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Recovery following experimental harvesting of 
l.aminaria longicruris and I.. digitata in southwestern 

Nova Scotia 

B. D. Smith*  

Nova Scotia Depar tmen t  o f  Fisheries; Halifax,  Nova  Scotia, Canada 

ABSTRACT: Laminaria population variables and understory community composition were moni- 
tored just prior to, and for two summers following, a September 1980 experimental total harvest of 
L. longicruris De la Pylaie and L. digitata (L.) Lamouroux within two plots in Lobster Bay, Nova 
Scotia. Both plots, distinguished mainly by depth, were characterized by high Laminaria standing 
crop and no recent history of extensive sea urchin grazing. Within the shallower plot (2-3 m below 
MSL), recovery could not be assessed thoroughly due to ice damage, but within the deeper plot 
(3--4m below MSL), L. longicruris regrew cropped biomass and attained maximum observed 
abundance within one year. Both Laminaria species required two years to mature to pre-harvest 
population characteristics. Survivorship of 0-1 year old and mature populations of both species was 
generally low (0--67 % per year); however, the higher maximum life expectancy of L. digitata (> 4 
years vs 2 years) can result in that species persisting to the disadvantage of L. longicruris. Analysis 
of understory community composition for both harvested plots and their adjacent controls weakly 
distinguished the harvested plots one summer after harvesting from all others. It is doubtful the 
distinction is attributable to harvesting and in neither site was there evidence of a critical change in 
the understory community. Management implications for the commercial harvest of the brown alga 
Laminaria are discussed. 

INTRODUCTION 

The desire to unders tand  the characteris t ics  and role of the s e a w e e d  communi ty  in 
nearshore ecosystems and their  impl ica t ions  for eas tern  Canad i an  f isheries m a n a g e m e n t  

has produced  several  contr ibut ions dur ing  the past  few years  (see Pr ingle  et al., 1980; 
Wharton & Mann, 1981). Near ly  all address the role of this communi ty  in re la t ion to 

h igher  trophic levels,  in par t icular  the lobster, and the possible  de t r imenta l  conse- 

quences  of lost s e a w e e d  production.  We still have  lit t le informat ion on, and lack an 

unders tanding  oL the popula t ion  and c o m m u n i t y  character is t ics  of seaweeds ,  the not- 

able  except ion be ing  C h o n d m s  crispus Stackhouse.  This species  is p resen t ly  the most  
economica l ly  important  s e a w e e d  in the region,  and has been  the subjec t  of in tens ive  

resource m a n a g e m e n t  research s ince 1975 (Pringle & Sharp, 1980). More  recent ly  

at tention has started to focus on the ke lp  species  (Laminariales).  Kelp is ha rves ted  in 

various parts of the world for dr ied foodstuffs and for a lg ina te  (Pringle & Sharp, 1980). In 

southwestern  Nova  Scotia, Canada ,  Laminaria was harves ted  from 1940-1949 and  
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pe r iod i ca l l y  s ince  then.  The  quan t i t i e s  we re  r e l a t ive ly  smal l  (< 3000 MT, wet), and  
a p p a r e n t l y  sus ta inab le ,  bu t  there  we re  repor ts  of ha rves t ed  popula t ions  not  recover ing  
(Sharp, 1980). 

To improve  our u n d e r s t a n d i n g  of the  dynamics  and  character is t ics  of Laminaria 
popu la t ions  in Nova Scotia, as r e c o m m e n d e d  by  Pr ingle  et al. (1980), this  s tudy presen ts  
the  resul ts  of a t h r ee -yea r  p r o g r a m  to assess  the  impac t  of a total  Laminaria harves t  at 
two s i tes  wi th in  a Laminaria d o m i n a t e d  s e a w e e d  communi ty  in Lobster  Bay in the  
sou thwes te rn  par t  of the  province .  This  a rea  was  chosen  b e c a u s e  of no recent  his tory of 
ex tens ive  sea  urchin  graz ing ,  which  has  de t r imen ta l l y  affected most  ke lp  beds  in Nova 
Scot ia  (Chapman,  1981), and  it is the  a r ea  w h e r e  ha rves t ing  is l ike ly  to occur. Recent  
d iscuss ions  wi th  execu t ives  of the mar ine  p lan t  indus t ry  in Nova  Scotia  ind ica te  
r e n e w e d  in teres t  in Laminaria. If the i r  corpora te  p lans  are  rea l ized ,  they  an t ic ipa te  a 
d e m a n d  for l a rge  quan t i t i e s  of the  resource  in the  fo reseeab le  future.  

SITE DESCRIPTION 

To overcome d i scont inu i t i es  in ha rd  subs t ra te  wi th  depth ,  two s tudy sites loca ted  

wi th in  3 km of each  o ther  in Lobs ter  Bay, Nova Scotia  (43041 ' N ×  65°52 ' W), were  
chosen  for h igh  Laminaria s t and ing  crop and  access ib i l i ty  (Figure  1). The  sha l lower  si te 
(S) is eas t - fac ing  from a low reef  e x p o s e d  only  at  low t ide  a n d  the  d e e p e r  s i te  (D) faces  
wes t  off a smal l  i s l and  in the  bay.  The  si tes a re  s imi lar  in exposu re  to wave  act ion and  are  
cha rac te r i zed  by  t e m p e r a t u r e s  and  sa l in i t ies  r ang ing  from - 1 to 17 °C and  28 to 33 Too, 
respec t ive ly .  In te r t ida l  and  sha l low subt ida l  a reas  occas iona l ly  expe r i ence  lower  
sa l in i t ies  wi th  an  e b b  t ide  du r ing  spr ing  mel t  and  suffer from ice scour ing  dur ing  severe  
winters .  The  subs t ra te  for p lan t s  at  both  si tes  is rock. M e a n  subs t ra te  rel ief  is 
12.4 _+ 6.3 cm (n ---- 320) a n d  25.3 +-- 13.9 cm (n = 1200) for the  harves t  and  control  plots  at  
s i tes  S and  D, respectively. Below 5 m at si te D the subs t ra te  becomes  gravel .  Unper tur-  
b a t e d  Laminaria s t and ing  crop d i s t r ibu t ion  wi th  d e p t h  is p r e sen t ed  in F igure  2. 

METHODS 

F igures  3 por t rays  the  layout  and  s a m p l i n g  format  of s i tes  S and  D. Precise  loca t ion  
of the  e x p e r i m e n t a l  plots  and  p e r m a n e n t  quadra t s  for moni tor ing  t a g g e d  p lan t s  was  
fac i l i t a ted  by  p l ac ing  f l a g g e d  a l u m i n u m  eye-bo l t s  in the  substrate .  Al l  f ie ld  ma in ta in -  
ance,  col lec t ions  and  m e a s u r i n g  r equ i r ed  the  use  of SCUBA. 

Harves t  and  control  p lot  s t and ing  crop assessments  at si tes S and  D were  ob ta ined  
for a l l  spec ies  in the  summers  of 1980 and  1981, and  for Laminaria at si te D also the 
s u m m e r  of 1982. Al l  Laminaria plan t s  g rea t e r  than  50 cm tota l  l eng th  were  coun ted  
wi th in  each  of the  forty 0.25 m 2 quadra t s  compr i s ing  each  a s se s smen t  t ransect .  Fol low- 
ing  Laminaria count ing,  the  most  r ep re sen t a t i ve  0.25 m 2 quad ra t  of each  1.0 m 2 quadra t  
was  co l lec ted  us ing  an u n d e r w a t e r  airl if t  f i t ted wi th  a 3 m m  mesh  col lec t ing  bag,  The 
choice  of co l lec ted  quadra t s  was  b i a s e d  w h e n  necessa ry  t oward  ob ta in ing  sufficient  da ta  
on Laminaria popu la t i on  stat ist ics.  Al l  p l an t  ma te r i a l  w i th in  each  co l lec ted  quadra t  was  
sor ted  to species ,  a n d  w e i g h e d  bo th  we t  and,  wi th  the  excep t ion  of Laminaria > 10 cm, 
d ry  (24 h at  100 °C). For s i te  D col lect ions,  the  s t and ing  crops  of Phyllophora brodiaei 
(Turner) J. Agardh ,  Phyllophora membranifolia (Goodenough  & Woodward)  J. Agardh,  
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Fig. 1. Location of study sites. (A) Atlantic Canada; (B) Lobster Bay in southwestern Nova Scotia 
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Fig. 3. Diagrammatic representation of sites S and D within Lobster Bay, Nova Scotia; and the 
locations of the standing crop assessment transects, tagged Laminaria longicruris and L. digitata 

quadrats, and the harvest plot outlines 

and  Chondrus crispus Stackhouse were  corrected for bryozoan encrustat ion.  C. crlspus 
was further separa ted  into fronds greater  or less than 10 cm. Individual  plants  of L. 
longicruris De la Pylaie and  L. digitata (L.) Lamouroux > 10 cm total l ength  were 
counted  and  the fol lowing var iables  measured:  stipe length,  l amina  length,  stipe weight,  
l amina  weight,  n u m b e r  of lamina ,  m a x i m u m  lamina  width, reproductive? (Yes or No). 
Env i ronmen ta l  condit ions and  substrate  characteristics for both sites were also recorded. 
In early Sep tember  1980, immedia te ly  fol lowing the control and  harvest  plot assess- 
ments  for both sites, all Laminaria plants  wi th in  and  over lapping the harvest  plots were 
de tached at or near  the holdfast by SCUBA divers us ing  long sharp k i tchen knives. 

Laminaria growth and  mortal i ty  data  were ob ta ined  by regular ly  count ing  and  
measur ing  tagged  p lants  of each species wi th in  two site S and  seven site D quadrats  (1 m 
× 10 m). All p lants  greater  than  50 cm total length  wi th in  one site S and  two site D 
harvest  plot quadrats  were tagged  with ind iv idua l ly  n u m b e r e d  cable ties and  first 
measured  the summer  fol lowing harves t ing  (1981). The same procedure,  but  at different 
s tar t ing dates, was followed for the six quadra ts  not  in the harvest  plots. The p lant  
measurement s  are those listed earl ier  for the assessment  transects with the exception of 
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weight determinations. Beginning in March 1982, holes (5 mm diameter) were punched 
5 cm above the meristem of each remaining plant  and some newly tagged plants to 
measure l inear lamina growth and attrition (Mann, 1973). The tagged plant  quadrats 
were monitored until April 1983. Double tagging experiments  indicated there was no 
measurable tag loss. 

RESULTS 

U n d e r s t o r y  c o m m u n i t y  

Understory community characteristics were measured and monitored until the 
Laminaria population recovered substantial ly from harvesting, which was interpreted to 
be the summer following harvesting (1981). A cluster analysis  of all 80 site S and all 200 
site D quadrats, without distinction of harvest (H) and control (C) plots or year, in 
separate analysis produced no recognizable groups. This was not unexpected because of 
the a priori requirement that the harvest and control plots be similar, and within-plot  
variabili ty contributed by the patchiness of the more abundant  species. This latter 
consideration was emphasized by the rocky substrate. Considering the plots as entities, 
Figure 4 distinguishes the harvest plot in 1981, the summer following harvesting, from 
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Fig. 4. Cluster diagram of "plot-year" similarity for the understory communities of sites S and D. 
(C ---- control plot, H = harvest plot) 

all others at both sites using s tandardized Euclidean distance as a measure of "plot- 
year" community similarity. Linkage order is the result of a centroid clustering proce- 
dure. Standardized Euclidean distance is an appropriate  similarity measure because of 
its equal sensitivity to all species. It is effective in dis t inguishing plot-year  entit ies by 
comparing cumulative variation in species standing crop between pairs of entities. 

A more rigorous scrutiny of the difference be tween  the 1981 harvest plots and the 
other plots is presented in Table 1. When analyzed individually,  the species which 
contributed the most to the distinction of H1981 from the other plots at site D in the 
cluster analysis, specifically Chordaria flagelliformis (Muller) C. Agardh and Poly- 
siphonia sp., did not have significantly different s tanding crop distributions for the 
control versus harvest plots in ei ther 1980 or 1981. This weakens  the validi ty of the 
distinction in Figure 4. Overall, the trend for site D is a significant decrease in the 
standing crops of several species relative to the pre-harvest  state; however, increases in 
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the s t and ing  crops of two spec ies  were  recognized .  The  e p i p h y t e  Cystoclonium pur- 
pureum (Hudson) Batters d i s p l a y e d  the s t ronges t  response ,  wi th  H1981 s t and ing  crop 
inc reas ing  2.7 t imes  over  H1980 s t a n d i n g  crop (p ---- .02) c o m p a r e d  with  only  a 1.65 t imes  
inc rease  for C1981 re la t ive  to C1980 (p = .32). Three  o ther  species ,  Cladophora sp. (-), 
Corallina officinalis L ( + ) a n d  Membranoptera alata (Hudson) S tackhouse  ( - )  are  also 
i n t e rp re t ed  as  the  most  a p p a r e n t  ind ica tors  of c h a n g e  in the  unders tory  communi ty  
b e c a u s e  of the i r  h igh  s t and ing  crops and  cont r ibu t ion  to Euc l i dean  dis tance.  Ceramium 
rubrum (Hudson) C. Agardh ,  Euthora cristata (L. ex  Turner)  J. A g a r d h  and  Palmaria 
palmata (L.) Grev i l l e  were  not  i n c l u d e d  in  the  c luster  ana lys i s  p r e sen t ed  for site D s ince  
they  occur red  ma in ly  as ep iphy t e s  on the l a rge r  L. longicruris plan ts  and  would  bias  the  
resul ts  of the  ana lys i s  t oward  d is t inc t ion  of H1981. Ep iphy tes  were  ra re ly  obse rved  on L, 
longicruris in the  H1981 col lect ions.  

For si te S the  d is t inc t ion  of H1981 is less equ ivoca l  wi th  the  ep iphy t e s  C. purpureum 
and  C. rubrum r ank ing  first and  second,  respect ive ly ,  in cont r ibut ion  to Euc l idean  
dis tance.  Both spec ies  i nc r ea sed  cons ide rab ly  in s t and ing  crop in H1981, C. purpureum 
was 6.2 t imes  H1980 s t and ing  crop and  10.2 t imes  C1981 s t and ing  crop, and  C. rubrum 
i nc r ea sed  1000 t imes  over  H1980 s t and ing  crop and  5 t imes  over  C1981 s t and ing  crop. 
This  d rama t i c  effect for C, rubrum is l a rge ly  an  art i fact  of its very  low s t and ing  crop 
(5 m g •  m -2, dry) in H1980. The  g e n e r a l  t rend  for those spec ies  which  de mons t r a t e d  a 
s ign i f ican t  re la t ive  c h a n g e  was  an  inc rease  in H1981 s t and ing  crop. On ly  two re la t ive ly  
un impor t an t  spec ies  d e c r e a s e d  in  s t and ing  crop. Of those  which  increased ,  o ther  than  
the two spec ies  p rev ious ly  men t ioned ,  only  P. palmata i n c r e a s e d  no tab ly  in H1981 to 6.7 
t imes  H1980 c o m p a r e d  wi th  1.65 t imes  C1981. It was  not  necessa ry  to account  for 
e p i p h y t e s  in the  si te S ana lys i s  s ince  L. longicruris at that  si te was  free of ep iphytes .  

Tab le  2 p resen t s  some eco log ica l  p a r a m e t e r s  for each  plot. For si te St H1981 has  the 
h ighes t  m e a n  dry  we igh t  and  spec ies  d ivers i ty  for the  unders tory  communi ty .  The 
inc reased  s t and ing  crops of C. purpureum and  P. palmata are  r e spons ib le  for the h igh  
H1981 s t and ing  crop and  also the  h igh  spec ies  d ivers i ty  by  d imin i sh ing  the dominance  
of C, crispus. For si te D no c lear  d i s t inc t ion  of H1981 is ev ident ,  the  d i f ferences  in mean  
dry  we igh t  and  spec ies  d ivers i ty  b e i n g  p r e d o m i n a n t l y  due to the la rge  be tw e e n -p lo t  
va r i ance  in C. crispus s t and ing  crop. 

Laminar ia  r e c o v e r y  

By D e c e m b e r  1980, three  months  fo l lowing the e x p e r i m e n t a l  harvest ,  a visual  
r econna i s sance  of the  harves t  p lot  at  s i te  D conf i rmed that  r eg rowth  of L. longicruris was 
we l l  in progress .  The  p lan t s  h a d  r ecove red  to a dens i ty  that  m a d e  it difficult  to 
d i s t ingu i sh  the  ha rves t  p lo t  from the  su r round ing  area,  and  severa l  p l an t s  e x c e e d i n g  2 m 
in total  l eng th  w e r e  observed .  Soral  t i ssue  was  ev iden t  on only  a very  smal l  pe rcen t age  
of the  p lan t s  observed .  Site S was  not  v i s i ted  b e c a u s e  it was  not  r e a d i l y  access ib le  at this 
t ime  of year .  

Tab le  3 summar i ze s  the  popu l a t i on  charac ter i s t ics  of L. longicruris and  L, digitata at 
s i tes  S and  D dur ing  the  summers  of 1980-82. F igures  5 and  6 p re sen t  cor responding  
l eng th  h i s tograms  desc r ib ing  the popu l a t i on  structure of both  species .  At site S popula-  
t ion va r i ab l e s  of L. longicruris and  L. digitata were  stil l  we l l  unde r  p re -ha rves t  va lues  
wi th in  H1981 and  C1981. The  l eng th  h i s tograms  ind ica te  that  the popula t ions  of both 
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Table 2. Ecological parameters for the control (C) and harvest (H) plots of sites S and D in 1980 and 
1981 

Parameters Site S Site D 
H1980 C1980 H1981 C1981 H1980 C1980 H1981 C1981 

Number of quadrats 
Number of species 
Mean dry weight (g • m -2) * 
Mean number of species per 0.25 m 2 quadrat 
Species diversity (H')* * 

(1) All species 
(2) Excluding Laminaria and its epiphytes 

* Excluding Laminaria 
* * Shannon & Weaver (1949) 

20 20 20 20 50 50 50 50 
17 24 21 22 21 16 17 19 

266 357 505 457 150 180 181 270 
6-7 9 9-10 9-10 10 8-9 7-8 7-8 

1.10 1.47 2.08 1.80 1.51 1 .33  1.20 1.93 
0.74 0.66 1 .55 1.14 2.03 1.78 1.92 1.72 

Table 3, Population characteristics of Laminaria longicruris and Laminaria digitata within the 
harvest (H) and control (C) plots of sites S and D during the summers of 1980-82. The data 

incorporate only those plants greater than 50 cm total length except  where  otherwise noted 

Parameters Site S Site D 
1980 H1981 C1981 1980 H1981 C1981 H1982 C1982 
(H+C) (H+C) 

L. longicruris 
Mean standing c r o p ( k g . m  -2,wet)* 6.19 0.35 0.60 6.17 5.93 2.83 8.18 4.83 
Mean plant length (cm) 288 146 123 270 246 244 332 320 
Mean plant weight  (g, wet) 373 122 49 406 287 389 692 725 
Mean density (n . m -2) 16.6 2.6 10.0 15.2 20.7 7.2 11.8 6.7 
Percentage reproductive 13.2 0.0 1.8 22.4 15.0 16.7 31.2 29.3 

L. digitata 
Mean standing c r o p ( k g . m  -2,wet)• 0.69 0.20 0.15 1.77 0.46 2.98 1.97 3.15 
Mean plant length (cm) 137 76 87 136 99 139 147 164 
Mean plant weight  (g, wet) 252 91 110 391 101 372 347 511 
Mean density (n • m -2) 2.7 2.1 1.3 4.5 4.4 7.8 5.7 6.2 
Percentage reproductive 28.6 17.7 44.4 29.3 8.9 35.3 28.9 44.1 

* Incorporates all plants and is corrected for sampling bias by adjusting plot s tanding crop based 
on the expected ratio of 4 : 1 for 'number  of plants counted : number  of plants collected' within 
each plot 

s p e c i e s  a re  s h i f t e d  t o w a r d  t h e  s m a l l e s t  l e n g t h  in t e rva l ,  and ,  by  c o m p a r i s o n  of t h e  con t ro l  

a n d  h a r v e s t  p lo t  d i s t r i bu t i ons ,  s u g g e s t  t ha t  b o t h  a re  c o m p o s e d  m a i n l y  of p l a n t s  l e ss  t h a n  

one  y e a r  old.  T h e r e  is no  e v i d e n c e  t h a t  t h e  l a r g e s t  p l a n t s  in  t h e  1980 p lo t s  s u r v i v e d  un t i l  

s u m m e r  1981. Si te  S w a s  no t  m o n i t o r e d  a f t e r  1981 b e c a u s e  of e v i d e n c e  t h a t  t h e  l o w e r  

s t a n d i n g  crop  of b o t h  s p e c i e s  in  1981 is d u e  to ice  s c o u r i n g ,  no t  t h e  e x p e r i m e n t a l  h a r v e s t .  

W i t h i n  s i te  D, L. longlcruris r e c o v e r e d  to p r e - h a r v e s t  s t a n d i n g  c rop  (96 %) t h e  

s u m m e r  f o l l o w i n g  h a r v e s t i n g .  M e a n  p l a n t  l e n g t h  a n d  w e i g h t  w e r e  l e s s  t h a n  p r e - h a r v e s t  

va lues  bu t  th i s  w a s  c o m p e n s a t e d  by  a 36 % i n c r e a s e  in  p l a n t  d e n s i t y .  W i t h i n  H1982 t h e  
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Pig. 5, Total plant length (cm) histograms for Laminaria ]ongicruris > 50 cm within the harvest (H) 
and control (C) plots at sites S and D during the years they were assessed. (1980 = pre-harvest; 

1981+ = post-harvest) 

popula t ion  var iables  for L. longicruris exceeded H1980 values. The length  dis t r ibut ion 
for H1982 was subs tant ia l ly  s imilar  to that of H1980 with the exception that there were 
fewer small  p lants  than  in  H1980. L. digitata requi red  two years (H1982) to recover 
cropped biomass  and  at ta in popula t ion  characteristics substant ia l ly  s imilar  to H1980. 

Noteworthy in  Table  3 is the strong recovery of L. longicruris in  H1981 which 
cont inues  with the highest  observed L, longicruris s tanding  crop of 8,18 k g .  m -2 
occurr ing in  H1982. This recovery occurs whi le  L, digitata s tand ing  crop is low relative 
to the pre-harvest  state. With in  the unpe r tu rba t ed  (control) Laminaria populations,  L. 
longicruris s t and ing  crop was only 46 % and  78 % of 1980 s t and ing  crop in C1981 and  
C1982, respectively,  whi le  L. digitata s t and ing  crop steadily increased  to 178 % of 1980 
s t and ing  crop in  C1982. The m a x i m u m  observed ratios of L. longicruris:L, digitata 
s t and ing  crop (13:1) and  a b u n d a n c e  (4.7: I) occurred in  H1981. This compares to a pre- 
harvest  ratio of 3.5:1 for both characteristics. A shift toward a more even  ratio cont inued  
as both the harvest  and  control plots matured.  
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Fig. 6. Total plant length (cm) histograms for Laminaria digitata > 50 cm within the harvest (H) and 
control (C) plots at sites S and D during the years they were assessed. (1980 = pre-harvest; 1981 + 

= post-harvest) 

For both spec ies  two years  we re  r e q u i r e d  for the  p e r c e n t a g e  of r ep roduc t ive  p lan ts  
wi th in  the popu la t ion  to recover  to p re -ha rves t  levels .  On ly  L. digitata had  a con t inua l ly  
increas ing  p e r c e n t a g e  of r ep roduc t ive  p l an t s  wi th in  the  control  plot  from 1980-82, wi th  
the h ighes t  obse rved  p e r c e n t a g e  occur r ing  in 1982. 

Laminar ia  g r o w t h  a n d  s u r v i v o r s h i p  

All  t a g g e d  L. digitata plan ts  (n -- 43) wi th in  one 10 m 2 quad ra t  outs ide  of the  ha rves t  
plot  at site S (depth = 3.4 m b e l o w  MSL) ~s tab l i shed  Augus t  1980 surv ived  less  than  one 
year.  Total  mor ta l i ty  of L. longicruris was  not  conf i rmed  unt i l  20 months  fo l lowing  
tagging,  but  annua l  survivorship  was  e s t ima ted  to be  14 %. For ne i the r  spec ies  was  there  
ev idence  of a corre la t ion  b e t w e e n  mor ta l i ty  r isk and  p l an t  size. T a g g e d  p lan t s  of bo th  
spec ies  wi th in  the  harves t  p lot  quad ra t  (10 m 2) at  s i te  S (depth  = 2.5 m b e l o w  MSL) 
b e g u n  the summer  fo l lowing ha rves t ing  (May 1981) also had  h igh  popu l a t i on  mor- 
tali t ies.  There  were  fewer  p lan ts  wi th in  the  harves t  p lot  and  they  were  mon i to red  less 
often bu t  100 % mor ta l i ty  of both  spec ies  was  conf i rmed  wi th in  3 months  for L. 
longicruris (n - 6) and  10 months  for L. digitata (n = 18). Because  of the  short  life 
expec tanc ies  of both  spec ies  at si te S, no useful  g rowth  da ta  were  acqui red .  

Survivorship  curves  for L. longicruris a n d  L. digitata wi th in  the  t a g g e d  p l an t  
quadrats  at si te D are p r e sen t ed  in F igure  7. The  da ta  are  s u m m a r i z e d  in T a b l e  4. 
Var iabi l i ty  in mean  p lan t  total  l eng th  b e t w e e n  quadra t s  was  no ted  bu t  there  was  no 
consistent  ev idence  of a t rend  in mor ta l i ty  r isk wi th  total  l eng th  for p l an t s  g rea t e r  than  
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Fig. 7. Percentage survivorship of unperturbated and recovering (0-1 year old, harvested September 
1980) populations of Laminaria ]ongicruris and L. digitata at different depths within site D 

50 cm in total length.  Differences in  percen tage  a n n u a l  survivorship are thus probably  
due to depth re la ted effects such as wave action, substrate type, and  p lant  density. 

Interpreta t ion of the survival  rates indicates  longevi ty  of L. ]onfficruris and L. 
digitata to be  highest  at 3-4 m below MSL for both the unper tu rba ted  and  recovering 
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Table 4. Survivorship of unperturbated and recovering populations of Laminaria longicruris and 
Laminaria digitata for different depths at Site D 

Depth (m below MSL) 3.0 
Date monitoring begun 4 Aug 

8O 

Unperturbated Recovering 
population population * 

4.0 6,7 8-I0 3.0 4.0 
12 Aug 17Jun 28Jun 27 May 1 Jun 

80 82 82 81 81 

L. longicruris 
Initial n 138 120 46 111 26 71 
Initial plant length (cm) 

(1) Mean 320 230 560 240 210 260 
(2) 1 S,D. 160 190 190 190 110 150 

Percentage annual survivorship * ° 7 51 0 0 25 33 

L, digitata 
Initial n 63 113 26 51 35 53 
Initial plant length (cm) 

(1) Mean 130 100 123 90 110 90 
(2) 1 S,D. 60 60 10 50 30 30 

Percentage annual survivorship * * 57 67 0 15 49 48 

• Harvested September 1980 
* * Calculated assuming a linear mortality rate as interpreted from Figure 7 

populations.  Within the recover ing  popula t ion  no L. longicrurisplants,  and  only a few L. 

digitata plants, surv ived  two years. By compar ison  of the survivorship rates wi th in  the 
unper turba ted  populat ion,  L. digitata is the longe r - l ived  of the two species  wi th in  this 

depth range,  with some plants  l iv ing near ly  three  years  after be ing  tagged .  Based on 

their  total l ength  and Figure  8, some of the plants  which  surv ived  longes t  were  probably  

at least one year  old w h e n  t a g g e d  (7 plants  > 100 cm total length),  sugges t ing  an 
es t imated m a x i m u m  life expec tancy  for L. digitata of at least  four years.  No L. longicruris 
plants survived longer  than two years and because  those surv iv ing  longes t  were  small  

w h e n  t agged  (< 140 cm total length),  the m a x i m u m  life expec tancy  for L. longicruris is 

probably about  two years. This in terpre ta t ion  is consis tent  wi th  the e v i d e n c e  of two 
modes in the unper tu rba ted  popula t ions  wi th in  site D (Figure 5). If these  modes  

represent  two year  classes, a m a x i m u m  life expec tancy  of two years  is impl ied .  

The  growth curves p resen ted  in F igure  8 show that  two years  are r equ i r ed  for 

individual  plants  of both species  to at tain a size equa l  to those of the pre -harves t  
population.  This substant ia tes  data  in Table  3 wh ich  indica tes  two years  are r equ i red  for 

a full recovery from harvest ing.  Figure  8 also shows that  the b iomass  of plants  more  than 

one year  old is lowest  dur ing win te r  months  due to r educed  lamina  area. Analysis  of the 

movement  of holes punched  just above  the mer i s t em of the t a g g e d  plants  r evea l ed  
seasonal differences in l amina  growth  and attr i t ion for both species  for the per iod  March  
1982 until  April  1983. Grown and lost l amina  we igh t  was ca lcu la ted  based  on the 

relationship b e t w e e n  lamina  area  and lamina  we igh t  d e t e rm in e d  from m e a su re m e n t s  on 

collected Laminaria: 
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Fig, 8, Mean stipe length (SL), lamina length (LL) and total length (TL) of unperturbated and 
recovering (0-1 year old, harvested September 1980) populations of Larninaria ]ongicruris and 

L, digitata within site D. (Minimum n -- 13) 

L. longicruris: LB = 0.0730 × LL × LW (n = 2439, r 2 = 95 %) 
L. digitata: LB = 0.0699 x LL × LW (n = 1114, r 2 = 92 %) 
where:  LB = l amina  weight  (g), LL = l amina  length  (cm), LW = l amina  width (cm). 
Figure  9 indicates  that m a x i m u m  l amina  growth and  increase in p lan t  weight  occurred 
dur ing  spr ing followed by the per iod of greatest  attrit ion and net  weight  loss dur ing  the 
summer  months.  Dur ing  a u t u m n  and  winter,  the plants  are re la t ively stable, but  there is 
ev idence  of g radua l ly  inc reas ing  p lan t  weight .  

Cohort weight  of the recover ing popula t ions  of both species for three years following 
harves t ing  is p resen ted  in  Figure 10. The curves are based on the survivorship of both 
species wi th in  the tagged  plant  quadrats  in  the harvest  plot. Plant  weight  was calculated 
based  on the re la t ionship  b e t w e e n  l a m i n a  area and  p lan t  weight  de te rmined  from 
measuremen t s  on the previously men t ioned  collected Laminaria: 
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Fig. 10. Cohort weight  of 0-1 year  old Laminaria longicruris and L. digitata recover ing from a 
September  1980 harvest  wi thin  site D and  first monitored in May 1981 
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L. longicruris: PB = 0.0919 × LL × LW (n = 2439, r 2 = 94 %) 
L. digitata: PB = 0.0872 x LL × LW (n -- 1114, r 2 -- 92 %} 
where :  PB = p l an t  we igh t  (g), LL --- l amina  l eng th  (cm), LW -- m a x i m u m  lamina  wid th  

(cm). 
The m a x i m u m  y ie ld  pe r  recrui t  for both  spec ies  occurred  the summer  fo l lowing harvest -  
ing  a l t hough  for L. digitata m a x i m u m  popu l a t i on  s t and ing  crop occurred  two years  after 
harves t ing .  Three  yea r s  fo l lowing  ha rves t i ng  only  a smal l  pe r c e n t a ge  of the  s t and ing  
crop a t t a ined  by  the  mon i to red  cohorts  du r ing  the first one or two years  r emained .  

DISCUSSION 

The  impor t ance  of l a rge  ke lps  in in f luenc ing  s e a w e e d  communi ty  d e v e l o p m e n t  and  
charac ter i s t ics  has  b e e n  no ted  by  Pa ine  & V a d a s  (1969), Kain (1975) and  Fo re ma n  (1977). 
The i r  s tudies  a d d r e s s e d  seconda ry  success ion  on subs t ra te  c l ea red  by  divers  or in tens ive  
sea  urchin  grazing,  but  conce ivably ,  ha rves t ing  of a Lamlnaria canopy  could al ter  the 
d ivers i ty  and  s tab i l i ty  of the  under s to ry  communi ty  and  res i l i ence  of the  Laminaria 
popula t ion .  These  are  the  pr ime  cons idera t ions  for the d e v e l o p m e n t  of harves t  manage -  
men t  s t ra teg ies  which  e m p h a s i z e  conserva t ion  and  long- te rm op t imal  u t i l iza t ion  of the 
Laminaria resource,  no tw i th s t and ing  n e g a t i v e  ind i rec t  effects on h ighe r  t rophic  levels  
(Whar ton & Mann,  1981). 

Wi th in  the  sha l low site (S) there  was  a c lear  d i s t inc t ion  of the  ha rves t ed  plot  in  1981, 
one yea r  fo l lowing harves t ing ,  from the  control  plot.  This  d is t inc t ion  was charac te r ized  
pa r t i cu la r ly  by  growth  of the  annua l  unders to ry  ep iphy t e s  C. purpureum and C. rubrum, 
and  also the  annua l  tha l lus  of P. palmata. This  dis t inct ion,  however ,  cannot  be a t t r ibu ted  
only  to e x p e r i m e n t a l  r emova l  of the  ke lp  canopy  in the  ha rves t ed  plot. Kelp b iomass  was  
we l l  b e l o w  p re -ha rves t  l eve ls  in  both  the  control  and  harves t  plots  in 1981. The  win te r  of 
1980-81 was  severe  wi th  ex tens ive  ice format ion  in Lobster  Bay. The  most l ike ly  cause of 
the  d e c r e a s e d  Laminaria s t and ing  crop at site S, cons ide r ing  its sha l low dep th  and 
exposure  to wa te r  movement ,  is ice scour ing  dur ing  J a nua ry  and  Feb rua ry  1981. Since 
both  the  control  and  ha rves t ed  plots  were  p r o b a b l y  sub j ec t ed  to canopy  remova l  by  ice, 
the  d is t inc t ion  of the  ha rves t ed  plot  in 1981 cannot  be  une qu ivoc a l l y  a t t r ibu ted  to the 
harvest .  This  a r g u m e n t  is re inforced  by  cons ide r ing  that  the  th ree  a b o v e - m e n t i o n e d  
unders to ry  spec ies  wh ich  con t r ibu ted  the  most  to the dis t inct ion of the  ha rves t  plot  
p r o b a b l y  g rew dur ing  the sp r ing  of 1981 by  which  t ime there  would  be  no subs tan t ia l  
d i f ference  in the  ke lp  canopy  b e t w e e n  the control  and  harves t  plots.  

For si te D a s imi la r  a r g u m e n t  app l i e s  for C. purpureum and  C. officinalis, which  
inc reased  in s t and ing  crop, and  Cladophora sp. and  M. alata, which  dec reased  in 
s t and ing  crop, wi th in  the  ha rves t  p lot  in the  s u m m e r  of 1981. Laminaria canopy  recovery  
was  we l l  in progress  b y  D e c e m b e r  t980, four months  fo l lowing  harves t ing ,  and  had  
subs tan t i a l ly  r ecove red  by  s u m m e r  1981. There  was  no a p p r e c i a b l e  di f ference in canopy 
b e t w e e n  the control  and  harves t  plots  w h e n  these  four species ,  in t e rp re ted  as impor tant  
cont r ibutors  to the 1981 harves t  p lot  d is t inct ion,  were  u n d e r g o i n g  spr ing  growth.  No 
b io log ica l  e x p l a n a t i o n  is offered for the  o b s e r v e d  d i f ferences  in unders tory  s t and ing  crop 
d i s t r ibu t ion  but,  a l t e rna t ive ly ,  it  is poss ib l e  that  the  s a m p l i n g  pa t t e rn  d id  not adequa te ly  
account  for wi th in -p lo t  he t e rogene i t y  which  may  be  r e spons ib l e  for the  s ignif icant  
d i f ferences  b e t w e e n  control  and  harves t  plot  s t and ing  crop dis t r ibut ions .  
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Overall, the removal of the Laminaria canopy is judged  to have only a minor and 
reversible effect on the understory community within both sites. Within site S, C. 
purpureum, C. rubrum and P. palmata are annuals  at taining maximum standing crop 
during late spring and summer. There is no indication that they modify understory 
composition of the more persistent perennial  species. The dominant  perennial  species 
within the site, C. crispus, P. brodiaei, P. membranlfolia and F. vesiculosus L. mainta ined 
relatively stable standing crop distributions based  on the interpretat ion of Table 1. 
Similarly, for site D, C. purpureum, Cladophora sp. and N/. alata are annual  species 
which undergo their most rapid growth during spring, and the perennial  understory 
community of C. crispus, P, brodiaei and P. membranffolia remained stable. One 
possible exception is C. officinalis which decreased in s tanding crop in both the control 
and harvest plots but less so in the harvest plot. With the rapid recovery of the Laminaria 
canopy within site D, and the probable  potential  for its rapid recovery at site S in the 
absence of ice scouring, no effect on the understory community persist ing longer than 
one year following a single incident  of canopy removal in September  is anticipated.  

The survivorship data presented here are very similar to those recently reported by 
Chapman (1984) for L. longicruris and L. digitata, but note that although his site was 
geographical ly very close to mine, it was considerably deeper  than my harvest plots at 
10-12 m below MSL (Figure 1). Chapman observed an increasing mortality risk with 
increasing plant length for L. longicruris, which I did not, possibly because I d id  not 
consider plants < 50 cm total length whereas he did. Parke (1948) reported results for 
L. saccharina (L.) Lamouroux, which may be conspecific with L. longicruris (Liining et 
at., 1978), which agree with results presented here, observing a maximum life expec- 
tancy of approximately 2 years. She also observed a similar pattern of seasonal  net 
growth. Gagn~ et al. (1982) previously observed this pattern for L. longicruris in 
southwestern Nova Scotia. The survivorship data for L. digitata are consistent with 
tagging results of P~rez (1970) who observed some plants (2-5 % of the original number 
tagged) to live 4 years along the coast of France. He suggested a maximum life 
expectancy of 5 years because those plants were 30 cm when tagged and culture 
experiments suggested one year  was required to attain that length. 

The relative abundance and standing crop of L. longicruris and L. digitata within the 
recovering population at site D in 1981 (Table 4) favored L. longicrurisby ratios of 13:1 
(abundance) and 4.7:1 (standing crop). A shift toward a more even ratio as both the 
harvest and control plots matured was also noted. This pat tern is consistent with there 
being a competitive interaction between L. longicruris and L. digitata since the relative 
success (interpreted as summer standing crop) of L. longicruris appears  to be inversely 
related to L. digitata standing crop. Initially observed is the rapid growth and populat ion 
recovery of L. longicruris. L. digitata recovers more slowly but because of its higher  life 
expectancy (> 4 years) compared to L. longicruris (2 years) it persists and gradual ly  
replaces L, longicruris, at least over the short term (i.e. < 4 years). If this interpretat ion is 
valid then the development of a mature L. digitata population is undesirable  because of 
its slow growth and its inhibit ion of faster growing L, longicruris, I suggest  the first 
hypothesis to test for an explanat ion of this observation is the effectiveness of shading by 
L. digitata in inhibit ing the success of juveni le  L, longicruris, Similar competit ive 
interactions between species of Laminaria and related genera are discussed by Kain 
(1979). 
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C h a p m a n  (1984) o b s e r v e d  no s ta t i s t ica l ly  s igni f icant  e n h a n c e m e n t  of a b u n d a n c e  of 
e i ther  L. longicruris or L. digitata b y  canopy  r emova l  at 10-12 m be low MSL, a l though  a 
t r end  toward  e n h a n c e m e n t  is ev iden t  in his data.  In contrast,  I obse rved  cons ide rab le  
e n h a n c e m e n t  of L. longicruris a b u n d a n c e  by  canopy  removal .  I sugges t  this d i s ag ree -  
men t  is pa r t i a l ly  due  to the  di f ferent  s i te  depths ,  bu t  more  l ike ly  and more  direct ly,  
p lan t s  at his si te were  p r o b a b l y  not  a p p r o a c h i n g  l imi t ing  densi t ies .  A b u n d a n c e  of 
u n p e r t u r b a t e d  popu la t ions  of both  spec ies  at his site was re la t ive ly  low at 1.2 p lan t s  • 
m -2 and  3.2 p lan t s  • m -2 for L. Iongicruris and  L. digitata, respect ive ly .  Unpe r tu rba t ed  
popu la t i on  dens i t i e s  at  my  si te D (3-4 m b e l o w  MSL) r a n g e d  from 6.7-15.2 p lan ts  • m -2 
and  4.5-7.8 p lan ts  • m -2 for L. longicruris and L. digitata, respec t ive ly .  

Al l  the  e v i d e n c e  in Tab les  3 and  4 and  F igures  5, 6 and  8 support ,  or are consis tent  
with,  the  in te rp re ta t ion  that  both  L. longicruris a n d  L. digitata recover  subs tan t i a l ly  from 
ha rves t ing  wi th in  one  y e a r  a l though  two years  a re  r equ i r ed  for both  spec ies  to reacqui re  
p re -ha rves t  popu la t i on  character is t ics .  The  mor ta l i ty  ra tes  of both  spec ies  toge ther  wi th  
the i r  r a p i d  r eg rowth  from harves t ing  ind ica te  h igh  b iomass  turnover,  and  Figure  10, 
w h i c h  incorpora tes  this  information,  c lea r ly  shows  that  ha rves t ing  should  occur on a 
yea r ly  bas is  to max imize  y i e ld  for both  species .  The compet i t ive  a d v a n t a g e  of the 
l o n g e r - l i v e d  L. digitata over  the  faster  g rowing  L. longicruris further ind ica tes  a des i re  
for a yea r ly  harves t  to p reven t  e s t ab l i shmen t  of a ma tu re  L. digitata s t and ing  crop. 
Accord ing  to F igure  9 ha rves t ing  shou ld  occur  du r ing  la te  sp r ing  or ear ly  summer  to 
max imize  harves t  y i e ld  s ince  this  pe r iod  fol lows the r ap id  growth  of the spr ing and  
p r e c e d e s  the  a t t r i t ion which  occurs  du r ing  the s u m m e r  months.  

None  of the  above  cons idera t ions  incorpora te  the  poss ib i l i ty  of " recru i tment  over-  
ha rves t ing"  (Cushing,  1973). This  is an  impor t an t  cons idera t ion  s ince  a yea r ly  harves t  
could  severe ly  r educe  the  r ep roduc t ive  po ten t i a l  of ha rves t ed  area.  If ha rves t ing  were  to 
occur  on a yea r ly  bas is  in sp r ing  or ea r ly  s u m m e r  the  recover ing  popu la t ion  wil l  have  
h a d  l i t t le  oppor tun i ty  to pu t  much  effort into reproduct ion .  C h a p m a n  (1981) cons ide red  
the r ep roduc t ive  po ten t ia l  of L. longicrurisand L. digitata and  conc luded  that  if s tands of 
r ep roduc t ive  p lan t s  were  wi th in  600 m (his m a x i m u m  e x p e r i m e n t a l  dis tance)  of an  a rea  
ba r ren  of ke lp  subs tan t i a l  r ec ru i tmen t  was  observed ,  thus  these  two spec ies  are  capab le  
of long d i s tance  spore  d ispersa l .  Based  on this, yea r ly  ha rves t ing  of ke lp  wi th in  a 
pa r t i cu la r  a rea  is a c c e p t a b l e  if only  those  p lan ts  which  are eas i ly  access ib le  are 
harves ted ,  and  nearby ,  less  access ib le  p lan t s  a re  left to p rovide  recrui tment .  

If r ec ru i tmen t  can be  assured ,  a n d  in l igh t  of the  da ta  p re sen ted  here ,  the  conven-  
t ional  w i s d o m  tha t  Laminaria plan ts  shou ld  be  ha rves t ed  by  de tach ing  the  l a m i n a  above  
the mer is tem,  t he reby  fac i l i t a t ing  l amina  regenera t ion ,  may  be  over ly  conservat ive.  
Indeed ,  there  m a y  be  no y i e ld  a d v a n t a g e  by  e m p l o y i n g  such a ha rves t  s t ra tegy.  Most 
p l an t s  l a rge  e n o u g h  to be  ha rves t ed  in this  m a n n e r  wou ld  p r o b a b l y  be  abou t  one yea r  
old  wi th  a r e m a i n i n g  life expec t ancy  of less than  one year.  Ano the r  yea r  wou ld  be 
r e q u i r e d  for those  p lan t s  to a t ta in  a ha rves t ab l e  l amina  l eng th  by  which  t ime very few 
p lan t s  wou ld  remain .  This  a r g u m e n t  w o u l d  be  w e a k e n e d  by  e v i d e n c e  that  harves t ing  
a b o v e  the  mer i s t em pro longs  life expec tancy ,  bu t  the re  is p r e sen t l y  no reason to suspect  
this. 

In conclusion,  this s tudy  ind ica tes  that  a yea r ly  ha rves t  of Laminaria within  the 
envi rons  of Lobster  Bay, sou thwes t  Nova  Scotia,  w o u l d  m a x i m i z e  yield.  The harves t  
w o u l d  y i e ld  the  l a rges t  crop dur ing  la te  sp r ing  to ea r ly  summer  (May-July) .  The da ta  
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a c q u i r e d  in  th i s  s t u d y  do  no t  s u p p o r t  t h e  c o n v e n t i o n a l  w i s d o m  t h a t  p l a n t s  m u s t  b e  cu t  

a b o v e  t h e  m e r i s t e m  for  c o n s e r v a t i o n  r e a s o n s ;  r a t h e r  w h o l e  p l a n t s  m a y  b e  r e m o v e d .  T h e  

r e m o v a l  m u s t  b e  d o n e  b y  c u t t i n g ,  n o t  p u l l i n g ,  b e c a u s e  of t h e  p o t e n t i a l  d a m a g e  to t h e  

rocky  s u b s t r a t e  r e s u l t i n g  in  u n d e r s t o r y  c o m m u n i t y  d i s r u p t i o n  a n d  t h e  d e a t h  of r e c r u i t i n g  

Laminar ia .  T w o  p o i n t s  for  c a u t i o n ,  h o w e v e r ,  m u s t  b e  a d d r e s s e d .  T h e  e f f ec t s  of s u c c e s s i v e  

y e a r l y  h a r v e s t s  w i t h i n  a p a r t i c u l a r  a r e a  o n  t h e  s e a w e e d  c o m m u n i t y  h a v e  n o t  b e e n  

d e t e r m i n e d ,  a n d  m a n y  q u e s t i o n s  r e m a i n  r e g a r d i n g  t h e  e f fec t  of L a m i n a r i a  r e m o v a l  o n  

f a u n a  a s s o c i a t e d  w i t h  t h e  k e l p  b e d s  ( B r e e n  & M a n n ,  1976; P r i n g l e  & S h a r p ,  1980).  
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