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ABSTRACT: Little is known of the ecological effects of harvesting littoral algae although this is a 
worldwide commercial activity. In 1976 an attempt to establish harvesting in Strangford Lough, 
Northern Ireland, was opposed on mainly theoretical conservation grounds. The attempt began and 
stopped within a single small bay leaving a sharp boundary between cut and uncut areas. A 
subjective survey apparently confirmed the predicted loss of cryptic fauna, decline through 
predation and the resorting of interboulder sediment. In April 1979 the cut and uncut areas were 
examined in detail to determine whether any of these effects had persisted and were demonstrable 
scientifically. Beach and boulder transects and various other studies showed some increases in the 
cut area. There was significantly more Fucus, •nteromorpha and Ulva; Cirratulus (inhabiting 
Rhodochorton-bound sediment on boulder surfaces) had a greater biomass. Some changes in 
Littorina colour morphs were apparent. Sediment in the cut area was coarser and had significantly 
more crustacean meiofauna. Ascophyllum internodal length and lateral branching were increased 
but it still provided 20 % less shore cover than in the uncut area. There were significant decreases in 
the cover of Cladophora on the sides of boulders and of Halichondria, Hymeniacodon and Balanus 
on undersurfaces. Indeed on the habitable underside of boulders total animal cover had been 
reduced by nearly two-thirds and the average number of species per boulder by one-third. It is 
concluded that Ascophyllum harvesting has a significant and persistent effect on shore ecology. 
Littoral algae are a valuable commercial asset but it is important that some fairly large intertidal 
a r e a s  should be left unharvested for general conservation purposes. 

INTRODUCTION 

Harves t ing  mar ine  a lgae  is now an important  commerc ia l  activity on a wor ldwide  

basis. For example  Alg ina te  Industries Ltd., recent ly  the subject  of a t ake-over  bid by 

Merck, ut i l ize w e e d  from Iceland, Ireland, Norway,  Scotland, South Africa, South 

Amer ica  and Tasmania.  Their  major  a lg ina te  source is Ascophyllum nodosum harves ted  

inter t idal ly  from north European  waters.  Alg ina te  Industries are concerned  wi th  harvest-  

ing  Ascophyllum in I re land through Arramara  Teoranta,  a company  owned  joint ly wi th  

the Republ ic ' s  government ,  and less direct ly  through supplies  sh ipped  to their  Scottish 

factories by C lew Bay Seaweeds  Ltd. of Newport ,  Co. Mayo. 
Various studies of Ascophyllum in and around Strangford Lough and the Ards a r e a  

of Co. Down were  ini t ia ted by Dr. Dring in 1971 in response to informat ion requests  from 
the Ministry of Commerce  (N. Ireland). This lough is the subject  of one of the largest  non- 
governmen t  sponsored conservat ion schemes  in Europe.  The Nat ional  Trust for Places of 
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His tor ic  Interes t  or Na tu ra l  Beauty  owns or l eases  most of the  in te r t ida l  zone and  has  
acqu i r ed  at  leas t  shoot ing  r ights  over  the  r emainder .  M a n a g e m e n t  is i m p l e m e n t e d  
th rough  the Trust 's  S t rangford  Lough Wild l i fe  Scheme.  The a rea  inc ludes  severa l  
impor tan t  Na t iona l  Nature  Reserves  es tab l i shed ,  b e c a u s e  of the i r  mar ine  b io log ica l  
interest ,  by  the  Conserva t ion  Branch of the  Depa r tmen t  of the  Envi ronment  (N. I.). A 
work ing  group convened  by  the Depa r tmen t  recen t ly  r e c o m m e n d e d  that  "St rangford  
Lough should  be  conse rved  as a major  recrea t ional ,  educa t ion  and  wi ld- l i fe  resource"  
(Strangford L0ugh Work ing  Group,  1978). It also sugges t ed  a poss ib le  m e c h a n i s m  
w h e r e b y  this migh t  be  accompl i shed  (apparen t ly  in  l i eu  of p re sen t  Nor thern  I re land  or 
U. K. l eg i s l a t ion  e n a b l i n g  dec la ra t ion  as a Na t iona l  Park}. 

Those concerned  wi th  conservat ion  of the  lough  were  p e r t u r b e d  by  proposa l s  first 
m a d e  in  Ju ly  1976 to harves t  b e t w e e n  an  e igh th  and  a quar te r  of the  Ascophyllum 
s t and ing  crop annua l ly  and  a l a r m e d  w h e n  a t r ia l  cut t ing (not by  the  compan ies  men-  
t ioned)  was  u n d e r t a k e n  on a smal l  a r ea  of shore wi thout  pr ior  a g r e e m e n t  of the  Na t iona l  
Trust.  

The  cut t ing was  car r ied  out in la te  Augus t  1976 and  e x t e n d e d  about  180 m a long  the 
shore.  The  w e e d  was  most ly  cut  to wi th in  10-15 cm of the  base ,  ra ther  shorter  t han  
norma l  ha rves t ing  pract ice .  After  r emova l  of about  39.5 tonnes,  cu t t ing  was  s topped  at 
the  reques t  of the  Na t iona l  Trust  a long  the b o u n d a r y  of one of its wi ld- l i fe  refuges.  
Inspec t ion  of the  shore in  m i d - S e p t e m b e r  showed  loss from the cut a r ea  (in add i t i on  to 
the  Ascophyllum removal} of a t t ached  w e e d s  and  colonia l  an imals ,  loss of mob i l e  
an ima l s  such as w ink le s  and  b l enn ie s  and  loss of f iner  s ed imen t  par t ic les-effects  which,  
in add i t i on  to r edepos i t i on  of sil t  and  loss of a b r a d e d  food source b e y o n d  the i m m e d i a t e  
cut area,  h a d  b e e n  p r ed i c t ed  in ea r l i e r  discussions.  Fur ther  visi ts  to the  shore and  to 
some r egu la r ly  ha rves t ed  a reas  in Co. Mayo  l ed  to inc lus ion  of the  fo l lowing in a 
m e m o r a n d u m  from Dr. Boaden  to the  Conserva t ion  Branch 's  Nature  Reserves  Commit -  
tee.  "The  i m m e d i a t e  effects of cut t ing are: (1) to r emove  the cut w e e d  from the system; 
(2) to des t roy  the  ep i f auna  and  flora; (3) to inc rease  des iccat ion;  (4) to inc rease  preda t ion ;  
(5) to inc rease  erosion;  (6) to a id  se t t l ement  of o ther  species ;  (7) to s t imula te  bushy  
Ascophy11um g r o w t h . . .  There  is thus a change  in the  ba l a nc e  of the  communi ty  bu t  at 
bes t  there  m a y  be  someth ing  l ike  80 ~ recovery  after  the  4 years ."  

There  is of course a d a n g e r  that  any  sub jec t ive  survey m a y  be  u n d u l y  though  
un in t en t iona l ly  b i a s e d  by  the observer ' s  expec ta t ion  of the result .  Equa l ly  there  is a 
d a n g e r  that  the  s ta tement  that  "There  is no ev idence  to show tha t  ha rves t ing  l i t toral  
s e a w e e d s  has  any  effect on shore eco logy"  (which is true b e c a u s e  of the  l ack  of 
p u b l i s h e d  information) could  be  t a k e n  to m e a n  that  ha rves t ing  does  in fact have  l i t t le  or 
no effect. To counter  this  confusion b e t w e e n  the objec t ive  and  subjec t ive  (whether  
scient i f ic  or grammatical}  a quant i t a t ive  inves t iga t ion  of the  effects of this  s ingle  cut t ing  
has  now b e e n  unde r t aken .  

MATERIAL AND METHODS 

The work  was  car r ied  out  at  Ra thcunn ingham (Irish Gr id  J 53/55} about  2.5 k m  nor th  
of Ki l ly leagh,  Co. Down. Ten  t ransect  l ines  were  e s t ab l i shed  down the b e a c h  from H W N  
to LWN {mean neap  r ange  2 m). Five of these  were  in the a rea  where  Ascophy11um h a d  
b e e n  ha rves t ed  and  five in the  u n h a r v e s t e d  a rea  {Fig. 1). G e ne ra l  shore cover was 
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Fig. 1. Map of the Co. Down coastline and of the Rathcunningham shore showing sampling and 
transect locations. Line between 5 and 6 indicates refuge boundary 

measu red  in the Ascophyllum zone on each transect  l ine by a series of point  transects 

taken  horizontal ly  at 0.5-m intervals  for 10 m up the beach  start ing at a point just above 

LWN. At each  in terval  the w e e d  and substratum touching  a fine kni t t ing need le  at 10-cm 

spaced  points a long  a 1-m ruler  were  recorded.  

Two boulders  from ei ther  side of each  transect  l ine at a dis tance of about  2 m from 

LWN were  s tudied in detail.  The boulders  chosen were  the first found that  were  not 

par t icular ly e m b e d d e d  and had a horizontal  c i rcumference  of about  1 m. A tape measure  

was p laced  around the m a x i m u m  horizontal  per iphery  of each  boulder  and a 1-cm 

spaced point t ransect  made,  recording "hi ts"  on Ascophyllum or "misses"  (all other 

points). Five equa l ly  spaced  point  transects were  t aken  across the top of each  boulder  to 

the horizontal  per iphera l  l ine aga in  recording hits or misses at 1-cm intervals.  The 

per iphera l  l ine was then  cha lked  on each  boulder,  the Ascophyllum cut at its base  and 

the boulders  carefully t ransported to Portaferry. 

In the laboratory the five upper  surface transects w e r e  r epea ted  on each boulder  

recording hits on Ascophyllum holdfasts, Cladophora, f i lamentous  algae,  F.nteromorpha 
and Ulva, or bare  boulder  surface. Hits on other  organisms were  also noted and all 

a t tached animals  on the upper  surface counted. It was recorded  whe the r  each  point  was 
on " top"  surface or "ver t ica l"  surface the latter be ing  anyth ing  wi th in  10 o of true 

perpendicular ,  those areas hav ing  b e e n  marked  out before counting.  The  boulders  were  

then  turned over  and ten equa l ly  spaced transects t aken  across the unders ide  to the 

per iphera l  horizon. Hits were  aga in  recorded at each  1-cm point  each species  be ing  

noted and Spirorbis, bryozoans and Balanus also recorded as apparent ly  l ive or dead. 

Aga in  each  point  was  ca tegor ized  as be ing  in an un inhab i tab le  area (had b e e n  bur ied  or 

flat against  the substratum - such areas were  discoloured b lack  or brown) or on l ight ly 
s loping surface (within 30 ~ of horizontal) or on steep surface (> 30 ~ These  areas had 
b e e n  out l ined in chalk  prior to counting.  In addi t ion to the point  transects all large 
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solitary organisms on each slope type were counted. Subsequent ly  from the length  and  
distance apart  of boulder  transect  l ines and  the point  data the total boulder  area and  
percentage  of each type of slope were determined.  This enab led  expression of the 
organism point  t ransect  data as percentage  cover on each type of slope. 

Various subsidiary  studies were u n d e r t a k e n  by students  unde r  genera l  supervis ion 
of the authors. These were: 

(a) Ascophyllum structure. Two hund red  terminal  portions of plants,  half from the 
cut and half from the uncu t  area, were brought  back from the bou lder - sampl ing  zones. 
The in ternode  length,  the n u m b e r  of dichotomies and  the n u m b e r  of lateral  b ranches  
were de te rmined  for both the te rminal  (1978-79) and  penu l t ima te  (1977-78) in te rnode  of 
each portion. 

(b) Patella populat ions  and  micro-algal  abundance .  Limpet densi ty  was es t imated 
by systematical ly searching boulders  and  recording n u m b e r  per  boulder.  Ninety  boul-  
ders were searched in  the cut area and  232 in  the uncut .  The distance of each l impet  from 
the neares t  four Ascophy11um holdfasts was measured.  Five replicate 10- • 10-cm areas 
of steep slope were scraped on two Patella i nhab i t ed  and two Patella u n i n h a b i t e d  
boulders  in  both the cut and  uncut  areas and  the chlorophyll  present  calculated after 
s tandard  extraction (Jeffrey & Humphrey,  1975). Three series of five 63.5-cm 2 areas of 
polythene shee t i ng  were exposed for three days in  the cut and  uncu t  areas. The amount  
of chlorophyll  that had sett led or b e e n  produced on them was then  determined.  Two 
hund red  Patella vulgata were collected from the cut area and  199 from the uncut ,  m e a n  

overall  l ength  was de te rmined  and  popula t ion  analysis  a t tempted us ing  ari thmetic 
probabi l i ty  paper  (Cassie, 1954}. 

(c) Littorina obtusata. Five fairly in tens ive  collections of L. obtusata were made  in  
the cut and  in  the uncu t  areas~ unfor tunate ly  the collections were not s tandardised.  
However  over 1300 winkles  were brought  back  to the laboratory separated into 3 m a i n  
colours (yellow, green  and  brown) and  the ma x i mum opercular  width of each spec imen  
measured.  

{d) Carcinus maenus. Fifty boulders  were tu rned  over in the cut and  in  the uncut  
areas and  the n u m b e r  of crabs be low each recorded. 

(e) Sediment  and  meiofauna.  Samples were taken  of the upper  5 cm of sed iment  at 
three locations in  the c u t  and  in  the uncut  areas (between transects 10 and  9, on 8, 
be tween  7 and  6~ be tween  5 and  4, on 3, be tw e e n  2 and  1 - all at the same beach  he ight  
as the boulder  samples}. At each location one large sample was taken  for granulometr ic  
analysis  and  five 5-cm 3 samples for de te rmina t ion  of meiofauna.  The latter was extracted 
us ing  two successive washes each after 7 rain narcot izat ion in  7 % MgC12. The 
meiofauna  was not ident i f ied except to major  taxa. 

(f) Worms and  Rhodochorton. Two flat topped boulders  with 100 % Ascophy11um 
frond cover were selected from near  LWN in each transect. The weed  was par ted and two 
10-X 10-cm areas of surface scraped clean. Total wet  weight  and  volume of each 
scraping was de te rmined  in  the laboratory. The weed  (mainly Rhodochorton} and  worms 
(mostly Clrratulus cirratus) were separated from the sed iment  by wash ing  over a 300-~tm 
sieve and  the wet  weight  of weed  and  n u m b e r  and  wet  weight  of worms de te rmined  after 
blott ing.  
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R E S U L T S  

T h e  b e a c h  t r a n s e c t s  s h o w e d  s o m e  c l e a r  d i f f e r e n c e s  b e t w e e n  t h e  t w o  a r e a s  ( T a b l e  1). 

In  p a r t i c u l a r  Ascophyllum c o v e r  w a s  n e a r l y  25 % l o w e r  i n  t h e  cu t  a r e a  w h e r e a s  Fucus 
vesiculosus a n d  Enteromorpha/Ulva d e n s i t y  w a s  h i g h e r .  T h e r e  a p p e a r e d  to b e  s o m e  

d i f f e r e n c e  i n  s u b s t r a t u m  b e t w e e n  t h e  a r e a s  a l t h o u g h  t h i s  w a s  n o t  q u i t e  s i g n i f i c a n t  a t  5 % 

l e v e l  a c c o r d i n g  to t w o - w a y  a n a l y s i s  of v a r i a n c e  (F-test)  u s i n g  t r a n s e c t  m e a n s .  

Table 1. Mean  % cover in the Ascophyllum zone from harves ted  and unharves ted  areas at 
Rathcunningham.  * * p = 0.01 

Uncut  Cut F Significance 

Ascophyllum 88.9 64.0 20.83 * * 
Fucus vesiculosus 0.9 10.8 18.07 * * 
Cladophora 7.7 8.3 0.02 - 
Enteromorpha/Ulva 4.3 23.8 16.42 * * 
Ectocarpus 7.1 7.9 0.04 - 
Boulder 36.6 27.2 2.28 - 
Stone 25.7 52.3 5.24 - 
Sand /Mud  37.7 20.5 3.56 - 

Table 2. Characterist ics for terminal  and  penul t imate  in temodes  of 100 Ascophyllum fronds (means) 
from the harves ted  and  from the unharves ted  area at Ra thcunn ingham 

Cut Uncut  
77--8 78-9 77-8 78-9 

In temode  leng th  (cm) 
Dichotomies per  in ternode 
Laterals per  in t emode  

15.2 13.3 10.5 9.8 
1.81 1.70 1.08 0.95 
3.33 0.43 0.23 0.06 

T h e  cu t  a r e a  Ascophyllum s h o w e d  c o n s i d e r a b l y  g r e a t e r  g r o w t h  ( T a b l e  2) i n  t e r m s  of 

i n t e r n o d e  l e n g t h  a n d  n u m b e r  of l a t e r a l  b r a n c h e s  p r o d u c e d  s i n c e  c u t t i n g .  T h e  7 8 - 9  

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

s a m p l i n g .  F - t e s t s  s h o w e d  d i c h o t o m y  m e a n s  w h i c h  w e r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  

w h e r e a s  a l l  o t h e r  v a l u e s  w e r e  a b o v e  t h e  0 . 1 %  po in t s .  

T h e r e  w e r e  s i g n i f i c a n t l y  m o r e  l i m p e t s  p e r  b o u l d e r  i n  t h e  cu t  a r e a  ~c = 1.11, 

xu = 0.66, d = 2.64, p < 0.01) a n d  t h e y  w e r e  of s m a l l e r  a v e r a g e  s ize  (xc : 41.5,  

~u = 45.6  m m ,  d = 3.74 p < 0.001).  G r a p h i c a l  a n a l y s i s  (Fig. 2) d i d  n o t  l e a d  to c l e a r  

i n t e r p r e t a t i o n  of t h e  s ize  s t r u c t u r e  a n d  g r o w t h  r a t e  of t h e  p o p u l a t i o n s  i n  t h e  cu t  a n d  

u n c u t  a r e a s  i n  p a r t i c u l a r  t h e  3 r d  a g e  g r o u p  c o u l d  n o t  b e  d e f i n e d .  T h e r e  w a s  n o  d i f f e r e n c e  

i n  m e a n  d i s t a n c e  of l i m p e t s  f r o m  Ascophyllum h o l d f a s t s  (Xc = 17.6, ~ ,  = 16.0 cm,  n. s.). 

T h e  m i c r o - a l g a e  s c r a p e s  o n  Patella i n h a b i t e d  or u n i n h a b i t e d  b o u l d e r s  s h o w e d  b o t h  t h a t  

t h e r e  w a s  s i g n i f i c a n t l y  m o r e  c h l o r o p h y l l  o n  Patella, u n i n h a b i t e d  b o u l d e r s  a n d  o n  t h e  

s u r f a c e  of " c u t "  b o u l d e r s  (for C h l  a = 6.36 cf. 0 .66 ~ g / c m  2, F : 323.8,  p < 0.001 a n d  3.87 

cf. 3.05, F - -  6.92, p < 0.05 r e spec t i ve ly} .  T h e  p r o d u c t i o n  a n d / o r  s e t t l e m e n t  r a t e  of 
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Fig. 2. Frequency distribution of Patella vulgata populations from the Ascophyllum harvested and 
unharvested areas of the Rathcunningham shore. Histograms show size distribution at l-ram 
intervals of length. Upper graphs show cumulative percentage and possible age classes plotted on 

arithmetic probability paper 

chlorophyl l  on the test surfaces was howeve r  over  four t imes smal ler  in the cut than  the 

uncut  area (Chl a -- ~g/cm2,~'c = 1.00, x'u = 4.51, t = 3.73, p ~ 0.05). 

Green  colour morphs p redomina ted  the Littorina collections from both areas (cut 

45 %, uncut  75 %) but  ye l low forms were  commoner  in the cut (33 %) than the uncut  area 

(11%). Each form was apparent ly  smal ler  in the cut area but  this could have  b e e n  a 

col lect ion artefact; however ,  this could not have  ent i re ly  accounted  for the h igh  propor- 

t ion of small  ye l low wink les  in the cut area. M e a n  opercular  widths  in cut compared  wi th  

uncut  areas w e r e  for g reen  6.1 and 9.2"**, ye l low 3.7 and 5.2** and brown 8.7 and 

9.8* mm. 

There  was no s ignif icant  difference in Carcinus f requency  or density. Twenty- two 

percent  of cut area  boulders  shel tered  crabs (0.94 per  boulder).  Uncut  f requency  was 

twenty  percent  wi th  0.76 density. 

The sed iment  analysis gave  m e d i a n  grain sizes of 460, 350 and 282 ~m in the cut 

area  and 363, 136 and 153 ~m in the uncut  area, a s ignif icant  difference a l though the first 

and third uncut  samples  conta ined  two and one fairly large  pebbles .  Cumula t ive  plots 

omit t ing the < 2000-~m fraction are shown in Figure  3. These  give a m e a n  grain size of 

353 and 169 ~m for the cut and uncut  areas  (F = 8.79, p < 0.05). This difference stems 
main ly  from the smal ler  pe rcen t age  of part icles  < 250 ~m in the cut area (F = 24.48 p < 

0.01). The  only s ignif icant  di f ference in sed imen t  meiofauna  expressed  as means  for the 

cut (c) and uncut  (u) area  was in the n u m b e r  of crustaceans found per  site (Xc = 44.3, 
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Fig. 3. Grazmlometzy of sediment sa_~ples from the harvested and uzLharvested areas at Rat~can- 
ningham. 2000-ttm fraction is omitted. For transect positions see Pigure 1 

xu = 10.3, P = 22.6, p < 0.01), the m e a n  totals for all  taxa be ing  302.3 and 241.3, 
respec t ive ly  (F = 1.20, n. s.). 

In the Rhodochorton study the ave rage  weigh ts  (g) per  10- • lO-cm area of each  

boulder  for a lgae  {xc = 4.73, ~u = 2.37), sed iment  (86.9, 45.6) and worms {1.36, 0.3) were  

all  h ighe r  in the cut area  but  only the worm va lues  r eached  s ignif icance {F = 6.4, p < 

0.05). Signif icant  f igures in Student  t-tests were  the greater  total and grea ter  average  

worm weigh t s  from the cut area;  these  weigh ts  were  s ignif icant ly regressed  wi th  

sed iment  vo lume and sed iment  weight ,  respect ive ly  (r = 0.72, p < 0.I; r = 0.84, p < 

0.1). 
M e a n  values  der ived  from the boulder  data are p resen ted  in Table  3. This shows the 

boulder  habi tab le  area  to have  b e e n  broadly  similar  a l though there  was somewhat  less 

undersurface  on the cut area boulders.  The discrepancies  b e t w e e n  total habi tab le  areas 

and slope category figures arise from incomple te  data (failure to record all distances 

b e t w e e n  transect  l ines on one cut and two uncut  boulders).  The % cover  data  was very 

var iable ,  hence  many  of the apparent ly  large  differences b e t w e e n  cut and uncut  areas 

were  not statistically s ignif icant  w h e n  var iances  were  compared.  The  amount  of bare 

rock on upper  surfaces, the abundance  of C1adophora, Halichondria on steep slopes and 

bryozoans and Vecruca on the l ight  unders lopes  are the main  examples .  
The  apparent ly  s ignif icant  f igures for Myti lus  are due  to its near  absence  from any of 

the cut area boulders  examined  a l though it was found in more genera l  collection. There  

were  clear  and signif icant  differences howeve r  b e t w e e n  sponge cover on the underfaces  
of the cut and uncut  boulders  and in the abundance  of Balanus crenatus on the l ight  

unders lopes  in the t w o  areas. A genera l  impover i shment  of the underbou lde r  fauna in 

the cut area is shown by the total % cover  f igures which  are less by about  one e igh th  of 
the total possible  cover on steep slopes {that is by over  a third of actual  uncut  area cover) 

and by about  one third of total cover  on l ight  slopes (one quarter  actual  uncut  cover). 

The counts of la rger  animals  (number per  0.1 m 2) on upper  and undersurfaces  only 

showed  signif icant  differences in Myti lus  (xc = 0, Xu = 3.7, F = 17.8, p < 0.001) and 

dead  Balanus (~,~ = 2.0, xu = 20.4, P = 11.32, p < 0.05} both on l ight  underslopes.  The 
m e a n  number  of l ive  Balanus crenatus per  bou lder  on all  slopes was 11.2 and 116.3 in cut 

and uncut  areas (P---- 7.4 p < 0.05) a l though the densi ty  va lues  (3 and 33) were  not 
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T a b l e  3. H a b i t a b l e  a r e a  (cm 2) a n d  m e a n  % cover  of b o u l d e r s  f rom h a r v e s t e d  a n d  u n h a r v e s t e d  a r e a s  

of Ascophyllum a t  R a t h c u n n i n g h a m .  Surface  c a t e g o r y  (see text) T, top;  V, ve r t i ca l ;  S, s t eep ;  L, l igh t .  
P, p e r i p h e r a l  cover.  * p < 0.05, * * p < 9.01 

H a b i t a b l e  a r e a  Uncu t  Cu t  F S i g n  Uncu t  Cu t  P S i g n  

U p p e r s i d e  U n d e r s i d e  
Tota l  1438 1303 0.57 - 885 677 1.07 

T 786 766 0.02 - S 438 392 0.10 
V 651 597 0.10 - L 593 324 2.89 

M e a n  % cover  Uncu t  Cu t  F S i g n  U n c u t  Cu t  P S i g n  

T P 
Ascophy11um f ronds  82.9 68.5 8.10 * 74.7 67.3 1.46 - 

T V 

Ascophy11um b a s e s  9.6 16.2 1.91 - 4.6 3.6 0.23 - 
Bare  rock  6.0 13.8 1.52 - 6.7 20.7 3.41 - 
F i l a m e n t o u s  a l g a e  72.9 62.9 1.08 - 71.0 65.8 0.38 - 
Cladophora 10.5 3.4 2.67 - 15.2 2.7 6.10 * 

S L 
F i l a m e n t o u s  a l g a e  12.6 25.0 1.05 - 1.9 7.3 0.93 - 
Cladophora 3.6 1.0 1.82 - 0.6 1.2 0.22 - 
HaBchondria 4.1 0.4 2.38 - 8.9 0.2 14.32 * * 
Hymeniacidon 6.9 0.1 10.59 * * 5.8 0.1 6.39 * 
Fecampia c a p s u l e s  0.3 0.2 0.10 - 0.3 0.4 0.01 - 
Spirorbis l i ve  3.5 3.4 0.00 - 7.8 6.1 0.28 - 
Spirorbis d e a d  1.9 3.0 0.35 - 3.3 2.1 0.48 - 
Balanus l i ve  4.2 1.9 0.75 - 6.1 0.9 5.11 * 
Balanus d e a d  4.9 4.8 0.00 - 3.0 0.2 7.37 * 
Verruca 1.1 1.3 0.03 - 5.9 0.2 3.97 - 
Mytilus 0.9 0.1 1.56 - 1.6 0.0 5.10 * 
Bryozoa  l ive  3.1 1.8 0.64 - 9.3 2.8 1.97 - 
Bryozoa  d e a d  0.0 0.1 0.88 - 0.3 0.0 2.24 - 
To ta l  l i ve  a n i m a l s  24.7 9.3 5.31 * 47.1 12.2 15.58 ** 
Tota l  l i ve  s p e c i e s  4.5 2.7 0.91 - 6.8 2.5 9.44 ** 

Tota l  U n d e r s i d e  
Tota l  l i ve  a n i m a l s  40.8 12.7 14.18 ** 
Tota l  l i ve  s p e c i e s  8.2 5.6 6.7 * 

s i g n i f i c a n t l y  d i f f e r e n t .  T h e  d e n s i t y  of Spirorbis aff. tridentatus w a s  v i r t u a l l y  i d e n t i c a l  o n  

t h e  v e r t i c a l  s l o p e s  w h e r e  i t  o c c u r r e d  i n  r e l a t i v e  a b u n d a n c e  i n  b o t h  a r e a s  (~c = 87 .6 ,  

xu  = 88.9) .  

D I S C U S S I O N  

A l t h o u g h  t h e  r e g r o w t h  a n d  r e c o l o n i z a t i o n  b y  Ascophyllum a f t e r  c u t t i n g  o r  s h o r e  

c l e a r a n c e  h a s  b e e n  t h e  s u b j e c t  of a n u m b e r  of  s t u d i e s  (e. g.  B a a r d s e t h ,  1 9 5 5 ;  P r i n t z ,  1959)  

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

s h o r e  e c o l o g y .  L e w i s  (1964)  m e n t i o n s  r e d e v e l o p m e n t  of l o w e r  s h o r e  a l g a l  t u r f  a n d  d e a t h  

of Lithothamnion, Balanus crenatus a n d  Pomatoceros b u t  t h i s  h a s  n o t  b e e n  q u a n t i f i e d .  

E x p e r i m e n t a l  o r  a c c i d e n t a l  c l e a r a n c e  f r o m  t h e  s h o r e  of w h o l e  b i o t a  ( N o r t h  e t  a l ,  1964 ;  
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Smith, 1968) or of species other than  Ascophy11um (Southward, 1964) indicate  possible 
effects but  these cited works are among  the very few where  observations have b e e n  
cont inued  into the recovery period. 

The more rapid growth of the Ascophyllum in ternodes  following cut t ing agrees with 
the studies ment ioned ,  p resumably  the increased bushiness  will  lead to further shading 
of the boulder  surface. This and/or  abras ion should decrease the present  h igher  cover of 
Enteromorpha and  Ulva. Further examina t ion  of our results by comparison of boulders  
with greater  or smaller  than  m e a n  Ascophyllum cover (regardless of whether  from cut or 
uncu t  areas) indicates  this process has a l ready b e g u n  with f i lamentous algae on the top 
surface of boulders  (~> 54 %, _~< 72 0/0) since the corresponding differences be t w e e n  cut 
and  uncu t  areas (Table 2) are much narrower,  whereas  they are equa l  or greater  on 
vertical or steep slopes. In the cut area there is a possibly just s ignif icant  negat ive  
correlation be tween  algal  cover on the top surfaces with Ascophyllum top cover 
(r = -0.56, p < 0.1) and  Ascophyllum peripheral  cover (r = - 0.67, p < 0.1). 

It is possible that the difficulty in  in terpre t ing  the Patella graphs (Fig. 2) is due to 
per turbat ion  in  growth following the change  in  shore condit ions after harvesting.  If this 
were so the "problemat ical"  third age group may well  correspond to the 1976 recruited 
populat ion.  The greater boulder  surface chlorophyll  in  the cut area is in terpre ted as a 
reflection of h igher  productivi ty resul t ing from increased i l luminat ion;  the higher  
chlorophyll  "se t t lement"  rate in  the uncut  areas is due to shelter by the Ascophyllum 
al lowing greater  set t lement  and/or  the greater  supply of Ascophyllum spores (since 
there were  many  more active conceptacles in  the uncu t  area). 

We offer no explana t ion  for the apparent  Littorina differences. Selective predat ion  
could affect both colour morph ratio and  average size but  clearly this can be ne i ther  
accepted or rejected on present  evidence.  

The Carcinus data indica ted  no present  difference in this important  component  of 
the shore system. 

The crustacean meiofauna  chiefly consisted of harpacticoids; the higher  n u m b e r  in  
the cut area is l ikely to result  from the coarser grain  size and associated bet ter  
oxygenat ion  of the sediment.  The comparat ive lack of finer particles in  the cut area must  
result  from different hydrological  conditions. Harvest ing weed  wil l  have removed much 
of the damping  effect of fronds on water  tu rbu lence  thus l ead ing  to resuspens ion  of finer 
material.  This then  presumably  becomes avai lable  e lsewhere and  might  account  for the 
thicker Rhodochorton mats on sui table  boulders  in  the cut area. 

As ment ioned,  the boulder  % cover data has b e e n  re-analysed  to compare boulders  
with greater  or less than  m e a n  Ascophyllum per ipheral  cover (9 and  11 boulders  
respectively) but  no s ignif icant  F v a l u e s  were found for any fauna. The differences in  the 
cut and  uncu t  areas are therefore not just  due to the p r e s e n t a b u n d a n c e  of Ascophyl- 
lure but  must  reflect past  history. A similar analysis  but  us ing  the ten  most covered 
boulders  versus the ten  least also gave no signif icant  values  except in the case of 
Spirorbis (% live cover on steep slopes ~> 5.4, ~< 1.2, F 7.4 p < 0.01; live and  dead per  0.1 
m u on vertical  faces ~> 158 and  54.9 x< 10.8 and  0.4 respectively, F = 4.4 and  4.9, both p 
< 0.01). Using data from all boulders  numbers  of both live and  dead Spirorbis on steep 
slopes were posit ively correlated with per ipheral  Ascophyllum cover, with combined  
number s  of live and  dead r = 0.49 (p < 0.05). Spli t t ing the data from uncu t  and  cut areas 
the former showed no s ignif icant  regression (r = 0.20) bu t  the latter (r = 0.88 p < 0.005) 
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was near ly  twice the overall  value.  Thus it appears  that Ascophy11um cover was 
par t icular ly  important  to this species - the uncu t  cover be i ng  sufficient to its needs  bu t  
the cut area regrowth not  yet supply ing  a sufficient resource (shelter from desiccation?} 
for cover not  to be a l imi t ing  factor. The similari ty of the "cut" and  "uncut"  Spirorbis 
values  seems to contradict this difference however  and  it must  be assumed that some 
advantageous  factor of the cut area ( increased water  movement  for feeding?) is ba lanc-  
ing out the d i sadvantage  of lesser weed  cover. 

The low Balanus number s  in  the cut area are a t t r ibuted to death  fol lowing the weed  
harvest ing.  However,  the n u m b e r  of dead bamac l e s  inc lud ing  base  "scars" per  boulder  
was in  fact smaller  in  the cut area (~,c -- 13.1, ~u -- 32.2); the l ive- to-dead ratios in  the cut 
and  uncu t  areas were 3:61 and  0.85 : 1 respectively. It must  follow therefore that BaIanus 
bases had  not persisted over the 2 1/2 year  per iod since cutting. 

The sponges emerge  as the two an imal  species mostly clearly affected by the 
harves t ing  (a conclusion supported by photographs and  genera l  observat ion of the 
s i tuat ion soon after cutting). This reflects the genera l  l imitation, through physiological  
exclusion, of inter t idal  colonial  an imals  to cryptic env i ronments  (Jackson, 1977}. These 
two species and  the encrus t ing  bryozoans (mainly Schizoporella unicornis} account  for 
much  of the difference of % unde rbou lde r  cover especial ly  on the l ight slopes (their joint  
contr ibut ion is xc = 3 %, Xu = 24 %, P = 12.97 p < 0.01). 

CONCLUSION 

It is clear from our observations that the effects of harvest ing Ascophy11um persisted 
over the 21/2 year  period. In the cut area: (1) Growth rate of Ascophyllum had increased  
but  shore cover was still less. (2) Cover by green  a lgae and  Fucus vesiculosus had  
increased.  (3) Patella densi ty  had increased and  m e a n  size decreased. (4) Microalgal  
cover of boulders  had increased.  (5) Sediment  m e d i a n  d iameter  had increased.  (6) 
HaHchondria, Hymeniacidon and  to a lesser extent  Balanus crenatus had decreasesd. (7) 
Underboutder  fauna  r ema ined  impover ished by a factor of be t w e e n  one- and  two-thirds. 

Thus even  with this small  scale cut t ing there has b e e n  not iceable  ecological change.  
Larger scale commercial  harvest ing would  probably  have a greater  effect through the 
al terat ion of populat ions  over a wider  area with consequent  decl ine in  larval  supply,  
increase in  sed iment  mobil i ty  and  loss of organic mater ial  from the inshore system. Such 
impact  cannot  be  ignored  in  areas, such as Strangford Lough, where  it is i n t ended  that 
conservat ion of the na tura l  env i ronment  be  g iven  priority. It is h ighly  important  to our 
long- term needs  that the exploi tat ion of mar ine  resources is p l a n n e d  both on a sound 
economic a n d scientific basis. The conservat ion of some areas in  a relat ively prist ine 
state so that the routes and  rates of na tura l  processes can be s tudied must  be accepted as 
an in tegra l  part  of such rat ional  p lann ing .  
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