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ABSTRACT SUM M A R Y

T h e  o b j e c t i v e s  o f  my th e s i s  w e r e  to s t u d y  l ev e l s  o f

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

m i c r o b i a l  c o m m u n i t i e s  l i v in g  in s e d i m e n t s  on an i n t e r t i d a l

m u d d y  s a n d  b e a c h  at  A r d m o r e  bay ,  C ly d e  T s t u a r y ,  S c o t l a n d  ( 5 5 °  

28 N,  4 °  49 W). T h e  m a c r o f a u n a l  c o m m u n i t i e s  were  s t u d i e d  by a 

f i e l d  s u r v e y ,  an d  th e  m i c r o b i a l  c o m m u n i t i e s  by n u t r i e n t  

e n r i c h e d  c o r e s  in the  l a b o r a t o r y .  The r a t i o n a l e  fo r  t h e  tw o

a p p r o a c h e s  is g i v e n  in th e  i n t r o d u c t i o n .  T h e  r e s u l t s  w e re  

s t a t i s t ica l ly  analysed by analyses  o f  va r iance ,  S tu d e n t ’s t tests,  E ratios,  

correlation analyses and Chi square tests, as appropriate.

M A C R O F A U N A L  COMMUNITIES

S p a t i a l  h e t e r o g e n e i t y  an d  a b u n d a n c e  o f  i n f a u n a l  b c n t h i c  

c o m m u n i t i e s  a n d  t h e i r  s e d i m e n t a r y  e n v i r o n m e n t s  w e re  s t u d i e d  at  

two intertidal sites at Ardmore bay in summer.

T h e  h i g h  t i d e  s i t e  ( I IT )  was a low e n e r g y  d e p o s i t i o n a l  

e n v i r o n m e n t  d o m i n a t e d  by p a t c h e s  o f  a lgal  mat s  ( E n t c r o m o r n h a

sp . )  ( d i a m e t e r  c. 0 .7 5 m  to 2 .5 m )  an d  b a r e  a reas  o f  s e d i m e n t

w i t h  no  a l g a l  m a t s  - t e r m e d  a lga l  and n o n a l g a l  a r e a s

r e s p e c t i v e l y .  T h e  low t i d e  s i t e  (L T )  was a h i g h e r  e n e r g y

e r o s i o n a l  e n v i r o n m e n t  d o m i n a t e d  by l a rg e  sand  w a v e s  w i t h

distinct peaks and troughs (wavelength c. 25m).

A n  initial  survey was followed by a detailed 50m t ransect  survey,  

both done on all four areas - algal and nonalgal areas at the high tide site and 

peaks and t roughs  of  the sand waves at the low tide site. The 50m t ransects 

were sampled at lm intervals. Sediment shear strength and redox potential, and 

water table were measured. Percent algal cover was measured at high tide site.
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Sediment cores were taken for macrofaunal abundances. Arcnicola marina was 

counted by faecal casts.

The  species in o rd e r  of  decreas ing abu n d a n ce  were,  * = species 

common to both sites.

High tide site:
*  *

F a b r i c i a  s a b e l l a , C o r o p h i u m v o l u t a t o r . P v a o s p i o  e 1 c g a n s . N e r e i s
♦  *

diversicolor'  I Ivdrobia neglecta. Macoma ballhica and Arcnicola marina

Low tide site:

* *
Pygospio e l e g a n S ' B a t h v p o r e i a  g u i l l i a m s o n i a n a . Nereis d i v e r s i c o l o r .

*  *

Macoma balthica and Arcnicola marina

I d e f i n e d  th e  f o l l o w i n g  sca le s  o f  s p a t i a l  h e t e r o g e n e i t y  in 

m a c r o f a u n a l  a b u n d a n c e s  an d  s e d i m e n t  p a r a m e t e r s :  m i c r o - s c a l e  <_ 

lm, meso-scale > lm to <_ 50m and macro-scale > 50m.

T h e  h i g h  t i d e  an d  low t i d e  s i t e s  w e re  s i g n i f i c a n t l y  

d i f f e r e n t  s e d i m e n t a r y  e n v i r o n m e n t s  on a m a c r o - s c a l e  an d  t h e r e  

were also clear meso-scale differences between the algal and nonalgal areas at 

the high tide site and the peaks and troughs of the sand waves at the low tide 

site.

T h e  s e d i m e n t  at the  h ig h  t i d e  a r ea s  was f i n e r  t h a n  the  

low t i d e  a r e a s  a n d  s e d i m e n t  p a r a m e t e r s  w e r e  v e r y  d i f f e r e n t  

between the four  areas emphasis ing the d i f f e ren t  sedimentary environments.  

Algal areas contained finer  sediment than nonalgal areas and had a h igher 

shear s trength and lower redox potential.  Trough  sediment  was more widely 

distributed between particle sizes (less well sorted) than peak sediment and had 

a lower shear strength.

S p e c i e s  a b u n d a n c e  an d  s p a t i a l  v a r i a b i l i t y  in a b u n d a n c e  

s h o w e d  h i g h l y  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  th e  two  s i t e s  - 

m a c r o - s c a l e ,  an d  b e t w e e n  the  tw o  a r e a s  at  ea ch  s i te  - m e s o -  

scale. For  example,  /V mar ina was more abundant  and its abundance less 

var iable at the low tide site than at the high tide site and species diversity



3

indices were higher in the troughs than in the peaks at the low tide site.

S i g n i f i c a n t  c o r r e l a t i o n s  w e r e  e s t a b l i s h e d  b e t w e e n  

species abundances,  species abundances and sedimentary parameters,  and the 

sedimentary parameters.  For example, there were more significant correlations 

at the low tide site than at the high tide site. At  the high tide site /v  marina 

and Q  voluta tor  were negatively correlated wi th percent  algal cover,  and at 

the  low t ide  si te IF guil l iamsoniana  and bh d iver s ico lo r  were negat ive ly  

correlated with shear strength.

T w o  m e t h o d s  w e re  d e v e l o p e d  to d i s t i n g u i s h  b e t w e e n  

m a c r o - ,  m e s o - ,  an d  m i c r o - s c a l e  h e t e r o g e n e i t y  in th e  t r a n s e c t  

s u r v e y .  O n e  u s e d  v a r i a n c e s  f r o m  a n a l y s e s  o f  v a r i a n c e ,  t h e  o t h e r  

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

a l o n g  t h e  t r a n s e c t  ( l m ,  5m,  10m,  20m,  30m,  an d  4 0 m ) .  T h e y

showed a number  of  effects including the greater meso-scale and micro-scale 

variability in redox potential at the high tide site than at the low tide site, and 

the greate r  d i f f e renced  data for bal thica and bh divers icolor at the high 

tide site.

In  t h e  d i s c u s s i o n  I r e v i e w  s o m e  o f  t h e  h u g e  l i t e r a t u r e  

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

c o m m u n i t i e s  a n d  r e l a t e  th i s  to my r e s u l t s  u n d e r  t h e  f o l l o w i n g  

t o p i c s :  s e d i m e n t  p r o p e r t i e s ,  s ca le s  o f  s p a t i a l  h e t e r o g e n e i t y ,

algal mats and sand waves, correlations and species diversity.



MICROBIAL COMMUNITIES

A bun da nce  and spatial heterogenei ty of microbial  communi t ies  on 

sand gra ins  from the low tide area at Ardmore  bay were s tudied in nut r ient  

enriched sediment columns incubated for 25 days in the laboratory. Columns 

were main ta ined u nder  17h l ight/7h dark (L) and total dark  (D) regimes. 

Photosynthet ic  (M) and heterot rophic (B) media were used in both regimes. 

Mean particle size was 195 ^um.

Sediments incubated in the light (ML, BL) simulated intertidal and 

inshore  su r fa ce  sediment s .  Sediments  incubated in the da rk  (MD, BD) 

s imula ted subsurface sediments in the same environments  and also surface 

s ed im en t s  w h ich  are below the eup ho t i c  zone. Sediments  en r ic h ed  wi th 

p h o to s y n th e t i c  m ed iu m  (ML,  MD) s imula ted  sediments  whe re  inorganic  

n u t r i e n t s  in soil r u n - o f f  occurs  f rom the land. Sediments  en r i c h ed  wi th 

het erot rophic  medium (BL, BD) simulated sediments with a h igher  organic 

content like those near sewage outlets. Control columns (C) contained formalin.

A detailed description of the microbial communi ties  on the sand 

grains in the different  media is presented with ^canning electron microscope 

photographs.  Monospecif ic  and mixed species colonies of a wide range of 

microorganisms were noted. More growth occurred on subangular (sharp) sand 

grains than on subrounded (smooth) sand grains.

I def ined the following scales of spatial var iabi li ty in microbial  

abu ndances :  M ic ro - s c a l e  var iab i l i ty  on each individual  sand gra in  (not  

investigated through lack of time), meso-scale variability between sand grains 

in the same medium, and macro-scale variability between di fferent  media.

There  were considerable di fferences in the microbial  communi ties 

and thei r spatial variability between sand grains in the same medium - meso- 

scale,  and be tween  sand gra ins  in d i f f e r e n t  media - m acro -s ca le .  These  

r e f l e c t  the  d i f f e r e n t  m ed ia  used,  and hence  the d i f f e r e n t  s e d i m e n t a r y  

environments being simulated.
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Large populations of photosynthetic microorganisms (diatoms, blue- 

green algae) developed in the ML columns including a Thraustochytrid fungus. 

The most abundant  was the blue-green alga Schizothrix sp.. A wide range and 

high abundance of heterotrophic bacteria (rods and cocci) developed in the BL 

and BD columns. These were only described morphologically. No biochemical 

identification of bacterial species was done.

Meso-scale and macro-scale differences occurred in the variability 

o f  species abunda nces ,  inc luding  the high meso-scal e  var iab i l i ty  of  the 

Sch izothr ix  sp. in the ML med ium and the large m acro -s ca le  d i f f e re nce  

b etween  the high var iabi l i ty  of  cocci in the BI. m ed ium  and the i r  low 

variability in the BD medium.

This short abstract summary is presented because the University of 

Glasgow requires a summary of 250 to 1000 words at the beginning of  the 

Ph.D. thesis. A full summary is presented after the discussion.
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I N T R O D U C T I O N

”To the natural  philosopher,  the descriptive poet, the painter ,  the 

sculptor,  and indeed every earnest  observer,  the power  most important  to 

cul tivate,  and at the same time, hardes t to acquire,  is that  of seeing what  is 

before him.”

(Marsh, 1874)



I N T R O D U C T I O N

Variations in abundance of organisms in space and time (spatial and 

temporal heterogeneity) can occur to different  degrees (extreme patchiness or 

uni formity)  (Cushing & Tungate,  1963; McIntyre ,  1969; Holligan,  1978) and 

can be on d i f fe rent  scales ( j am  to km, days to years) (Haury et ah, 1978; 

Radach & Mann,  1981). These variations are of  great  importance  in the 

communi ty structure of macrofauna, meiofauna and microorganisms (ZoBell, 

1946a; Levinton,  1972; Sieburth, 1975; Woodin, 1976; Holm, 1978; Peterson, 

1979; Connel l & Sousa, 1983; Ducklow, 1984; Valiela,  1984; Wethey, 1984; 

Meadows & Tait,  1985; Reise, 1985, 1987; Wildish, 1985; Tyler, 1988; Gooday 

& Turley, 1990; Angel, 1991), and as a result there is a considerable literature 

on the su b jec t .  The  aim of  the research p re sen ted  in this thesis was to 

investigate some aspects of these variations in intertidal benthic communities 

of macrofauna and microorganisms living in sediments.

A l m o s t  all t e m p e r a t e  c l im a te  p o p u l a t i o n s  o f  b e n t h i c  m a r i n e  

organisms show temporal heterogeneity often as seasonal cycles of abundance, 

and in a similar way spatial heterogeneity in the form of patchiness in benthic 

communi ty structure and the sedimentary environment  has been documented 

by many authors. These are considered below. Small-scale spatial heterogeneity 

of  the  sor t  th a t  I have  inves t igated  at A r d m o r e  bay,  Clyde Es tuary ,  in 

m a c r o f a u n a  u n d e r  f ield condi t ions  and in m ic ro org an i sms  f rom the  same 

environment  under  laboratory conditions, has received less attention although 

there are a number  of  important analyses in this field (c.f. Orth, 1977;

Reise, 1977; Rades-Rohkohl  et ah, 1978; Eckman, 1979; Maurer et ah, 1979; 

Nickels  e i  ah,  1981; Wilson, 1981; D eFlaun & May er ,  1983; Olafsson & 

Persson, 1986).
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1. Temporal heterogeneity in benthic communities

Tempora l  heterogenei ty of macrofaunal  benthic  communi t ies  has 

been widely investigated in the intertidal zone (Heydemann, 1979; Maurer et 

al., 1979; Valiela,  1984; Saenger et ah, 1988) in subtidal coastal communit ies 

(Blegvad, 1925; Raymont ,  1949; Naylor, 1962; Fager, 1968; Green & Hobson, 

1970; Pa rk e r ,  1975; Reise,  1977; Buchannan  et a h , 1978; Davis  & van 

Blaricom, 1978; Maurer  et ah, 1979; Josefson, 1981; Saenger et ah, 1988) and 

in the deep-sea (Gage et ah, 1980; Tyler, 1988). Although time did not permit 

me to s t u d y  the  t e m p o r a l  h e t e r o g e n e i t y  o f  the spec ie s  a b u n d a n c e  and 

sedimentary parameters at Ardmore,  I feel it necessary to stress its importance 

since there  is a considerable l i terature on it and because one example of it - 

seasonality -  is particularly important in temperate climates.

M e io f a u n a l  and m icrobia l  popula t ions  in sed im en ts  also show 

tempora l  he terogenei ty  often in the form of seasonal var ia t ions (Matthews,  

1964; Muus,  1967; Barnett,  1968; McIntyre, 1969; Skoolmun & Gerlach, 1971; 

Harris, 1972; McIntyre & Murison, 1973; Warwick, 1977; Coull & Bell, 1979; 

Colijin & Dijkema,  1981; Giere & Pfannkuche, 1982; DeF'laun & Mayer, 1983; 

H e ip  et  ah,  1985; Chr i s t en sen  & Sorensen,  1986; Bebout  et ah., 1987). At  

Whitstable, Kent  for example (Perkins, 1974, p 236 fig. 9.7), the meiofauna 

shows a seasonal maximum in summer which is closely related to temperature.  

T h e  m a x i m u m  cons i s t s  o f  a few spec ie s  th a t  are d o m i n a n t  w h i le  the  

remaining species occur only intermittently and are less abundant.  As another 

example, DeFlaun & Mayer (1983) have shown seasonal changes in microbial 

populat ions  in the intert idal  zone. Here,  benthic microalgae and bacteria 

sh ow ed  m a r k e d  seasonal  changes ,  but  the  ef fec ts  were  inverse .  Bacter ial  

numbers  were high in summer  while the microalgal numbers  were high in 

winter  (loc. cit. p 880).
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T h e s e  an d  o t h e r  s tudies  on a w id e  v a r i e t y  o f  b e n t h i c  m a r in e  

ecosys tems show that  tempora l  he t er ogen ei ty  in ben th ic  co m m uni t i e s  of  

macrofauna ,  meio fauna  and microorganisms,  par t icularly seasonality,  is of 

great  importance .  A  study of  temporal heterogenei ty  should therefore  be an 

i n t e g r a l  p a r t  o f  an y  f u t u r e  su rvey  w o r k  at  A r d m o r e ,  p r e f e r a b l y  to be 

conduc ted over  a n um ber  of  years. This would then provide a much  needed 

long t e rm  t im e - s e r i e s  for  deta i led  analys is  w h ich  would  co m p lem en t  the 

studies on spatial heterogeneity presented in this thesis.

2. Spatial heterogeneity in benthic communities and sedimentary environments

S p a t i a l  h e t e r o g e n e i t y  is f o u n d  b o t h  in p e l a g i c  a n d  b e n t h i c  

po p u la t io n s  an d  the  scales on which it can o ccu r  vary  f rom microns  to 

kilometres (Bainbridge, 1952; Cushing & Tungate,  1963; Clutter, 1969; Wiebe, 

1970; Maul ,  et ah, 1974; Walsh et ah, 1977; Haury  et ah, 1978; Anderson  & 

Meadows, 1978; Radach  & Mann,  1981; Wimpenny, 1982; Balch et &L, 1983; 

Connell & Sousa, 1983; Ducklow, 1984; Nicholson et ah, 1987).

In the pelagic ecosystem, phytoplank ton and zooplankton patches
_ 1 c  O

occur  at  ho r izon ta l  d is tances of  10 m and 10 m to 10 m respect ively  

(Bainbridge, 1953; Valiela, 1984; Boney, 1989). These patches can be caused by 

social (Kamamura,  1974) or reproductive behaviour (Clutter, 1969), and there 

are many examples.

Spat ial  d i s t r i bu t ion  and h e te r o g en e i ty  of  ben th ic  m acro fa una l ,  

meiofaunal and microbial communities have been widely investigated, often 

in relat ion to sediment  parameters (Allen, 1899; Al len & Todd,  1900, 1902; 

Ford ,  1923; Steven,  1930; Stephen, 1933; Pir rie & Moore,  1932; ZoBell & 

Anderson,  1936; Pearse et ah, 1942; Holme, 1949, 1953, 1961; Round,  1965, 

1968; Sanders, 1968; Riznyk, 1973; Vanderborght  & Billen, 1975; Hummon & 

Hummon, 1977; Warwick & Davies, 1977; McCall,  1978; Weise & Rheinheimer,  

1978; Eckman,  1979; Farke et ah, 1979; Gage et ah, 1980; Warwick & Uncles,
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1980; Findlay, 1981; Nickels el ah, 1981; Cammen, 1982; Valiela, 1984; Reise, 

1987; D obbs  & G u c k e r t ,  1988; Do wning & Rath ,  1988; Blancha rd ,  1990; 

S ch a f f n e r ,  1990; Warwick & Clark,  1991). It can occur  in the  ver t ica l  or 

hor izonta l  plane depending on the ecosystem (Castenholz,  1963; Jumars  & 

Eckman,  1983; Plante et ah, 1986; Schaffner ,  1990) and somet imes on very 

small scales, par t iculary  in microbial  communities.  For  example Jorgensen 

(1977), Anderson and Meadows (1978) and Paerl (1985) all describe differences 

in microbial  communi ties on a scale of mill imetres to microns in which they 

term microniches,  microenvironments  and microzones respectively,  and the 

structure of  marine microbial mats on a micron scale has received considerable 

attention (Doemel & Brock, 1977; Jorgensen et ah, 1979; Jorgensen et

ah . 1983; Nicholson et ah, 1987; Pierson et ah 1987).

Spat ia l  h e t e rogene i ty  in the ab u n d an ce  of  benth ic  o rganisms is 

af fec ted  by a very large n um ber  of factors. For  macrofauna and meiofauna 

these include sediment properties (Longbottom, 1970; Ward, 1975; Giere, 1977; 

Warwick & Davies,  1977; McCall,  1978; Creutzberg et aL, 1984; Gray  et ah. 

1985; Savidge & Taghon ,  1988), the p resen ce  of algal mats such as those 

present towards high tide at my sampling site, Ardmore Bay, Clyde Estuary 

(Perkins & Abbott ,  1972; Howes et ah, 1981; Hull, 1987), availability of food 

(organ ic  m a t t e r  and nu t r i en t s )  (Beuk ema  et aL, 1977; H e y d em an n ,  1979; 

Findlay, 1981; Decho & Castenholz, 1986; Ritz et ah, 1989), predation (Reise, 

1977; Peterson, 1979; Zwarts & Esselink, 1989) competition (Seed & Boaden, 

1977; Witte & Wilde, 1979; Jensen & Kristensen, 1990), reproductive activity 

(Thomson,  1966; Farke et ah, 1979; Jensen, 1985), salinity (McLusky, 1971), 

oxygen concentrations (Giere, 1977), moisture content (Watling, 1988; Harrison 

& Wass, 1965), t idal stress (Warwick & Uncles,  1980), biogenic s t ructures 

(Eckman, 1979; Findlay, 1981), larval dispersal (Sheltema, 1977; Tyler,  1977), 

interact ions wi th o ther  plants and animals (Woodin, 1974; Reise, 1977, 1983; 

Wurzin, 1977; Wilson, 1981; Olafsson & Persson, 1986; Pennings,  1991), and
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pollutants (Sanders, 1978).Some of these factors are discussed in more detail in

relation to my own work, in the discussion (pp. I <2.D[ ). Similar factors

affect  spatial heterogeneity in the abundance of microorganisms but they have

received less attention (Wormald & Stirling, 1979; Cox & Bazin, 1980; Nickels 

® .

et aL, 1981; Weise & Rheinheimer,  1978; Hennig et ah, 1983; Nygaard et ah . 

1988).

Spatial heterogeneity also occurs in sedimentary environments in the 

form of changes in particle size and distribution and in the topography of the 

sediment surface (Allen, 1899; Ford, 1923; Stephen, 1929; Pirrie & Moore, 

1932; Smith, 1932, fig. 1 p 251; Dorjes et ah , 1969; Krumbein,  1971; Rcineck 

& Singh, 1980; Anderson et ah, 1981; Selley, 1982;^.llen, 1985; Bird, 1984; 

Slcath, 1984;^Collinson & Ihompson, 1989). Some of these phenomena such as 

ripples, sand waves and flat beds are well known in the sedimentological 

l iterature (Sundborg, 1956; Allen, 1968, 1973, 1978; Belderson et aL, 1972; 

D ’Olier, 1979; Dyer, 1979; Rcineck & Singh, 1980; Kidd & Roberts,  1982;

Gardner & Kidd,  1983; Sievcr, 1988; Collinson & Thompson, 1989). This 

heterogeneity is produced by water movement in the form of waves, tides and 

water currents and their effects on sediment erosion, transport and deposition 

( l l julstrom, 1939; Sundborg, 1956; Terwindt,  1967;Visher,  1969; Allen, 1970; 

Swift et ah, 1972; Sundby, 1974; Visher & Howard, 1974; Buller & McManus,  

1975; Reineck & Singh, 1980; Sleath, 1984). It is also produced on a local 

scale by biological activity (Crozier, 1918; Dapples, 1942; Rhoads & Stanley, 

1965; Gordon,  1966; Rhoads, 1967, 1974; Dillon & Zimmerman, 1970;

Goldring & Seilachcr, 1971; Rhoads & Young, 1971; Schafer, 1972; Gray, 

1974; Howard & Frey, 1975; Cadee, 1976; Myers, 1977; Buchanan et ah,

1978).

Spatial heterogeneity in sediments can cover a wide range of scales. 

Small scale heterogeneity of the order of microns to centimetres is often more 

noticeable in vertical profiles than horizontally, and geotechnical and

geochemical properties such as shear strength, redox potential, organic carbon
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and nitrogen, sulphide, can all change rapidly with increasing sediment depth 

(Moore,  1931, fig. 9, p 349; Hargrave & Nielsen, 1977; Vosjan & Olanczuk-  

Ne yman ,  1977; A n d e r s o n  & Meadows,  1978; Pearson & Stanley,  1979; 

Anderson et al-, 1981; Howes et ah, 1981; Lyle, 1983; Boynton & Kemp,  1985; 

Jorgensen & Revsbech,  1985; Meadows & ' fait,  1985; Seitzinger & Nixon, 

1985; Wilson et. a_L, 1985; Downing  & Rath ,  1988; Siever,  1988; T h o d e -  

An d e r sen  & J o rg ensen ,  1989; Chester ,  1990; Schirrumelman e l  ah,  1990). 

M i c r o - r i p p l e s  at  the  s e d i m e n t  s u r f a c e  are a good ex am p le  o f  p h y s i ca l  

he te rogene i ty  at scales o f  1 to 10cm (Al len ,  1968; Hogue & Mil ler,  1981; 

Klein, 1985). On a larger scale of metres to kilometres sediment properties and 

granulometry are well known to change significantly in the intertidal zone and 

sub t ida l ly  on the  con t inen ta l  shel f  and slope (Bruce,  1928b, fig. 1 p 557; 

Evans,  1965; H a r g r av e  & Nielsen,  1 977; Stanley & Taylor ,  1977; T y le r  & 

Banner, 1977; Stanley & Wear, 1978; Pearson & Eleftheriou, 1981; Stanley et 

ah , 1981). Other  examples  of heterogenei ty at this scale include the mega-  

ripples on sand banks at the mouth of the Brahmaputra River (Coleman, 1969), 

mega-r ipples  on North  Sea tidal Mats (Rcineck &. Singh, 1980, p. 42; Reise,

1985), the large sand waves towards low tide at my sampling site, Ardmore  

Bay, the Clyde Estuary, mud volcanoes in the Caspian Sea associated with oil 

and gas deposi ts  (Newton et aJL, 1980) and sea bed pock marks  p ro bab ly  

associated with water or gas release in the Aegean Sea and North Sea (Newton 

et ah, 1980; Hovland & Gudmestad,  1984).

3. Clyde Estuary and the study site (Ardmore bay)

My study site at Ardmore  bay (Plate 1) is in the Clyde Eistuary, 

Scotland which together with the Eirth of  Clyde make up the Clyde Sea Area 

(Jardine,  1986) (Figure  1). The Eirth of Clyde is usually taken as start ing at 

Go urock ,  j u s t  west  of  Greenock ,  and ex tend ing  west and then south  to 

Girvin,  Ailsa Craig,  and the lower end of the Mull of Kintyre.  The Clyde
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Plate 1. Ardmore bay. General view.
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Figure 1 . Clyde Sea Area showing the Inner and Outer Firths and 
the Great Plateau in relation to the Clyde Estuary and Ardmore bay. 
Depth contours are in metres.



Es tuary  begins  at the tidal weir  jus t  past Stockwell  Br idge (Riddel l ,  1979; 

Gibb,  1983). This point  is the furthest limit to which salt water  penetrates at 

ext reme high tide and low river-flow.  From here the estuary extends 22 miles 

do w ns t re am  (westwards)  to Gouro ck  where  the sal ini ty  reaches 35%0 - A t  

A r d m o r e  Bay wh ich  is towards  the seaward end o f  the  es tuary  the  sal ini ty 

ranges  f rom 18%0 in win ter  to 33%0 in summer  a l though r u n - o f f  f rom the 

land is o f ten  as low as l - 5 % 0 . At  Greenock (which is the  closest  por t  to 

A rd m o r e )  the  mean  neap t ide range is 1.9m and the mean spr ing  t ide  range 

3.0m. The estuary is a par tially-mixed type 2b one: where there is appreciable 

s t ra t i f ica t ion,  ne t  f low reverses at depth ,  and both  advect ion and di f fus ion 

contribute to the upst ream salt flux (Hansen & Rat tray,  1966; Schubel,  1984).

The  distribution of sediments in the Clyde Estuary and Sea Area has 

been descr ibed in an excel lent pape r  by Deegan et ah (1973) and Figure  2 

( u p p e r  d i ag ra m )  shows  a map o f  the  i n n e r  C lyde  E s t u a r y  w i th

intertidal sediment  stippled. This map also shows my intert idal  sampling site at 

Ardmore,  which contains muddy  sand.

Using Fo lk’s (1974) classification, Deegan et ah (1973) record three

main  sed imen ta ry  facies (types) in the Clyde Estuary  and Sea A re a  that  are

closely re la ted  to wa te r  depth.  Th e coarse l i ttoral facies conta ins  clean sands

and sediments containing gravel. Most of the particles in these sediments are
4eptk

coarser than 62.5 ^um. The facies extends from high water to about 40m. The 

transitional facies has a wide range of grain size, and according to Deegan et 

a! (1973) has a somewha t  l imi ted  dis tr ibut ion.  Personal observat ions  suggest  

that it is fairly widely distributed in the Clyde Estuary. Most  of  the intertidal 

sediments belong to this facies and it is the sediment present  in the intertidal 

zone at Ardmore .  The deep silty clay facies is usually found only in the deeper 

parts of  the Clyde, but  in terms of  area is the most common facies. Deegan et 

ah (1973) state tha t  the coarse l i t toral  facies contains  the most  d iverse fauna 

(highes t  n u m b e r  o f  species),  the t rans i t ional  facies is in te rm ed ia te ,  and the 

silty clay facies contains the least diverse fauna.
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F i g u r e  % . U p p e r  d i a g r a m :  I n n e r  C l y d e  E s t u a r y ,  S c o t l a n d ,  s h o w i n g  
i n t e r t i d a l  s e d i m e n t s  ( s t i p p l e d )  a n d  t h e  l o c a t i o n  o f  t h e  s a m p l i n g  s i t e  
at A r d m o r e  bay  (mS -  m u d d y  sand).  L o w e r  d iagram:  A r d m o r e  bay showing 
th e  t w o  s a m p l i n g  s i t e s .  1: a r e a  o f  s a n d  w a v e s ;  2: a r e a  o f  b a r e  s a n d ;  
3: a r e a  o f  a lg a l  m a t s  i n t e r s p e r s e d  w i t h  m u d d y  s a n d  a n d  b o u l d e r s ;  5, 6: 
two ro w s  o f  b o u ld e r s .  T h e  two b l ack  l ines  sh o w  the  p o s i t io n  o f  the  50m 
transects at the h igh t ide (H.T.) and low tide (L.T.) sites. 1+ • &s 3  b u t  wllfcout 
'bouUexs.
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T h e  d i s t r i b u t i o n  and a b u n d a n c e  o f  the  b en th ic  f lora  an d  f a u n a  o f  the 

Clyde Estuary and the Fir th of  Clyde have been studied extensively, and the 

l i terature extends  well back into the nineteenth century (Grieve,  1863; Grieve 

& Robertson,  1869; Walker-Arnott ,  1869; Herdman,  1880; Henderson,  1886; 

Robertson,  1892a, b; Scott, 1900; Stephenson, 1911a, b; Chumley,  1918; 

R e n o u f ,  1920; Watk in ,  1942). H o w e v e r  most  o f  the  ea r ly  w o r k ,  a l t h o u g h  

thorough,  consists only o f  d i s t r ibut ional  records.  The most recent  deta i led  

compilation of  informat ion is given by Stobie et ah (1976) and by a n um ber  of 

authors  in a Royal  Society o f  Ed in b u rg h  Symposium on the E n v i r o n m e n t  of  

the Estuary and the Fi rth of  Clyde held in Glasgow in 1985 (Atkinson,  1986; 

Barnett  & Watson, 1986; Eleftheriou et ah, 1986; Norton, 1986; Pearson et ah,

1986). The  benth ic  fauna  and flora of  sediments in the Clyde es tuary  range 

from impoverished communi ties  in the upper  parts to very diverse ones in the 

outer estuary. In the upper  reaches of  the estuary immediately below Erskine 

Bridge they are relatively sparse in numbers  and species, mainly because of  the 

low salinities there, but  also probably because of pollution. Downstream of  this 

area there are very large populations of  the polychaetes Nereis diversicolor and 

Manayunk ia  ae s tu a r in a . the ol igochaete T u b i f e x  costatus and the am p h ip o d  

Corophium volutator. Al though the nu mber  of organisms is high there is a low 

divers ity with  only these fou r  species being present  to a s ign i f i can t  extent.  

According to Stobie et ah (1976) this community extends downstream to about  

2.5 to 3km west of  the mouth of the River  Leven. Westward of this point  the 

diversity o f  the benthic communi ties in sediments increases and includes the 

polychaetes  A re n ico la  m a r i n a . Eabr ic ia sabella. Pygospio e legans , and the 

molluscs Hydrobia  ulvae (H. neglecta?). Mytilus edulis. Macoma balthica and 

Cerastoderma edule . Common intertidal seaweeds also become more abundant  

especia l ly  on smal l  b o u ld e r s  (E n t e r o m o r p h a  sp., Ulva  sp.,  A s c o p h y l l u m  

n odosum .  F u c u s  s e r ra tu s .  F u cu s  v e s i c u lo s u s . and Pelvet i a  c a n a l i c u l a t a ) . 

Ardmore  bay is 10km downstream of  the River  Leven, and so falls clearly into
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this area.

The sampling area I chose to work on was the intert idal  muddy  sand 

beach at Ardmore  bay in the Clyde Estuary, Scotland (55° 28’ N, 4° 49’ W; 

Nat.  G r i d  NS 320 792) (F igu re s  1, 2; Pla te  1). A r d m o r e  b ay  has  h igh ly  

c o n t r a s t i n g  f e a tu re s  at  the  h igh t ide  and low t i de  s i tes  a n d  the  i n t e r t i d a l  

muddy sand beach is divided into a number of visually dist inct  areas. Th e high 

tide (HT) area is covered by algal mats (Enteromorpha sp.) of  1 to 5m (meso- 

scale) that  are interspersed with bare sediment (Plate 2). Here parts o f  the bare 

sediment remain covered with water  after the tide has receded.  The mats die 

down in winter,  but  are recognisable throughout  the year  and maintain thei r 

a p p r o x i m a t e  p o s i t i o n  an d  size.  T h e  h ig h  t i d e  a r e a  is s h e l t e r e d  b y  th e  

s u r r o u n d i n g  la nd  an d  is a re la t ive ly  low en e rg y  d e p o s i t i o n a l  s e d i m e n t a r y  

env ironment .  Between the low and high t ide areas t he re  is a f lat  feature less  

zone on the left  hand side (west) of the bay.

Towards the low tide site (LT), sand waves are present  that  have a 

wavelength of about  25m and which are at right angles to the prevai ling winds 

(Figure 2, lower diagram, Plate 3). 1 to 3cm o f  water  remains in the centre of  

their troughs af ter  the tide recedes and so the centres are not  usually exposed 

to the air. These sand waves are almost certainly mainta ined by the prevail ing 

winds acting on the water while the tide covers the beach,  and they persist in 

size and position throughout the year. This is a higher energy erosional area of  

the beach,  and receives  more  wave action than  the h igh t ide  area  desc r ibed 

above.  T h e  main  areas o f  the beach,  in pa r t i cu la r  the  sand waves  at  the  low 

tide site and the algal mats at the high tide site, have been permanen t  features 

of  the beach at Ardmore  for at least 10 years.

Note: Throughout  this thesis the terms high tide (HT) and low tide (LT) mean 

the high tide site and the low tide site respectively.



21

Plate 2. Ardmore bay. High tide site showing algal mats.

Plate 3. Ardmore bay. Low tide site showing peaks 
(bare sediment) and troughs (with water) of the sand 
waves.



zz,



Z3

4. Rationale o f  work presented in the thesis

T h e  overa l l  ob jec t ives  o f  my w o r k  have  bee n  to s tu d y  b e n th i c  

m a c r o f a u n a l  an d  microb ia l  c o m m u n i t i e s  an d  t h e i r  spa t i a l  v a r i a b i l i t y  on 

di fferent  scales in sediments. The work has been conducted on the intertidal 

mudd y  sand beach at Ardmore  Bay and in the laboratory.  It has consisted of 

two contrasting approaches, a field survey of  the macrofaunal  communit ies and 

sediment  parameters and a laboratory study £ f  the microbial  communi t ies . In 

b o t h  pa r ts  the  w o r k  has i nvo lved  d e s c r i b in g  the  c o n s t i t u e n t  spec ie s  an d  

abundance ,  analys ing spatial var iabi l i ty  in ab undance ,  and cons ider ing  the 

possible environmental  causes of this spatial variability.

Benthic infaunal  communi t i es  conta in  a very  wide  size range of  

organisms f rom mac ro faun a th rough  m e io fa u n a  to microorgani sms ,  whose 

abundances  are likely to vary on di fferent  scales of  magni tude.  I chose to work 

on the two size classes of benthos represent ing ei ther end of  the spectrum - 

m acro fa una  and microorganisms. T h ey  are deal t  w i th  sepa ra te ly  in the  two 

s ec t i o n s  o f  t h e  thes is .  I have  d e f i n e d  t h e  s ca le s  o f  m a g n i t u d e  f o r  th e  

m a c r o f a u n a  and  m ic ro o rg a n i sm s  d i f f e r e n t l y  m a in ly  bec au se  o f  t h e i r  size 

d i f ference .  However ,  the choice o f  scales is inevi tably  sub jec t ive  and will 

reflect the interests and views of  the investigator,  particularly when laboratory 

studies are extrapolated to the field as is the case in my microbial  work.  The 

topic has received a t tent ion by a n u m b e r  o f  au thor s  in bo th  ter res t r ia l  and 

aquatic ecosystems (Castenholz, 1963; Mader,  1963; Round,  1968; McCormack 

& Wilding,  1969; B ecke t t  & Webster ,  1971; A n d e r s o n  & M ea d o w s ,  1978; 

E c k m a n ,  1979; M a u r e r  et ah,  1979; F in d l a y ,  1981; A l l en  & S tar r ,  1982; 

Ducklow, 1984; Wimpenny et af ,  1984; Paerl, 1985; Seitzinger & Nixon, 1985; 

Plante £t ah > 1986; Baillie, 1987; R em il l a rd  et  ah., 1987; Y o d e r  et  ah., 1987; 

G r o t t m a n  & Tiedje ,  1989; Schimel  et ah,  1989; Smith  & Brumsickle ,  1989; 

T ho de-Andersen  & Jorgensen, 1989; Tufail  et aL, 1989; Schaffner,  1990).
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I define the spatial scales for macrofauna and microorganisms in my 

thesis as follows:

Macrofauna: m icro-scale <. lm

meso-scale > 1 - <. 50m 

macro-scale > 50m

Microorganisms: micro-scale <_ 1mm

meso-scale > 1mm - <_ 10cm 

macro-scale > 10cm

4.1. Macrofaunal communities -  field survey

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

var iab il i ty  by an ecological survey o f two con tras ting  sites on the shore at 

A rdm ore .  T he  f irs t  site was the high tide area re fe r red  to above, w hich  was 

dom inated  by E n te ro m o rp h a  sp. algal mats (Plate 2), and the second the low 

tide area w hich  was dom inated  by the large sand waves (Plate 3). T he  w ork  

consisted o f an initial survey followed by a more detailed transect survey. In 

the initial survey, observations were taken of infaunal abundance and sediment 

param eters  in the algal and nonalgal areas at h igh t ide  and  the peaks and 

troughs o f  the large sand waves at low tide. In the m ore  de ta iled  transec t 

survey, a 50m tran sec t  was established across the algal and  nonalgal areas o f  

sediment in the high tide area, and another across the peaks and troughs o f  the 

sand waves in the low tide area and p ar ticu la r  a t ten t io n  was paid  to spatial 

variability. Samples and measurements were then taken at lm  intervals along 

both transects.

The details o f  the two sampling areas o f  the bay and the species and 

sed im en tary  p aram ete rs  m easured in the initial su rvey  and in the transec t 

survey are described in full in the material and methods o f  section 1.
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4.2. Microbial communities - laboratory study

I considered  two d i f fe re n t  ways in w h ich  sed im en ta ry  m icrob ia l  

com m unities  and  th e i r  spatial var iab ili ty  at A rd m o re  co u ld  be s tudied . One 

was an ecological app roach  sim ilar to that o f  the m acro fau n a ,  in w h ich  1 

m etre transects would be established in contrasting sedim entary  environments 

on the shore and sampled every 1cm. The other was a laboratory approach in 

w h ich  colum ns consisting  o f  cores o f  sedim ent o b ta ined  fro m  the in te r t id a l  

zone at A rdm ore would be set up and maintained u nder  controlled conditions 

that mimiced d iffe ren t inshore sedimentary environments.

I chose the lab o ra to ry  ap p ro ach  fo r  seve ra l  reasons .  F ir s t ly ,  to 

complete an ecological survey of microbial communities and spatial variability 

using transects  w ould not have been possible w ith  the t im e available  to me. 

Secondly, na tu ra l  m icrobia l  com m unities  and some aspects  o f  th e i r  spatial 

v a r ia b i l i ty  in the  in te r t id a l  zone in the C lyde E s tu a ry  h av e  b ee n  a l re ad y  

described in classic ecological work by Meadows & A nderson  (1966, 1968) and 

A nderson  & M eadow s (1969, 1978). T h ird ly ,  the co lum n m ethod  involv ing  

labora to ry  incubations  o f  sed im ent cores and s lurries  has been  successfully  

used by many microbial ecologists to study a wide range o f  d iffe ren t aquatic 

environments (Winogradsky, 1949; Ardakani et ah, 1973; R am m  & Bella, 1974; 

Paerl, 1975; Uydess & Vishniac, 1976; Rades-Rohkohl et ah, 1978; Wormald & 

Stirling, 1979; Cox & Bazin, 1980; Harrison & Harrison, 1980; Landry  et ah, 

1980; Nickels et ah, 1981; Anderson & Ineson, 1982; D eFlaun & Mayer, 1983; 

Hennig et ah, 1983; Pringle & Bowers, 1984; Wilson & Noonan, 1984; Alongi, 

1985; Jorgensen & Revsbech, 1985; Seitzinger & Nixon, 1985; Christensen & 

Sorensen, 1986; Bebout et ak, 1987; Smith & Klug, 1987; T hode-A nderson  & 

J o rg e n se n ,  1989; K in g ,  1990; P fa r l  et ak., 1990). T h e  p r in c ip le  invo lves  

collecting sed im en ta ry  m ater ia l  from the field, and then  in cu b a tin g  it u n d e r  

c a re fu l ly  co n tro l le d  c o n d i t io n s  th a t  m im ic  d i f f e r e n t  f ie ld  e n v i ro n m e n ts .
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Suitably chosen microbiological media are often used to enrich the sediment, 

thus encouraging the growth of specific groups of microorganisms; this was the 

approach that I used.

I set up  colum ns consisting o f  sed im ent cores, enriched  them  w ith  

two types of microbial media one to stimulate photosynthetic microbial growth 

(e.g. diatoms, b lue-green  algae) and one to stimulate heterotrophic microbial 

growth (e.g. heterotrophic bacteria) and incubated them in the light and in the 

dark  for 25 days. Ind iv idual  sand gra ins  were then  exam ined  by scanning  

electron m icroscopy  to assess m icrobia l  species, th e ir  abundance  and th e ir  

spatial variability. No work on sediment properties was done. The details are 

given in the materials and methods of the microbial section of my thesis.

The two contrasting approaches that I have used, an ecological one 

w i th  th e  m a c r o  f a u n a  an d  a l a b o r a t o r y  e x p e r i m e n t a l  o n e  w i t h  th e  

m icroorganisms, have advantages and disadvantages. It is for exam ple m ore 

d iff icu l t  to m ake s ta tem ents  about causes and effec ts  from  ecological survey  

work, while labo ra to ry  studies inevitab ly  s u f fe r  from  being to some ex ten t  

artificial. However the contrasting approaches that I have adopted with the two 

sizes of organism s has proved to be a rew ard ing  one, and  has p rov ided  new 

inform ation  on com m unity  s tru c tu re  and its va r iab ili ty  at d i f fe re n t  spatial 

scales. Having com ple ted  the work, I regard  the most innovative p a r t  o f  the 

f irs t  sec tion  (m a c ro fa u n a )  as be ing  the  ana lys is  o f  spa t ia l  v a r ia b i l i ty  in 

community structure, and of the second section (microorganisms) as being the 

d esc r ip t io n  o f  the  d i f f e r e n t  m ic ro b ia l  co m m u n i t ie s  th a t  d ev e lo p  u n d e r  

enrichment conditions. Both parts have led to publications (Tufail, 1985, 1987; 

Tufail et ah, 1989).
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M ATERIALS A N D  METHODS

’’H o w  can  we be su re ,  it m ay  be a s k e d ,  t h a t  i t  is th e  c o r r e c t  

technique? The p roof  o f  the pudding is in the eating, and  the first and most 

convincing test o f  the system is that it works.”

(Huxley, 1943)
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M ATERIA LS A N D  METHODS 

M A C R O F A U N A L  C O M M U N IT IE S

T he high tide (HT) and low tide (LT) areas o f  the in tertidal zone at 

A rd m o re  bay re fe r red  to in the in troduction  (p ZO) are d is t inc tly  d i f fe re n t  

sedimentary environm ents (Plates 2 and 3). The high tide area has algal mats 

in terspersed  w ith  bare  sed im ent and the low tide  area  has large sand  waves 

with well defined peaks and troughs. This provided an ideal opportun ity  for 

com paring  d if fe ren ces  in species abundances and  sed im en t  param ete rs ,  and  

their spatial variability, in the two types of environm ents at high tide (algal 

m at and nonalgal m at areas) and the two types o f  en v iro n m e n ts  a t low tide  

(peaks and troughs).

I therefore carried out an initial survey to investigate the differences

in species abundances and sediment parameters between the algal and nonalgal

sediment at the high tide and between the peak and trough areas at the low

tide sites. This formed part 1 o f  the results. In part 2 o f  the results, I studied 
i* species ounces sec&Wv\tr Pa-^^eVev^

the d i f f e r e n c e s ^  th e ir  spatial var iab ili ty  and co rre la t ions  by exam in ing  50

contiguous lm  quadrats along two 50 metre transects, one at high tide and one

at low t id e  (F ig u re  2 lo w er  d iag ram ).  T h e  f ie ld  w o rk  fo r  b o th  p a r ts  was

carried out during  summer.
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1. Initial Survey

The initial survey was carried out on the high tide and low tide sites 

to compare differences between the algal and nonalgal areas at high tide and 

b e tw e e n  th e  p ea k  and  t ro u g h  areas  a t low  t id e .  T h e  in i t ia l  s u rv e y  was 

conducted in 2 parts, both o f which were done on each o f  the fou r  areas (HT: 

algal, nonalgal; LT: peak, trough) (Figure 3).

In the f irs t  par t  I m easured  species abundances  and  the sed im ent 

param eters  shear s trength , w a te r  con ten t,  p e rm eab il i ty ,  pa r tic le  size, redox  

po ten tia l  (Eh), and pH (horizonta l m easu rem en ts)  (F igu re  3). In the second 

part I studied vertical profiles o f  shear strength, water content, redox potential 

and pH (vertical profiles) (Figure 3).

N o te : the results o f  the two parts are desc ribed  u n d e r  th ree  head ings in the 

results section: 1.1 Abundances o f species, 1.2 sediment parameters measured 

in surface sediment, and 1.3 vertical profiles o f  sediment parameters. The first 

two o f these come from part one o f the methods, and the th ird  from part  two.

1.1. Horizontal Measurements (Figure 3)

9
I used a 0.25 m qu ad ra t  w h ich  was laid on the sed im en t surface ,

and readings o f  Eh, pH and shear s tren g th  were taken  w ith in  this area. A t 

site-
h ig h  tide one quad ra t  was p laced on the sed im en t su rface  so th a t  p a r t  o f  it 
\  \
covered an algal area and part o f  it covered an area without algal cover (Plate 

4).
S\V£

A t low tide one quadrat was placed on a peak and one on a trough. 

In th is  way it was possib le  to co m p a re  d i f f e r e n c e s  in E h , pH  an d  sh ea r  

s treng th  betw een  the 2 contrasting  areas at the h igh t ide and at the low tide 

sites. Replicate readings of redox potential - (Eh), pH and shear strength were 

taken within the quadrats. The points at which the readings were taken were 

d e f in ed  by str ing  guidelines w ith in  the  q uadra ts  (F igure  4, P late 4). These  

p rocedures  p rov ided  the following n u m b e r  o f  rep lica te  read ings fo r  redox
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Figure 3 . Initial survey. Flow diagram showing the sampling 
methods used and measurements taken for the species 
abundances and sediment parameters in the algal and nonalgal 
areas at the high tide site (HT), and in the peak and trough 
areas at the low tide site (LT).

HIGH TIDE

ALGAL
AREA

NONALGAL
AREA

LOW TIDE

PEAK
AREA

TROUGH
AREA

ii
ii

HORIZONTAL MEASUREMENTS VERTICAL PROFILES

(i) One quadrat / both areas HT 
One quadrat / area LT 
(0.25 m quadrat)
Eh
pH
Shear strength 

HT: 10-15, LT: 25 readings/quad

(i) One core / area
(40cm long,
10.4cm I .D .)
Eh
pH
Water content

10 depths / core 
2 readings / depth

(ii) One permeability core / area (ii) One in situ
(50cm long core, 2.1cm I.D., profile / area
5cm bed height) Shear strength
(20 readings / core) (21 depths)

(iii) Surface sediment (0-2cm)
Five particle size samples / area 
Two water content samples / area

(iv) Five species abundance cores / area
(15cm long, 10.4cm I.D.)• - 0 All species except Â _ marina (no. casts m )
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2Plate 4. Ardmore bay. Initial survey. High tide. 0.25m 
quadrat covering algal and nonalgal mat area. (String 
used for precise sampling points for measuring 
shear strength, redox potential - Eh and pH).

Plate 5. Ardmore bay. Low tide site sediment on the 
peak of a sand wave showing Areni cola ma rina 
casts.
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F ig u r e  4  . P o s i t i o n  o f  p o i n t s  ( b l a c k  d o t s )  w i t h i n  t h e  0 . 2 5 m 2 
w h e re  m e a s u r e m e n t s  o f  r e d o x  p o t e n t i a l ,  p H  a n d  s h e a r
were taken at high tide and low tide sites.

The formula used to calculate sediment shear strength  was as follows*, 

k x  Q
S = — —— x 9.81 kN .m -2  

h 2

k  = a constant depending on the angle o f  the cone used, for example 
the 60° cone used in this study had k  = 0.225

Q = weight o f cone (g)

h = depth o f  penetration (mm) o f  cone into the sedim ent

q u a d r a t
s t r e n g th *



potential, pH and shear strength at the high and low tide sites.

High tide site. 
Algal Nonalgal

Low tide Site 
Peak Trough

Redox potential 13
pH 13
Shear strength 10

L

10
10
15

25
25
25

25
25
25

one
quadrat

one one
quadrat quadrat

The electrodes used for measuring Eh were the standard platinum, 

metal electrode 1213 400 series and a calomel re fe ren ce  e lec trode  1370 210 

series and for measuring pH was a combination pH  electrode 1118 series (K ent 

Industrial Measurements, Ltd., England) connected  to a C O R N IN G  pH  m eter 

model 120. A  correc tion  factor o f +249 mV was app lied  to each  E h  read ing  

(ZoBell,  1946b). A G e o n o r  fa lling  cone  a p p a r a tu s  (G e o n o r  R O A , Oslo, 

Norway) (Hansbo, 1957) was used for measuring shear strength.

Two surface sediment samples were also taken w ithin  the quadrats 

for water content and five for particle size, from each o f  the algal, nonalgal 

and peak and trough areas.

Water content was obtained as follows. Wet sedim ent (c 1-2 g) was 

weighed and then left to dry in a 60°C oven for 24 h. The dry sedim ent was 

transferred  to a desiccator to cool and then the dry  w eight o f  the sed im en t 

taken. The percent water content was calculated using the wet and dry weights 

o f  the sed im ent ((wet weight - dry w e ig h t )x l0 0 /d ry  w eight; BS 1377, 1975; 

Smith, 1981).

Particle size was determined by the dry  sieving technique (BS 1377, 

1975; Buchanan, 1984). Samples were oven dried at 60°C for 24 hrs and 10 g 

of the dried  sed im ent shaken continuously  fo r 0.5 h th ro u g h  a set o f  sieves 

on|a mechanical sieve shaker (Pmdecotts Octagon 200 Variable A m plitude  Test 

S ieve  S h a k e r ) .  T h e  s e d im e n t  in each  s ie v e  w as th e n  t r a n s f e r r e d  in to  a
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preweighed plastic dish and weighed. The sieve sizes used were 0 (ft (1mm), + 10 

(500 yum), +2 <f> (250 yim), + 3 0  (125 ^um), +4<j> (63 / m ) ,  and the receiver, 

where 4>- - log2 (mm). The equivalent midpoints were taken as - 0.50  (1410 

/ im ) ,  + 0 .5 0 ( 7 1 0  ^im ), +1 .50  (351 yum), +2 .50  (177 y im ), + 3 .5 0  (88 yum), 

and +4.50 (44 yim). The coarsest ( - 0.50 , 1410 yim) and the finest (+4.50,

44 yim ) m idpoints were obtained by assuming an extra sieve ( - 1 0 , 2000 ^urn) 

above the coarsest one used, and taking the pan as equivalent to an extra  sieve 

(+5 31.5 yim ) below the finest sieve, respectively. This is norm al practice

(Lindholm , 1987). Partic le  size statistics from sieve analyses (m ean, sorting , 

skewness, kurtosis) can be obtained graphically or algebraically (K rum bein  & 

Pett ijohn , 1938; Briggs, 1977; Folk, 1974; Buchanan, 1984; L in d h o lm , 1987). 

The algebraic method (i.e. moment measures) is considered to be more accurate 

(Swan et a h , 1979, p .498; L indholm , 1987, p. 172). Details are g iven  in Folk 

(1974, p. 4 5 -4 6 )  and L in d h o lm  (1987, p. 168-169). I used th e  a lg e b ra ic  

m ethod , fo r  w h ich  a c o m p u te r  p ro g ra m m e  was ava ilab le .  I e n te r e d  the  

sedim ent weights from  each sieve into the co m p u te r  p rog ram m e to ca lcu la te  

the mean partic le  size, sorting  co e ff ic ien t ,  skewness and ku rtos is  o f  each 

sample in phi (9s) units

F o u r  m in i-co res  o f su rface  sed im ent were taken for p e rm e ab i l i ty
site

m easurem ents one from each o f  the fo u r  areas (algal, nonalgal at h igh  tide;
site ^

peak and trough at low tide). Lach core provided 20 readings o f  permeability .
A.

The cores were taken and permeability was measured as follows. A glass core 

of ID 2.1 cm and 50 cm long was pushed vertically into the sedim ent until a 

sediment bed height of 5 cm was reached. The surrounding sedim ent was dug 

out and the core was carefully lifted whilst one hand was held at the bottom 

of the core to stop the sed im ent from falling out. T he low er end  o f  the  core 

was then carefully covered with a square piece o f fine nylon mesh followed 

by an outer fine grid stainless steel mesh. This method ensures that sed im ent is 

re tained in the  core when perm eab il ity  m easurem ents  are taken .  Seaw ate r  

co llec ted  on s i te  was used to fill the  core  to a h e ig h t  o f  41 cm  a b o v e  the
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s e d i m e n t  core.  P e rm e a b i l i ty  was m e a su re d  by the  fa l l ing h ead  p e r m e a m e t e r  

t echnique  (Smith, 19S1) by not ing the t ime (sec.) taken io r  the water  level to 

drop  1 cm. The  water level was then lopped up, and in this way 20 repl icate  

read ings  were taken  lor  the a lg a l / n o n a lg a l  and  the p e a k / t r o u g h  cores .  I btsc 

da ta  were used to ca lcu la te  the p e r m e a b i l i t y  c o e f f i c i e n t  k ( m m .s  f o r  the  4 

cores.

T h e  a b u n d a n c e  o f  all spec ies  e x c e p t  /V m a r i n a  w e re  m e a s u r e d  by

taking 5 replicate sed iment  cores of  10.4 cm d i am e te r  and  15 cm depth .  I he

2a b u n d a n c e  o f  /V m a r i n a  was m e a s u re d  by c o u n t i n g  casts  u s in g  th e  0.25 m

-2q u a d r a t  and e xp re s s in g  these  as n u m b e r  o f  i n d iv id u a ls  m . T h e r e  is a 1:1 

r e la t io nsh ip  b e t w e e n  casts and an im al s  on this  sh or e  - see be low .  T h e  core s  

were  b ro ugh t  to the labora tory and the animals  were  separa ted  by  wet  s ieving 

(500 jiim). L ight  was used for separa t ing the species.  T h e  de tai led m e th o d  is 

given on pg .3^

1.2. Vertical M easurements (Eigure 3)

I collected one sed iment  core (10.4 cm diam. ,  40 cm length) f rom each o f

the algal and nonalgal  areas at high tide and peak and  t rough  areas at low t ide

(4 cores  in all). T he cores  were  taken  us ing  a P V C  tu b e  sp l i t  l o n g i t u d i n a l l y

into two halves and then taped together.  Re dox  potent ia l  (Eh),  pH  and  water

c o n te n t  w ere  m e a s u r e d  at d e p th s  o f  0, 2.5, 5, 10, 1 5, 20, 25, 30, 35, a n d  40

cm  a f t e r  s p l i t t i n g  th e  co re  u s i n g  a s c a lp e l  to c u t  t h r o u g h  t h e  ta p e .  T w o

replicate readings  were  taken for Eh, pi I and water  co n ten t  at each depth .  T h e

m e t h o d s  and  e q u i p m e n t  used lor  these  p a r a m e t e r s  w e re  exa c t l y  th e  s am e  as

expla ined above.  One shear  s t rength pro li le  was measured  in each o f  the four  
Sh&xr

areas. Ihe^pro i i le  was measured by a Pilcon hand vane tes ter  (using a 19 m m  

d i a m e t e r  and  25m m long vane)  (Serota & Jang le ,  1972; M o o n e y ,  1974; BS 

1377, 1975) at dep th  intervals ol 5 cm s tar ting from the s u r f a c e ^ ^ l o  100 cm. 

A t  each d e p t h  a peak  r ead ing  ol the s h e a r  s t r e n g t h  ( in i t i a l  r e a d i n g  a t  ea ch
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d ep th )  was fo llow ed  by a re s id u a l  re ad in g  o f  the  s h e a r  s t r e n g th  (second  

reading at each depth - d isturbed by initial reading). This is s tandard practice 

(Lambe & Whitman, 1979, pp. 144, 302, 312; C apper & Cassie, 1976, p. 80).

2. Transect Survey

Two 50 m transects were established, one at the high tide area and 

one at the low tide area (Figure 2 lower diagram). Wooden pegs were pushed 

into the sediment at 10 m intervals along each transect as re ference points. The 

transect at the high tide site crossed a num ber of algal mats and areas of bare 

sediment, and the transect at the low tide site was at righ t angles to the sand 

waves.

A t each transect the sampling procedure was the same. This ensured that the 

high and low tide data were comparable. M easurements were taken at 1 m 

in te rv a ls  a long each t ran se c t  u s in g  a 1 m m e ta l  q u a d r a t  (F ig u re  5). T h e  

fo llow ing  p ro c e d u re  was ad o p te d  fo r  m e a s u r in g  th e  leve ls  o f  th e  spec ies  

abundances, sediment parameters, algal cover, and the w ater  table.

2.1. Animal abundances

A nim al abundances in each q u ad ra t  w ere m easu red  in two ways 

(Figure 5). Arenicola marina abundance was measured by counting num bers of 

casts in each quadrat, since it had been established from previous w ork  on this 

shore th a t  the n u m b er  o f  casts and  an im als are l inear ly  re la ted  1:1 (G ir ling , 

1984) (Plate 5). Other studies have shown a similar relationship (Holme, 1949; 

Longbottom, 1970; Cadee, 1976; Evans, 1977). Casts o f  coil d iam eter 1-2 mm 

were classed as juvenile, and o f 2.5-4.0 mm as adult. There  was always a clear 

d is t inc tion  betw een  these two sizes o f  cast at the  t im e o f  the survey . The 

abundances of the remaining species were measured by taking one core in each 

quadrat.  T h e  PVC corer had an in terna l d iam e te r  o f  10.4 cm and was 15 cm
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Figure 5 . Transect study. Flow diagram showing the sampling methods used 
and measurements taken for the species abundance and sediment parameters 
along the high tide and low tide transects.

i i
| HIGH TIDE TRANSECT |
i i
| LOW TIDE TRANSECT !

I II I
j each 50 metres long ' 
j with 50 x lm |
| contiguous quadrats | 
| along their length |

I SEDIMENT PARAMETERS (quadrat)

j Redox potential (4 readings per quadrat)
j Shear strength (4 readings per quadrat)

| Water table (1 reading per quadrat)
I Algal cover (percent cover estimate
! per quadrat at high tide only)

! SPECIES ABUNDANCE (core)

j All species (1 core per quadrat) except 
' marina total no. casts per quadrat
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long. The sediment core obtained with it was 10.4 cm in d iam eter and about 

13 cm long. Previous tests had shown th a t  this d iam e te r  and d ep th  o f  core 

gave su i tab le  sam ples  and  was deep  e n o u g h  to sam p le  all th e  an im a ls

excluding /V m arina .

Each sediment core was transferred  from  the corer to a prelabelled 

polybag on site. In the laboratory  sed im en t was s ieved  th ro u g h  a 500 yum 

sieve using seawater. The sieving was done carefully  so that  animals were not 

damaged. Each sed im ent core was sieved in small p o rt ions  at a time. T he  

animals were then transferred  into a flat plastic tray by pouring clean seawater 

onto the sieve from its reverse side.

The cores with algal mats were treated as follows. T he algae on the 

surface of the core was washed on a 2 mm sieve. T he filtrate from the 2 mm 

sieve was sieved through a 1 mm sieve to separate the finer algae. T he algae 

r e ta in ed  on the  2 m m  and  1 mm sieves w e re  t r a n s f e r r e d  in to  a b o w l o f  

seaw ate r ,  and  g en t ly  m ixed . T h is  e n s u re d  th a t  th e  an im a ls  in  th e  a lgae 

emerged. The algae were removed and the animals rem aining in the seawater 

were p ip e t ted  into sm aller containers. T h e  f i l t ra te  from  the  1 m m  sieve and  

the remaining sediment from the core was sieved as above.

The trays containing the live animals in seawater were placed on a 

bench and illuminated from one end for a m in im um  o f  12 hours. This m ethod 

separated pho topositive  from  pho tonegative  species and  has been  used for 

m any  years  (M u rp h y ,  1962; Lew is, 1968; Segal, 1970). In  th is  s tu d y  N. 

diversicolor. R  e legans , and R  sabella w ere  p h o to n eg a tiv e ,  v o lu ta to r  was 

photopositive , and NT ba l th ica . H. n eg lec ta . and  Eh g u il l iam so n ian a  w ere 

relatively unaffected . The technique is particularly  effec tive  for extracting  the 

tu b e -d w e ll in g  sm aller  species such as R  sabella  and  R  elegans w h ich  leave 

their tubes and move away from the light source.

T he  anim als were removed from  the trays  w ith  a glass p ipe t te .  A  

P a s te u r  p ip e t te  was used  fo r  the sm a l le r  sp ec ie s  su ch  as R. e leg a n s  a n d  a 

slightly larger bore pipette for the larger species such as R  guilliam soniana. If
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counting was not done on the same day then the containers were transferred to

10° C. T h e  slow m o v in g  an im a ls  such  as Fh e legans  an d  R  sa b e l la w ere

counted live and then p reserved  in 20% alcohol. Fast sw im m ers  such as Eh

guillimsoniana and O. volutator were first preserved in 20% alcohol and then
_2

counted. The num ber o f individuals for each species was converted to No.m . 

Species iden tif ica tion  was based on Fauvel (1923, 1927), M uus, 1963; Nicol 

(1967), M cM illan (1968), Newell (1970), S ch afe r  (1972), Perk ins  (1974), 

C a m p b e l l  (1982), Lincoln (1979), and Barrett and Yonge (1980|®

2.2. Sediment parameters

F our readings o f  shea r  s tren g th  and fo u r  o f  redox  po ten tia l  were 

tak en  w ith in  each q u a d ra t  (F ig u re  5). S h ea r  s t r e n g th  (H a n sb o ,  1957) was 

measured with the cone penetrom eter and redox potential was measured with 

standard  redox potential e lec trodes  as desc r ibed  above. T h e  shea r  s trength  

readings were taken at the su rface  o f  the sed im ent,  and  the redox  poten tial 

readings at a depth o f  0.25 to 0.5 cm - the m in im um  depth  o f  penetration of 

the electrodes.

2.3. E stim ation  o f  algal c o v e r  and re la tio n  to  sp e c ie s  abundan ce and  

sediment parameters at high tide

Algal mats at high tide, and the ir  relationships to the abundance of 

species and sediment parameters were assessed by three methods (Table 1).

(i) A bundance of A  marina vs algal/nonalgal areas. The percentage algal cover 

o f  each 1 m quadra t  was ob ta ined  from  draw ings  on squared  g raph  paper  

made on site. If the cover was more than 70 % it was taken as an algal mat 

quadrat (20 quadrats). Quadrats with 70 % to 30 % algal cover were excluded 

from the analysis (19 quadrats). I f  the cover was less than 30% it was taken as 

a nonalgal quadra t  (11 quadrats) .  This  gave counts  o f  A^ m arin a  casts in 20



Table i . Measurement of algal cover at high tide in relation to 
species abundance and sediment parameters. Number of observations 
Methods (i), (ii), and (iii) are explained in the materials and 
methods of the macrofaunal communities (section 2.3).

Method of estimating algal cover: % algal cover

oMethod (1): 1 m quadrats

A. marina 100%- 70% (A) 
(70% - 30%)
30% - 0% (NA)

20 quadrats 
(19 quadrats excluded) 
11 quadrats

Methods of estimating algal cover: Present (A) / absent (NA)

Method (ii) : cores

All species A 
except A. marina NA

28 cores 
22 cores

9Method (iii): 1 m quadrats

Shear strength A
NA

77 readings 
123 readings

Redox potential Eh A
NA

98 readings 
102 readings
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non
algal quadrats and 11 algal quadrats.

A

(ii) Abundance o f o ther species vs algal/nonalgal areas. Species abundance was 

measured by coring, the surface o f the core was then recorded as e ither algal 

mat present (28 algal cores) or algal mat absent (22 nonalgal cores).

(iii) Levels o f  sed im en t p aram ete rs  vs a lg a l /nona lga l  areas. Each o f  the fo u r  

readings of Eh and o f shear strength in each quadrat was recorded as algal or 

nonalgal depending on w hether the reading was in an algal or nonalgal par t  of 

the quadrat. This gave 77 algal and 123 nonalgal readings o f  shear strength and 

98 algal and 102 nonalgal readings o f  Eh.

T h e  t h r e e  m e t h o d s  l e d  to  no  o b s e r v a b l e  i n c o n s i s t e n c i e s  in  t h e  

analysis of the data.

2.4. Estimation o f  Peak and Trough quadrats at low  tide

L ik e  th e  h ig h  t id e  t r a n s e c t  w h ic h  w as  d i v id e d  in to  a lg a l  a n d  

nonalgal quadrats ,  the sand waves along the low tide  transec t  were c lass if ied  

into peak and trough quadrats based on the w ater table values (Figure 6). The 

50 m transect at low tide had one com ple te  peak  in the cen tre  and  tw o h a lf  

peaks at each end. T h e  peaks w ere sep a ra ted  by two com plete  troughs  (Plate 

3). Six quadrats  w ere chosen  from  the top  o f  the m idd le  peak  and th ree  and  

four from the tops o f  the two outer  peaks respectively. Similarly six and seven 

quadrats were selected from the two troughs respectively. The quadrats located 

on the immediate slope separating the peak  and trough were not selected due 

to the slope effect. In total 13 peak and 13 trough quadrats were used in the 

analysis. The height o f  the sedim ent above the w ater table ranged from  10.50 

to 18.80 cm fo r  th e  p e a k  q u a d ra t s  an d  0 .00  to - 2 .00 cm  fo r  th e  t ro u g h  

quadrats (i.e. the trough quadrats were at or below the w ater table, and hence 

were covered by w ater - see below).
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Figure 6  *

Sediment profiles and the level o f  the w ate r  table (w.t.) 
along the High tide and Low  tide transects.



2.5. Water tabic

The w ater table is defined as the height at which water stands in an 

open borehole below  the g round  level (Lee et ah, 1983). T he  d ep th  o f  the  

water table below the sediment surface along the 2 transects was m easured by 

digging a hole in each quadra t ,  a llowing the hole to fill w ith  w a te r  u n t i l  it 

reached an equilibrium  position, and then measuring the distance between the 

the sediment surface and the water surface (Figure 6). I f  the water was above 

the sedim ent su rface  this d is tance was recorded  as a negative  v a lu e , i f  the  

water was below the sediment surface the distance was recorded as a positive 

value.

2.6. Data Analyses

T h e  d a ta  o b ta in e d  from  the  spec ies  a b u n d a n c e s  and  s e d im e n t  

pa ram ete rs  w e re  s ta t i s t ic a l ly  an a ly sed  by one w ay ana lys is  o f  v a r ia n c e ,  

Student’s t tests, correlation analyses, F  ratio tests, and Chi square tests.

Before I applied param etric statistical tests to the data (Students t, 

analysis o f  v a r ian ce  (anova), co rre la t ion  analyses), I t ran s fo rm ed  the  d a ta  to 

normalise it using ln(i.e. loge) (Scheffe, 1959; Fisher & Yates, 1963; Snedecor 

& C o c h ra n ,  1967; G r e g o r y ,  1968; W in er ,  1971; S o k a l  & R o h l f ,  1981; 

Underwood, 1981). I tried other transformations (square root, logjQ) b u t  the 

In transformation was the best.

Note: I t  is i m p o r t a n t  n o t  to c o n f u s e  th e  F r a t io s  c o n d u c te d  on  th e  

untransformed data with the F ratios that were an integral par t  o f  the one way 

analysis of variance on In transform ed data. Both types o f F  ratios were used 

to assess spatial variability  but in d iffe ren t  ways (Tables 6, 10, 11, 14 to 18).

There  were a num ber o f  zeros in the original data. The logarithm  o f  

zero does not exist,  th e re fo re  I added  a constan t to the orig inal d a ta  b e fo re  

applying the In transform ation. These constants were as follows:
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(i) +0.01 All species except M. b a l th ica . m ean  shear  s t reng th ,  s.d. shear
strength, and s.d. redox potential.

(ii) +5 ML balth ica. Shannon Wiener and Sim pson’s diversity indices,
and water table.

(iii) +230 mean redox potential -  initial survey.

+ 110 mean redox potential - transect survey.

A  constant was not added to the remaining data because there were 

no zero values. T he  percen t  algal cover values w ere  d iv id ed  by 100 and an 

arcsine transform ation was done on these. When S tuden t’s t tests were applied, 

the variances o f  the two populations being co m p ared  w ere assum ed to be 

unequal (Bailey, 1981). This m eant that  the degrees  o f  f reedom , w h ich  are 

calculated on a formula that depends on the variances o f  the two populations, 

varied from comparison to comparison (Ryan et ah , 1976, pp. 140-142; Bailey, 

1981, pp. 49-51).

In the transec t  survey, I com pared  spatial v a r iab i l i ty  be tw een  the 

abundances o f  pairs  o f  species along the transects  us ing  the  F  ra tio  (ra tio  o f  

b igger v ar iance  to sm aller variance). This  was done on u n t ra n s fo rm e d  data  

because the In transform ation is specifically designed to remove differences  in 

variances. I took expert statistical advice on this before  hand.

E x c e p t  w h en  o th e rw ise  sp e c if ie d ,  the  p r o b a b i l i ty  scale  fo r  the  

statistical analyses used throughout my thesis are as follows.

„0 .05>P>0.01
„ ,0 .0 1 > P > 0 .0 0 1

P<0.001



Two d ivers ity  indices, the Shannon W iener index  and S im pson’s 

index, were calculated for each 1 m quadrat. The Shannon Wiener diversity 

index was taken as

- £ ( n / N  ( ln tn /N )) )  

and Simpson’s index as

1 -^ ( (n /N  )2)

til
where n- = num ber o f individuals in the i species; N = the total num ber of 

individuals in all the species (Pielou, 1977; M ay, 1981). I w ro te  a co m p u te r  

program to calculate the Shannon Wiener and Simpson’s d iversity  indices (see 

Appendix 1, com puter program: flow diagram, listing, and example o f  a run).

Lastly, it is im p o rtan t  to note th a t  I have used the  phrases  spatial 

variability and spatial heterogeneity synonymously throughou t the thesis.
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MICROBIAL COMMUNITIES

Sediment (0-2 cm) was collected from low tide at A rdm ore, Clyde 

Estuary, Scotland (Nat. G rid  NS 320 792) (Figure 2 upper and lower). It was 

sieved th rough  a 500 ^urn sieve using 0.45 yum m em brane f i l te red  seaw ate r  

and then gently mixed. A  small portion was preserved in 2.5% glu tara ldehyde 

in artif ic ia l  seaw ate r  and stored  at 4°C  as a control for  scann ing  e lec tro n  

microscopy (SEM). Mean particle size was 195 yam.

T en  50 cm long glass co lu m n s  (I.D. 2.9 cm) w ere  p r e p a r e d  by 

covering  t h e i r  lo w er  en d s  w ith  ny lon  and  s ta in less  steel m esh  an d  th en  

sterilised. Sediment was added to the columns by allowing it to settle through 

sterile seaw ater un til  a core height o f  5 cm was obtained. Each co lum n was 

gently lowered into a 500 ml glass measuring cylinder containing medium. The 

level o f  the medium was adjusted in the cylinder until it was 10 cm above the 

sediment surface. Four o f  the columns were filled with photosynthetic m edium  

(M), four with heterotrophic m edium (B), and two with control m edium  (C). 

Two of each o f the fo u r  ph o to sy n th e tic  and bacterial m edium  colum ns w ere 

covered with a double layer of silver foil and termed dark columns (D). T he 

re m a in d e r  w e re  te rm e d  l ig h t  co lu m n s  (L). T h is  re su lted  in a to ta l  o f  10 

columns : two p h o to sy n th e t ic  m edium  colum ns incubated  in the l igh t  (M L), 

two p h o to s y n th e t ic  m e d iu m  co lu m n s  in c u b a te d  in the d a r k  (M D ), tw o  

heterotrophic m edium columns incubated in the light (BL), two hetero trophic  

medium columns incubated in the dark (BO), and two control m edia columns 

(C).

The light columns were maintained at 20°C under simulated natura l 

light for 25 days in a 17h 1 ig h t / 7 h dark  photoperiod . M edia  w ere changed
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every  two days by l i f t in g  the co lu m n  and  le t t in g  it d ra in ,  e m p ty in g  the 

measuring cylinder, and refilling with sterilized m edium  to the previous level.

The photosynthetic medium was a modification o f  the M edium  M12 

(Asher & Spalding, 1982) and con ta ined  50 ml soil ex trac t ,  2 g N a N 0 3 and

0.014 g N a 2H P 0 4 .2H 20  m ade up to 1 l i t r e  w ith  a r t i f i c ia l  seaw a te r .  T h e  

b a c te r i a l  m e d iu m  c o n ta in e d  5 g b a c te r io lo g ic a l  p e p to n e  (O x io d  L 37) 

(C ru ickshank el ah, 1975) and 0.1 g F c P 0 4 • 2  H 2 O made up to 1 litre 

w i th  a r t i f i c i a l  sea w a te r .  T h e  c o n t ro l  m e d iu m  c o n t a i n e d  25 ml o f  40% 

formaldehyde completed to 70 ml with distilled water made up to 1 litre with 

82% ASW. The final salinity o f  the seaw ater  in all m ed ia  was 75% (26%0 ). 

Media were autoclaved and filtered through sterile Whatman No. 1 filter paper 

before use.

A fte r  twenty five days the sediment was removed from the columns. 

Sed im en t from  the su rfa ce  was taken  fo r  e x a m in in g  m ic ro b ia l  ty p es  and  

estimating their abundance. Sediment from the columns was prepared for SEM 

by preserving in 2.5% glutaraldchydc in artificial seawater at 4°C. The control 

sediment preserved initially and the sediment preserved a f te r  twenty five days 

were rinsed four times with m em brane  f i l tered  seaw ater  and t ran s fe r re d  to 

sodium  caco d y la tc  b u f f e r  (p l l  7.6). T h ey  w ere  p o s t - f i x e d  in 4% o sm ium  

tetroxide for one hour, rinsed four times in distilled water, dehydrated  in an 

ascending series of acetone, and critical po in t  d ried  from  anh y d ro u s  ana lar  

acetone. Sand grains from the samples were then mounted on a lum inium  stubs. 

The stubs were gold coated to a thickness o f c. 20 nm and examined by SEM. 

F or each m icrobia l  species SEM p h o to m ic ro g rap h s  o f  five random ly  chosen 

§and grains per treatment were examined and cell counts taken. These counts 

were converted to number of cells m m - ^ sand grain surface. Thraustochytrid  

sporangia were counted on 20 sand grains and their average dimensions were 

measured. Detailed description o f microbial cells and distribution were made 

by SEM.
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RESULTS

”T o  be su re ,  it  m ig h t  be sa id  t h a t  th e  fa c t  th a t  sc ien ce  c a n n o t  

describe every th ing  ju s t  doesn’t m atter  -  that w hat alone counts for descriptive 

completeness is th a t  it can describe  anything. But the question  still rem ains, 

can it describe anything completely? A f te r  all, the complete description o f  any 

one thing runs o f f  into endless detail.  A  c lea r  lesson emerges. D esc r ip t iv e  

com ple teness  o f  d e ta i l  at the  fa c tu a l  leve l m u s t  be re co g n ized  to be in 

principle impossible.”

(Rescher, 1984)
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RESULTS

M A C R O FA U N A L  COM M UNITIES

T h e  in te r t id a l  bay  at A rd m o re  contains a fa ir ly  d iverse  range  o f  

flora and fauna considering its estuarine position. This is because the bay has a 

n u m b e r  o f  d i f f e r e n t  h a b i ta t s  : m u d d y  sand  in the  m ain  p a r t  o f  th e  bay ,  

shingle, boulders and rock surfaces at each side, and a salt m arsh at the up p er  

closed end. A lth o u g h  I have not a t tem p ted  to iden tify  all the  an im als  and  

p lan ts  in th e  bay ,  th e  fo l lo w in g  are  th e  m o re  co m m o n ly  o c c u r r in g  ones.

MACROFAUNA

Polychaeta:

Arenicola marina 
Eulalia viridis 
Fabricia sabella 
Lanice conchilega 
Manavunkia aestuarina 
Nephthvs Lombergii 
Nereis diversicolor 
Phyllodoce maculata 
Pygospio elegans 
Scoloplos armiger

Bivalvia:

Macoma balthica 
Mytilus edulis

Gastropoda:

Hydrobia neplecta 
Littorina littoralis 
Li ttorina 1ittorea

Crustacea:

Bathvporeia gui11 jamsoniana 
Carcinus maenus 
Qhthalmns montagui 
Corophinm volutator 
Gammarn.9 sp.
Ligia oceanir.a 
Orchestia sp.
Semibalanus balanoides

MACROALGAE

Chlorophyceae:

Enteromorpha sp.
Ulva sp.

Phaeophyceae:

Ascophvllum nodosum 
Fucus serratus 
Fucus vesiculosus 
Pelvetia canaliculata

Rhodophyceae:

Chondrus crispus 
Polysiphonia lanosa
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The m acro-faunal species that were present at the high and low tide 

sites at which the initial su rvey  and transec t  su rvey  w ere con d u c ted  were in

order of decreasing abundance:

High tide

F . sabe 1 la 
. volutator 

“P. elegansJU” - ®
“N . diversicolor 

. neglecta 
*M. balthica

*  AA . marina

Low tide

*P . elegans 
B . guilliamsoniana 
N . diversicolor 
M . balthica

*  AA . marina

Four o f the species were present at both high and low tide sites (*). 

These were A. m a r in a , M. b a l th ic a . N. d iv e rs ico lo r , and R  e legans . T h ree  

species were found only at the high tide site - Corophium  volu ta tor, F. sabella 

and H v d ro b ia  n e g le c ta . an d  one was fo u n d  on ly  a t the  low t ide  s ite  - 

Bathyporeia guilliamsoniana.

The overall ob jec t ives  o f  the ecological w ork  in this pa r t  o f  my 

thesis were to study the abundances o f benthic  infaunal m acrofauna and their 

s p a t i a l  v a r i a b i l i t y  in  r e l a t i o n  to  t h e  h i g h  a n d  lo w  t i d e  s e d i m e n t a r y  

environm ents  at A rd m o re ,  these la t te r  be ing  the algal and  nonalgal areas at 

high tide and the peaks and troughs o f  the sand waves at low tide. I did this 

by conducting the initial survey followed by the m ore detailed transect survey 

described in the materials and methods. In this context, it is im portant to note 

that the spatial variability (heterogeneity) o f the abundances o f the species and 

o f the sedim ent param ete rs  was no t m easu red  in the in itia l survey , nor w ere 

correlations calculated between species abundances and between sedimentary 

parameters. These form m ajor parts o f  the main transect survey section.

T he initial su rvey  should  be regarded  as p re l im in a ry  w ork  se tting  

the scene. It a l low ed  me to i d e n t i f y  th e  sp ec ie s  p re s e n t  and  assess t h e i r  

abundances, and to test out sedim entary  techniques and obtain an idea o f the
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diffe ren t sed im en ta ry  en v iro n m en ts  in the two high tide and two low t ide  

areas. The results o f  the in itia l survey are p resen ted  first, fo llow ed by the 

results of the transect survey.

1. Initial survey

The results o f  the initial survey are divided into three parts.

1.1. Abundance o f species (Figure 3 - horizontal measurements).

1.2. Sediment parameters m easured in surface sediment (Figure 3 - horizontal 

measurements).

1.3. V e r t i c a l  p r o f i l e s  o f  s e d i m e n t  p a r a m e t e r s  ( F i g u r e  3 - v e r t i c a l  

measurements).

1.1. Abundance o f  species

The means and standard deviations o f the abundances o f  the species 

found in the algal and nonalgal areas at h igh t ide  and the peak  and  tro u g h  

areas at low tide and their comparisons by S tudent’s t tests are given in tables 

2 and 3. The values o f  the sediment parameters in the algal and nonalgal areas 

at high tide and the peak  and trough  areas at low tide  are shown in tables 4 

and 5.

T h e  re su lts  o f  th ese  c o m p ar iso n s  w e re  su rp r is in g .  A t  h ig h  t id e ,
U-neglgcto.

although the ab u n d an ces  o f  /V m arin a^ and  C. v o lu ta to r  were h ig h e r  in  the  

nonalgal th a n  in th e  a lgal a reas  and  th o se  o f  F\ s a b e l la . M. b a l th ic a .  N. 

diversicolor and F\ elegans w ere  h ig h e r  in the algal areas, only one o f  these  

d ifferences was s ta tis tica lly  s ign if ican t.  This  was the h igher  ab u n d a n ce  o f  

juvenile A^ m arina in the nonalgal when com pared with the algal area.

The same effec t  was true o f  the abundances at low tide. A^ m arina 

and R elegans were more abundant in the peak areas and R  guilliam soniana. 

NT balthica. and £T d ivers ico lo r  w ere m ore  ab u n d a n t  in the tro u g h  areas
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Table /£. . Abundance of species (No. m ) in algal (A) and nonalgal
(NA) areas at high tide site (untransformed data).
Student's t compares data between algal and nonalgal areas (In
transformed data).
!! present at high tide and low tide sites; ! present only at high tide.
+ve t: algal mean > nonalgal mean
-ve t: algal mean < nonalgal mean

Species mean s.d. n Student's 
t

d.f. P

!lArenicola marina
A 10.8 13.1 5

Total -2.75 4 0.1>P>0.05
NA 152 107 5

A 5.7 12.2 5
Adults -2.40 4 0.1>P>0.05

NA 13.6 13.7 5

A 5.03 5.51 5 <JU

Juveniles -2.71 5 0.05>P>0.02"
NA 138 116 5

A 871 1882 5
ICorophium volutator -1.43 7 0.2>P>0.1

NA 2166 2162 5

A 1907 1813 5
'.Fabricia sabella 1 .53 4 0.2>P>0.1

NA 1342 1641 5

A 588 432 5
IHvdrobia neglecta -0.39 6 0.8>P>0.7

NA 612 305 5

A 188 244 5
!iMacoma balthica 0.13 7 P>0.9

NA 118 118 5

A 400 404 5
! '.Nereis diversicolor 0.61 4 0.6>P>0.5

NA 188 105 5

A 1365 1323 5
!iPveospio elegans 0.51 4 0.7 >P>0.5

NA 777 1149 5
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__ *\
Table 3  . Abundance of species (No. m ) in peak (P) and trough (T)
areas at low tide site (untransformed data).
Student's t compares data between peak and trough areas (In 
transformed data) .
! ! present at high tide and low tide sites; ! present only at low tide. 
+ve t: peak mean > trough mean 
-ve t: peak mean < trough mean

Species mean s.d. n Student1s 
t

d.f. P

!lArenicola marina
P

Total
T

55.8

20.83

20.7

5.90

5

5
4.58 7 0.01>P>0.001**

P 15.08 3.55 5
Adults

T 17.72 7.25 5
-0.55 6 P>0.9

P 40.7 22.4 5
Juveniles 2.95 4 0.05>P>0.02*

T 3.11 2.88 5

P 71 105 5
iBathvporeia euilliamsoniana -2.95 4 0.05>P>0.02*

T 1412 1546 5

P 23.5 52.6 5
!!Macoma balthica -2.35 7 0.1>P>0.05

T 165 105 5

P 235 186 5
!!Nereis diversicolor -1.40 4 0.3>P>0.2T 636 214 5

P 7745 4572 5
•!Pveospio elegans 2.42 5 0.1>P>0.05

T 3437 894 5
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a l th o u g h  only  tw o o f  these d i f f e re n c e s  w e re  s ig n i f ic a n t  (A^. m a r in a . B. 

guilliamsoniana) (Table 3).

The relative lack of significant differences in the abundances o f the 

species between the algal and nonalgal areas at high tide and between the peak 

and trough  areas at low tide when co m p ared  w ith  the results o f  the transec t 

survey was at first sight surprising because the differences in abundances were 

o f t e n  o b v io u s  by d ig g in g  and  ca su a l  o b s e r v a t io n .  H o w e v e r  a c a r e f u l  

consideration o f the num ber of replicates in the initial survey (n=5 for algal, 

nonalgal, peak and trough areas) with the num ber o f replicates in the transect 

survey (algal: n=20; nonalgal: n = l l  for  A. m arin a  only; algal: n=28; nonalgal: 

n = 22; fo r  o th e r  species except Â . m a r in a : peak: n=13; trough: n=13; fo r  all 

species) suggested that the reason was lack o f  replication in the initial survey. 

There were no contradictions in the d iffe rences in mean abundances between 

the in itia l and transec t survey apart  f rom  the  lack o f  s ign ificances  o f  the 

S tu d e n t’s t tests in the initial survey. F o r  those species whose m eans were 

s ign if ican tly  d i f fe re n t  in both surveys, the d irec t io n  o f  the d if fe ren ces  were 

the same (A. m arin a : P>T; IT gu il liam soniana: T>P). F o r  those species whose 

means were significantly d ifferent in the transect survey but which were not 

s ign if ican tly  d i f fe re n t  in the initial survey , the d irec t ion  o f  the d if fe ren c e  

were also the same (/V marina: NA>A; C  volu ta tor: NA>A; M. balthica: T>P; 

N. diversicolor: T >P).

1.2. Sediment parameters in surface sediment

The sedimentary parameters I m easured in the four areas and their 

comparisons by S tudent’s t tests are shown in Tables 4 and 5. In contrast to the 

differences in abundances o f the species, most o f  the differences in the levels 

o f  the  s e d im e n ta ry  p a ram e te rs  b e tw e en  the  algal and  n o n a lg a l  a reas  and  

between the peak and trough areas were statistically significant, thus indicating 

the d i f f e r e n t  n a tu re  o f  the s e d im e n ta ry  e n v i ro n m e n ts  in the  fo u r  areas.
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Table f t  . Levels of sediment parameters in algal (A) and nonalgal 
(NA) areas at high tide site (untransformed data).
Student's t compares data between algal and nonalgal areas (In 
transformed data).
+ve t: algal mean > nonalgal mean 
-ve t: algal mean < nonalgal mean

Sediment parameters mean s.d. n Student's 
t

d.,f. P

Particle size parameters ( f t units)
A 2.680 0.02799 5

Mean diameter 4.73 7 0.01>P>0.001
((6) NA 2.587 0.03367 5

A 0.5953 0.03121 5
Sorting ( d> ) -1.39 6 0.3 > P> 0.2
coefficient NA 0.6174 0.01681 5

A -0.2834 0.1255 5
Sicewness ( f t  ) -0.12 6 P>0. 9

NA -0.2754 0.07847 5

A 3.127 0.7488 5
Kurtosis ( f t ) 2.15 7 0.1>P>0.05

NA 2.227 0.5631 5

Particle size fractions with midpoint (% weights)
Midpoint

A 0.3341 0.2210 5
-0.5 ft 0.594 7 0. 6>P>0.5
1410 yum NA 0.2589 0.1770 5

A 0.8292 0.1450 5
+ 0.5 ft -2.175 5 0.1>P>0.05
710 yum NA 1.178 0.3280 5

A 5.557 0.4790 5
+ 1.5 f t -8.126 5 _ _ _ — "A A AP<0.001
351 yam NA 9.840 1.080 5

A 67.44 2.48 5
+ 2.5 0 0.156 4 0.9>P>0.8
177 yum NA 67.26 0.463 5

A 25.48 2.41 5
+ 3.5 ft 3.246 7 0 . 02>P>0 . 01*
88 yum NA 21.25 1.64 5

A 0.3643 0.119 5
+4.5 ft 2.570 5 0.1>P>0.05
44 yum NA 0.2167 0.0471 5

contd:
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Table 4* contd.

Sediment parameters mean s.d. n Student1s 
t

d.f , P

Shear strength 
(kN.m )

A

NA

4.71

2.302

2.89

0.835

10

15
3 .02 14 0.01>P>0.001**

% Water content
A

NA

27.94

26.02

0.1838 

0.4808

2

2
5. 14 1 0. 2>P>0.1

Permeability 
(K mm .s ^)

A

NA

0.4329

0.02973

0.00302

0.00123

20

20
20.62 30 P<0.001

Redox potential 
(mV)

A

NA

+7.000 

+270.8

110

38.3

13

10
-3 .49 12 0.01>P>0.001**

pH
A

NA

7.01

6.94

0.0899 

0. 138

13

10
1 .37 14 0.2> P>0 . 1
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Table 5" . Levels of sediment parameters in peak (P) and trough (T)
areas at low tide site (untransformed data) .
Student's t compares data between peaks and troughs (In transformed 
data).
+ve t: peak mean > trough mean 
-ve t: peak mean < trough mean

Sediment parameters mean s.d. n Student's 
t

d. f. P

Particle size parameters ( units)
P 2.416 0.03059 5

Mean diameter 4.02 7 0.0>P>0.001
( 0 ) T 2.348 0.02235 5

P 0.4326 0.05697 5
Sorting ( (j) ) -5.69 5 0.01>P>0.001**
coefficient T 0.5890 0.02296 5

P -0.6177 0.2600 5
Skewness 1.34 5 0.3>P>0.2
( 0  ) T -0.7891 0.1171 5

P 5.928 2.354 5
Kurtosis 0.75 5 0.5>P>0.4
( 0  ) T 5.098 0.8025 5

Particle size fractions with midpoint (% weights)
Midpoint

P 0.1882 0.313 5
-0.5 0 -3.336 7 0.02>P>0.01*
1410 yam T 0.7658 0.228 5

P 0.6547 0.478 5
+ 0.5 0 -7.375 6 P<0.001
710 /am T 2.522 0.303 5

P 10.96 2.30 5
+ 1.5 (h -2.668 5 0.05>P>0.02*
351 /mi T 13.96 1.04 5

P 83.76 2.42 5
+ 2.5 0 5.243 7 0.01>P>0.001**
177 yum T 76.68 1.80 5

P 4.428 0.734 5
+ 3.5 0 -2.155 5 0.1>P>0.05
88 yum T 6.046 1.51 5

P 0.01344 0.00449 5
+4.5 0 -1.442 4 0.3>P>0.2
44 yum T 0.02516 0.0176 5

contd:
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Table £  contd.

Sediment parameters mean s.d. n Student's 
t

d.f . P

P 31.90 29.10 25
Shear strength 19.31 47 P<0.001..
(kN.m ) T 0.727 0.544 25

P 31.48 1.011 2
% Water content 0.56 1 0.5>P>0.4

T 30.89 1.110 2

P 0. 1432 0.00837 20
Permeability 22.80 37 p<o.ooi..
(K mm .s ^) T 0.09707 0.00483 20

P +350.8 13.80 25
Redox potential 8.25 25 p<o.ooi..
(mV) T +225.2 65.60 25

P 7.37 0.248 25
pH -7 .62 43 P<0.001

T 7.85 0. 188 25
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1.2.1. Particle size

The phi means, sorting coefficients, skewnesses, and kurtoses o f  the

five particle size samples I took from each of the four areas are given in tables

4 and  5. T h ey  have all been quoted in phi values, as this is the u n i t  in the

c o m p u te r  p ro g ra m m e  I used, and it is not poss ib le  to co n v e r t  s ta n d a rd

deviations in phi un its  into s tandard deviations in m icrons (Pierce & Graus,

1981, p. 1349; Lindholm, 1987, p. 167).
(TftUe h )

A t high tide, the mean particle size was f iner in the algal area than 
A

in the  n o n a lg a l  a rea  w hen  co m p ared  by S tu d e n t ’s t, a l th o u g h  the  so r t in g
C Ta\>)e 5 >

coefficients, skewnesses and kurtoses were the same in both areas. A t low tide,
K

the m ean par tic le  size was f in e r  and had a sm aller sorting  co e ff ic ien t  in the 

p eak  area than  in the trough area. T here  was no d if fe ren c e  in skewness or 

kurtosis  be tw een  the peak  and trough areas. A f te r  tak ing  statis tica l advice I 

was in fo rm ed  th a t  the application  of S tu d en t’s t tests in these cases may not 

have been str ic tly  correc t,  particu larly  when com par ing  means o f  means. In 

fact this whole area is a very d iff icu l t  one (P ierce & G raus, 1981; Ehrlich , 

1983) and  to q u o te  L in d h o lm  (1987 p. 175) ’’th e re  is w id esp read  d e sp a ir  

regarding statistical parameters of grain-sizc”.

I was then advised to analyse the data in a d iffe ren t way as follows 

(Tables 4, 5, lo w er  ). I calculated the means and standard deviations o f the 

percen tage  w eights  on each o f  the six sieves fo r  each area  (algal, nonalgal - 

Table 4; peak, t rough  - Table 5), and then  com pared  the algal and  nonalgal 

and  th e  p ea k  an d  t ro u g h  m eans for each sieve by S tu d e n t ’s t. A n  a rcs in e  

t ran sfo rm atio n  is o f ten  used when com paring  widely d i f fe re n t  percentages 

(Sokal & R o h l f ,  1981). T h is  was not re q u ire d  fo r  my d a ta  b ecau se  the 

percentages being compared were similar.

T h e  results were very interesting and I am in fo rm ed  are en tire ly  

valid statistically. The algal/nonalgal comparisons (Table 4) showed that the 

algal sediment contained significantly more finer sediment in the +3.5 <p
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size range th an  d id  the  nonalga l sed im en t ,  b u t  s ig n i f ic a n t ly  less co a rse r  

material in the +1.5 size range. These significant effects presumably reflect 

the trapping action of the algal mats and resultant retention of finer particles.

T he  p e a k / t ro u g h  com parisons (Table 5) showed a d if fe ren t  effec t.  

H ere  in the  m odal p a r t ic le  size ( + 2.5 <p ) th e re  was a s ig n i f ic a n t ly  

greater % weight of sediment in the peaks than in the troughs, while in all the 

o ther partic le  sizes (coarser: -0.5 <j>, +0.5(j>, +1.5<j), finer: +3.5<f>, +4.5^>), the 

troughs contained a significantly greater % weight of sediment. The sediment 

from the troughs was more widely distributed between the d ifferent particle 

sizes, and hence less well sorted, than the sediment from the peaks. This means 

that g rea ter  sorting takes place on the peaks of the sand waves than in the 

troughs, which is to be expected because the effects of wave action are likely 

to be greater there.

S tudent’s t comparisons were then made between the high tide and 

low tide by comparing the particle sizes (percent weights; table not presented 

in thesis) o f  algal and  nonalga l s ed im en ts  at h igh t ide  w ith  the peak  and  

trough sediments at low tide. In the coarser particle sizes of +2.5 midpoint 

and greater, 10 out o f  the 16 com parisons between high and low tide data 

were statistically s ign if ican t,  and in all o f  these the high tide areas had less 

sediment by weight than the low tide sediment. In the finer particles o f  +3.5(j) 

m idpoin t and +4.5 m idpo in t ,  all the 8 com parisons betw een high and low 

tide data were significant and in all of them the high tide sediment had more 

sediment by weight than the low tide sediment. These comparisons, therefore, 

show conclusively that the high tide areas had predominantly finer sediments 

than the low tide areas, thus indicating that the high tide areas were in a lower 

ene rgy  s e d im e n ta ry  e n v i ro n m e n t  and the low tide  areas  were in a h ig h e r  

energy environment.
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1.2.2. Permeability

The results o f  the permeability m easurements are given in Tables 4

and 5.

T he permeability o f  the algal area was significantly h igher than that 

o f  the nonalgal area, p robably  because the s trands  o f  algae in the sed im ent 

produced a more open and hence more permeable structure. The permeability 

of the peak area was significantly higher than the permeability o f  the trough 

area, probably because the sediment in the peaks was better  sorted than in the 

troughs (smaller sorting coefficient) - see above.

1.2.3. Redox potential and pH

T h e  redox poten tia l  (Eh) was s ig n if ican tly  low er in the algal area 

than in the nonalgal area at high tide, and in the trough area than in the peak 

area at low tide (Table 4, 5, Figure 7). This may have been caused at high tide 

by decaying algal strands just below the sedim ent surface and at low tide by 

more detrital material in the troughs. Associated with this, the pH  was higher 

in the algal a rea  than  in the nonalgal a rea  and  in the  t ro u g h s  th a n  in the  

peaks, although only the latter difference was statistically significant.

1.2.4. Shear strength

A t high tide, shear strength  was s ign if ican tly  h ig h e r  in the algal 

th an  in the  n o na lga l  area. T h is  m igh t  have  b ee n  caused  by th e  algal m a t  

inhibiting penetration o f the cone and possibly also by microbial extracellular 

po lym eric  m ater ia ls  p roduced  ju s t  below the sed im en t su rface  d u r in g  algal 

decay binding the sediment particles together.

A t low tide shear strength was significantly h igher in the peaks than 

in the troughs. This was probably  because the sed im ent was b e t te r  d ra ined  

th e re  - the  w a te r  tab le  was well below the  s u r fa c e  o f  the  se d im e n t ,  and  

p o s s ib ly  b e c a u s e  th e  p ea k  s e d i m e n t  w as  b e t t e r  s o r t e d .
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T he results o f  the redox potential and shear strength  d if fe ren ces  

between the algal and nonalgal areas at high tide and the peak and trough  

areas a t  low  t id e  a re  b o rn e  o u t  by the  m ore  d e ta i led  ana lyses  a long  the  

transects in the transect survey.

T h e re  w ere  no d if fe ren ces  in the w ate r  content o f  the algal and 

nonalgal areas or o f  the peak and trough areas.

1.3. V e r tica l p r o f i le s  o f  sh ear stren g th , w a ter con ten t, red o x  p o te n tia l  
and pH  at the high and low  tide sites

Figure 8 shows the peak shear strength and residual shear strength 

profiles in the algal and nonalgal areas at high tide and in the peak and trough 

areas at low tide. In general the peak shear strength and residual shear strength 

increased w ith  dep th ,  the fo rm er  increasing more rapidly than the latter. A t 

high tide the peak shear strength increased more slowly in the algal area than 

in the nonalgal area. A t  low tide  the peak  shear strength  increased slightly  

more quickly in the peak area than in the trough area. The rate o f  increase of 

the residual shea r  s treng th  w ith  depth  did not d if fe r  markedly  betw een  the 

four sites.

F igu re  9 shows the percen t w ate r  conten t profiles in the algal and 

nonalgal areas at high tide and in the peak and trough areas at low tide. These 

profiles show s im ilar  trends  in w ate r  content.  They are high at the sed im ent 

surface fa lling to lower values at c 25 or 30cm sediment dep th  then  rising 

again. T he  only excep tion  to this general trend  is that one of the two peak 

profiles at low tide shows a rapid drop from the surface to 5cm dep th  and  

then a peculiar dom e-shaped curve.

F igure 10 shows the vertical profiles of redox potential (Eh) for the 

four areas. The profiles for the four areas were d ifferent from each other. The 

redox po ten tia l  p ro f iles  in the algal area at high tide were low and  d id  not 

fluctuate greatly with depth. In the nonalgal area the surface sediment had a
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high redox po ten tia l  which d ropped  very  rap id ly  and increased again more 

slowly. The redox potential profile in the peak area at low tide showed a high 

redox poten tia l  at the surface o f  the sed im en t w hich decreased w ith  depth. 

The redox po ten tia l  profile  in the trough  area had  a s lightly lower Eh at the 

sediment surface and showed a very slight decrease with depth.

Figure 11 shows the vertical profiles o f  pH for the four areas. There 

is very  litt le  change with depth , except fo r  an anom aly be tw een  30-35cm  in 

one o f the replicates in the peak area at low tide.
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2. Transect survey

T h e  aim  o f  the in itia l survey was to broadly define  the sed im ent

parameters and species abundance for the two areas at high tide and the two

areas at low tide. This then allowed me to design the detailed transect study to

assess m ean values o f and spatial var iab ili ty  (heterogeneity) in the species

abundances and  sed im ent param eters ,  to test statistical correlations be tw een

species abundances and between sediment parameters, and to measure diversity

by two diversity indices and its spatial variability.

I t  b ec am e  c lea r  d u r in g  the p lan n in g  o f  the t ran se c t  w o rk  th a t  a

2
considerab le  am o u n t  o f  w ork would be genera ted  during  sam pling each lm  

quadra t  along the two 50m transects  and by the subsequent analysis in the 

laboratory. I therefore gave careful thought to the maximum work load I could 

handle. A f te r  considerable discussion with my supervisor and other colleagues, 

I decided that in each quadrat I would be able to measure the abundances of 

all species th a t  had been iden tif ied  and coun ted  in the initial survey, and  to 

measure shea r  s treng th ,  redox potential (Eh) and the water table. Because o f 

time constraints it was not possible to measure particle size and pH, or to take 

any vertical p ro f iles  of sed im entary  param eters  in the quadrats. These were 

therefore excluded from the transect survey.

The results o f  the transect survey were divided into three parts:

2.1. Mean species abundance, diversity indices, and sediment parameters and 

their spatial heterogeneity.

2.2. C o r re la t io n s  b e tw e en  spec ies  a b u n d a n c e ,  s ed im en t  p a ra m e te rs ,  a lgal 

cover and w ater table.

2.3. Two additional methods o f assessing spatial heterogeneity.
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T h e  th ree  p a r ts  d e sc r ib e  the  resu lts  o f  a n u m b e r  o f d i f f e r e n t  

ana lyses  th a t  have b een  used  on the  t ra n se c t  d a ta  co m p ar in g  m eans and 

variability (analyses o f  variance, S tuden t’s t test, F  ratios, correlation analyses, 

(̂7 tests, and a differencing technique). In order to simplify the understanding 

o f the way these d i f fe re n t  analyses have been used in the th ree  parts I have 

construc ted  a flow d iagram  fo r  each p a r t  in tu rn  (F igures 12, 13, 14, 15.1, 

15.2). These diagrams require careful study. They are constructed to help the 

reader to distinguish between m acro-,  meso-, and micro-scale effects and to 

distinguish between comparisons o f means (e.g. by S tudent’s t tests; Figure 12) 

and comparisons of spatial heterogeneity or variability (e.g. by F ratio tests on 

the variances of the means Figure 12 and on variances obtained from analyses 

o f  variance Figures 14, 15.1, 15.2) and comparisons o f  correlation coefficients 

(Chi square tests Figure 13).

2.1. Mean species abundance, d ivers ity  indices, and sedim ent parameters and 

their heterogeneity

T his  p a r t  is d iv id ed  in to  4 su b d iv is io n s  co m p ar in g  the species 

abundance, the diversity indices, and the sediment parameters as follows:

(2. 1. 1.) macro-scale differences between the high and low tide sites.

(2. 1.2.) meso-scale differences along the high tide transect and along the low 

tide transect.

(2.1.3.) m eso-scale  d if fe ren ces  betw een  algal and nonalgal areas on the high 

tide transect.

(2.1.4.) meso-scale differences between peak and trough areas on the low tide 

transect.

Reference should be made to Figure 12 for a full understanding of 

the methods o f analyses used in sections 2.1.1. to 2.1.4.
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Figure 1% • Flow diagram showing the different
analyses used for macro-scale and meso-scale 
comparisons of species abundances and sediment 
parameters for the high tide (HT) and low tide (LT) 
transects. Numbers refer to sections in the Results 
of macrofaunal communities.

Note: * means that sediment parameters are not 
compared because redox potential and shear 
strength are two entirely different parameters, 
while species abundances have the same units 
and are therefore compared.
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Figure 13 Flow diagram showing how
correlation analyses were applied to the species 
abundance and sediment parameter data to give 
macro-scale and meso-scale comparisons for the 
high tide (HT) and low tide (LT) transects. Numbers 
refer to the sections in the Results of macrofaunal 
communities.
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Figure Ilf. Flow diagram showing method of calculating meso- and micro-scale 
in shear strength and redox potential using one way analysis of variance.
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-scale |
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ANOVA F ratio |
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' ANOVA
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F ratio

Macro-scale comparison between HT and LT 
of micro-scale variability (F ratio)

Macro-scale comparison between HT and LT 
of meso-scale variability (F ratio)
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Figure 15^1 - Flow diagram showing comparisons b et we en
meso- and micro-scale differences at high tide and low tide .Site-- 
Micro-scale ± lm : lm differences
Meso-scale > lm, <50m : 5, 10, 20, 30 and 40m differences.

Comparisons between differences 
at HIGH TIDE S\T£

(SAME FOR LOW TIDE) 
Site

II

1x6 one way anova

1/5/10/20/30/40 m comparison 
(overall micro/meso-scale comparison)
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1/5,1/10,1/20,1/30,1/40 m 5/10,5/20,5/30,5/40 m J

10/20,10/30,10/40 m j
20/30,20/40 m ]

30/40 m ]

Applied to: Species abundances, Shannon Wiener diversity index and
sediment parameters.



Figure i S ' L ■ Flow diagram showing comparisons between high tide 
and low tid^[*for each difference.
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Applied to: Species abundances, Shannon Wiener diversity index and
sediment parameters.



2.1.1. M acro-sca lc  d ifferen ces  in species abundances, d iv e r s ity  in d ices  

and sedim ent parameters between the high and low  tide sites

T h e  da ta  ore given in A p p e n d ix  2 Tables 1 to 9. T he  m eans and 

standard dev ia tions  o f  species abundances ,  d ivers ity  indices, and  sed im en t 

pa ram e te rs  a t h ig h  and  low t id e  are g iven  in T ab le  6 . T hese  v a lu es  w ere  

calculated from the data obtained in the jm  quadrats on the cores along the 2 

transects.

M acro-scale comparisons between the high and low tide data were

then conduc ted  by S tu d e n t’s t tests on the In transfo rm ed  da ta  and by F

ratios on the u n t ra n s fo rm e d  data. T he  S tu d e n t’s t tests com pare  be tw een

means, and the F  ratios assess relative variability between the two populations

Si fee.
being compared (Table 6). The high t ide /low  tide^ comparisons were done on 

the abundances o f  the 4 species com m on to the high and low tide transects ,  

the diversity indices at high and low tide and the sediment parameters at high 

and low tide.
o_f th e  t - t e S t s  m e  A n

The results.show that there was no difference in the abundance o f \  \

M. balthica and NL diversicolor, however A  marina and R  elegans were more 

abundant at low tide. The means of both diversity indices were h igher at high 

tide than at low tide, there  was no s ign if ican t  d if fe ren ce  in the m ean  shear 

strength between high and low tide, but the mean redox potential was lower at 

high tide.

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

untransformed data between the high and low tide (significant F  ratios). The 

a b u n d a n c e  o f  t h r e e  o f  th e  f o u r  sp e c ie s  (A . m a r i n a . M. b a l t h i c a . N. 

diversicolor) was more variable at high than at low tide in o ther words the 

variances for these species were s ig n if ican tly

greater at high tide than at low tide. In contrast the abundance o f R  elegans 

was more variable at low tide. Both diversity indices were less variable at high 

tide but this was only significant for Simpson’s diversity index. T he variation
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T a b le  Q . A b u n d a n c e  o f  s p e c i e s  (n o .  m ), v a lu e  of 
d i v e r s i t y  i n d i c e s ,  a n d  l e v e l s  o f  s e d i m e n t  p a r a m e t e r s  at 
th e  h i g h  t i d e  ( H T )  a n d  lo w  t i d e  (L T )  sites 
(untransform ed data).

(i) S tudent’s t com paring means o f  In transform ed data.
( i i)  F  r a t i o  c o m p a r i n g  v a r i a n c e s  o f  u n t r a n s f o r m e d  data 
between high and low tide sites.
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T f tB .L t  &■
Comparisonl of HT and LT

Species mean s . d .
(i)

(ii)
Student' 
F ratio

s t
d.f. P

HT
Arenicola marina

LT

36.72 

41.97

71.89 

20.59

(i)

(ii)

5.00

12.19

51

49, 49

„ _ „ „ -kickP<0.001
„ „^ „kkkP<0.001

HT
Macoma balthica

LT

131.8 

47.10

228.9

78.82

(i)

(ii)

1.72

8.434

93

49, 49

0.1>P>0.05
„ _ _ „ -kkkP<0.001

HT
Nereis diversicolor 

LT

967.4

388.4

1298

246.3

(i)

(ii)

0.93

27.77

86

49, 49

0 .4>P>0.3
„ „„,kkkP<0.001

HT
Pvgospio elegans

LT

1215

5982

1344

4224

(i)

(ii)

5.74

9.760

52

49, 49

„ . ^ . kkkP<0.001
„  ̂ , kkkP<0.001

Corophium volutator 
HT 2556 3387

Fabricia sabella
HT 5240 9398

Hvdrobia neglecta 
HT 595.4 479.8

Bathvporeia gui1liamsoniana 
LT 1116 1664

Diversity Indices

HT
Shannon Wiener

LT

1.059

0.5268

0.2810

0.3141

(i)

(ii)

8.90 

1.250

95

49, 49

P<0.001 

0 . 25>P>0.1

HT
Simpson

LT

0.5633

0.2778

0.1373 

0.1930

(i)

(ii)

8.51

1.976

86

49, 49

. _ _ , kkkP<0.001 

0 .01>P>0.005

Sediment Parameters

HT
Shear strength 

(kN.m ) LT

6.997

6.742

5.99

3.07

(i)

(ii)

0.26

3.807

98

49, 49

0.8>P>0.7 

P<0.001***

HT +69.30 72.1 (i) 12.93 56 P<0.001***
Redox potential

(mV) lt +261.0 39.5 (ii) 3.332 49, 49 P<0.001***
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in the two sediment parameters was significantly greater at high tide than at 

low tide.

T ab le  6 gives m arina  data  for w h ich  juven iles  and  adults have

been combined. The separate abundances of juvenile  and adult m arina with

th e i r  s t a t i s t i c a l  a n a ly se s  a re  g iv en  in T a b le  7. T w o  se ts  o f  s t a t i s t i c a l

comparisons were made on these.data. The first compared high tide with low
she.

tide abundances. T h ere  were sign ifican tly  m ore  adults at low tide  than  at 

high tide (t tests), b u t  g rea te r  var iab ili ty  at h igh  t ide (F ratio). T he  second 

co m p ared  a d u l t  w i th  ju v e n i le  ab u n d a n ces .  T h e r e  w ere  s ig n i f ic a n t ly  m ore  

juveniles than adults at high tide (t tests). The juvenile  abundances were more 

variable than the adults at both sites (F ratios).

2 .1 .2 . M c so -s c a lc  d if fe r e n c e s  in s p e c ie s  a b u n d a n ces , an d  s e d im e n t  

parameters, along the high tide transect and along the low  tide transect

T h e  m e s o - s c a le  ch a n g es  in  a b u n d a n c e  o f  sp e c ie s ,  s e d im e n t  

parameters and algal cover along the high and low tide transects are shown in 

Figures 16 to 26. There were considerable differences in the abundances o f the 

species, in the d ivers ity  indices, and in the sed im en t param ete rs  along both  

transects. In many cases these differences were related at high tide to the algal 

mats and  a t the  low t id e  to the sand w aves, b o th  o f  w h ich  h av e  a m a jo r  

m odify ing  e f fec t  on th e ir  local env ironm ent.  I f irs t  s tatis tica lly  analyse the 

differences between the species abundances on the transect at the high tide site 

and then  on the  t ra n se c t  at the low t id e  s ite .  T h ese  ana lyses  w h ich  are  

presented in 2. 1.2. 1., take no account o f  any differences between the algal and 

nonalgal areas at high tide and the peaks and troughs  at low tide, s ince they 

are concerned  only w ith  the overall m eans and  s tandard  dev ia tions  o f  the 

species a long  the  tw o transec ts .  I th en  an a ly se  the  d a ta  in m o re  d e ta i l  by 

co n s id e r in g  d i f f e re n c e s  b e tw een  the algal a n d  n o n a lg a l  a reas  a t h ig h  t id e  

(2.1.2.2.), and between the peaks and troughs at low tide (2.1.2.3.).



83

- 2Table f̂. Arenicola marina adult and juvenile (No. casts m ) 
at high and low tide sites.

(i) Student's t comparing means of In transformed data,
(ii) F ratio comparing variances of untransformed data.

Adults 
mean + s.d

Juveniles 
mean + s.d

High tide 

Low tide

5.530 + 7.866 

16.71 + A.825

31.19 + 71.55 

25.26 + 22.47

(i) Student's t
(ii) F ratio d.f . P

Comparison between HT and LT

Adults (i) 9.54
(ii) 2.658

55 
49, 49

P<0.001
«  ~  ^  . 'k'k'kP<0.001

Juveniles (i) 3.00
(ii) 10.14

83 
49, 49

-ju-ju
0.01>P>0,001 
P<0.001

Comparison between adults and juveniles

High tide (i) 2.25 85 0.05>P>0 02
(ii) 82.74 49, 49 P<0.001

*

Low tide (i) 0.30 55 0.80>P>0,7Q
(ii) 21.69 49, 49 P<0.001 *
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Arenicola marina casts (No. m ).
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Lower graph : Low tide (LT) 50 m transect.
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2.1.2.1. Mcso-scale differences between macrofaunal species abundances 

along the high tide transect and along the low  tide transect

The results of the comparisons between species along the high tide 

transect and along the low tide transect by S tudent’s t- tes ts  and by F  ratios are 

given in Tables 8 and 9.

High tide transect Table 8: A t H T  the abundance o f R  sabella was highest and 

that of A  marina was lowest. T he abundances o f  Q  volu ta to r, R  elegans, bb 

d iversicolor. H. neglecta and NT ba lth ica  w ere in te rm ed ia te .  N ine  out o f  the 

twenty one differences were statistically d iffe ren t  so little im portance can be 

attached to the observed differences. Five o f these concerned comparisons of

the ab u n d an ce  o f  A  m a r in a  w ith  o th e r  spec ie s  and  th re e  c o n c e rn e d  M_,

balthica with other species.

The variance o f the abundance o f R  sabella was highest and that of 

A. m arina  was lowest. T h e  v a r ia n c e  o f  the  a b u n d a n c e  o f  R  b a l th i c a . N. 

diversicolor. P.elegans. C. volutator and IT neglecta were intermediate. Twenty 

out o f  the twenty one F  ratios were significant and so the observed differences 

in the variances are very important. It is interesting that all the F  ratios were 

significant in which the highest variance (R  sabella) and the lowest variance 

A  marina were compared with o ther variances.

Low tide transect Table 9: A t L T  the abundance o f  R  elegans was highest and 

th a t  o f  A. m a r in a  lo w es t .  T h e  a b u n d a n c e s  o f  R .  g u i l l i a m s o n i a n a . N. 

d iv e rs ic o lo r  and  bT b a l th i c a  w e re  i n t e r m e d i a t e .  S e v e n  o u t  o f  th e  ten  

differences were statistically  d if fe re n t .  T h e  th ree  th a t  were not statis tica lly

d iffe ren t were between R  gu il liam son iana  and the species A  m a r in a . ML

balthica and bb diversicolor.

The variance o f  the ab u n d an ce  o f  R  elegans was h ighest,  and  that  

of A  m arina was lowest. T he  var iance  o f  the ab u n d an ce  o f  ]Vb b a l th ic a . bb 

drversicolor and R  gu il liam soniana  w ere in te rm ed ia te .  All ten F  ratios were



T a b l e  8  . A b u n d a n c e  o f  s p e c i e s  ( n o .  m a t  t h e
h i g h  t i d e  ( H T )  s i t e .

(i) Student's t comparing means of In transformed data 
of pairs of species.

(ii) F ratio comparing variances of untransformed data 
of pairs of species.



T f l 8 l E  f t .

Tidal
Level Species Mean s.d.

( i )  Student's t  
( i i )  Fratio d .f. P

HT A. marina. 36.72 71.89 ( i )  -3.73 78 P < 0.001***
M. balthica 131.8 228.9 ( i i )  10.1A A9,A9 P < 0.001***

A. marina 36.72 71.89 ( i )  -3.5A 89 P < 0.001***
N. diversicolor 967.A 1298 (ii)325.9 A9,A9 P < 0.001***

A. marina 36.72 71.89 ( i )  -A.AA 91 P < 0.001***
P. eleqans 1215 13AA (ii)3A9.5 A9,A9 P < 0.001***

A. marina 36.72 71.89 ( i )  -1.89 77 0.1 > P > 0.05
C. volutator 2556 3387 ( ii)2219.7 A9,A9 P < 0.001***

A. marina 36.72 71.89 ( i )  -A.87 85 P < 0.001***
F. sabella 52AO 9398 (ii)17089.7 A9,A9 P < 0.001***

A. marina 36.72 71.89 ( i )  -7.0A 92 P < 0.001***
H. neqlecta 595. A A79.8 ( i i )  AA.5A A9,A9 P < 0.001***

M. balthica 131.8 228.9 ( i )  1.15 65 0.3 > P > 0.2
N. diversicolor 967.A 1298 ( i i )  32.16 A9,A9 P < 0.001

M. balthica 131.8 228.9 ( i )  2.10 67 0.05 > P > 0.02*
P. eleqans 1215 13AA ( i i )  3A.A8 A9,A9 P < 0.001

M. balthica 131.8 228.9 ( i )  -0.2A 59 0.9 > P > 0.8
C. volutator 2556 3387 (ii)218 .9 A9,A9 P < 0.001

M. balthica 131.8 228.9 ( i )  2.79 63 0.01 > P > 0.001***
F. sabella 52AO 9398 (ii)1685.7 A9,A9 P < 0.001***

M. balthica 131.8 228.9 ( i )  A.77 90 P < 0.001***
H. neqlecta 595 .A A79.8 ( i i )  A.39A A9,A9 P < 0.001***

N. di versicolor 967. A 1298 ( i )  -0.67 97 0.6 > P > 0.5
P. eleqans 1215 13AA ( i i )  1.072 A9,A9 0.5 > P > 0.25

N. di versicolor 967. A 1298 ( i )  0.97 92 0.A > P > 0.3
C. volutator 2556 3387 ( i i )  6.809 A9,A9 P < 0.001***

N. diversicolor 967. A 1298 ( i )  -1.35 97 0.2 > P > 0.1
t . sabella 52AO 9398 ( i i )  52.A2 A9,A9 P < 0.001***

N. diversicolor 967.A 1298 ( i )  -1.83 77 0.1 > P > 0.05
h- neqlecta 595.A A79.8 ( i i )  7.319 A9.A9 P < 0.001***

Covyrir.



0  CoKT3>:

Tidal
Level

HT

Species Mean s.d.
( i )  Student's t  

( i i )  Fratio d .f . P

P. eleqans 1215 1344 ( i )  1.57 90 0.2 > P < 0.1
C- volutator 2556 3387 ( i i )  6.351 49,49 P < O.OOl'

P. eleqans 1215 1344 ( i )  -0.74 96 0.5 > P > 0.4
F. sabella 5240 9398 ( i i )  48.90 49,49 P < 0.001

P. eleqans 1215 1344 ( i )  -1.06 79 0.3 > P > 0.2
H. neqlecta 595.4 479.8 ( i i )  7.847 49,49 P < 0.001

C. volutator 2556 3387 ( i )  2.13 95 0.05 > P > 0.02
F. sabella 5240 9398 ( i i )  7.699 49,49 P < 0.001

C- volutator 2556 3387 ( i )  -2.63 67 0.02 > P > 0.01*
H. neqlecta 595.4 479.8 ( i i )  49.83 49,49 P < 0.002

F. sabella 5240 9398 ( i )  -0.09 73 P > 0.9
H. neqlecta 595.4 479.8 (ii)383.7 49,49 P < 0.001



T a b l e  S  . A b u n d a n c e  o f  s p e c i e s  ( n o .  m a t  t h e
l o w  t i d e  ( L T )  s i t e .

(i) Student's t comparing means of In transformed data 
of pairs of species.

(ii) F ratio comparing variances of untransformed data 
of pairs of species.
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T flB U  ^

Tidal
Level Species Mean s.d.

( i )  Student's t  
( i i )  Fratio d .f .

LT A. marina 
M. balthica

A. marina
N. diversicolor

A marina 
P. eleqans

A marina
B. guilliamsoniana

M. balthica 
N. diversicolor

M. balthica 
P. eleqans

M. balthica 
B. quilliamsoniana

N. diversicolor 
P. eleqans

N. diversicolor 
B. guilliamsoniana

P. eleqans 
B. guilliamsoniana

41.97 20.59 ( i )  4.19 57 P < 0.001***
47.10 78.82 ( i i )  14.65 49,49 P < 0.001***

41.97 20.59 ( i )  -2.68 51 0.02 > P > 0.01*
388.4 246.3 (ii)143.1 49,49 P < 0.001***

41.97 20.59 (i)-39.34 85 P < 0.001***
5982 4224 (ii)420B5.8 49,49 P < 0.001***

41.97 20.59 ( l )  0.49 49 0.7 > P > 0.6
1116 1664 (ii)6 5 3 l.2 49,49 P < 0.001***

47.10 78.82 ( i )  4.36 71 P < 0.001***
388.4 246.3 ( i i )  9.765 49,49 P < 0.001***

47.10 78.82 ( i )  23.52 68 P < 0.001***
5982 4224 (ii)2871.9 49,49 P < 0.001***

47.10 78.82 ( i )  0.79 57 0.5 > P > 0.4
1116 1664 (ii)445.7 49,49 P < 0.001***

388.4 246.3 ( i )  -7.68 53 P < 0.001***
5982 4224 (ii)294.1 49,49 P < 0.001***

388.4 246.3 ( i )  1.83 80 0.1 > P > 0.05
1116 1664 ( i i )  45.64 49,49 P < 0.001***

5982 4224 ( i )  6.86 50 P < 0.001***
1116 1664 ( i i )  6.444 49,49 P < 0.001***
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significant and so the observed  differences in the variances are very important. 

2.L2.2. Mcso-scale differences between algal and nonalgal areas

The meso-scale differences between the algal and nonalgal areas on 

the transect at the h igh  t ide  site w ere  an a ly sed  in d e ta i l  as follows. T h e  

differences in the means were assessed by S tu d e n t’s t test on In tran sfo rm ed  

data and variability  by F ratio tests applied  to the variances calculated  from  

the u n tran s fo rm ed  data .  T ab le  10 gives  the  m eans, s ta n d a rd  d e v ia t io n s ,  

Student’s t test values and F ratios for the algal (A) and nonalgal (NA) areas 

along the high tide transect.

The t tests show tha t  there were a -feu) d if fe ren ces  be tw een  

the algal and nonalgal areas both in the means and in variability of the species 

abundances and sed im ent param eters.  Tw o o f  the h igh  tide species w ere 

significantly less abundant in the algal areas ( A  marina and volutator). The 

remaining species did not show s ign if ican t d iffe rences  in abundances. T h ere  

were no d ifferences in the d iversity  indices betw een  the algal and n o n -a lg a l  

areas. Shear strength was significantly higher and redox potential significantly 

lower in the algal than in the nonalgal areas.

The F ra tios  show tha t the ab u n d a n c e s  o f  fo u r  o f  the spec ie s  

showed significantly  m ore variab ili ty  in the nonalgal than  in the algal areas 

(A. marina, C  volutator. F.sabella. N. diversicolor), while the reverse was true 

for two of the species ( R  neglecta  and 1VT ba l th ica ) . R  elegans showed no 

significant d iffe rence  in variab ili ty  betw een  the algal and non-a lga l areas. 

There were no s ign if ican t  d iffe rences  in the var iab il i ty  o f  the two d ivers ity  

indices between the algal and nonalgal areas. Shear s tren g th  showed g rea te r  

variability in the algal than in the nonalgal areas, on the o ther hand there was 

no difference in the variability of the redox potential.



T a b l e  1 0  . A b u n d a n c e  o f  s p e c i e s  (n o .  m ~ ), v a l u e s
d i v e r s i t y  i n d i c e s ,  a n d  l e v e l s  o f  s e d i m e n t  p a r a m e t e r s  
a lg a l  (A )  a n d  n o n - a l g a l  ( N A )  a r e a s  a t  t h e  h i g h
site (un transform ed  data).

(i) S tuden t’s t com paring means o f  In transform ed data,
( i i )  F  r a t i o  c o m p a r i n g  v a r i a n c e s  o f  u n t r a n s f o r m e d
betw een algal and non-algal areas.

of
in

tide

data
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T g& ue ' P - . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Comparison of Algal and Nonalgal 

(i) Student's t
Species mean s . d . (ii) F ratio d.f . P

A 7 .482 10.77 ( i ) 5.21 28 P<0.001
A r p n i c o la marina

NA 115.9 122.0 ( i i ) 128.3 10, 19
JU ̂  ̂

P<0.001..

A 605.3 1412 ( i ) 5.56 47 P<0.001***
C o r o p h i u m  volutator 

NA 5039 3559 ( i i ) 6.353 21 , 27 P<0.001***

A 3392 7548 ( i ) 0.80 45 0.5>P>0.4
Fabricia sabella

NA 7591 11069 ( i i ) 2.15 21 , 27 0.05>P>0.025*

A 659.9 549.4 ( i ) 0.91 35 0 .4>P>0.3
Hvdrobia neglecta 

NA 513.6 369.6 ( i i ) 2.210 27, 21 0.05>P>0.025*

A 142.9 278.0 ( i ) 0.71 46 0.5>P>0.4
Macoma balthica

NA 117.7 149.8 ( i i ) 3 .444 27 , 21 0.005>P>0.001**

A 701 .9 813.7 ( i ) 1.31 48 0.3 >P>0.2
Nereis diversicolor 

NA 1305 1692 ( i i ) 4.324 21 , 27 P<0.001..

A 1198 1431 ( i ) 2.02 41 0.1>P>0.05
Pveospio eleeans

NA 1236 1256 ( i i ) 1.299 27, 21 0.5>P>0.25

Diversity Indices

A
Shannon Wiener

NA

1.066 

1.147

0.1396 

0.2762

(i)

(ii)

0.76 

1 .339

24

10, 19

0.5>P>0.4 

0.5>P>0.25

A 0
Simpson

NA 0

.5749

.5773

0.1516 

0.1404

(i)

(ii)

0.05 

1.166

22

10, 19

P>0.9 

0.25>P>0.1

Sediment Parameters

A
Shear strength 
(kN.m ) NA

11.90 

4.112

16.40 

1.960

(i)

(ii)

2.61

70.02

29

76, 122

0.02>P>0.01“

P<0.001

-----------   V ' n  27 o . o 5 > p > o . o rA +37 .86 86.80 U )  2-11

Redox p o t e n t i a l  Q7 ini 07 0 .5>P>0.25

(mV) NA +99.50 90.50 (n) I-087 101 ’ 9
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2.1.2.3. M eso-scalc differences between peak and trough areas

T he m eso-sca le  d i f fe ren c es  be tw een  the peak  and tro u g h  areas on 

the transect at the low t ide  site w ere analysed as for the  algal and  nonalgal 

areas at high tide. T he  differences in the means were assessed by S tudent’s t 

test on the In transform ed data and variability by F ratio tests applied to the 

variances calculated from  the un transform ed  data. Table 11 gives the means, 

standard dev ia tions , S tu d e n t ’s t test values and F ratios fo r  the peak  (P) and 

trough (T) areas along the low tide transect.

T he  t tests show th a t  there  were a num ber o f  d i f fe ren ces  betw een  

the peak and  t rough  areas in the m eans o f  the d if fe ren t  species abundance, 

sediment parameters and diversity indices. Three o f the low tide species were 

s i g n i f i c a n t l y  le s s  a b u n d a n t  in  t h e  p e a k s  o f  t h e  s a n d  w a v e s  (B. 

guilliamsoniana and  Fh d iv e rs ico lo r ) , w hile  M. balth ica  was totally  absent 

from the peaks. A. m arina  was significantly more abundant in the peaks while 

L  elegans d id  no t show  s ig n if ican t  d if fe ren ces  in abundance  betw een  the 

peaks and  t ro u g h s .  B oth  th e  S h an n o n  W iener  and th e  S im p s o n ’s d iv e rs i ty  

indices w ere  s ig n i f i c a n t ly  h ig h e r  in the  t ro u g h s  th an  in the peaks. Shear 

strength was significantly  h igher in the peaks while the redox potential showed 

no difference between the peak and trough areas.

T h e  F r a t i o s  s h o w e d  th a t  th e  a b u n d a n c e  o f  A. m a r in a  was
 ̂ ce Off

significantly m ore var iab le  in the peaks while  B. gu il liam soniana was more

variable in the troughs. Fb diversicolor and R  elegans showed no significant

difference in variability  between the peaks and troughs. There were significant

differences in the v ar iab i l i ty  o f  the two divers ity  indices be tw een  the peaks

and t ro u g h s  w i th  a h ig h e r  v a r ia b i l i ty  in th e  troughs .  T h e  r e d o x -p o te n t i a l

showed significantly m ore variability  in the troughs than in the peaks, while

the shear strength showed no diffe rence in variability between the peaks and

houghs.



t05

T able  l l *  A bundance  o f  species (No. m ), values 
o f  d iversity  indices and levels o f  sediment parameters 
in peak  (P) and trough (T) quadrats at low 
tide site (un transform ed  data)

(i) S tuden t’s t comparing means o f  In transform ed data,
(ii) F  ratio  com paring variances o f  un transform ed  data 
betw een  peaks and troughs at low tide site.
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TftBLE U -
Comparison of Peak and Trough

Species mean s . d .
(i)
(ii)

Student 
F ratio

' s t
d.f. P

P
Arenicola marina

T

59.48

25.23

19.95 

7 .239

(i)

(ii)

6.81 

7 .595

23 

12, 12

P<0.001
„ * - - •k'k'kP<0.001

P 72.43 140.4 
Bathvporeia guilliamsoniana

T 1965 1638

(i)

(ii)

-6.29 

136.1

13 

12, 12

"ki<P<0.001
„ _  ̂P<0.001

P
Macoma balthica

T

0

108.7

0

101.5

(i)

(ii)

4.331 12 P<0.001

P 262.6 
Nereis diversicolor

T 633.8

215.7

195.4

(i)-

(ii)

-2.26 

1.219

12 

12, 12

0.05>P>0.02* 

0.50> P>0.25

P
Pveospio eleeans

T

5831

4563

3714

3673

(i)

(ii)

1.36 

1.022

19 

12, 12

0.2>P>0.1 

0.50>P>0.25

Diversity Indices

P
Shannon Wiener

T

0.2740

0.8202

0. 1250 

0.2241

(i)

(ii)

-7 .74 

3.214

19 

12, 12

+L- -U
P<0.001 

0.05>P>0.025*

P
Simpson

T

0.1257 

0.4475

0.07065 

0.1468

(i)

(ii)

-7. 18 

4.317

17 

12, 12

P<0.001 

0.01>P>0.005**

Sediment Parameters

P 8.307
Shear strength 
(kN.m ) x 1.898

1 .260 

0.9343

(i)

(ii)

12.01

1.819

14 

12, 12

'k'kicP<0.001 

0.25>P>0.10

P
Redox potential 

(mV) •£

+247.6

+248.8

23 .27 

52.07

(i)

(ii)

0.13

5.007

16 

12, 12

P>0.9 

0.005>P>0.001*'
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2.2. Correlations between species abundances, sediment parameters, algal cover 

and water table

T h e  In t ran s fo rm ed  da ta  o f  species abundance, levels o f  sed im ent 

parameters and arcsine % algal cover were subjected to a series o f  correlation 

analyses. T hese  analyses ca lcu la ted  co rre la t ion  coeffic ien ts  betw een  pairs  o f 

species abundances and sedim ent param eters in tu rn  and are presented below. 

The corre la tion  co e ff ic ien ts  rep resen t  re la tionships  that are opera ting  at a 

meso-scale, because they are calculated from pairs of data points taken from 

quadrats a long  th e  h ig h  o r  low t id e  t ran se c ts .  T h e  in te rp re ta t io n  o f  the  

significant coefficients  are dealt with partly in the results but in more detail 

in the discussion.

R eference  should be made to Figure 13 for a full understanding of 

sections 2.2. 1. to 2.2.3.

2.2.1. Com parisons o f  num bers o f  sign ifican t correlation co e ffic ien ts  a t 

high and low  tide

T a b le  12 g iv e s  th e  n u m b e r s  a n d  p e r c e n ta g e s  o f  c o r r e l a t i o n  

coefficients at high and low tide. The significant correlation coefficients have 

been grouped  in to  nega tive  and  posit ive  corre la tions  and as an im al/an im al,  

anim al/sedim ent, and  s e d im e n t /s e d im e n t  correlations. There  are th ree  m a jo r  

points about the data in this table.

Firstly, there are more significant correlation coefficients at low tide 

(20/45 = 44%) th an  at h igh t ide  (17 /78  = 22%) (2x2 ) ( 2 = 6.960, d.f.= 1, 

0.01>P>0.001**).

S e c o n d ly ,  th e  p r o p o r t i o n  o f  p o s i t iv e  to n e g a t iv e  s i g n i f i c a n t  

correlations at high tide ( 12:5) is not significantly d ifferent from that at low 

t ld e (8 :1 2 )  (2 x 2  ^  2 = 3 .4 6 2 ,  d . f .  = 1, 0 .1 > P > 0 .0 5 ) .



m

Table 1 2* . Comparison of the total number of positive and negative
correlation coefficients (on In transformed data) for pairs of animal 
species and sediment parameters at high and low tide sites along the 
50m transect (using test) .

HT LT

Classification of No. % No. %
Correlation Coefficients

Total significant 17 22% 20 44%
Total nonsignificant 61 78% 25 56%

Grand Total 78 100% 45 100%

HT/LT, sig./nonsig. : 2x2 X-2

X 2 = 6.960, d.f. 1, 0.01>P>0.001**

Positively significant 12 15% 8 18%
Negatively significant 5 6% 12 27%

Grand Total 17 20

HT/LT, +ve sig./- ve sig. : 2x2

X 2 == 3.462, d.f. 1, 0.1> P>0.05

Total significant

Animal / animal 4 5% 5 11%
Animal / sediment 9 12% 12 27%
Sediment / sediment 4 5% 3 7%

Grand Total 17 20

f t  2 = 3.499 jX 2 = 6.428
d.f. 2 d -f - 2

0.2>P>0.1 0.05>P>0.02

Animal/animal, animal/sediment, sediment/sediment sig. : 1x3
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T h i r d l y  a t low t id e ,  t h e r e  w e re  m o re  c o r r e l a t i o n  c o e f f i c i e n t s
\

between animal species and sedim ent parameters (animal/sediment) ( 12) than 

between p a irs  o f  an im a l  sp ec ie s  ( a n im a l /a n im a l )  (5) o r b e tw een  pairs  o f
r\

sediment p a ra m e te rs  ( s e d im e n t / s e d im e n t )  (3) ( 1 x 3 ^  = 6.428, d .f .  = 2,
*

0.05>P>0.02 ). This means that at low tide there is more interaction between

animal species and sediment parameters than there is between animal species
s i te

or between sediment parameters. This effec t is not significant at high t ide .(1x3 

v 2 -  3.499, d.f.=2, 0.2>P>0.1). In general therefore, at low tide^which is a high

erosional environment, there is g reater  interaction between sediment properties

site,
and species abundance  as co m p ared  to h igh t ide^w here conditions are not as 

extreme and the environm ent is more depositional.

T ab le  13 g ives v a lu es  o f  th e  c o r re la t io n  c o e f f ic ie n ts  on the In 

transformed data for (2.2.2.) high tide in the u pper  half (right hand side) and 

(2.2.3.) low  t id e  in th e  l o w e r  h a l f  ( l e f t  h a n d  s id e ) .  T h e s e  w il l  be now 

described.

2.2.2. High tide correlations

There were fewer significant correlations at high tide than at low 

tide. Q  vo lu ta to r  was positive ly  corre la ted  with redox potential,  and was 

therefore m ore ab u n d an t  in the m ore  ae rob ic  sedim ents, hh diversicolor 

was positively correlated with w ater table and so was more abundant where the 

water table was well below the sedim ent surface. /V marina and C  volutator 

were both inversely co rre la ted  w ith  arcsine  % algal cover, and so were less 

abundant where the algal cover was high. F. elegans was inversely correlated 

with the s ta n d a rd  d e v ia t io n  o f  th e  red o x  p o te n t ia l  in d ic a t in g  a h igher  

abundance o f JF elegans associated with less variability in redox potential.

F igure  27 shows co r re la t io n  coe ff ic ien ts  betw een  pairs o f  species. 

L. sabella was p o s i t iv e ly  c o r re la te d  w ith  F .  e le g a n s . and  (T v o lu ta to r  was 

positively correlated with both A. m arina and N. diversicolor. This means that
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I l l

F.s.

P.e.C.v.

H.n.M.b.

A.m.N.d.

Figure 2.^. C orrelation co effic ien ts  between species abundance at High tide 
site along the 50 m transect. The significant correlations are encircled.

A.m. Arenicola marina 
C.v. Corophium volutator 
F.s. Fabricia sabella 
H.n. Hvdrobia neglecta 
M.b. Macoma balthica 
N.d. Nereis diversicolor
P.e. Pygospio elegans
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where one p a i r  o f  sp ec ie s  was a b u n d a n t ,  so was th e  o th e r .  F\ sabe lla  was 

inversely c o r re la te d  w :tn  m a r in a . H ence  w h e re  R_ sabe lla  was m ore 

abundant m arina was less abundant, and vice versa.

F igure 28 shows correlation coefficients between pairs o f sediment 

pa ram ete rs .  S h e a r  s t r e n g t h  an d  its  s t a n d a r d  d e v i a t i o n  w e re  p o s i t iv e ly  

correlated w ith  bo th  the  arcsine  % algal cover and w a te r  table. This reflects 

the high values o f  shear strength and its greater variability in the presence of 

algal cover and where the water depth was well below the sediment. Arcsine % 

algal cover was in v e rs e ly  c o r re la te d  w ith  redox  p o te n t ia l  and  so areas 

having a high % algal cover had a lower redox potential. This was noticeable 

on the beach because  the sed im en t in these areas was b lack ju s t  below the 

algal m at su r fa c e .  T h e  e f f e c t  is p ro b a b ly  caused  by d ec ay in g  algae and  

microbial degradation o f  the plant material.

2.2.3. Low tide correlations

T h ere  w ere  m ore  s ign if ican t  correlations at low tide than  at high 

tide (Table 13). B g u i l l i a m s o n ia n a  and  bb d iv e rs ic o lo r  w e re  n eg a tiv e ly  

correlated w ith  m ean  shea r  s treng th  and the w ate r  table. This  means that  B. 

gu il liam soniana and  NL d iv e rs ic o lo r  w ere m ore a b u n d a n t  w h e re  the shea r  

strength was low and  the  w a te r  tab le  was close to o r  above  the  s ed im en t  

surface. This tends to occur in the troughs of the sand waves, / v  marina was 

positively co rre la ted  w ith  mean shear s trength  and  w ith  level o f  the w ate r 

table below the s ed im en t  surface . This  means tha t  A^ m arin a  was abundan t  

where shear s tren g th  was high and the w ater  table was below the sed im ent 

surface. This occurs at the  peaks o f  the sand waves and  reflects  the g rea ter  

abundance o f m arina there. M i balthica was n a t i v e l y  correlated with shear 

strength and obo negatively correlated with the water table.



PAC

m e h
MSS

SEH

YVT

Figure Zg. C o r r e l a t i o n  c o e f f i c i e n t s  b e t ^ en  g f ^ i i i c a n t ^ c o r r e l a t i o n s  are 
tide s i te  a lo n g  th e  50m  t r a n s e c t .  T h e  s i g m t i c a
encircled.

PAC Percent algal cover 
MSS Mean shear strength 
SSS Standard deviation in shear s trengt 
MEH Mean Redox-potential (Eh)
SEH Standard deviation in R edox-po ten tia l  (Lmj 
WT Water table.
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It is in te re s t in g  to note tha t  FL d ivers ico lo r is inversely corre la ted  

with the standard deviation o f the shear strength but positively correlated with 

the standard d ev ia t io n  o f  the redox potential.  N. diversicolor was th ere fo re  

present in high num bers  where variability  in shear strength was low and where 

variability in redox  p o ten t ia l  was high. R  guilliam soniana and M .  balth ica  

were negatively co r re la ted  w ith  the s tan d a rd  devia tion  o f shear s trength  and 

therefore occurred in low num bers where variation in shear strength was high.

F ig u re  29 show s th e  pa irs  o f  c o r re la t io n  co e f f ic ien ts  b e tw e en  

species. R  g u i l l iam so n ian a . and  M i ba l th ica  were positively corre la ted  w ith  

each other. A^. m a r in a  was n e g a t iv e ly  c o r re la te d  w ith  M. b a l th ica  and  B. 

guilliamsoniana.

F ig u re  30 show s c o r re la t io n  c o e f f ic ie n ts  b e tw een  the  sed im en t  

parameters. T h e  w a te r  tab le  was p o s i t iv e ly  c o r re la te d  w ith  the  m ean  and  

standard dev ia tion  o f  the shear  s treng th .  This  means that where the w ate r  

depth was well below the sediment surface the shear strength was high and so 

was its variability (standard  deviation). Shear strength was positively correlated 

with redox po ten tia l .  T h is  is to be expected ,  because shear s trength  will be 

high at the peaks o f  the sand waves where the sediment is exposed every tide 

and where it is there fo re  more aerobic.
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Figure^. Correlation coefficients between species abundance at Low tide 
site along the 50 m  transect. The significant correlations are encircled.

A-m. Arenicola m arina
Bg- Bathvporeia guilliam soniana
M.b. Macoma balthica
N.d. Nereis diversicolor
P-e. Pygosnio elegans



SEH sss

Figure 3 0 . Correlation coefficients between sediment parameters at 
dde site along the 50 m  transect. The significant correlations
encircled.

MSS Mean shear strength
SSS Standard deviation in shear s trength
MEH Mean R ed o x -p o ten tia l E h
SEH Standard deviation in R e d o x -p o te n t ia l  b n
WT Water table.

Low
a re
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2.3. Tw o a d d itio n a l  m e th o d s  o f  a sse ss in g  h e te r o g e n e ity

Tw o add itonal m ethods  w ere  used to d is t ingu ish  betw een  m acro-,  

meso- and m ic ro - s c a le  h e te ro g e n e i ty .  Both m e th o d s  co m p ared  scales o f 

variability firstly along the high tide and low tide transects -  micro-scale and 

meso-scale h e te ro g e n e i ty ,  an d  th en  b e tw e e n  the  h ig h  t ide  and  low tide 

transects - macro-scale heterogeneity.

2.3.1. Method 1: Variance ratio m ethod  (sediment parameters only)

Reference should be made to F igure 14 for a full understanding of

section 2.3.1. T h is  m e th o d  was a p p l ie d  to the  sh ea r  s t re n g th  and  redox

potential data, for which 4 readings were available in each quadrat. Four 1x50

one way analyses o f  var iance  w ere  co n d u c ted  on the In transfo rm ed  data
site

(shear s trength  high tide, shear  s tren g th  low tide, redox  poten tia l high tide, 
Site.

redox potential low tide). The results o f  these analyses are given in Tables 14 
* st be.

and 15 for shear s treng th  at h igh  and low tide^and  in Tables 16 and 17 for

redox potential at high and low tide. Each cell in each of the four analyses of

2variance contained 4 readings all o f  which had been taken within 1 m .

In the analyses o f  v ar iance ,  the be tw een  quadrats  variance (main 

effect) was taken as a measure o f  meso-scale variability between the quadrats 

along the transects  (> lm ) (F igu re  14). In a s im ilar  way, the w ith in  quadrats  

variance (residual effect) was taken as a measure o f micro-scale variability 

within the lm  quadrats along the transects (< lm ) (Figure 14).

The com parison  be tw een  m eso-sca le  and m icro -sca le  variab ility  

along each transect was assessed by the F  ratios ob ta ined  from  the one way 

analyses o f  var iance (F igure  14). T ab les  14 to 17 and Tab le  18 (upper  half) 

8lve the F ratios o f  these analyses. All the fo u r  F ratios were statistically 

significant (shear strength HT, shear strength  LT, redox potential HT, redox 

Potential LT). This  means th a t  the m eso -sca le  (be tw een  quadrat)  var iab ility
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Table 11+ . High tide site. 1x50 one-way analysis of
variance comparing shear strength (kN.m ) between lm 
quadrats along the 50m transect (In transformed data).

Source of 
variation

SS MS=SS/df d.f. F-ratio

Main 
Factor 
(Between 
quadrats)

67.83 1.384 49 4.856 P<0.001 •kick

Res idual 
Error 
(Within 
quadrats)

42.72 0.285 150

Total 110.5 199

Table 15- Low tide site. 1x50 one-way analysis of variance 
comparing shear strength (kN.m between lm quadrats along 
the 50m transect (In transformed data).

Source of 
variation

SS MS=SS/df d.f. F-Ratio P

Main 
Factor 
(Between 
quadrats)

104.8 2.139 49 36.52 P<0.001 kkk

Residual
Error
(Within
quadrats)

8.784 0.0586 150

Total 113.6 199
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Table l b - High tide site. 1x50 one-way analysis of variance 
comparing Eh(mV) between and within lm quadrats along the 
50m transect (In transformed data).

Source of 
variation

SS MS=SS/df d.f. F-ratio P

Main 
Factor 
(Between 
quadrats)

43.64 0.891 49 3.362 P<0.001 ick-k

Residual 
Error 
(Within 
quadrats)

39.79 0.265 150

Total 83.42 199

Table 1 ^ - Low tide site. 1x50 one-way analysis of variance 
comparing Eh(mV) between and within lm quadrats along the 
50m transect (In transformed data).

Source of 
variation

SS MS=SS/df d.f. F-Ratio P

Main
Factor
(Between
quadrats)

2.716 0.0554 49 2.916 P<0.001

Residual
Error
(Within
quadrats)

2.849 0.0190 150

Total 5.565 199
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Table 18  ■ Comparison of meso-scale and micro-scale variability in the
sed iment  parameters shear strength and redox potential at high and low 
t ide  sites ( I n  transformed data). The F ratios are calculated 
from the mean squares (MS) in the analyses of variance given in 
Tables

greater MS
Comparison of Variability F = ...........  d.f.

lesser MS

M e s o -scale/micro-scale variability

Shear s t r e n g t h
High Tide Site: Between/within 1.384 ^

lm quadrats   = 4.856 49,150 P<0.001
0.285

Low Tide Site: Between/within 2.139
lm quadrats   = 36.50 49,150 P<0.001

0.0586

Rfidox Potential
High Tide Site: Between/within 0.891

lm quadrats   = 3.362 49,150 P<0.001
0.265

Low Tide Site: Between/within 0.0554
lm quadrats   = 2.916 49,150 P<0.001

0.0190

High Tide Site/Low Tide Site variability

Shfiai strength
Meso-scale (between lm^ quadrats) 2.139

Utf Tide/VhnVi Tide  = 1.546 49,49 0.1>P>0.05
J 1.384

Micro-scale (within lm^ quadrats) 0.2850
High Tide/Low Tide   = 4.863 150,150 P<0.00l'

0.0586

^ 2 *  Po t e n t ia l
Meso-scale (between lm^ quad 

High Tide/Low Tide
rats) 0.8910

-......= 16.08 49,49
0.0554

P<0.001 •kit*

^ero-scale (within lm^ quadrats) 0.2650
High Tide/Low Tide   = 13.95 150,150 P<0.00T

0.0190
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was greater than the m icro-scale (within quadrat) variability for shear strength 

and for redox potential along both the high and low tide transects (see Figure 

14).
Site

T he com parison  o f  m eso-scale  v ar iab il i ty  at h igh  tide w ith  m eso-\
Site

scale variability at low tide^which gave a macro-scale comparison was obtained

by an F ratio w h ich  com pared  the anova b e tw e e n -q u a d ra t  variance at high
Site

tide with the anova b e tw e e n -q u a d ra t  var iance at low tide^(Figure 14). In a

similar way, the comparison o f micro-scale variability at high tide with m icro-
site

scale variability at low tide ,w hich  gave a macro-scale comparison was obtained
site

by an F ratio which compared the anova w ith in -quadra t  variance at high tide
Site

with the anova w i th in -q u a d ra t  var iance at low tide. Table  18 (lower half)

gives the F ratios o f  these comparisons. Shear strength showed no difference in

meso-scale variability  between the high and low tide transects in spite o f the

very different sedim entary  environments - the algal mats at high tide and the

sand waves at low tide (Table 18, F = 1.546). M icro-scale variability in shear
site

strength however was much higher at high t ide .than  at low tide (Table 18, F  =
(  k

4.863). Redox potential showed a highly significant d iffe rence in both meso- 

scale and m icro -sca le  v ar iab il i ty  betw een the h igh and  low tide transects. 

Hence for redox  p o te n t ia l  m a c ro -s c a le  v a r ia b i l i ty  b e tw e en  the h igh  t ide  

transect and the low tide transect occurred at both a meso- and micro-scale 

(Table 18, F = 16.08 and F = 13.95).
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2.3.2. Method 2: Differences method

R eference should be made to Figures 15.1, 15.2 and 31 for a full 

understanding o f section 2.3.2. In this m ethod differences were obtained by 

subtraction of pairs o f  original data obtained from quadrats at successive lm  

(micro-scale), 5m, 10m, 20m, 30m, and 40m (meso-scale) distances for species 

abundances, d ivers i ty  indices and sed im en t  param eters .  F o r  example for the 

lm difference the abundance o f a species in the first quadrat was subtracted 

from its abundance in the second quadrat, and the abundance in the second 

quadrat was su b trac ted  from the ab u n d an ce  in the th ird  quadrat ,  and so on. 

The lm distances gave 49 differences, the 5m gave 46, the 10m gave 41, the 

20m gave 31, the 30m gave 21, and the  40m distances gave 11 d iffe rences  

(Figure 31). In each case the absolute value o f  the d if fe ren ce  was used. The 

differenced data for all the distances is given in Appendix  3 Tables 10 to 27. 

I wrote a com puter program to calculate differences from the original data (I 

am grateful to D r A.C. R eiche lt  for adv ice  in co m p u te r  program m ing). This 

program calculates the absolute values o f  the differences for pairs o f  distances. 

The flow chart, listing, and an example o f  a run o f this com puter program are 

given in Appendix 4 .

Table 19 gives the means and standard  deviations of the lm, 5m, 

10m, 20m, 30m, and 40m differences data  in species abundances and the 

Shannon Wiener diversity index for the high and low tide transects. The shear 

strength and redox potential data (m eans/quadrat)  were also included, for 

comparison with method 1. The data in this table show that all 18 5m 

differences were greater than the lm differences,  that 15 out of the 18 10m 

differences were greater than the 5m differences, that 13 o f  the 18 10m 

differences were greater than the 20m, 30m, and 40m differences respectively. 

This means that in general the lm  differences  were lowest and the 10m 

differences were highest.
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Figure -31 • Meso- and micro-scale variability.

50 m transects showing how the lm, 5m, 10m, 20m, 30m, and 40m 
differences were calculated. Values in brackets are the total 
number of differences obtained for the six distances, and 
figures directly below each transect line indicate the quadrat 
number (e.g. for the 5m differences: 1-5 means the difference 
between quadrat 1 and quadrat 5, 2-6 means the difference
between quadrat 2 and 6, and so on).
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Table 1 ^ .

Differences in s p e c ie s  a b u n d a n ce  (no .m '2) ,  jn the Shannon Wiener diversity index, in v a lu es  of shear strength (kN.rrr^) and 

redox potential (mV) at 1m, 5m , 10m, 20m , 30m  amd 40m distances apart, along the high tide (HT) and low tide (LT) 
transects. Figures are m eans ± s.d.

Species 1 m 5m 1 Ora 20m 30m 40m

A r e n i c o l a  m a r i n a HT 2 9 - 8 + 5 6 . 7 6 2 . 4 + 9 2 . 4 67-1 + 8 9 . 1 3 5 - 5 1 7 8 . 5 7 2 .1 + 9 6 . 5 21 . 8 + 2 8 . 3

LT 1 2 . 4 + 1 1 . 2 2 2 . 1 + 1 7 - 7 2 4 . 4 + 1 7 . 5 2 0 .1 1 18 .1 2 2 . 7 + 1 9 - 5 2 9 - 8 + 2 3 - 7

Macoma b a l t h i c a HT 147 + 212 174 + 223 192 + 231 178 1 225 174 + 231 278 + 373

LT 4 3 - 2 + 6 2 . 2 81 -9 + 8 5 - 5 86 .1 + 91 -3 6 4 - 5 + 8 5 . 1 3 9 - 2 + 5 6 . 9 9 6 - 3 + 8 8 . 4

N e r e i s  d i v e r s i c o l o r HT 8 2 6 + 996 1223 + 1315 1137 + 1381 14 35 1 1402 11 10 + 996 1423 + 1641

LT 173 + 140 271 + 184 333 + 217 2 7 3 1 2 32 241 + 172 300 + 226

Pygospio elegans HT 985 + 9 76 1244 + 1146 1476 + 1244 1674 1  1 3 9 8 13 00 + 9 8 8 1337 + 1390

LT 3445 + 30 44 4 0 3 0 + 4 05 8 4829 + 4246 3 9 8 7 + 4 1 6 8 51 79 + 4 4 1 7 3167 + 3 54 7

Corophium volutator HT 26 13 + 3 3 3 8 371 5 3 6 8 7 3301 + 3222 4 1 2 7 i  3631 3 3 8 0 + 2856 2632 + 2906

Fabricia sabella HT 4 2 1 8 + 7 3 0 7 6671 + 101 67 7059 + 11130 1 01 75 + 1 32 40 6 6 4 2 + 8 4 3 2 6816 + 10134

Hydrobia neglecta HT 4 3 7 + 4 2 5 4 73 + 4 5 2 534 + 389 5 2 0 t  4 0 9 555 + 5 36 439 + 491

Bathyporeia LT 125 9 + 1705 1568 + 1728 2030 . + 1713 10 33 1 159 9 1850 + 1879 20 44 + 2305
g u i l l i a m s o n i a n a

S h a n n o n  W i e n e r  
d i v e r s i t y  i n d e x

KT 0 - 3 0 4  + 0 . 2 7 5  0 - 3 1 4  1 0 . 2 6 6  0 - 3 6 0  + 0 - 2 6 7  0 . 2 8 3  1  0 . 2 4 3

LT 0 . 2 0 5  1 0 - 1 6 3  0 . 2 9 0  1 0 . 2 3 5  0 . 4 9 3  1 0 . 2 5 0  0 - 2 7 3  1  0 . 2 4 7

0 . 3 0 9  1 0 . 1 8 1  0 . 3 0 7  1 0 .2 1 1

0 . 3 9 3  1 0 . 2 5 8  0 . 4 2 5  1 0 . 2 8 6

Sediment parameters

S h e a r  S t r e n g t h

Redox P o t e n t i a l

HT

LT

HT

4 . 1 0  + 5 . 9 5  5 - 3 3  1 7 - 1 0  4 - 4 9  1 4 . 0 5  4 . 4 8  + 6 . 2 7  5 - 9 0  + 8 . 0 0  3 - 8 0  + 5 - 0 0

1 . 4 0  + 1 . 0 8  3 - 2 0  1 2 . 4 4  4 - 9 7  1 2 . 7 4  3 - 2 9  1 2 . 7 7  3 - 4 5  1 2 - 4 5  2 .81  1 2 . 1 0

5 9 . 7  + 4 7 . 4  8 5 . 6  l  5 8 . 4  8 8 . 7  1 6 2 . 0  9 9 - 0  + 5 7 . 7  7 4 . 5  + 6 0 . 0  6 5 - 9  1 6 4 - 9

3 3 . 8  +  3 0 . 5  3 8 - 3  + 3 4 - 7  5 0 . 4  1 35 -4  3 8 . 4  1 2 9 - 6  4 6 . 2  l  4 3 - 4  3 6 . 6  1 3 0 . 7
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T he d if fe re n c e d  data  was statistically  analysed by a series o f  one 

way analyses o f  variance on the In transformed data (Figures 15.1., 15.2). The 

results o f  these statis tica l  analyses are p resen ted  below in 2.3.2.1. fo r  m ic ro 

scale d iffe rences  ( lm )  and m eso-scale  d iffe rences  (5m, 10m, 20m, 30m and 

40m), and in 2.3.2.2. fo r  m acro -sca le  d iffe rences  (be tw een the high and low 

tide differenced data).

2.3.2.1. Comparisons between meso- and micro-scale differences

A  n u m b e r  o f  1x6 one way analyses o f  var iance  were conduc ted  to 

compare overall d iffe rences  at lm  (micro-scale), and 5m, 10m, 20m, 30m, and 

40m (meso-scale) distances along the high and low tide transects (Figure 15.1). 

This gave 18 anova in all. The 6 levels in the anova were the 1, 5, 10, 20, 

30, and 40m d i f fe re n c e d  da ta  fo r  the species abundances, the Shannon 

Wiener diversity index, and the sediment parameters. The F  ratios from these 

anovars are given in Table 20. Six out o f the 18 comparisons were significant. 

Five of these were at low tide, and these included three of the four common 

species (A„ m a r i n a . M. b a l th i c a . N. d iv e rs ic o lo r ), the  S h an n o n  W iener 

diversity index and shear  s treng th .  T h e  only s ign ificant anova at high tide 

was that fo r  redox  po ten tia l .  In general,  this indicates th a t  the re  was more 

overall meso-scale and m icro-scale variability along the low tide transect than 

along the high tide transect.

T he  18 1x 6 one way anova were followed by a series o f  1x 2 one 

way anova co m p ar in g  pairs  o f  d if fe ren c ed  data (1 /5 , l /1 0 , . . . .3 0 /4 0 m ) for 

species ab u n d a n c e s ,  th e  S h an n o n  W iener d iv e rs i ty  in d ex ,  and  sed im en t  

parameters at high and low tide (Figure 15.1). These comparisons fell into two 

groups: 5 m icro /m eso-scalc  comparisons and 10 meso/meso-scale comparisons 

(Figure 15.1), giving 15 comparisons at high tide and 15 at low tide for each 

sPecies, for the S hannon  Wiener d ivers ity  index, for shear s treng th  and for 

redox potential. T he F ratios from these anovars are given in tables 21 to 31.
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Table 20  . F ratios from the 18 1x6 one way analyses of variance 
comparing differences at lm, 5m, 10m, 20m, 30m, and 40m distances 
apart along the 50m transect, for species abundances of (no.m ), 
values of diversity indices, and levels of sediment parameters at 
High and Low tide sites (In transformed data).
Anovars not presented in thesis.

F-ratio d.f. 's P

Specie

A. marina HT 1.894 5, 193 0.1>P>0.05

LT 2.729 5, 193 0.025>P>0.01*

M.balthica HT 0.5143 5, 193 P>0.75

LT 2.437 5, 193 0.05>P>0.025*

N.diversicolor HT 1.991 5, 193 0.10>P>0.05

LT 2.516 5, 193 0.05>P>0.025*

P.elegans HT 0.9056 5, 193 0.50>P>0.25

LT 1.075 5, 193 0.50>P>0.25

C.volutator HT 0.4727 5, 193 P>0.75

F. sabella HT 1.043 5, 193 0.50>P>0.25

H.neelecta HT 0.4568 5, 193 P>0.75

JLeuilliamsrmi p n p  T.T 1.802 5, 193 0 . 25>P>0.10

feliils Index

Shannon Wiener 
Diversity Index

HT

LT

0.7330

8.313

5, 193 

5, 193

0. 75>P>0.50 

P<0.001***

Parameters

Shear
strength

HT 0.4444 5, 193 P>0.75
ickiiP<0.001LT 7.368 5, 193

Fedox
Potential

HT 2.783 5, 193 0.025>P>0.001

LT 1.355 5, 193 0.10>P>0.05
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Table 21 Shannon Wiener diversity index.
Comparisons of differences between pairs of distances 
(m) . F ratio from 30 one-way 1x2 anovars (In 
transformed data). Anovars not presented in thesis. 
Upper right: High tide site.
Lower left: Low tide site.

Metres 1 5 10 20 30 40

------ n i g n  c i a e site ---------

1 2.09 0.17 0.09 0.77 0.00

5 4.14* 0.92 2.49 0.09 0.73

10 43.48** 15.32*** 0.43 0.25 0.05

20 2.08 0.10 14.09 1.20 0.05

30 13.40*** 2.59 2.21 2.89 0.40

40 11.73** 2.62 

• - - —  - T.nu

0.63 2.81

fi H p si 1 - p -----

0.10

Table Z Z A r e nicola marina. Comparisons of
differences in abundances between pairs of distances.
F ratios from 30 1x2 one-way anovars (In transformed
data) . Anovars not presented in thesis. Upper right:
High tide site
Lower left: Low tide site.

Metres 1 5 10 20 30 40

-----------  nign iiuc sit e

1 3.12 5.00* 0.12 4.86* 0.18

5 2.56 0.28 1.54 0.66 0.54

10 12.98*** 2.27 2.86 0.13 1.19

20 4.16* 0.10 2.47 3.31 0.03

30 2.68 0.05 1.72 0.00 2.11

40 3.75 0.65 0.00 0.82 0.56

----  Low tide site ---



Table £ 3  . Macoma b a 11 h i c a . Comparisons of
differences in abundances (no.m ) between pairs of 
distances (m) . F ratios from 30 1x2 one-way anovars 
(In transformed data). Anovars not presented in 
thesis.
Upper right: High tide site.
Lower left: Low tide site.

Metres 1 5 10 20 30 40

High tide s r t e

1 0.48 1.32 0.48 0.24 1.88

5 6.16* 0.21 0.01 0.00 0.91

10 6.58* 0.04 0.11 0.16 0.46

20 1.49 0.82 1.06 0.01 0.67

30 0.05 4.18 4.39:k 1.28 0.64

40 5.29* 0.26

---- Low

0.13

tide

1.18 

s i t e ---

, _ _ * 4.70

Table Z k  . Nereis diversicolor. Comparisons of 
differences in abundances (no.m ) between pairs of 
distances (m) . F ratios from 30 1x2 one-way anovars 
(In transformed data). Anovars not presented in 
thesis.
Upper right: High tide site.
Lower left: Low tide site.

Metres 1 5 10 20 30 40

T T 4 L  1m « J  a■---High 11CL6 s r t e

1 8.40 0.53 1.75 3.75 1.79

5 4.94* 4.15* 1.02 0.02 0.05

10 10.19** 1.14 0.44 1.81 0.82

20 1 .54 0.46 2.60 0.40 0.15

30 3.02 0.00 0.83 0.33 0.01

40 2.40 0.10 0.14 0.48 0.09

-----  Low tide site ---
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Table l o  . Pygospio e l e g a n s . Comparisons of 
differences in abundances (no.m ) between pairs of 
distances (m) . F ratios from 30 1x2 one-way anovars 
(In transformed data). Anovars not presented in 
thesis.
Upper right: High tide site.
Lower left: Low tide site.

Metres 1 5 10 20 30 40

nlgn Clue s i t e

1 1.27 3.72 2.00 0.98 0.49

5 0.00 0.83 0.28 0.03 0.00

10 2.04 1.19 0.05 0.28 0.26

20 0.18 0.08 0.73 0.06 0.07

30 3.01 1.63 0.26 1.53 0.00

40 0.71 0.45 2.61 1.08 3.39

Low tide s i t e ---

Table b . Corophium v o l u t a t o r . Comparison of 
differences in abundances (no.m ) between pairs of 
distances (m). F ratios from 15 1x2 one-way anovars
(In transformed data). Anovars not presented in 
thesis. High tide site.

Metres 1 5 10 20 30 40

------------ High tide site -..........

1 2.27 0.11 0.63 0.33 0.00

5 1.06 0.21 0.31 0.90

10 0.20 0.08 0.04

20 0.01 0.24

30 0.14
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Table ZT- . Fabricia s a b e l l a . Comparison of 
differences in abundances (no.m ) between pairs of 
distances (m) . F ratios from 15 1x2 one-way anovars 
(In transformed data). Anovars not presented in 
thesis. High tide site.

Metres 1 5 10 20 30 40

-  - U i  rr Vi tide sitehign

1 0.33 0.48 „ * 4.85 1.38 1.42

5 0.01 2.25 0.42 0.54

10 2.02 0.32 0.48

20 0.43 0.10

30 0.05

Table Z0 . Hvd r o b i a ne g 1 e c ta . Comparison of 
differences in abundances (no.m ) between pairs of 
distances (m). F ratios from 15 1x2 one-way anovars 
(In transformed data). Anovars not presented in 
thesis. High tide site.

Metres 1 5 10 20 30 40

--------------High tide site----- -------

1 0.09 1.15 0.05 0.18 0.53

5 0.61 0.00 0.04 0.84

10 0.45 0.17 1.98

20 0.03 0.58

30 0.78
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Table 2.^ • Bathvporeia guilliamsoniana. Comparison 
of differences in abundances (no.m ) between pairs of 
differences ( m ) . F ratios from 15 1x2 one-way
anovars (In transformed data). Anovars not presented 
in thesis. Low tide site.

Metres 1 5 10 20

1

5 0.25

10 4.34 2.18

20 0.69 1.48 7.17**

30 0.94 0.28 0.46 2.34

40 1 .74 0.87 0.00 3.15

Low tide site
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Table 3 0  • Shear strength. Comparisons of
differences in mean shear strength (k N .m ) 
between pairs of distances (m). F ratios from 30 1x2
one-way anovars (In transformed data). Anovars not 
presented in thesis.
Upper right: High tide site. Lower left: Low tide 
site.

Metres 1 5 10 20 30 40

High tide site

1 0.97 1.66 0.79 0.73 0.01

5 6.80* 0.05 0.00 0.01 0.45

10 38.62*** 6.56* 0.08 0.00 0.84

20 16.81*** 0.71 3.80 0.02 0.47

30 13.05*** 0.69 2.19 0.03 0.37

40 6.62* 0.15 

---- Low

2.34

tide

0.05 

s i t e ----

0.11

Table 31 . Redox potential (Eh). Comparisons of
differences in mean redox potential (mV) between pairs 
of distances (m). F ratios from 30 1x2 one-way anovars 
(In transformed data). Anovars not presented in 
thesis.
Upper right: High tide site. Lower left: Low tide
site.

Metres 1 5 10 20 30 40

High tide site

1 5..61* 5.

*COCO 11..36** 1..00 0..02

5 0 ..46 0..03 1 ..23 0..65 2..24

10 6,.20* 3..03 0..78 0..81 2..32

20 0 ..57 0..01 2..28 2..83 4,.98

30 1..63 0..53 0..35 0..37 0..55

40 0 ..09 0 ..01 1..45 0..04 0..33

Low tide site



Inspection o f  the F  ratios in these tables and of the differenced data 

in Table 19 enabled me to draw up two tables which summarise the 

significant effects (Tables 32, 33). There  were a num ber o f cases where m icro

scale differences ( lm )  were less than meso-scale differences (5, 10, 20, 30, 

and 40m). This was true  for m arina . M. balthica. N. diversicolor. F\ 

sabella, R  guilliam soniana. the Shannon Wiener diversity index and the two 

sediment param eters (Table 32). In contrast there were no cases where m icro

scale differences were significantly  greater than meso-scale differences. In 

some instances there were d iffe rences  between differen t meso-scale distances. 

This was true for M. ba lth ica . N. d iversicolor. R  guilliamsoniana. the Shannon 

Wiener diversity index and the two sedim ent parameters (Table 32).

Table 33 shows that there were obvious differences between high 

and low tide in the num bers  o f  s ignificant m icro/m eso-scale comparisons, but 

no such d iffe rence in m eso/m eso-sca le  comparisons. Eighteen out of the 40 

micro/meso-scale comparisons were significant at low tide but only 7 out of 

50 at high tide. This d iffe rence  was significant when tested b y ^ 2 (2x2 ^ 2 , 

18/22 : 7 /43 ,"^  2 = 10.60, d.f.= l, 0.01 >P>0.001 ). In contrast, there were few

significant m eso/m eso-sca le  comparisons e ither at high tide or at low tide 

(2/100 and 7 /80  respectively), although again there were significantly more at 

low tide (7/80) than at high tide (2/100) ( 2 x 2 ^ 2, 2/98 : 7/73, ^  2 = 4.263, 

d.f.=l, 0.05>P>0.02*).

Overall, there were more significant micro/meso-scale comparisons 

(25 out of 90) than there were significant meso/meso-scale comparisons (9 

out of 180) (2x2 ~X. 2, 25/65 : 9/171, ^  2 = 28.28, d .f .= l,  P<0.001***), and 

ln aH of these the m icro-scale  d iffe rence was less than the meso-scale 

difference (micro<meso in Table 33).
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Table 3 2  . Number of significant F ratios for micro/meso-scale 
and meso/meso-scale differences at high and low tide sites from 
the 1x2 one way analyses of variance on species abundances, Shannon 
Wiener diversity index and sediment parameters.

Number of significant F ratios

Micro/meso-scale Meso/meso-scale

Micru<meso Micro>meso

Species
A. marina HT lm<10,30m 0 0

LT lm<10,20m 0 0

M. balthica HT 0 0 0

LT lm<5,10,40m 0 30<5,10,40m

N.diversicolor HT lm< 5m 0 10<5m
LT lm<5,10m 0 0

P.elepans HT 0 0 0

LT 0 0 0

C. volutator HT 0 0 0

F, sabella HT lm<20m 0 0

Hrneelecta HT 0 0 0

B. guilliamsoniana LT lm<10m 0 20<10m

Eiversity Index
Shannon Wiener HT 0 0 0

Diversity Index LT lm<5,10,30,40m 0 5<10m; 20<lOn

Ssdimffntl Parameters
Shear HT 0 0 0
strength LT lm<5 ,10 ,20 ,30,40m 0 5<10m

Redox HT lm<5,10,20y 0 40<20m
Potential LT lm<10m 0 0
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Table 3 3  . Numbers o f  s i g n i f i c a n t  ( s )  and n o n s i g n i f i c a n t  (n s )  m ic ro -  
and m e s o - s c a l e  c o m p a r i s o n s  by 1x 2 one way a n a l y s e s  o f  v a r i a n c e  o f  
d i f f e r e n c e d  d a t a .

Micro/meso-scale comparisons Total

Micro<meso 
s ns

Micro>meso 
s ns

s ns Total

HT 7
ii

40
ii

0
ii

3
ii

7 43 50

LT 18
ii

47

19
ii

3

0
ii

3
ii

18 22 40

37 3

Total 25 59 0 6 25 65 90

Meso/meso-scale 
s

comparisons
ns Total

HT

LT

2

7

98

73

100

80

Total 9 171 180
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2.3.2.2. Macro-scale comparisons o f  differenced data between high 

and low  tide

A  series o f  1x2 one way analyses o f  v ar iance  were conducted  to
sites'

compare m acro-scale differences between high and low tide^at lm, 5m, 10m, 

20m, 30m, and 40m for species abundances, Shannon Wiener diversity index 

and the sedim ent parameters (Figure 15.2). The F  ratios of these analyses are 

given in Tab le  34. They  show th a t  m ost o f  the h igh  tide d iffe rences  were 

greater than the low tide differences for M. balth ica. N. diversicolor and redox 

potential w h i le  th e  h ig h  t id e  d i f f e r e n c e s  w e re  less th a n  th e  low t id e  

differences fo r  R  e leeans . Only one d is tance  was d i f fe re n t  for the Shannon 

Wiener d ivers ity  index  (10m, h igh  t id e  < low tide) and only one for shear 

strength ( lm , high tide > low tide).
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Table Comparison of differences in species abundances,
Shannon Wiener diversity index, and sediment parameters at 
lm, 5m, 10m, 20m, 30m, and 40m distances between high tide 
(HT) and low tide (LT).
F ratios from 42 1x2 one way analyses of variance (In
transformed data). Anovars not presented in thesis.

Distances (m) 1 5 10 20 30 40

Species

A. marina 0 .0 3 0 .3 6 0 .0 4 1 .32 1 .4 6 1 .67

M. balthica 1 1 .4 5 * * * 6 .3 5 * 7 .7 9 * 6.80 7 .1 3 * 1 .9 5
HT>LT HT>LT HT>LT HT>LT HT>LT

N. diversicolor 5 .6 8 * 1 9 .3 5 * * * 0 .2 8 4.80* 8 . 12** 2 .0 5
HT>LT HT>LT HT> LT HT>LT

P, elegans 2 5 .7 9 * * * 1 5 .5 1 * * * 1 7 .8 1 * * *
kk7.78 1 1 .4 8 * * 1 .87

HT<LT HT<LT HT<LT HT<LT HT<LT

Shannon W iener 
Diversity I n d e x 3 .4 0 1 .37

„ „ _ ̂ kkk
1 3 .3 0
HT<LT

0.02 0 .8 0 1 .76

Sediment P a r a m e t e r s

Shear strength 1 1 . 10** 
HT> LT

1 .49 1 .25 0. 14 0 .0 7 0 .0 8

Redox Potential _ , , kk
9 .6 6

kkk
2 3 .9 1

kk
1 0 .5 9

«JL* sL >  s t

30.25.. 3 .07 1.01
HT>LT HT>LT HT> LT HT>LT
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MICROBIAL C O M M U N ITIES

C o lo n is a t io n  an d  g ro w th  o c c u r re d  on g ra in s  in all the  sed im en t  

cores. The o rganism s in c luded  bac te ria ,  b lu e -g reen  algae, penna te  diatoms, 

fungal m ycelia  and  the  fungus  T h rau s to ch v tr iu m . some u n id en t i f ied  forms, 

and detrital m ater ia l.  T h e  results are d iv ided  in to  two parts  - a descrip tive 

account o f  th e  m ic ro o rg a n is m s  p re s e n t  in the  d i f f e r e n t  t r e a tm e n ts  and  a 

quantitative analysis o f  the ir  relative abundances. There is a small amount of 

overlap be tw een  the  tw o parts ,  b u t  this is necessary in o rd e r  to provide  a 

proper account o f  the data. In the descriptive part I have defined the scales as 

follows. F o r  the  com p ar iso n  o f  species on an ind iv idua l sand g ra in  -  m icro -  

s^Sle (<_lmm) (I have no t  s tud ied) ,  com parison  o f  species on d i f fe re n t  sand 

grains in the same medium- m eso-sca le  ( > l mm - <T0cm), and  com parison of 

the same species in d if fe ren t  m edia or environments - macro-scale (> 10cm).

1. Descriptive account o f  microorganisms present in different treatments

1.1. Sedim ent en rich ed  w ith  p h o to syn th c tic  m edium , incubated  in the ligh t 

(ML)

M ore g ro w th  o ccu rred  on su b an g u la r  than  on su b rounded  grains

(Russell & Taylor, 1937; Weise & Rheinheim er, 1978; Nickels et ah, 1981). The

reasons for this interesting observation are discussed in the discussion. Clumps 

° f  3 to 7 g r a in s  w e re  s o m e t im e s  b o u n d  t o g e t h e r  by  d e n s e  g ro w th  o f  

filamentous b lue-g reen  algae and pennate diatoms (Plate 6A).

The dom inant pennate  diatom, A m phora sp. B (Plate 6F), grew on

flat surfaces  e i t h e r  in m o n o s p e c i f ic  co lon ies  o r  in m ix ed  co lon ies  w ith

filamentous b lue-green  algae. D ividing A m phora cells were often arranged in a 

Pattern resem bling the segm ents  o f  an orange and were som etimes lodged in 

crevices. This d ia tom  som etim es occu rred  on an u n id en t i f ied  biofilm  (Plate
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Plate 6 . SEM p h o tomicrographs. Microorganisms 
on sand grains in sediment enriched with photosynthetic 
medium, incubated in the light.

A. Clumping of sand grains caused by microbial growth.
Scale bar, 200 îm.

B. Diatom: Amphora sp. A. Scale bar, 10 /pm.

C. Aseptate blue-green alga forming loops (arrowed) among 
diatoms and detrital aggregates. Scale bar, 20 /im.

D. Biofilm (arrowed) with diatoms and blue-green algae. 
Scale bar, 20 ûm.

E. Filamentous mat of blue-green alga Schizothrix and 
Amphora sp. B. Scale bar, 20 jam.

F. A colony of Amphora sp. B. Scale bar, 10 jam.
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6D). An unusual pennate diatom (Am phora sp. A) was occasionally seen (Plate

6B). Its su rface  was covered  by b ac te r ia  with po in ted  heads and cylindrical

tails, whose average length was 3 yum. Other rods and cocci were also attached 

to  the diatom’s surface. A J>€rmc\te <Ai£.,k>vvi KWpWvigis
( PlctVe. k &).

T w o species o f  f i lam entous  b lu e -g reen  algae w ere  observed. The 

more common species, Schizothrix sp. (Plate 6E), either grew in mixed colonies 

with A m p h o ra  sp. B cells and  or in single species colonies in grooves. The 

other species ap p ea red  to be asep ta te ,  and form ed loops th a t  em erged from  

dense growths o f diatoms, bacteria, and detritus (Plate 6C).

A fine filamentous network of possible microbial origin was seen on 

one sand g ra in  (P la te  7A). A  less r e g u la r  n e tw o rk  has b een  reco rd ed  by

Sieberth (1975) w h ich  he calls f i lam entous bacteria . A ggregates of 4 to 10

irregular cells (average d iam ete r  6 yum) were som etimes found  among the 

microbial g ro w th  (P la te  61). A n o th e r  u n id e n t i f i e d  spec ie s  fo rm e d  ste lla te  

colonies (Plate 6J). Each fi lam en t o f  this species had a nodu la ted  s tructure  

with a tapering end and an average length o f 8 yim. A  hypotrichid ciliate was 

recorded (Plate 6H).

1.2. Sediment enriched with photosyn thetic  medium, incubated in the dark 

(Ml)).

Microbial growth occurred mainly in crevices and depressions. Blue- 

green algae and diatoms were very rare. Bacterial rods, cocci, a few filaments, 

and detrital aggregates were present. C lumping of sand grains was rare. Flakey 

material covered a large proportion  o f  most grains particularly in hollows.

Long funga l- like  hyphae were common (average diameter 0.3 / tm ). 

They e i th e r  a d h e re d  to the  g ra in  s u r fa c e  o r  s t re tc h e d  f ro m  one p o in t  to 

another on the same grain or to an ad jacent grain (Plate 7B). They originated 

ht aggregates o f  bacteria  and detritus. Very small clumps o f material (diameter 

c- 3.3 yim) sometimes occurred  along the length of the hyphae.
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Plate 6 contd. SEM photomicrographs. Microorganisms on 
sand grains in sediment enriched with photosynthetic 
medium, incubated in the light.

G. A chain-colony of the diatom Rhaphoneis. Scale bar,
10 yum.

H. A Hypotrichid ciliate. Scale bar, 20 josn.

I. An aggregate of unidentified irregular - shaped cells 
(arrowed). Scale bar, 10 jum.

J. An assemblage of unidentified stellate colonies. 
Scale bar, 30 ^um.

K. Two Thraustochvtrium sporangia (left arrows) with a 
blue-green algal filament (right arrow).
Scale bar, 20 /im.

L. A Thraustochvtrium sporangium with pores (arrowed). 
Scale bar, 10 yumu
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Plate 7. SEM photomicrographs. Microorganisms on sand 
grains in sediment enriched with: photosynthetic medium, 
incubated in the light (A), incubated in the dark (B), 
and bacterial medium, incubated in the light (C-F).

A. Fine filamentous network. Scale bar, 20 yum.

B. Fungal-like hyphae (arrowed). Scale bar, 30 yum.

C. A sand grain with dense microbial growth.
Scale bar, 200 Jim.

D. Caulobacter. Scale bar, 10 yum.

E. A compact colony of coccoid bacteria with surrounding 
growth-free zone. Scale bar, 20 yum

F. A colony of coccoid bacteria. Scale bar, 10 yum.
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1.3 Sediment enriched with bacterial medium, incubated in the light (DL).

M icrob ia l  mats were com m on and con ta ined  rods, cocci, f ilaments 

and detrital aggregates. In some cases the m icrobia l  g row th  form ed mounds 

(Plate 7C). F ilam en to u s  b ac te r ia  sometimes fo rm ed  a charac teris t ic  netw ork  

amongst and above o th e r  bac te r ia  and de tr i tus  (Plate 7G). Scattered bacteria  

and detrital aggregates also occurred  on flat bare surfaces,  and Caulobacters  

were occasionally seen (Plate 7D).

Two types o f  coccoid bacteria were seen in this sediment and also in 

the sediment enriched with bacterial medium incubated in the dark. The first 

species had an average  cell d iam ete r  o f  2 yum and m any o f  the cells were 

dividing. It e ither form ed microcolonies of 15 to 50 cells (Plate 7F) or its cells 

were scattered; in both cases polymer strands connected the cells. The second 

species had an average  d iam e te r  o f  0.6 yum and  fo rm ed  com pact spherical 

microcolonies o f  50 -150  cells with a d is t inc t  g ro w th - f re e  zone around them 

(Plate 7E).

1.4. Sediment enriched with bacterial medium, incubated in the dark 

(BD).

D e n se  g r o w t h  o c c u r r e d  m o re  o f t e n  on  s u b r o u n d e d  th a n  on 

subangular grains, and  cocci and  rods fo rm ed  th ick  ir regu la r  mats. A  few 

filamentous b a c te r i a  w e re  also seen. D ense  ag g reg a tes  o f  a sh o r t  bac il lus  

(length c. 2 yum) w ere  em b ed d ed  in a cha rac te r is t ic  film  (Plate 7H). Similar 

films have been recorded by Sieberth (1975) on suspended particles. A  num ber 

of other recognisable bacteria were seen including Caulobacter and Flexibacter 

(Plate 71). Spirochaetes  though  few in n u m b er  o ccu rred  in close association 

with other b ac te r ia  and de tr i ta l  aggregates. F ine  th re a d - l ik e  strands were 

observed on some surfaces. They appear to bridge between bacterial cells and 

detritus (Plate 7J).



m

Plate 7 contd. SEM photomicrographs. Microorganisms on 
sand grains in sediment enriched with: bacterial medium, 
incubated in the light (G) , bacterial medium, incubated 
in the dark (H-J), and control unenriched sediment (K & 
L) .

G. A characteristic network of filamentous bacteria 
(arrowed). Scale bar, 20 jam.

H. Bacilli embedded in a film. Scale bar, 10 pm .

I. A Flexibacter (arrowed) with other bacteria and 
detritus. Scale bar, 10 pm .

J. Very fine t h r e ad-like strands (arrowed) 
interconnecting rods, cocci and detrital 

aggregates. Scale bar, 5 pm .

K. Flakey material in a sand grain crevice.
Scale bar, 20 yum.

L. Colony of blue-green alga Agmene1lum.
Scale bar, 10 yum
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1.5. Control: uncnriched sediment (C)

There were very few microbial cells and colonies on sand grains in 

the control sed im ent.  A  few bac te ria l  m icrocolonies o f  10 to 20 cells were 

found - mainly in depressions. Flakey material occurred in crevices (Plate 7K), 

and some flat colonies o f  the b lu e -g re e n  alga A gm enellum  sp. were noted 

(Plate 7L).

1.6. Occurrence o f  Thraustochvtrium sp.

Sporangia o f  an unusual m ar in e  fungal species, T hraus tochv tr ium . 

occurred in the M L  sediment.

The sporangium was a th ick-w alled  semi-globular structure with a 

corrugated surface (Plate 6K). Nearly all the sporangia had a well-developed 

pore, and some had two (Plate 6L, arrows).

T h e ir  d im ensions, ab u n d an ce  and  d is tr ibu tion  in re la tion to o ther 

m ic ro o rg a n ism s  on  s a n d  g r a i n  s u r f a c e s  a r e  s h o w n  in T a b le  35. 

Thraustochytrids occurred among diatoms, bacteria and detritus, or near blue- 

green algal filaments. They  were also found  on flat bare surfaces. The mean 

number of Thraustochytrids per sand grain was 1.429 + 0.6462. Some sporangia 

had bacteria on their surfaces; these bacteria were mainly cocci.
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Table 3 S  Dimensions, abundance and distribution of
Thraustochvtrium sporangia on grains enriched with photosynthetic 
medium, incubated in the light (No. sporangia = 20).

Sporangium dimensions Mean s. d .

Diameter ( yum) 24.36 3.779
Surface area ( yam ) 1908.54 623.46

Abundance

Number / sand grain 1.429 0.6462

Distribution in relation to other microorganisms Percentage

Adjacent to diatoms 25
Amongst mats of blue-green algal filaments, 10
diatoms, bacteria and detritus
Embedded in aggregates of bacteria, detritus 5
and blue-green algal filaments
Amongst diatoms, bacteria and detritus 20
Near or below blue-green algal filaments 25
On flat bare surfaces of sand grains 10
On surface of biofilm 5

Number of bacteria/sporangium Mean s.d.

Cocci 6.833 9.488
Bacilli 1.944 3.421
Total 8.778 8.815
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2. Quantitative analysis o f  data

Q u a n t i t a t iv e  d a ta  on the  ab u n d a n ces  o f  the d i f f e r e n t  g ro u p s  o f  

microorganisms on the sand grains in the d if fe ren t  m edia  (n u m b er  o f  cells 

mm sand grain surface) obtained from SEM photomicrographs, are given in 

Table 36 and show the  fo llow ing  general  points. The n u m b er  o f  cells were 

always h ig h e r  in th e  e n r ic h e d  se d im e n ts  th an  in the  co n tro l  u n e n r ic h e d  

sediment. M L  sedim ent contained a large num ber o f diatoms and blue-green 

algae but relatively few bacteria. MD sediment contained no diatoms or b lue- 

green algae, but more bacteria than the M L  sediment. BL sediment contained 

no diatoms and only a few b lue-green algae, but many morphological types of 

bacteria. BD sed im en t con ta ined  no diatom s or b lu e-g reen  algae and few er 

bacteria.

The data in Table 36 were then statistically analysed as follows.

(i) Analyses o f variance were applied to the In transformed data to compare 

overall differences between the means o f the abundances. These were followed 

by S tuden t’s t - t e s t s  ag a in  a p p l ie d  to the  In t r a n s fo rm e d  d a ta  co m p ar in g ,  

differences between pairs o f  means.

(ii) F ratios w e re  a p p l ie d  to the  u n t r a n s f o rm e d  da ta  to assess th e  re la t iv e  

variability between the two untransform ed abundances being compared.

Note: It is im p o rtan t  not to confuse  these la tte r  F ratios on u n tran s fo rm ed  

abundance data (ii), with the F ratios that are an integral part o f  the one way 

analyses o f  v ar iance  th a t  were conduc ted  on the In t ransfo rm ed  abundance  

data in (i).

The statistical comparisons in (i) and (ii) were firstly conducted to 

lest differences between m edia (d ifferences between treatments) (macro-scale) 

each species in tu rn  (Table 36, comparisons between columns for each row 

ln Ûrr0 > and  se c o n d ly  to co m p a re  d i f f e re n c e s  b e tw e en  spec ie s  fo r  each
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Table 3 6  . M icrobial mean abundance on enriched and control 
unenriched sand grains (No. cells mm sand grain surface; 
S.D.= standard deviation; - = absent).

Enriched Sediments Contro1

Photosynthetic
medium

Bacterial
medium

unenriched
sediment

Light Dark Light Dark
ML MD BL BD

DIATOMS
Amphora 
sp .A

Amphora 
sp. B

Rhaphoneis
sp.

BLUE-GREEN ALGAE
Schizothrix

sp.

Agmenellum 
sp.

BACTERIA
Cocci sp. 
(diam.0.6 jum)

Cocci sp.
(diam.2 pm)

Bacilli

Caulobacter

Spirochetes

Filamentous
(isolated)

Mean
S.D.

Mean
S.D

Mean
S.D.

Mean
S.D.

Mean
S.D.

Mean
S.D.

Mean
S.D.

Mean
S.D.

Mean
S.D.

Mean
S.D.

Mean
S.D.

4 .840 
10.82

1511
1185

2245
2145

97235
79657

28927
13568

19670
3169

7204
10065

FUNGI
Thraustochvtrium Mean 38.80 

sp. S.D. 53.13

51848
40831

39120
21869

733.5
10934

6942
15524

130831
59209

108639
48716

102690
40175

12225
17289

24450
17289

21874
18223

9390
2181

38799
31600

86450
41890

2445
3348

9780
13392

26764
21596

289
647

92124
56677

23031
41872

50057
95557

4890
10934
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medium (treatment) (meso-scale) in turn (Table 36 comparisons between rows 

for each column in turn). The results o f  these analyses are given in Tables 37 

and 38.

It should be no ted  th a t  when com paring  the means, anovars were 

only used when there were more than two means. Secondly, some t-tests and F 

ratios were not conducted because some of the species were only observed in 

one trea tm en t (m ed iu m ) .  F o r  ex a m p le  two o f  the  th ree  d ia tom  species 

(Amphora sp. A, R h ap h o n e is  sp.) w ere  only found  in the M L  trea tm ent and 

one of the two b lu e -g re e n  algae (A gm enellum  sp.) was only found in the 

control unenriched sediment.

2.1. Com parisons b e tw e en  tre a tm en ts  (m ed ia ) m a cro -sca le  -  betw een  

columns o f  Table 36

One w ay an a ly se s  o f  v a r ia n c e  co m p ar iso n s  (T ab le  37) on the In 

transformed abundances were only conducted on bacterial cocci (diameter 0.6 

pm), bacterial bacilli, and filamentous bacteria. The anova for the cocci were 

both significant ( M L /M D /B L /B D /C  and M L /M D /B L /B D )  showing that 

overall there w ere  s ig n i f i c a n t  d i f f e r e n c e s  b e tw e en  the ab u n d an ces  in the 

treatments. T hese  a n o v a rs  w e re  fo l lo w ed  by  S tu d e n t ’s t - t e s t s  on the In 

transformed data com paring d iffe rences  between means, and then by F ratios 

on the untransformed data com paring differences between variances (relative 

variability of the two samples being compared).

The results o f  com parisons  betw een  trea tm ents  (media) by t-tests  

and by F ratios are g iven  in T ab le  39. I have also draw n diagrams for each 

species showing (a) the s ignificant and nonsignificant differences between the 

means o f the  a b u n d a n c e s ,  a n d  (b) th e  s i g n i f i c a n t  an d  n o n s ig n i f i c a n t  

differences between the var iances  o f  the abundances  in the d if fe ren t  media, 

s° that the im p o rtan t  e f fec ts  tha t I wish to d raw  atten tion  to can be more 

easily understood. These effects  are as follows.
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Table 3T- One way analyses of variance (anovars) on abundances of 
microorganisms on sand grains. Anovars were conducted on In 
transformed data. There were 5 readings per cell in each anovar 
(i.e. readings from 5 separate sand grains). Only the F ratios from 
the anovars are given. Comparison between media for Cocci (diam. 0.6 
^m) , Bacilli, and Filamentous bacterial species. Media: ML =
photosynthet icjlight , MD = pho t o s yn t he t i c dark, BL = bacterial 
light,BD = bacterial dark, C = control.

Bacterial species Media compared 
by anovars

F ratio d.,f. P

Cocci (0.6 ^m) ML/MD/BL/BD/C 3.21 4, 20 0.05>P>0.<2?$*
Cocci (0.6 /un) ML/MD/BL/BD 25.31 3, 16 p<o.ooi..

Bacilli ML/MD/BL/BD/C 2.04 4, 20 0.25>P>0.1
Bacilli ML/MD/BL/BD 1.49 3 , 16 0.25>P>0.1

Filamentous bacteria ML/MD/BL/BD/C 2.54 4, 20 0.1>P>0.05
Filamentous bacteria ML/MD/BL/BD 1.83 3, 16 0.25>P>0.1
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Table 38- One way analyses of variance (anovars) on abundances of 
microorgaisms on sand grains. Anovars were conducted on In 
transformed data. There were 5 readings per cell in each anovar 
(i.e. readings from 5 separate sand grains). Only the F ratios from 
the anovars are given. Comparison between species in each medium. 
Species: Amphora sp. A = AA, Amphora sp. B = A B , Rhaphoneis sp. - R, 
Apmenellum sp. = Am, Cocci (diam. 0.6 ^um) = Cs, Cocci (diam. 2 yum) 
= Cb , Bacilli = B, Caulobacter sp. = Cl, Spirochetes = S p , 
Filamentous bacteria = F, Thraustochvtrium sp. = T. Media: ML =
photosynthetic light, MD = photosynthetic dark, BL = bacterial 
light, BD = bacterial dark, C = control’, Sc.W\3ofrx\x Sf>- - 9-

tedium Species compared 
by anovars

F ratio d. f . P

ML AA/AB/R/S/Cs/B/F/T 6.03 7 , 32 P<0.001
ML AA/AB/R/S 4 .87 3, 16 0.025> P> 0.01*,
ML Cs/B/F 4.06 2, 12 0.05>P>0.025*

MD Cs/B/F 3.44 2, 12 0.1>P>0.05

BL S/Cs/Cb/B/C1/Sp/F 5.34 6, 28
Jl. ̂

p<o.ooi.. Vc
BL Cs/Cb/B/Cl/Sp/F 3.62 5, 24 0.025>P>0.01

BD Cs/Cb/B/Cl/Sp/F 6.08 5, 24 P<0.001

C AB/Am/Cs/B/F 4.84 4 , 20 0.01>P>0.005*
C Cs/B/F 1 . 6 8 2 , 12 0.25>P>0.1
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Table 3*?. Abundance of species (no. mm  ̂ sand grain
surface) in the

ML photos
MD photos
BL hetero
BD hetero
C contro

(i) Student's t
the same s

(ii) F ratio comparing variances of untransformed data of 
the same species between pairs of media.
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Tfi&LE 3<)

Species Median Mean s.d.
( i )  Student's t  

( i i )  Fratio d .f. P

Amphora sp. B M L 
C

1511.2
289.2

1184.8
646.7

( i )  2.15 
( i i )  3.356

7
4,4

0.1
0.25

> P > 0.05
> P > 0.1

Schizothrix sp. M L 
B L

97235
6942

79657
15524

( i )  2.30 
( i i )  26.33

7
4,4

0.1 > P > 0.05 
0.005 > P > 0.001**

Cocci sp.
(diam. 0.6/m)

M L 
M D

28927
51848

13568
40831

( i )  -1.29 
( i i )  9.056

6
4,4

0.3
0.05

> P > 0.2
> P > 0.025*

11 M L 
B L

28927
130831

13568
59209

( i )  -5.40 
( i i )  19.04

7
4,4

0.01
0.01

> P > 0.001**
> P > 0.005**

II M L 
B D

28927
9390

13568
2181

( i )  5.00 
( i i )  38.7

6
4,4

0.01 > P > 0.001** 
0.005 > P > 0.001**

II M L 
C

28927
23031

13568
41872

( i )  1.38 
( i i )  9.524

4
4,4

0.3
0.05

> P > 0.2
> P > 0.025*

If M D 
B L

51848
130831

40831
59209

( i )  -2.85 
( i i )  2.103

7
4,4

0.05
0.25

> P > 0.02*
> P > 0.1

It M D 
B D

51848
9390

40831
2181

( i )  4.77
(ii)350.5

5
4,4

0.01 > P > 0.001**
P < 0.001***

II M D 
C

51848
23031

40831
41872

( i )  1.60 
( i i )  1.052

4
4,4

0.2
0.5

> P > 0.1
> P > 0.25

fl B L 
B D

130831
9390

59209
2181

( i )  10.94 
(ii)737

6
4,4

P < 0.001*^ 
P < 0.001***

II B L 
C

130381
23031

59209
41872

( i )  2.14 
( i i )  1.999

4
4,4

0.1
0.5

> P > 0.05
> P > 0.25

\\
B D 

C
9390

23031
2181

41872
( i )  0.83 

(ii)368.6
4

4,4
0.5 > P > 0.4 

P < 0.001***

Cocci sp. 
(diam. 2 jsn)

B L 
B D

108639
38799

48716
31600

( i )  2.85 
( i i )  2.377

6
4,4

0.05
0.25

> P > 0.02*
> P > 0.1

Bacilli M L 
M D

19670
39120

3169
21869

( i )  0.57 
( i i )  47.62

4
4,4

0.6 > P > 0.5 
0.005 > P > 0.001**

If
M L 
B L

19670
102690

3169
40175

( i )  -9.48 
(ii)160.7

5
4,4

P < 0 .0 0 1 ^  
P < 0.001

II
M L 
B D

19670
86450

3169
41890

( i )  -6.02 
(ii)174.7

4
4,4

0.01 > P > P .001^  
P < 0.001

M
M L
C

19670
50057

3169
95557

( i )  1.41 
(ii)909.2

4
4,4

0.3 > P > 0.2 
P < 0.001***

If

M D 
B L

39120
102690

21869
40175

( i )  -1.32 
( i i )  3.375

4
4,4

0.3
0.25

> P > 0.2
> P > 0.1

Co»o t 3>;



TRBlE ^  ■ C p w td  :

Species Medium Mean s.d.
( i )  Student’s t  

( i i )  Fratio d .f. P

Bacilli M D 39120 21869 ( i -1.21 4 0.3 > P > 0.2
B D 86450 41890 ( i i 3.669 4,4 0.25 > P > 0.1

M M D 39120 21869 ( i 0.72 7 0.5 > P > 0.4
C 50057 95557 ( i i 19.09 0.01 > P > 0.005'

1! B L 102690 40175 ( i 0.80 7 0.5 > P > 0.4
B D 86450 41890 ( i i 1.087 4,4 0.5 > P > 0.25*

II B L 102690 40175 ( i 2.02 4 0.2 > P > 0.1
C 50057 95557 ( i i 5.657 4,4 0.1 > P > 0.05

" B D 86450 41890 ( i 1.94 4 0.2 > P > 0.1
C 50057 95557 ( i i 5.204 4,4 0.1 > P > 0.05

Caulobocter B L 12225 17289 ( i 0.19 7 0.9 > P > 0.8
B D 2445 3348 ( i i 26.67 4,4 0.005 > P > 0.001

Spirochetes B L 24450 17289 ( i 1.30 7 0.3 > P > 0.2
B D 9780 13392 ( i i 1.667 4,4 0.5 > P > 0.25

Filamentous M L 7204 10065 ( i 0.48 7 0.7 > P > 0.6
(isolated) M D 733.5 10934 ( i i 1.180 4,4 0.5 > P > 0.25

II
M L 7204 10065 ( i -0.85 7 0.5 > P > 0.4
B L 21874 18223 ( i i 3.278 4,4 0.25 > P > 0.1

II
M L 7204 10065 ( i -1.87 4 0.2 > P > 0.1
B D 26764 21596 ( i i 4.604 4,4 0.1 > P > 0.5

It
M L 7204 10065 ( i 1.14 7 0.3 > P > 0.2

C 4890 10934 ( i i 1.180 4,4 0.5 > P > 0.25
II

M D 733.5 10934 ( i -1.33 7 0.3 > P > 0.2
B L 21874 18223 ( i i 2.778 4,4 0.25 > P > 0.1

It
M D 733.5 10934 ( i -2.42 4 0.1 > P > 0.05
B D 26764 21596 ( i i 3.901 4,4 0.25 > P > 0.1

II
M D 733.5 10934 ( i 0.60 7 0.6 > P > 0.5

C 4890 10934 ( i i 1 4,4 0.75 > P > 0.5
II

B L 21874 18223 ( i -0.83 4 0.5 > P > 0.4
B D 26764 21596 ( i i 1.4m 4,4 0.5 > P > 0.25

II

B L 21874 18223 ( i 2.11 7 0.1 > P > 0.05
C 4890 10934 ( i i 2.778 4,4 0.25 > P > 0.1

It

B D 26764 21596 ( i 3.75 4 0.02 > P > 0.01*
C 4890 10934 ( i i 3.901 4,4 0.25 > P > 0.1



ICO

2.1.1. Student's t-tests

Cocci (diairu QJi yum) (Figure 32 upper): T he abundances of coccoid bacteria 

were h ig h e s t  in  th e  BL m e d iu m  an d  lo w e s t  in th e  BD m e d iu m .  T h e i r  

abundance in the two photosynthetic media (ML, MD) and in the control were 

intermediate. Fiv" out of the ten differences were statistically different.

Bacilli (F igure 33 upper): T he abu n d an ce  o f  bacilli was highest in the BL 

medium and lowest in the M L medium, while their abundances in the MD, BD 

medium an d  th e  c o n t ro l  w e re  i n t e r m e d i a t e .  O n ly  tw o  o u t  o f  th e  ten  

differences w ere  s ta t is t ic a l ly  s ig n i f i c a n t  an d  so l i t t le  im p o r tan ce  can be 

attached to the observed differences.

Filamentous bacteria (Figure 34): T he abundance of the filamentous bacteria 

was highest in the BD m edium  and lowest in the MD m edium , while their  

abundances in th e  BL, M L  m e d iu m  an d  the  co n tro l  w ere  in te rm ed ia te .  

However, One o f  the t-tests comparing the abundances w as  significant.

2.1.2. F ratios

Cocci (diam. 0.6 yiim) (Figure 32 lower): T he variance of the abundance of the 

cocci was highest in the BL m edium  and lowest in the BD m edium  with the 

two photosynthetic m edia (ML, M D) and  the control having in term ediate  

variances.Ceven out o f  the ten F  ratios w ere  s ign if ican t and so the observed 

differences in the variances (differences in the variability o f the two samples 

being compared) are S v jm f  ra „ t .

Basilli (Figure 33 lower): T he  var iance  o f  the abundance  o f  the bacilli was 

highest in the control and lowest in the M L  medium  with the MD, BL and BD 

media being intermediate. F'Vc out o f  the ten F  ratios were significant and so 

the observed differences in the variances are vouyL .
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Figure 3 2  . C<?c<pi.

Upper : Student's t comparing means of In transformed data 
between media.

Lower : F ratios comparing variances of untransformed
data between media.

ML photosynthetic medium incubated in the light 
MD photosynthetic medium incubated in the dark 
BL heterotrophic medium incubated in the light 
BD heterotrophic medium incubated in the dark 
C control

A significant, A  nonsignificant.

Note: In each case the heads of the arrows point towards the 
higher value and the tails towards the lower value.
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Figure 3 3  . Bacilli.

Upper : Student's t comparing means of In transformed 
data between media.

Lower : F ratios comparing variances of untransformed 
data between media.

ML photosynthetic medium incubated in the light 
MD photosynthetic medium incubated in the dark 
BL heterotrophic medium incubated in the light 
BD heterotrophic medium incubated in the dark 
C control

A  significant, A  nonsignificant.

Note: In each case the heads of the arrows point towards 
the higher value and the tails towards the lower value.
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F i g u r e F i l a m e n t o u s  b a c t e r i a .

Upper : Student's t comparing means of In transformed 
data between media.

Lower : F ratios comparing variances of untransformed 
data between media.

ML photosynthetic medium incubated in the light 
MD photosynthetic medium incubated in the dark 
BL heterotrophic medium incubated in the light 
BD heterotrophic medium incubated in the dark 
C control

A significant, A  nonsignificant.

Note: In each case the heads of the arrows point towards 
the higher value and the tails towards the lower value.
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Filamentous bacteria  (Figure 34 lower): The variance o f the abundance o f the 

filamentous b ac te r ia  was h ighest  in the BD m ed ium  and  lowest in the M L 

medium, as w e l l  as in  th e  c o n t ro l ,  w i th  th e  B L  a n d  M D  m e d ia  b e in g  

intermediate. H owever, none o f  the F ratios were significant.

2.2. Com parisons betw een  species w ith in  each treatm ent (m edium ) 

meso-scale -  between rows in each column o f  Table 36

T hese com parisons  were conduc ted  in a s im ilar  m an n er  to those 

described in section 2. 1. (comparison between treatments).

One w ay ana lyses  o f  v a r ian ce  co m p ar iso n s  (T ab le  38) on the In 

transformed ab u n d an ces  w ere  conducted  on the five d i f fe re n t  trea tm ents  

(ML, MD, BL, BD and C media). All three anovars for the M L  medium were 

statistically significant showing that there were overall significant differences 

between the abundances o f the species in the M L  medium.

T h e  a n o v a r  f o r  th e  M D  m e d i u m  (C o c c i  (d ia m .  0.6  

^ im ) /B ac i l l i /F i la m e n to u s  b a c te r ia )  was no t  s ig n i f ic a n t .  T h is  in d ica tes  tha t  

overall there w ere  no s ig n if ican t  d iffe rences  betw een  the abundances o f the 

bacterial species in the MD medium.

The two anovars for the BL medium and the single anovar for the 

BD medium were all s ig n if ican t ,  indicating  overall  d if fe ren ces  betw een the 

abundances o f the species in each medium.

In the control, one anovar (A m phora sp. B /Agmenellum sp./Cocci 

(diam. 0.6 ^ im ) /B ac i l l i /F i la m e n to u s  bac teria)  was s ign ifican t,  indicating  

overall differences betw een  the abundances o f the photosynthetic and bacterial 

sPecies, while the  o th e r  an o v a r  (Cocci (diam. 0.6 ^um )/B acil l i /F ilam entous  

bacteria) was not s ignificant, indicating no significant differences between the 

abundances o f the bacterial species. These anovars were followed by Student s
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t-tests on the  In t r a n s f o rm e d  a b u n d a n c e s  co m p ar in g  d i f fe re n c e s  betw een  

means, and then by F ratios on the u n tran s fo rm ed  abundances comparing 

differences betw een  var iances  (re la tive  var iab ili ty  o f  the two samples being 

compared).

The results o f  comparisons between species within each medium by 

t-tests and by F ratios are given in Table 40. As previously, I have also drawn 

diagrams showing (a) the s ig n if ican t  and nonsign if ican t  d iffe rences  between 

the mean abundances  and  (b) the s ig n if ican t  and nonsign if ican t d ifferences 

between the variances  o f  the ab u n d an ces  be tw een  the d i f fe ren t  species for 

each medium in turn. As previously this enables im portant effects to be more 

easily understood. These effects are as follows.

2.2.1. Student's t-tests

ML m e d iu m : In th e  M L  m e d iu m  ( F ig u r e  35 u p p e r )  the  a b u n d a n c e  of 

Schizothrix sp. was h ig h es t ,  and  th a t  o f  A m p h o ra  sp. A was lowest. The 

abundances of A m phora sp. B, Rhaphoneis  sp., cocci (diam. 0.6 /am), bacilli, 

filamentous and T h ra u s to c h v tr iu m  sp. were in term ediate .  Nine out o f  the 

twenty eight differences were statistically d iffe ren t so little importance can be 

attached to the  o b se rv ed  d i f f e r e n c e s ,  ex c ep t  th a t  f ive  ou t o f  these rune, 

concerned comparisons o f  the abundance of Am phora sp. A  with other species.

MD medium: In this m edium  the abundance o f the coccoid bacteria (diam. 0.6 

/tm) was highest, and th a t  o f  f i lam en to u s  bac te r ia  was lowest. Bacilli had an 

in term ediate  a b u n d a n c e .  O n ly  o n e  o u t  o f  th e  th r e e  d i f f e r e n c e s  w ere  

statistically d if fe ren t ,  tha t  be tw een  cocci (diam. 0.6 j d m) and filamentous 

bacteria.

2L medium- In this m edium  (Figure 36 upper) the abundance of cocci (diam. 

0-6 /im) was h ighest, and  th a t  o f  Sch izo th rix  sp. was lowest. Cocci (diam. 2 

Z101), bacilli, C a u lo b a c te r  sp .,  s p i ro c h e te s ,  an d  f i lam en to u s  b a c te r ia  had



. 2Table k-0 . Abundance of species (no. mm sand grain 
surface) in the five media.

ML photosynthetic medium incubated in the light 
MD photosynthetic medium incubated in the dark 
BL heterotrophic medium incubated in the light 
BD heterotrophic medium incubated in the dark 
C control

(i) Student's t comparing means of In transformed data
between pairs of species in the same medium.

(ii) F ratio comparing variances of untransformed data
between pairs of species in the same medium.
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t a b le  a-o

( i )  Student's t
Species Medium Mean s.d. ( i i )  Fratio d .f.

/Vrphora sp. A 
/Vrphora sp. B

M L 4.840
1511.2

10.82
1184.8

( i )  -3.25 
( i i ) 1 1990

5
4,4

0.05 :

Anphora sp. A 
Rhaphcneis sp.

M L 4.840
2245

10.82
2145

( i )  -3.28 
(ii)39300

5
4,4

0.05 :

Anphora sp. A 
Schizothrix

M L 4.840
97235

10.82
79657

( i )  -3.57 
(ii)54199261

4
4,4

0.05 :

Amphora sp. A. 
Cocci (0.6

M L 4.840
28927

10.82
13568

(D-14.23 
( i i )1 572451

4
4,4

/Vrphora sp. A 
Bacilli

M L 4.840
19670

10.82
3169

( i ) —14.22 
(ii)85781

4
4,4

Anphora sp. A 
Filamentous

M L 4.840
7204

10.82
10065

( i )  -2.06 
(ii)865313

4
4,4

0.2

Anphora sp. A 
Ihraustochytriun sp.

M L 4.840
38.80

10.82
53.13

( i )  -0.92 
( i i )  24.11

6
4,4

0.4
0.005

Anphora sp. B 
Rhaphoneis sp.

M L 1511.2
2245

1184.8
2145

( i )  -0.12 
( i i )  3.278

7
4,4 0.25

/Vrphora sp. B 
Schizothrix sp.

M L 1511.2
97235

1184.8
79657

( i )  -1.20 
(ii)4520

6
4,4

0.3

fraphcneis sp. 
Schizothrix sp.

M L 2245
97235

2145
79657

( i )  -1.90 
(ii)1379

7
4,4

0.1

Cocci sp. (0.6 i_m) 
Bacilli

M L 28927
19670

13568
3169

( i )  1.63 
( i i )  18.33

5
4,4

0.2
0.01

Coai sp. (0.6 u n) 
Filamentous '

M L 28927
7204

13568
10065

( i )  2.08 
( i i )  1.817

4
4,4

0.2
0.5

Cocci sp. (0.6 j j n )  

Ihraustochytriun so.
M L 28927

38.80
13568

53.13
( i )  7.35 

(ii)65216
4

4,4
0.01

Bacilli
filamentous

M L 19670
7204

3169
10065

( i )  1.95 
( i i )  10.09

4
4,4

0.2
0.025

Bacilli
Jhraustochytriiin sp.

M L 19670
38.80

3169
53.13

( i )  7.15 
( i i )  3558

4
4,4

0.01

tojiTgra sp. B 

^ i  sp. (0.6 p )
M L 1511.2

28927
1184.8

13568

( i )  -2.80 

(ii)131.1

4
4,4

0.05

^ o ra  sp. B 
Bacilli M L 1511.2

19670
1184.8
3169

( i )  -2.60 
( i i )  7.154

4
4,4

0.1
0.05

P < 0.001

P > 0.02* 
P < 0.001*

P > 0.02* 
P < 0.001*

P < 0.001* 
P < 0.111*

P < 0.001* 
P < 0.001*

P > 0.1 
P < 0.001*

P > 0.9

P < 0.001

P < 0.001

P < 0.001

P < 0.001

P < 0.001

Conth:
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Tf\BIE- 4 0  Coa/ti>:

Species Medium Mean s.d.
( i )  Student's t  

( i i )  Fratio d .f. P

Amphora sp. B 
Filamentous

M L 1511.2
72m

1184.8
10065

( i )  0.17 
( i i )  72.17

6
4,4

0.9 > P > 0.8 
P < 0.001***

Mphora sp. B 
Thraustochytriun sp.

M L 1511.2
38.80

1184.8
53.13

( i )  2.20 
(ii)497.3

7
4,4

0.1 > P > 0.05 
P < 0.001***

Rhaphoneis sp.
Cocci sp. (0.6/m)

M L 2245
28927

2145
13568

( i )  -2.51 
( i : )  40.01

4
4,4

0.1 > P > 0.05 
0.005 > P > 0.001**

Rhaphoneis sp. 
Bacilli

M L 2245
19670

2145
3169

( i )  -2.32 
( i i )  2.183

4

M

0.1
0.25

> P > 0.05
> P > 0.1

Rhaphoneis sp. 
Filamentous

M L 2245
7204

2145
10065

( i )  0.27 
( i i )  22.02

7
4,4

0.8
0.01

> P > 0.7
> P > 0.005**

Rhaphoneis sp. 
Thraustochytriun sp.

M L 2245
38.80

2145
53.13

( i )  2.27 
(ii)1630

7
4,4

0.1 > P > 0.05 
P < 0.001***

Schizothrix sd. 
Cocci (0.6 j u n )

M L 97235
28927

79657
13568

( l )  -0.39 
( i i )  34.47

4
4,4

0.8
0.005

> P > 0.7
> P > 0.001**

Schizothrix sp. 
Bacilli

M L 97235
19670

79657
3169

( i )  -0.25 
( ii)631 .8

4
4,4

0.9 > P > 0.8 
P < 0.001***

Schizothrix s d .  

Filamentous
M L 97235

7204
79659
10065

( i )  1.17 
( i i )  62.64

7
4,4

0.4 > P > 0.3 
P < 0.001***

Schizothrix sp. 
Jhraustochytriim sp.

M L 97235
38.80

79659
53.13

( i )  2 . 8 8  

(ii)2247968
5

4,4
0.05 > P > 0.02*

P < 0.001***

Filamentous 
Thraustochvtr i t m so

M L 7204
38.80

10065
53.13

( i )  1-45 
( i i )  35888

5
4,4

0.3 > P > 0.2 
P < 0.001***

sp. (0.6 un) 
Bacilli

M D 51848
39120

40831
21869

( i )  0.92 
( i i )  3.486

4
4,4

0.5
0.25

> P > 0.4
> P > 0.1

Cocci sp. (0.6 /un)
Filamentous

M D 51848
7335

40831
10934

( i )  2.8 
( i i )  13.95

4
4,4

0.05 > P > 0.02* 
0.025 > P > 0.01*

Bacilli
Filamentous

M D 39120
7335

21869
10934

( i )  1.47 
( i i )  4.0

7
4,4

0.2
0.25

> P > 0.1
> P > 0.1

jchizothriv sp. 
000:1 sp- (0.6yun)

B L 97235
130831

79657
59209

( i )  -4.57 
( i i )  1.810

4
4,4

0.02
0.5

>  P > 0.01*
> P > 0.25

jchizothrix g p  

® V T 2 y jr O
B L 97235

108639
79657
48716

(i) -4.48 
(ii) 2.674

4
4,4

0.02
0.25

> P > 0.01*
> P > 0.1

ĵizcthrix sp.
Bacilli B L 97235

102690
79657
40175

( i )  -4.48 
( i i )  3.931

4
4,4

0.02
0.25

>  P > 0.01*
> P > 0.1

B L 97235
12225

79657
17289

(i) -0.62 
(ii) 21.23

7
4,4

0.6
0.01

> p > 0.5 ^  
>  P > 0.005

C o»o t p :
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TABLE kO CptJTt>:___________________________________ ____

( i )  Student's t
Species Medium Mean s.d. ( i i )  Fratio d .f. P

Schizothrix sp. B L 97235 79657 ( i )  -2.09 7 0.1 > P > 0.05
Spirochetes 24450 17289 ( i i )  21.23 4,4 0.01 > P > 0.005**

Schizothrix sp. B L 97235 79657 ( i )  -2.05 7 0.1 > P > 0.05
Filamentous 21874 18223 ( i i )  19.12 4,4 0.01 > P > 0.005**

Cocci sp. (0.6 yun) B L 130831 59209 ( i )  0.63 7 0.6 > P > 0.5
Cocci sp. (2 /_m) 108639 48716 ( i i )  1.477 4,4 0.5 > P > 0.25

Cocci sp. (0.6 yum) B L 130831 59209 ( i )  0.81 7 0.5 > P > 0.4
Bacilli 102690 40175 ( i i )  1.477 4,4 0.5 > P > 0.25

Cocci sp. (0.6 yun) B L 130831 59209 ( i )  2.99 4 0.05 > P > 0.02*
Caulobacter 12225 17289 ( i i )  11.73 4,4 0.025 > P > 0.01*

Cocci sp. (0.6 yun) B L 130831 59209 ( i )  1.68 4 0.2 > P > 0.1
Spirochetes 24450 17289 ( i i )  11.73 4,4 0.025 > P > 0.01 *

Cocci sp. (0.6 ^m) B L 130831 59209 ( i )  1.78 4 0.2 > P > 0.1
Filamentous 21874 18223 ( i i )  10.56 4,4 0.025 > P > 0.01*

Cocci sp. (2yun) B L 108639 48716 ( i )  0.10 7 P > 0.9
Bacilli 102690 40175 ( i i )  1.470 4,4 0.5 > P > 0.25

Cocci sp (2 yun) B L 108639 48716 ( i )  2.92 4 0.05 > P > 0.02*
Caulobacter 17775 17289 ( i i )  7.940 4,4 0.05 > P > 0.025*

Cocci sp. (2un) 
Spirochetes

B L 108639 48716 ( i )  1-59 4 0.2 > P > 0.1
24450 17289 ( i i )  7.940 4,4 0.05 > P > 0.025*

Cocci sp. (2 y n )  

f ilamentous
B L 108639 48716 ( i )  1.69 4 0.2 > P > 0.1

21874 18223 ( i i )  7.147 4,4 0.05 > P > 0.025*

Bacilli B L 102690 40175 ( i )  2.91 4 0.05 > P > 0.02*#
Caulobacter 12225 17289 ( i i )  5.400 4,4 0.05 > P > 0.025*

Bacilli B L 102690 40175 ( i )  1.58 4 0.2 > P > 0.1
Spirochetes 24450 17289 ( i i )  5.400 4,4 0.05 > P > 0.025*

Bacilli B L 102690 40175 ( i )  1.68 4 0.2 > P > 0.1
filamentous 21874 18223 ( i i )  15.93 4,4 0.025 > P > 0.01*

Caulobacter B L 12225 17289 ( i )  -1.26 7 0.3 > P > 0.2
Spirochetes 24450 17289 ( i i )  1 4,4 0.5 > P > 0.25

feulobacter
filamentous

B L 12225 17289 ( i )  -1.22 7 0.3 > P > 0.2
21874 18223 ( i i )  1.111 4,4 0.5 > P > 0.25

Spirochetes
filamentous

B L 24450 17289 ( i )  -0.05 7 P > 0.9
21874 18223 ( i i )  1.111 4,4 0.5 > P > 0.25

^  SP- (0.6 yun) 
^  sp. (2 f j n )

B D 9390
38749

2181
31600

( i )  -2.88 
(ii)209.9

4
4,4

0.05 > P > 0.02*
P < 0.001**

C o/OT £i
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TABLE k O  CotJTJ):

Species Medium Mean s.d.
( i )  Student’s t  

( i i )  Fratio d .f. P

Cocci sp. (0.6 ^m) 
Bacilli

B D 9390
86450

2181
411889

( i )  -8.70 
(ii)368.9

5
4,4

P < 0.001*** 
P < 0.001

Cocci sp. (0.6yjn) 
Caulobacter

B D 9390
2445

2181
3348

( i )  2.64 
( i i )  2.356

4
4,4

0.1 > P > 0.05 
0.25 > P > 0.1

Cocci sp. (0.6 yum) 
Spirochetes

B D 9390
9780

2181
13392

( i )  2.05 
( i i )  37.70

4
4,4

0.2 > P > 0.1
P < 0.001***

Cocci sp. (0.6 j s n) 
Filamentous

B D 9390
26764

2181
21596

( i )  -1.37 
( i i )  98.05

4
4,4

0.3 > P > 0.2 ^  
P < 0.001***

Cocci sp (2 i s n ) 
Bacilli

B D 38799
86450

31600
41889

( i )  -2.25 
( i i )  1.757

6
4,4

0.1 > P > 0.05 
0.5 > P > 0.25

Cocci sp. (2 yun) 
Caulobacter

B D 38799
2445

31600
3348

( i )  3.13 
( i i )  89.51

4
4,4

0.05 > P > 0 -0 2 *^  
P < 0.001***

Cocci sp. (2 pi) 
Spirochetes

B D 38799
9780

31600
13392

( i )  2.49 
( i i )  13.23

4
4,4

0.1 > P > 0.05 
0.025> P > 0.01*

Cocci sp. (2 p i)  
Filamentous

B D 38799
26764

31600
215%

( i )  0.76 
( i i )  5.089

7
4,4

0.5 > P > 0.4 
0.1 > P > 0.05

Bacilli
Caulobacter

B D 86450
2445

41889
3348

( i )  3.63 
(ii)156.5

4
4,4

0.05 > P > 0 .0 2 *^  
P < 0.001***

Bacilli
Spirochetes

B D 86450
9780

41889
13392

( i )  2.91 
(ii)156.5

4
4,4

0.05 > P > 0.02* 
P < 0.001

Bacilli
Filamentous

B D 86450
26764

41889
21596

( i )  2.76 
( i i )  3.762

5
4,4

0.05 > P > 0.02* 
0.25 > P > 0.1

Caulobacter
Spirochetes

B D 2445
9780

3348
13392

( i )  -0.17 
( i i )  15.99

7
4,4

0.9 > P > 0.8 # 
0.025> P > 0.01*

Caulobacter
filamentous

B D 2445
26764

3348
21596

( i )  -2.89 
( i i )  41.61

4
4,4

0.05 > P > 0.02*^  
0.005> P > 0.001**

Spirochetes
Filamentous

BO 9780
215%

13392
21596

( i )  -2.29 
( i i )  2.60

4
4,4

0.1 > P > 0.05 
0.25 > P > 0.1

i!?£torasp. b 
ŜfflTellun sp

C 289.2
92124

646.7
56677

( i )  -6.51 
(ii)7681

4
4,4

0.01 > P > 0.001**
P < 0.001***

^ 2 ^ s p . B 
^  sp- (0.6 pi)

C 289.2
23021

646.7
41872

( i )  -2.48 
(ii)4192

7
4,4

0.05 > P > 0 .0 2 *^  
P < 0.001***

^ H is p .  Bsun C 289.2
50057

646.7
95557

( i )  -1.60 
(ii)21833

6
4,4

0-2 > P > 0.1 
P < 0.001

^Jhorasp. B 
l̂arentous

C 289.2
4890

646.7
10934

( i )  -0.23 
(ii)285.9

7
4,4

0.9 > P > 0.8 
P < 0.001

CoKTTD:
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Species Msdiun Meai s.d.
( i)  Student's t  

( i i )  Fratio d .f. P

Agnenelliin sp. C 92124 56677 ( i )  1.87 4 0.2 > P > 0.1
Cocci sp. (0 .6  un) 23Q31 41872 ( i i )  1.83 4,4 0-5 > P < 0.25

Aqrenellun sp. C 92124 56677 ( i)  1.90 4 0.2 > P > 0.1
Bacilli 50057 96557 ( i i )  2.902 4,4 0.25 > P > 0.1

Acpenellun sp. c 92124 56677 ( i)  4.48 4 0.2 > P > 0.01*
FilamentoLE 4890 10934 ( i i )  26.87 4,4 0.005 > P > 0.001

Cocci sp. (0.6 un) c 23031 41872 ( i)  0.39 7 0.8 > P > 0.7
Bacilli 50057 95557 ( i i )  5.208 4,4 0.1 > P > 0.05

Cocci sp. (0 .6  un) c 23031 41872 ( i)  1.95 7 0.1 > P > 0.05
Filamentous 4890 10934 ( i i )  14.66 4,4 0.01 > P > 0.005**

Bacilli c 50057 95557 ( i)  1.27 7 0.3 > P > 0.2
Filamentous 4890 10934 ( i i )  76.38 4,4 P < 0.001***



Figure 3 S  . Photosynthetic medium incubated in the light 
(ML) .

Upper : Student's t comparing means of In transformed 
data between media.

Lower : F ratios comparing variances of untransformed 
data between media.

A significant, A  nonsignificant.

N o t e :  I n  e a c h  c a s e  t h e  h e a d s  o f  t h e  a r r o w s  p o i n t  t o w a r d s
t h e  h i g h e r  v a l u e  a n d  t h e  t a i l s  t o w a r d s  t h e  l o w e r  v a l u e .
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A m p h o r a  A Amphora  B

R h a p h o n e i sT h r a u s t o c h y t r i u m

F i l a m e n t o u s S c h i z o t h r i x

Coc c i  (0.6 pm)B a c i l l i

Am p h o ra  A Amphor a B

Thraustochytr ium" R h a p h o n e i s

F i l a m e n t o u s S c h i z o t h r i x

C o c c i  (0.6 pm)Baci l l i
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Figure 36 .  Heterotrophic medium incubated in the light 
(BL) .

Upper : Student's t comparing means of In transformed 
data between media.

Lower : F ratios comparing variances of untransformed 
data between media.

▲  significant, A  nonsignificant.

N o t e :  I n  e a c h  c a s e  t h e  h e a d s  o f  t h e  a r r o w s  p o i n t  t o w a r d s
t h e  h i g h e r  v a l u e  a n d  t h e  t a i l s  t o w a r d s  t h e  l o w e r  v a l u e .
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Schi zot hr i x

C o c c i  (0.6 jim)F i l a m e n t o u s

C o c c i  (2 jim)S p i r o c h  e t e

C a u l o b a c t e r

S c h i z o t h r i x

C o c c i  (0.6 jim)F i l a m e n t o u s

 ̂ C o c c i  (2 jim)Spi  r o c h e t e

B a c i l l iC a u l o b a c t e r
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in te rm ed ia te  a b u n d a n c e s .  S ix  o u t  o f  th e  tw e n ty  one  d i f f e r e n c e s  w e re  

statistically d i f f e re n t ,  so li tt le  im portance  can be attached to the observed 

differences.

BD medium : In th is  m ed ium  (F igure  37 upper)  the abundance o f the bacilli 

was highest, and  th a t  o f  C au lo b ac te r  sp. was lowest. Cocci (diam. 0.6 yum), 

cocci (diam. 2 ^ m ) ,  sp irochaetes and filamentous bac te ria

had in te rm e d ia te  a b u n d a n c e s .  Seven  o u t  o f  the  f i f te e n  d if fe re n c e s  w ere  

statistically d i f fe re n t .  F o u r  ou t^ these s ig n if ican t  comparisons were betw een  

bacilli and other species.

Control: In the control (Figure 38 upper) the abundance of the Agmenellum 

sp. was highest, and  th a t  o f  A m p h o ra  sp. B was lowest. The abundances o f 

cocci (diam. 0.6 ^jum), bacilli and filamentous bacteria were intermediate. Only 

three out o f  th e  te n  d i f f e r e n c e s  w ere  s ta t is t ic a l ly  d i f f e r e n t  and  so l i t t le  

importance can be attached to the observed differences, except that two out o f  

the three com parisons  o f  the abundances  betw een  A m phora  sp. B and o ther  

species were significant.

2.2.2. F ratios

ML m edium  ( F i g u r e  35 lo w er ) :  T h e  v a r i a n c e  o f  the  a b u n d a n c e  o f  th e  

Schizothrix sp. was h ig h e s t  an d  th a t  o f  A m p h o ra  sp. A was lowest. T h e  

variance of the abundance  o f  A m phora  sp. B, Rhaphoneis sp., cocci (diam. 0.6 

/tni), bacilli, f ilam entous bacteria, and Thraustochvtrium  sp. were intermediate. 

Twenty _$(>; o u t  o f  th e  tw e n ty  e ig h t  F  ra tio s  w ere  s ig n if ic an t  and  so the  

observed differences in the variances (differences in the variability o f  the two 

samples being co m p ared )  are very  im portan t.  It is in teresting that  all the F  

ratios were s ign ifican t in which the highest variance (Schizothrix sp.) and the 

lowest variance (A m p h o ra  sp. A) were compared with other variances.

medium- The variance o f  the abundance o f the cocci (diam. 0.6 ^im) was
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Figure . Heterotrophic medium incubated in the dark
(BD) .

Upper : Student's t comparing means of In transformed 
data between media.

Lower : F ratios comparing variances of untransformed 
data between media.

▲  significant, A  nonsignificant.

N o t e :  I n  e a c h  c a s e  t h e  h e a d s  o f  t h e  a r r o w s  p o i n t  t o w a r d s
t h e  h i g h e r  v a l u e  a n d  t h e  t a i l s  t o w a r d s  t h e  l o w e r  v a l u e .



Cocci (0.6 jim)

Cocci (2 jun)F i l a m e n t o u s

Bacil l iS p i r o c h  e t e

C a u l o b a c t e r

Cocci  (0.6 jim)

£> Cocc i  (2 jim)F i l a m e n t o u s

Bacil l iS p i r o c h  e t e

Caulobacter



F i g u r e  3 8 C o n t r o l  m e d i u m  ( C )

Upper : Student's t comparing means of In transformed 
data between media.

Lower : F ratios comparing variances of untransformed 
data between media.

A  significant, A  nonsignificant.

N o t e :  I n  e a c h  c a s e  t h e  h e a d s  o f  t h e  a r r o w s  p o i n t  t o w a r d s
t h e  h i g h e r  v a l u e  a n d  t h e  t a i l s  t o w a r d s  t h e  l o w e r  v a l u e .
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Amphora B

F i l a m e n t o u s A g m e n e l l u m

Bac i l l i C oc c i  (0.6 ^m)

Amphora B

F i l a m e n t o u s A g m e n e l l u m

B a c i l l i C oc c i  (0.6 p.m)
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highest, bacilli in te rm ed ia te  and filam entous bac teria  lowest. One out of the 

three F ratios were significant - that between cocci (0.6 yum) and filamentous 

bacteria, so little im portance can be attached to the observed differences.

BL medium (Figure 36 lower): T he variance o f the abundance of Schiiothr.x 

Sp. was highest, and that  o f  SpvvocFetes was lowest. The variance of 

the abundance of cocci (diam. 2 jam ), bacilli, Caulobacter sp., cocci and

filamentous bacteria were intermediate . IwelvC °u t  of the twenty one F ratios 

were sign ifican t and so the observed  d if fe ren ces  in the variances are fairly 

important.

BD medium (F igure  37 lower): T h e  v ar iance  o f  the abundance o f the bacilli 

was highest, and that o f  cocci (diam. 0.6 yum) was lowest. The variance of the 

abu n d an ce  o f  c o c c i  ( d i a m .  2 yum ), C a u l o b a c t e r  sp . ,  s p i r o c h a e t e s ,  

and filamentous bac te r ia  w ere in te rm ed ia te .  T en  out o f  the fif teen  F ratios 

were s ig n i f i c a n t  an d  so i m p o r t a n c e  can  be a t t a c h e d  to th e  o b se rv ed  

differences.

Control (F ig u re  38 low er):  T h e  v a r ia n c e  o f  the  a b u n d a n ce  o f  bacilli  was 

highest, and that of A m phora  sp. B was lowest. The variance of the abundance 

°f Agmenellum sp., cocci (d iam . 0.6 yam), and  filam entous bacteria  were 

intermediate. S^vic^out o f  the ten F ratios were significant. It is interesting that 

all the F ratios were significant in which the lov^st variance (Amphora sp. B) 

were compared with o ther variances.



DISCUSSION

”It is still too early to a t tem p t  sc ien tif ic  m ethod  in discussing this 

problem, nor is our present store o f  the necessary facts by any means complete 

enough to w a r r a n t  m e in p ro m is in g  any  a p p r o a c h  to fu lness  o f  s ta tem en t  

respecting them .”

(Marsh, 1874)
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DISCUSSION

The w ork  th a t  I have  p resen ted  in my thesis has been a study of 

benthic m acro fauna l  and  m icro b ia l  com m unities  and th e ir  spatial variability. 

The macrofaunal com m unities and associated sediment parameters were studied 

by a field survey while the m icrobial communities were studied by enriching 

cores of sed im ent from  A rd m o re  in the  labora to ry . I have there fo re  divided 

the discussion into two parts: the  f irs t  deals w ith  the field survey and the 

second with the laboratory enrichm ent experiments. I have decided to present 

the discussions separately because the m acrofaunal and microbial communities 

are made up o f  organism s o f  very  d i f f e re n t  sizes, and were investigated by 

contrasting methods.

The discussion on the field survey o f m acrofauna is approximately 

three times the length o f  that on the microbial communities in the enrichment 

cores. One o f  the m a in  reaso n s  fo r  th is  is th e  en o rm o u s  l i te ra tu re  on the 

former w h en  c o m p a r e d  w i th  t h a t  on  th e  l a t t e r  - I r e f e r  to a b o u t  150 

references when discussing  the m acro fau n a l  fie ld  survey but only about 50 

when d iscu s s in g  th e  m i c r o b i a l  w o rk .  A  s e c o n d a ry  re a so n  is th a t  the 

macrofaunal field survey included a considerable amount o f  work on sediment 

properties and their re lationship to species abundance. No work on sediment 

properties was done on the microbial enrichm ent cores.



m
m a c r o f a u n a l  c o m m u n it ie s

The m ain  o b jec t iv es  o f  my s tudy  o f  the in ter t ida l  comm unities  of 

infaunal m acro fau n a  at A rd m o re  was to investigate  them  in relation to the 

contrasting sedimentary environm ents on the beach. This involved comparing 

mc\v\s a n <d s p a t i a l  v a r i a b i l i t y  oj- sp e c ie s  a b u n d a n c e s  w i th  those  o f  

sedimentary parameters in the algal and nonalgal areas towards high tide and 

the peaks and troughs o f  the sand waves tow ards low tide. It also involved 

investigating correlations between species abundances and sediment parameters, 

and comparing differences in diversity, between the d iffe ren t areas.

I th e re fo re  f irs t  discuss the e ffec ts  o f  sedim ents on the abundance 

of infaunal species, and  follow this w ith  a considera tion  o f  scales o f  spatial 

heterogeneity in b en th ic  com m unitie s ,  and the relations between algal mats, 

sand waves and  b e n th ic  c o m m u n i t ie s .  I th e n  d iscuss  c o r re la t io n s  be tw een  

species abundances and sedim entary  parameters at the high tide and low tide 

sites. I complete my discussion by considering the spatial differences in species 

diversity at A rd m o re  in the light o f  M arg a le f ’s (1968), Sanders (1968) and 

Abele and Walter’s (1979) theories  on the env ironm en ta l  factors influencing 

diversity.

There is a vast literature in most o f  these subject areas, only a small 

proportion o f which I have referred  to in detail because I have preferred to be 

selective. There is also a certain  amount o f  overlap between the d ifferent parts 

of the discussion. This is inevitable when covering such closely related aspects 

of infaunal communities and sedim entary environments.
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1. Sediment Properties

It is well known that the structure o f benthic infaunal communities 

and the abundance  o f  th e i r  co n s t i tu en t  species is o f ten  closely related to the 

properties o f  the  s e d im e n ts  in w h ich  th ey  live. F o r  ex am p le  it w ould  be 

unusual to find C orophium  volutator and Macoma balthica in a gravelly sand 

or Bathyporeia guilliamsoniana and Cerastoderma (Cardiuml edule in a fine 

clay. There is a large l i te rature on these relationahips dating back to the early 

parts of the twentieth cen tury  (Petersen, 1913, 1915, 1918; Petersen & Jensen, 

1911; Spark, 1935; Jones, 1950; Thorson, 1957; Holme, 1966; Sanders, 1968).

I w a n t  to  c o n s i d e r  som e o f  th e  m o re  r e c e n t  l i t e r a tu r e  w h ic h  

concentrates on the re la t io n sh ip  be tw een  sed im ent p roperties  and benthic  

communities p e r  se, r a th e r  th a n  the  l i t e r a tu r e  w h ich  is co n cern ed  w ith  

community s t r u c tu r e  i tse lf .  Some o f  th is  l i te r a tu r e  and  its re la tion  to my 

results is covered below  in item  (3.2.) sand waves and item (4) correlations, 

and to avoid repetition is not dealt with here.

A large n u m b e r  o f  au thors  have conduc ted  field surveys in which 

sediment c h a ra c te r i s t ic s  h av e  been  c o r re la te d  w ith  in te r t id a l  and sub tida l  

benthic communities or with the abundance o f a single species (Barnard, 1963; 

Evans, 1965; Cassie & Michael, 1968; Longbottom, 1970; Field, 1971; Hughes 

& Thomas, 1971; Rhoads & Young, 1971; Ward, 1975; Beukema, 1976; Erwin, 

1977; Giere, 1977; T y le r ,  1977; T y le r  & Banner,  1977; Warwick & Davies, 

1977; Buchannan et ah, 1978; Pearson & Eleftheriou, 1981; Rhoads & Boyer, 

1982; Creutzberg et ah, 1984; E le f th e r io u  et ah., 1986; M eadows & Tufail,  

1986; Pearson et ah, 1986; Ishikawa, 1989; Sorbe, 1989; Basford et sL, 1990; 

Miron & Desrosiers, 1990).

A selection o f  these  re fe ren ces  is g iven  in table 41 identify ing the 

Major s e d im e n t  p a r a m e t e r s  m e a s u r e d .  M a n y  o f  th e se  s tu d ie s  in c lu d e  

Measurements o f  partic le  size param eters such as mean and sorting (s.d.) while
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Table 4-1 . Sediment properties affecting benthic communities

A uthor(s) Site Sediment property(ies) & organism(s)

Beukema (1976) Wadden Sea 
Denmark 
(mud flat)

High sand or silt contents correlated 
with low macrobenthic biomass.

Buchanan e_t a 1 
(1978)

Cassie & Michael 
(1968)

Northumberland 
coast, UK 
(subtidal)

Karore Bank 
New Zealand 
(intertidal 
mud flat)

Creutzberg et. a 1. . North Sea 
(1984) (subtidal)

Erwin (1977)

Evans (1965)

Field (1971)

dere (1977)

Harrison & Wass
(1965)

H°gue & Miller 
(1981)

Irish Sea 
(subtidal)

The Wash 
UK
(intertidal)

False Bay 
South Africa 
(subtidal)

Subtropical 
beach, Bermuda 
(intertidal 
flat & slope)

Chesapeake Bay 
USA, (subtidal)

Yaquina Bay 
Oregon, USA 
(intertidal 
sand flat)

Significant negative correlation 
between diversity and percentage silt. 
No correlation between biomass and 
sediment type.

Chione stutchburvi and Macomona 
1i1iana community positively
correlated with coarse sediment 
and negatively with fine sediment.

Particle size positively correlated 
with current velocity which in turn 
determines distribution of food 
resources for benthos.

Ten communities identified at 10m and 
50m depth, their distribution is 
related to low wave action.

Distribution of organisms varies in 
salt marsh, mudflat and sand flat 
areas. Pvgospio tubes in troughs of 
ripple marks.

Number of benthos high in stable sand, 
but low in shallow sediment with high 
wave surge.

Eh, pH, salinity, and temperature 
restrict oligochaete species to 
uppermost layers - intertidally. More 
animals found in subsurface layers of 
slope.

Water content determines frequencies 
of infaunal invertebrates.

Most nematodes found in the vicinity 
of crests of sand ripples rather than 
troughs.

c o n t d :
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Table h i  c o n t d :

Author(s) Site Sediment property(ies) & organism(s)

Howes et. a_L 
(1981)

Hughes & Thomas 
(1971)

Longbottom
(1970)

McCall
(1978)

Miron &

Desrosiers
(1990)

Moore
(1931)

Palmer & Gust 
(1985)

Pearson &
E lefthe riou
(1981)

Sippewissett
USA
(intertidal 
saltmarsh)

Bideford River
Canada
(subtidal)

Swale Estuary 
UK
(intertidal)

Water logging in sediments inhibits 
aboveground growth of the seagrass 
Spartina alterniflora by decreasing 
oxygen release and thus lowering Eh.

Yoldia Tel1ina community associated
with finer sediments while remaining 
benthos not associated with sediment 
type.

Arenicola marina found in deposits 
of median particle diameter of < 80 
yum.

Long Island Benthos distribution affected by
Sound USA substrate disturbance, a result of
(tidal embayment) bottom storms.

St Lawrence 
Estuary 
Canada 
(intertidal)

Clyde Sea Area
Scotland
(subtidal)

North Inlet 
Estuary USA 
(intertidal 
mud flat creek)

Sullom Voe
Scotland
(subtidal)

Pearson & Stanley Loch Linnhe & 
(1979> Loch Ei 1

Phoads & Young 
(1971)

Scot land 
(subtidal)

Cape Cod Bay 
USA
(subtidal)

Nereis virens had highest densities 
towards the shore and lowest at the 
lower tidal level. Nephtvs caeca 
showed the opposite trend. N̂ _ virens 
increased with high organic content.

Harpacticoids restricted to top 1cm 
of mud.

Meiofaunal dispersal is affected by 
strong water currents.

Faunal distributions vary in relation 
to type of sediment. Current speed & 
organic content in certain areas 
affect macrofauna.

Sediment with low organic matter and 
high Eh have a diverse fauna. Annelid 
size is directly related to Eh.

Molpadia oolitica (holothurian) 
is found in sediment with a silt/clay 
content greater than 20%.

c o n t d :
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Table k i  c o n t d :

Author(s) Site Sediment property^ies) & organism(s)

Sameoto
(1969b)

Sippewissett 
Creek, USA 
(intertidal)

Sand bars affect distribution of 
Amphipods (Haustoriidae).

Tyler & B a n n e r  
(1977)

Ward
(1975)

Warwick & Davies
(1977)

Oxwich Bay 
UK
(subtidal)

Liverpool
Bay
UK
(subtidal)

Bristol 
Channe1 
UK
(subtidal)

Benthic echinoderm distribution is 
positively correlated with the 
distribution of fine sediment and 
hydrodynamic conditions.

Nematode distribution affected by 
sediment granulometry; a wider range 
of nematode lengths found in more 
heterogeneous sediments.

Substrate type characterises different 
benthic communities.

Wieser
(1959)

Puget Sound Interstitial fauna not found in
USA sediments finer than 200 yum particle
(intertidal) size.



i n

others cover organic carbon, redox potential, oxygen, sediment water content 

and water m ovem ent above the sediment water interface.

T h e  b ay  a t  A r d m o r e  has  a n u m b e r  o f  d i f f e r e n t  s e d im e n ta r y  

environments rang ing  from  h ig h e r  energy  erosional conditions towards the 

mouth w h ich  p ro d u c e  the  s tab le  sand  w ave  c o n f ig u ra t io n  there ,  to low er 

energy depositional environm ents  in the high tide area where well established 

algal mats exist (Plate 1). Both the algal mats towards high tide (Plate 2) and 

the sand w aves  in  th e  lo w er  p a r t  o f  th e  beach  (P la te  3) have been  s tab le  

features of the beach for many years and have retained their relative position, 

although the algal mats are more obvious in summer.

T h e  p ro p e r t ie s  o f  the sed im en t at the high tide and low tide sites 

are different. In general particle size is finer at the high tide site than at the 

low tide site, shear s trength  is lower (except in the troughs at low tide), redox 

potential is low er, and  pH  is low er (Tables 4, 5). All o f  these d iffe rences  

emphasise that the high tide site is a lower energy environment than the low 

tide one, probably caused by the combined effect of the shape of the bay, the 

direction of the prevailing  winds and the dissipation o f wave energy towards 

high tide (Figure 2). In this context it is interesting to note that work

by Tyler (1977), T y le r  and  B an n er  (1977), W arwick and Uncles (1980), and 

Kunitzer (1 9 9 0 )  s t r e s s  th e  i m p o r t a n c e  o f  h y d r o d y n a m ic  c o n d i t io n s  in 

determining benthic  com m unity  s tructure in the subtidal zone. It is certainly 

true that s im ilar  e f fe c ts  will be o p era t in g  in A rdm ore  Bay either by d irec tly  

affecting the in fau n a l  b en th ic  co m m u n ity  or by contro lling  the sed im entary  

environment there, and a similar hypothesis was put forward for the intertidal 

zone many years ago by Bruce (1928a, p 551) a f te r  studying the intertidal zone 

at Port Erin Bay.

The infaunal animal communities at the two sites contain relatively 

few species, 5 at the low tide site and 7 at the high tide site (Tables 2, 3, 6), 

which indicates that the whole area can be regarded as a marginal habitat in 

which relatively few species can survive but in which those that do are very
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successful (see Discussion section 5 (species diversity)).

T h e  sp ec ie s  c o m p o s i t io n  o f  the two co m m u n it ie s  is su rp r is in g ly  

similar in view o f  the d i f f e re n t  sed im en tary  environm ents  (sand waves and 

algal mats). Only one o f  the species at low tide R  guilliamsoniana is not found 

at high tide while 3 out o f  the 7 species at high tide (C  volutator. R  sabella. 

and IT neglecta) are not found at low tide. There are however very significant 

differences betw een  the structure  of two communities which must be caused 

by the d iffe ren t sedim entary  environm ents - at least in part. These differences 

which are considered in m ore detail below consist of a h igher diversity at the 

high tide site, g reater  variability  in the abundance of species at high tide and 

large populations at high tide o f  C  volu tator, H. neglecta. M. balthica. and N. 

diversicolor (Table  6 ). T hese  fo u r  species are charac teris t ic  o f  m ore m uddy 

sediments w h ich  agrees w ith  the m ore sheltered  conditions existing towards 

high tide at A rdm ore. The only species which is found at low tide but not at 

high tide is IT guilliamsoniana which is very characteristic o f  coarser sediments 

and higher energy conditions.

2. Scales o f  Spatial H eterogeneity in Benthic Communities

I have m ade a distinction in my macrobenthos study between m icro

scale. v a r i a b i l i t y  -  d e f i n e d  as o p e r a t i n g  up  to a d i s t a n c e  o f  lm  a p a r t  

horizontally, m eso -sca le  v a r iab il i ty  - de f in ed  as operating  be tw een  lm  and 

50m (F igure  31, T a b le  18, 19), and  m a c ro -sca le  v a r ia b i l i ty  -  d e f in e d  as 

operating above 50m. This is an arb itrary  distinction but was appropriate to 

the area that I was studying, in that spatial heterogeneity in the high tide algal 

mats and in the low tide sand waves was of this order o f  magnitude (Plates 2, 

Figure 2 lo w e r ,  T a b le  19). H o w e v e r ,  t h e re  is c o n s id e r a b le  n e e d  fo r  

standardisation o f  t e rm in o lo g y  (C o n n e ll  & Sousa, 1983, p. 2 9 2 -2 9 4 ) ,  and 

a£reed d e f in i t io n s  fo r  m ic ro ,  m eso, m acro , and m eg a -sca le  e f fe c ts  are 

required. F o r  e x a m p le  in th e  sam e issue o f  the jo u rn a l  L im n o lo g y  and
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Oceanography (1985 vol. 30 (6),pp 1246-1252), Paerl refers to microzones and 

micro-scale e f fec ts  in cy an o b ac te r ia l-b ac te r ia l  aggregates o f  the o rder  o f 50 

yum to 250 yum (loc. cit. p 1250, Fig. 2), and Seitzinger and Nixon (1985) use 

what they te rm  m icrocosm s (loc. cit. p. 1 333) con ta in ing  13 m w ater and a 

40cm deep sedim ent layer to study denitrification in coastal marine sediments.

A  n u m b e r  o f  au thors  have considered  the scales at which spatial 

heterogeneity occurs in benthic infaunal communities in sediments (Eckman, 

1979; M aurer et ah, 1979; Findlay, 1981; Schaffner, 1990).

S c h a f f n e r  (1990) s tu d ied  fauna l  a b u n d a n c e  and  h o r izo n ta l  and 

vertical d is t r ib u tio n  pa t te rns  in 70 box core samples taken  from  su b - t id a l  

sediments in low er C hesapeake Bay, USA, covering  an area o f about 20x10 

km. The box cores w ere separated  by about 5km from  each other, which in 

my classification w ould  be regarded as m a c ro -sca le . These d istances are at 

least 2 o rd e rs  o f  m a g n i tu d e  g re a te r  than  the  d is tan ce s  o ver  w h ich  I was 

sampling at A rd m o re  (< lm  to 50m). In spite o f  this, some o f  S ch a f fn e r ’s 

results are o f  d irec t  re levance to my own work. She iden tif ied  5 functional 

groups of infaunal benthos:

(i) large tube  and  b u rro w  builders  with modal dep th  d is tr ibu tions  below 

2cm and depth  ranges extending below 10cm.

(ii) small tu b e  b u i ld e rs  w ith  m odal d ep th  d i s t r ib u t io n s  above  2cm and  

depth ranges generally not exceeding 5cm.

(iii) sha l low  b u r r o w e r s  w i th  m o d a l  d e p th  d i s t r i b u t i o n  a b o v e  2cm  and  

depth ranges not exceeding 10cm.

(iv) deep b u r ro w e rs  w ith  m odal dep th  d i s t r ib u t io n  be low  2cm and  d ep th  

ranges extending below 10cm.

(v) epifauna and tube or burrow co-inhabitants.

T h r e e  o f  th e  sp e c ie s  in my s tu d y  (T a b le s  2, 3, 6 ) fa l l  in to  

Schaffner’s g ro u p  (i) (/V m arina  (Plate 5, 8 ), Eh d ivers ico lo r and R  elegans 

(Plate 9)), two o f  my species fall into S chaffner’s group (ii) (R  sabella and £2 

^ilUator), two o f my species fall into Schaffner’s group (iii) (Fh neglecta and
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Plate 8. Ardmore bay. Low 
show Areni cola ma r ina 
top aerobic sediment 
and the aerobic lining 
length.

tide. Peak sediment spli 
burrow c.l2cm long. Note 
with anaerobic sediment b 
of the burrow throughout

t to 
the 
elow 
i t s
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Plate 9. Ardmore bay. Low tide sediment on the peak 
of the sand waves showing small-scale sand 
ripples. Note Pvgospio elegans tubes (golden brown) 
protruding from ripple troughs.

Plate 10. Ardmore bay. High tide. Algal mat sediment 
split to show the sub-surface black ferrous sulphide 
layer.
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R. guilliamsoniana) and one of my species falls into Schaffner’s group (iv) (M. 

halthica).

M a u re r  et ah (1979) investigated spatial heterogeneity  in coastal 

benthic invertebrates using cluster analysis. They identified 3 spatially separate 

groups (clusters) at the HCS (Hen and Chickens Shoal) site, bu t  none at the 

SBB (South Bethany Beach) site. The stations at the HCS site separated into a 

near shore g ro u p  w h ich  w ere similar to all the SBB site stations, and  a m id 

shore, and o f f - s h o re  g roup  w hich  were d if fe ren t .  T he distance betw een  the 

near-shore group and the m id-shore group, and between the m id-shore group 

and the o ff -sho re  group was about 1km and so differences between the groups 

would be regarded as macro-scale effects in my classification. The near-shore 

group of s ta tions had re latively few species at low densities. The o ff -sh o re  

group of s tations had m ore species at h ig h er  densities. This means that  the 

near-shore g ro u p  has a lo w er  species d iv e rs i ty  th an  the  o f f - s h o r e  group . 

Maurer et ah (1979, T ab le  1) also show that the o f f -sh o re  group o f  stations 

contained finer sedim ent (higher mud and clay %) than the near-shore group. 

Although o p era t ing  on a larger spatial scale than mine, these d iffe rences  in 

species diversity and sediment characteristics are interesting. The high tide site 

at Ardmore had a h igher species diversity (Table 6) and a finer sediment than 

the low tide site (Tables 4, 5). The high t ide  and low tide sites at A rdm ore, 

although less th an  a k i lo m e tre  ap a r t  (F ig u re  2 low er),  can th e re fo re  be 

regarded as an intertidal analogue of the o ff-shore  and near-shore groups of 

stations in M au re r  ej. a l ’s. study. It would be in teresting  to find out w hether 

this was generally  t rue  by studying  a range o f in te r t ida l  sites and com paring 

these w ith  a ra n g e  o f  su b t id a l  sites b o th  o f  w h ich  had  f ine  and  coarse

sediments.

As an example o f  micro-scale spatial variability, Eckman (1979) has 

shown that clustering at scales of one to several centimetres occurs commonly 

ln small m a c ro fa u n a l  spec ie s  in h a b i t in g  e n v i ro n m e n ts  w h e re  p ro t ru d in g  

structures such as animal tubes, shell fragments and stones affect the pattern
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of water flow at the b en th ic  b o u n d ary  layer. L ike my work, Eckm an has 

investigated spatial distribution o f macrofaunal species, but the scales used by 

Eckman are smaller than the ones I used. His results are interesting because 

several of the species he studied exhibited gregariousness at scales of between 

l-3cm  (M a n a y u n k ia  a e s tu a r i n a  a n d  a T a n a is  sp .)  w h i le  l a r g e r  scale 

periodicities and in te rd ep en d en ce  in species abundance  at a 10cm level were 

seen in a e s tu a r in a . R  elegans and  P seudonolvdora  kem pi iapon ica . It is 

probable that similar micro-scale effects may be detectable at Ardm ore with a 

suitably designed  sam pling pro tocol,  and this would be a f ru i t fu l  area for 

future research. F o r  exam ple it would  be possible to lay out a 50cm transect 

and sample along it at 1cm in terva ls  using m in i-cores .  The same statitical 

procedures co u ld  then  be a p p l ie d  to th is  d a ta  as I have used in my study 

(Tables 18, 19, 20, 34).

F in d l a y  (1981) has  s t u d i e d  s p a t ia l  d i s t r i b u t i o n  in m e io fa u n a l  

communities. Fie selected two d iffe ren t sediment sites, a sand and a mudflat, 

and used four d iffe ren t sized cores, ranging in area from 0.3cm (radius c. 

3.0mm) to 32.0cm (radius c. 3.2cm). F indlay  showed that at a scale o f  3 to 

3cm a micro-scale patchiness existed in the meiofauna at both the mud and 

sand sites. This approach is an interesting one which could well be relevant to 

a site such as that at A rdm ore when studying macrofauna. Taking into account 

the size of the m acro fau n a  in sed im ents  at A rd m o re  appropria te  core sizes 

would probably be 3cm^ (radius c. 1.0cm) to 0.32 (radius c. 32.0cm). These 

could be used at e i the r  regu la r  or random  positions in a given area on the 

heach or along a transect. It would also be interesting to conduct this study at 

different times o f  the year to determ ine any seasonal effects, because Findlay 

demonstrated h igher  spatial aggregation  for copepods in F ebruary  than in 

September.
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3. A lga l m a ts  a n d  s a n d  w a v e s

O ne o f  th e  m ost in te resting  features at A rdm ore is the m eso-scale  

spatial heterogeneity  on a scale o f  1 to 50m (Figures 16 to 26, 31 & Tables 18, 

19) imposed by the presence o f  algal mats at the high tide site and sand waves 

at the low t ide  site  (Plates 2 , 3), and it was this visible spatial heterogeneity

S ite.
produced by two d if fe ren t  phenomena, the algal mats at high tide and the sand

\
Site.

waves at low tide, which determ ined my transect sampling strategy at the two
/V

sites.

There  is a significant literature on the effects of algal mats and also 

of seagrass beds (a re la ted  phenom enon) on ben th ic  communities b u t  less is 

known of the effec ts  o f  sand waves.

3.1. Algal mats

A lg a l  m a ts  and  also seagrass  beds can have a m a jo r  im p ac t  on 

intertidal and  sh a l lo w  s u b t id a l  s ed im en ts  and th e i r  faunal co m m u n it ie s  

(Gingsburg & Lowenstam, 1958; O ’Gower & Wacasey, 1967; Wood et ah, 1969; 

Coull, 1970; H artog ,  1970; N eum ann  et ah., 1970; Scoffin, 1970; T ay lor  & 

Lewis, 1970; P e rk in s  & A b b o t t ,  1972; Z iem an ,  1972; Orth , 1973; 1977; 

Rasmussen, 1973; Santos & Simon, 1974; Woodin, 1974; McRoy & Helfferich, 

1977; R e ise ,  1977, 1983; L u b c h e n c o ,  1978; F r o s t ic k  & M cC av e ,  1979; 

Suchanek, 1983; N o r to n ,  1986; G a m b i  et aL, 1990). T hey  can s tab il ize  

sediments (G in g sb u rg h  & L ow enstam , 1958; N eum ann  £t ah, 1970; Scoffin , 

1970; O rth , 1977; F ro s t ic k  & M cC ave ,  1979), increase  larval s e t t lem en t ,  

decrease p red a tio n ,  p re v en t  adults  from  being washed away, and increase 

species richness and  d ivers i ty  (O ’G o w er  & Wacasey, 1967; Wood et ah. 1969; 

Coull, 1970; H artog ,  1970; T ay lo r  & Lewis, 1970; Warme, 1971; Z iem an, 

1972; Orth, 1973, 1977; Santos & Simon, 1974; Woodin, 1974; T hayer  et aL, 

19?5; Reise, 1977, 1983; Nicholls et a L  1981; Gambi et aL  1990).
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N ich o lls  et aK, (1981) looked  at the e f f e c t  o f  the g ro w th  o f  the

green algae E n te ro m o rp h a  and Ulva on in ter t ida l  m acroben th ic  com m unities

and their p redators .  They  stud ied  two sites in Langstone H arbor, the Solent,

H a m ^ s W e ,  one an open m u d fla t  and the o th er  w ith a rich cover o f  algae.

The species com position  o f  the two sites was very  s im ilar bu t  the relative

abundances o f  the species d iffe red  significantly. The algal mat area had fewer

species with h igher numbers, while the m u d-f la t  area had more species with

fewer in d iv id u a ls  p e r  spec ies.  T h is  m eans  th a t  the m ud  site had  a h ig h e r

diversity than the algal mat site, although the authors did not actually calculate

diversity i n d ic e s  fo r  t h e i r  d a ta .  T h e r e  a re  i n te r e s t in g  s im i la r i t i e s  and

differences between this study and my results at Ardmore, although Nicholls

et a l did not submit their data to statistical analysis. At Ardm ore the species

composition was broadly similar between the high and low tide sites (Table 6)
site.

and between the algal and nonalgal areas at high t ide.(Table 10). However in 

contrast to N icholls  et a k ’s study , the d ivers ity  index o f  the low tide site at 

Ardmore where there were no algae was significantly lower than the diversity 

index of the high tide site where algal mats were present (Table 6).

The algal mats that I studied at the high tide site at Ardm ore (Plate 

2, 10) are p e rm a n en t  featu res  o f  the beach there and have a very  m arked 

effect on the structure and variability o f the benthic infaunal communities and 

on sediment parameters (Figures 8 , 9, 10, 11 & Tables 2, 10). However even 

when algal m ats  are e p h e m e ra l  they  can have  s ig n i f ic a n t  e f fe c ts  on the 

infauna. Reise (1983) s tudied E n te ro m o rp h a  mats which became established 

by the algae becoming anchored in the feeding funnels o f  Arenicola marina. 

These mats w ere  destroyed  one m onth  la ter  by wave action. He counted the 

abundance o f  in fa u n a l  p o ly c h a e te s  and  o f  a large n u m b e r  o f  tu rb e l la r ia n  

species and showed that although the polychaetes were not markedly affected 

the t u rb e l l a r ia n s  d e c r e a s e d  in a b u n d a n c e  an d  sp ec ie s  n u m b e rs .  The 

turbellarians which fed on diatoms were affected the most and those that fed



203

on bacteria were affected the least. Reise cleared a 100m2 area of algal mats 

by daily h a n d  rem o v a l ,  and  found  th a t  in this area the ab u n d a n c e  o f  the 

turbellaria had  d o u b le d  re la t iv e  to th e i r  n u m b ers  at the b eg in n in g  o f  the 

formation o f  the algal mat and were 5 times higher than below the algal mats. 

Although R eise’s paper is d ifficu lt to interpret because of the way in which it 

is w rit ten ,  his re su lts  a re  o f  g rea t  s ig n if ic an c e  because  they  show  the 

importance o f  short term  algal cover in introducing spatial heterogeneity in the 

abundance o f  some m em bers o f the benthic community - the turbellaria. I did 

not measure tu rbellaria  in my study and so no detail comparisons can be made 

between my w ork  and R eise’s (1983) study. However the first effect o f  algal 

cover m ay be to cause  sp a t ia l  h e te ro g e n e i ty  in sm aller  in fa u n a  such  as 

turbellaria which then in tu rn  affect the larger organisms perhaps by p redator-  

prey relationships.

T h e re  are a n u m b er  o f  fu r th e r  points about my own results which 

require com m ent in relation to the presence or absence of algal mats. The first 

is that although there are considerable differences between the high and low 

tide sites (Plates 2, 3, Figures 8, 9, 10, 11 & Tables 2, 3, 4, 5, 6, 18) I found 

fewer differences in mean abundance between the algal and nonalgal areas at 

the high t ide  th an  I had expected  (Table 10). There are no d if fe ren ces  in 

abundances o f  R . s a b e l l a . H. n e g le c ta , M. b a l th ic a . N. d iv e r s ic o lo r , o r  R. 

gleans and there were also no differences in the diversity indices as assessed 

by the Shannon-W iener and Simpson’s indices (Table 10). On the other hand 

there were significantly  more marina and C  volutator in the nonalgal than 

the algal areas along the transect (Table 10) and this may well be related to the 

significantly lower shear strengths and higher redox potentials (more aerobic 

sediment) in the nonalgal sed im en t (Table 10). At a scale o f  upjto 50m then, 

the abundance o f  five ou t o f  the seven species and the diversity  indices are 

n°t affected by the patchiness o f  the algal mats along the transect.

H o w e v e r  one  has to use v e ry  c a re fu l  reasoning in th is  co n tex t ,  

because to determ ine w hether  algal mats increased or decreased abundance and
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diversity at h igh t ide  it would be necessary to conduct an equivalen t 50m 

transect at the same tidal level on the same intertidal beach which contained 

no algae at all. T h is  was not possible at A rdm ore  because there was no such 

area at that tidal level. H owever it m ight be possible to tackle the problem by 

removing algae from  the beach and then comparing the abundance of species 

in the area from  w h ich  algae had been removed with an ad jacent area from  

which the algae had not been removed (c.f. Reise, 1983).

There  were considerably greater differences in the variability of the 

species a b u n d a n c e s  b e tw e e n  th e  algal and  nonalga l areas than  th e re  was 

between the means o f  the abundances themselves (Table 10). The only species 

not to show such an effec t  was R  elegans. The variability in abundances o f A. 

marina and C. vo lu ta to r were greater in the nonalgal than in the algal areas. 

However this m ig h t  have been expected  because the mean abundances were 

also higher in the nonalgal areas.

T h e  s ig n i f ic an t  d i f fe ren ces  in the variab ili ty  of the abundances of 

the other four species (R. sabella. H. neglecta. M. balthica. and bf diversicolor) 

are extremely interesting, because their abundances were the same in the algal 

and nonalgal areas. T w o of the species, R  sabella and bh diversicolor, were 

more variable in the nonalgal areas in o ther words their patchiness was greater 

there, and two o f  the  species, IT neglecta and NT balth ica . had a g rea ter  

variation in the algal areas and hence were m ore patchily  d is tr ibu ted  there. 

The d iffe rence b e tw e en  the two pairs  o f  species m ight be related to th e ir  

mode of l i fe  o r  f e e d in g  (N ew ell ,  1965; F en ch e l,  1972). R. sabella  and  bh 

djyersicolor both construc t perm anent tubes as adults while IT neglecta and 

Ealthica are mobile deposit feeders, feeding on microorganisms and sometimes 

Enteromorpha (Green, 1968; Hughes, 1986).
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3.2. Sand w a v e s

Sand waves, also called sand banks or sand dunes similar to those at 

Ardmore (Plate 3) are well recognised m eso- and macro-scale intertidal and 

subtidal sed im ento logical  p henom ena  (M arsh, 1874; Carey & Oliver, 1918; 

Coleman, 1969; K le in ,  1970; Stride, 1970; Caston, 1972; Langhorne, 1973, 

1982; Swift et ah, 1978; R e ineck  & Singh, 1980; Bridge, 1981; Caston, 1981; 

Kidd & R oberts ,  1982; Wilson, 1982; G a rd n e r  & K idd ,  1983; Allen, 1985; 

Boothroyd, 1985; Reise, 1985; O dum  et ah, 1987; Siever, 1988) and there is 

some ecological ev idence rev iew ed by Wilson (1982) that they can have a 

significant effec t on the subtidal infauna inhabiting them.

Actively moving subtidal sand banks (Jones et ah, 1965; Salsman et 

al, 1966; Langhorne, 1982) have a low species diversity (Wilson, 1982, p. 154). 

For example T y le r  and Shackley (1980) record  an im poverished fauna from 

inshore subtidal  sandbanks in the Bristol C hannel w hich includes the mysid 

Gastrosaccus sp in ife r . the am phipod Pontocrates arenarius and the polychaete 

Nephthvs c i r ro sa . T he  tops and sides o f  subtidal sand banks can how ever 

contain high populations of some species - for example the irregular echinoid 

Echinocardinm co rd a tu m  and  the sand  eels (A m m o d v tes  m arin u s)  and 

Hyperoplm (Am m odvtesl lanceolatus (Reineck, 1963; Macer, 1966; Houbolt, 

1968; Wilson, 1982). The troughs o f subtidal sand waves appear to support a 

more varied fauna. A ccord ing  to Wilson (1982), a w ell-es tab lished  in fauna 

occurs if the sand waves only move occasionally  or are separated by a wide 

area of gravel. T h is  au tho r  reports  a personal com m unication  from J. U lrich  

that the polychaete Lanice conchilega is found in large numbers in sand wave 

troughs in the G erm an Bight, and Werner et ah (1974) report large colonies 

of Liya arenaria at densities of up  to 400m ^ in the troughs of sand waves in 

the Kiel Bight, Baltic Sea.

M y own data  on the in te r t ida l  n o n -m ig ra t in g  stable sand waves at 

Ardmore show  m ark e d  m e so -sc a le  d i f f e re n c e s  in s ed im en t  p ro p e r t ie s ,
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abundances o f  the 5 indicator species and diversity indices between the peaks 

and troughs  o f  the  sand  waves (F ig u res  6 , 8 to 11, 16 to 18, 20 to 25, & 

Tables 3, 5, 11). T he  peaks of the sand wave are made up of w e ll-d ra ined  

sand and th e  t ro u g h s  u sua lly  co n ta in  w a te r  (F ig u re  6 , P la te  3), and  this 

difference undoubted ly  partly explains the significantly higher shear strength 

of the sediment making up the peaks (Table 5).

T h e re  is also a meso-scale  d if fe ren c e  in the redox poten tia l  data 

obtained from the peaks and troughs. However these data are more d ifficult to 

interpret as there is an apparent inconsistency in the statistical significance of 

the differences between the redox potentials in the peaks and troughs, given in 

Tables 5 and  11. In T ab le  5 the redox poten tia l  is s ign ifican tly  lower in the 

troughs than in the peaks while in Table 11 there is no significant difference. 

This may be because the 2 quadrats in which measurements were taken were 

sited exactly at the top o f the peak and exactly  at the bottom  o f  the trough 

respectively, w hile  some of the 13 peak and 13 trough quadrats  along the 

50m transect from which the data in Table 11 were obtained inevitably did not 

sit exactly at the top  o f  the peaks and at the bo ttom  of the troughs because 

they were part  o f  the 50m transect. If  the lower redox potential in the troughs 

recorded in Table 5 is a genuine difference it may well be caused by a higher 

content o f  d e t r i t a l  m a te r ia l  there . T h is  d e t r i ta l  m a te r ia l  w ould  s t im u la te  

heterotrophic m icrob ia l  activ ity  (Gerlach, 1978) which in tu rn  would use up 

oxygen hence lowering the redox potential.

One species was more abundan t  at the peaks than in the troughs - 

marina (Table 3, 11). The reasons for this are not clear but similar effects 

occur subtidally  w ith  a few species (see above). T he  peak  sedim ents have a 

higher shear  s t r e n g th  and th e re fo re  may be m ore  d i f f i c u l t  to b u rro w  in. 

However once a burrow  is constructed it might retain its integrity for longer 

than in a low er sh ea r  s treng th  sedim ent. But one should be cautious about 

reading too m u ch  in to  the d iffe rences  o f  shear s treng th  because the shear
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strength o f  the sediment may become significantly less -  and the differences in 

shear strength between the peaks and troughs might hence be reduced - when 

the tide covers the site.

T hree  species were significantly more abundant in the troughs than 

in the p eak s  o f  th e  sand  w aves, FT e u i l l ia m s o n ia n a . M. b a l th ica  and  FT 

diversicolor (Table 3, 11) and this effect has also been noted for other species 

in subtidal tro u g h s  (see above). Again the reasons are not obvious although 

they m ig h t  be  re la te d  to d e t r i t a l  m a te r ia l  in th e  tro u g h s ,  to be ing  alm ost 

always c o v e red  by  w a te r ,  or to avo idance  o f  the  h ig h e r  sh ea r  s t re n g th  in 

drained s e d im e n t  on the  peaks. T he d iv e rs i ty  ind ices  w ere  h ig h e r  in the 

troughs than at the peaks (Table 11) and the same effect is recorded subtidally 

(see above).

All o f  these differences must be produced by some local property of 

the sediment th a t  d i f fe rs  betw een  the peaks and the troughs. Shear s trength, 

sediment p e rm eab i l i ty  and dra inage or lack o f  it, redox potentia l and pH 

(Table 5), and detrital material are possible causes as outlined above. Others 

might be d i f fe ren c es  in partic le  size d is tr ibu tion . For example the trough 

sediment had a significantly larger particle size and was less well sorted than 

the peak sediment (Tables 5).

T here  is evidence in the literature for the importance of differences 

in m icro topography o f  the sed im ent surface, w hich a lthough on a d if fe ren t  

scale from the sand waves at the Ardmore low tide site, are of interest to my 

work. S ev e ra l  a u t h o r s  h a v e  sh o w n  th a t  a l t e r a t io n s  in m ic r o to p o g r a p h y  

produced by m ac ro b en th ic  b io tu rba tion  can change com m unity  structure , 

albeit on a s m a l le r  sca le  th an  the sand w aves. R h o ad s  and  Y o u n g  (1971) 

showed that  the  co n e -sh ap e d  faecal m ounds p roduced  by the burrow ing  sea 

cucumber M olpad ia  oo litica increased species richness. The m ounds were 

colonised by 3 tube-bu ild ing  polychaetes Buchone incolor, Ninoe nigripes and 

iimicola, which in turn  made the faecal mounds suitable habitats for the 

caprellid am p h ip o d  A eg in in a  longicornis and the bivalve T hyasira  gouldi.
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Similar effects have been demonstrated by Reise (1981) for the funnels and 

faecal mounds o f  A renicola marina which are colonised by small zoobenthos, 

and by Billheimer and Coull (1988) for the effects of feeding pits produced by 

juvenile sp o t  (L e io s to m u s  x a n th u ru s )  (P isces) on m e io b en th ic  co m m u n ity  

structure. It  is h o w ev er  unw ise  to draw  too close a parallel betw een  these 

effects and my sand wave data. Faecal mounds and similar structures are on a 

smaller sca le  th a n  the  sand  waves, b u t  m ore  s ig n if ic an t ly  th ey  m ay have 

q u a n t i ta t iv e ly  o r  q u a l i t a t i v e l y  d i f f e r e n t  ch e m ic a l  an d  m ic ro b io lo g ic a l  

properties than the surrounding  sediment.

T h r e e  p a p e r s  a re  p a r t i c u l a r l y  re le v a n t  to my re s u l t s  on the  

abundance  o f  i n f a u n a  in th e  p eak s  and  t ro u g h s  b ec au se  th e y  a re  b o th  

concerned w ith  in te r t id a l  com m unities  (Sameoto, 1969a, b; H ogue & Miller, 

1981).

H o g u e  an d  M il le r  (1981) in v es t ig a ted  the e f fe c ts  o f  s e d im en t  

m icro topography  on the  m ic ro -s c a le  spa t ia l  d i s t r ib u t io n  o f  m e io b e n th ic  

nematodes by s tu d y in g  n e m a to d e  a b u n d a n c e  in the peaks an d  t ro u g h s  o f  

sediment ripples. A l th o u g h  the scales that Hogue and M iller s tud ied  were 

much sm aller than m ine, th e ir  techniques were similar and th e ir  results are 

very interesting. Hogue and Miller chose an intertidal sand flat characterised 

by regularly spaced assymetrical sediment ripples whose wavelength was about 

8cm. They laid out two transects  each lm  long at right angles to the ripples. 

They then sam pled  along the transects  by contiguous 6mm d iam ete r  cores 

(drinking straw s) and were able to dem onstra te  a clear association betw een  

high densities o f  nematodes and the ripple crests.

T h e i r  resu lts  show tha t  m icro -sca le  environm enta l he terogeneity  

imposed by ripples produces detectable differences in meiobenthic organisms 

similar to, b u t  a t a d i f f e r e n t  scale f rom , the e f fec ts  th a t  I n o ted  at the  

Ardmore low tide site (Tables 3, 11). Hogue and Miller (1981) suggested that 

the reasons for the nematodes being higher in the peaks than in the troughs
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an observation that they had not expected - was related to the migration of 

ripple c rests  a long  the  s ed im en t  s u r fa ce  once  ev e ry  t ide. T h is  caused  the 

organic material which was at the surface of the sediment in the ripple troughs 

on the previous low tide to aggregate in a subsurface layer below the peaks of 

the ripple  on th e  s u b s e q u e n t  tide. A s im ila r  e f f e c t  has been  re co rd e d  by 

Jenness and Duineveld (1985).

H o g u e  an d  M il le r  (1981) sugges t  th a t  the  n em ato d es  f in d  the 

subsurface la y e r  o f  o rg a n ic  m ate r ia l  a t t r a c t iv e  and  ag g reg a te  in it, thus  

producing the h igher nematode numbers below the ripple peaks. However an 

effect such as this is unlikely to occur at A rdm ore because the sand waves at 

the low t id e  s i te  a re  s ta b le  and  do n o t  m ig ra te .  In the  l ig h t  o f  th ese  

investigations it w ould  be interesting to s tudy m eiofaunal abundance  and 

sediment properties in the ripples (Plate 9) that occur on the peaks o f the large 

sand waves at the A rdm ore low tide site.

S a m e o to  (1 9 6 9 a )  s tu d ie d  the  d i s t r i b u t i o n  o f  th re e  sp ec ie s  o f  

Haustoriidae (amphipods) (Haustorius canadensis. Neohaustorius biarticulatus 

and A can thohausto rius  millsi) at S ippewissett  C reek  and Black Beach, Cape 

Cod, M assachusetts. T h e  area at S ippew issett  C reek  consisted o f  a sand bar 

and a bank, the tops o f which were drained and the sides o f  which were not, 

and a channel between the bank and the sand bar which was always covered 

by water. The parallel to my own low tide site at Ardm ore is fairly close. One 

of the species PT biarticulatus was most abundant in drained sediment at the 

top of the sand bar and bank , the second IT canadensis appears from his table 

2 (loc.cit. p. 367) to have been more ab u n d an t  in the sides o f  the sand bar 

below the w a te r  tab le  and also in the C reek  channel,  and the th ird  A,, millsi 

was most a b u n d a n t  in the  channel.  S am eoto  (1969a) also m easu red  m ean 

sediment p a r t ic le  size and so rting ,  in te r s t i t ia l  w a te r  co n ten t ,  and  o rgan ic  

c°ntent of the sand bar, the bank, and the channel. T he only one o f these 

Parameters th a t  S am eo to  was able to c o r re la te  w ith  the  d i f f e r e n t  species 

distribution (loc. cit. Table 2 p. 366) was interstitial water content which was
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low at th e  to p  o f  th e  san d  b a rs  an d  c r e e k  w h e re  Fk b i a r t i c u l a t u s  was

abundant. H ow ever Sameoto also comments in his discussion (p. 387) that the

distribution o f  R  canadensis  and millsi was positively corre la ted  with

anaerobic sands in the  channels  and low sand bars, while hk b iart icu la tus
were.

preferred the d ra in e d  tops o f  the sand bars w hich^m ore aerobic. Sameoto 

(1969a) did not m ake  any qu an ti ta t iv e  m easurem ents o f  redox  poten tia l so 

these observations can only be regarded as qualitative. The only amphipod I 

found at the low t ide  site at A rd m o re  was Ik guilliam soniana w hich  since it 

occurred in the troughs o f  the sand waves (Tables 3, 11) is broadly similar to 

A. millsi in its habita t  requirements. It is interesting that R  guilliamsoniana is 

negatively co r re la ted  w ith  shear  s treng th  and with the level o f  the sed im ent 

surface above the w ate r table (Table 13).

In a second p ap e r  Sameoto (1969b) reports th a t  th ree  species of 

essentially su b tid a l  h au s to r i id s  are ’’almost entirely found  in the troughs o f 

sand ripples th a t  rem a in ed  w a te r - s a tu ra te d ” - presum ably at low tide - (loc. 

cit. p. 1336) b u t  Sam eoto gives no fu r th e r  details, so a detailed  comparison 

with my results is not possible.

T hese  pape rs  and my own research show that the e f fec ts  of large 

sand waves on benthic  com m unity  diversity and structure at a meso-scale and 

macro-scale is a f ru itfu l  area for future research which should firstly involve 

field surveys and then  field and laboratory experiments.

4. Correlations between species abundances, between species abundances and 

sediment parameters and between sediment parameters

Correlations between species abundance, between species abundance 

and sediment param eters , and between sediment parameters, can have a major 

effect on the s t ru c tu re  and var iab ili ty  o f infaunal benth ic  com m unities  in 

Sediments. F o r  e x a m p le  i f  the  a b u n d a n c e  o f two spec ies  a re  pos i t ive ly
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correlated, h ig h  n u m b e rs  o f  one spec ies  w ould  be associa ted  w ith  h igh  

numbers of the other, and low numbers of one would be associated with low 

numbers of the other. This occurs at the high tide site at Ardmore between 

volutator an d  N. d iv e r s i c o lo r , b e tw e en  (T. v o lu ta to r  and  A^ m a r in a , and  

between R  sabella  and  R  elegans (Table 13, F igure 27) and at the low tide 

site between R  g u il l iam son iana  and M. balth ica  (Table 13, Figure 29). As 

another exam ple , i f  a species is negatively  correlated  with an environm enta l  

parameter such as shear strength, when the shear strength of the sediment is 

high there will be few individuals and when the shear strength of the sediment 

is low there would be many. This sort of effect occurs at the low tide site at 

Ardmore, w here  R. g u i l l iam so n ian a . M. balth ica and JT diversicolor are all 

negatively correlated with shear strength (Table 13) (see below p

R e la t io n sh ip s  such as these are obviously o f m ajor significance in 

determ ining  s t r u c t u r e  a n d  v a r i a b i l i t y  in  th e  b e n th i c  eco sy s tem , b u t  in 

themselves give no inform ation  about cause and effect. In the latter example, 

for instance, R  g u i l l iam so n ian a . M. balth ica  and IT diversicolor m ight be 

negatively c o r re la te d  w ith  sh ea r  s t re n g th  fo r  several  reasons. Low sh ea r  

strength might actually be preferred  by the species, and this would be a cause 

and effect re la t ionsh ip .  On the o th er  hand a th ird  factor might reduce shear 

strength and m ig h t  at the same time be favorable  to the species: microbial 

growth (M eadows & A n d e rso n ,  1966, 1968; Frankel, 1977) might decrease 

shear strength by m ak ing  the partic les more slippery hence reducing shear 

strength while at the sam e tim e being a good source o f  food for the species 

(Zobell & F e lthan ,  1938; Newell, 1965; H argrave , 1970; Fenchel, 1972) and 

hence increasing spec ies  abundance .  A lte rn a t iv e  hypotheses o f this sort can 

°nly be proved or disproved by carefully controlled experiments in the field 

and in the laboratory.

H aving  m ad e  these points, it is certain ly  true that a n u m b er  o f 

authors including  m y se lf  in this thesis have calculated correlations betw een
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species and sed im en t p aram eters ,  and between d if fe ren t  species (Buchanan, 

1963; Lie, 1968; Wade, 1972; Parker, 1975; Schaffner, 1990; Brekhovskikh et 

ah, 1991), and then speculated on the meaning of the correlations in relation to 

species abundance and its variation. In my work, since the correlation analyses 

were conducted  on pa irs  o f  data  points  from  successive quadrats along the 

transects (e .g .  a b u n d a n c e  o f  C. v o l u t a t o r . s h e a r  s t r e n g th )  the  r e s u l t a n t  

correlations can also be viewed as meso-scale effects.

C hapm an  and  N ew ell (1949) dem onstra ted  in a classic paper that 

Arenicola m arina on m ud  flats at Whitstable, K ent were most abundant on the 

muddy sand flats and fell o f f  in abundance in shingle banks towards high tide 

and in clay towards low tide. There was a strong positive correlation between 

population d e n s i ty  and  the  d ep th  o f  the m u d d y  sand over ly ing  the clay 

substrate. This is in te re s t in g  because a lthough I did not analyse it in detail a 

similar effect may be occurring at Ardmore. At high tide the muddy sand at 

the surface overlies a more clayey sediment and the interface between the two 

occurs at c. 5 -10cm . A t the low tide site the sed im ent is a m uddy sand to a 

depth of at least 40 to 60cm which is the depth to which A^ marina normally 

bioturbates the sediment. There  is strong evidence from my results (Table 7) 

that A^ m arina adu lts  are  less ab u n d an t  at the high tide site than at the low 

tide site. O ne  e x p l a n a t i o n  fo r  C h a p m a n  and  N e w e l l ’s (1949) and  m y 

observations are th a t  ad u l t  /V m arina  p re fe r  a reasonably deep m uddy sand 

sediment o f  the  o r d e r  o f  40 to 60cm in w h ich  to co n s tru c t  th e i r  v e r t ic a l  

burrows.

W itte  an d  W ilde  ( 1 979) c o n d u c te d  a se r ie s  o f  e x p e r im e n ts  to 

demonstrate the e f fe c ts  o f  N ereis  d ivers ico lo r on juven ile  A renicola marina. 

Nereis was found to in trude into Arenicola burrows and settle in their upper 

Parts, thus com peting for space. Nereis also predates on the tails of Arenicola 

and sometimes even kills them. Witte and Wilde found in the field that Nereis 

can cause cons iderab le  dam age to A ren ico la  and that there was an inverse 

relationship be tw een  the densities  o f  the two species. However, I found no
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significant negative correlation between IT diversicolor and /v  marina either at 

the high o r low  t id e  sites (T ab le  13). T h is  suggests  th a t  the m echan ism s 

reported by Witte and Wilde (1979) may not be occurring  on the beach at 

Ardmore.

Olafsson and Persson (1986) studied interactions between Corophium 

volutator and Nereis diversicolor in a field study of an estuarine shallow-water 

soft-bo ttom  se d im e n t  on the sou th  coast  o f  Sw eden  and  also co n d u c ted  

behavioural ex p e rim en ts  on the in terac t ions  betw een  the two species. Over a 

two-year period they studied a Corophium patch containing high densities of 

Corophium and  low densities o f  Nereis  and a Nereis patch contain ing  high 

densities o f  N e re i s  and  low d e n s i t i e s  o f  C o r o p h i u m . T h e i r  l a b o ra to ry  

experiments suggested  that high densities  o f  Nereis reduced the density  of 

Corophium mainly by sediment disturbance - not by predation. However their 

experiments d id  no t show any im pact o f  C orophium  on the abundance of 

Nereis. My field results do not agree with those of Olafsson and Persson since 

C. volutator was positively correlated with IT diversicolor at the high tide site 

where both species occurred  together  (F igure  27, Table 13). The explanation 

for this very obvious d iffe ren ce  betw een Olafsson and Persson’s (1986) data 

and my results is obscure, a lthough it m ight be related in some way to the 

different environmental characteristics o f the two sites (Tables 4, 5, 6, 18). My 

high tide s ta t io n  is cove red  by w a te r  fo r  only  a small p ro p o r t io n  o f  t im e 

during the t id a l  cyc le  w hile  O la fsson  and  P e rs so n ’s site a l th o u g h  in very  

shallow water (30-40cm) was essentially a subtidal habitat.

I now want to consider the results of my own correlation analyses at 

Ardmore in a little more detail (Table 13, Figures 27 to 30). At low tide there 

was a group o f  3 species which were positively correlated  with each other 

(Figure 29). T hese  were Bathvporeia  gu il l iam son iana . M acoma b a lth ica . and 

^£I£is d iv e rs ic o lo r  a l th o u g h  only  IT g u i l l iam so n ian a  and  M. b a l th ica  are 

significantly corre la ted .  These 3 species are also negatively correlated  with
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shear s treng th  and with the height of sed im ent above the w a te r  table (Table 

13, Figures 29, 30). Inspection of the abundance data along the transect shows 

(Figures 17, 20, 21) th a t  all th ree  spec ies  o c c u r  in the  t ro u g h s  in h ig h e r  

abundances than  in the peaks o f the sand waves. The troughs o f  the sand 

waves have a lower shear strength and are covered with water. This explains 

the positive co rre la tions  between the species and the negative correlations 

between the species and the two sediment parameters shear strength and water 

table. The co r re la tions  associated with A,, m arina  substan tia te  this view. A. 

marina tends to be more abundant in the peaks o f the sand waves than in the 

troughs (P la te  5). O ne w ould  expec t  th is  to lead to n eg a tiv e  co r re la t io n s  

between /V m arin a  and the three species in the troughs. In fact two o f the 

correlations are s ta tis tica lly  negatively s ign if ican t  (with AT balth ica and R. 

guilliamsoniana). while /V m arina and IT d iversico lor are not s ign ifican tly  

correlated. It should also lead to positive correlations between TV marina and 

shear strength and with the height o f  sediment above the water table (Figure 

6) both o f these correlations are positive and highly significant (Table 13).

All o f  these correlation  coe ff ic ien ts  betw een species and sedim ent 

parameters emphasise the important role played by sand waves in determining 

the meso-scale s tructure and variability of the benthic infaunal community at 

the low tide site.

Site
The high tide,correlation coefficients are more d ifficult to interpret 

\
(Figure 27, T ab le  13). However, there are th ree  pairs o f species which are 

positively co rre la ted  (F\ sabella/P. e legans; C. vo lu ta to r / IT  diversicolor; A^ 

marina/C. v o l u t a t o r ) . T h e  reasons fo r  these  pos i t ive  co r re la t io n s  are no t 

obvious, a l though  some o f  them m ight be re la ted to the presence o f algal 

cover. For example both /V marina and C  volutator are negatively correlated 

with algal c o v e r  b e in g  m ore  a b u n d a n t  in the  nona lga l  areas and  hence  a 

Positive correlation between the two species is to be expected.

T h e r e  a re  two fu r th e r  p o in ts  ab o u t  the s ig n i f ic a n t  co r re la t io n  

coefficients at high tide which require  com m ent. The firs t o f  these concerns
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IT diversicolor. R  divcrsicolor is strongly positively correlated with the height

of the sediment above the water table (Figure 6, Table 13) - which is exactly

the opposite e ffec t  to that observed at the low tide site where the correlation is

negative. This means that R  diversicolor occurs in large numbers in exposed 
site,

sediment at h igh  t ide^and  in large num bers in sed im ent un d erw a te r  in the 
Site

troughs at low tide^ As might be expected from this, the species is positively

correlated with shear ste(rngth at high tide and negatively correlated with shear

strength at low tide. However, this does not explain the contrasting habitat of

the species at the high and low tide sites.

T h e  second po in t concerns C. v o lu ta to r . C. vo lu ta to r  is strongly 
PosvKv/e

positively correlated with redox potential. This means that it favours aerobic
A.

sediment. Deans et aL, (1977) showed that C  vo lu ta to r  avoided irrad ia ted  

sediment w hich  had very  low Fh values but p re fe rred  control u n ir rad ia ted  

sediment. T hese  f ind ings  substan tia te  my results that C , vo lu ta tor favours 

sediment with positive Eh values.

A  final point needs to be made about the correlation coefficients in 

Table 13. T here  were a larger num ber of significant correlations at the low 

tide site than there were at the high tide site, 20 (44%) out of 45 as compared 

with 17 (22%) out o f  78 (Table 12). The reasons for this may be the m ajo r  

role played by the large sand waves at the low tide site (Plate 3). Perhaps a 

regular spatial v a r ia t io n  o f  this sort produces more s ign if ican t correlations 

between species and sed im en t param eters  than does the less regular spatial 

variation between algal mat and nonalgal mat areas at the high tide site (Plate 

2). In this co n tex t  it may be sign ifican t that the sand waves at low tide are 

Permanent features at all seasons on the beach while the algal mats at high tide 

although being p e rm a n e n t  show much g rea ter  g row th  in the sum m er than in 

the winter.
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5. Species D iversity

D iffe ren c es  in the relative abundance o f  d i f fe re n t  species can be 

measured by a num ber o f  diversity indices (Simpson, 1949; Lloyd & Ghelardi, 

1964; Margalef, 1968, 1978; Sanders, 1968; Odum, 1971; Fager, 1972; Pielou, 

1977; May, 1981; Valiela, 1984; Baker & Wolff, 1987; Magurran, 1988) which 

distinguish between a continuum  of communities ranging from those having a 

low d iversity  w ith  a few species and many ind iv iduals  per species, to those 

having a h igh  d iv e rs i ty  w ith  a large nu m b er  o f  species and re latively few 

individuals per  species.

I applied two commonly used indices, the Shannon-W iener index 

and Simpson’s diversity index, to my data for the high and low tide transects 

because these two are recom m ended  by a n u m b er  o f  au thors (Odum, 1971; 

Krebs, 1972; Pielou, 1977; Margalef, 1978; May, 1981; Levinton, 1982; Holme 

& McIntyre, 1984; Valiela, 1984; Baker et ah, 1987; Magurran, 1988; Meadows 

& Campbell, 1988). T h e  results (Table 6) show clearly that  on a m acro-sca le  

the com m unity  at the high tide site has a s ign ifican tly  h igher d iversity  than 

the community at the low tide site and that diversity fluctuates less along the 

transect at high tide - in o ther words shows less meso-scale variability - than 

it does at low tide (Table 6). These results are of great interest in relation to 

studies on the diversity  o f intertidal and subtidal sedimentary infauna and to 

hypotheses about factors causing diversity.

Som e a u th o r s  re p o r t  tha t  th e re  is a d ec rea se  in the n u m b e r  o f  

infaunal species from subtidal sedimentary environments through low tide to 

high tide areas (Johnson , 1970; M cIntyre & E lef the riou ,  1968), bu t there is 

considerable varia tion between different beaches. Por example Beukema (1976) 

in a study o f  species richness of macrofauna communities living in intertidal 

^ t s  of the D utch Wadden Sea, found the highest density of species at about 

fitid tide level associated with a low silt content at that point. The num ber of 

sPccies decreased towards high tide where the sediments became more muddy,
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and towards low tide where sediments became more sandy. In contrast I found 

a higher species diversity at the high tide transect than at the low tide transect 

(Table 6). This m acro-scale difference may be due to the contrast between the 

sandy sediment and sand waves at the low tide site and the ra ther more muddy 

sand with more food (detrital and algal material) (Gerlach, 1978) for infauna 

at the high tide site (Tables 4 & 5).

R a th e r  than  discussing the large l iterature on d ivers ity  indices in 

benthic communities (e.g. Paine, 1966; 1974; Hessler & Sanders, 1967; Fager, 

1972; Reise, 1978; Watling et ah, 1978; Baker et aL, 1987; O utridge, 1987; 

Saenger e l  ah., 1988) I now  p ropose  to co n s id er  my resu lts  in the  l igh t o f  

Margalef’s (1968), Sanders’s (1968) and Abele and Walter’s (1979) theories on 

diversity.

In his book on ’’Perspectives in Ecological Theory” M argalef (1968) 

identifies a s p e c t ru m  o f  m a r in e  co m m u n it ie s  rang ing  f ro m  p io n e e r in g  or 

immature ones with a relatively low diversity in which the relative abundances 

of species vary considerably in space and time, to mature communities having 

a high species d iv e rs i ty  and a relative constancy o f  n u m b er  o f  individuals. 

A ccording to M a r g a l e f ’s c l a s s i f i c a t io n ,  my low t id e  s i te  is a r e la t iv e ly  

immature c o m m u n i ty  and  my high t ide  site a m ore  m a tu re  c o m m u n i ty . 

Margalef states that ins tab ili ty  in the environm ent may hold a com m unity  

indefinitely at a g iven  level on his scale (c.f. Johnson, 1970). I f  the low tide 

site at A rdm ore Bay can be regarded as an immature community in Margalef’s 

sense, the h igher exposure to wave action at that site could be the instability 

holding the com m unities  at a relatively immature stage with a low diversity.

The relationship between the communities at my high and low tide 

sites to M arg a le f ’s (1968) views on the d iffe rences betw een  im m ature  and 

Mature c o m m u n i t ie s ,  re g a rd e d  by him as a process o f  success ion ,  can be 

examined in more detail. M argalef identifies these differences as follows.
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(i) A m ature  c o m m u n ity  has a h igher d iversity . This is certainly true  o f my 

high tide site, when com pared with the low tide one (Table 6).

(ii) A mature com m unity  has a higher biomass. I did not measure biomass, but 

there were g reater  num bers  o f  individuals at the high tide transect (5.3605 x 

105m-2) than at the low tide transect (3.7875 x 105m -2 ). These data were 

calculated from  those in Table 6 by summing the mean abundances of all the 

high tide species and multiplying by 50, and then doing the same for the low 

tide species.

(iii) A mature com m unity  has a higher primary production. The high tide site 

almost certainly has a h igher primary production than the low tide site because 

of the abundance o f  algal material there (Plate 2), although microbial primary 

production will occur at both sites.

(iv) A mature com m unity  contains a greater proportion of inert organic m atter 

and biogenic structures. T he high tide site has more inert organic material in 

the form o f  d ecay ing  algal m at below the sedim ent surface (Plate 10) (c.f. 

Fenchel, 1970) (c.f. the resultant low redox potentials below the mat surface), 

and probably has more biogenic structures - burrows are more obvious at the 

high tide site than at the low tide site (Plate 2).

(v) A mature com m unity  has a more constant number of individuals in space 

and time. The high tide com m unity has a less variable diversity than the low 

hde co m m u n ity  a lo n g  th e i r  re sp ec t iv e  transec ts  (Table  6). H o w ev er  the 

abundances o f  3 o f  the 4 species com m on to the high and low tide sites ( A  

ffianna, ba lth ica . N. diversicolor) are more variable at high tide than at low 

llde so the p icture is not a simple one (Table 6).

These detailed comparisons broadly confirm my view that the high 

tide site is a more m ature  com m unity than the low tide site, using the phrase 

Mature com m unity as defined  by M argalef (1968).
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Sanders (1968) in a com para tive  s tudy o f  m arine benth ic  diversity 

envisaged a co n t in u u m  (loc. cit. p. 253, Fig. 6) ranging from communities 

which are physically controlled to those in which the physical environment is 

not a critical con tro ll ing  factor. He term ed the fo rm er physically controlled 

communities, and the latter biologically accommodated communities. He based 

his reasoning on data collected from a wide range o f soft-bottom  marine and 

estuarine env ironm en ts  (A rab ian  Sea, Bay o f  Bengal, Vellar R iver  Estuary, 

India, continental shelf, the slope, and abyssal rise o ff  New England, USA and 

South A m erica, and the  Pocasset R iv e r  and Buzzards Bay, Massachusetts). 

Sanders (1968, p. 252) d e f in ed  physically  controlled  com m unities  as those in 

which the physical cond it ions  fluc tua te  widely, the animals are exposed to 

severe physiological stress and the com m unity  has a low diversity. Examples 

are c o m m u n i t ie s  in b o re a l  e s tu a r ie s  an d  h y p e r s a l in e  bays. He d e f in e d  

biologically a c c o m m o d a te d  co m m u n i t ie s  as those in w hich  the physical 

conditions are rather constant and uniform and are not critical in controlling 

the success or fa ilu re  o f  the species. These com m unities have a high species 

diversity (tropical shallow water, continental slope, abyssal rise).

It is more d i f f ic u l t  to relate my high and low tide communities to 

Sanders’s (1968) concepts than to M argalef’s (1968). The high tide site has a 

higher diversity, more species ('Fable 6) and may therefore be regarded as a 

more biologically accom m odated  c o m m u n ity , while the low tide com m unity 

could be v iewed as a m ore physically  controlled  com m unity  because o f  its 

lower diversity (Table 6). How ever at both sites physical conditions fluctuate 

widely over one tidal cycle and also between summer and winter. Perhaps one 

should re g a rd  th e m  b o th  as d i f f e r e n t  leve ls  o f  a p h y s ic a l ly  c o n t ro l le d  

^DUh-Unitv and th is  b ro a d ly  ag rees  w ith  S a n d e r s ’ (1968) v iew  th a t  boreal 

shallow water and estuarine communities are physically controlled ones. This 

w°uld include areas such as the Clyde Estuary and the Clyde sea area.

H o w e v e r  m y  d i f f i c u l t y  in r e l a t i n g  th e  h ig h  an d  low t id e
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communities to Sanders’ model may be caused by the model itself being false. 

An alternative interpretation  o f Sanders (1968) results has been given by Abele 

and Walters (1979). T h ey  e rec ted  a h y p o th es is  (loc. cit .  p. 121) th a t  ’’the 

differences in species richness among the boreal estuary, shallow water, shelf 

and deep sea regions are due to differences in the areal extent o f  the regions”. 

According to A be le  and  Walters (1979) this was firs t  suggested by Grassle

(1967) in his unpublished  Ph.D. dissertation (not consulted by me), and also by 

Bambach (1977). When Abele and Walters tested their hypothesis on Sanders’s

(1968) d a ta  (A b e le  & W alters , 1979, tab le  4, p. 122), th e re  p ro v e d  to be 

highly significant positive correlations between the num ber of species and the 

area o f  th e  sea  b e d .  In t h e i r  d is cu s s io n  th e y  r e g a rd  th e  s p e c i e s / a r e a  

relationship as an empirical one, not a mechanism explaining species richness. 

However they  go on to suggest that the re la tionship  m igh t be caused by an 

increase in the  n u m b e r  o f  habita ts  with increasing area. A bele and Walters’ 

(1979) s p e c ie s /a r e a  p h e n o m e n o n  is u n l ik e ly  to ex p la in  the d i f f e re n c e s  I 

recorded be tw een  the low and high tide sites because I sampled exactly the 

same size o f area  at bo th  sites (50m ). On the o ther  hand the algal mats at 

high tide m igh t  p rov ide  more m icrohabitats  w ith in  the 50m sampled than 

were provided by the sand waves at the low tide site. This would be a fruitful 

area for fu r ther  research.
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MICROBIAL COMMUNITIES

T h e  m ic ro b ia l  en r ic h m en t  experim ents  reported  in the second par t  

of my thesis are re levant to a range o f environmental conditions encountered 

in tem p era te  c o n t in e n ta l  s h e l f  w a te rs ,  and  show how e n r ic h m e n t  cores  

simulating d i f f e r e n t  e n v i ro n m e n ts  can  p ro d u c e  very  d i f f e r e n t  m ic ro b ia l  

communities. T here  are a num ber of reports o f sediment cores being used to 

investigate these  in te rac t io n s  (see In troduc tion  p 2 5  ) and I now propose to 

review the m ost re lev an t  o f  these (Wormald & Stirling, 1979; Cox & Bazin, 

1980; Nickels et aT, 1981; H ennig  et ah., 1983) and then to discuss in m ore 

detail a num ber o f  aspects o f  the microbial communities and their variability 

that developed in my cores.

H en n ig  et ah. (1983) stud ied  m ineralisation  and fixation o f  organic 

material by  b a c t e r i a  an d  m e i o f a u n a  in c o lu m n s  o f  beach  san d .  T h e y  

interpreted t h e i r  d a ta  to show  th a t  m ore  o rgan ic  m ater ia l  was f ix ed  by  

meiofauna and bac teria  than by meiofauna alone, and that net mineralisation 

only occurred w hen m eiofauna were present alone. I did not assess meiofauna 

in my cores w hich  m ay with hind sight have been an error. However all cores 

received iden tica l  s ed im en t  from  the same area o f the beach, and I did not 

notice any o f  the  la rg e r  form s such as nem atodes and harpacticoid  copepods 

when the sedim ent was allowed to settle through water in the columns at the 

beginning o f  the  ex p e r im en t ,  or when samples were taken for SEM w ork  at 

the end of the experim ent. Furtherm ore  on the area of the beach from which I 

obtained the  s e d im e n t  fo r  my m ic ro b ia l  ex p e r im en ts ,  h a rp ac t ico id s  and  

nematodes constitu te  over 90% o f  the meiofauna in abundance (Hariri, 1990; 

Saleh, 1990). I c o n s id e r ,  t h e re fo re ,  th a t  any  m e io fa u n a  would have  been  

Present in very  small num bers and would have had only a marginal effect on 

the progress o f  the experiments. Having said this, since extraction methods for 

tneiofauna are fa ir ly  rou tine ,  fu tu re  experim en ts  should be d irected  towards
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studying their  effects  on microbial communities on the shore under conditions 

such as those used in my own work.

Wormald and Stirling (1979) studied the effects of phosphate, nitrate 

and domestic sewage on bacteria and meiofauna in sand columns. The columns 

were in c u b a te d  fo r  83 days d u r in g  w h ich  t im e m ed ia  were co n t in u o u s ly  

circulated through them. Bacterial and meiofaunal abundances were measured 

at the end o f  the experim ent. Nematodes were significantly more abundant in 

the n i t r a t e  a n d  p h o s p h a t e  e n r i c h e d  co lu m n s .  In  c o n t ra s t  b a c te r i a  an d  

harpacticoids showed no significant increase with any o f the treatments. The 

lack of any increase in bacteria is surprising particularly in the sewage treated 

cores because they would have contained large quantities of organic material, 

and also b ec au se  in my BL and  BD cores  w h ich  co n ta in ed  h e te ro t ro p h ic  

organic rich m edia there was a large increase in bacterial numbers. However 

Wormald & S tir ling’s paper is not clearly written and is therefore d ifficult  to 

interpret.

N ic k e ls  e t  a h .  (1 9 8 1 )  c o n d u c te d  an e le g a n t  f ie ld  i n c u b a t io n  

experiment to d em o n s tra te  the e ffec ts  o f  sand grain m icro topography and 

substrate location on the structure and distribution of microbial communities. 

These authors  ran two paralle l sets o f  samples, each set consisted o f  th ree  

different s ilicate  substra tes :  glass beads (45 to 500 ^ im  in diam eter), Santa 

Rosa beach  san d  an d  san d  d re d g e d  f ro m  the bo ttom  (near the  p la t fo rm  

where the first set o f  samples was to be incubated). The first set was exposed 

to running s e a w a te r  p u m p e d  from  a d e p th  o f  26m. T he  second set was 

incubated on the  sea bed  at a dep th  o f  32m. Both sets were incubated  fo r  8 

weeks af te r  w h ich  cores  w ere  taken. T h e i r  results from  SEM show th a t  the 

glass beads which have a smooth surface had very little microflora. The sand 

grains from San ta  R osa beach had su rface  irregularities  which con ta ined  a 

diverse micro flora. T he  sand grains from the sea floor were irregular and had 

a m orphologically  d iv e r s e  m ic ro b ia l  co m m u n ity .  My results show s im ila r  

eTfects where i rregular  sand grains had more microbial growth than the smooth
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sand grains. T he most im portant conclusion drawn from Nickels et aNs (1981) 

work is the  p resence  o f  spatial heterogeneity  in m icrobia l  com m unities on 

three d iffe ren t  types o f substrate when incubated under the same, as well as 

different environm ental conditions.

N ic k e ls  e t a l ’s (1981) f in d in g s  b ro ad ly  re la te  to my w o rk  even  

though th e y  do n o t  d e f in e  any  scales o f h e te ro g en e i ty .  In my s tu d y  the 

p h o t o s y n th e t i c  a n d  h e t e r o t r o p h i c  m e d ia  w o u ld  e q u a l  N i c k e l  e l  a l ’s 

two d i f fe re n t  sites o f  incubation .  Both studies indicate  tha t  when the same 

type of su b s tra te  is in cu b a ted  u n d e r  d if fe ren t  env ironm enta l  conditions it 

results in d if fe ren t  microbial communities showing d ifferen t scales of spatial 

heterogeneity, although in Nickels et aTs work there is also an input of new 

microorganisms from the surrounding water medium. However, Nickels et al.’s 

(1981) d i f f e re n t  types  o f  subs tra te  incubated  u n d e r  the same env ironm enta l 

conditions can be cons idered  as showing a meso-scale  e f fec t,  as my w ith in  

media e f f e c t ,  an d  th e  tw o sets in cu b a ted  u n d e r  d i f f e r e n t  en v iro n m e n ta l  

conditions an example o f  macro-scale effects, as my between media effects.

Cox & Bazin (1980) conducted a laboratory experiment using glass 

beads packed in a column. These authors inoculated two species of nitrifying 

bacteria Nitrosomonas europaea and Nitrobacter agilis into a 35cm long column 

supplied w ith  n u t r i e n t  so lu t io n  co n ta in in g  ( N ^ ^ S C ^  m a in ta in e d  at a 

constant flow rate. T he column was incubated for seven months. A t the end of 

the ex p e r im en t  the  c o lu m n  was d iv id ed  in to  11 co n t ig u o u s  sec tions  each 

aPproximately 3cm long and samples from each section were examined under 

the e lec tron  m ic ro sc o p e .  T h e  f i r s t  sec tion  (0 -3 cm ) show ed  m ono layers  o f  

bacteria and in some regions a layer 20 cells thick was observed. The second 

section (3-6cm) showed relatively fewer bacteria and frequent slime layers. In 

the third section (6 - 9cm) there were very few bacteria and most of the beads 

had slime layers. No bacterial growth was seen in sections 4 to 8 . In sections 9, 

10 and 11 on ly  a few  c o n ta m in a n t  b ac te r ia  w ere  p re sen t .  T h e i r  resu lts
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therefore show vertical spatial heterogeneity in microbial abundance on glass 

beads u n d e r  lab o ra to ry  conditions. Cox & Bazin (1980) hypothesise tha t  the 

absence o f bac teria  in the lower sections of the column is due to factors like 

changes in n u tr ien t  concentration, pH, CO2 concentration or growth inhibition 

by either m e tab o l ic  p roduc ts ,  or the slime layer. Although I did not s tudy 

spatial h e te ro g en e i ty  at a scale o f  cen tim etres  vertically  in my sand cores, 

future investigations should study vertical and horizontal spatial heterogeneity 

at this scale  in b e n th ic  m ic ro b ia l  co m m u n it ie s  grow n u n d e r  lab o ra to ry  

conditions in sed im ent cores.

T h e re  are a n u m b e r  o f  aspects o f  the microbial com m unities  tha t  

developed in my cores that are interesting. The M L cores show a community 

containing large grow ths of photosynthetic microorganisms such as diatoms and 

b lue-green a lg ae  w h ic h  w o u ld  d eve lop  in h igh ly  i l lu m in a ted  s h e l te re d  

sediments occurring intertidally or in the immediate subtidal range.

T h e  BL and  BD cores w ith  the ir  com m unities containing a wide 

range o f m o rp h o lo g ica l  types and high num bers  o f  he tero trophic  bac te ria  

demonstrate the e f f e c t  o f  h igh levels o f nu trien ts  such as would occur near 

sewage outlets, one o f the effects o f  which would be the establishment o f  very 

diverse m icrob ia l  com m unities .  This  is interesting, because the n u m b er  of 

species in m a c r o fa u n a l  c o m m u n i t ie s  are usually  im poverished  in s im ila r  

situations (Pearson et ah., 1986, loc. cit. p. 343, Fig. 8b) and often one species 

predominates - Capitella capitata around the Firth  of Clyde dumping site o ff  

Garroch H ead at the south end o f Bute (Clark, 1986).

H e t e r o t r o p h i c  b a c t e r i a  w e re  p r e s e n t  in the  c o m m u n i t i e s  th a t  

developed in all fo u r  M L, M D, BL, and BD sediments but were m uch  m ore 

abundant in th e  B L  and  BD th an  in the M L  and MD sed im en ts .  T h e i r  

abundance in th e  M L  and  M D sedim ents was not a ffec ted  by light since the 

numbers were the same. I f  this result can be extrapolated to field conditions, it 

means that subtidal i llumination or lack o f it, will not have a m ajor impact on 

the numbers o f  he tero trophic  bacteria. A purp le-p ink  top layer o f  growth was
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seen in both  the BL and BD cores. T he SEM pho tom icrographs show many 

short rods and cocci which are consistent with this.

T he  occurrence  o f  th ra u s to c n y t r id s  in the M L  cores is o f  great 

i n te re s t .  T h e  ty p e  s p e c i e s  w as  d e s c r i b e d  b y  S p a r r o w  (1 9 3 6 ) ,  an d  

Ih r a u s to c h y t r id s  have  b ee n  iso la ted  fro m  sea w a te r  (Johnson , 1976) and 

sediments (Kum ar, 1980; R iem an & Scharge, 1983). My work shows that it is 

possible to grow  td i rau s to ch y tr id  sporangia  from  m arine sediments under  

controlled conditions that mimic their natural environment.

A  n u m b e r  o f  p o in ts  in the  d e sc r ip t iv e  acco u n t  o f  the m icrob ia l  

communities in the d iffe ren t treatments require comment.

There tended to be more growth on subangular (sharp) sand grains 

than on sub ro u n d ed  (sm ooth) sand grains (Russell & Taylor, 1937; Weise & 

Rheinheimer, 1978; Nickels et ah, 1981) and hence microbial communities may 

be better developed in sediments made up o f particles that are less weathered 

or are exposed to less wave action. This is likely to occur in more sheltered 

sedimentary en v iro n m en ts ,  on low energy beaches. It is in teresting  in this 

context t h a t  M e a d o w s  a n d  A n d e r s o n  (1968) in d e s c r ib in g  m ic ro b ia l  

communities on sand gra ins  sam pled from an in tertidal  high energy sandy 

beach in E tterick  Bay, Clyde Estuary, state that diatoms were sparse on grains 

taken from higher reaches o f the beach but more abundant towards low tide 

and subtidally (loc. cit. p. 167, Table 1). These authors also conducted a simple 

abrasion experim ent with sand grains maintained in culture media. Flasks were 

cither shaken or not shaken and more growth occurred in the sediments in the 

nonshaken flasks . T h e y  c o n c lu d e d  th a t  ab ras io n  was an im p o r tan t  fac to r  

limiting g ro w th  to d e p re s s io n s  on the  sand  g ra in  su rface ,  and o f  course 

subangular sand grains w ould  have m ore depressions than subrounded sand 

Brains. H ow ever  abrasion  does not accoun t for the observations that I have 

recorded in my experiments because the sediments were maintained in columns 

under static conditionns. A n o th er  cause might be grazing by microfauna and



meiofauna (Alongi, 1985) because these organisms if they eat microorganisms 

on sand grain surfaces would find it easier to eat them from flat surfaces than 

from co n c av i t ie s .  H o w e v e r  th is  is u n l ik e ly  to be a cau sa t iv e  agen t  in my 

experiments because larger invertebrates were excluded by the initial sieving 

process although there might have been a few meiofauna in the columns (see 

above).

T here  are other explanations o f the greater growth in the microbial 

communities on subangu la r  grains. F lu id  flow through  a sed im ent m ight be 

more l ik e ly  to d is lo d g e  m ic ro o rg a n ism s  f ro m  exposed  su rfaces  than  from  

concavities, and since the medium was allowed to flow through the sediment 

every two days th is  may have had an effec t.  A n o th e r  explanation  m ight be 

natural ab rasion  e f fec ts  before  collection. T he subangular  grains with more 

concavities on th e i r  surfaces would then  have more m icroorganism s on them  

than the subrounded  sand grains from the start of the experiment.

Both monospecific colonies and mixed species colonies occurred in 

the communities on the sand grains. The Agmenellum sp., the Bacillus sp. and 

the two coccoid bacterial species all occurred in monospecific colonies while 

Amphora sp. B and Schizothrix sp. occurred both in monospecific and mixed 

species colonies. T h e  reasons for these d iffe ren ces  are probably  complex. A 

m o n o sp ec if ic  c o lo n y  m ig h t  be m o n o s p e c i f i c  b e c a u se  it p ro d u c e s  som e 

inhibitory extracellular material which stops other microorganisms invading the 

colony. In th is  co n tex t  it is in te resting  to note that  there  appeared  to be a 

growth-free zone around  one o f  the m icrocolonies o f  coccoid bac teria  (Plate 

10E). Conversely species in mixed species colonies might obtain some mutual 

benefit from the o ther species present. This would be a fruitful area for future 

research.

A  n u m b e r  o f  d i f f e r e n t  ex am p le s  o f  b in d in g  w ere no ted  on and 

between sand  g ra in s  in the d i f f e r e n t  m ed ia .  T h e re  is now co n s id e rab le  

evidence from  field  observations and labora to ry  experim ents  that microbial 

binding may be an im p o rtan t  fac to r  in d e te rm in in g  the stability  and ersoion
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properties o f  na tu ra lly  occurring  subtidal and in ter t ida l  coastal sediments 

(Bathurst, 1967; N eu m an n  et ah, 1970; F ranke l  & M ead, 1973; H olland et 

ah, 1974; F r o s t i c k  & M c C a v e ,  1 979; Sta l e t ah ,  1985; P a te r s o n ,  1989; 

Brekhovskikh et a L  1991). Biofilms were noted  in the M L  m edium  (Plate 

6D)., m icrob ia l  mats (Plate 1C), filamentous ne tw ork  (Plate 7G) and strands 

connecting coccoid cells (Plate 7F) were noted in the BL medium, and th read

like strands were observed between bacterial cells and detritus (Plate 7J) in the 

BD medium. All o f  these illustrate the importance of binding materials in my 

columns and have im portant implications for field studies.

One of the purposes of the microbial work described in this section 

was to assess d ifferences in variability of the abundance of microorganisms in 

the communities in the same (between sand grains - meso-scale) and different 

(between m edia -  macro-scale) environments (i.e. d iffe ren t enrichment culture 

conditions). This was done by counts from randomly chosen sand grains. There 

can be a n u m b e r  o f  poss ib le  reasons fo r  v a r ia b i l i ty  in the  ab u n d a n ces  o f  

microorganisms between individual sand grains (meso-scale), and it should be 

remembered here that  my abundance data are all based on counts o f  five 

randomly selected sand grains for each species in each medium. This is a small 

sample, bu t  SEM prep a ra tio n  and photographic  assessment o f the results is 

very time consuming.

There  may be differences in the physical nature of the sand grains 

themselves such  as d if fe ren ces  in concavities and the m icro-sm oothness  or 

roughness o f  the surface (Meadows & Anderson, 1966, 1968; Krum bein, 1971; 

Rades-Rohkohl et aL 1978; Weise & Rheinheimer, 1978; Nickels et ah, 1981; 

DeFlaun & M a y e r ,  1983) and  in d iv id u a l  sand  g ra in s  m ay have d i f f e r e n t  

mineralogical com positions  (Paerl, 1975; R ad es -R o h k o h l  et al., 1978). There  

raay also be chem ical e f fec ts  such as n u tr ien t  concentra tions (Ellwood et ghj. 

19§2; Paerl, 1985) or biological effects, such as competition for space on sand 

grain su rface  (P a tr ick ,  1977; Gooday, 1988), parasitism  o f  one species on
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another (Patrick, 1977; Gooday, 1988), and specific inhibitory or enhancement 

effects between species by the production of ECPM (extra-cellular polymeric 

material) and  an t ib io t ic s  (Bell & Lang, 1974; Patrick , 1977; Cox & Bazin, 

1980; Nicholson et aL̂ . 1987; Gooday, 1988). For example a num ber o f species 

are known to produce  ECPM  (Lewin, 1955, 1958; Duguid & Wilkinson, 1953; 

Huntsman & Sloneker, 1971; Allan et aL, 1972; Bell & Lang, 1974; Huang & 

Boney, 1984; Hsieh et aL, 1985, 1990; Bartlett et ah, 1988).

F i n a l l y ,  t h e  w e l l - k n o w n  e x i s t e n c e  o f  m i c r o - s c a l e  s p a t i a l  

heterogeneity in n a tu ra l ly  occu rr ing  and laboratory  m aintained sedim ents as 

m ic ro -e n v iro n m e n ts ,  m ic ro - l a y e r s ,  and  m ic ro -z o n es  is likely to be very  

im p o rtan t  ( M e a d o w s  & A n d e r s o n ,  1968; N o rk ra n s ,  1980; R e v s b e c k  & 

Jorgensen, 1981; A nderson & Ineson, 1982; Wimpenny, 1982; Revsbeck et ah, 

1983; R evsbeck  & Ward, 1984; Wilson & Noonan, 1984; Wimpenny et ah, 

1984; Jorgensen  & R evesbech , 1985; Paerl, 1985; Seitzinger & Nixon, 1985; 

Bebout et ah, 1987; Nicholson et ah, 1987). Each o f these possibilities could be 

tested by suitably designed experiments under laboratory conditions although I 

was unable to do so through lack of time. All of them might have caused the 

differences in v a r ia b i l i ty  that  I observed  although it is d iff icu lt  to be more 

specific than this.

T h e re  w ere  a n u m b er  o f  in teresting  meso-scale and m acro-sca le  

differences in variability  in my data that were demonstrated by the application 

of appropriate F ratio tests. These are discussed in the following paragraphs.

T h ere  w ere  21 out o f  25 (84%) significan t meso-scale F ratio tests 

between pairs o f  species in the photosynthetic medium maintained in the light, 

only 11 out o f  21 (52%) and 10 out o f  15 (67%) respectively between species 

in the bacterial m edium  maintained in the light and dark. The higher num ber 

of significant m eso -sca le  F  ratios be tw een  species in the com m unities in the 

Photosynthetic m edium  maintained in the light means that the species growing 

in highly illum inated conditions show greater meso-scale variability between 

sand grains. It is not easy to account for this, although it might be caused by
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gradients of  light in the sediment.

The num ber of significant macro-scale F ratios for cocci (diam. 0.6 

yum) and bacilli growing in the d iffe ren t media, are almost identical - 7 out of 

10 and 6 o u t  o f  10 r e s p e c t iv e ly .  T h is  p ro b a b ly  m ean s  th a t  th e  fa c to rs  

producing m acro-scale  differences in variability in both groups of organisms 

when com pared  be tw een  the d i f fe ren t  m edia  may be the same. This is not 

surprising b ec au se  b o th  cocci and  b ac il l i  a re  l ike ly  to be s im ila r  in th e i r  

requirements for growth and space, being o f the same size and almost certainly 

both being hetero trophic  and utilizing similar nutrients.

T h e re  is an in teresting  contrast betw een  the m eso-scale  variab ili ty  

of the b lu e -g re e n  alga Schizothrix  sp. and the diatom A m phora  sp. A in the 

community th a t  developed  in the pho tosyn the tic  m edium  m ain ta ined  in the 

light. S ch iz o th r ix  sp. show ed a s ig n i f ic a n t ly  g re a te r  v a r ia b i l i ty  b e tw een  

different sand grains than all the other species, while Amphora sp. A showed a 

significantly low er var iab ili ty  than all the o th er  species. The reasons for this 

very obv ious  d i f f e r e n c e  is not clear. S ch izo th r ix  sp. is a c h a in - fo r m in g  

organism w hile  A m p h o ra  sp. A exists as ind iv idual cells that form  colonies. 

But this does no t explain  the effec t.  A m p h o ra  sp. A is a motile d iatom  and 

there fo re  in  p r i n c i p l e  co u ld  m ove  r e a d i ly  b e tw e e n  sand  g ra in s ,  w h i le  

Schizothrix sp. be ing  filam entous m ight be less likely to do so. This  possible 

difference in motility might be one o f the causes of their d ifferent variability, 

the more m otile  species being able to colonise o ther sand grains more easily 

thus leading to a m ore  un ifo rm  m eso-scale  d is tr ibu tion  betw een  the sand 

grains.

A s im ila r  e f f e c t  m igh t  acco u n t  for the o b served  d i f fe re n c e s  in 

variability between other species. In this context it would be interesting to test 

sand grain colonisation by two closely related species (same genus with similar 

nutritional requirem ents) one of which was known to be more motile than the 

other, and then  to record  the abundance  and variab ili ty  o f  the two species 

between d iffe ren t sand grains at successive intervals of time.
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FULL SUMMARY

"System atic  observa t ion  in relation to this su b jec t  has hard ly  yet 

begun, and the scattered data which have chanced to be recorded have never 

been collected.”

(Marsh, 1874)
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FULL S U M M A R Y

T h e  o v e r a l l  o b j e c t i v e s  o f  m y  t h e s i s  h a v e  b e e n  to  s tu d y  

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

m a c r o f a u n a l  a n d  m i c r o b i a l  c o m m u n i t i e s  l i v in g  in  s e d i m e n t s  on  an 

in t e r t i d a l  m u d d y  s a n d  b e a c h  a t A r d m o r e  b a y ,  C ly d e  E s t u a r y ,  

S co tlan d .  T h e  m a c r o f a u n a l  c o m m u n i t i e s  w e r e  s t u d i e d  b y  a f i e ld  

su rvey ,  a n d  t h e  m i c r o b i a l  c o m m u n i t i e s  by  n u t r i e n t  e n r i c h e d  

cores in  t h e  l a b o r a t o r y .  T h e  r a t i o n a l e  f o r  t h e s e  tw o  

c o n t r a s t in g  a p p r o a c h e s  is g iv e n  in  t h e  i n t r o d u c t i o n  o f  th e  

thesis.

M ACROFA U NA L COMMUNITIES

1. S p a t i a l  h e t e r o g e n e i t y  an d  a b u n d a n c e  in  i n f a u n a l  b e n t h i c  

c o m m u n i t ie s  h a v e  b e e n  s t u d i e d  in  r e l a t i o n  to  t h e i r  

s e d im e n ta r y  e n v i r o n m e n t s  at tw o  i n t e r t i d a l  s i te s  on  A r d m o r e  

bay in summer.

2. The h igh  t id e  s i te  (H T ) was a low en e rg y  d ep o s i t io n a l  en v i ro n m e n t

dominated by pa tches  o f  algal mats (E n te ro m o rp h a  spp.). The low tide site

(LT) was a h ig h e r  energy  erosional env ironm en t dom inated  by large sand
-the S ite

waves. Each site had two visibly distinct areas. A t high tide these were algal
< k

mats o f  E n te ro m o rp h a  (d iam ete r  c 0.75m to 2m) and bare sed im ent w ith  no
SiVe

aigal mats -  te rm e d  algal and nonalgal areas respectively. A t low tide these
K ^

were the peaks and troughs of large sand waves (wavelength c. 25m).

The w o rk  consis ted  o f  an initial survey followed by a detailed  transect 

survey. Both su rveys w ere done on all fou r  areas (High tide: algal, nonalgal; 

L°w tide: peak, trough).
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4. T he o b j e c t i v e s  o f  th e  in i t i a l  s u rv e y  w e re  to i d e n t i f y  an d  assess the  

abundances o f  the infaunal species, to test out sedimentary techniques and to 

obtain an assessm ent o f  the sed im entary  env ironm ents ,  at the two high tide 

and two low tide areas.

5. The o b jec t iv es  o f  the m ore detailed transect survey were to assess mean 

values of and spatial heterogeneity (variability) in the species abundances and 

sediment param eters, to test statistical correlations between species abundances 

and between sedim ent parameters, and to measure diversity by two diversity 

indices and its spatial variability.

6. Overall ,  th e  re su lts  sh o w ed  th a t  the h igh  t id e  and  low t ide  sites w ere

significantly d if fe ren t  sedimentary environments and that there were also clear
site.

(inferences between the algal and nonalgal areas at high tide and between the
^ A

peaks and troughs  o f  the sand waves at low tide. T he abundance  and spatial
^ K

variability  in a b u n d a n c e  o f  the in fau n a l  m a c r o fa u n a  also show ed  h igh ly  

significant d iffe rences  both between the two sites and between the two areas 

at each site. T h e s e  d i f f e r e n c e s  are very  p ro b a b ly  reacted to the  d i f f e r e n t  

sedimentary environm ents but causal effects can only be established by future 

expe rim en ta t ion .  A  n u m b e r  o f  s ig n if ic an t  c o r re la t io n s  w ere  e s tab lish ed  

between species abundances ,  between species abundances  and sed im entary  

parameters, and betw een  sedimentary parameters themselves. These results are 

summarised in detail below.

7. Both surveys show ed tha t  the following in fauna l species were p resen t in
Siti

order o f  d e c re a s in g  ab u n d a n c e .  H igh tide: F a b r ic ia  sabella ,  C o ro p h iu m
X

M u t a t o r , P y g o s p  io e l e g a n s , N e re is  d iv e r s i c o lo r ,  H v d ro b ia  n e g le c ta ,
* sitrc. *
Macoma b a l t h i c a .  A r e n ic o l a  m ar in a :  L ow  t id e :  P y g o sp io  e leg an s ,

-------------    L
li§lh y p o re ia  gu i l l iam so n  i a n a , N ereis  d iv e r s ic o lo r , M acom a b a l th ica  and
*
4ienicola marina. ( = species common to high tide and low tide sites).
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8. In the initial survey I measured species abundances of infaunal macrofauna 

and sed im ent p a ram e te rs  o f  su rface  sed im ent (shear s trength , w a te r  content, 

permeability, particle size, redox potential, and pH). I also measured vertical 

profiles o f shear strength, water content, redox potential and pH.

8.1. In general the sediment from the two high tide areas was finer than the 

two low tide areas and the sediment parameters were very d iffe ren t between 

the four areas em phasing  the d i f fe re n t  sedim entary  environm ents .  A t high 

tide, the algal areas contained more finer sediment than the nonalgal areas. At 

low tide the trough sedim ent was more widely distributed between the particle 

sizes (less well sorted) than  the peak sediment. The perm eab ility  and shear 

s trength  o f  th e  a lg a l  a r e a  w e re  h ig h e r  th an  the n o n a lg a l  a re a ,  an d  the  

permeability and shear strength o f the peak area were higher than the trough 

area. Redox potential was lower in the algal than the nonalgal area and in the 

trough area than in the peak area. Vertical profiles of sedimentary parameters 

showed that shear strength increased and water content decreased with depth. 

Redox potential profiles decreased or remained the same with depth.

8.2. In the initial survey there were fewer statistically significant differences 

in species abundances between the four areas than in the transect survey. This 

is attributed to the small num ber o f replicates in the initial survey. Apart  from 

this there w ere  no inconsis tencies  betw een  the two surveys. A t the h igh tide 

site juvenile jA m arina were more abundant in the nonalgal than algal area. A t 

the low tide site total A. m arina and IT euilliamsoniana were more abundant in 

the peak than in the trough areas.

9- In the transect survey I established two 50m transects. One was in the high 

tide area which crossed algal mats and areas of bare sediment (termed nonalgal 

areas), and one was in the low tide area which crossed the peaks and troughs 

°f the sand waves at r igh t angles. M easurem ents were taken at lm  intervals



along each transect using a lm metal quadrat. 1 measured species abundances 

of infaunal m acrofauna, surface shear strength, surface redox potential, height 

of the sedim ent surface above the water table, and percent algal cover at high 

tide. The following scales of spatial heterogeneity were defined:

micro-scale <_ lm  within and between contiguous lm ^  quadrats -

distances of up to and including lm.

meso-scale > lm  -  <_ 50m between quadrats along each transect -

distances greater than lm  and up to and 

including 50m, the length of the transect.

macro-scale > 50m between transects - distances greater than

50m.

10. The results o f  the transect survey are divided into three parts: 10.1, 10.2, 

and 10.3.

10.1. Mean species abundance, diversity indices, and sediment parameters and 

their spatial he te rogene ity .  Comparisons o f  means were done by S tu d en t’s t 

tests. Comparisons o f  variability were done by F  ratio test on the variances of 

the two samples being compared.

10.1.1. Macro-scale c o m p ar iso n s  b e tw e en  h ig h  and  low t id e  show ed  the

following. m arina and F\ elegans were more abundant at low tide, diversity
S'he. . Site

indices were h igher at high tide, redox potential was lower at high tide. Spatial
A /

variability in ab u n d an ce  o f m arin a . M. b a l th ica . and bh divers ico lor was
,. site . s'te . , . ....
higher at high tide, and o f F\ elegans was higher at low tide. Spatial variability

A site. *
of Simpson’s diversity index was higher at low tide. Shear strength and redox

Potential showed more spatial variability at high tide.
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10.1.2. M eso-sca le  d i f f e r e n c e s  a long the  h igh  t ide  and  a long the low t ide  

transects show ed the fol lowing.  At  high tide P\ sabella was most  a b u n d a n t  and 

showed the  greatest  variab i l i ty  along the t ransect  and the opposi te was t rue  of  

A. m a r i n a . A t  low t ide P.clegans was most ab u n d an t  and  showed the greatest  

variabi li ty along the  t ransec t  and the opposi te  was t rue of  A^ m a r i n a .

10.1.3. M eso-scale di f fe re nc es  be tween algal and nonalgal  areas along the high  

t ide  t r a n s e c t  s h o w e d  th e  fo l l o w i n g .  A  m a r i n a  a n d  Cf v o l u t a t o r  w e r e  less 

a b u n d a n t  in th e  algal  areas.  S h ea r  s t re ngt h  was h i g h e r  an d  r e d o x  p o te n t i a l  

lo wer  in t h e  a lga l  t h a n  in th e  n o n a l g a l  a reas .  /A m a r i n a . C. v o l u t a t o r . R  

sabella and  bf  d ivers icolor  showed more  variabi li ty in the nonalgal  than  in the 

algal a reas  w h i l e  th e  r ev er se  was  t ru e  for  fh  neg lec t a  and  IVL b a l t h i c a . Sh ea r  

strength was more  var iab le  in the algal than in the nonalgal  areas.

10.1.4. M eso-sca le  d i f f e r e n c e s  b e tw e e n  the  peaks  and  t ro ug hs  a long the  low 

tide t ransect  show ed  the fol lowing.  R  uui l l iamsoniana and bf  divers ico lor  were 

less a b u n d a n t  in the peaks and JVf bal thica was totally absent  f rom the peaks.  

iV ma r ina  was more  a b u n d a n t  in the peaks. Both diversi ty indices were  h igher  

in the t r o u g h s  th a n  in the  peaks .  Sh ea r  s t r e n g th  was h i g h e r  in the  peaks.  A. 

mar ina was more  var iab le  in the peaks and R. aui l l iamsoniana  in the troughs.  

The tw o d i v e r s i t y  ind ice s  and  redox  pote n t ia l  sh ow ed  a h i g h e r  v a r ia b i l i t y  in 

the t roughs  than  in the  peaks.

10.2. C orre la tions  betw een  species abundance, sedim ent param eters,  algal

cover and w ater table. Correla t ion  coeff ic ients  represent  relat ionships tha t  are

operat ing at a meso-scale because they are calculated from pairs o f  data points

taken f r o m  s u c c e s s i v e  q u a d r a t s  a long  the  tw o t r a n s e c ts .  T h e r e  w e r e  m o r e

site
significant cor rela t ions  at low tide than at high tide and s ignif icant ly more  of

X. A.
these were be tw een  animal  species and sed iment  parameters  than be tween  pairs 

of animal species or  be tween  pairs o f  sed iment  parameters .  I his suggests tha t
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at low tide w%ich is a high erosional environm ent there is greater interaction
sile

between sediment properties and species abundances as compared to high tide 

where conditions are not as extreme and the environment is more depositional. 

S if t
10.2.1. H ig h  tide correlations. C  v o lu ta to r  was positively  corre la ted  with

\

redox p o te n t ia l ,  bh d iv e rs ic o lo r  w ith  the  w a te r  tab le ,  / v  m a r in a  and C  

volutator were both negatively correlated with percent algal cover. R  sabella 

was positively correlated with R  elegans. and C  volutator with both /v  marina 

and bh diversicolor. R  sabella was negatively correlated with /V m arina.

10.2.2. Low tide^corre la tions . R  guilliam soniana and bh d iversicolor were 

negatively  c o r re la te d  w i th  s h e a r  s t re n g th  and  w a te r  table. m ar in a  was

positively co rre la ted  w ith  shear s treng th  and w ate r  table, balth ica was

neqcvtively correlated with shear strength a\$>b with the water table.

10.3. Two additional methods were used to distinguish between macro-meso-, 

and micro-scale heterogeneity.

10.3.1. T he first method used the between and within quadrats variance from

analyses o f  v a r ia n c e  on th e  sh ea r  s t re n g th  and  red o x  p o ten t ia l  data. T he

between quadrats variance represents meso-scale spatial variability. The within

quadrats v a r ia n c e  re p re sen ts  m ic ro -s c a le  spa tia l  v a r iab i l i ty .  M eso -sca le

(between qu ad ra t)  var iab ili ty  was g rea te r  than m icro-scale  (w ithin quadrat)

variability for shear strength and for redox potential along both the high tide

and low tide  transects . Shear s tren g th  showed no d iffe ren ce  in meso-scale
sive Sift.

variability between high tide and low tide but showed a much greater micro-
. /v * >.

scale variability at high tide than at low tide. Redox potential showed a much
^ * sHe silt

greater meso-scale and m icro-scale variability at high tide than at low tide.

Both of these effects are at a macro-scale level because they compare between

the transects.
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10.3.2. T h e  s e c o n d  m e th o d  used  d i f f e r e n c e s  b e tw e e n  p a i r s  o f  d a ta  at 

successive lm , 5m, 10m, 20m, 30m, and 40m distances along the transects. The 

method was applied to species abundances, diversity indices and also to shear 

strength and redox potential. The lm  differences are classified as micro-scale 

and th e  5m, 10m, 20m , 30m, and  40m d i f fe ren c es  as m e so -sc a le  spa t ia l  

variability. T h e re  was a tendecy  for the lm  m icro-scale  d iffe rences  to be 

lower than  the 5, 10, 20, and 30m meso-scale d iffe rences , w ith  the peak  

sometimes o c c u r r in g  at 10m. F o r  exam ple ,  m a r in a . M. b a l th ic a . N. 

diversicolor. R  sabella. Shannon Wiener diversity index, and the two sediment 

parameters (shear s trength and redox potential) all showed higher meso-scale 

differences (5, 10, 20, 30 and 40m) than micro-scale differences (lm ).

In  g e n e ra l ,  t h e re  was m ore overall  m eso -sca le  and  m ic ro -s c a le  

variability along the low tide transect than along the high tide transect. M acro

scale comparisons o f  the differences were made between the high tide transect 

and low tide transect for each distance in turn. For most of the distances, the

differenced data  for  R  balth ica . N. diversicolor and redox potential tended to
s i t e  SvYe

be greater at high tide than at low tide, and the differenced data for P.elegans 
F . JL

Site, Svte.
greater at low tide than at high tide.

K *

IF  In th e  d isc u s s io n  I rev iew  some o f  the huge l i te ra tu re  on sed im en t  

properties a f fe c t in g  m acro b en th ic  infaunal communities and consider the 

ecological im p lica t ions  o f  my results in relation to this l i te ra tu re  u n d e r  the 

following topics: sedim ent properties, scales of spatial heterogeneity, algal mats 

and sand waves, correlations and species diversity.
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MICROBIAL COMMUNITIES

1. The abundance and spatial heterogeneity o f microbial communities on sand 

grains from  the low tide area at A rd m o re  bay have been studied  in n u tr ien t  

enriched sedim ent columns in the laboratory. The sediment was collected on a 

flat area o f  the  b each  n ea r  the sand waves at the low tide site. T h e  colum ns 

consisted o f  sed im en t  cores th ro u g h  w hich  m edia were percolated  every  two 

days over a 25 day period. Columns were maintained under 17h l ight/7h dark  

(L) and total dark  (D) regimes. Photosynthetic (M) and heterotrophic (B) media 

were used in bo th  regim es. T he  sed im ents incubated  in the light (ML, BL) 

were designed  to s im ula te  in ter t ida l  and inshore surface sediments, while  

sediments incubated  in the dark (MD, BD) simulated subsurface sediments in 

the same e n v i r o n m e n ts  and  also s u r fa ce  sed im en ts  w hich  are be low  the  

euphotic zone. T he sediments enriched with photosyntheic medium (ML, MD) 

were in tended  to m im ic  sed im ents  where inorganic nutrients  in soil r u n - o f f  

occurs from the land. The sediments enriched with heterotrophic medium (BL, 

BD) were in tended  to mimic sediments with a higher organic content such as 

those near sewage outlets. Control columns (C) contained formalin.

2. At the en d  o f  the  ex p e r im en t  su rface  samples from each colum n were

examined by scanning electron microscopy (SEM) and the numbers and types

-2of microorganisms on sand grains were recorded as numbers mm sand grain 

surface.

2- A detailed description o f  the microbial communities on the sand grains in 

the d iffe ren t m edia is presented with the aid o f scanning electron microscope 

photographs. T h e  m ain  results o f  the quali ta tive  description and quan ti ta t ive  

analyses o f  th e  m ic ro b ia l  com m unities  tha t  developed in the d i f fe ren t  m edia  

are as follows.
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3.1. B oth  m o n o s p e c i f i c  an d  m ix e d  s p e c ie s  co lo n ie s  o f  a w ide  ra n g e  o f  

microorganisms w ere noted and more growth occurred on subangular (sharp) 

sand grains than  on su b ro u n d ed  (smooth) sand grains. This may be because 

there are more depressions and crevices on the former.

3.2. There  w ere  co n s id erab le  d if fe ren ces  in the m icrobial com m unities that  

developed on th e  s an d  g ra in s  in the d i f f e r e n t  m edia . These  d i f fe re n c e s  

reflected th e  d i f f e r e n t  m ed ia  used ,  and  hence  the d i f f e r e n t  s ed im en ta ry  

environments that  w ere being simulated.

3.3. Large populations o f  photosynthetic micro-organisms (diatoms, blue-green 

algae) developed in the illuminated columns containing photosynthetic medium 

(ML). The most abundan t  species was the blue green alga Schizothrix sp.

3.4. M any  c o c c o id  a n d  rod  s h a p e d  b a c te r i a  d e v e lo p e d  in the  c o lu m n s  

containing photosynthetic  medium incubated in the dark (MD), but very few 

photosynthetic organisms grew.

3.5. A wide range and high abundance o f heterotrophic bacteria developed in 

the columns contain ing heterotrophic medium, w hether incubated in the light 

or dark (BL, BD). T h ere  were many rods, cocci and filamentous bacteria, but 

no pho tosyn thetic  m icroorgan ism s. M ore f ilam entous bacteria  were found in 

the light in cu b a ted  co lum ns than in the d ark  columns. Two distinct types o f  

cocci were observed.

3.6. T h ra u s to c h y t r id s  d ev e lo p e d  in the M L  colum ns. This  is an ex c it in g  

discovery because it means that these interesting fungi can be grown in mixed 

cultures in the laboratory.

3-7. B inding  m a te r ia ls  such as b io f i lm s ,  m ic ro b ia l  mats, and f i lam en to u s  

networks were observed on sand grains in the BL and BD columns.
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4. There were a n u m b e r  o f  d i f fe ren c es  betw een  species in the variab ili ty  o f  

their abundances  on sand g ra ins  in the same m edium . This is term ed m eso- 

scale v a r ia b i l i ty .  T h e  d i f f e r e n c e s  w ere  as follows. In the  M L  m edium  

Schizothrix sp. had the h ighes t  va r iab ili ty  in abundance  and A m phora  sp. A 

the lo w es t .  In  th e  M D  m e d iu m  co cc i  (d ia m .  0 .6  yum) h ad  th e  h ig h es t  

variability and filamentous bacteria  the lowest. In the BL medium, cocci (0.6 

diam. jum) had the h ighes t  v a r iab i l i ty  and Schizo thrix  sp. the lowest. In both 

the BD and control media bacilli had the highest variability and in the former 

cocci had the lowest variability  while in the latter A m phora sp. B.

5. There were a n u m b e r  o f  m acro -sca le  d iffe ren ces  in the variab ili ty  of the 

microbial species between d if fe ren t  media. Cocci had the highest variability in 

the BL m ed iu m  and  lo w es t  in the BD m ed iu m . B acilli  had  the  h ighest  

v a r ia b i l i ty  in th e  c o n t r o l  m e d iu m  an d  th e  lo w es t  in th e  M L  m ed iu m .  

Filamentous bacteria had the highest variability in the BD medium and lowest 

in the M L medium.

6. In an ecological fie ld  co n tex t  spatial va r iab ili ty  in m icrobial com m unities 

can be defined as m icro-scale  (<. 1mm), meso-scale (> 1mm to <_ 10cm), and 

macro-scale (>. 10cm), although it was difficult to draw an exact parallel with 

the laboratory experiments.

7. In the d iscu ss io n  I re la te  m y  resu lts  to the  r a th e r  sparse  l i te ra tu re  on 

enrichment cores simulating d iffe ren t  sedimentary environments. This includes 

co n s id e ra t io n  o f  th e  p o s s ib le  ro le  o f  m e io f a u n a  in a f f e c t i n g  m ic ro b ia l  

communities in my cores ,  the  s ig n i f ic a n c e  o f  spa t ia l  h e te ro g e n e i ty  in the 

microbial communities in my and other’s work at a m icro-, meso-, and macro

scale, and the presence  o f  m onospecif ic  and m ixed species colonies. I also 

discuss th e  o c c u r r e n c e  o f  s e d i m e n t a r y  b i n d in g  m a te r ia ls  p r o d u c e d  by 

microorganisms that I observed, and o f grain shape and surface topography in 

determining, microbial colonisation.
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APPENDICES



A p pen d ix  J.

Computer program used to calculate the (i) Shannon Wiener 
diversity index, (ii) Simpson's diversity index in each of the 
50 quadrats along the HT and LT transects.

Flow chart    . . . . pp

Listing ...............pp L̂fL̂

An example of a run ........pp ^ ^ 5"
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START

iOO
INPUT

Enter no. of species N

200

210
INPUT

No. of individuals per species

220
OUTPUT

No. of individuals per species

37 0
OUTPUT

(i) Shannon Wiener diversity index
(ii) S i m p s o n ' s  diversity index

YES

NO

NEXT J

NEXT J

FOR J = 1 TO N

FOR J = 1 TO N

CALCULATE
(i) Shannon Wiener diversity index
(ii) Simpson's diversity index
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L iS T ivaa*

10 T=0: A (J ) = 0 : N=0: Q(J>=0: R(J)=0: P=0: S=C: U=0
20 PRINT "THIS PROGRAM CALCULATES THE SHANNON WIENER AND SIMPSON INDICES OF DIVE 
RSITY"
30 LPRINT "THIS PROGRAM CALCULATES THE SHANNON WIENER AND SIMPSON INDICES OF DIV 
ERSITY"
40 PRINT-. PRINT 
50 LPRINT:LPRINT
60 INPUT "DETAILS OF SAMPLE ";A$
70 LPRINT "DETAILS OF SAMPLE : ";A$
80 PRINT:PRINT 
90 LPRINT:LPRINT
100 INPUT "ENTER NUMBER OF SPECIES";N 
110 LPRINT "NUMBER OF SPECIES: ";N
120 LPRINT:LPRINT:LPRINT 
130 PRINT: PRINT 
140 LPRINT:LPRINT
150 PRINT "ENTER NO. INDIVIDUALS PER SQUARE METRE FOR EACH SPECIES IN TURN"
160 PRINT "NOTE: use same units throughout , i.e. no./m2"
170 PRINT: PRINT
180 LPRINT "NO. INDIVIDUALS PER SQUARE METRE FOR EACH SPECIES ENTERED:"
190 LPRINT:LPRINT 
200 FOR J«1 TO N 
210 INPUT A ( J )
220 LPRINT " "; A (J )
230 LPRINT:LPRINT 
240 T«T+A(J)
250 NEXT J
260 FOR J=1 TO N
270 Q(J)«<A(J)/T)*(LOG(A(J)/T> )
280 R(J>«(A<J>/T>~2 
290 P=P-*-Q < J )
300 S=S+R(J)
310 NEXT J
320 P=-P
330 U=l-S
340 PRINT: PRINT
350 LPRINT:LPRINT:LPRINT
370 LPRINT:LPRINT:LPRINT
380 PRINT "SHANNON WIENER (natural log) DIVERSITY INDEX ";P 
390 LPRINT "SHANNON WIENER (NAT.LOG) DIVERSITY INDEX “:P
400 PRINT: PRINT 
^10 LPRINT:LPRINT
420 PRINT "SIMPSON'S DIVERSITY INDEX ";U
430 LPRINT "SIMPSON'S DIVERSITY INDEX "?U
440 PRINT: PRINT:PRINT 
450 LPRINT:LPRINT:LPRINT
460 PRINT  ------------------------------------------------------------"
470 LPRINT  ------------------------------------------------------------------- M
480 PRINT:PRINT:PRINT:PRINT: PRINT 
490 LPRINT:LPRINT:LPRINT:LPRINT:LPRINT
500 INPUT "PRINT Y TO CONTINUE OR NO TO TERMINATE PROGRAM";B*
310 PR rNT:PRINT:PRINT:PRINT:PR INT:PRINT 
320 IF B*="Y" THEN 10
530 END



2k5

R u r t ' .

THIS PROGRAM CALCULATES THE SHANNON WIENER AND SIMPSON INDICES OF DIVEF^SITY 

DETAILS OF SAMPLE : ARDMORE H.T. VARIABILITY. QUAD. 1 (10/8/87)

NUMBER OF SPECIES: 6

NO. INDIVIDUALS PER SQUARE METRE FOR EACH SPECIES ENTERED:

5.985

5649

2824

823.9 

6355

823.9

SHANNON WIENER (NAT.LOG) DIVERSITY INDEX 1.33913

SIMPSON'S DIVERSITY INDEX .699503
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A ppendix  H •

Original data - macrofaunal communities 

Tables 1 to 9     pp



1 - 0.17300 0.070900 1-3390Q 0.70000C
2. 0.25700 0 . 1 1 1 0 0 0 1.50000 0.74900G
3 _ 0 . 201 00 Q.075900 0.72500 Q.39100G4_ 0 - 1 2 2 0 0 0.045200 1 - 2 2 0 0 0 0.64700G
5. 0-152G0 0-058000 1.03100 0.527GGG
6 . 0.3 5300 0.150000 1.29800 0.668000
7. 0^19800 0.086800 1 .41700 0.71 800 C:
8 . 0 -8 2700 0.510000 1-35000 0.731000
9. 0-55900 0.273000 0-52200 0.3Q500G

10. 0.9 6200 0.571000 0.45100 0.27 80 0Q
1 1. 0.8C900 0.4Q9C00 1-2 2 2 0 0 0.68100G
12. 1-12400 0.634000 1-04600 0.63200G
13. 1.01600 0.539000 0-64700 0.35100G
14. 0.72300 0.258000 0-80000 0.34600G
15. 0.84400 0.490000 1.03500 0.48500G
16. 0.62800 0.335000 1.07100 0.54000C
17. 0.76000 0.421000 1.35800 0.703000
18. 0.64700 0.273000 0.97500 0.585000
19. 0.10900 0.042900 1.36000 0.681Q0C
20. 0.16800 0.083300 1.21500 G.61700C
2 1. 0.27900 0.119000 0.61100 0.420Q0C
22. 0.15400 0.060700 1.17500 G.621000
23. 0.22900 0.019700 0.79800 Q.43600C
24. 0.2 2400 0.056900 1.11900 0.627000
25. 0.36100 0.157000 1.24900 0.685000
26. 0.27300 0 . 1 2 1 0 0 0 1.23500 0.616000
27. 0.45500 0.248000 1.20500 0.620000
28. 0.37500 0.193000 0.46700 0.21800C
29. 0 . 2  5800 0.113000 0.50800 G.46100G
30. 0.9 5100 0.527000 0.84200 0.447000
31. 0.29200 0.138000 1.15200 0.63800G
32. 0.62100 0.396C00 0.99300 0.57700G
33. 0.92300 0.495000 0.86900 0.40600G
34. 0.92700 0.549000 1.42000 0.705000
35. 0.94600 0.568000 1.44000 0.70000C
36. 0 . 8  6000 0.531000 1.02400 0.592000
37. 1.06600 Q.640000 0.95700 0.577G0G
38. 0.71200 0.371000 1 .11900 G.61500G
39. 0-74600 0.370000 1 .212QQ 0.653QGG
40. 1.04200 0.597000 0.94500 0.55200G
41. 0-26300 0 . 1 1 1 0 0 0 0.98000 0.54700C
42. 0.61900 0.294000 0-82800 0.42800G
43. 0.7 24 00 0.381000 0.94100 0.504000
44. 0-51900 0.252000 1-34900 0.676C0C
45. 0.22700 0.088900 1-48000 0.70000G
46. 0-41500 0.185000 1-40500 G.714Q0C
47. 0-296C0 0.134000 1-34800 0.724000
48. 0 .4 74 CO 0.255000 0.67700 0.484000
49. 0.26500 0 . 1 2 0 0 0 0 0.97400 0.58900C
50. 0.G74G0 0.027900 0.62000 0.30100G

Table 1. Shannon Wiener and Simpson's diversity indices.

C o lu m n l lm  q u a d r a t s  1 t o  5 0  a lo n g  t r a n s e c t .
C o lu m n  2  S han n o n  W ie n e r  d i v e r s i t y  in d e x . to w  t i d e  s i t e .  
Colum n 3 S im p s o n 's  d i v e r s i t y  in d e x .  Low t i d e  s i t e .
C olum n 4 S han n o n  W ie n e r  d i v e r s i t y  in d e x . H ig h  t i d e  s i t e .
Colum n 5 S im p s o n 's  d i v e r s i t y  in d e x .  H ig h  t i d e  s i t e .
C olum n 6 1 , > 70% a l g a l  c o v e r .

2 , < 30% a l g a l  c o v e r .
3 , 3 0 -7 0 %  a l g a l  c o v e r .

3
2
3
3
2
■*

2
2
2
**
i
1
1
1

2
1
1
3
2
3
3
3
3
-*
1
2
2
3
3
1
3
Tt
2
3
3



1 . 8 3 . 7 9 0 0 5 . 9 8 5 3 .
2 . 8 2 . 5 9 3 0 9 .  576 2 .
3 . 4 9 . 0 7 7 0 3 9 . 5 0 1 3
4 . 3 4 . 7 1 3 0 6 5 . 8 3 5 3 .
5 . 5 1 . 4 7 1 0 1 7 . 9 5 5 2 .
6 . 4 9 . 0 7 7  0 5 . 9 8 5 3 .
7 . 4 3 . 0 9 2 0 0 . 0 0 0 1 .
8 . 4 3 . 0 9 2  C 0 . 0 0 0 1 .
9 . 2 1 . 5 4 6 0 3 . 5 9 1 1 .

1 0 . 5 1 . 4 7 1 0 0 . 0 0 0 1 .
1 1 - 3 2 . 3 1 9 0 0 . 0 0 0 1 .
1 2 . 1 4 . 3 6 4 0 0 . 0 0 0 1 .
1 3 . 2 8 . 7 2 8 0 3 5 4 . 3 1 2 2 .
1 4 . 2 2 . 7 4 3 0 3 2 3 . 1 9 0 2 .
1 5 . 2 1 . 5 4 6 0 1 6 0 . 3 9 8 2 .
1 6 . 2 6 . 3 3 4 0 9 2 . 1 6 9 3 .
1 7 . 2 8 . 7 2 8 0 3 9 . 5 0 1 2 .
1 8 . 2 7 . 5 3 1 0 7 . 1  82 1.
1 9 . 1 6 . 7 5 8 0 0 . 0 0 0 1 .
2 0 . 2 6 . 3 3 4 0 32 . 3 1 9 1 .
2 1 . 1 7 . 9 5 5 0 0 . 0 0 0 3 .
2 2 . 2 6 . 3 3 4 0 3 5 . 9 1 0 2 .
2 3 . 4 0 . 6 9 8 0 3 5 . 9 1 0 1 .
2 4 . 9 4 . 5 6 3 0 0 . 0 0 0 1 .
2 5 . 5 7 . 4 5 6 0 2 . 3 9 4 3 .
2 6 . 7 0 . 6 2 3 0 3 . 5 9 1 2 .
2 7 . 6 1 . 0 4 7 0 0 . 0 0 0 3 .
2 8 . 4 0 . 6 9 8 0 1 0 . 7 7 3 3 .
2 9 . 3 8 . 3 0 4 0 9 . 5 7 6 3 .
3 0 . 3 9 . 5 0 1 0 0 . 0 0 0 3 .
3 1 - 3 5 . 9 1 0 0 1 6 .  758 3 .
3 2 . 3 1 . 1 2 2 0 1 5 . 5 6 1 3 .
3 3 . 3 3 . 5 1 6 0 1 5 . 5 6 1 1.
3 4 . 5 3 . 8 6 5 0 1 0 2 . 9 4 2 2 .
3 5 . 5 8 . 6 5 3 0 1 3 7 . 6 5 5 2 .
3 6 . 4 1 . 8 9 5 0 4 7 . 8 8 0 3 .
3 7 . 2 3 . 9 4 0 0 1 6 . 7 5 8 3 .
3 8 . 2 8 . 7 2 8 0 1 9 . 1 5 2 1 .
3 9 . 2 2 . 7 4 3  0 2 5 . 1 3 7 3 .
4 0 . 1 5 . 5 6 1 0 4 4 . 2 8 9 7 _> -
4 1 . 2 0 . 3 4 9 0 8 9 . 7 7 5 2.
4 2 . 2 7 . 5 3 1 0 9 . 5 7 6 3.
4 3 - 2 7 . 5 3 1 0 0 . 0 0 0 3 .
4 4 . 3 9 . 5  010 1 3 . 1 6 7 1 .
4 5 . 7 4 . 2 1 4 0 8 . 3 7 9 1 .
4 6 . 8 8 . 5 7 8 0 7 . 1 8 2 1 .
4 7 . 7 1 . 8 2 0 0 2 . 3 9 4 1 .
4 8 . 7 3 . 0 1 7 0 0 . 0 0 0 1 .
4 9 . 5 0 . 2 7 4 0 1 . 1 9 7 1 .
5 0 . 3 7 . 1 0 7 0 3 . 5 9 1 1 .

T a b le  2 -  A r e n ic o la  m a r in a  abundance ( o r i g i n a l  d a t a ) .

C olum n 1 lm  q u a d r a ts  1 t o  50 a lo n g  t r a n s e c t .
C olum n 2 n o .m  . Low t i d e  s i t e .
C olum n 3 n o .n T ^ . H ig h  t i d e  s i t e .
C olum n 4 1 , > 70% a l g a l  c o v e r .

2 , < 30% a l g a l  c o v e r .
3 , 3 0 -7 0 %  a l g a l  c o v e r .



2 W

1 . 0 . 0 0 0 0 . 0 0 2 .
2 . 0 . 0 0 0 1 1 7 . 7 0 2 .
3 . 0 . 0 0 0 0 . 0 0 1 .
4 . 0 - 0 0 3 0 . 0 0 2 .
5 . 0 . 0 0 0 0 . 0 0 2 .
6 . 0 . 0 0 0 0 . 0 0 1 .
7 . 0 . 0 0 0 0 . 0 0 1 .
8 . 1 1 7 . 7 0 0 0 . 0 0 1 .
9 . 0 . 0 0 0 0 . 0 0 1 .

1 0 . 1 1 7 . 7 0 0 0 . 0 0 1 .
1 1 . 1 1 7 . 7 0 0 1 1 7 . 7 0 1 .
1 2 . 235 . 4 0 0 0 . 0 0 1 .
1 3 . 2 3 5 . 4 0 0 0 . 0 0 1 .
1 4 . 1 1 7 . 7 0 0 1 1 7 . 7 0 2 .
1 5 . 0 . 0 0 0 2 3 5 . 4 0 2 .
1 6 . 1 1 7 . 7 0 0 1 1 7 . 7 0 2 .
1 7 . 0 . 0 0 0 0 . 0 0 1 .
1 8 . 0 . 0 0 0 1 1 7 . 7 0 2 .
1 9 . 0 . 0 0 0 0 . 0 0 2 .
2 0 . 0 . 0 0 0 0 . 0 0 1 .
2 1 . 0 . 0 0 0 4 7 0 . 8 0 2 .
2 2 . 0 . 0 0 0 0 . 0 0 2 .
2 3 . 1 1 7 . 7 0 0 0 . 0 0 1 .
2 4 . 0 . 0 0 0 0 . 0 0 1 .
2 5 . 0 . 0 0 0 4 7 0 . 8 0 2 .
2 6 . 0 . 0 0 0 11 7 .  70 1.
2 7 . 0 . 0 0 0 2 3 5 . 4 0 1 .
2 8 . 0 . 0 0 0 0 . 0 0 2 .
2 9 . 0 . 0 0 0 0 . 0 0 2 .
3 0 . 3 . 0 0 0 2 3 5 . 4 0 1 .
3 1 . 0 . 0 0 0 2 3 5 - 4 0 2 .
3 2 . 0 . 0 0 0 2 3 5 . 4 0 2 .
3 3 . 1 1 7 . 7 0 0 235 . 4 0 2 .
3 4 . 1 1 7 . 7 0 0 2 3 5 . 4 0 2 .
3 5 . 0 . 0 0 0 0 . 0 0 1 .
3 6 . 0 . 000 0 . 00 1 .
3 7 . 0 . 0 0 0 0 . 0 0 1 .
3 8 . 0 . 0 0 0 0 . 0 0 1.
3 9 . 235 . 4 0 0 235 . 4 0 1 .
4 0 . 2 3 5 . 4 0 0 0 . 0 0 2 .
4 1 . 1 1 7 . 7 0 0 0 . 0 0 2 .
4 2 . 2 3 5 . 4 0 0 0 . 0 0 2 .
43  . 1 1 7 . 7 0 0 0 . 0 0 2 .
4 4 . D . 0 0 0 235 . 4 0 1 .
4 5 . 0 . 0 0 0 941 . 6 0 1 .
4 6 . 3 . 0 0 0 5 8 8 . 5 0 1 .
4 7 . 3 . 0 0 0 2 3 5 . 4 0 1 .
4 8 . 3 . 0 0 0 O.CO 1 .
4 9 . 0 . 0 0 0 0 . 0 0 1 .
5 0 . 0 . 0 0 0 1 0 5 9 . 3 0 1 .

T a b le  3 .  Macoma b a l t h i c a  abun d an ce  ( o r i g i n a l  d a t a ) .

C olum n 1 lm  q u a d r a ts  1 t o  50 a lo n g  t r a n s e c t .
C o lum n 2  n o .m  . Low t i d e  s i t e .
C olum n 3 n o .m - 2 . H ig h  t i d e  s i t e .
C o lum n 4 1 , a lg a  p r e s e n t .

2 , a lg a  a b s e n t .
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T a b le  4

C olum n 1 
C olum n 2 
C olum n 3 
C olum n 4

1 . 4 7 0 . 8 0 0 5649 . 6 0 2 .
2 . 1 1 7 . 7 0 0 282 4  . 8 0 2 .
3 . 1 1 7 . 7 0  0 11 7 7 . 0 0 1 .
4 . 0 . 000 15 3 0 . 1 0 1 .
5 _ 1 1 7 . 7 0 0 2 3 5 . 4 0 2 .
6 . 235 . 4 0 0 1 4 1 2 . 4 0 2 .
7 . 470 . 800 2942  . 5 0 1 .
8 . 2 3 5 . 4 0 0 941 . 6 0 1 .
9 . 2 3 5 . 4 0 0 5 8 8 . 5 0 1 .

1 0 . 706 . 200 588 . 5 0 1 .
1 1 . 7 0 6 . 2 0 0 941 . 6 0 1 .
1 2 . 9 4 1 . 6 0 0 1059 . 3 0 1 .
1 3 . 5 8 8 . 5 0 0 0 . 0 0 2 .
1 4 . 706 . 2 0 0 2 3 5 . 4 0 2 .
1 5 . 706 . 2 0 0 1 1 7 . 7 0 2 .
1 6 . 706 . 2 0 0 1530 . 10 2 .
1 7 . 9 4 1 . 6 0 0 2 1 1 8 . 6 0 1 .
1 8 . 588 . 500 4 7 0 . 8 0 1 .
1 9 . 470 . 800 4 7 0 . 8 0 1 .
2 0 . 470 . 800 7 0 6 . 2 0 2 .
2 1 . 3 5 3 . 1 0 0 0 . 0 0 2 .
2 2 . 1 1 7 . 7 0 0 1 1 7 . 7 0 2 .
2 3 . 0 . 0 0 0 235 . 4 0 2 .
2 4 . 1 1 7 . 7 0 0 235 . 4 0 1 .
2 5 . 470 . 800 353 -1 0 1 .
2 6 . 2 3 5 . 4 0 0 4 0 0 1 . 8 0 2 .
2 7 . 7 0 6 . 2 0 0 4 1 1 9 . 5 0 2 .
2 8 . 353 . 100 5 8 8 . 5 0 1 .
2 9 . 1 1 7 . 7 0 0 4 1 1 9 . 5 0 2 .
3 0 . 235 . 4 0 0 2 1 1 8 . 6 0 1 .
3 1 . 0 . 0 0 0 0 . 0 0 1 .
3 2 . 0 . 000 4 7 0 . 8 0 2 .
3 3 . 353 . 10 0 7 0 6 . 2 0 2 .
3 4 . 353 .1 00 1 1 7 . 7 0 2 .
3 5 . 3 5 3 . 1 0 0 353 . 1 0 2 .
3 6 . 353 . 1 0 0 0 . 0 0 1 .
3 7 . 7 0 6 . 2 0 0 0 . 0 0 1 .
3 8 . 353 . 1 0 0 0 . 0 0 2 .
3 9 . 588 . 5 0 0 0 . 0 0 1 .
4 0 . 588 . 500 0 . 0 0 1 .
4 1 . 353 .1 00 4 7 0 . 8 0 2 .
4 2 . 588 . 5 0 0 2236  . 30 1 .
4 3 . 5 8 8 . 5 0 0 1 2 9 4 . 7 0 2 .
4 4 . 353 . 100 235 . 4 0 1 .
4 5 . 353 .1 00 823 . 9 0 1 .
4 6 . 353 .1 00 1 1 7 . 7 0 1 .
4 7 . 2 3 5 . 4 0 0 1 1 7 . 7 0 1 .
4 8 . 470 . 8 0 0 0 . 00 1 .
4 9 . 2 3 5 . 4 0 0 0 . 0 0 1 .
5 0 . 0 . 000 0 . 0 0 1 .

N e r e is  d i v e r s i c o l o r  ab u n d an ce  ( o r i g i n a l  d a t a ) .

lm  q u a d r a ts  1 t o  50 a lo n g  t r a n s e c t .  
no.m - 2 . Low t i d e  s i t e .  
no.m - 2 . H ig h  t i d e  s i t e .

1 , a lg a  p r e s e n t .
2 , a lg a  a b s e n t .
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1 . 1 4 5 9 4 . 8 2 8 2 4 . 8 0 2 .
2 . 4 2 3 7 . 2 2942  . 50 2 .
3 9 8 8 6 . 8 1 1 7 . 7 0 1 .
4 . 6 4 7 3  .5 3 5 3 . 1 0 2 .
5 . 5 5 3 1 . 9 1 059 . 3 0 2 .
6 . 6 0 C 2 . 7 1412 . 4 0 1 .
7 . 1 0 8 2 8 . 4 1 0 5 9 . 3 0 1 .
S. 4 2 3 7 . 2 5 88 . '50 1 .
9 . 2 7 0 7 . 1 0 . 0 G 1 .

1 0 . 5 2 9 6 . 5 0 . 0 0 1 .
1 1 . 353  .1 0 . 0 0 1 .
1 2 - 3 1 7 7 . 9 0 . 0 0 1 .
1 3 . 3 5 3 1 . 0 0 . 0 0 1 .
1 4 . 4943  . 4 3 5 3 . 1 0 2 .
1 5 . 2 0 0 0 . 9 353 . 1 G 2 .
1 6 . 1 3 7 7 0 . 9 1 1 7 . 7 0 2 .
1 7 . 6 7 0 8 . 9 7 0 6 . 2 0 1 .
1 8 . 1 4 2 4 1 . 7 0 . 0 0 2 .
1 9 . 2 1 7 7 4 . 5 2 3 5 . 4 0 2 .
2 0 . 1 0 9 4 6 . 1 1 2 9 4 . 7 0 1 .
2 1 . 7 2 9 7 . 4 7 0 6 . 2 0 2 .
2 2 . 4 4 7 2  . 6 1 1 7 . 7 0 2 .
2 3 . 1 0 2 3 9 . 9 0 . 0 0 1 .
2 4 . 4 0 0 1 . 8 1 1 7 7 . 0 0 1 .
2 5 . 1 0 9 4 6 . 1 1 1 7 . 7 0 2 .
2 6 . 4 4 7 2 . 6 1 8 8 3 . 2 0 1 .
2 7 . 5 4 1 4 . 2 1412 . 4 0 1 .
2 8 . 3 2 9 5 . 6 3 76 6  . 4 0 2 .
2 9 . 2471 . 7 3766  . 4 0 2 .
3 0 . 1 4 1 2 . 4 5531 . 9 0 1 .
3 1 . 3 4 1 3 . 3 1 5 3 0 . 1 0 2 .
3 2 . 2 3 5 4 . 0 1 8 8 3 . 2 0 2 .
3 3 . 3 1 7 7 . 9 353 .1 0 2 .
3 4 . 3 2 9 5 . 6 2 8 2 4  . 80 2 .
3 5 . 2 5 8 9 . 4 2 3 5 . 4 0 1 .
3 6 . 4 3 5 4 . 9 1 8 8 3 . 2 0 1 .
3 7 . 1 5 3 0 . 1 3060  . 2 0 1 .
3 8 . 2 5 8 9 . 4 2 3 5 . 4 0 1 .
3 9 . 3 4 1 3 . 3 1883 . 2 0 1 .
4 0 . 3 0 6 0 . 2 2 0 0 0 . 9 0 2 .
4 1 . 9 8 8 6 . 8 7 0 6 . 2  0 2 .
4 2 . 9 5 3 3  . 7 1 0 5 9 . 3 0 2 .
4 3 . 8 2 3 9 . 0 1 1 7 . 7 0 2 .
4 4 . 600 2  .  7 2 1 1 8 . 6 0 1 .
4 5 . 1 1 2 9 9 . 2 1 0 5 9 . 3 0 1 .
4 6 . 5 0 6 1 . 1 235 . 4 0 1 .
4 7 . 4001 . 8 0 . 0 0 1 .
4 8 . 3 1 7 7 . 9 0 . 0 0 1 .
4 9 . 4 2 3 7 . 2 3177  . 9 0 1 .
5 0 . 2 5 8 9 . 4 4472 . 6 0 1 .

T a b le  5 . P y g o s p io  e le g a n s  ab u n d an ce  ( o r i g i n a l  d a t a ) .

Colum n 1 lm  q u a d r a t s  1 t o  50  a lo n g  t r a n s e c t .
C olum n 2 n o .m ” ^:. Low t i d e  s i t e .
C olum n 3 n o .m ” . H ig h  t i d e  s i t e .
C olum n 4 1 , a lg a  p r e s e n t .

2  , a lg a  a b s e n t .
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1 . G . 0 0 18.8G00 2 . 0 0 0 0 0 49. 44.4300
2 . C.C0 17.7COO 2 . 0 0 0 0 0 26. 30.6600
3. 235.40 17.1000 1.50000 49. 44.4300
4. 117.70 15.0000 0 . 0 0 0 0 0 36. 36.8700
5. c.oa 12.3C0G 0.50000 15. 22.7900
6 . 23 5. 4U 1 2 . 0 0 0 0 1 . 0 0 0 0 0 24. 29.3300
7. C.OC 5.8000 2 . 0 0 0 0 0 81. 64.1600
8 . 6708.50 7.0000 2.50000 98. 81.8700
9 235.40 4.0000 2 . 0 0 0 0 0 80. 63.4300

1C* 4 943.40 2 . 0 0 0 0 3.50000 1 0 0. 90.0000
1 1. 3648.70 C. 0 0 0 0 3.00000 1 0 0. 90.0000
1 2. 2585.40 - 1 . 0 0 0 0 3.50000 99. 84.26G0
13. 117 7.00 -1.4000 U. 00 0 0 0 2 6. 30.6600
14. 47 C.80 -1.3000 -1.50000 0. 0 . 0 0 0 0
15. 5414.20 -1.3000 2.50000 0. 0 . 0 0 0 0
16. 2585.40 C.0000 0 . 0 0 0 0 0 45. 42.1300
17. 153C.1G 0 . 0 0 0 0 -1 . 0 0 0 0 0 1 0. 18.4300
18. 3766.40 2 . 1 0 0 0 2.50000 94. 75.8200
19. G. 00 3.4000 3.50000 1 0 0. 90.0000
2 0. C.CO 5.2CQG -2 . 0 0 0 0 0 1 0 0. 90.0000
2 1. 117.70 7.2000 -1.75000 36. 36.8700
2 2. C. GO 1 0 . 0 0 0 0 -1.50000 0. 0 . 0 0 0 0
23. 353.10 12.3GOO -1.50000 87. 68.8700
24. C. GO 13.500G 3.00000 73. 58.6900
25. 47 C.80 14.9000 3.50000 58. 49.6000
26. C.CU 15.5000 4.00000 28. 31.9500
27. 117.70 15.5000 5.00000 40. 39.2300
28. C.CQ 14.7000 4.50000 49. 44.4300
29. 0.G0 12.5000 4.00000 34. 35.6700
30. 58 8.50 1 1 . 0 0 0 0 3.00000 45. 42.1300
31 . 23 5.40 9.0000 0.50000 64. 53.1300
32. 823.90 7.5000 1.50000 33. 35.0600
33. 105 9.30 5.5000 O.UOOOO 80. 63.4300
34. 4472.60 4.0000 0 . 0 0 0 0 0 6. 14.1800
35. 2118.60 1 . 2 0 0 0 0.50000 6. 14.1800
36. 2942.50 G.0C00 -1.50000 42. 40.4000
37. 1055.30 -C.5C00 -2.50000 65. 53.7300
3S . 353.10 - 2 . 0 0 0 0 -2.75000 90. 71.5700
39. 117.70 -1.5000 -2.50000 62. 51.9400
40. 3531.00 .0CQ0 -2 .25000 49. 44.4300
41 . 117.70 0 . 0 0 0 0 1.50000 16. 23.5800
42. 105 9.30 1 .3000 4.50000 63. 52.5400
43. 1 76 5. 5Q 2 . 1 0 0 0 4.50000 33. 35.0600
44. 588. 50 3.7000 3.50000 1 0 0. 90.0000
45. 117.70 5.5000 2.50000 1 0 0. 90.0000
46. 117.70 7.2000 3.00000 1 0 0. 90.0000
47. 0 . 0 0 8.5000 2.50000 82. 64.9000
48. 0 . 0 0 1 0 . 0 0 0 0 G.50000 1 0 0. 90.0000
49. 0 . 0 0 10.5000 0 . 0 0 0 0 0 1 0 0. 90.0000
50. 0 . 0 0 1C.5000 0 . 0 0 0 0 0 78. 62.0300

Table 6 • Bathyporeia quill iamsoniana abundance, water 
table level, and % algal cover (original data)•

C olum n 1 lm  q u a d r a t s  1 t o  50  a lo n g  t r a n s e c t .
G olum n 2  n o .m ” 2 . B a t h y p o r e ia  g u i l l i a m s o n ia n a .  Low  t i d e  s i t e .
C o lu m n  3 w a t e r  t a b l e  h e ig h t  (c m ). Low t i d e  s i t e .
G olum n 4 w a t e r  t a b l e  h e i g h t  (c m ). H ig h  t i d e  s i t e .
ColumnB % algal cover. High tide site
Column 6 arcsine of % algal cover. High tide site.
N o te  : I f  w a t e r  t a b l e  i s  a b o v e  s e d im e n t  s u r fa c e  th e n  v a lu e

o f  w a t e r  t a b l e  i s  n e g a t iv e  and  v ic e  v e r s a .



2$3

1 . 6 3 5 5  .8 823 . 9 0 2 . S2 3 . 9
2 . 6 7 0 8 . 9 1 1 7 7 . 0 0 2 . 5 41 A .2
3 . AA 7 2 . 6 1 1 7 . 7 0 1 . 0 . 0
4 . 5 1 7 8 . 8 235 . 4 0 1 . 3 4 1 3 . 3
5 . 7 0 6 2 . 0 353 .1 0 2 . 2 1 1 8 . 6
6 . 7 2 9 7  . A 7 0 6 . 2 0 2 . 435 A . 9
7 . 1 0 5 9 . 3 3 5 3 . 1 0 1 . 12 9 4 . 7
8 . 0 . 3 4 7 0 . 8 0 1 . 4 7 0 . 8
9 . 1 1 7 . 7 8 2 3 . 9 0 1 . 0 . 0

1 0 . 0 . 0 1 1 7 . 7 0 1 . 0 . 0
1 1 . 0 . 0 588 . 5 0 1 . 58 8 . 5
1 2 . 0 . 0 4 7 0 . 8 0 1 . 7 0 6  . 2
1 3 . A001 . 8 706 . 2 0 2 . 0 . 0
1 A. 5 1 7 8 . 8 2 3 5 . 4 0 2 . 0 . 0
1 5 . 3 6 A 8 . 7 7 0 6 . 2 0 2 . 0 . 0
1 6 . 6 2 3 8 . 1 1 1 7 . 7 0 2 . 1 5 3 0  .1
1 7 . 3 8 8 4 . 1 2 1 1 8 . 6 0 1 . 2 3 5 . 4
1 8 . 0 . 0 588 . 5 0 1 . 0 . 0
1 9 . 5 8 8 . 5 353 . 1 0 1 . 1 64 7 . 8
2 0 . 4 2 3 7 . 2 1 1 7 . 7 0 2 . 10 5 9 . 3
2 1 . 0 . 0 0 . 0 0 2 . 1 6 4 7  . 8
2 2 . , 0 . 0 4 7 0 . 8 0 2 . 8 2 3 . 9
2 3 . 2 2 3 6 . 3 5 8 8 . 5 0 2 . 0 . 0
2 A. 0 . 0 2 3 5 . 4 0 1 . 1 4 1 2 . 4
2 5 . 0 . 0 706 . 2 0 1 . C . 0
2 6 . 1 0 8 2 8 . 4 7 0 6 . 2 0 2 . 1 5 3 0 . 1
2 7 . 9 4 1 6 . 0 1 1 7 . 7 0 2 . 176  5 . 5
2 8 . 5 8 8 . 5 1 1 7 . 7 0 1 . 3 695  7 . 8
2 9 . 8121  .3 1 1 7 . 7 0 2. 4 0 0 1 8 . 0
3 0 . 0 . 0 3 5 3 . 1 0 1 . 2 0 5 9 7 . 5
3 1 . 0 . 0 1 4 1 2 . 4 0 1 . 3 2 9 5 . 6
3 2 . 1 2 9 4 7 . 0 0 . 0 0 2 . 2 0 5 9 7 . 5
3 3 . 2471  . 7 8 2 3 . 9 0 2 . 1 4 3 5 9 . 4
3 A. 1 0 5 9 . 3 1 0 5 9 . 3  0 2 . 3 8 8 4 .1
3 5 . 9 4 1 . 6 5 8 8 . 5 0 2. 2 00 0 . 9
3 6 . 0 . 0 4 7 0 . 8 0 1 . 105 9 . 3
3 7 . 0 . 0 9 4 1 . 6 0 1 . 4 5 9 0 . 3
3 8 . 1 5 3 0 . 1 1 1 7 7 . 0 0 2 . 3 5 3 1 . 0
3 9 . 0 . 0 706 . 2 0 1 . 94 1 . 6
AO. 0 . 0 823 . 9 0 1 . 42 3 7 . 2
A 1 . 7 7 6 8 . 2 4 7 0 . 8 0 2 . 1 2 8 2 9 . 3
A 2 . 4 7 0 . 8 0 . 0 0 1 . 1 G 4 7 5 . 3
A3 . 2 8 2 A . 8 235 . 4 0 2 . 8 8 2 7 .5
AA. 1 1 7 . 7 4 7 0 . 8 0 1 . 1 7 6 5 . 5
A 5 . 353  .1 4 7 0 . 8 0 1 . 3 53 1 . 0
A 6 . 0 . 0 4 7 0 . 8 0 1 . 105 9 . 3
4 7 . 1 1 7 . 7 2 3 5 . 4 0 1 . 0 .0
A 8 . 0 . 0 1530  .1 0 1 - 105 9 . 3
A 9 . 0 . 0 1 2 9 4 . 7 0 1 . 5061  .1
5 0 . 0 . 0 2 0 0 0 . 9 0 1 . 3 6 3 6 9  . 3

T a b le  C o ro p h iu m  v o l u t a t o r , H y d r o b ia  n e g le c t a  and
F a b r i c i a  s a b e l l a  a b u n d an ce  ( o r i g i n a l  d a t a ) .  H ig h  t i d e  s i t e .

C olum n 1 lm  q u a d r a ts  1 t o  50  a lo n g  t r a n s e c t .
Colum n 2 n o . n f ^ .  C o ro p h iu m  v o l u t a t o r .
C olum n 3 no .m “ ^ . H y d r o b ia  n e g l e c t a .

Colum n 5 no .m ’ 2 - F a b r i c i a  s a b e l l a .
C olum ns 4 and  6 1 , a lg a  p r e s e n t .

2 , a lg a  a b s e n t .

2
2
1
2
2
1
1
1
1
1
1
1
1
2
2
?
1
2
2
1
~>C
2
1
1
2
1
1
2
2
1
2
2
2
2
1
1
1
1
1
2
2
2
2
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1 . 7 . 2 1 5 0 1 . 6 0 8 0 0 5 . 6 2 7 0 1 .9 400
2 . 7 . 7 5 9 0 0 . 8 8 9 4 0 4 . 8 6 1 0 1 . 5 3 1 0
3 . 8 . 3 3 4 0 1 . 9 4 1 0 0 7 . 0 6 9 0 5 .2 72 0
4 . 9 . 0 9 6 0 3 . 0 4 3 0 0 5 . 1 6 0 0 1 . 1 7 4 0
5 . 8 . 8 3 9 0 1 .41 600 3 . 8 9 3 0 0 . 3 4 8 0
6 . 9 . 1 3 9 0 1 .1 4300 14 . 1 6  00 13 .3 600
7 . 8 . 4 5 0 0 0 . 8 7 8 7  0 58 . 9 5  00 6 2 . 6 4 0 0
8 . 9 . 6 8 0 0 1 . 4 5 8 0 0 8 . 3 9 9 0 4 .2 440
9 . 6 . 9 1 8 0 1 . 8 7 3 0 0 9 . 3 8 3 0 4 . 4 5 7 0

1 0 . 5 . 7 5 9 0 1 .1 8900 6 . 07 00 1 . 1 9 3 0
1 1 . 2 . 3 8 0 0 0 . 8 9  67 0 4 . 8 1 8 0 1 . 6 4 7 0
1 2 . 1 . 7 9 2 0 0 . 1  7 5 40 1 0 . 7 7 0 0 4 . 4 4 3 0
1 3 . 0 - 9 5 6 5 0 . 1 6 3 4 0 7 . 6 2 6 0 4 . 9  580
1 4 . 1 . 3 6 6 0 0 . 1 2 3 0 0 4 . 3 8 4 0 3 . 0 6 9 0
1 5 . 1 . 2 0 8 0 0 . 2 4 3 2 0 2 . 7 4 7 0 0 . 5 6 9 6
1 6 . 1 . 3 6 1 0 0 . 4 3 2 9 0 2 . 2 5 3 0 0 . 7 9 7 8
1 7 . 2 . 9 8 2 0 0 . 3 8 4 3 0 7 . 7 0 5 0 2 . 9 0 5 0
1 8 . 5 . 1 5 4 0 0 . 1 9 2 2 0 1 .2 0 2 0 0 . 1  41 8
1 9 . 6 . 9 1 6 0 1 . 2 8 8 0 0 8 . 8 1 5 0 4 . 8 6 9 0
2 0 . 9 . 5 3 2 0 2 . 9 7 6 0 0 8 . 5 4 6 0 3 . 9  5 80
2 1 . 1 0 . 3 1 0 0 2 . 0 4 9 0 0 1 . 2 2 0 0 0 . 1 9 1 6
2 2 . 9 . 7 9 8 0 3 . 4 8 7 0 0 1 . 5 2 9 0 0 . 3 2 1 6
2 3 . 7 . 3 3 3 0 1 . 7 3 9 0 0 6 . 5 1 8 0 4 . 2 9 8 0
2 4 . 9 . 6 3 4 0 1 . 1 2 4 0 0 6 . 1 7 2 0 1 . 7 3 4 0
2 5 . 6 . 7 7 2 0 1 . 5 9 5 0 0 8 . 3 1 6 0 4 . 6 8 5 0
2 6 . 6 . 9 7 2 0 1 . 5 3 2 0 0 4 . 8 6 9 0 0 . 9 2 6 2
2 7 . 11 . 1 7 0 0 1 . 8 5 4 0 0 6 . 7 1 7 0 5 . 4 2 7 0
2 8 . 8 . 7 3  40 3 . 5 8 4 0 0 5 . 4 1 5 0 0 .1 264
2 9 . 7 . 0 2 9 0 1 . 1 0 7 0 0 8 . 0 7 0 0 3 . 6 3 0 0
3 0 . 9 . 2 9 3 0 2 . 0 4 1 0 0 1 3 . 3 2 0 0 13 .5  500
3 1 . 9 . 8 6 6 0 2 . 7 7 7 0 0 6 . 3 6 2 0 3 .2 1 90
3 2 . 8 . 5 2 8 0 1 . 4 3 7 0 0 5 . 5 6 5 0 2 .1 1 2 0
3 3 . 9 . 8 1 0 0 3 . 3 0 8 0 0 5 . 1 3 0 3 0 . 5 0 7 6
3 4 . 5 . 9 5 5 0 1 . 5 7 8 0 0 3 . 9 3 9 0 0 . 6 5 2 2
3 5 . 4 . 7 3 1 0 0 . 6 4 2 5 0 3 . 5 1 6 0 1 . 9 9 7 0
3 6 . 4 . 0 3 3 0 1 . 5 7 3 0 0 2 . 1 3 1 0 0 . 1  532
3 7 . 1 . 8 4 0 0 0 . 4 6 2 9 G 3 . 7 2 5 0 1 . 4 1 5 0
5 8 . 1 . 0 8 7 0 0 . 1 4 5 8 C 2 . 2 7 6 0 0 . 3 9 4 3
3 9 . 1 . 1 9 1 0 0 . 3 4 1 9 0 2 . 0 2 6 0 0 . 2  480
4 0 . 1 . 4 7 2 0 0 . 5 2 6 2 0 2 . 4 9 8 0 0 . 5 2 2  1
4 1 . 3 . 0 0 3 0 1 . 0 0 2 0 0 4 . 4 7 1 0 0 . 6 1 8 4
4 2 . 6 . 3 1 9 0 1 . 9 6 6 0 0 6 . 5 4 7 0 2 . 4 4 0 0
4 3 . 7 . 8 8 6 0 1 .1 2 1 0 0 5 . 7 2 7 0 2 . 0 990
4 4 . 7 . 8 1 6 0 1 . 2 3 6 0 0 5 . 0 4 8 0 2 . 7 2 8 0
4 5 . 7 . 4 0 7  0 1 . 6 1 7 0 0 6 .  3960 3 . 0 9 2 0
4 6 . 9 . 2 2 4 0 0 . 7 9 5 1  0 2 2 . 0 3 0 0 22 .3 000
4 7 . 6 . 2 7 7 0 1 . 3 5 8 0 0 1 0 . 6 6 0 0 9 . 6  600
4 8 . 7 . 9 1 1 0 0 . 5 2 6 4 0 1 0 . 9 2 0 0 7 .2 820
49  . 8 . 1 4 8 0 2 . 2 2 0 0 0 1 2 . 5 5 0 0 1 0 . 0 4 0 n
5 0 . 9 . 2 2 1 0 3 . 0 5 8  00 3 . 7 6 0 0 1 .7  88 0

T a b le 8 .  S h e a r s t r e n g t h (KN.nT^) mean and s . d .

C olum n 1 lm  q u a d r a t s  1 t o  5 0  a lo n g  t r a n s e c t .  
C o lu m n s  2 an d  3 mean and s .d . Low t i d e  s i t e .  
C olum ns 4 an d  5 mean and s . d .  H ig h  t i d e  s i t e .
C olum n 6 1 , > 70% a l g a l  c o v e r .

2 , < 30% a l g a l  c o v e r .

3 , 30 -70%  a l g a l  c o v e r .



?5f

1 . 2 1 3 . 5 0 0 2 3 . 5 0 0 21 6 . 3 0 0 9 0 . 5 3 0 3 .
2 . 25 2  . 0 0 0 3 4 . 1 9 0 8 5 . 5 0 0 2 9 . 8 7 0 2 .
3 - 20 5  . 3 0 0 4 5 . 9  40 2 2 2  . 3 0 0 1 4 8 . 7 0 0 3 .

-4 . 2 8 2 . 5 0 0 9 . 0 3 6 1 1 2  . 5  00 1 0 0 . 5 0 0 3 .
5 . 2 7 5  . 8 0 0 3 0 . 5 7 0 1 9 1  . 5 0 0 44  . 0 9 0 c .
6 . 3 2 2 . 3 0 0 8 . 9 9 2 1 8 7  . 8 0 0 8 3 . 1 4 0 7
7 . 2 9 7 . 8 0 0 1 7 . 7 6 0 7 3  . 2 5 0 7 9 . 6 7 0 1 .
8 . 2 9 9 . 8 0 0 2 6 . 5 5 0 2 9 . 5 0 0 6 5 . 1 4 0 1 .
9 , 291 . 0 0 0 2 2 . 1 1 0 31 . 0 0 0 7 0 . 8 1 0 1 .

1 o l 3 0 8 . 5 0 0 1 2 . 1 8 0 1 3 . 5 0 0 6 5  .  92 0 1 .
1 1 . 2 6 2  . 5 0 0 5 0 . 9 5 0 - 6 3  . 7 5 0 3 5 . 9 8 0 1 .
1 2 . 2 7 7  . 0 0 0 7 6 . 8 0 0 - 1 6  . 5 0 3 4 9 . 5 1 0 1 .
1 3 . 2 8 2 . 5 0 0 1 0 . 1 2 0 2 4  . 5 0 0 6 1 . 9 2 0 2 .
1 4 . 1 7 2  . 3 0 0 9 9 . 4 1 0 - 3  . 5 0 0 3 7 . 7 5 0 2 .
1 5 . 2 9 0  . 3 0 0 5 . 8 4 9 1 4 9  . 8 0 3 72 . 0 1 0 2 .
1 6 . 2 6 0 . 5 0 0 5 7 . 1 0 0 1 6 0 . 5 0 0 6 6 . 2 8 0 3 _
1 7 . 2 8 9 . 5 0 0 4 5 . 2 1 0 8 8  . 0 0 0 9 7 . 0 4 0 2
1 8 . 2 7 3 . 0 0 0 3 9 . 5 6 0 22 8 . 5 0 0 4 2 . 8 5  0 1 .
1 9 . 2 2 9 . 5 0 0 2 7 . 9 6 0 1 2 4 . 8 0 0 1 3 8 . 4 0 0 1 .
2 0 . 2 3 9 . 5 G 0 5 8 . 4 0 0 - 3 1  . 2 5 0 9 . 9 7 9 1 .
2 1 . 2 5 5  . 8 0 0 2 2 . 5 9 0 11 1  . 8 0 0 1 3 0 . 90C 3

2 2 . 2 1 4  . 8 0 0 6 4 . 3 2 0 1 2 8  . 8 0 0 8 1 . 1 7 0 2 .
2 3 . 2 6 9 . 8 0 0 1 7 . 0 5 0 1 . 0 0 3 6 6 . 1 1 0 1 .
2 4 . 2 5 0 . 3 0 0 4 1 . 3 8 0 1 2  . 0 0 3 6 0 . 9 1 0 1 .
2 5 . 2 4 8  . 0 0 0 3 6 . 2 1 0 - 1 . 5 0 0 5 8  .  81 0 3 .
26. 2 6 6 . 8 0 0 4 3 . 9 6 0 9 . 0 0 3 8 7 . 4 7 0 2 .
2 7 . 244.500 5 1 . 8 0 0 3 6  . 2 5 3 8 6 . 4 0 0 3 .
2 8 . 2 1 4 . 8 0 0 5 4 . 0 2 0 7 6  . 5 0 0 2 6 . 7 4 0 3 .
2 9 . 258.000 4 1 . 2 4 0 11 3 . 8 0 0 3 0 . 2 1 0 7

3 0 . 3 1 0 . 8 0 0 1 0 . 5 6 0 8 7  . 0 0 0 7 5 . 5 7 0 3 .
3 1 . 3 1 4 . 0 0 0 1 1 . 8 3 0 8 5  . 0 0 3 6 8 . 6 8 0 3 .
3 2 . 3 0 6  . 0 0 0 1 0 . 8 9 0 1 6 8  . 0 0 3 6 7 . 4 6 0 3 .
33. 3 0 5  . 3 0 0 1 1 . 2 7 . 0 5 5  . 5 0 0 5 1 . 4 9 0 1 .
3 4 . 2 9 8  . 8 0 0 2 9 . 5 4 0 8 5  . 5 0 0 4 1 . 4 6 0 2 _
3 5 . 3 2 1  . 0 0 0 7 . 7 0 3 6 1  . 2 5 0 5 0 . 5 5 0 2 .

5 6 . 2 9 0 . 5 0 0 5 6 . 6 7 0 5 . 0 0 3 6 2 . 1 2 0 3 .
3 7 . 2 6 5 . 5 0 0 8 9 . 0 3 0 5 . 0 0 0 4 7 . 1 7 0 3 .
3 8 . 1 5 4 . 8C0 2 6 . 5 4 0 4 0 . 5 0 0 8 2 . 5 3 0 1 .
3 9 . 1 5 2  . 8 0 0 6 6 . 1 1 0 4 . 0 0 3 1 8 . 2 2 0 3 _

4 0 . 2 7 9 . 5 0 0 3 9 . 5 1 0 - 1  . 5 0 3 4 8 . 6 1 0 3 .
4 1 . 2 5 5 . 0 0 0 1 0 4 . 3 0 0 5 9  . 0 0 0 4 2 . 6 0 0 2 .
4 2 . 2 2 5 . 3 0 0 6 5 . 3 3 0 1 4 7 . 0 0 0 4 7 . 5 2  0 3 .
4 3 . 2 3 5  . 8 0 0 6 4 . 0 5 0 8 5  . 2 5 3 3 7 . 7 4 0 3
4 4 . 2 7 0  . 5 0 0 1 0 3 . 1 0 0 1 2 3 . 0 0 3 5 5 . 8 4 0 1 .
4 5 . 2 2 5 . 0 0 0 2 8 . 5 1 0 2 8  . 5  00 4 4 .9 0 0 1 .
4 6 . 2 8 2  . 5 0 0 S 4 . 3  0 0 9 9  . 7 5 0 1 0 0 .8 0 0 1 .
4 7 . 2 2 9 . 0 0 0 1 0 . 1 0 0 - 1  7 . 5 0 3 5 9 . 6  40 1 .
4 8 . 2 5 7 . 5U0 3 6 . 8 1 0 - 8  . 5 0 3 8 3 . 4 6 0 1 .
4 9 . 2 7 2  . 3 0 0 2 0 . 8 9 0 - 1 2 . 0 0 0 4 0 . 2 8 0 1 .
50. 2 5 3  . 3 0 0 8 . 6 9 2 5 3 . 5 0 0 3 3 . 3 6 0 1 .

T a b le  1- Eh(m V) mean and s . d .

C o lum n  1 lm  q u a d r a ts  1 t o  50 a lo n g  t r a n s e c t .  
C o lu m n s  2 and  3 mean and s .d . Low t i d e  s i t e .  
C olum ns 4 a n d  5  mean and s . d .  H ig h  t i d e  s i t e .
C o lum n 6  1 , > 70% a l g a l  c o v e r .

2  ,  < 30% a l g a l  c o v e r .
3 , 3 0 -70%  a l g a l  c o v e r .
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Differenced data - macrofaunal communities

Tables 10 to 27  ...........   pp ^ 5 7 - 3 7 4



CO I
CO u
RO U

1
2
3
A
5
6
7
8
9

1 0
1 1
1 2
1 3
1 A
1 5
1 6
1 7
1 8
1 9
2 0
2 1
2 2
2 3
2 A
2 5
2 6
2 7
2 8
2 9
3 0
31
3 2
3 3
3 A
3 5
3 6
3 7
3 8
3 9
AO
A 1
A 2
A3
AA
A 5
A 6
A 7
A 8
A 9

35?

C8 C 9 C10 C11 C 1 2 C 1 3
A 9 A6 41 31 21 11

0 . 1  61 0 0 0 . 3 0 8 0 0 0 . 8 8 8 0 0 0 . 1 2 4 0 0 0 0 . 4 9 7 0 0 0 0 . 3 9 2 0 0 0
0 . 7 7 5  00 0 . 2 0 2 0 0 0 . 2 7 8 0 0 0 . 8 8 9 0 0 0 0 . 3 4 8 0 0 0 0 . 5 2 0 0 0 0
0 . A 9  5 00 0 . 6 9 2 0 0 0 . 3 2 1 0 0 0 . 4 5 0 0 0 0 0 . 2 6 8 0 0 0 0 . 1 0 3 0 0 0
Q .1 8 9 0 0 0 . 1 3 0 0 0 0 . 5 7 3 0 0 0 . 4 2 2 0 0 0 0 . 3 5 1 0 0 0 0 . 2  7 9 0 0 0
0 . 2 6 7 0 0 0 . 5 0 9 0 0 0 . 2 3 1 0 0 0 . 0 8 8 0 0 0 0 . 3 8 9 0 0 0 0 . 3 1 8 0 0 0
0 . 1  1 9 0 0 0 . 8 A 7 0 0 0 . 2 6 3 0 0 0 . 0 4 9 0 0 0 0 . 1 4 2 0 0 0 0 . 1 8 2 0 0 0
0 . 0 6 7 0 0 0 . 1 9 5 0 0 0 . 3 4 6 0 0 0 . 1 8 2 0 0 0 0 . 3 9 3 0 0 0 0 . 0 1 2 0 0 0
0 . 8 2 8  00 0 . 3  0 4 0 0 0 . 0 0 8 0 0 0 . 1 45C0D 0 . 3 9 3 0 0 0 0 . 0 0 2 0 0 0
0 . 0 7 2  0 0 0 . 1 2 A O 0 0 . 4 5 2 0 0 0 . 0 5 5 0 0 0 0 . 5 9 7 0 0 0 0 . 4 4 6 0 0 0
0 . 7 7 1  00 0 - 3 4 9 0 0 0 . 9 0 9 0 0 0 . 4 5 8 0 0 0 0 . 7 6 1 0 0 0 0 . 5 2 4 0 0 0
0 . 1  7 6 0 0 0 . 1 8 7 0 0 0 . 0 0 7 0 0 0 . 3 8 0 0 0 0 0 . 2 7 5 0 0 0 0 . 6 0 2 0 0 0
0 . 3 9 9  00 0 . 0 2 5 0 0 0 . 4 3 5 0 0 0 . 1 0 6 0 0 0 0 . 0 6 6 0 0 0
0 . 1  53 00 0 . 7 1 1 0 0 0 . 5 2 8 0 0 0 . 3 4 6 0 0 0 0 . 1 8 1 0 0 0
0 . 2 3 5  00 0 - 1 7 5 0 0 0 . 0 0 2 0 0 0 . 0 7 0 0 0 0 0 . 1 4 1 0 0 0
0 . 0 3 6  00 0 . 3 2 5 0 0 0 . 0 8 4 0 0 0 . 3 8 5 0 0 0 0 . 3 1 4 0 0 0
0 . 2 8 7 0 0 0 . 1 AA00 0 . 1 7 8 0 0 0 . 3 6 9 0 0 0 0 . 4 0 9 0 0 0
0 . 3 8 3  0 0 0 . 7 A 7 0 0 0 . 1 2 3 0 0 0 . 3 3 4 0 0 0 0 . 0 4 7 0 0 0
0 . 3  8 5 00 0 . 2 0 0 0 0 0 . 2 3 0 0 0 0 . 0 1 7 0 0 0 0 . 3 7 3 0 0 0 -
0 . 1  A5 0 0 0 . 5 6 2 0 0 0 . 8 9 3 0 0 0 . 2 4 1 0 0 0 0 . 2 8 4 0 0 0
0 . 6 0 A 0 0 0 . 0 9 6 0 0 0 . 3 0 7 0 0 0 . 0 0 3 0 0 0 0 . 2 4 1 0 0 0
0 . 5  6 A 0 0 0 . 6 3 8 0 0 0 . 2 3 1 0 0 0 . 3 3 6 0 0 0 0 . 0 0 9 0 0 0
0 . 3 7 7 0 0 0 . 0 6 0 0 0 0 . 0 2 3 0 0 0 . 1 9 5 0 0 0
0 . 3  21 0 0 0 . 4 0 7 0 0 0 . 1 9 5 0 0 0 . 0 2 9 0 0 0
0 . 1  3 0 0 0 0 . 6 5 2 0 0 0 . 2 5 0 0 0 0 . 1 7 8 0 0 0
0 . 01  A 00 0 . 3  4 1 0 0 0 . 1 7 1 0 0 0 . 1 0 0 0 0 0
0 . 0 3 0 0 0 0 . 3 9 3 0 0 0 . 2 0 5 0 0 0 . 2 4 5 0 0 0
0 . 7 3 8 0 0 0 . 0 5 3 0 0 0 . 1 8 1 0 0 0 . 2 0 0 0 0 3
0. AA1 0 0 0 . 5 2 3 0 D 0 . 4 9 0 0 0 0 . 8 8 1 0 0 0
0 . 0 6 6  00 0 . 0 3 9 0 0 0 . 2 1 1 0 0 0 . 8 3 2 0 0 0
0 . 3 1 0 0 0 0 . 5 7 8 0 0 0 . 3 7 0 0 0 0 . 1 3 2 0 0 0
0 . 1  5 9 0 0 0 . 2 8 8 0 0 0 . 2 0 5 0 0 0 . 5 3 2 0 0 0
0 . 1  2 A 0 0 0 . 0 3 1 0 0 0 . 0 1 3 0 0
0 . 5 5 1  0 0 0 . 0 8 8 0 0 0 . 0 4 2 0 0
0 . 0 2 0 0 0 0 . 3 0 1 0 0 0 . 4 7 9 0 0
O . A 1 6 0 0 0 . 2 2 8 0 0 0 . 0 9 1 0 0
0 . 0 6 7 0 0 0 . 0 7 7 0 0 0 . 4 5 6 0 0
0 . 1  62 0 0 0 . 0 2 3 0 0 3 . 4 4 8 0 0
0 . 0 9 3  00 0 . 2 9 1 0 0 0 . 2 2 9 0 0
0 . 2 6 5  0 0 0 . 2 7 1 0 0 1 . 1 3 6 0 0
0 . 0 3 3  0 0 0 . 4 0 2 0 0 0 . 0 2 8 0 0
0 . 1  52 00 0 . 5 0 0 0 0 0 . 3 6 0 0 0
0 . 1 1 3  00 0 . 5 7 7 0 0
O. A0 8CO 0 . 4 0 7 0 0
0 . 1 3 1  0 0 1 . 2 7 3 0 0
0 . 0 7 5  00 0 . 5 0 6 0 0
0 . 0 5 7  00 0 . 7 8 5 0 0
1 .271 ao 
0 . 8 9 8  0 0  
0 . 3 5 A QO

T a b le  1 0 -  Shannon W ie n e r d i v e r s i t y  in d e x . D if f e r e n c e s  in  abundance  

a lo n g  th e  50m t r a n s e c t .  H ig h  t i d e  s i t e .

C8 lm  d i f f e r e n c e s  in  ab u n d an ce .
C9 5m d i f f e r e n c e s  in  a b u n d a n c e .
C IO  10m d i f f e r e n c e s  in  ab u n d a n c e .
C l l  20m d i f f e r e n c e s  in  a b u n d a n c e .
C12 30m d i f f e r e n c e s  in  ab u n d a n c e .
C l3 40m d i f f e r e n c e s  in  a b u n d a n c e .



ROW

1
2
3
4
5
6
7
8
9

10
1 1
1 2
1 3
1 4
1 5
1 6
1 7
1 8
1 9
2 C
2 1
2 2
23
2 4
2 5
26
2 7
28
2 9
30
3 1
32
33
3 4
3 5
3 6
3 7
3 8
39
40
41
42
43
4 4
45

259

C68 C69
49 46

3.591 11.97
29.925 3-591
26.334 39.501
47.880 65.835
11.970 14.364
5.985 5.985
0 .0 0 0 0 .0 0 0
3.591 0 .0 0 0
3 .591 350.721
0 .0 0 0 323.190
0 .0 0 0 160.398

354.312 92.169
31.122 314.811
162 .792 316.008

68 .229 160.398
52.668 59.850
32 .319 39.501
7.182 28.728
32 .319 35.910
32.319 32.319
35 .910 2.394

0 -000 32 .319
35.910 35.910
2 .394 10.773
1 .197 7.182
3 .591 3.591
10.773 16.758
1 .197 4.788
9.576 5.985
16.758 102.942
1 .197 120.897
0 .000 32.319
S7.381 1.197
34 .713 83.790
89.775 112.518
31.122 3.591
2 .394 73 .017
5 .985 9.576
19.152 25.137
45.486 31 .122
80.199 81 .396
9.576 2 .394
13.167 2.394
4.788 13.167
1 .197 7.1 82
4 .788 3 .591
2 .394
1 .197
2 .394

C 70 C 71
41 31

5 . 9 8 5 2 6 . 3 3 4
9 . 5 7 6 9 . 5 7 6

3 9  . 5 0 1 3 . 5 9 1
2 8 8  . 4 7 7 2 9 . 9 2 5
3 0 5 . 2 3 5 1 7 . 9 5 5
1 5 4 . 4 1 3 3 . 5 9 1

9 2 . 16 9 3 . 5 9 1
3 9  . 5 0 1 0 .  0 0 0

3 . 5 9 1 7 . 1 8 2
0 . 0 0 0 9 .  576

3 2  . 3 1 9 0 . 0 0 0
0 . 0 0 0 1 6 . 7 5 8

3 1 8  . 4 0 2 3 3 8 . 7 5 1
2 8 7 .2 8 3 0 7 . 6 2 9
1 6 0 . 3 9 8 5 7 . 4 5 6

8 9 . 7 7 5 4 5 . 4 8 6
3 5  . 9 1 0 8 . 3 7 9

7 . 1 8 2 9 . 5 7 6
1 0 . 7 7 3 1 9 . 1 5 2
2 2  . 7 4 3 7 . 1  82

0 .0 0 0 4 4 . 2 8 9
1 9 . 1  52 53 . 8 6 5
2 0 . 3  49 2 6 . 3 3 4
1 5 . 5 6 1 o. con

100 .548 1 0 . 7 7 3
1 3 4  . 0 6 4 4 . 7 8 8

4 7 . 8 8 0 7 . 1 8 2
5 . 9 8 5 8 . 3 7 9
9 . 5 7 6 9 . 5 7 6

2 5  . 1 3 7 1 . 1 9 7
2 7  . 5 3 1 1 3 . 1 6 7
7 4  . 2 1 4

5 . 9 8 5
1 0 2  . 9 4 2
1 2 4  . 4 8 8

3 9  . 5 0 1
9 . 5 7 6

1 6 . 7 5 8
2 5  . 1 3 7
4 3  . 0 9 2
8 6  . 1 8 4

C 72 C 73
21 1 1

5 . 9 8 5 3 8 . 3G 4 0
7 . 1 8 2 8 0 .  19 9 0

2 3 . 9 4 0 2 9 . 9 2  50
5 0 . 2 7 4 6 5 . 8 3  50
8 4 . 9 8 7 4 . 7 8 8 0

131  . 6 7 0 2 . 3 9  40
4 7 . 8 8 0 7 . 1 8 2 0
1 6 . 7 5 S 2 . 3 9  40
1 5 . 5 6 1 3 . 5 9  10
2 5 . 1 3 7 1 . 1 9  70
4 4 . 2  89 3 . 5 9  10
8 9 . 7 7 5

3 4 4 . 7 3 6
3 2 3 . 1 9 0
14 7 . 2 3 1

8 3 . 7 9 0
3 2 . 3 1 9

4 . 7 E S
O.CCO

3 1 . 1 2  2
3 . 5 9 1

Table 11. Arenicola marina. Differences in abundance along 
the 50m transect. High tide site.
C68 lm  d i f f e r e n c e s  i n  a b u n d a n c e .
C69 5m d i f f e r e n c e s  i n  a b u n d a n c e .
C70 10m  d i f f e r e n c e s  i n  a b u n d a n c e .
C71 20m d i f f e r e n c e s  i n  a b u n d a n c e .
C 72 30m d i f f e r e n c e s  i n  a b u n d a n c e .
C73 40m d i f f e r e n c e s  i n  a b u n d a n c e .



t e l

CO LUMN C 2 C3 C4 C 5 C 6
COUNT 49 46 41 31 21
RO U

1 3 53 .1 7 0 6  . 2 6 3 5 5  . 8 2 1 1 8 . 6 6 3 5 5 . 80 6 3 5 5
2 2 2 3 6 . 3 5 8 8  . 5 6 7 0 8 . 9 6 7 0 8 . 9 6 7 0 8 . 9 0 1 0 5 9
3 7 0 6  . 2 3 4 1 3  . 3 4 4 7 2  . 6 4 4 7 2  . 6 8 4 7 4 . 4 0 4001
4 1 8 8 3 . 2 5 1 7 8  . 8 1 1 7 7 . 0 2 9 4 2 . 5 2 7 0 7 . 1 0 2 3 5 4
cJ 2 3 5 . 4 6 9 4 4 . 3 1 8 8 3  . 2 7 0 6 2 . 0 6 0 0 2 . 7 0 6 9 4 4
6 6 2 3 8 . 1 7 2 9 7  . 4 3 6 4 8  . 7 7 2 9 7 . 4 6 3 5 5 . SO 6 9 4 4
7 1 0 5 9 . 3 1 0 5 9 . 3 5 1 7 8 . 8 9 7 6 9 . 1 1 G 5 9 . 3 0 1 0 5 9
8 1 1 7 . 7 0 . 0 3 8 8 4 . 1 9 4 1 6 .  Q 0 . 0 0 117
9 1 1 7 . 7 3 8 8 4  . 1 1 17 . 7 4 7 0 . 8 1 4 1 2 . 4 0 1 1 7

1 0 0 . 0 5 1 7 8  . 8 5 8 8  . 5 8 1 2 1  . 3 0 . 0 0 0
1 1 0 . 0 3 6 4 8  . 7 4 2 3 7  . 2 0 . 0 0 . 0 0 0
1 2 4 0 0 1 . 8 6 2 3 8  . 1 0 . 0 0 . 0 7 7 6 8 . 2 0
1 3 1 1 7 7 . 0 1 1 7 . 7 4 0 0 1  . 8 8 9 4 5 . 2 3 5 3 1 . 0 0
1 4 1 5 3 0 . 1 5 1 7 8 . 8 2 9 4 2  . 5 2 7 0 7 . 1 2 3 5 4 . 0 0
1 5 2 5 8 9 . 4 3 0 6 0 . 2 3 6 4 8 . 7 2 5 8 9 . 4 3 5 3 1 . 0 0
1 6 2 3 5 4 . 0 2 0 0 0 . 9 6 2 3 8 . 1 5 2 9 6 . 5 5 8 8 5 . 0 0
1 7 3 8 8 4 . 1 3 8 8 4 . 1 6 9  4 4 . 3 3 8 8 4 . 1 3 8 8 4 . 1 0
1 8 5 8 8  . 5 0 . 0 9 4 1 6 . 0 0 . 0 1 1 7 . 7 0
1 9 3 6 4 8 . 7 1 6 4 7 . 8 0 . 0 9 4 1  . 6 5 8 8 . 5 0
2 C 4 2 3 7 . 2 4 2 3 7 . 2 3 8 8 4 . 1 4 2 3 7 . 2 4 2 3 7 . 2 0
2 1 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0
2 2 2 2 3 6 . 3 1 0 8 2 8  . 4 0 . 0 7 7 6 8 . 2
23 2 2 3 6 . 3 7 1 7 9 . 7 1 0 7 1 0 . 7 1 7 6  5 . 5
2 4 0 . 0 5 8 8  . 5 2 4 7 1  . 7 2 8 2 4 . 8
2 5 1 0 8 2 8 . 4 8 1 2 1  . 3 1 0 5 9 . 3 11 7 . 7
2 6 1 4 1 2 . 4 1 0 8 2 8  . 4 9 8 8 6  . 8 1 0 4 7 5 . 3
2 7 8 8 2 7 . 5 9 4 1 6 . 0 9 4 1 6 . 0 9 4 1 6 . 0
2 8 7 5 3 2 . 8 1 2 3 5 8 . 5 5 8 8  . 5 4 7 0  . 8
2 9 8 1 2 1  . 3 5 6 4 9 . 6 6 5 9 1  . 2 8 1 2 1  . 3
30 0 . 0 1 0 5 9 . £ 0 . 0 0 . 0
3 1 1 2 9 4 7 . 0 9 4 1  . 6 0 . 0 0 . 0
32 1 0 4 7 5  . 3 1 2 9 4 7  . 0 5 1 7 8  . 8
3 3 1 4 1 2 . 4 2 4 7 1  . 7 2 0 0 0 . 9
3 4 1 1 7 . 7 4 7 0  . 8 1 7 6 5  . 5
3 5 941 . 6 9 4 1  . 6 8 2 3  . 9
3 6 0 . 0 0 . 0 3 53 .1
3 7 1 5 3 0 . 1 7 7 6 8  . 2 0 . 0
3 8 1 5 3 0 . 1 1 0 5 9  . 3 1 4 1 2  . 4
3 9 0 . 0 2 8 2 4  . 8 0 . 0
AO 7 7 6 8 . 2 1 1 7 . 7 0 . 0
41 7 2 9 7 . 4 741 5 .1 7 7 6 8 . 2
42 2 3 5 4 . 0 4 7 0 . 8
43 2 7 0 7 . 1 2 7 0 7 . 1
4 A 2 3 5 . 4 11 7 . 7
45 3 53 . 1 3 5 3  .1
46 1 1 7 . 7 0 . 0
47 1 1 7 . 7
4 8 0 . 0
49 0 . 0

T a b le  It- C o ro p h iu m  v o l u t a t o r .  D if f e r e n c e s  in  abundance a lo n g  

th e  50m t r a n s e c t .  H ig h  t i d e  s i t e .

C2 lm  d i f f e r e n c e s  in  a b u n d a n c e .
C3 5m d i f f e r e n c e s  i n  a b u n d a n c e .
C4 10m d i f f e r e n c e s  in  a b u n d a n c e .
C5 20m d i f f e r e n c e s  i n  a b u n d a n c e .
C6 30m d i f f e r e n c e s  in  a b u n d a n c e .
C7 40m d i f f e r e n c e s  i n  a b u n d a n c e .

C7
1 1

8 G
3G
8 G
00
30
30
30
70
70
00
00



2 (,0

CO LUMN C 8 C 9 CIO C 1 1 C1 2 C 13
CO UNT 49 46 41 31 21 11
RO W

1 4 5 9 0 . 3 1 2 9 4  . 7 8 2 3  . 9 23 5 . 4 19 773 . 6 3 4 1 3  . 3
2 5 4 1 4 . 2 1 0 5 9  . 3 48 25 . 7 3 7 6 6  . 4 2 1 1 8  . 6 7 4 1 5  .1
3 3 4 1 3 . 3 1 2 9 4 . 7 7 06 . 2 82 3 . 9 1 4 7 1 2 . 5 1 0 4 7 5  .3L 1 2 9 4 . 7 2 9 4 2  . 5 3 4 1 3  .3 3 4 1 3  . 3 1 0 9 4 6 . 1 5 4 1 4  . 2
5 2 2 3 6 . 3 2 1 1 8 . 6 2 1 1 8  . 6 1 0 5 9  . 3 1 765 .5 3 5 3  .1
6 3 0 6 0 . 2 4 3 5 4  . 9 43  54 .9 4 3 5 4 . 9 2 3 5 4  . 0 8 2 3  . 9
7 8 2 3 . 9 7 0 6  . 2 2 35 .4 23 5 . 4 235 .4 2 3 5  . 4
8 4 7 0 . 8 2 3 5  . 4 2 35 . 4 1 2 9 4 . 7 4 1 1 9 . 5 4 9 4 3  . 4
9 o .o 0 . 0 0 . 0 3 6 9 5 7  . 8 3 531 . 0 1 0 5 9  . 3

1 0 58 8  . 5 0 .0 1 6 4 7  .8 4 0 0 1 3 . 0 941 . 6 5061  .1
1 1 1 17 .7 5 8 8  . 5 4 7 0 . S 2 0 0 0  9 . 0 3 6 4 8 . 7 3 5 7 8 0  . 8
1 2 7 0 6  . 2 8 2 3  . 9 941 .6 2 5 8 9 . 4 12 1 2 3 . 1
1 3 0 .0 23 5 . 4 8 2 3  . 9 1 4 7 1 2 . 5 1 0 4 7 5  .3
1 4 0 .0 0 .0 0 .0 1 4 3 5 9 . 4 8 8 2 7  . 5
1 5 1 5 3 0 . 1 1 6 4 7  . 8 1 4 1 2  . 4 3 8 8 4 . 1 1 765 . 5
1 6 1 2 9 4 . 7 4 7 0  . 8 1 5 3 0  .1 4 7 0  . 8 2 0 0 0 . 9
1 7 2 3 5 . 4 1 4 1 2  . 4 1 2 9 4  . 7 8 2 3  . 9 823 . 9
1 8 1 6 4 7 . 8 8 2 3  . 9 1 7 6 5  .5 4 5 9 0 . 3 0 .0
1 9 58 8 . 5 1 6 4 7 . 8 3 5 3 1 0 . 0 1 8 8 3 . 2 588 . 5
2 0 5 8 8  . 5 3 5 3  .1 3 8 9  58 .7 1 1 7 . 7 4001 . 8
2 1 8 2 3 . 9 1 6 4 7  . 8 1 8 9 4 9  .7 23 5 . 4 3 4 7 2 1  . 5
22 8 2 3  . 9 7 0 6  . 2 2 4 7 1  .7 1 2 0 0 5  . 4
23 1 4 1 2  . 4 1 7 6 5  . 5 1 4 7 1 2 . 5 1 0 4 7 5 . 3
2 4 1 4 1 2 . 4 3 5 5 4 5 . 4 1 2 9 4 7 . 0 741 5 .1
2 5 1 5 3 0 . 1 4 0 0 1 8 . 0 3 8 8 4  .1 1 7 6 5 . 5
2 6 2 3 5  . 4 1 9 0 6 7 . 4 4 7 0 . 8 2 0 0 0 . 9
27 3 5 1 9 2 . 3 1 5 3 0 . 1 7 0 6 . 2 7 0 6 . 2
2 8 3 0 6 0 . 2 2 2 2 4 5 . 3 * 3 2 3 6 7  . 5 3 6 9 5 7 . 8
2 9 1 9 4 2 0 . 5 2 5 6 5 8  . 6 3 6 4 8 7 . 0 3 8 9 5 8 . 7
3 0 1 7 3 0 1  . 9 1 6 7 1 3 . 4 1 9 6 5 5 . 9 1 5 5 3 6 . 4
3 1 1 1 4 1 6 . 9 1 2 9 4  . 7 941 . 6 3 3 7 7 9  . 9
3 2 3 5 3  .1 1 3 6 5 3  . 2 1 8 8 3  .2
3 3 1 0 4 7 5  . 3 9 7 6 9 . 1 3 8 8 4  .1
3 4 1 8 8 3  .2 3 5 3  .1 4 9 4 3  .4
3 5 9 4 1  . 6 1 0 5 9  . 3 2 3 5  . 4
3 6 35 31 . 0 3 1 7 7 . 9 2 4 7 1 . 7
3 7 1 0 5 9 . 3 8 2 3 9  . 0 3 5 31 . 0
3 8 2 5 8 9 . 4 6 9 4 4 . 3 3 5 3 1 . 0
3 9 3 2 9 5 . 6 7 8 8 5  . 9 1 17 . 7
4 0 8 5 9 2 . 1 2 4 7 1  . 7 8 2 3  . 9
4 1 2 3 5 4 . 0 9 2 9 8 . 3 2 3 5 4 0 . 0
42 16 47 . 8 9 4 1 6 . 0
4 3 7 0 6  2 . 0 8 8 2 7  . 5
4 4 1 7 6 5 . 5 7 0 6  . 2
4 5 24 7  1 . 7 1 53 0 .1
4 6 10 5 9 . 3 3 5 31 0 . 0
4 7 10 5 9 . 3
4 8 40 01 . 8
4 9 31 3  0 8 . 2

Table 1 3 • Fabricia sabella. Differences in abundance along 
the 50m transect. High tide site.
C8 lm  d i f f e r e n c e s  in  ab un d an ce .
C9 5m d i f f e r e n c e s  in  ab un d an ce .
C IO  10m d i f f e r e n c e s  i n  ab un d an ce .
C l l  20m d i f f e r e n c e s  i n  ab u n d an ce .
C12 30m d i f f e r e n c e s  in  ab u n d an ce .
C13 40m d i f f e r e n c e s  in  ab u n d an ce .



2 (? i

CO LUMN C 1 4 Cl 5 C1 6 C 17 C 1 8 C 1 9 
1 1

CO UNT 49 46 41 31 21
ROW

1 353  .1 0 4 7 0  . 8 0 7 0 6 . 2 0 706 . 2 0 4 7 0 . 8 0 o . on2 1 0 5 9 . 3 0 4 7 0  . 8 0 5 8 8 . 5 0 1 1 7 7 . 0 0 2 3 5 . 4 0 7 0 6 . 2 03 1 1 7 . 7 0 235 . 4 0 3 5 3 . 1 0 3 5 3 . 1 0 1 1 7 . 7 ^ 1 1 7 . 7 0ti 1 1 7 . 7 0 2 3 5  . 4 0 4 7 0 . 8 0 353 .1 0 5 8 8 . 5 0 0 . 005 35 3 . 1 0 4 7 0 . 8 0 1 1 7 . 7 0 1 1 7 . 7 0 7 0 6 . 2 0 11 7 . 706 353 .1 0 5 8 8 . 5 0 0 . 0 0 0 . 0 0 1 1 7 . 7 0 23 5 . 407 1 1 7 . 7 0 2 3 5 . 4 0 2 7 5 . 4 0 353 . 1 0 1 1 7 . 7 0 1 1 7 . 7 08 35 3 . 1 0 0 . 0 0 1 6 4 7 . 8 0 3 53 . 1 0 4 7 0 . 8 0 23 5 . 409 706  . 2 0 1 1 7 . 7 0 2 3 5 . 40 706 . 2 0 3 53 . 10 7 0 6 . 2 01 0 470  . 8 0 1 1 7 . 7 0 2 3 5 . 4 0 0 . 0 0 5 8 8 . 5 0 1177. ^00
1 1 1 1 7 . 7 0 1 1 7 . 7 0 4 7 0 . 8 0 2 3 5 . 4 0 2 3 5 . 4 0 1412 . 401 2 2 3 5 . 4 0 353 . 1 0 4 7 0  . 80 941 . 6 0 0.0' "
1 3 4 7 0 . 8 0 1 4 1 2 . 4 0 2 3 5 . 40 706 . 2 0 7 0 6 . 2 0
1 4 4 7 0 . 8 0 3 53 . 1 0 3 5 3 . 1 0 588 . 50 0 . 0 0
1 5 588 . 5 0 3 5 3 . 1 0 4 7 0 . 8 0 353 . 1 0 2 3 5 . 4 0
1 6 2 0 0 0  . 9 0 0 . 0 0 5 8 8 . 5 0 470 . 8 0 3 5 3 . 1 0
1 7 1 5 3 0 . 1 0 2 1 1 8  . 6 0 1 4 1 2  . 4 0 1647 . 8 0 16 4 7 . 8 0
1 8 235  . 4 0 117  . 7 0 4 7 0 . 8 0 353 . 1 0 3 5 3 . 1 0
1 9 235  . 4 0 2 3 5 . 4 0 2 3 5 . 4 0 823 . 9 0 1 1 7 7 . 0 0
2 0 1 1 7 . 7 0 1 1 7 . 7 0 0 . 0 0 588 . 5 0 1 1 7 7 . u0
2 1 4 7 0 . 8 0 706 .2 0 3 5 3 . 1 0 823 . 9 0 2 G 0 0 . 9 0
2 2 1 1 7 . 7 0 23 5 . 40 9 4 1 . 6 0 0 . 0 0
2 3 3 5 3 . 1 0 4 7 0 . 8 0 5 8 8 . 5 0 588 . 50
2 4 4 7 0 . 8 0 117 . 7 0 5 8 8 . 5 0 0 . 0 0
2 5 0 . 0 0 588  . 50 3 5 3 . 1 0 235 . 40
2 6 588 . 5 0 3 5 3 . 1 0 1 1 7 . 7 0 235 . 4 0
2 7 0 . 0 0 1 2 9 4 . 7 0  - 3 5 3 . 1 0 353 .1 C
2 8 0 . 0 0 11 7  . 7 0 8 2 3 . 9 0 11 7 . 70
2 9 2 3 5 . 4 0 706 . 2 0 1 0 5 9 . 3 0 1 4 1 2 . 4 0
3 0 1 059  . 3 0 7 0 6 . 2 0 3 5 3 . 1 0 941 . 6 0
3 1 1 4 1 2 . 4 0 8 2 3  . 9 0 5 8 8 . 5 0 588 . 5 0
3 2 8 2 3 . 9 0 4 7 0  . 8 0 4 7 0 . 8 0
3 3 235 . 4 0 117  . 7 0 82 3 . 90
3 4 4 7 0 . 8 0 1 1 7 . 7 0 8 2 3  . 9 0
3 5 1 1 7 . 7 0 1 1 7 . 7 0 1 1 7 . 7 0
3 6 4 7 0 . 8 0 35 3  . 1 0 0 . 0 0
3 7 2 3 5 . 4 0 4 7 0  . 8 0 4 7 0 . 8 0
3 8 4 7 0 . 8 0 1 1 7 7 . 0 0 941 . 6 0
3 9 1 1 7 . 7 0 4 7 0 . 8 0 8 2 3 . 9 0
40 3 5 3 . 1 0 3 5 3  . 1 0 4 7 0 . 8 0
41 4 7 0 . 8 0 0 . 0 0 1 5 3 0 . 1 0
42 2 3 5 . 4 0 4 7 0 . 8 0
43 2 3 5 . 4 0 0 . 0 0
44 0 . 0 0 1 0 5 9  . 3 0
4 5 0 . 0 0 823 . 9 0
4 6 23 5 . 4 0 1 5 3 0  . 1 G
4 7 1 2 9 4 . 7 0
4 8 2 3 5 . 4 0
49 7 0 6 . 2 0

T a b le  1  i f  . H y d r o b ia  n e g le c t a . D if f e r e n c e s  in  abundance a lo n g  

th e  50m t r a n s e c t .  H ig h  t i d e  s i t e .

C14 lm  d i f f e r e n c e s  
C l5 5m d i f f e r e n c e s  
C16 10m d i f f e r e n c e s
C17 20m d i f f e r e n c e s
C18 30m d i f f e r e n c e s
C19 40m d i f f e r e n c e s

in  abundance, 
i n  abundance, 
i n  abundance, 
i n  abundance, 
i n  abundance, 
in  abundance.



CO LU MN 
CO UNT 
RO W 

1 
2
3
4
C
6
7
8 
9

1 0  
1 1 
1 2 
1 3  
1 4 
1 5 
1 6 
1 7  
1 8
1 9 
2 0
2 1 
2 2 
2 3  
2 4 
2 5 
2 6 
2 7 
2 8
2 9 
3 0
3 1 
3 2 
3 3  
3 4 
3 5 
3 6  
3 7 
3 8
3 9  
4 0
4  1
4 2
4 3
4 4
4 5
4 6
4 7
4 8
4 9

1(?2

C44 C 4 5 C 46 C 47 C 48 C 4 949 46 41 31 21 1 1

1 1 7 . 7 0 0 . 0 0 0 0 . 0 0 0 . 0 0 0 2 3 5 . 4 0 0 0 . 0  001 1 7 . 7 0 1 1 7 . 7 0 0 0 . 0 0 3 5 3 . 1 0 0 11 7 . 7 0 0 1 1 7 . 7  000 . 0 0 0 . 0 0 0 0 . 0 0 0 . 0 0 0 23 5 . 4  00 0 -0  000 . 0 0 0 . 0 0 0 C. 0 0 0 . 0 0 0 2 3 5 . 4 0 0  . 0 . 0  000 - 0 0 0 . 0 0 0 1 1 7 . 7 0 0 . 0 0 0 2 3 5 . 4 0 0 2 3 5 . 4 0 00 . 0 0 0 . 0 0 0 2 3 5 . 4 0 4 7 0 . 8 0 0 0 . 0 0 0 941 . 6  00
0 . 0 0 1 1 7 . 7 0 0 1 1 7 . 7 0 1 1 7 . 7 0 0 0 . 0 0 0 588 . 5  000 . 0 0 0 . 0 0 0 0 . 0 0 2 3 5 . 4 0 0 0 . 0 0 0 235 . 4 0 0
0 . 0 0 0 . 0 0 0 1 1 7 . 7 0 0 . 0 0 0 0 . 0 0 0 0 . 0  00

1 1 7 . 7 0 1 1 7 . 7 0 0 0 . 0 0 O.OOC 2 3 5 . 4 0 0 0 .0 0 0
1 1 7 . 7 0 1 1 7 . 7 0 0 1 1 7 . 7 0 1 1 7 . 7 0 0 1 1 7 . 7 0 0 941 . 6  00

0 . 0 0 1 1 7 . 7 0 0 4 7 0 . 8 0 2 3 5 . 4QC 0 . 0 0 0
1 1 7 . 7 0 0 . 0 G0 0 . 0 0 23 5  . 4 0 0 0 . 0 0 0
1 1 7 . 7 0 0 . 0 0 0 1 1 7 . 7 0 1 1 7 . 7 0 0 1 1 7 . 7 0 0
1 1 7 . 7 0 2 3 5 . 4 0 0 2 3 5 . 4 0 0 . 0 0 0 0.000
1 1 7 . 7 0 1 1 7 . 7 0 0 3 5 3 . 1 0 1 1 7 . 7 0 0 8 2 3 . 9 0 0
1 1 7 . 7 0 4 7 0 . 8 0 0 1 1 7 . 7 0 0 .0 0 0 5 8 8 . 5 0 0
1 1 7 . 7 0 1 1 7 . 7 0 0 1 1 7 . 7 0 1 1 7 .  70C 11 7 . 7  00

0 . 0 0 0 .0 0 0 0 . 0 0 0 .0 0 0 0.000
4 7 0 . 8 0 0 .0 0 0 0 . 0 0 23 5  . 4 0 0 0.000
4 7 0 . 8 0 0 .0 0 0 2 3 5 . 4 0 4 7 0 . 8 0 0 5 8 8 . 5 0 0

0 .0 0 1 1 7 . 7 0 0 2 3 5 . 4 0 0 .0 0 0
0 . 0 0 23 5 . 4 0 0 2 3 5 . 4 0 0 .0 0 0

4 7 0 . 8 0 0 .0 0 0 2 3 5 . 4 0 0 .0 0 0
3 5 3  . 1 0 4 7 0 . 8 0 0 2 3 5 . 4 0 2 3 5 . 4 0 0
1 1 7 . 7 0 1 1 7 . 7 00 1 1 7 . 7 0 8 2 3 . 9 0 0
2 3 5  . 4 0 0 .0 0 0 2 3 5 . 4 0 3 5 3 . 1 0 0

0 . 0 0 2 3 5 . 4 0 0 0 . 0 0 235  . 4 0 0
2 3 5 . 4 0 2 3 5 . 4 0 0 0 . 0 0 0 .0 0 0

0 .0 0 0 .0 0 0 0 . 0 0 235  . 4 0 0
0 . 0 0 2 3 5 . 4 0 0 2 3 5 . 4 0 8 2 3 . 9 0 0
0 . 0 0 2 3 5 . 4 0 0 2 3 5 . 4 0
0 . 0 0 2 3 5 . 4 0 0 2 3 5 . 4 0

2 3 5  . 4 0 2 3 5 . 4 0 0 2 3 5 . 4 0
0 . 0 0 2 3 5 . 4 0 0 2 3 5 . 4 0
0 . 0 0 0 .0 0 0 9 4 1 . 6 0
0 . 0 0 0 .0 0 0 5 8 8 . 5 0

2 3 5  . 4 0 0 .0 0 0 2 3 5 . 4 0
2 3 5 . 4 0 2 3 5 . 4 0 0 2 3 5 . 4 0

0 . 0 0 2 3 5 . 4 0 0 0 . 0 0
0 . 0 0 9 4 1 . 6 0 0 1 0 5 9 . 3 0
0 . 0 0 5 8 8 . 5 0 0

2 3 5 . 4 0 2 3 5 . 4 0 0
7 0 6 . 2 0 2 3 5 . 4 0 0
3 5 3  . 1 0 9 4 1  . 6 0 0
3 5 3  . 1 0 4 7 0 . 8 0 0
2 3 5 .4 0

0 . 0 0
1 0 5 9  . 3 0

T a b le  15 - Macoma b a l t h i c a .  Differences in abundance along 
th e  50m t r a n s e c t .  H ig h  t i d e  s i t e .

C44 lm  d i f f e r e n c e s  i n  a b u n d an ce .
C45 5m d i f f e r e n c e s  i n  a b u n d an ce .
C46 10m d i f f e r e n c e s  in  ab un d an ce .
C47 20m d i f f e r e n c e s  i n  ab u n d an ce .
C48 30m d i f f e r e n c e s  i n  a b u n d an ce .
C49 40m d i f f e r e n c e s  i n  ab u n d an ce .



1
2
3
4
5
6
7
8
9

1 0
1 1
1 2
1 3
1 4
1 5
1 6
1 7
1 8
1 9
2 0
2 1
2 2
23
2 4
2 5
26
2 7
2 8
2 9
3 0
3 1
3 2
3 3
3 4
3 5
3 6
3 7
3 8
3 9
A C
A 1
A 2
A3
A A
A 5
A 6
A ?
A 8
A 9

2£3

b V»'
49 46

282 A . 8 0 5 4 1 4  . 2 0 5 0 6 1
1647  . 8 0 1 4 1 2  . 4 0 1 8 8 3

35 3 .1 0 1 7 6 5 . 5 0 1 1 7
1 2 9 4 . 7 0 5 8 8  . 5 0 1 5 3 0
1 1 7 7 . 0 0 3 5 3  . 1 0 0
1 5 3 0 . 1 0 8 2 3 . 9 0 1 2 9 4
2 0 0 0 - 9 0 2 0 0 0 . 9 0 1 4 1 2

3 5 3 . 1 0 1 1 7 . 7 0 11 77
0 .0 0 5 8 8  . 5 0 1 1 7

353 .1 0 3 5 3  . 1 0 1 1 7
11 7  . 7 0 8 2 3  . 9 0 2 3 5

1 0 5 9 . 3 0 4 7 0 . 8 0 1 0 5 9
2 3 5 . 4 0 2 1 1 8  . 6 0 1 1 7
1 1 7 . 7 0 2 3 5  . 4 0 0

1 4 1 2 . 4 0 3 5 3 . 1 0 1 1 7
5 8 8 . 5 0 8 2 3 . 9 0 1 1 7 7

1647  . 8 0 2 1 1 8 . 6 0 1 8 8 3
0 . 0 0 3 5 3  . 1 0 3 6 4 8

2 3 5  . 4 0 2 3 5 . 4 0 1 1 7
7 0 6 . 2 0 4 7 0 . 8 0 3 4 1 3
1 1 7 . 7 0 3 5 3 . 1 0 21 1  8
1 1 7 . 7 0 3 8 8 4  . 1 0 1 1 7

0 . 0 0 3 8 8 4 . 1 0 2 3 5
1 1 7 . 7 0 3 5 3  . 1  0 4 7 0

3 6 4 8  . 7 0 3 7 6 6  . 4 0 2 3 5
1 1 7 . 7 0 1 8 8 3  . 2 0 3 6 4 8

353 1 . 0 0 4 1 1 9 . 5 0 411  9
353 1 . 0 0 1 1 7 . 7 0 5 8 8
2 0 0 0 . 9 0 3 4 1 3  . 3 0 41 1 9
2 1 1 8 . 6 0 2 0 0 0  . 9 0 2 1 1  8

47 0 . 8 0 3 5 3  . 1  0 0
23 5 . 4 0 4 7 0  . 8 0 C
5 8 8 . 5 C 7 0 6  . 2 0 1 5 3 0
2 3 5 . 4 0 1 1 7 . 7 0 1 1 7 7
35 3 . 1 0 3 5 3 . 1 0 1 1 7

0 .0 0 O.OC 8 2 3
0 . 0 0 4 70 . 8 0 1 1 7
0.00 2 2 3 6  . 3 0 1 1 7
G . 0 0 1 2 9 4 . 7 0 0

4 7 0 . 8 0 2 3 5 . 4 0 0
176 5 . 5 0 3 5 3  . 1 0 4 7 0

941 . 6 0 2 1 1 8 . 6 0
1 0 5 9  . 3 0 1 1 7 7  . 0 0

58 8 . 5 0 2 3 5 . 4 0
7 0 6  . 2 0 8 2 3 . 9 0

0 . 0 0  
1 1 7 . 7 0  

0 . 0 0  
0 . 0 0

1 1 7 . 7 0

C82 C 63 C 5 A
41 31 21

. 10 4 9 4 3  . 4 0 3 5 31 . 0 0

. 2 0 2 8 2 4  . 8 0 2 S 2 4 .  8 0

. 7 0 1 05 9  . 3 0 7 0 6 . 2  0

. 1 0 1 2 9 4  . 7 0 8 2 3 . 9 0

. 0 0 0 . 0 0 1 1 7 . 7 0

. 7 0 1 0 5 9 . 3 0 10 5 9 . 3 0

. 4 0 1 0 5 9 . 3 0 2 9 42 .  5 0

. 0 0 3 1 7 7 . 9 0 9 4 1 . 60

. 7 0 0 . 0 0 5 8 8 . 5 0

. 7 0 3 5 3 1 . 0 0 5 8 8 . 5 0

. 4 0 1 1 7 7 . 0 0 9 4 1 . 6 0

. 3 0 1 0 5 9  . 3 0 5 8 8 . 5 0

. 7 0 4 7 0 . 8 0 2 2 3 6 . 3 0

. 0 0 4 7 0 . 8 0 1 0 5 9 . 3 0

. 7 0 0 . 0 0 1 1 7 . 7 0

. 0 0 1 1 7 7 . 0 0 7 0 6 . 2 0

. 2 0 2 1 1 8  . 6 0 2 0 0 0 . 9 0

. 7 0 4 7 0 . 8 0 3 5 3 . 1 0

. 7 0 4 7 0 . 8 0 4 7 0 . 8 0

. 3 0 7 0 6 . 2  0 7 0 6 . 2 0

. 6 0 0 . 0 0 0 . 0 0

. 7 0 3 5 3  .1 0

. 4 0 2 0 0 0  . 9 0

. 8 0 1 05 9  . 3 0

. 4 0 1 1 7  . 7 0

. 7 0 3 1 7 7  . 9 0

. 5 0 4001  . 8 0

. 5 0 4 7 0 . 8 0

. 5 0 411 9 . 5 0

. 6 0 211 8 . 6  0

. 0 0

. 0 0

. 1 0

. 0 0

. 7 0

. 9 0

. 7 0

. 7 0

. 0 0

. 0 0

. 8 0

0 . 0 0

T a b le  1 6 -  N e r e is  d i v e r s i c o l o r . D if f e r e n c e s  in  abundance  

th e  50m t r a n s e c t .  H ig h  t i d e  s i t e .

C80 lm  d i f f e r e n c e s  in  ab un d an ce .
C81 5m d i f f e r e n c e s  i n  ab u n d an ce .
C82 10m d i f f e r e n c e s  in  ab un d an ce .
C83 20m d i f f e r e n c e s  i n  ab un d an ce .
C84 30m d i f f e r e n c e s  in  ab u n d an ce .
C85 40m d i f f e r e n c e s  in  ab u n d an ce .



CO LUf^N C92 C 93 C94 C 9 5 C96
CO UNT 49 46 41 31 21
R0 W

1 1 1 7 . 7 0 1 7 6 5 . 5 0 2 8 2 4 . 8 0 1530 .1 0 27 07.  10
2 2 8 2 4 . 8 0 1530 .1 0 29 4 2 . 5 0 2236 . 3 0 1412 . 40
3 235 . 40 9 4 1 . 6 0 1 1 7 . 7 0 0 .00 1765 . 50
L 7 0 6 . 2 0 235 . 4 0 3 5 3 . 1 0 353 .1 0 o.on5 353 .1 0 1059 . 3 0 7 0 6 . 2 0 11 7 . 7 0 1765. 50
6 3 5 3 . 1 0 1412 . 4 0 1 0 5 9 . 3 0 12 9 4 . 7 0 1177 . 00
7 4 7 0 - 8 0 1 0 5 9 . 3 0 941 . 60 8 2 3 . 9 0 8 2 3 . 90
8 588 . 50 588 . 5 0 1 1 7 . 7 0 823 . 9 0 2471 .70
9 c . o c 0 . 0 0 0 . 0 0 3766 . 40 235. 40

1 0 0 - 0 0 353 .1 0 2 3 5 . 4 0 3 7 6 6 . 4 0 1883. 20
1 1 C- 00 353 .1 0 1 2 9 4 . 7 0 5 5 3 1 . 9 0 2 COO. 90
1 2 0 . 0 0 1 1 7 . 7 0 7 0 6 . 2 0 15 3 0 . 1 0 706 . 20
1 3 3 5 3 . 1 0 7 0 6 . 2 0 1 1 7 . 7 0 1883 .20 1G 59.50
1 4 0 - 0 0 353 .1 0 3 5 3 . 1 0 0 .00 235 . 40
1 5 23 5 . 40 1 1 7 . 7 0 8 2 3 . 9 0 2471 . 70 1765 . 50
1 6 588 . 5 0 1177 . 0 0 0 . 0 0 117 . 7 0 941 . 60
1 7 7 o 6 . 2 0 0 . 0 0 1 1 7 7 . 0 0 1177 . 00 470. 80
1 8 235 . 40 1 1 7 . 7 0 1 4 1 2 . 4 0 3 0 6 0 . 2 0 0.00
1 9 1 0 5 9 . 3 0 2 3 5 . 4 0 3531 . 00 0 .00 235 . 40
2 C 588 . 50 1 1 7 . 7 0 2471 . 7 0 588 . 5 0 1883 . 20
2 1 588 . 50 588 . 5 0 482 5 . 7 0 1294 . 7 0 3766 . 40
2 2 1 1 7 . 7 0 1 7 6 5 . 5 0 1 4 1 2 . 4 0 588 . 5 0
2 3 1 1 7 7 . 0 0 1412 . 4 0 1 8 8 3 . 2 0 1 0 5 9 . 3 0
2 4 1059 . 30 2 5 8 9 . 4 0 8 2 3 . 9 0 1 0 5 9 . 3 0
2 5 1765 . 50 3 6 4 8 . 7 0 2 7 0 7 . 1 0 2 0 0 0 . 9 0
2 6 4 7 0 . 8 0 3 6 4 8 . 7 0 1 6 4 7 . 8 0 823 . 9 0
2 7 235 4 . 00 1 1 7 . 7 0 4 7 0 . 8 0 1 1 7 7 . 0 0
2 8 0 . 0 0 1 8 8 3 . 2 0 7 0 6 . 2 0 3 7 6 6 . 4 0
2 9 1 7 6 5 . 5 0 3413  . 3 0 3 5 3 1 . 0 0 3766 . 40
3 0 4 0 0 1 . 8 0 2 7 0 7 . 1 0 3 6 4 8 . 7 0 2 3 5 4 . 0 0
3 1 353 .1 0 1 2 9 4 . 7 0 4 7 0 . 8 0 2942 . 5 0
3 2 1 5 3 0 . 1 0 0 . 0 0 1 1 7 7 . 0 0
3 3 2471 . 70 2 7 0 7 . 1 0 7 0 6 . 2 0
3 4 2 5 8 9 . 4 0 2 5 8 9 . 4 0 2 7 0 7 . 1 0
3 5 1647 . 80 1 6 4 7 . 8 0 1 883 . 20
3 6 1 1 7 7 . 0 0 1 1 7 . 7 0 8 2 3 . 9 0
3 7 2 8 2 4 . 8 0 2 3 5 4 . 0 0 2 8 2 4 . 8 0
3 8 1647 . 8 0 8 2 3 - 9 0 2 3 5 . 4 0
3 9 1 1 7 . 7 0 1 7 6 5 . 5 0 1 8 8 3 . 2 0
4 C 1 2 9 4 . 7 0 1 1 7 . 7 0 1 1 7 7 . 0 0
4 1 35 3 . 10 353 . 1 0 3 7 6 6 . 4 0
42 9 4 1 . 6 0 8 2 3 . 9 0
43 2000 . 9 0 1 1 7 . 7 0
4 4 1059 . 30 2118  . 6 0
4 5 823 . 9 0 2 1 1 8 . 6 0
4 6 235 . 40 4237  . 2 0
47 0 . 0 0
48 3 1 7 7 . 9 0
4 9 1 2 9 4 . 7 0

T a b le  1 7 .  P y g o s p io  e le g a n s . D i f f e r e n c e s  in  abundance a lo n g  

th e  50m t r a n s e c t .  H ig h  t i d e  s i t e .

C92 lm  d i f f e r e n c e s  in  ab un d an ce .
C93 5m d i f f e r e n c e s  in  ab un d an ce .
C94 10m d i f f e r e n c e s  in  ab u n d an ce .
C95 20m d i f f e r e n c e s  in  ab u n d an ce .
C96 30m d i f f e r e n c e s  in  ab u n d an ce .
C97 40m d i f f e r e n c e s  in  a b u n d an ce .

C 9? 
1 1

8 2 3 . 9 0  
2 2 3 6 . 3 0

9 4 1 . 6 0  
2 3 5 . 4 0  

1 0 5 9 . 3 0  
353 . 10
8 2 3 . 9 0  
5 8 8 . 5 0

0 . 0 0  
3 1 7 7 . 9 0  
4472 . 60



2£5

CO LUMN C 32 C33 C 34 C35 C 3 6 C 3 7
CO UNT A9 46 41 31 21 11
RO W

1 0 . 7 6  60 1 . 7 3 4 0 0 . 4 4 3 0 2 . 9 1 9 0 7 . 6 9 3 0 3 .1293
2 2 . 2 0 8 0 9 . 2 9 9 0 0 . 0 4 3 0 3 . 6 4 1 0 1 . 5 0 1 0 0 .3900
3 1 . 9 0  90 31 . 8 8 1 0 3 . 7 0 1 0 5 . 5 4 0 0 1 . 5 0 4 0 0 .5223
4 1 . 2 6  70 3 . 2 3 9 0 2 . 4 6 6 0 1 . 4 2 1 0 0 . 0 3 0 0 0 .5670
5 1 0 . 2 6 7 0 5 . 4 9 0 0 0 . 4 9 1 0 2 . 2 7 9 0 0 . 0 4 6 0 1 .1550
6 2A. 7 9  00 8 . 0 9 0 0 11 . 4 1 3 0 5 . 8 4 4 0 1 0 . 6 4 4 0 7 .7640
7 3 0 . 5 3  10 3 4 . 1 3 2 0 2 . 2 5 3 0 3 4 . 0 8 1 0 3 6 . 8 1 9 0 16 .9200
8 1 . 0 A A0 2 . 3 7 1 0 0 . 6 9 4 0 1 . 6 8 2 0 4 . 6 7 4 0 2 .2610
9 3 . 3 1 3 0 1 . 7 5 7 0 8 .1 810 3 . 9 6 8 0 7 . 1 0 7 0 1 .5370

1 0 1 . 2 5  20 1 . 6 8 6 0 2 . 7 4 5 0 2 . 0 0 0 0 4 . 0 4 4 0 6 . 4800
1 1 - 5 . 9 5  20 2 . 0 7 1 0 3 . 7 2 8 0 8 . 5 0 2 0 2 . 3 2 0 0 1 .0583
1 1 3 . 1  A 40 8 . 5 1 7 0 9 . 5 5 0 0 4 . 4 0 8 0 6 . 2 9 9 0
1 3 3 . 2 4 2 0 0 . 0 7 9 0 6 . 0 9 7 0 2 . 0 6 1 0 1 . 0 7 9 0
1 A 1 . 6 3  70 3 . 1 8 2 0 2 . 1 9 7 0 0 . 7 4 6 0 1 . 3 4 3 0
1 5 0 . 4 9  40 6 . 0 6 8 0 3 . 42  50 1 . 1 9 2 0 2 . 3 0 1 0
1 6 5 . 4 5  20 6 . 2 9 3 0 6 . 0 6 3 0 1 . 2 6 3 0 4 . 1 4 3 0
1 7 6 . 5 0 3 0 6 . 4 8 5 0 2 . 8 3 6 0 5 . 5 7 4 0 1 4 . 3 2 5 0
1 8 7 . 6 1 3 0 0 . 3 2 7 0 5 . 5 1 5 0 2 . 5 2 3 0 9 . 4 5 8 0
1 9 0 . 2 6 9 0 2 . 2 3 4 0 3 . 4 0 0 0 6 . 5 3 9 0 2 . 1 0 5 0
20 7 . 3 2  60 2 . 3 7 4 0 0 . 4 7 6 0 6 . 5 2 0 0 4 . 0 0 4 0
2 1 0 . 3 0 9 0 7 . 0 9 6 0 12 . 1 0 0 0 1 . 2 7 8 0 2 . 5 4 0 0
22 5 . 0 5 2 0 3 . 3 4 0 0 4 . 8 3 3 0 2 . 9 4 2 0
2 3 0 . 4 0  90 0 . 1 3 6 0 1 . 0 1 6 0 0 . 0 3 4 0
2 A 2. 1  A 40 0 . 7 5 7 0 1 . 0 4 2 0 0 . 4 4 5 0
2 5 3 . 4 4 7 0 0 . 2 4 6 0 4 . 3 7 7 0 3 . 2 6 8 0
2 6 1 . 8 4 8 0 8 . 4 5 1 0 1 . 3 5 3 0 1 . 5 2 7 0
2 7 1 . 3 0 2 0 0 . 3 5 5 0 4 . 5 8 6 0 1 5 . 3 1 3 0
2 8 2 . 6 5  50 0 . 1 5 0 0 1 . 6 9 0 0 5 . 2 4 5 0
2 9 5 . 2 5  00 2 . 9 4 0 0 5 . 7 9 4 0 2 . 8 5 0 0
3 C 6 . 9 5  80 9 . 3 8 1 0 1 1 . 2 9 4 0 0 . 7 7 0 0
5 1 0 . 7 9  70 2 . 8 4 6 0 3 - 8 6 4 0 2 . 6 0 2 0
32 0 . 4 3  50 3 . 4 3 4 0 1 . 0 9 4 0
33 1 . 1 9  10 1 . 4 0 5 0 1 . 4 1 7 0
3 A 0 . 4 2  30 1 . 6 6 3 0 1 . 7 8 8 0
3 5 1 . 3 8  50 1 . 4 9 0 0 1 . 5 3 2 0
3 6 1 . 5 9  40 0 . 3 6 7 0 4 . 2 6 5 0
3 7 1 . 4 4 9 0 0 . 7 4 6 0 1 8 . 3 0 5 0
3 8 0 . 2 5  00 4 . 2 7 1 0 8 . 3 8 4 0
3 9 0 . 4 7 2 0 3 . 7 0 1 0 8 . 8 9 4 0
AO 1 . 9 7 3 0 2 . 5 5 0 0 1 0 . 0 5 2 0
A 1 2 . 0 7 6 0 1 . 9 2 5 0 0 . 7 1 1 0
A 2 0 . 8 2  00 1 5 . 4 8 3 0
A3 0 . 6 7 9 0 4 . 9 3 3 0
A A 1 . 3 4 8 0 5 . 8 7 2 0
A 5 1 5 . 6 3  40 6 . 1 5 4 0
A 6 1 1 . 3 7 0 0 1 8 . 2 7 0 0
A 7 0 . 2  6 00
A 8 1 . 6 3  00
A 9 8 . 7 9  00

Table 1 8 • Shear strength (KN.nf2). Differences in mean v a lu e s  

a lo n g  th e  50m t r a n s e c t .  H ig h  t i d e  s i t e .

C 32 lm  d i f f e r e n c e s  i n  mean v a lu e s .
C33 5m d i f f e r e n c e s  i n  mean v a lu e s .
C34 10m d i f f e r e n c e s  i n  mean v a lu e s .
C35 20m d i f f e r e n c e s  i n  mean v a lu e s .
C 36 30m d i f f e r e n c e s  i n  mean v a lu e s .
C37 40m d i f f e r e n c e s  i n  mean v a lu e s .



CO LUMN C 20 C21 C 2 2 C 23 C 2 4
COUNT A9 46 41 31 21
RO W

1 13 1 . 2 5 . 203 . 24 8 . 1 2 9 .
2 1 3 7 . 102 . 1 49 . 2 6 . 1 .
3 1 1 0 . 1 4 9 . 2 3 9 . 9 4 . 5 4 .
4 7 9 . 83 . 8 8 . 1 1 2 . 5 7 .
5 4 . 161 . 1 9 5 . 180 . 1 06' .
6 1 1 5 . 1 7 4 . 3 8 . 189 . 1 2 7 .
7 4 4 . 1 3 7 . 8 7 . 6 4 . 68 .
8 2 . 4 6 . 59 . 7 . 2 5 .
9 1 8 . 7 . 1 9 8 . 4 6 . 1 0 .

1 0 7 7 . 1 7 . 1 1 1 . 1 0 0 . 1 0 .
1 1 4 7 . 2 1 4 . 33 . 151 . 6 2 .
1 2 4 1 . 1 77 . 1 2 8 . 1 0 2 . 7 6 .
1 3 2 8 . 6 4 . 1 0 4 . 1 44 . 1 2 3 .
1 4 15 3 . 232 . 5 . 5 9 . 8 9 .
1 5 1 1 . 2 5 . 1 3 8 . 6 4 . 2 7 .
1 6 73  . 1 9 2 . 162 . 9 9 . 1 3 2 .
1 7 14 1 . 2 4 . 7 9 . 83-. 12 .
1 8 10 4 . 1 0 0 . 1 9 2 . 2 24 . 2 4 6 .
1 9 1 5 6 . 1 2 4 . 48 . 8 4 . 133 .
20 143 . 43 . 1 4 5 . 3 5 . 1 9 .
21 1 7 . 1 1 3 . 2 5 . 113 . 5 8 .
22 1 2 8 . 120  . 4 4 . 7 0 .
23 1 1 . 3 5 . 1 6 7 . 1 4 6 .
2 A 1 A . 65 . 44 . 7 3 .
25 1 1 . 1 1 5 . 8 7 . 125 .
26 2 7 . 7 8 . 52 . 2 0 .
27 4 0 . 4 9 . 31 . 6 4 .
2 8 3 7 . 92 . 72 . 9 4 .
2 9 2 7 . 5 8 . 73 . 1 2 2 .
30 2 . 2 . 8 3 . 9 9 .
3 1 8 3 . 2 4 . 8 7 . 3 2 .
32 1 1 3 . 1 6 3 . 1 0 9 .
53 3 0 . 51 . 92 .
3 A 2 4 . 4 5 . 0 .
5 5 5 6 . 5 7 . 62 .
3 6 0 . 7 . 2 4 .
3 7 3 6 . 5 4 . 95 .
38 3 7 . 1 0 7 . 5 8 .
39 6 . 81 . 1 3 .
AO 6 1 . 125 . 1 1 .
A 1 8 8 . 31 . 6 .
A 2 6 2 . 4 7 .
A3 3 8 . 1 0 3 .
AA 9 5 . 1 3 2 .
A 5 7 1 . 41 .
A 6 1 1 7 . 4 6 .
A 7 9 .
A 8 ' 4 .
A 9 6 6 .

C 2 5
11

2 1 8 .
2 7 .
1 5 .
2 7 .
6 9 .

1 5 9 .
2 7 .
4 7 .
4 0 .
2 6 .
1 0 .

T a b le  1 ^ -  E h (m V ). D i f f e r e n c e s  in  mean v a lu e s  a lo n g  th e  50m t r a n s e c t .  

H ig h  t i d e  s i t e .

C20 lm  d i f f e r e n c e s  i n  mean v a lu e s .
C21 5m d i f f e r e n c e s  i n  mean v a lu e s .
C22 10m d i f f e r e n c e s  i n  mean v a lu e s .
C23 20m d i f f e r e n c e s  i n  mean v a lu e s .
C24 30m d i f f e r e n c e s  i n  mean v a lu e s .
C25 40m d i f f e r e n c e s  i n  mean v a lu e s .



CO LUMN C2 C 5 C 4 C 5 C6
COUNT 49 46 41 31 21
ROW

1 0 . 0 8 5 0 0 0 0 . 0 2 1 0 0 0 0 . 7 8 9 0 0 0 0 . 0 1 5 0 0 0 0 - 7 7 8 0 0 0
2 0 . 0 5 6 0 0 0 0 . 0 9 6 0 0 0 0 . 5 5 2 0 0 0 0 . 0 2 1 0 0 0 0 . 0 3 5 0 0 0
3 0 . 0 7 9 0 0 0 0 . 0 0 4 0 0 0 0 . 9 2 3 0 0 0 0 . 0 4 8 0 0 0 0 . 4 2 0 0 0 0
4 0 . 0 3 0 0 0 0 0 . 7 0 5 0 0 0 0 . 8 9 4 0 0 0 0 . 1 0 7 0 0 0 0 . 8 0 1 0 0 0
5 0 .2 0 1 0 0 0 0 . 4 0 7 0 0 0 0 . 5 7 1 0 0 0 0 . 0 8 2 0 0 0 0 . 7 7 5 0 0 0
6 0 . 1 5 5 0 0 0 0 . 6 0 9 0 0 0 0 . 4 9 1 0 0 0 0 . 0 0 8 0 0 0 0 . 5 9 3 0 0 0
7 0 . 6 3 0 0 0 0 0 . 6 1 2 0 0 0 0 . 4 4 1 0 0 0 0 . 0 7 5 0 0 0 0 . 6 6 2 0 0 0
8 0 . 2 6 8 0 0 0 0 . 2 9 7 0 0 0 0 . 0 4 7 0 0 0 0 . 3 3 3 0 0 0 0 . 2 5 9 0 0 0
9 0 . 4 0 3 0 0 0 0 . 4 5 7 0 0 0 0 . 0 8 8 0 0 0 0 . 1 8  4003 0 . 1 5 3 0 0 0

1 0 0 . 1 5 2 0 0 0 0 . 2 3 9 0 0 0 0 . 8 5 3 0 0 0 0 . 7 0 3 0 0 0 0 . 2 0 6 0 0 0
11 0.31 5000 0 . 0 3 5 0 0 0 0 . 6 2 2 0 0 0 0 . 1 4 2 0 0 0 0 . 2 3 3 0 0 0
1 2 0 . 1 0 8 0 0 0 0 - 4 8 6 0 0 0 0 . 8 4 5 0 0 0 0 . 8 3 2 0 0 0 0 . 8 4 1 0 0 0
13 0 . 2 9 4 0 0 0 0 . 2 3 6 0 0 0 0 - 8 6 2 0 0 0 0 . 3 9 5 0 0 0 0 . 3 9 7 0 0 0
1 4 0 . 1 2 2 0 0 0 0 . 0 7 5 0 0 0 0 . 4 9 3 0 0 0 0 . 2 0 1 0 0 0 0 . 0 0 2 0 0 0
1 5 0 . 2 0 6 0 0 0 0 . 7 3 5 0 0 0 0 . 6 1 0 0 0 0 0 . 0 8 3 0 0 0 0 . 3 2 5 0 0 0
16 0 . 1 4 2 0 0 0 0 . 4 5 1 0 0 0 0 . 2 7 8 0 0 0 0 . 3 0 7 0 0 0 0 . 4 1 1 0 0 0
1 7 0 . 1 3 3 0 0 0 0 . 5 0 2 0 0 0 0 . 5 0 8 0 0 0 0 . 0 7 9 0 0 3 0 . 3 6 6 0 0 0
1 8 0 . 5 3 9 0 0 0 0 . 4 9 4 0 0 0 0 . 1 5 2 0 0 0 0 . 4 3 9 0 0 0 0 . 3 5 1 0 0 0
1 9 0 - 0 7 9 0 0 0 0 . 1 2 1 0 0 0 0 . 2 6 7 0 0 0 0 . 6 0 4 0 0 0 0 . 3 6 5 0 0 0
20 0 . 0 9 1 0 0 0 0 . 0 4 7 0 0 0 0 . 0 7 1 0 0 0 0 . 5 5 8 0 0 0 0 . 0 7 7 0 0 0
21 0 . 1 2 5 0 0 0 0 . 0 8 2 0 0 0 0 . 6 7 2 0 0 0 0 . 7 6 3 0 0 0 0 . 2 0 4 0 0 0
22 0 . 0 7 5 0 0 0 0 .11 9 0 0 0 0 . 1 3 8 0 0 0 0 . 1 3 0 0 0 0
23 0 . 0 0 5 0 0 0 0 . 2 6 6 0 0 0 0 - 3 9 2 0 0 0 0 . 3 9 0 0 0 0
24 0 . 1 2 6 0 0 0 0 . 1 4 1 0 0 0 0 . 6 8 9 0 0 0 0 . 4 9 0 0 0 0
25 0 . 0 8 8 0 0 0 0 . 1 0 2 0 0 0 0 . 5 6 7 0 0 0 0 . 1 5 8 0 0 3
26 0 . 22  2 0 GO 0 . 6 7 8 0 0 0 0 . 6 7 3 0 0 0 0 . 0 4 5 0 0 0  -
27 0 . 1 2 0 0 0 0 0 - 2 0 3 0 0 0 0 . 3 6 5 0 0 0 0 . 0 8 0 0 0 0
28 0.11 700 0 0 . 2 4 6 0 0 0 0 . 7 1 1 0 0 0 0 . 0 7 9 0 0 0
29 0 . 6 9 3 0  00 0 . 6 6 5 0 0 0 0 . 4 5 4 0 0 0 0 . 2 1 5 0 0 0
3 0 0 . 6 5 9 0 0 0 0 . 0 2 4 0 0 0 0 . 2 0 5 0 0 0 0 . 6  8 6000
31 0 . 3 3 0 0 0 0 0 . 6 5 4 0 0 0 0 . 7 5 0 0 0 0 0 . 2 1 8 0 0 0
32 0 . 3 0 2 0 0 0 0 . 2 3 8 0 0 0 0 . 3 3 8 0 0 0
33 0 . 0 0 4 0 0 0 0 - 1 6 3 0 0 0 0 . 3 0 4 0 0 0
3 4 0.01  800 0 0 . 2 1 5 0 0 0 0 . 2 0 3 0 0 0
3 5 0 . 0 8 6 0 0 0 0 . 2 0 0 0 0 0 0 . 4 2 7 0 0 0
36 0 . 2 2 7 0 0 0 0 . 1 8 3 0 0 0 0 . 6 3 2 0 0 0
3 7 0 . 3 7 4 0 0 0 0 . 8 0 3 0 0 0 0 . 6 7 1 0 0 0
3 8 0 . 0 5 3 0  00 0 . 0 9 3 0 0 0 0 . 4 1 6 0 0 0
3 9 0 . 2 9 7 0  00 0 . 0 2 1 0 0 0 0 . 2 7 2 0 0 0
4 0 0 . 2 5 9 0  00 0 . 5 2 3 0 0 0 0 . 7 7 7 0 0 0
4 1 0 . 3 3 6 0 0 0 0 . 0 5 6 0 0 0 0 . 2 0 9 0 0 0
42 0 .1050 00 0 . 2 0 5 0 0 0
4 3 0 . 2 0 5 0 0 0 0 . 4 2 8 0 0 0
4 4 0 . 2 9 1 0 0 0 0 . 0 4 5 0 0 0
4 5 0 . 1 8 7 0 0 0 0 . 0 3 8 0 0 0
4 6 0.11 9000 0 . 3 4 0 0 0 0
4 7 0 . 1 7 8 0 0 0
48 0 .2090 00
49 0 . 1 9 1 0 0 0

T a b le  ZO ■ Shannon Wiener diversity index. Differences 
a lo n g  the 50m transect. l£>w tide site.
C2 lm  d i f f e r e n c e s  i n  a b u n d a n c e .
C3 5m d i f f e r e n c e s  i n  a b u n d a n c e .
C4 10m d i f f e r e n c e s  i n  a b u n d a n c e .
C5 20m d i f f e r e n c e s  i n  a b u n d a n c e .
C6 30m d i f f e r e n c e s  in  a b u n d a n c e .
C7 40m d i f f e r e n c e s  i n  a b u n d a n c e .

c 7
11

0 . 8 6 9 0 0 0  
0 . 0 2 6 0 0 0  
0 . 4 1 8 0 0 0  
0 . 6 0 2 0 0 0  
0 . 3 6 7 0 0 0  
0 . 1 2 6 0 0 0  
0 . 2 1 7 0 0 0  
0 . 5 3 2 0 0 0  
0 . 0 8 6 0 0 0  
0 . 6 9 7 0 0 0  
0 . 7 3 5 0 0 0

in  abundance



1
2
3
4
5
6
7
8
9

1 0
1 1
1 2
1 3
1 4
1 5
1 6
1 7
1 8
1 9
2 0
2 1
2 2
2 3
2 4
2 5
2 6
2 7
2 8
2 9
3 0
3 1
3 2
3 3
3 <
3 5
3 6
3 7
3 8
3 9
4 0
4 1
42
43
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C62 C63
49 46

1 . 1 9 7 0 32 . 3 1 9 0
3 3 . 5 1 6 0 3 3 . 5 1 6 0
1 4 . 3 6 4 0 5 . 9 8 5 0
1 6 . 7 5 8 0 8 . 3 7 9 0

2 . 3 9 4 0 29 . 9 2 5 0
5 . 9 8 5 0 2 . 3 9 4 0
o . oc oo 1 0 . 7 7 3 0

21 . 5 4 6 0 2 8 . 7 2 8 0
2 9 . 9 2 5 0 7 . 1 8 2 0
1 9 . 1 5 2 0 2 8 . 7 2 8 0
1 7 . 9 5 5 0 1 0 . 7 7 3 0
1 4 . 3 6 4 0 11 . 9 7 0 0

5 . 9 8 5 0 0 . 0 0 0 0
1 . 1 9 7 0 4 . 7 8 8 0
4 . 7 8 8 0 4 . 7 8 8 0
2 . 3 9 4 0 0 . 0 0 0 0
1 . 1 9 7 0 1 0 . 7 7 3 0

1 0 . 7 7 3 0 1 . 1 9 7 0
9 . 5 7 6 0 23 . 9 4 0 0
8 . 3 7 9 0 68 . 22 90
8 . 3 7 9 0 39 . 5 0 1 0

1 4 . 3 6 4 0 44 . 2 8 9 0
5 3 . 8 6 5 0 20 . 3 4 9 0
3 7 . 1 0 7 0 53 . 8 6 5 0
1 3 . 1 6 7 0 1 9 . 1 5 2 0

9 . 5 7 6 0 3 1 . 1 2  2 0
2 0 . 3  490 25 .1 370

2 . 3 9 4 0 9 .5  760
1 . 1970 4 . 7 8 8 0
3 . 5  910 1 4 . 3 6 4 0
4 . 7 8 8 0 22 . 7 4 3 0
2 . 3 9  4C 1 0 . 7 7 3 0

2 0 . 3 4 9 0 9 . 5 7 6 0
4 . 7 8 8 0 25 .1 3 70

1 6 . 7 5 8 0 3 5 . 9 1 0 0
1 7 . 9 5 5 0 26 . 3 3 4 0

4 . 7 8 8 0 3 . 5 9 1 0
5 . 9 8 5 0 1 . 1 9  7 0
7 . 1 8 2 0 4 . 7 8 8 0

1 6 . 7 5 8 0 23 . 9 4 0 0
7 . 1 8 2 0 5 3 . 8 6 5 0
0 . 0 0 0 0 61 . 0 4 7 0

1 1 . 9 7 0 0 44 . 2 8 9 0
3 4 . 7 1 3 0 33 . 5 1 6 0
1 4 . 3 6 4 0 2 3 . 9 4 0 0
1 6 . 7 5 8 0 51 . 4 7 1 0

V.  1 9 70
22 . 7 4 3 0
1 3 . 1 6 7 0

C64 C65
41 31

3 2 . 3 1 9G 57 . 4 5 6 0
5 0 . 2 7 4 0 6 4 . 6 3 6 0
3 4 . 7 1 3 0 22 . 7 4 3 0

5 . 9 8 5 0 5 . 9 8 5 0
2 8 . 7 2 8 0 43 . 0 9 2 0
2 7 . 5 3 1 0 8 . 3 7 9 0
16 . 7 5 8 0 2 7 . 5 3 1 0
1 4 . 3 6 4 0 1 7 . 9 5 5 0

5 . 9 8 5 0 19 .1 520
3 4 . 7 1 3 0 13 . 1 6 7 0

5 . 9 8 5 0 7 . 1  820
3 . 5 9 1 0 9 . 5 7 6 0
2 . 3 9 4 0 2 . 3 9 4 0

17 . 9 5 5 0 1 0 . 7 7 3 0
73 . 0 1 7 0 3 2 . 3 1 9 0
51 . 1 2 2 0 3 2 . 3 1 9 0
41 . 8 9 5 0 1 3 . 1 6 7 0
33 . 5 1 6 0 .3 . 591  0
2 3 . 9 4 0 0 11 . 9  700
1 1 . 9 7 0 0 3 . 5 9 1 0
2 1 . 5 4 6 0 2 . 3 9 4 0

9 . 5 7 6 0 5 . 9 8 5 C
9 . 5 7 6 0 13.16?-?

6 1 . 0 4  70 6 7 . 0 3 2  0
3 . 5 9 1 0 1 7 . 9 5 5 0

1 1 . 9 7 0 0 3 . 5 9 1 0
19 . 1 5  20 2 7 . 5 3 1 0
1o . 7 5  80 31 .1 2  2 0

9 . 5 7 6 0 3 4 - 7 1 3C
1 6 . 7 5 8 0 1 0 . 7 7 3 0
20 . 3 4 9 0 1 .1 970
1 0 . 7 7 3 0

5 . 9 8  50
26 . 3340
19 . 1 5 2 0
3 2 . 3 1 9 0
6 4 . 6 3 8 0
43 . 0 9 2 0
50 . 2 7 4 0
34 . 7 1 3 0
1 6 . 7 5 8 0

T a b le  21* A r e n ic o la  m a r in a . D i f f e r e n c e s  in  
th e  50m t r a n s e c t .  Low t i d e  s i t e .

C62 lm  d i f f e r e n c e s  in  a b u n d a n c e .
C63 5m d i f f e r e n c e s  i n  a b u n d a n c e .
C64 10m d i f f e r e n c e s  in  a b u n d a n c e .
C65 20m d i f f e r e n c e s  in  a b u n d a n c e .
C66 30m d i f f e r e n c e s  in  a b u n d a n c e .
C67 40m d i f f e r e n c e s  i n  a b u n d a n c e .

C 66 
21

44 .2890
4 6 .68 3 3 
1 7 .95 50

1 .1970
2 .3940  
9 .5760  
1 .19 7.7

1 9 .1 520 
7 .1820  

28 .7280  
16 .75S0 

5 .9850  
1 . 1970  
4 .7880

1 7 .95 50 
27 . 8 8 u 0
5 9 . 8500  
44 .2890  
56 . 2590
2 3 .94 00 
1 9  . 1 5  2 n

abundance



1
2
3
4
5
6
7
8
9

1 0
1 1
1 2
13
1 4
1 5
1 6
1 7
1 8
1 9
2 0
2 1
2 2
23
24
2 5
2 6
27
2 8
2 9
3 0
3 1
3 2
3 3
3 4
35
3 6
3 7
3 8
39
4 0
41
42
43
44
45
46
47
4 8
49
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C 2 0 C 2 1
49 46

0 . 0 0 0 . 0 0
235 . 4 0 2 3 5 . 4 0
117 . 7 0 235 . 4 0
117 . 7 0 65 91 . 2 0
235 . 4 0 2 3 5 . 4 0
235 . 4 0 4 7 0 8 . 0 0

6 7 0 8 . 9 0 3 6 4 8 . 7 0
6 4 7 3 . 5 0 41 1 9 . 5 0
4 7 0 8 . 0 0 941 . 6 0
12 9 4 . 7 0 4 4 7 2 . 6 0
1 0 5 9 . 3 0 1 765 . 5 0
14 12 . 4 0 0 . 0 0

7 0 6 . 2 0 3 5 3 . 1 0
49 4 3 . 4 0 3 2 9 5 . 6 0
2 8 2 4 . 8 0 5 4 1 4 . 2 0
10 59 . 3 0 2 5 8 9 . 4 0
2 2 3 6 . 3 0 1 41 2 . 4 0
3 7 6 6 . 4 0 3 7 6 6 . 4 0

0 . 0 0 3 5 3 . 1 0
117 . 7 0 0 . 0 0
11 7 . 7 0 3 5 3 .1 0
3 5 3 . 1 0 0 . 0 0
35 3 . 1 0 2 3 5 . 4 0
4 7 0 . 8 0 0 . 0 0
47 0 . 8 0 4 7 0 . 8 0
117 . 7 0 5 8 8 . 5 0
117 . 7 0 1 1 7 . 7 0

0 . 0 0 82 3 . 9 0
588 . 5 0 1 0 5 9 . 3 0
35 3 . 1 0 3 8 8 4 . 1 0
58 8 . 5 0 1 8 83 . 2  0
235 . 4 0 2 1 1 8 . 6 0

341 3 . 3 0 0 . 0 0
235 4 - 0 0 41 19 . 50

823 . 9 0 2 0 0 0 . 9 0
1883 . 2 0 58 8 . 5 0

7 0 6 . 2 0 941 . 6 0
23 5 . 4 0 7 0 6 . 2 0

341 3 . 3 0 1 6 4 7 . 8 0
341 3 . 3 0 2 9 4 2 . 5 0

941 . 6 0 0 . 0 0
7 0 6 - 2 0 941 . 6 0

1177 . 0 0 1 7 6 5 . 5 0
470 . 8 0 5 8 8 . 5 0

0 . 0 0 1 1 7 . 7 0
11 7 . 7 0 1 1 7 . 7 0

0 . 0 0
0 . 0 0
0 . 0 0

C 22 C 2 3
41 31

49 43  . 4 0 0 . 0 0
3 6 4 8 . 7 0 1 1 7 . 7 0
2 3 5  4 . 0 0 23 5  . 40
1 0 5 9 . 3 0 2 3 5  . 4 0

4 7 0 . 8 0 0 . 0 0
5 1 7 8 . 8 0 23 5 . 4 0
2 5 8 9 . 4 0 0 . 0 0
5 1 7 8 . 8 0 6 5 9 1  . 2 0
3 5 3 1  . 0 0 2 3 5  . 4 0
4 9 4 3 . 4 0 4 9 4 3  . 4 0
3 6 4 8 . 7 0 3 0 6 0 . 2 0
2 4 7 1  . 7 0 2 3 5 4  . 0 0
1 1 7 7 . 0 0 3 5 3  . 1 0

1 1 7 . 7 0 5 8 8  . 50
5 4 1 4 . 2 0 941  . 6 0
2 1 1 8 . 6 0 4 7 0 . 8 0
1 5 3 0 . 1 0 1 4 1 2  . 4 0
3 6 4 8 . 7 0 2 7 0 7  . 1 0

0 . 0 0 3 5 3  .1 0
0 . 0 0 11 7 . 7 0

4 7 0 . 8 0 3 4 1 3  . 3 0
2 3 5 . 4 0 1 1 7 . 7 0
4 7 0 . 8 0 7 0 6  . 2 0

1 0 5 9 . 3 0 1 7 6 5  . 5 0
4 0 0 1  . 8 0 1 1 7  . 7 0
21 1 8 . 6 0 1 1 7  . 7 0
2 8 2 4 . 8 0 0 . 0 0
1 0 5 9 . 3 0 0 . 0 0

3 5 3 . 1 0 0 . 0 0
47 G. oO 588 . 5 0

3 2 9  5 . 6 0 2 3 5  . 4 0
7 0 6 . 2 0

0 . 0 0
2 7 0 7  .1 0
1 5 3 0 . 1 0
2 8 2 4 . 8 0

9 4 1  . 6 0
3 5 3 . 1 0
1 1 7 . 7 0

3 53 1 . 0 0
1 17  . 7 0

C 2 4 C 25
21 1 1

5 8 8 . 5 0 3 5 3 1 . 0 0
2 35 . 40 1 1 7 . 7 0
5 8 8 . 5 0 8 2 3 . 9 0
9 4 1 . 6 0 1 6 4 7 . 8 0

*•472 . 6 0 5 8 8 . 5 0
18 8 3 . 2  0 11 7 . 7 0
2 9 42 . 5 0 1 1 7 . 7 0
56 4 9 . 6 0 6 7 0 8 . 9 0

1 1 7 . 7 0 23 5 .  40
4 8 2 5 . 7 0 4943  . 4 0

1 1 7 . 7 0 3 6 4 8 . 7 0
2 4 7 1 . 7 0

1 1 7 . 7 0
1 2 9 4 . 7 0
4 8 2 5 . 7 0
2 4 7 1 . 7 0
1 4 1 2 . 4 0
3 7 6 6 . 4 0

0 . 0 0
0 . 0 0

1 1 7 . 7 0

T a b le  22-  B a th y p o r e ia  g u i l l ia m s o n ia n a . D i f f e r e n c e s  in  abundance  
a lo n g  th e  50m t r a n s e c t .  Low t i d e  s i t e .

C20 lm  d i f f e r e n c e s  in  a b u n d a n c e .
C21 5m d i f f e r e n c e s  i n  a b u n d a n c e .
C22 10m d i f f e r e n c e s  in  ab u n d a n c e .
C23 20m d i f f e r e n c e s  in  a b u n d a n c e .
C24 30m d i f f e r e n c e s  in  a b u n d a n c e .
C25 40m d i f f e r e n c e s  i n  a b u n d a n c e .



z ?0

CO LUtf N C 38 C39 C 4 0 C 41 C w 2 C 23 
1 1CO UNT 49 46 41 3 1 2 1

RO U
1 0 . 0 0 0 0 . 0 0 0 1 1 7 . 7 0 0 0 . 0 0 0 0 . 0  GO 2 35 . 4  002 O.COO 0 . 0 0 0 117  . 7 0 0 0 . 0 0 0 O.COO 1 1 7 . 7  CO
3 0 . 0 0 0 0 . 0 0 0 2 3 5  . 4 0 0 0 . 0 0 0 O.OOO 235 . 4  CO
4 0 . 0 0 0 1 1 7 . 7 0 0 23 5 . 400 1 1 7 . 7 0 0 1 1 7 . 7 0 0 1 1 7 . 7  00
5 0 . 0 0 0 0 . 0 0 0 1 1 7 . 7 0 0 0 . 0 0 0 1 1 7 . 7 0 0 0 . 0  00
6 0 . 0 0 0 1 1 7 . 7 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0  007 1 1 7 . 7 0 0 1 1 7 . 7 0 0 1 1 7 . 7 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0  00
8 1 1 7 . 7 0 0 1 1 7 . 7 0 0 1 1 7 . 7 0 0 1 1 7 . 7 0 0 1 1 7 . 7 0 0 1 1 7 . 7  009 1 1 7 . 7 0 0 2 3 5 . 4 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0

1 0 0 . 0 0 0 0 . 0 0 0 1 1 7 . 7 0 0 1 1 7 . 7 0 0 11 7 . 7  00 1 17 . 7 0 01 1 1 1 7 . 7 0 0 1 1 7 . 7 0 0 1 1 7 . 7 0 0 1 1 7 . 7 0 0 1 1 7 . 700 1 1 7 . 7 0 0
1 2 0 . 0 0 0 1 1 7 . 7 0 0 235  . 4 0 0 2 3 5 . 4 0 0 1 1 7 . 7 0 0
1 3 1 1 7 . 7 0 0 2 3 5 . 4 0 0 235 . 4 0 0 2 3 5 . 4 0 0 O.OOO
1 4 1 1 7 . 7 0 0 1 1 7 . 7 0 0 0 . 0 0 0 0 . 0 0 0 O.G'jQ
1 5 1 1 7 . 7 0 0 0 . 0 0 0 0 . 0 0 0 1 1 7 . 7 0 0 0 .0 JO
1 6 1 1 7 . 7 0 0 1 1 7 . 7 0 0 1 1 7 . 7 0 0 1 1 7 . 7 0 0 1 1 7 . 7 0 0
1 7 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 G.QOQ
1 8 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
1 9 0 . 0 0 0 1 1 7 . 7 0 0 0 . 0 0 0 0 . 0 0 0 n . 000
2 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 23 5 . 4  00 0 .QUO
2 1 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 2 3 5 . 4 0 0 0 . 0  00
2 2 1 1 7 . 7 0 0 0 . 0 0 0 0 . 0 0 0 1 1 7 . 7 0 0
2 3 1 1 7 . 7 0 0 1 1 7 . 7 0 0 11 7 . 7  00 1 1 7 .  700
2 4 0 . 0 0 0 0 . 0 0 0 117  . 7 0 0 1 1 7 . 7 0 0
2 5 0 . 0 0 0 0 . 0 0 0 11 7 . 7 0 0 0 . 0 0 0
2 6 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
2 7 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
2 8 0 . 0 0 0 0 . 0 0 0 0 . 000 0 . 0 0 0
2 9 0 . 0 0 0 1 1 7 . 7 0 0 0 . 0 0 0 0 . 0 0 0
3 0 0 . 0 0 0 1 1 7 . 7 0 0 235  . 4 0 0 0 . 0 0 0
3 1 0 . 0 0 0 0 . 0 0 0 235  . 4 0 0 0 . 0 0 0
3 2 1 1 7 . 7 0 0 0 . 0 0 0 117  . 7 0 0
3 3 0 . 0 0 0 1 1 7 . 7 0 0 1 1 7 . 7 0 0
3 4 1 1 7 . 7 0 0 1 1 7 . 7 0 0 0 . 0 0 0
3 5 0 . 0 0 0 23 5 . 4 0 0 0 . 0 0 0
3 6 0 . 0 0 0 2 3 5 . 4 0 0 0 . 0 0 0
3 7 0 . 0 0 0 1 1 7 . 7 0 0 0 . 0 0 0
3 8 2 3 5 . 4 0 0 2 3 5 . 4 0 0 0 . 0 0 0
3 9 0 . 0 0 0 1 1 7 . 7 0 0 235  . 4 0 0
4 C 1 1 7 . 7 0 0 2 3 5 . 4 0 0 235  . 4 0 0
4 1 1 1 7 . 7 0 0 1 1 7 . 7 0 0 117  . 7 0 0
4 2 1 1 7 . 7 0 0 2 3 5 . 4 0 0
4 3 1 1 7 . 7 0 0 1 1 7 . 7 0 0
4 4 o . o o o 0 . 0 0 0
4 5 0 . 0 0 0 0 . 0 0 04 6 0 . 0 0 0 0 . 0 0 04 7 0 . 0 0 048 0 . 0 0 0
49 0 . 0 0 0

T a b le  2 3 .  Macoroa b a l t h i c a .  D i f f e r e n c e s  in  abundance a lo n g

th e 50m t r a n s e c t .  Low t i d e  s i t e .

C38 lm  d i f f e r e n c e s  in  abundance.
C39 5m d i f f e r e n c e s  in  ab undance.
C40 10m d i f f e r e n c e s  in  ab undance.
C41 20m d i f f e r e n c e s  in  ab un d an ce .
C42 30m d i f f e r e n c e s  in  ab undance.
C43 40m d i f f e r e n c e s  in  abun d an ce .



0 w
1
2
3
4
5
6n
8
9

1 C
1 1
1 2
1 3
1 A
1 5
1 6
1 7
1 8
1 9
2 0
2 1
2 2
2 3
2 A
2 5
2 6
2 7
2 8
2 9
3 0
3 1
3 2
3 3
3 A
3 5
3 6
3 7
3 8
3 9
A 0
A 1
A 2
A 3
A A
A 5
A 6
A 7
A 8
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C 7 A C 7 5 C 7 6 C 77
4 9 <+6 41 3 1

3 5 3 . 1 0 0 3 5 3 . 1 0 0 2 3 5 .A 00 0 . 0 0 0
0 . 0 0 0 1 1 7 . 7  00 5 8 8 .5 00 2 3 5 . 4 0 0

1 1 7 . 7 0 0 3 5 3 . 1 0 0 52 3 .9 00 0 . 0 0  f
1 1 7 . 7 0 0 23 5 . 4  00 588 .5 00 0 . 0 0 01 1 7 . 7 0 0 1 1 7 . 7  00 58 8 .5 00 0 .  00 0
2 3 5 . A00 4 ? 0 .  8 0 0 4 7 0 . 8  00 2 3 5 . 4 0 0
2 3 5 .AGO 2 3 5 . 4 0 0 23 5 .4 00 23 5 . 400

0 . 0 0 0 7 0 6 . 2 0 0 7 06 .2 00 4 7 0 . 8 0 0
470 . 8 0 0 3 5 3 . 1 0 0 35 3 .1 00 1 1 7 . 7 0 0

0 . 0 0 0 0 .  000 23 5 .4 00 5 8 8 . 5 0 0
235 . A0C 0 . 0 0 0 23 5 . 400 4 7 0 . 8 0 0
3 5 3 . 1 0 0 23 5 . 4 0 0 58 8 .5 00 9 4 1 . 6 0 0
1 1 7 . 7 0 0 3 5 3 . 1 0 0 47 0 . 8 0 0 5 8 8 . 5 0 0

0 . 0 0 0 1 1 7 . 7 0 0 706 .2 00 3 5 3 . 1 0 0
0 . 0 0  0 2 3 5 . 4 0 0 58 8 . 500 3 5 3 . 1 00

235 . 4 0 0 23 5 . 4 0 0 2 3 5 . 400 3 5 3 . 1 0 0
3 5 3 . 1 0 0 5 8 8 . 5 0 0 706 .2 00 5 6 8 . 5 0 0
1 1 7 . 7 0 0 4 7 0 . 8 0 0 117 . 7 0 0 1 1 7 . 7 0C

0 . 0 0 0 4 7 0 . 8 0 0 117 . 7 0 0 1 1 7 . 7 0 0
1 1 7 . 7 0 0 3 5 3 . 1 0 0 353 . 1 0 0 1 1 7 . 7 0 0
2 3 5 . 4 0 0 1 1 7 . 7 0 0 11 7 . 7 0 0 2 3 5 . 4 0 0
1 1 7 . 7 0 0 1 1 7 . 7 0 0 11 7 . 7 0 0 2 3 5 . 4 0 0
1 1 7 . 7 0 0 7 0 6 . 2 0 0 0 . 0 0 0 588 . 500
3 5 3 . 1 0 0 2 3 5 . 4 0 0 23 5 . 4 0 0 4 7 0 . 8 0 0
2 3 5 . 4 0 0 3 5 3 . 1 0 0 11 7 . 7 0 0 1 1 7 . 7 0 0
A 7 0 . 8 0 0 0 . 0 0 0 11 7 . 7 0 0 1 1 7 . 7 0 0
353 . 1 0 0 7 0 6 . 2 0 0 353 .1 00 353 . 1 JO
2 3 5 . 4 0 0 3 5 3 . 1 0 0 353 .1 00 1 1 7 . 7 0 0
1 1 7 . 7 0 0 23 5 . 4 0 0 235 . 4 0 0 3 5 3 . 1 0 0
2 3 5 . 4 0 0 1 1 7 . 7 0 0 35 3 .1 00 0 . 0 0 0

0 . 0 0 0 353  .1 00 588 . 5 0 0 0 . 0 0 0
3 5 3 . 1 0 0 3 5 3 . 1 0 0 353 .1 00

0 . 0 0 0 3 5 3 . 1 0 0 23 5 . 4 0 0
0 . 0 0 0 0 . 0 0 0 23 5 . 4 0 0
0 . 0 0 0 2 3 5 . 4 0 0  ' 0 . 000

3 5 3 . 1 U0 2 3 5 . 4 0 0 0 . 0 0 0
3 5 3 . 1 0 0 3 5 3 . 1 JO 3 5 3 .1 00
23 5 . 4 0 0 2 3 5 . 4 0 0 1 1 7 .7 00

n . o o o 0 . C 0 0 11 7 . 700
23 5 . 4 00 25 5 . 400 5 5 3 . 1 00
23 5 . 4Q0 

0 . 0 0  0 
235 . 4 0 0  

0 . 0 0 0  
0 . 0 0 0  

1 1 7 . 7 0 0  
23 5 . 4 0 0  
23 5 . 4 0 0  
235 . 4 0 0

0 . 0 0 0  
23 5 . 4 00 
3 5 3 . 1 0 0  
1 1 7 . 7 0 0  
1 1 7 . 7  00 
35 3 . 1 0 0

35 3 . 1 0; ;

T a b le  Ik- N e r e is  d i v e r s i c o l o r . D i f f e r e n c e s  in  
th e  50m t r a n s e c t .  Low t i d e  s i t e .

C74 lm  d i f f e r e n c e s  in  abun d an ce .
C75 5m d i f f e r e n c e s  in  ab u n d an ce .
C76 10m d i f f e r e n c e s  in  ab un d an ce .
C77 20m d i f f e r e n c e s  in  ab u n d an ce .
C78 30m d i f f e r e n c e s  in  a b u n d an ce .
C79 40m d i f f e r e n c e s  in  ab u n d a n c e .

c
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2 3  ̂ . A CO 
1 1 I7. 7 GO
11 7 . 7 0 0
3 5 3 .1  GO
23 5 . A00 
1 1 7 . 7 0 3  
1 1 7 . 7  00 
A 7 r . 8 0 0
1 1 7 . 7 0 0  
1 1 7 . 7  JO
1 1 7 . 7 0 0  
5 8 8 . 5 0 0

0.000 
1 1 7 . 7  00 
3 5 2 . 100 
3 5 3 .1 00 
5 6 8 . 5  00 
3 5 3.1 j'3 

O.OOO 
23 5 . 4 0 0  
35 3 .1 00

abundance
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COIUMN C 8 6 C87 C 88
CO UNT 49 46 41
R0 W

1 1 0 3 5 7 . 6 9062 .9 9 2 9 8 . 3
2 5 6 4 9 . 6 1 765 .5 3884  .1
3 3 4 1 3 . 3 941 .6 6708  .9
4 941 .6 2236  .3 2942 .5
5 4 7 0 . 8 2824 .8 588 .5
6 48 2 5 . 7 706 .2 4001 .8
7 6591 .2 10475 .3 2942 .5
8 1 5 3 0 . 1 1 059 .3 2471 .7
9 2 5 8 9 . 4 823 .9 1 1 5 3 4 . 6

1 C 4 9 4 3 . 4 353 .1 1 6478  .0
1 1 2 8 2 4 . 8 1 6 4 7 . 8 1 0593  .0
1 2 3 53 .1 1 Q593 . 0 4 1 1 9 . 5
1 3 1 4 1 2 . 4 3 1 7 7 . 9 941 .6
1 4 2 9 4 2 . 5 9298 .3 5296  .5
1 5 1 1 7 7 0 . 0 19773 .6 2 COO.9
1 6 7062 .0 282 4 .8 2 824 .8
1 7 7 5 3 2 . 8 588 .5 2236 .3
1 8 7 5 3 2 . 8 9769 .1 8 8 27 .5
1 9 1 0 8 2 8 . 4 1 1 534 .6 1 8478 .9
2 0 3 6 4 8 . 7 6944 .3 8474  .4
2 1 2 8 2 4 . 8 3 6 4 8 . 7 5885 .0
2 2 5 7 6 7 . 3 0 . 0 1 0 5 9 . 3
2 3 6238  .1 4825 .7 7885 .9
2 4 6 9 4 4 . 3 706 .2 823 .9
2 5 6473  .5 8 3 5 6 . 7 7 6 5 0 . 5
2 6 941 .6 3 0 6 0 . 2 1 883 .2
2 7 21 18 .6 2000 .9 1 0 5 9 . 3
2 8 823 .9 941 .6 1 765 .5
2 9 1 0 5 9 . 3 7 0 6 . 2 1 17 .7
3 0 2 0 0 0 . 9 1 8 8 3 . 2 2 0 0 0 . 9
3 1 1 0 5 9 . 3 823 . 9 353 .1
3 2 8 2 3 . 9 2 0 0 0 . 9 7 5 32 .2
3 3 1 1 7 . 7 1 6 4 7 . 8  • 63 55 .8
3 4 70 6  .2 7 0 6 . 2 4943 .4
3 5 1 7 6 5 . 5 823 .9 3413  .3
3 6 2 8 2 4 . 8 1 2 9 4 . 7 6944  .3
3 7 1 0 5 9 . 3 8356 .7 3531 .0
3 8 823  .9 6 9 4 4 . 3 1412 .4
3 9 353 .1 4825 .7 235 .4
40 6 8 2 6 . 6 2942 .5 1 1 77 .0
4 1 353 .1 1412 . 4 7297 .4
42 1 2 9 4 . 7 4472 . 6
43 2 2 3 6 . 3 4 2 3 7 . 2
4 4 5 2 9 6 . 5 2 8 2 4 . 8
4 5 6 2 3 8 . 1 7062 . 0
4 6 1 0 5 9 . 3 2471 .7
47 8 2 3 . 9
4 8 1 0 5 9 . 3
4 9 1647  .8

C 8 9 C 90 C 91
31 21 1 1

3 6 4 8  . 7 13 182 .4 1 1 5 3 4 . 6
3 0 6 0  .2 823 .9 56 49 .6
5 4 1 4 . 2 7 532 .8 3 53 .1
3 7 6 6 . 4 3 295 .6 1765 .5
1 5 3 0 . 1 2 236 .3 470 . 8
4943  . 4 3413 .3 52 96 .5
635 5 . 8 6 4 7 3 . 5 5767 .3
1 1 7 7 . 0 2 707 .1 2 35 .4

588 . 5 117 . 7 470 .8
2 8 2 4 . 8 1 883 .2 1059 .3
1 0 5 9 . 3 2 707 .1 2236 .3

23 5 . 4 6 708 .9
1 1 7 7 . 0 6 002 .7
1 76 5 . 5 3 295 .6
1 2 9 4 . 7 4 U1 . ^

1118 1 .5 2 471 .7
2 3 5 4 . 0 1 047 .8

12711 . 6 1 0 239 . 9
1918 5 . 1 1 S ^96 .6

7 53 2 . 8 6 7 0'5 .9
423 7 .2 4 705 .0
5 4 1 4 . 2

706 .2
423 7 .2
4943  . 4
6 8 2 6  . 6

35 3 .1
706 .2
706  . 2

282 4 . 2
823 . 9

T a b le  25• P y q o s p io  e le g a n s . D if fe r e n c e s  in  abundance a lo n g  

th e  50m t r a n s e c t .  Low t i d e  s i t e .

C86 lm  d i f f e r e n c e s  in  abundance.
C87 5m d i f f e r e n c e s  in  abundance.
C88 10m d i f f e r e n c e s  in  abundance.
C89 20m d i f f e r e n c e s  in  abundance.
C90 30m d i f f e r e n c e s  in  abundance.
C91 40m d i f f e r e n c e s  in  abundance.
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CO LUMN C 26 C27 C 2 8 C29 C30 C 3 1
COUNT 49 46 41 31 21 11
R0 U

1 0 - 5 4 4 0 0 1 . 6 2 4 0 0 1 . 4 5 6 0 0 2 . 3 1 7 0 0 2 . 0 7 8 0 0 5 .7 4 3 0 0
2 0 . 5 7 5  00 1 . 3 8 0 0 0 5 . 3 7 9 0 0 2 . 5 5 1 0 0 2 . 1 0 7 0 0 4 .7 5 6 0 0

. 3 0 . 7 6 2  00 0 . 1 1 6 0 0 6 . 5 4 2 0 0 1 . 4 6 4 0 0 0 .1 9  400 2 . 0 1 5 0 0
4 0 . 2 5 7 0 0 0 . 5 8 4 0 0 8 . 1 3 9 5 0 1 . 7 6 3 0 0 0 . 7 1 4 0 0 1 . 2 1 0 0 0
5 0 . 3  00 00 1 . 9 2 1 0 0 7 . 4 7 3 0 0 0 . 7 9 5 0 0 2 . 8 8 4 0 0 1 . 0 2 3 0 0
6 0 . 6 8 9 0 0 3 . 3 8 0 0 0 7 . 9 3 1 0 0 2 . 3 6 7 0 0 4 . 4 0 8 0 0 1 .7 3 2 0 0
7 1 . 2 3 0 0 0 6 . 0 7 0 0 0 7 . 0 8 9 0 0 1 . 4 7 8 0 0 4 . 4 1 7 0 0 0 . 7 7 4 0 0
8 2 . 7 6 2 0 0 7 . 8 8 8 0 0 6 . 6 9 8 0 0 1 . 4 9 0 0 0 7 . 8 4 0 0 0 3 . 4 0 3 0 0
9 1 . 1 5 9 0 0 5 . 9 6 1 5 0 1 . 7 6 4 0 0 1 .8 1 6 0 3 5 . 8 5 1 0 0  ' 0 . 9 9 3 0 0

1 0 3 . 5 7 0 0 0 4 . 3 9 3 0 0 1 .1 5 700 1 . 2 7 0 0 0 4 . 5 6 8 0 0 2 .3 8900
1 1 0 . 5 8 8  00 1 . 1 7 2 0 0 7 . 1 5 2 0 0 6 . 9 1 3 0 0 0 . 9 0 8 0 0 6 . 8 4 1 0 0
1 2 0 . 8 3 5  50 0 . 4 3 1 0 0 8 . 5 1 8 0 0 8 . 0 7 4 0 0 1 . 2 1 1 0 0
1 3 0 . 4 0 9  50 2 . 0 2 5 5 0 8 . 8 4 1 5 0 7 . 5 7 1 5 0 5 . 3 6 2 5 0
1 4 0 . 1 5 8 0 0 3 . 7 8 8 0 0 5 . 9 6 7 0 0 3 . 4 4 4 0 3 6 . 5 2 0 0 0
1 5 0 . 1 5 3 0 0 5 . 7 0 8 0 0 8 . 4 2 6 0 0 4 . 7  47 00 6 . 6 0 8 0 0
1 6 1 .621 00 8 . 1 7 1 0 0 5 . 4 1 1 0 0 3 . 3 7 0 0 0 6 . 0 4 6 0 0
1 7 2 . 1 7 2  00 7 . 3 2 8 0 0 3 . 9 9 0 0 0 1 .0510 0. 6 . 2 4 2 0 0
1 8 1 .7 6 2  00 4 . 6 4 4 0 0 6 . 0 1 6 0 0 3 . 3 1 4 0 0 1 . 1 2 3 0 0
1 9 2 . 6 1 6  00 0 . 4 1 7 0 0 1 . 8 1 8 0 0 5 . 8 2 9 0 0 0 . 9 9 4 0 0
20 0 . 7 7 8 0 0 0 . 1 0 2 0 0 2 . 5 0 3 0 0 3 . 3 4 1 0 0 1 . 3 8 4 0 0
2 1 0 . 5 1 2 0 0 3 . 5 3 8 0 0 1 . 0 1 7 0 0 8 . 8 3 8 0 0 1 . 0 8 9 0 0
2 2 2 . 4 6 5  00 2 - 8 2 6 0 0 0 . 0 6 8 0 0 6 . 7 9 5 0 0
2 3 2 . 3 0 1  00 3 . 8 3 7 0 0 1 . 1 9 5 0 0 1 . 0 1 4 0 0
2 4 2 . 8 6 2  00 0 . 9 0 0 0 0 0 . 1 7 6 0 0 1 .7 4 8 0 0
2 5 0 . 2 0 0 0 0 0 . 2 5 7 0 0 0 . 8 1 7 0 0 1 . 0 4 4 0 0
2 6 4 . 1 9 8 0 0 2 . 3 2 1 0 0 2 . 2 4 1 0 0 0 . 4 3 5 0 0
2 7 2 . 4 3 6  00 1 . 3 0 4 0 0 7 . 1 3 7 0 0 1 . 9 4 6 0 0
2 8 1 . 7 0 5 0 0 0 . 2 0 6 0 0 6 . 8 9 4 0 0 2 . 4 5 7 0 0
2 9 2 . 2 6 4 0 0 2 . 7 8 1 0 0 5 . 9 4 2 0 0 0 . 8 8 2 0 0
3 C 0 . 5 7 3  00 3 . 3 3 8 0 0 8 . 1 0 2 0 0 1 . 1 4 5 0 0
3 1 1 . 3 3 8 0 0 5 . 1 3 5 0 0 8 . 3 9 4 0 0 0 . 6  45 00
3 2 1 . 2 8 2  00 4 . 4 9 5 0 0 5 . 5 2 5 0 0
3 3 3 . 8 5 5 0 0 7 . 9 7 0 0 0 3 . 4 9 1 0 0
3 4 1 -224  00 4 . 8 6 8 0 0 1 . 9 3 1 0 0
5 5 0 . 6 9 8  00 7 . 1 7 9 0 0 3 . 0 8 5 0 0
3 6 2 .1  93 00 2 .5 6 1 0 0 3 . 3 7 4 0 0
3 7 0 . 7 5 3  00 1 . 1 6 3 0 0 7 . 3 8 4 0 0
3 8 0 .1  0 4 0 0 5 . 2 3 2 0 0 5 . 1 9 0 0 0
3 9 0 .2 8 1  00 4 . 0 2 4 0 0 6 . 7 2 0 0 0
40 1 .5 3 1  00 6 . 3 4 4 0 0 6 . 6 7 6 0 0
4 1 3 . 3 1 6  00 4 . 4 0 4 0 0 6 . 2 1 8 0 0
42 1 . 5 6 7 0 0 2 . 9 0 5 0 0
43 0 . 0 7 0 0 0 1 . 6 0 9 0 0
4-4 0 . 4 0 9  00 0 . 0 9 5 0 0
4 5 1 . 8 1 7  00 0 . 7 4 1 0 0
4 6 2 . 9 4 7 0 0 0 . 0 0 3 0 0
4 7 1 . 6 3 4 0 0
48 0 . 2 3 7  00
4 9 1 . 0 7 3 0 0

Table l<o ■ Shear strength (KN.itf2). Differences in mean values 
a lo n g  th e  50m t r a n s e c t .  Low t i d e  s i t e .

C26 lm  d i f f e r e n c e s  in  mean v a lu e s .
C27 5m d i f f e r e n c e s  in  mean v a lu e s .
C28 10m d i f f e r e n c e s  in  mean v a lu e s .
C29 20m d i f f e r e n c e s  in  mean v a lu e s .
C30 30m d i f f e r e n c e s  in  mean v a lu e s .
C31 40m d i f f e r e n c e s  in  mean v a lu e s .
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CO LUMN C 1 A C1 5 C 1 6 C1 7 C1 8 C1 9
COUNT A9 A6 41 31 21 11
RO U

1 39. 62. 95. 26. 97. 6 6.
2 . A 7 . 70. 1 1 . A. 62 . 3 .
3 77. 93. 72 . 10. 1 01 . 19.
4 7. 17. 0 . 13. 22 . 47.
5 A 7 . 15. 1 0 A . 26. 23 . 5.
6 2 5. 1 A. 32. 7 A . 1 . 97.
7 2 . 35 . 37. 31 . 7. 15.
8 9 . 23 . 1 0. 55. 3 A . 71 .
9 1 8 . 9. 18. 76. 1 36 . 33.

1 0 A 6 . 136. 79 . 51 . 1 57. 37.
1 1 15. 28. 23 . A8 . 17. 10.
1 2 6 . 17. 21 . 37. 22 .
1 3 1 1 0 . 7. 6 8. 2A. 58.
1 4 118. 101 . 98. 133. 64.
1 5 3 0. 61 . A0. 9. 19.
1 6 2 9. 21 . 13. 61. 36.
1 7 1 7. 3A . 2 2. 1. 7.
1 8 A A. 58. 29. 8. 44.
1 9 1 0. A0. 15. 75. 28.
20 1 6. 11 . 19. 87. 32.
21 A 1 . 8 . 55. 2 A. 3 .
22 5 5. 52 . 101 . A0.
23 2 0. 25 . 36. A5 .
2 4 2 . 36. 55. 15.
2 5 1 9. 1 0. 51 . 23.
26 2 2 . 56. 5 A . A2.
27 3 0. 31 . A 6. 38.
2 8 A3. 11 . 51 . 1 A.
2 9 5 3 . A7 . 103 . 1.
30 3 . 12 . 1 58. 39.
3 1 8 . 7. 35. 61.
32 1 . 16 . 51 .
33 7. A0. 80.
3 4 2 2 . 1 A. 63 .
3 5 3 1 . 168. 51 .
3 6 2 5. 11 . 66 .
5 7 1 1 1 . 11 . 17.
38 2 . 71 . 7 A.
3 9 12 7. 83 . 105.
AO 2 5 . 9. 7.
A 1 30. 30. 2.
A 2 1 1 . 57.
A3 3 5. 7 .
A A A 6 . 23 .
A 5 5 8. A7 .
A 6 5 A. 29.
A 7 2 9.
A 8 1 5.A 9 1 9.

'Table ”2.7" • Eh(mV). Differences in mean values along the 50m transec
Low t i d e  s i t e .

C14 lm  d i f f e r e n c e s  in  mean v a lu e s .  
C l5 5m d i f f e r e n c e s  in  mean v a lu e s .  
C16 10m d i f f e r e n c e s  in  mean v a lu e s .
C l7 20m d i f f e r e n c e s  in  mean v a lu e s .
C18 30m d i f f e r e n c e s  in  mean v a lu e s .
C19 40m d i f f e r e n c e s  in  mean v a lu e s .
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A p p e n d i x  .

Computer program used to calculate differences in animal 
abundances and sediment parameters between quadrats along the 
HT and LT transects.

Flowchart .......---

Listing ...............pp

An example of a run .......... p p ^ ’̂ ^ ^ g ^

(for the lm, 5m, 10m, 20m, 30m, and 40m distances)



2-K

JOO
INPUT

Enter total number of 
quadrats counted = N

i ( o 0
EXDR J = 1 TO N

J f O

INPUT
Abundance in each quadrat

U O
OUTPUT

Abundance in each quadrat

NEXT J

2 5 0 - 2 J 0

CORRECTIONS
YES

S S O - 7 8 0

SUBROUTINE 
for error correction

N = IN - 2
K = N + 1

3 4 0
EXDR I = 1 TO N

3C0
EXDR J = 1 TO K

370
CALCULATE 

Differences between quadrats

Co  MTJ>:



3$Q -boo_______________________
OUTPUT

Differences between quadrats

OUTPUT
Mean, std.dev. & variance of 
differences between quadrats

CIO
K=K-1

NEXT I

CALCULATE 
Mean, std.dev. & variance of 
differences between quadrats



m

u S f it iC * :
IO D i n  A ( 5 o c 0
ZO RErv***THXS. PROGRAM CALCULATES DIFFERENCES I N  ANIMAL ABUNDANCES (9-9-6?> ***
30 INPUT “ENTE^ TOTAL NUM0ER OF QUADRATS COUNTED * #;N
40 A 4 = “Th)S PROGRAM CALCULATES THE DIFFERENCES TN ANIMAL ABUNDANCES OR H*S, OTHf«
30 B4-=“ PARAMETER BETUF.F.N QUADRATS, ALONE A TRANSECT“
60 LF’RINT A±; !< I

80 LPRINT 
90 LPR IN T: LPRIN T
100 LF'RINT “TOTAL NUMBER OF QUADRATS COUNTED* “; N 
H O  LPR IN T:LPRIN T
120 INPUT “ENTER SPECIES OR PARAMETER NAME* “; 7. *
130 LPRINT “SPECIES OR PARAMETER NAME: “ ; I t
140 LPRINT:LPRINT: LPRINT
150 REM***LG0P FOR ENTERING DATA VALUES : LINES 120-160***
160 FOR J=l TO N

, 170 INPUT “ENTER ABUNDANCE (NO./M2 OR NO./CORE) OF ANIMALS* ";X<J)
180 PRINT J 
190 LPRINT J 
200 PRINT X(J)
210 LPRINT "ABUNDANCE <N0/M~2 OR NO./CORE) OF ANIMALS = “;X(J>
220 LPRINT:LPRINT
230 NEXT J
240 PRINT:PRINT
250 PRINT “CHECK ENTERED DATA ON PRINTOUT*
260 PRINT:PRINT
270 INPUT "ARE CORRECTIONS NEEDED? YES/NQ";D$
280 IF D4=“NQ“ GOTO 300 
290 GOSUB 660 
300 N=N—2 
310 K=N*1
320 REM***OUTER LOOP SUCCESIVELY GREATER DISTANCES***
330 REM***INNER LOOP ALL DIFFERENCES FOR ONE DISTANCE***
340 FOR 1=1 TO N 
350 0=0: R=0 
360 FOR J=1 TO K 
370 A=ABS<X(J)-X<J+I))
380 PRINT -ABSOLUTE VALUE IN DIFFERENCE IN ABUNDANCE * “ ; A 
390 PRINT:PRINT
400 LPRINT "ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE “;3; “ TO J*I; “
RATS = “; A
410 Q=G+A
420 R=R+A~2
430 NEXT J
440 M=Q/K
450 S=SQR((R-Q^2/K)/ <K-1))
-460 V=(R-Q~2/K)/<K-1)
470 ET=“TOTAL NO. DIFF."
480 F4=“MEAN"
490 G*=“STD.DEV. - 
500 Ht=“VARIANCE"
510 PRINT TAB<4);E*;TAB<28>:F*;TAB<42>;G*;TAB<58> ; H*
520 LPRINT:LPRINT
530 LPRINT TAB(4) ;E*;TAB<28);F*;TAB<42);G*;TAB(58);H*
540 LPRINT
550 PRINT TAB(8) ; K; TAB(26); M; TAB(41>;S; TAB <58):V 
560 PRINT:PRINT
570 LF-RINT TAB (8) ; K; TAB (25) ; M; TAB (41) ; S; TAB (57) ; V 
580 LPRINT:LPRINT
590*LPRINT "-------------------------------------------------------------------
600 LPRINT
610 K=K-1
620 NEXT I
630 LPRINT:LPRINT
640 END
650 REM ***SUBROUTINE TO CHANGE A MISTAKE IN ENTERING DATA VALUES***
660 F-RINT:PRINT
670 INPUT -c FOF: CHANGE, T TO RETURN"; CT 
680 IF C*=“T“ THEN 300 
690 PRINT:PRINT
700 INPUT "WHICH QUADRAT NUMBER? " ; J 
710 PRINT:PRINT
720 INPUT “CORRECT DATA VALUE";C 
730 PRINT:PRINT
740 LPRINT “QUADRAT NO. IN WHICH WRONG PAT A VAl tlh .'.-III FRF b ”;J
750 LPRINT "CORRECT DATA VALUE = ";C
7 * 0 LPRlNT--LP«fNT
770 LET X(J)=C
7gO GOTO 660



R u n ;

Th u s  PROGRAM CALCULATES The DIFFERENCES I* ANIMAL ABUNDANCE'S OR a n y u <U£R 
PARAWETeR BETWEEN QUADRATS, ALONG A TRANSECT

TOTAL. NUMBER OF QUADRATS COlJNTEB= 50

SPECIES OR PARAMETER NAME: A. MARINA (HIGH TIDE)

1
ABUNDANCE <NO/M~2 OR NO./CORE) OF ANIMALS == 5-985

ABUNDANCE <N0/M^2 OR NO./CORE) OF ANIMALS = 9.576

ABUNDANCE <N0/M~2 OR NO./CORE) OF ANIMALS = 39.501

4
ABUNDANCE <NO/MA2 OR NO./CORE) OF ANIMALS = 65.635

5
ABUNDANCE <N0/M~2 OR NO./CORE) OF ANIMALS *= 17.955

6
ABUNDANCE <N0/M~2 OR NO./CORE) OF ANIMALS = 5.985

7
ABUNDANCE (NO/M~2 OR NO./CORE) OF ANIMALS = O

8
ABUNDANCE <NO/M''2 OR NO./CORE) OF ANIMALS = O

9
ABUNDANCE <N0/M'2 OR NO./CORE) OF ANIMALS = 3.591

1 O
ABUNDANCE (N0/M--2 OR NO./CORE) OF ANIMALS = O

t 1
ABUNDANCE' (NO/M^2 OR NO./CORE) OF ANIMALS = 0

1 2
ABUNDANCE <N0/Ma2 OR NO./CORE) OF ANIMALS * O
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AfctfNDA'NCe fNO/j^Z OR H O - / C O K E  C f  AMtl*yU-s -

« 4
ABUNDANCE LNO/M 2  OK WO. /COPE > OF  AWIt- iAi  S  — 

15
ABUNDANCE 1 WO / M 2  OR NO./CORF; OF AN J HA! K —

1 6
ABUNDANCE <NQ/M ? OH NO. / CORD OF ANIMALS =

17
ABUNDANCE (NO/M 2 OR NO./CORE> OF ANIMALS -

18
ABUNDANCE <N0/M'2 OR NO./CORE) OF ANIMALS =

19
ABUNDANCE <NO/MA2 OR NO./CORE) OF ANIMALS =

20
ABUNDANCE <N0/M~2 OR NO./CORE) OF ANIMALS =

21
ABUNDANCE (N0/M^2 OR NO./CORE) OF ANIMALS =

22
ABUNDANCE (N0/MA2 OR NO./CORE) OF ANIMALS

23
ABUNDANCE (N0/M~2 OR NO./CORE) OF ANIMALS

24
ABUNDANCE (N0/M''2 OR NO./CORE) OF ANIMALS

ABUNDANCE <N0/M~2 OR NO./CORE) OF ANIMALS

26
ABUNDANCE <N0/M'2 OR NO./CORE) OF ANIMALS

27
ABUNDANCE <N0/MA2 OR NO./CORE) OF ANIMALS

• 3  J 2 .

323-19

160.598

92.169

39.501

7. 182

O

32.319

O

35.91

35.91

O

2.394

3.591



m

2%
ABUNDANCE <NO/M'""2 OR NO. /COREi OF ANIMALS = lO.:

29
A R i .INiiANC'F tNCl/N-2 OR NO. / C O R F  , 0 F  ANIMALS - 9.5:

30»«RUN«fANCr UJn/M V OR NO. /CUKC • OF ANIMALS = O
3»

ABUNDANCE (NO/M 2 OR NO./CORF) OF ANJMAfS - >6.

32
ABUNDANCE (NO/M 2  OR NO./CORF) OF ANIMALS - 15

3 3
ABUNDANCE <NO/MA2 OR NO./CORE) OF ANIMALS = 15

34
ABUNDANCE (NC)/M"'2 OR NO. /CORE) OF ANIMALS = 10

35
ABUNDANCE <N0/MA2 OR NO./CORE) OF ANIMALS = 137

36
ABUNDANCE <N0/M^2 OR NO./CORE) OF ANIMALS = 47.

37
ABUNDANCE <N0/M~2 OR NO./CORE) OF ANIMALS = 16.

38
ABUNDANCE <N0/M^2 OR NO./CORE) OF ANIMALS = 19.

39
ABUNDANCE <NO/M~2 OR NO./CORE) OF ANIMALS = 25.

56 j

. 942

. 655

88

758

152
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40
ABUNDANCE (NO/M 2  OR NO./CORE) OF ANIMALS = 44.289

41.
ABUNDANCE (NO/M 2  OR NO./CORE) OF ANIMALS = 89.77?

4 2
ABUNDANCE (NO/M 2  OR NO. /CORE > OF ANIMALS = 9.576

43
ABUNDANCE (NO/M 2 OR NO./CORE> OF ANIMALS « O

44
ABUNDANCE (NO/M'2 OR NO./CORE) OF ANIMALS = 13.16:

45
ABUNDANCE (NO/M' 2 OR NO./CORE) OF ANIMALS = 8. 379

46
ABUNDANCE (NO/M'"2 OR NO. /CORE) OF ANIMALS = 7. 182

47
ABUNDANCE (N0/M~2 OR NO./CORE) OF ANIMALS = 2.394

48
ABUNDANCE (N0/M~2 OR NO./CORE) OF ANIMALS = O

49
ABUNDANCE (NO/M'2 OR NO./CORE) OF ANIMALS « 1.197

50
ABUNDANCE (N0/M"2 OR NO./CORE) OF ANIMALS * 3.591



« • * i si irDAW* :*i l j I FFfc.Rfc NCE i- OH tsu i 2 QUASP^TS = 3. 5*91ABSOt .U'ff VAi A -'!:. iu a BUNDhNUL I> 1 fff.r e n c e f n;,: it if 2 TO 71 QUADRA!S = 29. 92SABLOLU 11: VALUE I i'-i ABUNDANCE D IFFsERfc'NCE FOR : Hfi 3 rrj 4 QlJADRATS = 26 .334
ABSOLUTE VALUE IN h BUNDANCc DIFFERENCE FOR THE 4 TO crv l QUADRATS = 47 . 88
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR t h e 5 TO 6 QUADRATS - .1 1.97
ABSOLUTE VALUE IN ABUNDANCE !> I F FERF.NCE FOR THE 6 TO 7 QUADRATS =- 5. 905
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 7 TO 8 QUADRATS = 0
ABSOL.UTF VALUE IN ABUNDANCE DIFFERENCE FOR THE G TO 9 QUADRATS =-- 3. 591
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE: 9 TO 10 QUADRATS = 3 .591
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 10 TO 11 QUADRA t S =; O
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 11 TO 12 QUADRATS = o
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 12 TO 13 QUADRATS = 354.312
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 13 TO 14 QUADRATS = 31.122
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 14 TO 15 QUADRATS = 162.792
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 15 TO 16 QUADRATS = 68.229
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 16 TO 17 QUADRATS = 52.668
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 17 TO 18 QUADRATS = 32.319
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 18 TO 19 QUADRATS = 7. 182
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 19 TO 20 QUADRATS = 32.319
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 20 TO 21 QUADRATS = 32.319
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 21 TO 22 QUADRATS = 35.91
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 22 TO 23 QUADRATS = O
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE, 23 TO 24 QUADRATS = 35.91
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 24 TO 25 QUADRATS « 2.394
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 25 TO 26 QUADRATS = 1. 197
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 26 TO 27 QUADRATS « 3.591
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 27 TO 28 QUADRATS = 10.773
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 28 TO 29 QUADRATS = 1. 197
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 29 TO 30 QUADRATS = 9.576
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 30 TO 31 QUADRATS = 16.758
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 31 TO 32 QUADRATS - 1.197
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 32 TO 33 QUADRATS •= O
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 33 TO 34 QUADRATS = 87.381
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 34 TO 35 QUADRATS = 34.713
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 35 TO 36 QUADRATS = 89.775
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 36 TO 37 QUADRATS - 31.122
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 37 TO 38 QUADRATS «= 2.394
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 38 TO 39 QUADRATS - 5.985
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 39 TO 40 QUADRATS «= 19.152
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 40 TO 41 QUADRATS - 45.486
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 41 TO 42 QUADRATS = 80-199
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 42 TO 43 QUADRATS = 9.576
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 43 TO 44 QUADRATS = 13.167
a b s o l u t e VALUE IN ABUNDANCE DIFFERENCE FOR THE 44 TO 45 QUADRATS = 4.788
a b s o l u t e VALUE IN ABUNDANCE DIFFERENCE FOR THE 45 TO 46 QUADRATS - 1. 197
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 46 TO 47 QUADRATS = 4.788
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 47 TO 48 QUADRATS = 2.394
a b s o l u t e VALUE IN ABUNDANCE DIFFERENCE FOR THE 48 TO 49 QUADRATS = 1. 197
a b s o l u t e VALUE IN ABUNDANCE DIFFERENCE FOR THE 49 TO 50 QUADRATS = 2.394

t o t a l n o . d i f f . m e a n  s t d .d e v . v a r i a n c e

49 29.8029 56.73.41 3216.49



ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FClR THE ) TO 5 QUADRAIS — J J.97
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 2 TO 6 GUADRATS = 3 . 591
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 3 TO 7 QUADRATS = 39.501
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE a TO 8 QUADRATS = 65.835
ABSOLUTE VALUE IN ABUNDANCE. DIFFERENCE FOR THE 5 TO 9 QUADRATS = 14.364
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 6 TO 10 QUADRATS = 5.985
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 7 TO 1 1 QUADRATS = O
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 8 TO 12 QUADRATS = 0i
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 9 TO 13 QUADRATS = 350.721
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 10 TO 14 QUADRATS = 323.19
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 11 TO 15 QUADRATS = 160.398
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 12 TO 16 QUADRATS = 92.169
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 13 TO 17 QUADRATS n 314.811
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 14 TO 18 QUADRATS ms 316.008
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 15 TO 19 QUADRATS 160.398
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 16 TO 20 QUADRATS 59.85
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 17 TO 21 QUADRATS 39.501
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 18 TO 22 QUADRATS 28.728
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 19 TO 23 QUADRATS - 35.91
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 20 TO 24 QUADRATS «=" 32.319
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 21 TO 25 QUADRATS — 2.394
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 22 TO 26 QUADRATS -= 32.319
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 23 TO 27 QUADRATS a* 35.91
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 24 TO 28 QUADRATS *■ 10.773
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 25 TO 29 QUADRATS SB 7. 182
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 26 TO 30 QUADRATS ■K 3.591
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 27 TO 31 QUADRATS n 16.758
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 28 TO 32 QUADRATS « 4.788
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 29 TO 33 QUADRATS m 5.985
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 30 TO 34 QUADRATS ms 102.942
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 31 TO 35 QUADRATS wz 120.897
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 32 TO 36 QUADRATS = 32.319
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 33 TO 37 QUADRATS XT 1. 197
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 34 TO 38 QUADRATS 83.79
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 35 TO 39 QUADRATS C 112.518
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 36 TO 40 QUADRATS c r 3.591
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 37 TO 41 QUADRATS « 73.017
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 38 TO 42 QUADRATS ms 9.576
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 39 TO 43 QUADRATS m 25.137
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 40 TO 44 QUADRATS *= 31.122
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 41 TO 45 QUADRATS 81.396
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 42 TO 46 QUADRATS m 2.394
ABSOLUTE VALUE IN • ABUNDANCE DIFFERENCE FOR THE 43 TO 47 QUADRATS ms 2.394
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 44 TO 48 QUADRATS = 13.167
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 45 TO 49 QUADRATS * 7. 182
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 46 TO 50 QUADRATS = 3.591

TOTAL NO. DIFF. MEAN STD.LEV. VARIANCE

46 6 2 . 6 3 4 3 9 2 . 2 6 2 - 8515.98
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ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN

TOTAL NO. DJFF

ABUNDANCE 0IFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE

FOR i HE 1 TO 10
FOR THE 2 TO 11
fur THE 3 TO 12
FOR THE 4 TO 13
FOR THE .j TO 14
FOR THE 6 TO 15
FOR THE 7 TO 16
FOR THE 8 TO 17
FOR THE 9 TO 18
FOR THE 10 TO 19
FOR THE 11 TO 20
FOR THE 12 TO 21
FOR THE 13 TO 22
FOR THE 14 TO 23
FOR THE 15 TO 24
FOR THE 16 TO 25
FOR THE 17 TO 26
FOR THE 18 TO 27
FOR THE 19 TO 28
FOR THE 20 TO 29
FOR THE 21 TO 30
FOR THE 22 TO 31
FOR THE 23 TO 32
FOR THE 24 TO 33
FOR THE 25 TO 34
FOR THE 26 TO 35
FOR THE 27 TO 36
FOR THE 28 TO 37
FOR THE 29 TO 38
FOR THE 30 TO 39
FOR THE 31 TO 40
FOR THE 32 TO 41
FOR THE 33 TO 42
FOR THE 34 TO 43
FOR THE 35 TO 44
FOR THE 36 TO 45
FOR THE 37 TO 46
FOR THE 38 TO 47
FOR THE 39 TO 48
FOR THE 40 TO 49
FOR THE 41 TO 50

STD.DEV.

QUADRATS = 5.985 
QUADRATS = 9.576 
QUADRATS = 39.501 
QUADRATS = 288.477 
QUADRATS = 305.235 
QUADRATS = 154.413 
QUADRATS = 92.169 
QUADRATS « 39.501 
QUADRATS = 3.591
QUADRATS 0
QUADRATS « 32.319
QUADRATS 0
QUADRATS «= 318.402
QUADRATS JC 287.28
QUADRATS 3S 160.398
QUADRATS «= 89.775
QUADRATS a t 35.91
QUADRATS a t 7. 182
QUADRATS K 10.773
QUADRATS 2 22.743
QUADRATS «= 0
QUADRATS 19.152
QUADRATS = 20.349
QUADRATS 15.561
QUADRATS * 100.548
QUADRATS v 134.064
QUADRATS a t 47.88
QUADRATS a t 5.985
QUADRATS *= 9.576
QUADRATS a t 25.137
QUADRATS = 27.531
QUADRATS 74.214
QUADRATS = 5.985
QUADRATS * 102.942
QUADRATS s 124.488
QUADRATS = 39.501
QUADRATS = 9.576
QUADRATS as 16.758
QUADRATS a t 25.137
QUADRATS = 43.092
QUADRATS = 86.184

IANCE
49-1924 38.F328 7820.36
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ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 1 TO 20 QUADRATS = 26.334
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 2 TO 21 QUADRATS = 9.576
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 3 TO 22 QUADRATS = 3.591
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 4 TO 23 QUADRATS = 29.925
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 5 TO 24 QUADRATS = 17.955
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 6 TO 25 QUADRATS = 3.591
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 7 TO 26 QUADRATS = 3.591
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE a TO 27 QUADRATS = 0
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 9 TO 28 QUADRATS = 7.182
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 10 TO 29 QUADRATS = 9.576
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE li TO 30 QUADRATS = 0
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 12 TO 31 QUADRATS « 16.758
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 13 TO 32 QUADRATS = 338.751
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 14 TO 33 QUADRATS = 307.629
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 15 TO 34 QUADRATS « 57.456
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 16 TO 35 QUADRATS = 45.486
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 17 TO 36 QUADRATS = 8.379
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 18 TO 37 QUADRATS - 9.576
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 19 TO 38 QUADRATS - 19.152
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 20 TO 39 QUADRATS = 7.182
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 21 TO 40 QUADRATS = 44.289
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 22 TO 41 QUADRATS = 53.865
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 23 TO 42 QUADRATS = 26.334
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 24 TO 43 QUADRATS = 0
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 25 TO 44 QUADRATS = 10.773
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 26 TO 45 QUADRATS = 4.788
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 27 TO 46 QUADRATS = 7.182
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 28 TO 47 QUADRATS = 8.379
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 29 TO 48 QUADRATS = 9.576
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 30 TO 49 QUADRATS «= 1.197
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 31 TO 50 QUADRATS = 13.167

TOTAL NO. DIFF. MEAN STD.DEV. VARIANCE

31 35.5239 78.4788 6158.92



2$}

V.ti .! A. i; 1;; • 3 i -tC ; TO GU.Af.RArs --- S.5TQ3
GKRUi F Vril.l C 11 ■ .-*.:l JUO. -N: »• !; :• J;?-}-M-':' : 08 '! HF L T; i C1V.0RATS 7. 182
ARSC u JTii" VALUE 1 J ABUNDANCE 1": « !:':-EEE.I !• V T HE 3 I 0 ~ y C'tJAERATS -- 23.94
ABSCM.l: * !: VAC US 1 u ASUNDANCE D!?EEB5.'NCr LOR THE 4 TO 3' QUADRATS « 50.074
ABSOLUTE VALi.tE IN ABUNDANCE d i f f e r f ;*:*:: F I.1! \ THE •2 TG QUADRATS - 84.907
ABSOLlS’i n V Al .UE 3IV ABUNDANCE DI Ef-ERT.tJi FOR the 6 TO 35 QUADRATS =- 131.67
ABSOLUTE. value IN ASUNDANCE DIFFERENCE FHF THE 7 TO 3« QUADRATS = 47-36
ABSOLUTE VALUE IN abundance DIFFERENCE FOR THE 8 TO 3-7 QUADRATS — 16-756
ABSOLUTE VALUE IN ABUNDANCE PIFFERENCE FOR THE 9 TO 33 QUADRATS =- 1^.561
ABSOLUTE VALUE ) N ABUNDANCE DIFFERENCE FOR THE 3 0 TO — o QUADRATS = 25-137
ABSOLUTE VALUE IN ABUNDANCE D IFF ERENCE FOR THE 11 TO 40 QUADRATS = 44.269
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 12 TO 41 QUADRATS = 89.77S
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 13 TO 42 QUADRATS = 344.73*
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 14 TO 43 QUADRATS = 323.19
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 15 TO 44 QUADRATS = 147.23S
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 16 TO 45 QUADRATS * 83.79
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 17 TO 46 QUADRATS = 32.319
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 18 TO 47 QUADRATS *= 4.788
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 19 TO 48 QUADRATS = 0
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 20 TO 49 QUADRATS = 31-122
ABSOLUTE VALUE IN ABUNDANCE DIFFERENCE FOR THE 21 TO 50 QUADRATS = 3.591

TOTAL NO. DIFF. 
21

MEAN 

72.105

STD.DEV.

96.4562:

VARIANCE
9303.79

ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN
ABSOLUTE VALUE IN

ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE 
ABUNDANCE DIFFERENCE

FOR THE 1 TO 40
FOR THE 2 TO 41
FOR THE 3 TO 42
FOR THE 4 TO 43
FOR THE 5 TO 44
FOR THE 6 TO 45
FOR THE 7 TO 46
FOR THE 8 TO 47
FOR THE 9 TO 48
FOR THE io TO 49
FOR THE 11 TO 50

QUADRATS *= 38.304 
QUADRATS *= 80. 199 
QUADRATS = 29.925 
QUADRATS *= 65.835 
QUADRATS - 4.788 
QUADRATS *= 2.394 
QUADRATS *= 7. 182 
QUADRATS «= 2-394 
QUADRATS *= 3.591 
QUADRATS = I.197 
QUADRATS = 3.591

TOTAL NO. DIFF. MEAN STD.DEV. VARIANCE
21.7636 28.3404 803.181
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