t h e  
same t y p e  of b a i t  is u s e d  c o n s i s e e n t l y ,  A f ~ r t h e r  improvement  
w a s  g a i n e d  by u s e  s f  t h e  e x p e r i m e n t a l  s n a i l  t r a p s  t k a t  c a u g h t  
f e w e r  l o b s t e r s  anG t h u s ,  p r e s ~ n a b l y ,  r e d u c e d  t h e  e f f e c t s  t h a t  
p r e d a t o r s  ( l o b s t e r s  an2 c r a b s )  i n  a t r a p  would h a v e  on 
p r e s e n c e  i n  t r a p s  of t h e i r  p r e y  ( s e a  u r c h i n s ) .  L o b s t e r s  a r e  
known to f e e d  on sea u r c h i n s  (EIimrnelaan and  S t e e l e ,  1971; 
Miller  e t  aY,, 19'71;  E l n e r ,  1980;. 

A l t h o u g h  t h e  t h r e e  a p p r o a c h e s ,  all b a s e d  o n  t r a p s  
p r i m a r i l y  f i s h e d  f o r  l o b s t z r s ,  a r e  n o t  t h e  b e s t  for s u r v e y i n g  
s e a  u r c h i n s ,  t h e y  c a n  be used a s  a  rough  g u i d e  t o  s e a  a r c h i n  
d i s t r i b u t l c n  and  a b u n d a n c e ,  The c o n f i d e n c e  i n  t h e  r e s u l t s  rs 
i n c r e a s e d  15 t h e  t h r e e  a p p r o a c h e s  show s r x i i i a r  t r e n d s  a t  
s i m i l a r  s i t e s ,  A c r u d e  c o m p a r i s o n  among t h e  t h r e e  a p p r o a c h e s  
is shown i n  T a b l e  3 w h e r e  t h e  s u b j e c t i v e  c rL te r ia  of s e a  
u r c h i n  a b d n d a n c e  a r e  s i r ~ p k i f l e d  - none, f e w ,  medrum and 
a b u n d a n t ,  A d r n i e t e d i y ,  t h e r e  a re  problems of s i t e  
c o m p a r a b i l i t y  and  d i f f e r e n c e s  i n  t ine  o f  y e a r  t k a t  sa rnp l lng  
w a s  d o n e ,  N e v e r t h e l e s s ,  some g e n e r a l  c o n c l u s i o n s  seem to  be 
w a r r a n t e d ,  

S t a r t i n g  irl t h e  u p p e r  Bay of Fcndy,  s e a  u r c h r n  a o u n d a n c e  
i c c r e a s e s  t o w a r d  D i g b y ,  is medaun t o w a r d  P o r t  X a i t l a n d ,  is 
r e d u c e d  t o  s c a r c e  a t  Mud and S e a l  I s l a n d s  and i n  L o b s t e r  Bay, 
and i n c r e a s e s  to  a b u n d a n t  e a s t  o f  Cape S a b l e  I s l a n d ,  S e a  
u r c h i n s  a re  a l so  found i n  s h a l l o w  a r e a s  o f  o f f s h o r e  b a n k s ,  b u t  
n o t  in d e e p  w a t e r  e v e n  n e a r  s h o r e ,  F i s h e r m e n  i n t e r v i e w s  
i n d i e a e e  r e c e n t  d e c r e a s e s  i n  a ~ u n d a n c e  w h e r e  a b u n d a n c e  was 



- lablc 3, Sun;n;ary of sea urchln abcndance est:n?aiea by t h e  three ap~rozches  
I nterviebdi ng  i o ~ s - t e r  f i  sher~le?;,  sang1 i ng coninlercial ly  fished 
l abster  t r aps ,  and samyl ~ n g  t r a p s  on research crulses.  Recent 
change 1 s based on 7 ntervi ells on1 ye 

Coi-i:merci 21 Research 
I n t e r v ~  e m  f ishery  t r a p p i n g  Recent chancje 

Grand Planan, shal low - Pew, none - 
Grand Vanan, deep - none - 

Upper Bay of Fundy few few - no change 
Digby area abr4nbact K,CG 5 un; - decrease 
S t .  Mary's Bay med I urn - - I ccrease 
Port Mai t2 ana area med -r urv i ew gone increase L 

Lobster 3ay few feir, none none no chdngz 
Mud ana Seal Is1 and Sew - none i nc rease 
E. o f  Cape S a b l e  I. abundant  abundant abunaant < ncreas2 to 

1577, t n e ~  
decrease 

Offshore, sha i  l ow  f e  t.i - - -. 
Offshore, deep none - - no c h a ~ g e  



gceatest a few years ago, This could possialy be due eo 
redaction in size sf individuals rztker than reduction in 
number of anlifials, An increase was reported in mosx other 
areas bdt not in 2obster Bay, 

O t h e r  conciusPons a r e  ena t  sea u r e n l n s  and loos ters  are 
not a u t u a l l y  exclusive, even within one zrap.  The a~undance 
o f  sea urchins r s  not necessarily inversely related to lobster 
abunda~ce, sbnce more lobsters are caught In the Dfgby area 
waere sea urchins are abundan t  taan in the upper Bay of Fundy 

% -  wnere sea ~ r e k l n s  are scarce. ixevertceless, east of Ca2e 
Sable  where  sea u r c h i n s  are abundact, lobster cacehes are 
small, and v i c e  versa I n  Lobster Bay. One genera: cbsecvat;on 
is k3ae sea u r c h i n s  are ab~ndant 02 hard bottom and absent  on 
rndddy bottom and in the upper reaches of estuaries, The 
nsn-random statistical distribution of sea urchins in the 
craps s u g g e s t s  that t h e y  are found in aggregated pockets of 
abuncance on the sea bottoa, 

Where data frsa lobster t r aps  i n i i c a t e  f e w  sea u r c 9 i n s  1~ 
shallow areas aroucd Grand Kanan Island, d i v i n g  surveys ( N e n s b ,  
1973; MacKay, 1976) in the same areas show s i t e s  r a n g i n g  from 
no sea urchins to abundant, w n t k  mssc of the sea urchins found 
on substrate w i t h i n  the f i r s r  Z e w  ceters oelcw the stirface 
where lobster traps are n o t  normal ly  fished, K e i s k  t P 9 7 3 j  
ssysests that in cezstal areas of Charlotte County, N , B , ,  sea 
urchin popelations are increasing, as e v i d e ~ e e d  by absence of 
subtidal seaweed in many areas, MaeKhy (19766) argues that 
there is no sea u r c h i n  explosion in Charlotte County, 

Although sane qualitative ~ndlcatiaa of sea urchin 
abmdance  a a y  be d e r h v e d  from t r a ?  surveys, actual 
~bservations underwater are s t i l l  needed 
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AN UPDATE ON THE RELATIONSHIP BETWEEN COMMERCIAL m B S T E R I N G  
AND ZRGBZN AND MACROALGAL D E N S I T I E S  

Y,D, P r i n g l e ,  G , J .  Sharp ,  and J . F ,  Caddy* 
D e p a r t m e n t  sf Fisheries and Oceans 

Resource Branch 
Invertebrates and Marine Plants Division 

Hal ifax, Nova Scotia 

INTRODUCTION 

As -pointed out in the "Intrsducticn to the Workshop," t h e  
latter was taken from a review paper based an the workshop 
which was written sy t h e  edi tors ,  (This paper was presented 
at a "Muitisgecies Workshop" in November, 9979, at. St, 3shngs, 
Newfoundland, and will. appear in toto in t h e  p roceed ings ,  1 -- 
Presented below is the remainder of t h i s  paper which  appears 
in two parts, The first section is based on S e s s i o n  IV and 
includes each statement as presented by che session chairman, 
a summary of the discussion that followed, along with a 
pertinent literatore review and the conclusions a r r i v e d  at 
following the statement discussion, The second section 
consists of a general discussion sf the workshop theme w h ~ c h  
includes both information presented at the workshop and that 
published elsewhere, 

Statement - "There has been a significant decline in 
L a m i n a r i a  along t h e  Nova Seotba coast in recent years,"  

The marked decline in the size of t h e  Earninar ia  beds i n  
St, Margaret's Bay (Breen and Mann, 1976) ~ 6 %  accepted, as it 
had been well documented since 1968 (Mann 19'72)- Whartonts 
hypothesis (Wharton, 1980) that there had been s imi lar  
declines in Larninar la  cover west  of H a l i f a x  was less 
acceptable, H i s  c o n c l u s i o n s  are based on presen t  k e l p  cover 
as a percentage of suitable s u b s t r a t e  availability. His 
findings were as fa$iows: L~nenburg Co,, 3,9%; Queens  Co,, 
8-88; and eastern Shelburne Go., li.56, 

I t  was p o i n t e d  o u t  oy both Bimmelman (1989) and Hssper 
(1980) chat  much of the Newfoundland coast supports few 
Laminaria beds; the most frequent kelps are Alar i a  and Agarurn 
and they are noe aoundant, In St, Margaret's Bay, refuge 

" P r e s e n t  A d d r e s s :  Food and A g r i c u l t u r e  Brganizaeion of the 
G n L t e d  Nations [ F A C ) ,  Via D e l S e  Terme d i  
Caraeaila, 00100 R o m e ,  I t a l y  



paptila"ilons of Laxi~naria are toand nn the surf zone where 
urchin grazing is not possible ( B r e e n ,  19SO), There are no 
such kelp r e f ~ g e s  in Newfoundland, which led Himrielman top. 
c1-k , )  to conciude t h a t  the urchin-dorrtinated areas ", , .have not 
su2ported Laminaria - bezs in recent history", Sinflarly, 
Haoper ( 09 -  cite; , for  the f~ilowd~g reasons,  f e l t  Lsminaria 
had n o t   bee^ a par: of the c l i m a x  community for hundreds of 
years: F i r s t ,  the @orailins rhodolith layers are neters thick 
:n xany areas and one does not find extensive coralline 
papulatlons as an understory of kelp; and secondly, sea urchin 
spines and tests do not increase in ehe sediments of the 
recent past, 

Th;s discussion poineed out a problem I n  u s i n g  the t e r m  
" urchin-dominated Barren grounds", which was believed eo have 
aecn coined by Lawrence (3.975). These areas in Newfoundland 
an2 Nova Scstia are  markedly  different b o t h  in d ~ v e r s i t y  of 
fLora and f a u n a  and period sf barrenness, Apparently, the 
urehi~-domf nated areas in Newfoui~dland heve diverse benthic 
fiar~ and fauna, whereas this is not the ease in 
St, Margaret's Bay ; A , R . O ,  Chapman, pers. corn,). 

Zonelusion - "For some areas there has been a significant 
d e x l i n e  in k e l p  biomass over the Past decade, For many other 
areas informe~isn is l a c k i n g ,  but eircumstantnal evidence 
(mainly anecdotal) suggests there has been a general decli~e, 
at leasx east of Cape Sable,"  

Statercent  - "The changes in density of Laminaria in 
St, Margaret's 9ay are a consequence of abiotic and /o r  biotic 
factors, gn 

9, Caddy (pers. csrnm,) gohnred  out that domestic sewase 
In coastai California waters appeared to Seneffr the urchins 
aore than the k e i p ;  c o u l d  t h i s  be t h e  s i r f la t ion here? This 
pcssibality w a s  rejected for  St, Marcjareces Bay, as apparently 
ndtrient levels are not high (k,R,O, Chapman, sers, corns,), 
'however, St, !4argaret3 s Bay is closed to skellf ish harvesting 
due to kiqh faecal coiiforlii c o u n t s  {T, Rowell, pers, camxi, ) . 
Sreen (1974) showed t h a t  kelp recolonized a bottom where 
a r c h i n s  were excluded by cages, C, Eobban (pers, e o m r n , )  
2o:nted out t h a t  the l a t t e r  does noe preclude the possibility 
that s e K e  f a c t o r ( s :  may be operatifig w h i c h  makes tne kelp more 
susceptible to grazing, R, WeSsford (pers ,  coam,) n o t e d  t k x t  
Mearidex had r e c e n t l y  discovered & disease t h a t  affects  iocai  
pspu;aeisns of -- Earn ina r i a  - longicruris, Appare~tly, Littorins 
sp, selectively graze the diseased area and may in turn be the 
vector  of the disease, 

% ~ r ,  R, McBr ide,  Associ~te Professor of B i o l o g y ,  D a l h o d s f e  
Ur iaversLty ,  h a l r f a x ,  h~ ,S, 



Conciusi~fi - "In areas where they have seen observe6, --- 
e,g. St. Kargarec's Bay, sea urchins have eaten kelp beds and 
are the 2 r o x i ~ a z e  cause sf the decline, The data are n o t  
sufficient to claim they are the sole cause as there have been 
environmental enanges." 

Urchins 

Staterfiefir - "Increases in sea urchin ab~ndance along 
Nova Seotiaas Atlmtic shores have occurred in recent years," 

~isc~ssion on this eo2ic pornted oct the iaek sf 
in2orrmtien avaiiab;e on both the narural history and 
population dynamics of che iocd; sea urchin, There was - ' Pltele d o ~ b t  tnat at certain locations biomass of u r c h i n s  had 
increased, e,g, the grazing front in St, t4argaret8s Bay. 
However, it was nor known whether aumers  ha6 incr~ased along 
the coast, These fronts nay be due to irnnigration and not to 
recruitneat, Unfortunately, neither long-term adu; t  movement 
patterns nor distrioution 02 the pianktonic stages are known,  
In wester2 Russia (J, Himmelrnan, pers, conm,) urchin larvae 
are known ro remain planktonic for two to three months, 
Consequently, loeai urchin recru;tmenc esuid be  fro^ great 
distances, gsven the long-&@re carrect patterns of the area. 
I t  was suggested from personal ooservations chat  urchins might 
be invading ehe coast from teadiand to headland ID, Pace, 
pers , coma, 1 What has Seen observed both locally (Lang and 
Mann, 1977; b l h a r k s n ,  49803 and in California (Tegner, 19801 is 
ac urchin recruitment pulse following frontal grazing, 
Wkartan lop, cnt,j has observed this pulse in a nua@er of 
sites aiong che coast west sf d a l l f a x ,  However, the nature of 
this p ~ l s e  was queried as Wnarton rnferreii u r e h v n  age from 
d r c h i n  s i z e ,  

Concl~sion - "It appears :her2 n a s  oeen an increase in 
tke biomass of tne srchln, Wketner tr-ere has seen an increase 
in total nanbers c a n n o t  se a12swered wieh :he neagre data 
base 

StateT:*e~t - "Control of u r c h n n  abundance f s pr incigally 
by a) lobsters, D S  cram, el fisn, d: other organisms, or 
el food supply," 

3reen and Kann 11976) dsed a slnularnon ~ o d e i  w,,,to 
test whether a lo~ster popdlatron of rezisonable size, feeding 
at known races, and w i t h  realrstsc size ~nteractions with its 
2rey wzs ca2acie @f Pirnnenng the growtn sf a sea urchin 
pcpulation, " They showed r n a " c B  I.. lobst;?rs hnd crabs 
controzled sea brchics under most eendre;ons, At low lobster 
d e n s l e y  , sea u r c n n n  pspblatlans exaloded, " T h e r e  was 
some concern about t n e  Laost~r densities e~ployed Hn the 



model as the J a t t e r  are l a r g e l y  unknown,  As well, ~t was felt 
insuffielent weicjht  was g i v e n  eo other predators, It was 
w i ~ b i n t e d  ,-. auc c h a t  in other ecssyszems small changes ir predator 
2ens~ty readily control p rey  2opu4ations (R, Foreman, pers, 
csr~xr,, j Wooper (1980) pointed out a cornpiex predatorlprey 
sys t~ i - o  a T f  .=;i.lsta'l. Newfoundland, H c  i d e r i t l f  ied a m i n i m u m  of 
30 syec re s  (Table 1) that p r e y  on u r c h i n s  of v a r i o u s  sizes, 
from lzrvae through to adult, I n c l u d e d  were commercial 
g r ~ c i i t d f i s i ?  and woiff i s k ,  B, Breen (pers, cornm, j noted t h a t  
wslff i s h  came i n t o  SK, k a r g a r e t b  B q  for three months acd 
i r , d r v i d d n l s  '\ ,, ,ate n o r r e n d a u s  ( s i c  - speaker meantlarge) 
n u a b e r s  of sea urchins,.," but t h e i r  densities were so low 
t h e y  h a d  ilttle effecc on the total u r c h i n  population, It was 
noted (J. Caddy, pers, comma) that woiffish densities dropped 
markedly In the l a t e  1960%s, as have most inshore commercial 
species sueh as cod and haddock, The extent of t h e i r  
~ n f  l uenee on : i r c h l n  popalations is unknown, 

Craos consume urchins {Elner, 1983) and they are n o t  
cor ,a;kerclal l~ harvested in Sc, ki;argarets s Bay; however, 
2, Pr;nyl.e (pers, tcrnrn,) noted that lobster fishermen k i l l  
c r d b s  caught /n lobster craps as chey feel they are in direct 
eor,;petltiofi w i e h  lobsters, G ,  Roach (pers, eornrn,) verified 
this for GL~ysborough and Richmond Counties (see F i g u r e  1 in 
Introductory paper]  , Here, the fishermen had agreed among 
t h e m s e b v e s  to b r i n g  a l l  r a p t u r e d  crab inshore, Roblnson 
(198C) p o i n t e d  out that a lobster trap is designed to catch 
iobsrer and nay not be an adequate mechanism for sampling 
a r ~ l - i i ~ ~  and crab populations, Consequentlys without 
experinental evidence, in an area of Isw lobs ter  densrty the 
r e r a r n  of crabs and urchins in the traps should not be 
~ r ~ t e r p r c t s d  as an Increase i n  t h e i r  population density, 

El ~ e r  j 1980 j presented Laboratory data on u r e n i n ,  mussel, 
and crao predation by l o b s t e r s ,  Lobsters and erabs had 
respectively 1~4.3 and 1:79 preference for mussels over 
urchrns, Each ia~srer and crab consumed, on average, one 
c r e h ~ n  2er d a y .  The author concluded that ",,,it is difficult 
ca a t t r s ~ u t e  I nc reases  in sea urchin numbers to a decline rn  
che lobster pcp~iatlons a l o n e ,  or ta suppore the hypothesis 
t h a r  lobsters and rock c r a b s  a r e  a key factor in controlling 
the 2opdlatrons of sueh an abundane prey."  

In s l m r l a r  s t u d y ,  Evans  and Mznn (1977) showed chat 
iobst~rs preferred erabs over u r c n l n s  by 5 a l ,  but if urchin 
densities were markedly  n i g h e r  rhan those sf erabs ehen more 
urchins were e a t e n ,  They concluded t k a t ,  "It is still 
possible to think of the lobsters as controlling factors in 
che a ~ u n d a n ~ e  sf u r c h i n s , ,  ," 



TABLE P .  Observed s e a  urchin predators  in Newfoundland waters. 

Sea Urchin S ize  

Larvae Small Medim Large 
(5  rnmj ( 5 +  t o  25 m) (over 25 m) 

Predators  

Cy anea Tealsla 
cteno@ores f launders 

gunne ls 
Metridim skannies 
sponges s m P P  Cancer 
tunica tes  By as  
medus ae j aveni l e  lobs te r s  

small  s e a  s t a r s  
juvenile  cod 

Teal ia  
wolf-EHsh 
f Zounders 
Solas ter 
cod 
Leptas ter ias  
Cancer  
s e a  b i r d s  
lobs te r 

wolff i s h  

sea  b i r d s  
l a rge  l o b s t e r s  
Cancer 



Hooper ( 1 9 8 0 )  n o t e d  t h a t  u r c h i n s  h a v e  a  P o w  t o l e r a n c e  f o r  
d e c r e a s e d  s a l i n i t i e s  and he h a s  o b s e r v e d  mass mor ta l i t i es  o f f  
c o a s t a l  EewfoundPand due  t o  a c o m b i n a t i o n  o f  r a p i d  s p r i n g  
t h a w ,  heavy  r a i n f a l l ,  and wind ,  9e a lso  no t ed  l a r g e  numbers 
of u r c h i n s  d y i n g  o f  d i s e a s e ,  a s  has Seen  o b s e r v e d  o f f  
C a l i f o r n i a  ( T e g n e r ,  1 9 8 0 ) .  

R, Foreman ( p e r s ,  c s m r n , )  f e l t  p r e d a t i o n  on j u v e n i l e  
lobsters a n d  u r c h i n s  is i m p o r t a n t  b u t  l i t t l e  s t u d i e d .  
S i m i l a r l y ,  d a t a  are  l a c k i n g  on both -- i n  s i t u  p r e d a t i o n  rates by 
Pobsrers and  o t h e r  p r e d a t o r s  on  u r c h L n s  and g u t  a n a l y s i s  o f  
ksbsters, G .  E n n i s  ( p e r s .  comm.) decerrnined t h a t  4 %  t o  7 %  o f  
the f o o a  i n  l o b s t e r  g u t s  was u r c h i n  d e r i v e d .  

The s e a  o t t e r  h a s  been  c i t e d  (Mann and B r e e n ,  1 9 7 2 )  as 
t h a t  p r e d a t o r  which c o n t r o l l e d  u r c h i n  p o p u l a t i o n s  o f f  c o a s t a l  
C a l i f o r n i a ,  T e g n e r  ( 1 9 8 0 )  e x p l o r e d  ehe  d e c l i n e  o f  t h e  
California k e l p  b e d s  and t h e  p o p u l a t i o n  e x p l o s i o n  o f  u r c h i n s .  
She noteed t h e  o t t e r  was e l i m i n a t e d  by P850 and  y e t  t h e r e  were 
l a r g e ,  h e a l t h y  k e l p  b e d s  i n  1912  and  up t o  t h e  mid to  Pate 
1940Ps, A l s o ,  d u r i n g  t h e  1 9 5 0 ° s ,  k e l p  w a s  a d v e r s e l y  a f f e c t e d  
by w a r m  water and water p o l l u t i o n .  The u r c h i n  e x p l o s i o n  was 
f i r s t  o b s e r v e d  i n  t h e  e a r l y  5 9 6 0 8 s .  Tegne r  jop. c i t . )  gave  
e v i d e n c e  o f  a complex p r e d a e o r / p r e y  s y s t e m  o p e r a t i n g  i n  
C a l i f o r n i a  k e l p  b e d s .  One u r c h i n  p r e d a t o r ,  t h e  s p i n y  l o b s t e r ,  
and a c o m p e t i t o r  f o r  space and f o o d ,  t h e  r e d  a b a l o n e ,  a r e  
c o ~ n r n e r c i a l l y  i m p o r t a n t ;  t h e  l a n d i n g s  f o r  t h e s e  f i s h e r i e s  
peaked i n  t h e  2950 ' s .  The C a l i f o r n i a  sheephead  f i s h e r y  peaked  
i n  t h e  1 9 6 0 s s ,  She c o n c l u d e d  t h a t  " , , , c o m p e t i t i o n  with 
a b a l o n e s  and p r e d a t i o n  by s p i n y  l o b s t e r s  and sheephead  are 
p r o p o s e d  as b i o l o g  i c a l  i n t e r a c t i o n s  which may h a v e  r e g u l a t e d  
sea u r c h i n  abundanees  i n  t h e  p a s t , "  

C o n c l u s i o n  - " T h e r e  was i n s u f f i c i e n t  e v i d e n c e  a t  p r e s e n t  
to c l a i m  t h a t  l o b s t e r s  were t h e  p r i m a r y  p r e d a t o r s  o f  sea 
urchins and  that u r c h i n  p o p u l a t i o n s  exp loded  due  t o  a  r e l e a s e  
f r m x  p r e d a t i o n  by l o b s t e r s ,  A l s o ,  w i t h  t h e  p a u c i t y  o f  d a t a  on  
each s p e c i e s ,  t h e  r a n k i n g  of p r e d a t o r s  w i t h  r e s p e c t  to  
i m p o r t a n c e  was i m p o s s i b l e . "  

S t a t e m e n t  - "The p r e s e n t  abundance  of s e a  u r c h i n s  and 
lowered d e n s i t i e s  o f  L a m i n a r i a  i n  S t ,  M a r g a r e t ' s  Bay is a 
pe rmanen t  phenomenon." 

E m p i r i c a l  d a t a  o n l y  g o  back  t e n  y e a r s  f o r  S t .  E a r g a r e t s s  
Ray (%reen and Mann, 1 9 7 6 )  - i n s u f f i c i e n t  t i m e  to  o b s e r v e  
this p a r t i c u l a r  c y c l e ,  W P a r g e  amount o f  a n e c d o t a l  e v i d e n c e  
was p r e s e n t e d  s u g g e s t i n g  t h a t  L a m i n a r i a  b e d s  a re  ephemera l .  
S e a r r a t t  ( p e r s .  eornm,) n o t e d  l i t t l e  k e l p  i n  a  p o r t i o n  of 
Nor thumber l and  S t r a i t ,  whe re  it now is a p p a r e n t l y  a  n u i s a n c e  
factor to the l o b s t e r  f i s h e r m e n  (R. Henry,  p e r s .  eom-m.) . 



Similarly, G, Rcpaen {pers, cornrn,) claimed that fishermen of 
both 3ienrnond and Guysborocsh Counties have noticed in the 
past a synchroncas decline in kelp and lobster and an increase 
in urchins, They now find signs the reverse is true, Breen  
( 1980 i outlined similar aneedo~al evidence, particularly in 
the Eay of Pundy.  The only Isng-term data for kelp might be 
old admiralty charts whleh  often incidded kelp beds (D, Pace, 
pers, comrn, j , 

Nosper ( 1980 1 and KinmeSrnan ( I980 1 both noted that 
urchin-dem~mated areas appeared to De a pernanent mode for 
xany areas off coastal Newfoundland, Consequently, it could  
be argued that the Laminaria community observed in 
St, Margarergs Bay was a u n i q u e  phenomenon and the present 
urchin-dominated beds are the more normal  mode. 

Tegner ( 1983 3 outlined cyclic patterns between urchins 
and kelp off California; they had periods of 12 years, She 
also outlined s t u d n e s  by her colleagues ac Scripps whicn  
pss~ted out the importance of cjeomorphology in these cycles, 
Beds in rugged terrain were occupied by spiny lobsters and 
sheephead which tended to keep the urchin population under 
control; hence, these pspolatrons did not oscillate, Kelp 
populatnsns on flat ostton wien fio lobsters or sheephead 
oscillated wreh urchin abundance, 

C o n e l ~ s d o n  - "There appears to be a decjree of cyclicity 
beeween populaticns of urchins and kelp in certain areas of 
the northwestern Atlantic, ~ased on anecdotal evidence only, 
It woiiPd appear the present situation in St, Xargaretss Bay 
may be a Little more severe but it Goes n o t  imply c h a t  it is 
permanent." 

Statement - "Deelrnes in lobster and inshore fish 
abundance along Nova Scotia" eastern shore has occurred in 
recent years, For %obsters, this is due to changes in 
environmental factors, overfishing or other predators, 
food shortages, or lack sf cover." 

Changes in environmen-cal faccors were shown to correlate 
to fluctuations in lobster landings along the Quebec coast 
( S a t c l i f f e ,  1973), Sutcliffe showed a nine-year lag between 
l a n d i n s s  and St, Lawrence River discharge volume,  
D, Robinson jpers, csrnrn,) feeis the river has an effect but 
o n l y  for annual fluctuations, not the Long-term decline in 
lobster stocks, Upwelling of n~trient-rich waters in 
southwestern Nova Scot i s  ( E ; , W ,  N,S,) as compared to lower 
nutrient ieveis along the southeastern shore (Chapman and 
Gagne,  1980) may provide the high productivity required to 
prevene the decline in la~dings experienced cn the eastern 
shore. A s  well, current patterns nay supply larval 
recraitmene f r o r k  offshore banks in the S,W, E,S, area (S tasko ,  
1980) 



0verfish;ng was the nosr s t r o n g i y  supported factor for 
the decline in lobster landings: " ... there definitely has 
been over the last forty years,,,hr53 overfishing of 7 6  EO 

35%" (A, Cafripbeli, pers, coma,), The currect size l i m i t  of 
81 mn carapace leqth 2s well below tke average s n z e  of f e n a l e  
maturity, w n i c k  is iSO nm carapace ieng-ckA (S%&sko and 
Gampbeil, 1980;. 

m - 
The 2ecline I n  lobster s~oeks c x z  Gaysbsrot~gh and 

Rlchnond Couneies ~ r o u g h k  aooue zhe incroduerrsn of la rger  
traps, This perrnrtted the capture 02 zumbo iobsters,  possibly 

s - accelerating the final decline Ln , a r i i n g s  ( G ,  Roach, pers. 
comrfi. ) . F i s h ~ n g  pressure w & s  reiuzrs Ero~fi 120 fishermen to 20 
f o r  c h i s  area. There was a recent Lner'eaae in juvenile (less 
than 81 m ~ )  lobsters, which sagqes ts  a recovery sf s tocks ,  
However, areas  wnere catches kave 3een staoPe in %,W, N , S ,  
have recently shown declines, e.g, Lobster Bay ( S t a s k o  and 
Campbell., 1980). 

The sntroduct~on of marker  s f z e  Ilrnits in 1933 ( 2 2 - 5  crn 
total l e c g t h )  removed f r s k i n g  pessure on young recruits and 
resulted ia stabilization of "ee catch until recently 
(Robinsoc, pers, conri,;. 

2 . 0 b i n s 0 ~  ( 1980 1 noeed t n a c  En general, " , , ,$he f f sherrnan 
of tociay rs a f a r  more efficlene predator  02 i o ~ s t e r s  than any 
sf hls pre6ecessors ," Inrroduction of radar, larger boats, 
and kydrauilc kauling gear are sose of the advances, 

Food scipply was not considered to be a Ximizing factor. 
Declining lobster pop~lat~ons would quickly stabilize any food 
eo isbster blsrnass imbalance. 

The ixiportance of Laminar,~ and other benthic plant 
species as protective cover for j d v e n i l e  acd mature lobsters 
has not Seen Gl rece ly  inveseiqdeed. Indirect inforination 
comes from benthic studies icveseigatlng ot5er ?rsblerns, For 
instance, in studies of lobseer f e e d z n g  in zhe Gulf of 
St, Lawrence, ('We f oand  that on those C h o n d r u s  beds, lobsters 
tended to %sve onto zhem as the season ism?mer) approached, 
and ten2ed r o  vaeaze as wsncer approached,, ,we seexi to fznd 
most of G u r  new sez of lobsters 6-9 ra carapace l e n g t h  nn the 
4-8 G - J I  i a ~ ~ ~ ~  racge" {D, S c a r r a t t ,  p r s .  comma 1 .  This was 
confirmed by divers Going algal s e u d i e s  ic t h i s  area 
(;, P r i n g l e ,  pers, cornrn,), S z u d i e s  of seallop beds deeper 
4 L,,an .- the commercial Chondrus beds found "large numbers sf 
lobster less than 20 mrn carapace l e n g t h "  j G ,  Za rn iessn ,  pers. 
cornm,). An abundance of juveni;e lobsters (20 juvenlies per 
diver hour) were reported for areas  devoid of xacrsalgae in 
PSacentFa Bay 6;. Carter, pers, comx,). Coastal British 
C o l  urnbid  macr~pk~yte beds w e r e  re2orted to provide csnplex 
h a o i k a t s  for ~ s t n  prey a d  predakcr  (R, Foremzn, pers ,  



comrn.), In reference to crabs, "*,,the juveniles are sn the 
rocky seaweed-dominated areas," Studies in S o u t h  A f r  iea  
found ",.,large numbers of ~nvectebrates in the h o l d f a s t s  of 
kelp an6 9 t  is difficult zo find the young lobsters there too" 
(J, Field, pers ,  cornm,), 

The opinion tnat habitat area increases for lobster in a 
kelp bed was expressed by Scarratt " , , . w i t h i n  the Larninarsa --- 
fores t  you may w e 4 1  find Increase in the availabiirty of 
suitably sized crevices which sn-ail lobsters might e x p l o i t , "  

Conclusion - ""Overfishing of lobsters appears to have 
been a major factor in the Gezline in landings, No 
~verwhel~lng evidence is available that environmental 
factors, food, or plant cover were important factors in 
population d e c l i n e s , "  

There is an d n f o r t u n a t e  lack of quantitative, ecologic&l 
data for subtidal eornmunieies a long northwestern Atlantic 
shores, MacFarlane (1952) surveyed corn%ereial%y important, 
subtidal plant pspuPatisns for the shores sf S h e l b u r n e ,  
Y a r r n s u r h ,  and Digby Counties ( F i g u r e  3.3, However, it w a s  not 
until Mannss (1972) study of St, Margaret's Bay that 
quantitative data were a v a i l a b l e  east sf Shelburne County, 
@he ecosystem as it existeki 25 $0 200 years  ago is unknoGn. 
During this period lobster, g r o u n d f i s t A ,  and pelagic fish have 
been extensively harvested, Furthermore, along these shores 
h x m n  densities have increased, industrlalizatnon h a s  occurred 
in l i m i t e d  areas, and major ecological perturbetaons such as 
the Canso  Causeway ( F i g u r e  1) have takefi place, Given the 
above, it was difficult to accept Mannrs hypotheses t h a t :  
1) the lobster is a k e y s t o n e  predator  sf ehe  k e l p  bed 
ecosystem and by overharvesting it has caused Laminaria 
densities to drastically decline along hundreds of miles of 
the western Atlantic shore (Evans and Mann 1977); and 2) that 
urchin-dominated barren grounds constitute a szable  ecosystem 
j Mann 1977 Q . 

T n e r e  is Sitele d o m t  rhe k e l p  bed ecosystem observed by 
Mann 6 1972) in ehe late 1960's is ell. b u t  gone ,  Ke know t h a t  
similar kelp bed ecosystems are n o t  present on much of the 
available substrate a long  coastal G u y s b s r o u g h ,  H a l i f a x ,  
Lunenburg, Queens, and Shelburne Counties ( W h a r t o n ,  19801; but 
evidence they were there in the past is lacking, This gap in 
the d a t a  base is p a r e i e ~ l a r l y  unfortdnate, as Hosper (1980) 
and Himrnelman (19801 notd that much of the coast sf 
I f ewfound iand ,  EabraGsr, and Gaspe are simxiar3.y l z c k i n g  a kelp 
bed ecosystem, They presenzed g o o d  ev idence  :hat these 



coasts Kay never Lave supported keT2  beds as observed oy Mann 
(1472) in St, Kargaree's Bay, We were also presented with 
anecdotal evidence going hack to 1851 ( B r e e n  1983) t h a t  u r c h i n  
populations 2erfod i c a l P y  overgrazed i a r g e  s t re tches  of t h e  
s u ~ t i d a l  i c  me 3ay cf Tundy,  

The  urchin-dominated arezis of K e w f  c a n d l a n d  and Nova 
Scotia are different In structure to t h o s e  observed off Nova 
Scatsa, O n  the Newfoindiand  coast, coralline communities are 
well developed, some w i t h  r h o d o l i t n s  meters t h i c k ,  This 
apparently rs n o t  the case off Nova Seot ia  (Sr, .Ptargaretes 
Bay) where W,R,O, Cha2rnan ( p e r s ,  cornme) no ted  that on 

2 average, coralline plant i i e n s i t y  was approximately I/= . 
T h u s ,  there is r h e  possibility the s o u t h  Xewfoundland coast 
was perturbed many yeers  ago and the Nova Scotia coast only 
recently, o s t n  fli2ping frorfi a 2sad~crive k e l p  bed eeosysten 
to a less proddct ive  coralline/urchin system, Loca l  kelp  beds 
nay not have t h e  r~silieney o f  t h o s e  In t h e  esstern Pacific, 
O f f  Pt, Lorna, C z i l i f o r n i a ,  t he  k e l p  ~ e d s  were reduc~e to 
0 - 0 3  square m i l e s  d u r i n g  the e a r l y  1960's but now measure 
3 , 2  square m a l e s  (Tegner, 9936), Foremar (1977) fioted a 
s i a s l a r  recovery in Sereeeystis beds off i 3 r i t i s h  Columbia, 

pL": b ~ v e n  that something has  perturbed the s y s t e m ,  it ~oi l i ld  

be a p p r o p i a t e  to learn i t s  nature and, if posslole, t ake  
remedial ac t ion ,  If ir is dlseese, as affeeced ee lg rass  
a long  the northwest Aelantic, it w o u i i i  likely have to run st% 
course. If it is alPscchonous then the source could be 
c u r t a i l e d ,  If, however ,  i t  i s  due to che coamerciaS 
overharvesting sf carn ivores  then a multispeeies resource 
mdinagernent program shgsukd 5e implemented imzediate ly  in an 
a t t e n p t  to "stern ehe t n d e , "  

Tegner / 1460 ) presented a well-documented a rgumen t  
outlining poor resoaree manaGement as the rcajor cause of 
destructive grazing by u r c h i c s  off Califsraia, She s u g g e s t e d  
comsercia: overharuesting of tne s 2 i n y  lobster, the red 
abaione, the California sheephead, ant3 the otter, extreme warm 
waters d u r i n g  the late 19508s, and a l l o c t h o n o u s  substances 
from i n d u s t r i a l  Eos Anqeles and San Diego as causes o f  
k e l p  5estruction, I t  appears it was not only t h e  eeter, as 
sugges t%l  oy L e i g h t o n  et ai, ( i 9 6 6 ) ,  Similarly, the  
overgrazicg of macraphytes I n  St, Margaret's Bay was likely 
not due s o l e l y  to commercial overharvesting of  the  lobster, 
The density of nany other cornnercizil s p e c i e s  n a s  been reduced 
m a r k e d l y .  

It i s  z well-known ecolsgieai  concept t h a t  the simpler 
ehe t r op t i e  pyrarnSc3 the more prodcctive r k e  sys tem,  However, 
orgacizatfoc t h e o r y  snows c h i s  i eads  to a system with wild 
a n n a a l  oscillations ic p p u l a t r o n  n u m b e r s  (Watt, 1968), The 



o r i g i n a l  k e l p  bed ecosys t em,  a s  i t  e x s s t e d  $ 0 8  y e a r s  ago ,  was 
l i k e l y  more complex and hence  n o r e  s t a b l e  t h a n  a t  p r e s e n t .  
Ean began e x t e n s i v e  f i s h i n g  of  f c o a s t a l  Nova S e o t i a  and 
Newfoundland d u r i n g  t h e  1 7 t h  c e n t u r y ,  t a k i n g  l a r g e  c a t c h e s  s f  
haddock ,  c o d ,  h a l i b u t ,  p a l l o c k ,  etc, - a l l  known u r c h i n  
consumers  a t  a  s t a g e  s f  t h e i r  l i f e  c y c l e ,  L s b s c e r s  were f i r s t  
f i s h e d  commerc i a l ly  d u r i n g  t h e  l a t e  1 9 t h  c e n t u r y ,  and within 
2 0  y e a r s  t h e  p o i n t  o f  t h e  maxixum s u s t a i n a b l e  y i e l d  had been 
s u r p a s s e d  (Rob inson ,  i980). CPCE d a t a  a r e  n o t  a v a i l a b l e  f o r  

P - t h i s  p e r i o d  b u t  i f  l a n d i n g s  re;-ect l o b s t e r  d e n s i t r e s  t h e n  
t h e r e  were p e r i o d s  betwen 1912 and 1924  when d e n s i t i e s  were 
comparab le  to  p r e s e n t  day .  

I n  summary, what  may have  happened was t h a t  a  complex 
k e l p  bed e c o s y s t e m  was t r a n s f o r m e d  i n t o  a  s i m p l e  sys t em and ,  
o v e r  t h e  l a s t  50 t o  70  y e a r s ,  lobster and c r a b  ( i n c i d e n t a l  
h a r v e s t )  were t h e  m a j o r  c a r n i v o r e s  due  to  commercial  
o v e r h a r v e s t i n g  o f  o t h e r  fish s p e c i e s ,  t h e  h u n t i n g  of d u c k s  
jR, Vadas ,  p e r s .  comrn, ) and s e z g u L l s  h a v i n g  a  b e t t e r  sotirce of 
food i n  man ' s  wastes, Being a more s i m p l e  s y s t e m ,  small 
p e r t u r b a t i o n s  such a s  a  s i n g l e - y e a r  r e c r u i t m e n t  f a i l u r e  o f  
l o b s t e r  a l o n g  w i t h  i n t e n s e  commerciaP p r e s s u r e  c a u s e s  wild 
osc i  l l a t i o n s ,  

The above  s u g g e s t s  a  "boom and b u s t "  f i s h e r y  which h a s  
n o t  been managed f o r  maximum s u s t a i n a b l e  y i e l d .  A s  h a s  been 
conc luded  f o r  C a l i f o r n i a  { T e g n e r ,  1980) l i k e l y  h o l d s  f o r  t h e  
n o r t h w e s t  A t l a n t i c ;  t h e  o v e r g r a z i n g  by u r c h i n s  is d u e  to t h e  
removal  o f  a number of c a r n i v o r e s ,  t h e  l o b s t e r  be ing  only o n e  
of them. C o n s e q u e n t l y ,  Mann's k y 7 o t h e s i s  o f  t h e  l o b s t e r  a s  a 
k e y s t o n e  p r e d a t o r  i s  r e j e c t e d .  nowever ,  h i s  ecosys t em 
approach  to  r e s o u r c e  management is n o t .  What a p p a r e n t l y  is 
r e q u i r e d  t o  m a i n t a i n  a  s t a b l e  ecosys t em is  a  h i g h  d e g r e e  o f  
stability a t  t h e  c a r n i v o r e  l e v e l  which w o u l d  e n c o u r a g e  
s t a b i l i t y  a t  t h e  h e r b i v o r e  l e v e l  " , , . b y  damping t h e  
o s c i i l a t i o n s  o f  i n c r e a s i n g  amp1 l t u d e  i n h e r e n t  i n  a  
p r e d a t o r / p r e y  sys t em w i t h  d e l a y e d  n e g a t i v e  f eedback"  (Ws1Ping 
i n  Wat t ,  1 9 6 8 ) .  T h u s ,  to  rnanagc t h e  r e s s c r c e  for  maximuin 
s u s t a i n a b l e  y i e l d  a l l  t r o p h i c  l e v e l s  and p r e d a t o r s  mus t  be  
c o n s i d e r e d ,  T h i s  p o i n t s  up W a t z q s  ( 1 9 6 8 )  c o n t e n t i o n  t h a t  most 
r e s o u r c e s  have  r a r e l y  beea managed s c i e n t i f i c a l l y  " , , , e v e n  i n  
i n s t a n c e s  where it was g e n e r a l l y  c o n s i d e r e d  t h a t  this w a s  
b e i n g  done."  " a c t  ( s p ,  c i t e )  conc luded  t h a t  management 
p r a c t i c e s  must  be c a r e f u l l y  c o n c e i v e d  r e g a r d i n g  b a s i c  
e c o l o g i c a l  p r i n c i p l e s  i f  p r o d u c t i v i t y  and s t a b i l i t y  a r e  to  be  
m a i n t a i n e d  a t  o p t i m u m  l e v e l s ,  D s e  to  t h e  c o m p l e x i t y  o f  
e c o s y s t e m s ,  w i t h  t h e i r  a t t e n d a n t  p h y s i c a l  and chemica l  
p a r a m e t e r s  and the d i f f i c u l t y  i n  d e f i n i n g  optimum management 
s t r a t e g y ,  o n e  is f o r c e d  to resort  to  c o m p l i c a t e d  s y s t e m s  
a n a l y s i s  and s i m u l a t i o n  p r o c e d ~ r e s ,  



Recsgnizrng ene complexity of this prsblea and the iarge 
number  of data gaps, implementation of coordinated programs 
of experimentation anG observation are necessary, However, 
tne acquisieion of useable data from such s t u d ~ e s  ranges from 

" 

one co ten years from anltiation, depending on generation 
time of the study organism acd rates of celonizatron and 
succession. Within this time frame the commercial inshore 
fishery could collapse eornpleteiy (many fishermen claim it has 
already) . We must act upon our present state of knowledge, 
The most o b v i o ~ ~ s  area for potential correction is recruitment 
of lobsters. The first step would be an ancrease in size of 
first cap tu re  to the age of first maturity, 

At present, the number of urchins in certain areas is so 
great it will require nore than one year of high predator 
recruitment to reduce urchin densities significantly. Hence, 
destructive grazing of rnacrophytes will continue for some time 
beyond the recovery of predator pop~latisns, Remedial 
measures must be taken to reduce u r c h i n  densities where 
rnaerophyte destruction is transitional to a barren mode. 
Development of economical restoration methods can be 
instituted ;n chronic barren grounds, 
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APPENDIX I1 

Workshop Program 



PROGRAM 

Welcome A d d r e s s  
- D r .  B . S ,  M u i r ,  Director,  R e s o u r c e  B r a n c h ,  

D e p a r t m e n t  o f  F i s h e r i e s  a n d  O c e a n s  

S e s s i o n  I :  Background  t o  t h e  " C o m a e r c i a l  B v e r h a r v e s s / U r c h i n f  
A l g a l  t h e s i s "  i n  N o r t h w e s t  Atlantic Waters -- - 

- C h a i r m a n  - D r .  J o h n  C, P r i n g i e  

P. H i s t o r y  o f  t h e  l o b s t e r  f i s h e r y  on  t h e  e a s t e r n  s h o r e  o f  
Nova S c o t i a  

- M r ,  D o u g l a s  G .  R o b i n s o n  

2 .  R e l a t i o n s  among l o b s t e r ,  sea u r c h i n s ,  a n d  k e l p  i n  Nova S c o t i a  
- D r .  P a u l  A ,  B r e e n  

3 .  The r e l a t i o n s h i p  b e t w e e n  c e r t a i n  cowmezciaS f i n f i s h  species 
a n d  u r c h i n s  i n  S t .  M a r g a r e t "  Bay 

- D r .  Brsck B e r n s t e i n  

4 .  P r e d a t i o n  o f  t h e  sea u r c h i n  ( S t r o n g y l o c e n t r s t u s  
d r o e b a c k i e n s i s )  ay t h e  a r n e r i c a n  l o b s t e r  {Homarus a m e r i c a n u s )  
and  t h e  r o c k e r a b  l C a n c e r  i r r o r a t u s  j 

- D r .  R o b e r t  W ,  ~ i n e r  

5 .  The d i s t r i b u t i o n  of s e a  u r c h i n - d o m i n a t e d  b a r r e n  g r o u n d s  
a l o n g  t h e  s o u t h  s h o r e  of Nova S c o t i a  

- Xr. W .  Gary W h a r t s n  

6 ,  The food of lobsters 
- D r .  David 3 .  S c a r r a t t  

S e s s i o n  11: U r e h i n / A l g a l  A s s o c i a t i o n s  i n  Other G e o g r a p h l c a S  -- 
A r e a s  

- C h a i r m a n  - M r .  G l y n  3. S h a r p  

7 ,  O b s e r v a t i o n s  on  a l g a l - g r a z e r  i n t e r a c t i o n s  i n  N e w f o ~ n d l a f i d  
and  L a b r a d o r  

- M r .  Rober t  Xooper  

8 ,  The ro le  of t h e  g r e e n  s e a  u r c h i n ,  S t r o n g e o c e n t r o t u s  -- - 
d r o e b a e h i e n s i s ,  i n  t h e  r o c k y  s u b t f d a l  r e g i o n  of 
Newfoundland 

- D r .  J o h n  H. Hirnmelman 

9 .  U r e h i n / a l g a P  i n t e r a c t i o n s  o f f  c o a s t a l  Washing t o n  and Maine  
- D r .  Bob V a d a s  

1 0 ,  A p r e l i m i n a r y  a s s e s s m e n t  s f  t h e  Earn inar ia  r e s o u r c e s  n e a r  
Lower Woods H a r b o u r ,  Nova S c o t i a ,  ~ u r i n g - ~ u l y  1977  

- Mr, Ron W, McPeak 



11- Multispecies cofisideratisns sf resource management in 
s o u t h e r n  C a l i f o r n i a  k e l p  oeds 

- Dr. N i a  J. Tegner 

12, B e n t h i c  community recovery following i n t e f i s i v e  sea s r e h i n  
g r a z i n g  

- Dr, Wan Foreman 

Session 111: The Ecology and Cornmerela9 fiarvest of Important 
B e n t h i c  Species off ~ s a s t % l  Southwestern pp Nova 
Seotia 

- Chai rman  - Dr. Robert Vadas 

13, An overview of h o b s t e r  life history and fishery in 
southwestern Nsva Seotia 

- Dr. A l a n  Campbell and Cr, A i v a r s  Be Staskc 

14, Sea u r c h i n  ( droebaehiensis) d i s t r i b u t i o n  
a round w e s t e r n  Nova S c o t i a  

- D r s ,  A i v a r s  B, Stasko, Alas Campbell and 
Mr, Donald 3 ,  Graham 

15. The b e n t h i c  a l g a l  biomass, commercial h a r v e s t i n g ,  and 
Chendras  growth and colonization off southwestern Nova 
Scstia 

- Dr. John D, PringSe and K r ,  Robert E, SempSe 

16. EnvLronmentaT cont ro l  of kelp growth in St, Mar~aret's 3ay 
and on the southwest shore of Kov6 Scotia 

- Dr. Tony Ghaprn~n zind M r .  Jacque Gagne 

17, A p r e l i m i n a r y  assessment sf the Lamina r i a  resource near 
Lower Woods Harbour, Nova Scotia, d u r i n g  J u l y  1977 

- Mr. Ron H, McPeak 

18, The history of k e l p  harvesting i n  s o u t h w e s t e r n  Nova Scotia 
- Mr. Glyn J. Snar? 

Session IV: Formal D i s c u s s i o n  -- 
- C h a i r r a n  - D r ,  John 2, Caddy 
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T h e  Agenda Followed In Session IV - The Round Table D i s c u s s i o n  



AGENDA OF SESSION IV 

March 7 ,  1979 

1 3  :00  h o u r s -  

1. D i s c u s s i o n  of h y p o t h e s e s  on p a s t  and present status of t h e  
L a m i n a r i a  e c o s y s t e m  a l o n g  t h e  Nova S c o t i a  A t l a n t i c  c o a s t  - 
i ts  i m p o r t a n c e  and t h e  major f a c t o r s  a f f e c t i n g  i t ,  

A .  E a r n i n a r i a  

I .  T h e r e  h a s  been  a s i g n i f i c a n t  d e c l i n e  i n  E a r n i n a r i a  
i n  r e c e n t  y e a r s .  

2 .  Changes  i n  d e n s i t y  o f  E a m i n a r i a  a r e  a c o n s e q u e n c e  of :  

a )  a b i o t i c  e n v i r o n m e n t a l  f a c t o r s  
b) b i o t l c  f a c t o r s  ( s e a  u r c h i n s )  

B .  U r c h i n s  

3 .  I n c r e a s e s  i n  u r c h i n  a b u n d a n c e  h a v e  o c c u r r e d  i n  r e c e n t  y e a r s .  

4 ,  C o n t r o l  o f  u r c h i n  a b u n d a n c e  is p r i n c i p a l l y  by ( r a n k  i n  
o r d e r )  . 

a )  l o b s t e r s  
b )  c r a b s  
C )  f i s h  
d )  o t h e r  
e )  a b u n d a n c e  is l i m i t e d  by food  a v a i l a b i l i t y  

5 ,  Abundance o f  s e a  u r c h i n s  and L a m i n a r i a  is 

a )  c y c l i c  
b j p e r m a n e n t  c h a n g e s  h a v e  o c c u r r e d  

C .  P r e d a t o r s  

6 .  D e c l i n e s  i n  l o b s t e r  and i n s h o r e  f i s h  a b u n d a n c e  h a v e  
o c c u r r e d  i n  r e c e n t  y e a r s .  T h i s  is d u e  ( f o r  t h e  lobsters]  
to:  

a )  c h a n g e s  i n  e n v i r o n m e n t a l  f a c t o r s  
b f  o v e r f  f s h i n s  or o t h e r  p r e d a t i o n  
c )  f o o d  s h o r t a g e  
d l  l a c k  s f  c o v e r  ( L a m i n a r i a )  
e )  l a c k  of r e c r u i t a e n t  



7 .  C h a n g e s  i n  c r a b  a b u n d a n c e  a r e  c o n c r s l l e d  by ( r a n k  i n  o r d e r ) :  

a )  l o b s t e r s  
b j  f i s h  
c )  u r c h i n  a b u n d a n c e  

1 6  :00 hours : 

2 .  Areas t h a t  n e e d  f u r t h e r  s t u d y  

17  : 00 h o u r s :  

3 .  M a n i p u l a t i o n  of t h e  s y s t e m  

a )  h e r b i v o r e  c o n t r o l  ( e x p e c t e d  r e c o v e r y  
b f  p r e d a t o r  c o n t r o l  e x t e n t ,  t i m i n g )  
c) h a r v e s t i n g  - k e l p  r e s o u r c e :  1. e x t e n t  

2 .  m e t h o d s  

18 :00 h o u r s :  

End 



APPENDIX fV 

Conclusions and Recommendations From the Workshop s n  
~obster/Sea Urchin/~lgal Interactions as Subxitted to CAFSAC 



Studies by Mann et a i . ,  beginning In 9968 on the aigal 
biomass in St. Margaret's Bay and herbivore energetics (Miller 
et al., l971), found benthic nacrophyte production greatly 
exceeded ingestion by herbivores, However, destructive 
qrazinq in St, MarqaretDs Bav was recoqnized at the same time 
l~ann a n d  Breen, 1972 1 . see-Conciusion 3 .  Overf ishing of a 
sea urchin predator, lobster, and resulrant low predation were - 

identified as the causes of sea urchin overabundance, See 
Conclusion 90. The abundance sf sea urchins and lack of 
macrophytes ("barren ground") was viewed as s permanent 
condition (Mann,  19773, See Conclusion 6 .  IZelp beds were 
hypothesized to have recently ciisappeared alenq hundreds of 
kilometers of Atlantic coastiine (bans and !gain, 19773. See 
Conclusions 2 and 5. The correlation between reduced lobster 
landings and the existence of urchin-dominated barren grounds 
for eastern and southern shores of Nova Scotia was supported 
by Wharton 1 1 9 7 9 ) .  See Conclusion 9. A muleispecies approach 
which was lacking in early fisheries management may have 
prevented the decline in maerophyte beds (Msnn, 5977). See 
Conclusion 8 ,  Souehwestern Nova Scotia is an area of 
extremently good inshore product ion which appezred to be 
rhreatened by sea urchin overgrazing. 

A workshop was held in March, 1 9 7 9 ,  to provide 
information and guide fisheries action on Nann's hypothesis, 
Sixty-five delegates with expertise on this partrcular topic 
attended the workshop. Eighceen papers were presented and a 
five-hour formal discussion was held, chaired by Dr, J,F. Caddy. 
Discussion centered arounG seven prepared statements and a 
csnclusiofi was arrived at for each statement, The discussion 
session was tape recorded; and by using the original 
discussions, papers presented, end pertinent published works, 
a review paper was written (Tringle, Sharp, and Caddy], The 
conculsions and recom~endat ions that follow include original 
conclusions: 

4- Little baseline data are available on the qualitative and 
quantitative aspects sf Maritime marine, benthic 
communities, 

2. For some areas, a significant decline was observed in 
rnacrophyte biomass over the last decade; for many other 
areas, baseline data are not available but circumstantial 
evidence (mainly anecdotal) suggests there has Seen a 
general decline on the Nova Scotia shore east of Cape Sable 
Island, * 

3. ~n areas where destruceive grazing of macrophyees by sea 
ureh2ns has been observeG, they are the direct cause of 
maerophyte biomass decline, The data available are 
insufficient, however, to claim ehey are the sole cause as 
there have been environmental changes," 



4 .  There has been an Increase in tne brsnass of sea urchins at 
specific sites on Nova Seotiass coast where data are 
a v a i l a b l e ,  but data are insufficient to claim an increase 
in the density of urchins d o n g  vast stretches of Nova 
Scotia's coast ,"  

5, T h e  s o u c h  acid west coasts of Newfoundland have not had 
extensive Laxiinaria populations for neny years - possibly 
hundreds sf years, 

6 .  Based on anecdotal evidence o n l y ,  there appears to be a 
degree of cyclieiey between high sea urchin densities and 
h i g h  kelp densities in certain areas of the Maritime coast. 
The i e n g t t  of the period of the ""urchin-dominated barren" 
mode in St. Margaret's Bay is longer  than others c i t e d ,  but 
this does not imply permanency, * 

7, Little is known about the biology and ecology of many of 
the commerciaEly impeprtan"cnaearshore marine species, A s  
well, little is known about those factors which control sea 
urchin densities, 

8 .  A number of species prey on sea urch;ns in the northwest 
Atlantic, not just lobster;  many have been subjected to 
heavy fishing pressure, Urchin densities were shown to 
increase in southern California due to overharvesting of 
numerous commercial species, 

3 ,  Overfishing appears to have been a major factor in the 
decline in lobster landings along Nova Seotia's eastern 
shore, There is little evidence environmental factors, 
l a c k  of fsoc5, or l a ck  of p l a n t  cover were important factors 
in this d e c l i n e , "  

10. Evidence az present is insufficient to claim lobsters are  
the primary predator of sea u r c h i n s  and that urchin 
populations in St, Margaret's Bay exploded due to t h e  
release from predation by lobsters ,*  

41, The benthic community of St, Margarer" Bay h a s  changed 
from a productive rnacrophyte eomauniey to a less-productive, 
" barrenR mode a 

4. That wherever possible, the ~fiultispecles ecosystem approach 
be considered in the management sf I:ishe3rre marine 
resources, 

"workshop conclusions 



2 .  T h a t  q u a n t i t a t i v e  b a s e l i n e  s t u d i e s  and long-term m o n i t o r i n g  
o f  b e n t h i c  communit ies  t h r o u g h o u t  t h e  Mar i t ime  w a t e r s  be 
encouraged  and t h a t  a  more tho rough  a s s e s s m e n t  of ocean  
c l i m a t e  of i n s h o r e  Mar i t ime  w a t e r s  be made. 

3, T h a t  e c o l o g i c a l  and b i o l o g i c a l  s t u d i e s  s f  a l l  commerc i a l ly  
i m p o r t a n t  mar ine  i n s h o r e  s p e c i e s  be encouraged  and t h a t  a 
s t u d y  be u n d e r t a k e n  t o  d e t e r m i n e  t h e  i n p o r t a n c e  o f  b e n t h i c  
m a c r o a l g a e  t o  t h e  e c o l o g y  and p r o d u c t i o n  of  t h e s e  s p e c i e s  
i n  compar i son  t o  t h e  t r o p h i e  r e l a t i o n s h i p s  i n  b a r r e n  mode 
communi t i e s .  

4 .  T h a t  a  program be deve loped  and implemented t o  r e t u r n  
c o m m e r c i a l l y  f i s h e d  p o p u l a t i o n s  such  a s  l o b s t e r ,  haddock,  
e t c .  i n  c e r t a i n  Mar i t ime  w a t e r s  ( i n i t i a l l y ,  t h e  e a s t e r n  
Nova S e o t i a n  s h o r e )  t o  d e n s i t i e s  which would p e r m i t  optimum 
s u s t a i n a b l e  y i e l d .  

5 .  That u n t i l  t h e  mechanism of s e a  u r c h i n  i n v a s i o n  of 
mac rophy te  beds  is b e t t e r  u n d e r s t o o d ,  t h e  c o m m e r c i a l  
h a r v e s t i n g  of  kelp be t i g h t l y  c o n t r o l l e d ,  and t h a t  c l e a r  
c u t t i n g  p r a c t i c e s  be banned. 

6, That s t u d i e s  be i n i t i a t e d  on t h e  p o p u l a t i o n  b i o l o g y  and 
e c o l o g y  of s e a  u r c h i n s  o f f  A t l a n t i c  Nova  S c o t i a  and t h e  Bay 
of Fundy. 



APPENDIX V 

Areas of Further S t u d y  as Recomme~ded by Workshop Participants 
in S e s s i o n  PV 



AREAS OF FURTHER STUDY 

During Session I V ,  delegates were asked to suggest topics 
of study in relation to the workshop theme, As shown below, 
a wide range of projects were recommended: 

1. habitat preference experiments for lobster larvae; 

large-scale predatorJprey studies in ecological 
reserves bit was unanimously felt that underwater 
ecological reserves are required fo r  this type of 
study and many others. Tegner Ipers. e o m m .  ) noted 
that t h i s  technique is employed in California but with 
some problems. First, fishermen ring the reserve with 
traps, nets, etc, Second, with a highly motile stcidy 
species there is little to prevene the population from 
migrating); 

3 .  larval an6 juvenile urchin distribution studies in 
relation to kelp beds; 

4 ,  a comprehensive study of existing k e l p  beds; 

5 ,  monitoring of urchin fronts; 

6. trophic modelling sf both "urchin-dominated barren 
grounds" and areas of heavy maerophyte cover; 

7. development of methods for dating "urehf n-dominated 
barren grounds"; and 

8 ,  baseline surveys noting distribution and abundance of 
species a long  the coastal zone. 



APPENDIX V?; 

Comments on U r c h i n  Eradication by Workshop Delegates 



U R C H I N  ERADICATION 

Some time was s p e n t  d i s c u s s i n g  t h e  e r a d i c a t i o n  of sea 
u r c h i n s  a l o n g  t h e  A t l a n t i c  s h o r e  o f  Nova S c o t i a .  KeLeo C o ,  of 
C a i  i f o r n i a  h a r v e s t s  M a c r o c y s t i s  for t h e  p r o d u c t i o n  sf a l g i n .  
O v e r  the y e a r s ,  l a r g e  p o r t i o n s  of  t h i s  r e s o u r c e  h a v e  been 
h e a v i l y  grazed by local  a r c h i n s ,  The company,  u n d e r  t h e  
d i r e c t i on  s f  R o n  MePeak, h a v e  t r i e d  v a r i o ~ s  m e t h o d s  of u r c h i n  
c o n t r o l ,  i n c l u d i n g  d r e d g i n g ,  h a m m e r i ~ g ,  and l i m i n g  ( C a O ) ,  
D e s p i t e  t h e  h i g h  cost of t h e  l a t t e r  ( $ 7 5 0 / a c r e ) ,  the company 
u s e s  t h i s  method o n l y .  I t  is employed a t t h e  '"rchin f r o n r "  
where t h e  d e n s i t y  is h i g h  and t h e  r e p r o d u c t i v e  p o t e n t i a l  o f  
t h e  p o p u l a t i o n  is l o c a t e d .  

S e a  u r c h i n s  a re  of c o m m e r c i a l  v a l u e  if t h e i r  g o n a d s  are 
of m a r k e t a b l e  s i z e .  U r c h i n s  at t h e  " f r o n t "  are o f  comerciai  
v a l u e ;  h o w e v e r ,  those on " b a r r e n  g r o u n d s "  are n o t  
I S ,  Bimmeirnan, p e r s ,  coma.), C o c s e q u e n t l y ,  w h e r e  u r c h i n s  a r e  
a  s e v e r e  problem, s u c h  as off A t l a n t i c  Nova S c s t i a ,  a  
commercial industry c a n n o t  be  c o n s i i i e r e d  , 

Predator c o n t r o l  s f  u r c h i n s  would  r e q u i r e  a sound 
k n o w l e d g e  of t h e  trophie r e l a t i o n s h i p s  ( R e  Miller, p r s ,  
eomrn,), I n c r e a s i n g  t h e  p o p u l a t i o n  d e n s i t y  o f  lobs ters  off t h e  
counties of G u y s b o r o u g h ,  H a l i f a x ,  L u n e n b u r g ,  and Q u e e n s  was 
c o n s i d e r e d  a t o p  p r i o r i t y ,  I t  was a l so  s u g g e s t e d  that 
f i s h e r m e n  be  encouraged nor to  destroy c r a b s  when h a r v e s t i n g  
l o b s t e r s ,  



APPENDIX V P I  

Comments on Earninar ia  H a r v e s t i n g  by Workshop Delegates 



L A M I N A R I A  HARVESTING 

Scotia Marine Products of Lower Woods Harbour is 
seriously considering the commercial harvest of Laxinaria 
lsngicru%is off western Shelburne County and Yarmoath County, 
It would be employed as the raw material for algin production, - - 
Rarely are urchins found In these kelp beds (R, Miller, Fers. 
c s m m ,  1 . 1 t is feared that were clear cutting of kelp 
pernitted, the latter areas would then be conducive to u r c h s n  
settlement and possibly the initiation of fronts. It was 
hypothesized that a tnreshoid density of kelp may exist w h i c h  
would prevent sea urchin invasion; this hypothesis should be 
tested (R, McPeak, pers, eomn), Also, it was recommended that 
k e l p  harvesting not be permitted at an urchin front for  fear 
of extending the latter ( G .  Sharp, pers, esmt, 1 ,  

Methods presently employed for harvesting Larninarla spp.  
either remove the entire p l a n t  or cut below the meristernacac 
zone, Two to three years would be req~ired for plant 
replacement, Emphasis should be placed on developing a kelp 
harvester that would cut the laaina above the meristernafic 
zone, Only three eo four months would then be requlred for 
replacement ( T .  Chapman, pers, eornrn,), 


