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COMMUNITY STRUCTURE AND PRODUCTION OF BENTHIC MACRO-INFAUNA OF 
SOUTHAMPTON WATER. 

By Joseph Adegoke Oyenekan 

The study area covers some 600 hectares of the sublittoral zone 

of the industrialized region of Southampton Water. The sublittoral 

benthic macro-infauna was sampled in May 1978 and repeated in May 

1979. Four selected stations were sampled bimonthly between 

July 1978 and March 1980. Physico-chemical and biological 

parameters affecting the community structure in the area were 

discussed. Seasonal changes in the parameters were followed to 

assess factors affecting the distribution and abundance of major 

faunal species. 

Polychaetes were numerically dominant, Caulleriella being 

dominant on the eastern side and the mouth of the estuary and 

Capitella on the western side. Diversity and faunal indices 

measured showed the community to be unstable. The number of 

species at all selected stations declined throughout the study. 

The life cycle of some dominant species were investigated. 

Many of the species bred throughout the year with peak recruitments 

in summer. Their life cycle and those of related species elsewhere 

are discussed. 

Biomass and secondary production estimates were calculated 

for eighteen species. Mercenaria emerged as the most productive 

and biomass dominant species. Total macro-faunal production 

is compared with other studies^ 

The community of the study area compares well with a typical 

Macoma community with Mercenajfl'a and Crepidula replacing Macoma 

balthica. The study area is a physically controlled community, 

with greater stress on the western side. The effects of pollutants 

such as hydrocarbon and sediment metals on the community are 

discussed. 
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SECTION UNE 

GENERAL INfkUDUCriUN 

One of the most impor tant p r i n c i p l e s in e c o l o g i c a l thought and 

p r a c t i c e i s the concept of community which emphasises t h a t d ive r s e 

organisms usua l ly l i v e t o g e t h e r in an order ly manner. A b i o t i c 

community was descr ibed by Odum (1971) as an assemblage of popula t ions 

l i v i n g in a p resc r ibed a rea or phys ica l h a b i t a t possess ing some unique 

a t t r i b u t e s . Communities a re o f t e n named and c l a s s i f i e d according t o 

major s t r u c t u r a l f e a t u r e s such as dominant spec ies (Pe te r sen ,1913 ; 

Thorson, 1957); phys ica l h a b i t a t (Jones, 1950); f u n c t i o n a l a t t r i b u t e s , 

f o r example, type of community metabolism (Odum, 1971) . 

I n v e s t i g a t i o n s of the i n t e r t i d a l and s u b l i t t o r a l communities in 

h c o a s t a l and e s t u a r i n e waters (Buchanan, 1963; Cass i e and Michael, 

; Gray, 1974; Warwick and Davies,1977) have l a r g e l y been conf ined 

to the d i s t r i b u t i o n of the c o n s t i t u e n t spec ies and t h e i r sediment r e l a t i o n -

s h i p s . Such an approach i s of l imi ted value s ince i t l acks an under -

s tanding of the fundamental ecology of the spec i e s , a p r e r e q u i s i t e towards 

e s t a b l i s h i n g i n t e r - r e l a t i o n s h i p s . Changes in the community s t r u c t u r e , 

biomass and product ion not only provide adequate e c o l o g i c a l in fo rmat ion , 

but a l s o permit comparisons between d i f f e r e n t ecosys tems , Regular shor t 

i n t e r v a l sampling over a long per iod of time al lows changes in community 

s t r u c t u r e to be fo l lowed. 

Most in format ion on secondary product ion of b e n t h i c marine systems 

has accumulated s ince 1970 in s p i t e of var ious a t t e m p t s by seve ra l 

workers over two decades ago (Sanders, 1956; Knuenzler , 1961). Much 

of ben th ic secondary product ion s t u d i e s have focused a t t e n t i o n on s i n g l e 

spec ies popu la t ions (Golikov and S c a r l a t t o , 1970; Chambers and Mi lne , 

1975; Sheader, 1977). Few e s t i m a t e s of t o t a l macrofaunal secondary 

product ion have been made over shor t per iods usua l ly l e s s than t h r e e 

yea r s (Buchanan and Warwick, 1974; Warwick and T r i c e , 1975; hosenberg, 

1977; Warwick e t a l , 1977, 1978); long term s t u d i e s of Buchanan e t 

a l (1974) suggest a cons ide r ab l e v a r i a t i o n in s p e c i e s composit ion with 

ove ra l l p roduc t ion remaining s t a b l e . 

In Southampton water, an e s tua ry of m u l t i p l e usage, s eve r a l 

e c o l o g i c a l s t u d i e s have been made: h a r p a c t i c o i d s , ( B a r n e t t , 1959; 

Wormald, 1972); polychaetes (George, 1962; 1964; Esse r , 1972); 

l ame l l i b r anchs (Ansel l , 1963a; Barnes, 1973; M i t c h e l l , 1 9 7 4 ; 

Hibber t , 1976); genera l macrofaunal species (Soulsby, 1978; L e v e l l , 1 9 7 9 ) . 



Apart f r o ^ U i b b e r t ' s (1976) i n v e s t i g a t i o n of the b i v a l v e ^o ru l a t ions 

of the i n t e r t i d a l Hamblo F p i t , product ion s tud ie s of uhc benth ic macro-

fauna ! spec ies in Southampton Water have been n e g l e c t e d . This makes 

i t impossible t o a s s e s s changes w i th in communities which might have 

taken place during the p rogress ive i n d u s t r i a l i z a t i o n of the a r e a . 

The a f f e c t s of i n d u s t r i a l i z a t i o n on e c o l o g i c a l systems have 

long been of g r e a t concern to b i o l o g i s t s . The l e v e l of environmental 

f a c t o r s an:l t h e i r r a t e s of change in c o a s t a l and e s t u a r i n e waters are 

determined by n a t u r a l and man imposed c o n d i t i o n s . E s t u a i i e s have bson 

of p a r t i c u l a r i n t e r e s t as a s ink f o r d i sposa l of domest ic and i n d u s t r i a l 

e f f l u e n t s . The b i o l o g i c a l a c t i v i t i e s of e s t u a r i e s r r o v i ^ e s u r r o r t lor 

s ^ ^ l l f i s h e r i e s . Some d e l e t e r i o u s e f f e c t s , however, %rise from tha 

a d d i t i o n of c e r t a i n substances to e s t u a r i n e systems or r s d i s t r i b u t i o n 

of such subs tances wi th in e s t u a r i e s . I n d u s t r i a l and municipal wastes 

form the bulk of p o l l u t i o n in e s t u a r i e s , al though land r u n - o f f c o n t a i n -

ing f e r t i l i z e r s and p e s t i c i d e r e s idues c a r r i e d i n t o e s t u a r i e s by r i v e r s 

and land dra inage are a s i g n i f i c a n t component. 

Some of the e f f e c t s of both organic an^ i n o r g a n i c i n d u s t r i a l 

p o l l u t a n t s on marine and o s tua r ine organisms are ^ e l l documented 

(Naylor, 1965;* Baker, 1969) . The aech^^isms possessed by organisms 

allowing Lhe& to cope v i t h n a t u r a l f l u c t u a t i o n s in the concen t r a t ions 

of tox ic subs tances are r ^ ^ t i c u l a r l y important in r o l i u t e ^ r3y ions . 

Species vary in t h e i r decree jf t o l e r a n c e r e s u l t t ^ u t uh ' e ; 

po l lu t ed c o n d i t i o n s , the eco log ica l ba lc^ce chGH^^ favour of 

the more t o l e r a n t organisms, some of vhic . hcve beco j^ u s e f u l i n d i c a t o r s 

of p o l l u t i o n . T^e p o l l u t i o n s t r e s s on an ecosystem i s c j ^ i f s s t e d 

c l e a r l y on r a s ronses e f f e c t i n g a v a r i e t y of r a r awe ta r s , f o r excmple, 

d i v e r s i t y , s t a b i l i t y , biomass and p roduc t ion . r r o d u c t i c n may, t o a 

c e r t a i n e x t e n t , be inc reased a t the expense of d i v e r s i t y and biomass. 

Never the less , beyond a c e r t a i n optimal po in t , p roduct ion i t s e l f becomes 

adverse ly a f f e c t e d . 

The most obvious e f f e c t of moderate l e v e l s of p o l l u t i o n on an 

ecosystem i s the r educ t i on in spec ies d i v e r s i t y (Anger, 1975; Pearson , 

1975; Pearson and Rosenberg, 1978; Gray, 1979) . Those organisms 

incapable of t o l e r a t i n g the e f f e c t s of the p o l l u t a n t s d e c l i n e while 

those which can, p r o l i f e r a t e and may then exclude f u r t h e r spec ie s over 

which they have a compe t i t ive advantage . In severe p o l l u t i o n circum-

s t ances , both d i v e r s i t y and biomass a re reduced up t o a c r i d c a l po in t 

%&ere t^e environment may become a z o i c . A g rea t impovorish^sut of 



the environment has been reported in the Immediate v i c i n i t y of the o i l 

ref inery o u t f a l l in Southampton Water (Baker, 1969) which i s within 

the area of the present study. Garber (1960) found that there was 

l i t t l e corre la t ion between free f l o a t i n g marine plankton populations 

and the presence of po l lut ion and suggested the use of benthic organisms 

as po l lu t ion parameters. An in teres t ing study by Grassle and Grass le 

(1974) suggested the polychaetes Capi te l la c a p i t a t a and Polydora ( l i p n i ) 

&a as ind icators of organic po l lut ion i n s o f t sediments. 

The few secondary production s tudies of the benthic macrofauna 

so far carried out have been largely r e s t r i c t e d to e i ther i n t e r t i d a l or 

marine subtidal communities (Lie, 1969; Pee i \ 1970; Buchanan and 

Warwick, 1974; Kirkegaard, 1978) with a handful of studies in the 

estuarine l i t t o r a l environment (Warwick and Pr ice , 1975; Rosenberg, 

1977). The present study i s perhaps the f i r s t inves t iga t ion of second-

ary production of the benthic macro-infauna in an industr ia l i zed es tuary . 

Williams (1976) showed that the primary product iv i ty of the phytoplankton 

community in Southampton Water far exceeds tha t of benthic microalgae. 

He suggested that in view of the high sedimentation rate in the estuary 

and the high tendency for the benthic microalgae t o be cut o f f from the 

l i g h t source, the low benthic primary product iv i ty would have s i g n i f i -

cant e f f e c t s on the secondary production of the benthos at the higher 

trophic l e v e l s . 

Many de ta i l ed s tudies on the community s tructure of the benthos at 

cer ta in l o c a l i t i e s around the B r i t i s h I s l e s ar^ documented (Buchanan 1963; 

Gage, 1972; Buchanan et a l , 1974; Gray,1976; Warwick and Davies, 1977; 

Buchanan e t a l , 1978). Studies in Southampton Water have met l imi ted 

succes s . The Southern Water Authority's annual summer samplings of the 

estuary and the Solent provided useful information on the community 

structure on which de ta i l ed further studies of the benthic macrofauna 

of the estuary could be based. Nevertheless , the annual samplings of 

the Authority (1975-1976) and of the Fie ld S t u d i e s Councils, Oil Research 

Unit, Orielton (1977-78) gave no information regarding seasonal f l u c t u a -

t i ons in the benthic macrofauna of the estuary. 

The main objec t ives of the present study 

( i ) To i n v e s t i g a t e s p a t i a l and temporal changes in the community 

structure of the benthic macrofauna of the central i n d u s t r i a l i z e d 

area of Southampton Water (see F ig . 2 .1 ) over a 20 month per iod. 



( i i ) To study the seasona l cyc le s in abundance, spec ie s composition 

and r e l a t i v e abundance a t four s e l e c t e d s i t e s w i t h a view t o 

providing b a s e l i n e da ta on the d i s t r i b u t i o n and abundance of 

Lenthic macro- infauna wi th in the e s t u a r y , 

( i i i ) Jo examine the i n f l u e n c e of i n d u s t r i a l d i scha rge around Fawley 

( in p a r t i c u l a r , hydrocarbon and t r a c e me ta l s ) on the ecology 

of the macrofauna . 

( iv) To study the l i f e cycle of the dominant f auna l spec ies in t h e 

area wi th a view t o e s t a b l i s h i n g the r e p r o d u c t i v e s t r a t e g i e s of 

the s p e c i e s in an i n d u s t r i a l i z e d e s t u a r y . 

(v) To e s t i m a t e the secondary produc t ion of the dominant ben th ic 

mscrofaunal spec ies and the t o t a l macrofaunal community in t h e 

study a rea in order t h a t e s t u a r i n e s u b l i t t o r a l product ion might 

be compared ^ i t h t h a t of i n t e r t i d a l and marine s u b l i t t o r a l 

communities. 

Deta i led study was made a t f ou r s e l e c t e d s i t e s t o al low temporal 

changes in spec ies composit ion, d i v e r s i t y and biomass over a period of 

20 months (July 1978 - March 1980) to be fo l l owed . This was aimed a t 

providing i n s i g h t s i n t o the probable i n f l u e n c e of the i n d u s t r i a l d i s -

charges on the b e n t h i c communities. 



SECTION TWO 

iULVEY OF TMZ BCNTHIC MACLO-INFAUN^ OF SOUTHAMPTON WATSR 

I n t r o d u c t i o n 

Many f a u n i s t i c surveys of B r i t i s h e s t u a r i e s have so f a r been 

c a r r i e d out, e . g . Exe, (Holme, 1949); Tamar and Lynher, (Spooner and 

Moore, 1940); the Cheshi re Dee , (S top fo rd , 1951); the Severn,(Rees, 

1940); Kersey, (Bass inda le , 1938: C o r l e t t , 1948); Southampton Water 

(George, 1962; A n s e l l , 1963; Barnes e t a l , 1973; Soulsby, 1978; 

Leve l l , 1979). Most i n v e s t i g a t i o n s on the bottom fauna of Southampton 

Water have h i t h e r t o been l a rge ly conf ined to the l i t t o r a l zone ( B a r n e t t , 

1959; Baker,1971; Essec ,1972; H i b b e r t , 1 9 7 6 ) . Some of the s t u d i e s 

have been d i r e c t e d towards the ecology of s i n g l e spec ies (Ansell 1968; 

Barnes,1973; George,1962) with only a l i t t l e a t t e n t i o n devoted to 

m u l t i p l e spec i e s s t u d i e s (Hibber t ,1976; L a u r i s t o n , 1 9 7 7 ) . 

In the s u b l i t t o r a l , the i n v e s t i g a t i o n s on the ben th ic e s t u a r i n e 

organisms in Southampton Water have focused e x c l u s i v e l y on surveys cove r -

ing the e n t i r e e s t u a r y inc luding in most cases the S o l e n t . These 

inc lude s t u d i e s of the plankton (Raymontpl972); the lomel l ib ranchs 

(Barnes e t 81^1973; Coughlan and Holmes^1971); the ben th i c diatoms 

(Hat ton ,1977) ; and t o t a l macrofauna (Barnes e t a l 1971; Soulsby,1978; 

L e v e l l , 1 9 7 9 ) . Previous s t u d i e s of the ben th ic organisms of the e s t u a r y 

suggested t h a t Southampton Water i s an e s tua ry where sediment i s predomi-

nant ly mu^ k i t h varying degrees of in termixed sand with impoverished 

fauna (Baker |1971; Dyer,1973; Dicks ,1976) . 

The d i s t r i b u t i o n of benth ic organisms may be i n f l uenced by a wide 

range of phys ica l and environmental f a c t o r s . An a t tempt to i n t e r p r e t 

ben th i c d i s t r i b u t i o n with regard t o a l l such Environmental f a c t o r s would 

be a major p iece of ^'ork. I t i s g e n e r a l l y cons idered t h a t such s t u d i e s 

deal with a complex i n t e r a c t i o n of f a c t o r s , many of which are d i f f i c u l t 

t o q u a n t i f y and measure . Sediment t y p e s , s a l i n i t y , t empera ture , l i g h t 

i n t e n s i t y , n u t r i e n t l e v e l s and wave a c t i o n , a l l undoubtedly i n f l u e n c e 

f auna l d i s t r i b u t i o n , the f i r s t t h r e e a re o f t e n cons idered as being of 

fundamental impor t ance . 

Although the e f f e c t s of d i s cha rge from the r e f i n e r y a t Fawley 

(sec Figure 2 .1) on the s a l t marshes of Southampton Water have been 

d i scussed (Bakerpl971; DickSpl976), the i n f l u e n c e of the i n d u s t r i a l 
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discharge on the s u b l i t t o r a l ecology of the e s tua ry has su f f e r ed con-

s i d e r a b l e n e g l e p t . The p resen t study area was chosen s ince i t 

r e p r e s e n t s probably the area wi th in the e s t u a r y s u b j e c t t o the g r e a t -

e s t amount of i n d u s t r i a l d i s c h a r g e . Ref ine ry e f f l u e n t , one of t h e 

major i n d u s t r i a l d i s c h a r g e s i n t o Southampton Water, con ta ins m a t e r i a l s 

o ther than petroleum hydrocarbon, which may have d e l e t e r i o u s e f f e c t s 

on the e s t u a r i n e organisms. Jenkins (1964) s tud ied the t ox ic e f f e c t s 

of phenols, ammonia and su lph ides on f i s h and concluded t h a t the 

inc reased pH of some r e f i n e r y waste water led t o h igher m o r t a l i t i e s 

as a consequence of the ammonia l e v e l s p r e s e n t . Reish (1964) s tud ied 

the e f f e c t s of o i ly d i s cha rges on marine organisms and condluded t h a t 

t o x i c r e f i n e r y wastes may be d i r e c t l y r e s p o n s i b l e f o r m o r t a l i t y of marine 

organisms. A secondary e f f e c t could r e s u l t in oxygen dep l e t i on of the 

water as a consequence of b i o l o g i c a l ox ida t ion of the organic par t of the 

Trace meta l s are o f t en p resen t i n the r e f i n e r y e f f l u e n t , copper 

being the most n o t a b l e . Copper c h l o r i d e i s used as a ' swee ten ing ' 

agent and a c t s by conver t ing mercaptans to d i s u l p h i d e s (Knap 1978). 

Copper i s very t o x i c a t low c o n c e n t r a t i o n s (Bryan 1971). 

In s p i t e of the p o t e n t i a l e f f e c t s of i n d u s t r i a l wastes on the 

e s t u a r i n e fauna, p a r t i c u l a r l y the benthos, t he s u b l i t t o r a l community of 

Southampton Water have lacked any previous i n t e n s i v e s t u d i e s . The 

annual summer samples of the Southern Water A u t h o r i t y , Cen t r a l E l e c t r i c i t y 

Generat ing Board and Ur i e l ton Oil P o l l u t i o n Research Unit ignored seasona l 

changes in spec ie s composit ion between the sampling p e r i o d s . Long term 

s t u d i e s o f f the coas t of Northumberland (Buchanan e t a l ,1073) provide 

u s e f u l i n fo rma t ion on the f a c t o r s a f f e c t i n g p r o d u c t i o n . The p resen t 

study in an i n d u s t r i a l i z e d es tua ry i s assumed t o e l u c i d a t e the e f f e c t s 

of i n d u s t r i a l d i scharge on the community s t r u c t u r e and product ion of 

Southampton n ^ t e r . 

The study area ^as l imi t ed to a s i z a b l e p a r t of Southampton Water 

which coul^ be e a s i l y covered in d e t a i l and the s t a t i o n s sampled evenly 

spaced so as to g ive a c l e a r p i c t u r e of s p a t i a l d i s t r i b u t i o n of the 

be^ithic mac ro - in fauna . The mesh s i z e of the s i e v e used in the p r e sen t 

study A^s 0.5mm. B'revious s t u d i e s on the b e n t h i c macrofauna of 

SouthLmrton Watur have used 1 rm. s i e v e s , which must have r e s u l t e d in the 

l o s s of many small po lychae tes , c h a r a c t e r i s t i c of s i l t y s o f t bottom 

d e p o s i t s . Buchanan e t a l (1974) es t imated a l o s s of almost 75^ of the 
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t o t a l i n d i v i d u a l s of t h r e e important producers off the coas t of 

^orthuwberlund due t o the use of s i eves of mesh s i z e g r e a t e r than 0.5mm. 

The present study aimed a t providing accu ra t e product ion es t imates by 

using a 0 .5 mm s i e v e . 

Twenty-four evenly se l ec ted s t a t i o n s ( F i g . 2 .2) were sampled in 

^ay 1970 and repea ted in &ay 1979, Four s t a t i o n s were se lec ted f o r 

monitor ing and sampled r egu l a r ly every t^^ months with the aim of a s s e s -

s ing changes in the ben th i c macrofaunal assemblages . The species 

d i s t r i b u t i o n in r e l a t i o n Lo the physico-chemical parameters of the s tudy 

area aas i n v e s t i g a t e d to e s t a b l i s h the ro le of the c o n s t i t u e n t spec ie s 

in the ecosystem. The i n f l u e n c e of human a c t i v i t i e s on the compbsi t ion 

and d i s t r i b u t i o n of the macroinfauna of the e s tua ry was a l so s t u d i e d . 

2 . 2 General d e s c r i p t i o n of the study area 

Southampton Water, a 16 k i l ome te r long e s tua ry runs in a nor th wes t -

south e a s t e r l y d i r e c t i o n and opens a t i t s seaward end t o the S o l e n t . I t 

i s tha drowned lower p o r t i o n s of the Tes t and I t chen r i v e r s , forming a 

t y p i c a l c o a s t a l p l a i n e s tua ry (Dyer,1973). Near the mouth of Southampton 

Water, the depth i s of the order of 12 to 13 me t res ; t he r e s t of t h e 

e s tua ry has banks of s o f t mud with a deep channel dredged to a depth of 

more than 10 m e t r e s . F igure 2.2 i s a map of the study a rea showing the 

l o c a t i o n of the sampled s t a t i o n s in the su rveys . 

Owing to Lhe i n t e r f a c i n g p r o p e r t i e s of e s t u a r i e s , t h e r e o f t e n a r i s e 

c o n f l i c t s of i n t e r e s t on how bes t the f a c i l i t i e s provided by e s t u a r i e s 

may serve the p o p u l a t i o n . Southampton Water se rves as a sea po r t , a 

c e n t r e of r e c r e a t i o n a l s a i l i n g , a s ink f o r the d i s p o s a l of domestic and 

i n d u s t r i a l wastes, as wel l as a s i t e f o r s h e l l f i s h e r i e s . The s tudy 

a rea , approximately 600 h e c t a r e s in a rea , accommodates the o u t f a l l s of 

' s a t e l l i t e ' i n d u s t r i e s : Union Carbide , Monsanto Chemicals, I n t e r n a t i o n a l 

Syn the t i c Lubber and the ^sso Petroleum r e f i n e r y on t h e western s ide and 

S h e l l %ex j e t t y and the Mamble r i v e r mouth on the e a s t e r n s i d e . The 

Esso r e f i n e r y a t Fawley i s a t p re sen t the l a r g e s t petroleum r e f i n e r y in 

the United Kingdom and one of the l a r g e s t in Europe . The expansion of 

the r e f i n e r y in 1971 makes i t the s i x t h l a r g e s t r e f i n e r y in the world, 

with a t o t a l r e f i n e r y capac i ty of about 20 m i l l i o n tonnes per y e a r . 

In Spite of a i r f i n cool ing technology beginning t o r ep l ace the 

need f o r copious q u a n t i t i e s of cool ing water, Esso r e f i n e r y a t Fawley 

in 1976 used about 450 m i l l i o n l i t r e s of sea wa te r d a i l y . This water 
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con ta ins organic e f f l u e n t from the r e f i n e r y p r o c e s s e s (Knappl978). 

The ma jo r i t y of heavy and f l o a t i n g o i l s are removed by the A .P . I . 

s e p a r a t o r s w i t h i n the r e f i n e r y complex. N e v e r t h e l e s s , some d isso lved 

and p a r t i c u l a t e absorbed hydrocarbons a re d i scha rged i n t o the e s t u a r y . 

Baker (1973) es t imated the r e l e a s e of twenty tonnes of o i l i n t o 

Southamp&n from a l l sources d a i l y . Williams (1976) es t imated a 

t o t a l yea r ly inpu t of 13,5U0 tones of organic carbon i n t o the es tuary 

in 1974, o r i g i n a t i n g as e f f l u e n t s from the major i n d u s t r i e s wi th in 

the a r e a . Lighty per cent of the organic carbon came from the r e f i n e r y 

%lone. Knap (1978) es t imated a d a i l y input of about 10-15 tons? of hydro-

carbon i n t o the e s t u a r y , a value which f a r exceeds the 0 .4 tons per day 

discharged i n t o a l a r g e r area of San F rans i s co Bay (Disalvo, Guard and 

Hunter, 1975). D i sa lvo e t al (1975) regarded t h e fauna of San F r a n s i s c o 

Bay as po l lu ted by petroleum hydrocarbon. In t h a t case, some concern 

should be given to the s i t u a t i o n in Southampton Water. 

The i n f l u e n c e of f r e shwa te r f low from the Hamble r i v e r i s s l i g h t 

with the water column in the study a r ea remaining almost homogenous, 

though Lhe i n f l o w from the Test and I t c h e n r i v e r s i s marked in the upper 

roaches of Southampton . f a t e r . Dyer (1^73) found t h a t the s a l i n i t y 

inc reased only g r a d u a l l y towards the mouth of t h e e s t u a r y . Although 

the area may be r e f e r r e d to as an e s t u a r y , Southampton J a t e r i s e s s e n -

t i a l l y marine i n c h a r a c t e r . At high water, the mouth of Southampton 

Water shows s a l i n i t i e s throughout the water column exceeding 34%o and 

near the Royal p i e r , the s a l i n i t y never f a l l s below 31^o a t low wa te r . 

Raymont (1972^ Dyer (1973) desc r ibed Southampton Water as moderately 

s t r a t i f i e d . 

_ d i s t r i b u t i o n of t h e phys ico-chemical pa rame te r s . 

: . 3 . 1 . F i e ld s t u d i e s 

T^^nty four evaiy spaced s t a t i o n s aboutiWO metres apa r t ( f i g . 2 . 2 ) 
g) 

were sampled in Way 1978 and repeated In May 1979. Four G.lm" van Veen 

grub samples ;ere taken with the boat anchored a t each of the s t a t i o n s , 

^h ich i.ere loca ted .vith th2 uid of a marine boat ' s e s t r e l s k i p p e r ' 

compass and land ^&rks. Three grab samples were washed c a r e f u l l y 

throu&u c C.Smm s i eve by y s n t l e a g i t a t i o n to prevent damage to the 

i n f a u n a l s p e c i e s . Mate r i a l r e t a i n e d on the s i eve was preserved in 

i u b e l l e d j a r s con t a in ing a 3% f o r m a l i n - s e a water s o l u t i o n and s t a i n e d 

in Lose BenyoL. The dye s t a ined organic ma t t e r i n c l u d i n g the fauna 

red t o ease f u r t h e r s o r t i n g in the l a b o r a t o r y . The top 10cm of the 
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f o u r t h grab sample a t each s t a t i o n was placed in a l a b e l l e d polythene 

bag and s to red in a deep f r e e z e p r i o r t o ovendryimg f o r f u r t h e r a n a l y s i s . 

P Laboratory i n v e s t i o a t i o n s 

(a) lediment Ana lys i s 

( i ) Method 

The p a r t i c l e s i z e a n a l y s i s of the sediment was e s s e n t i a l l y the 

rap id a n a l y s i s of sediment ou t l i ned and recommended by Buchanan and Kain 

(1971) . An a c c u r a t e l y weighed 25g sample of the oven-dr ied sediment 

from each s t a t i o n was p r e t r e a t e d with a s o l u t i o n c o n t a i n i n g a s e q u e s t e r -

ing agent (sodium hexametaphosphate) o v e r n i g h t . The sample was i n i t i a l l y 

sieved through a 63_wm s ieve to s e p a r a t e the sediment i n t o sand and 

above and s i l t / c l a y f r a c t i o n s . The r e t a i n e d m a t e r i a l on the s ieve was 

d r i ed to cons tan t weight a t 80^C and placed on a mechanical shaker f o r 

15 minu tes . Any remaining s i l t / c l a y f r a c t i o n passed through the s i e v e . 

The percentage f i n e s ( p a r t i c l e s of s i l t and c lay , d iameter 63 pm) was 

c a l c u l a t e d by s u b t r a c t i o n of the oven dr ied weighed f r a c t i o n re t a ined on 

the s ieve a f t e r shaking from the i n i t i a l weight of the oven dr ied sediment 

sample. 

( i i ) 

Though the sediment a n a l y s i s i s o f t e n p resen ted in the form of a 

cumulat ive curve, t he r e s u l t i s here presented i n sand and s i l t / c l a y 

f r a c t i o n s owing to the mudly na tu re of the study a r e a . Table 2 . 1 . 

shows the percentage composit ion of sawd and s i l t / c l a y f r a c t i o n s of 

the sediments a t the s t a t i o n s during the two su rveys . The study area 

^as predominantly mud with varying degrees of in te rmixed sand . The 

wes tern s ide possessed in gene ra l h ighe r s i l t / c l a y but the p ropor t ion 

of sand inc reased eastwards and seawards . The d i s t r i b u t i o n of the 

f i n e s ( p a r t i c l e s wi th 63 jrni d iameter ) in May 1976 survey i s shown in 

f i g u r e 2 . 3 . 

The sediment of the western s ide around s t a t i o n s 2 and 9 contained 

l e s s than 20^ sand. The region was c h a r a c t e r i s e d by black o i ly mud 

vath a d i s t i n c t hydrogen su lphide odour and conta ined a fow dead s h e l l s 

mainly of Ceras toderma&dule . Mercenaria mercenar ia and o c c a s i o n a l l y 

j vd rob i a sun. The sediment became g rey i sh towards the e a s t e r n s ide 

^here t i e sund conte^^ ^^s g e n e r a l l y h i g h e r . The e a s t e r n s i d e sediments 

uere sandy nu^ and were more compact than the s o f t e r wes te rn sediment . 
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[ i \ o . of S t a t i o n 1978 1979 

1 91.87 99.51 

2 75.02 99.22 

3 1 78.70 99.02 

4 1 65 .93 97.52 

55.11 96.51 

6 92 .35 95.50 

7 76.77 99.16 

8 74 .60 99.26 

9 80 .58 96.87 

10 76.89 98.78 

11 83.52 77.53 

12 45 .23 75.41 

13 38.37 38.27 

14 71.89 66 .73 

15 72 .03 92.44 

16 57.67 49.77 

1 33.19 94.69 

18 ( 19.64 96.05 : 

19 j 55 .35 82.01 : 

20 67 .27 87.38 

21 77 .93 98.26 
cp 76.09 77.05 

23 78.08 93.18 i 

24 62 .27 86 .03 i 

Tuble 2 . 1 The percentage of the s i l t - c l a y f r a c t i o n a t the sampling 

s t a t i o n s dur ing the 1978 and 1979 s u r v e y s . 
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There r%s a remarkable i n c r e a s e in the s i l t / c l a y conten t of the 

sediment of the study area between the 1978 and 1979 su rveys . Curry 

Gt ul (1968) working on tho sed imenta t ion r a t e a t Fawley es t imated a 

y e a r l y sedimenta t ion r a t e of Knap (1978) e s t ima ted a r a t e of 

dcm y e a r - l cn the western s ide of Southampton Water . The sediment 

towards the en t rance of the es tua ry oontaioed h igh sand conten t (730%) 

but the midchu^nel was mainly pebbles g r a v e l s ^^ th varying propor -

t i o n s of f i n e s . Thete %ere rapid changes in t h e sediment of the study 

a rea , wi th in r e l a t i v e l y sho r t d i s t a n c e s . The cont inuous dredging of 

the channel m^y be r e s p o n s i b l e f o r i t s high sand c o n t s n t . 

(b) Votal organic m a t t e r (7 .v . [ ] . ) 

( i ) I cthoJ 

Sediment ^^ic^ h^s b22_ ovendris^ to c c / s t c \ ^ i t Gu^c ^as 

I in a t^r^d hsloy ^ i in i 

c : , t xbuOc. A f t e r cool ing , the c r u c i b l e c o L t j r t / a r e r e -

veiyhcd. The l o s s in weight a f t e r removal from t h e fu rnace was c a l -

c u l a t e d . The percen tage combustible m a t e r i a l i n the sediment, the 

t o t a l organic ma t t e r (T.u.WL) was es t imated as 

Loss in weight on i g n i t i o n 
I n i t i a l weight be fo r e i g n i t i o n X 100% 

The d i s s o c i a t i o n of CaCOg con ten t of the sediment a t S50°c was 

minimal . 

This simple and rapid method proMdes a rough es t ima te of the 

t o t a l organic ma t t e r but does not n e c e s s a r i l y measure the q u a n t i t y of 

o rgan ic mat te r d i r e c t l y a v a i l a b l e to t^e macrofauna . Neve r the l e s s , 

T . u . L . g ives an i n d i c a t i o n of the amount of food avd lab l e t o ben th ic 

animals (Byers e t 31 ,1978) . 

( i i ) Resul ts 

Table 2 .2 shows the percentage t o t a l organic m a t t e r of the study 

area dur ing the two su rveys . The ^ e s t e r ^ s ide c o n t a n e d higher Z.U.M. 

than the e a s t e r n s ide , witn the h i ^ h ; s t i s v e i s around the i n d u s t r i a l o u t -

f a l l s ( f i g u r e 2 . 4 ) . Gene ic l iy c o t . i rr&^nic m a t t e r decreased eastwards 

except around Net iey where sewage JcS d i sc^^ rged . There was a d e c l i n e 

T.O.b . 01 t j 3 study ^rea between Lay 1978 and ^ay 1979. There 

was no s i g n i f i c a n t c o r r e l a t i o n between T.u.K. and the s i l t / c l a y f r a c t i o n s 

in t i e iwvss t i ua t ed a r e a . 



Xo. of S t a t i o n 1978 1979 

1 12.55 10.53 

2 12.36 9 .91 
3 9 .36 10.82 

9 .98 7 .52 
5 7 .25 16.12 
6 9 .58 6 .16 
7 6 .22 5 .02 
8 12.96 5 .32 
9 11.92 3 . 2 5 

10 11.21 10.33 

11 10.48 9 .19 

12 8 . 7 5 8 . 8 1 

13 6 .34 3 . 9 7 

14 14.41 7 .65 

IS 8 .19 6 .12 

16 8 .66 2 . 8 3 

17 4 . 9 0 1 .70 

18 3 .62 8 .52 

19 8 .34 10.60 

20 7 7 . 0 5 

21 8 . 2 7 6 . 5 1 

22 7 .09 3 . 4 0 

23 17.34 1 .45 

24 2*61 0 .79 

Table 2, he percentage t o t a l o rgan ic mat ter a t a l l s t a t i o n s 

n 1978 and 1979 surveys 
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(c) Sediment P e t a l s 

The methods employed in the de te rmina t ion of t h e sediment metals 

vary ^ j t h d i f f e r e n t d i s c i p l i n e s . The s imples t method used in the 

p resen t study aims a t e s t imat ing the t o t a l metal l e v e l in the sediment 

and involves X-ray f l u o r e s c e n c e s p e c t r o m e t r y . Th i s i s a device i n v o l v -

ing e x c i t a t i o n of c h a r a c t e r i s t i c X-rays by means of a primary X-ray 

beam. Though q u a l i t a t i v e a n a l y s i s permi ts samples t o be placed in 

an X-ray spec t romete r i n v i r t u a l l y any form, q u a n t i t a t i v e a n a l y s i s 

demands compact s e l f - s u p p o r t i n g samples prepared i n a reproduc ib le 

f a s h i o n . Powdered sediment samples were made i n t o p e l l e t s using the 

procedure desc r ibed by Norr ish and Chappel (1977). 

Ovendried sediment samples were f i n e l y ground i n t o powder* Each 

sample was prepared as a p e l l e t using the technique ou t l i ned by Norr ish 

and Chappel (1977) by applying a 4 ton pressure t o form a coherent 

sample. The i d e n t i t y of each sample was w r i t t e n wi th a marking pen 

on the bor ic acid back. 

The p e l l e t s were then in t roduced i n t o the X-ray spec t rometer , an 

ins t rument f o r d i s p e r s i n g X-rays and f o r measuring t h e i r i n t e n s i t y as 

a means of mdking q u a l i t a t i v e and q u a n t i t a t i v e a n a l y s i s . The X-ray 

d e t e c t o r s in the spec t rometer conver t the energy of t h e i n d i v i d u a l X-ray 

photon h iu t i ng the sunple i n t o measurable impulses of e l e c t r i c a l energy, 

l e v . I s . J rc . j - surcc ih t%d sarn ie Jerended on the p a r t i c u l a r 

programme of me ta l s t h a t the spec t romete r was s e t t o i d e n t i f y . Copper, 

Lead, Zinc and Arsen ic were measured but of g r e a t e s t i n t e r e s t was copper 

which i s used in t h e r e f i n e r y p roces se s and t h e r e f o r e could poss ib ly be 

l inked in d i s t r i b u t i o n with hydrocarbons , 

( i i ) Resu l t s 

The l e v e l s ( p a r t s per m i l l i o n ) of sediment m e t a l s (Cu, Zn, Pb and As) 

f o r the study a rea in May 1978 and 1979 a re given in Table 2 , 3 . The d i s -

t r i b u t i o n of the sediment copper and z inc f o r the survey in May 1978 i s 

shown in F i g s . 2 .5 , 2 , 6 , In g e n e r a l , the western s i d e conta ined h igher 

sediment copper and z inc than the e a s t e r n s ide wi th a high l eve l of 

sediment copper a t a s i n g l e s t a t i o n ( s t a t i o n 13) between Net ley Dome 

aud the en t rance of . i v e r Hamble in lv7o . Sediment copper inc reased 

a t a l l western s t a t i o n s between May 1978 and May 1979 except those in the 

mid channel (7, lu , 11, IV) . The hiyh decrease a t s t a t i o n 13 was 
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May 1978 M: ;y 1979 

No, of 
S ta t ion 

Cu Zn Pb As Cu Zn Pb As 

1 194 182 82 34 179 187 74 24 

2 148 150 77 33 272 168 75 23 

3 51 91 54 22 65 105 62 18 

4 26 69 38 31 30 81 48 21 

5 41 81 48 26 28 84 44 14 

6 47 117 56 44 65 110 83 20 

7 271 160 77 41 111 104 50 7 

8 200 179 82 55 290 154 61 22 

9 579 138 55 44 854 164 75 22 

10 304 137 61 35 89 99 57 12 

11 57 112 61 35 42 98 55 7 

12 22 98 64 33 43 116 68 21 

13 279 159 75 33 15 78 54 11 

14 50 220 172 44 25 107 56 19 

15 35 85 53 35 32 88 48 15 

16 24 81 49 35 21 87 55 13 

17 34 86 51 28 11 61 24 14 

18 21 40 21 23 29 94 61 19 

19 42 135 1€3 40 17 84 31 43 

20 39 122 69 37 74 89 43 16 

21 51 108 66 23 87 102 53 19 

22 35 97 68 32 40 97 48 27 

23 124 102 66 32 15 53 19 13 

24 322 145 65 30 15 74 32 19 

Table 2»3 Sediment metal l e v e l s ( i n p a r t s per m i l l i o n ) a t a l l s t a t i o n s 

in 1978/79 su rveys . 
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probably due lo the c l o s u r e of the sewage o u t f a l l in the a r e a . The h i g h -

e s t c o n c e n t r a t i o n s of sediment copper i n the s tudy area were in the 

Cadland quay a r e a , 

(d) Sediment hydrocarbons 

( i ) Kethad 

May 1978 samples were analysed for hydrocarbon conten t by Cedeno 

(a p o s t - g r a d u a l e v i s i t o r in the department in 1978) using the method 

developed by Kiel l a b o r a t o r y and publ ished by Ehrhardt (1972) . Each 

sample was ex t r ac t ed t h r i c e ' i t h 50ml a l i q u o t s of p u r i f i e d n-pec tane , by 

shaking in a PTiE s t o p p e r e d s e p a r a t i n g f u n n e l . The combined e x t r a c t s were 

d r i ed over anhydrous sodiuc s u l p h a t e . The e x t r a c t s were evaporated t o 

l e s s than 0.5ml in a Bucchi Lotary evapora to r and then appl ied to a 

1 .5 X 20cm column. The c o n t e n t s , c o n s i s t i n g of a top 0.5cm l a y e r of 

aluminium oxide (120 mesh) were d e a c t i v a t e d with 5% water . The hydro-

carbon f r a c t i o n of the c o n t e n t s was e lu t ed with 50ml of 20^ benzene in 

pectane while the l i p i d f r a c t i o n remained in the column. 

The e l u a t e from the column was evaporated to dryness and r e d i s s o l v e d 

in 1ml of pec t ane . An a l i q u o t ( t y p i c a l l y 200ml) was added as a 1 inch 

band to a s i l i c a gel p l a t e . P r i o r to use, the p l a t e was p u r i f i e d by p r e -

running in the so lven t and then a c t i v a t e d by h e a t i n g at about 160°C. The 

p l a t e was developed in p u r i f i e d o c t a n e . 

The var ious f r a c t i o n s of the hydrocarbon were loca ted by viewing 

under an u l t r a v i o l e t source (maximum emission 254 nm) and were i d e n t i f i e d 

as f o l l ows : 

F rac t i on Colour 

1 A l i p h a t i c s Co lou r l e s s 

2 1 - r i n g aromat ics Dark quenching 

3 2 & 3 - r i n g aromat ics Purp le 

4 4 - r i n g a romat ics Light blue 

5 5 - r i n g and above aromatic b lue 

The f l o u r e s c e n t b inde r support conta ined i n the t h in l a y e r 

chromatographic p l a t e was not e lu t ed with benzene but the g ros s hydro-

carbon content of the e l u t e s was o b t a i n e d by evapora t ing a l i q u o t s and 

combustinu them in a carbon a n u l y s e r . 
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( i i ) Resu l t s 

Table 2 .4 shows the hydrocarbon con t en t of the sediments taken 

dur ing the May 1978 survey . The n -a lkanes accounted f o r 7-30% of the 

t h i n l aye r chromatographic (T.L.C.) f r a c t i o n ^ As judged from the u l t r a -

v i o l e t spectrum, t h e f r a c t i o n conta ined no a r o m a t i c s . The remainder of 

the f r a c t i o n was mainly c y c l o p a r a f f i n s and branched s a t u r a t e d a l i p h a t i c s 

(Knap,1978). The aromat ic f r a c t i o n s accounted f o r 16-25% of the t o t a l 

hydrocarbon f r a c t i o n , the 2 - 3 r ing usua l ly being the major though not 

the dominant one. 

The sediment of the study a rea contained mainly f r a c t i o n 1, the 

a l i p h a t i c s which from T.L.C. a n a l y s i s was the major output from the o i l 

r e f i n e r y a t Fawley (Knap 1978). Sediment of Cadland Creek showed high 

l e v e l s of hydrocarbon which decreased eastwards and towards the mouth of 

Southampton Water ( f i g u r e 2 . 7 ) . There was a h igh s i g n i f i c a n t s t a t i s t i c a l 

c o r r e l a t i o n between copper and hydrocarbon in the study area (p = 0 . 0 0 1 ) . 

Based on the d i s t r i b u t i o n of hydrocarbon, the a r e a of study could be 

d iv ided i n t o t h r e e r eg ions , v i z : the Cadland quay as high hydrocarbon 

reg ion , the deep channel and Esso j e t t y as region of medium hydrocarbon 

and the low hydrocarbon region comprising the e a s t e r n s ide and the mouth 

of the Southampton Water. 

(c) Temperature 

The average monthly maximum and minimum bottom water tempera tures 

between January 1976 and March 1980 as suppl ied by the B r i t i s h Transpor t 

Docks Board a re shown in F i g . 2 . 8 . The tempera ture a t the r e f i n e r y 

o u t f a l l was about 10° h igher than a t t h e j e t t y sou thend . The spr ing 

water tempera ture a t the j e t t y w#s lower in 1977 than in 1976 and con-

t inued t o f a l l up to 1980. 

2 . 4 . 1 . Animal s o r t i n g 

In the l a b o r a t o r y , subsequent t r ea tment and s o r t i n g of the preserved 

m a t e r i a l , reduced t o manageable s i z e by i n i t i a l s i e v i n g (0.5mm) on deck, 

fo l lowed the procedure recommended by B i r k e t t and Mclntyre (1971) . The 

s t a ined m a t e r i a l was washed f r e e of fo rmal in through a 0.5mm s ieve using 

t a p w a t e r . I t was l a t e r placed in a white p l a s t i c t r ay from which every 

animal conta ined i n the m a t e r i a l was c a r e f u l l y p i c k e d . Each major 

animal taxon was placed in s epa ra t e p e t r i - d i s h e s . Every i n d i v i d u a l 

animal was i d e n t i f i e d to spec ies where poss ib l e and counted . Po lychae tes 

were i d e n t i f i e d according to the nomenclature of Fauvel (1923; 1927) and 
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No. of S t a t i o n Hydrocarbon (Mg.g-1) 

1 1.180 

2 1.320 

3 1.470 

4 .196 

5 .276 

6 1.222 

7 1.827 

8 1.996 

9 2.434 

10 .369 

11 .676 

12 .764 

13 .654 

14 .380 

15 .180 

16 .099 

17 .209 

18 .327 

19 .426 

20 1.467 

21 .829 

22 .554 

23 .293 

24 
1 

.423 i 

Table 2 .4 Hydrocarbon measurements (Mg/g) a t a l l s t a t i o n s in May 1978 
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P e t t i b o n e (1954; 1956; 1963). Biva lves were i d e n t i f i e d according to 

Tebble (1966) and c r u s t a c e a n s according t o Sars (1895-1928); Chevreux 

and Fage (1925); Naylor (1972) and Lincoln (1979) . Echinoderms did 

not occur in the samples . 

2 . 4 . 2 . S p a t i a l d i s t r i b u t i o n of the b i o l o g i c a l p a r a m e t e r s . 

Benthic organisms have been c l a s s i f i e d mainly cm e i t h e r the na ture 

of bottom d e p o s i t s or the c h a r a c t e r i s t i c elements of the cons t i tu twv^ 

fauna l spec ies (Hedgepeth,1954). Gach method of c l a s s i f i c a t i o n has i t s 

l i m i t a t i o n s but g e n e r a l l y a r e l a t i o n s h i p appears t o e x i s t between the 

type of community and the na ture of bottom d e p o s i t . In the present 

s tudy, c l a s s i f i c a t i o n was based on both the na tu re of bottom depos i t 

and the c h a r a c t e r i s t i c elements of the fauna, with p r i o r i t y on the 

l a t t e r whenever c o n f l i c t a r o s e . 

The numerical abundance of the spec ies recovered in both surveys 

i s given in Appendices I and III. The study area could be convenient ly 

grouped i n t o t h r e e r eg ions on t h e b a s i s of the s p e c i e s r i chnes s (number 

of spec ie s per un i t a rea) as f o l l o w s : 

(a) Region of high spec ies r i c h n e s s comprising the e a s t e r n s ide 
2 

and the mouth of Southampton Water with 9 -12 species /0 .3M . 

(b) Region of medium spec ies r i c h n e s s comprising the mid-channel 

and south western s ide (nor th of Calshot ) con ta in ing 

6 - 9 spec ies /0 .3M^. 

(c) Region of low spec ie s r i c h n e s s comprising the Cadland Creek 
2 

and Fawley Esso r e f i n e r y j e t t y with about 3 -6 species/0.3M . 

A t o t a l of 41 spec ies of b e n t h i c macro- infuuna were recorded a t 

each survey (a t o t a l of 57 spec ies in both surveys) Table 2 . 5 shows 

the spec i e s r i c h n e s s and numerical abundance of major animal taxa f o r 

the two su rveys . The po lychae tes emerged as the dominant ben th ic 

f auna l assemblage dur ing the two surveys and accounted f o r g r e a t e r than 

93% of the t o t a l i n d i v i d u a l s though c o n s t i t u t e d l e s s than 50% of the 

t o t a l number of spec i e s a t each su rvey . The c r u s t a c e a n s represen ted 

by a l a r g e r number of spec ies than the b iva lves were l e s s abundant 

nu^mrical ly than the l a t t e r . 

dumber of spec i e s (S) 

F igure 2 . 9 shows the d i s t r i b u t i o n of the t o t a l macrofaunal spec i e s 

f o r the two su rveys . The net ga in or loss between 1978 and 1979 surveys 
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May 1978 

No. of 
Spec ies 

% of 
T o t a l S 

^/7.2M2 % of 
Tota l N 

Polychaeta 20 48 .78 12932 93.94 

Crus tacea 9 21 .95 56 0 .41 

Giva lv ia 5 12.20 717 5.21 

Gastropoda 5 12.20 52 0.38 

Pycnogonida 1 2 . 4 4 1 0.007 

Tunicata 1 2 .44 8 0.06 

May 1979 

No. of 
Species 

y of 
To ta l S 

N 2 
/7.2M of 

Tota l N 

Polychaeta 17 41.46 57499 97.95 

Crus tacea 15 36 .58 273 0 .47 

B iva lv i a 4 9 .76 874 1.49 

Gastropoda 3 7 .32 51 0 .09 

Pycnogonida 2 4 .88 4 0 .07 

Table 2 . 5 The s p e c i e s r i chnes s and numerical abundance of major animal 

t axa from a l l samples in t o t a l area i n v e s t i g a t e d during 

bay 1978 and Lay 1979 surveys 
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i s shown in F i g . 2 . 1 0 . Though the t o t a l number of spec ies during 

each survey remained s t a b l e , t h e r e was some degree of change in the 

spec i e s composit ion a t each s t a t i o n . The region of high species 

r i chnes s showed an i nc rea se in the number of s p e c i e s by 1979. Twenty 

f i v e spec ies were common t o both su rveys ; 16 s p e c i e s were recorded 

only in the 1978 survey and 16 only in the 1979 s u r v e y . the 17 

spec ies of po lychae tes recorded in the 1979 survey 13 spec ies were 

common t o both su rveys . Five c r u s t a c e a n spec ies wer^ common to the 

two surveys, but 10 new spec i e s , not previous ly recorded in 1978, 

occurred in the 1979 survey. Six molluscan s p e c i e s vmre common t o 

b o t h . 

Number of i n d i v i d u a l s 

F igure 2 .11 shows the d i s t r i b u t i o n of the t o t a l number of i n d i v i -

dua l s (numerical abundance) of the animals in the 1978 survey . The 

d i s t r i b u t i o n of ne t gain or l o s s in t h e numerical abundance a t the two 

surveys i s g iven in Fig 2 . 1 2 . The t o t a l number of i n d i v i d u a l s a t a l l 

s t a t i o n s sampled inc reased about fou r fo ld by Way 1979 except a t the 

region of low s p e c i e s r i chness where t h e abundance f e l l d r a s t i c a l l y . 

Two spec i e s , C a u l l e r i e l l a c a p u t e s o c i s and Abra n i t i d a ranked topmost 

and were s i m i l a r in d e n s i t i e s in the two surveys w h i l e o the r top ranking 

spec ie s changed in abundance as shown in Table 2 . 6 . 

Species d i s t r i b u t i o n 

The s p a t i a l d i s t r i b u t i o n of the numerical ly dominant species a re 

d i scussed below. The ben th ic macro-infauma occur r ing in l e s s than 25% 

of the sampled s t a t i o n s and those with low d e n s i t i e s wei^ excluded from 

the d i s c u s s i o n of the spec ie s d i s t r i b u t i o n but i nc luded in the spec ies 

and biomass l i s t s in the appendix. 

C a u l l e r i e l l a c apu t e soc i s 

This i s a widely d i s t r i b u t e d c i r r a t u l i d worm i n Southampton Water 

and occurred a t high d e n s i t i e s a t 22 s t a t i o n s in each of the su rveys . 

I t was the numer ica l ly dominant spec i e s a t most s t a t i o n s throughout 

the s tudy and accounted f o r 86.2% (11859/7.2M^) and 94.99% (55758/7.2M^) 

of the t o t a l macrofaunal numerical abundance in the 1978 and 1979 

surveys r e s p e c t i v e l y . F igure 2 .13 shows the numerica l abundance 

d i s t r i b u t i o n of C. capu te soc i s a t both surveys . The worm occurred 

a t high d e n s i t i e s in the region of high species r i c h n e s s and by 1979 

had increased fou r fo ld in abundance. Low d e n s i t i e s of the worm were 

recorded on the wes tern s ide where f u r t h e r dec l i ne occurred in the 
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f a b J e the SQec^es raQ^^qg pf t ^ p 

in May 1978 and Mav 1979 

May 1978 
1 
1 

May 1979 

Spec ies Abund, 
ranking 

No/7.2M2 9̂  of 
Tota l 

N 

1 Abund. 
ranking 

1 
i No/7.2M2 of 

To ta l 
N 

C a u u l s r i e l l a 
canu tesoc i s 1 11859 86.08 1 ' 55758 94.99 

2 674 4.90 1 ^ 825 1.41 

Nephtys hombergi 3 570 4.12 5 367 0 .63 

Eteone longa 4 173 1.26 4 384 0 .65 

Melinna nalmata 5 111 0 .81 1 9 55 0.09 

Ne, r *s d i y e r s l -
c o l o r 6 85 0 .62 1 3 583 1.00 

7 47 0.34 13 31 0 .05 

truncatuLi 8 41 0.30 7 171 0.29 

n i c a t a 1 9 32 0 .23 11 44 0.08 

Mercenaria 
10 30 0.22 12 39 0.06 

12 18 0 .13 6 

8 

206 

63 

0 .35 

0 .11 

Philnmedes 
17 6 

f 
0.04 1 

1 
10 45 0 .08 
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1979 survey. Leve l l (1979) recorded reduced d e n s i t i e s of C a u l l e r i e l l a 

nor th of Esso j e t t y compared with the r e s t of the e s t u a r y and f u r t h e r 

r educ t ion in d e n s i t i e s in 1976 compared with 1975. 

This phyl lodocid worm showed r e s t r i c t e d d i s t r i b u t i o n in the study 

a rea with g r e a t c o n c e n t r a t i o n around Cadland c r e e k . I t showed a wide 

range of d e n s i t i e s , between 2 and 108 per 0.3M^, g r e a t e r d e n s i t i e s 

occurr ing on the wes tern s i d e . JE. lonoa was almost absent in the region 

of high spec ie s r i c h n e s s on the e a s t e r n s ide but in t h e 1979 survey 

showed an i n c r e a s e in i t s popula t ion dens i t y on the wes te rn s i d e . 

The d i s t r i b u t i o n o f d i v e r s i c o l o r was s i m i l a r t o t h a t of E. lonaa 

but covered a wider reg ion , extending t o the mid-channel where i t occurred 

a t low d e n s i t i e s . F igure 2.14 shows the d i s t r i b u t i o n of d i v e r s i c o l o r 

in the 1978 and 1979 su rveys . The popula t ion on the western s ide was 

h igher in 1979 compared with 1978 but the e a s t e r n s i d e popula t ion 

dec l ined in abundance. 

This wide ranging spec ies was p re sen t a t a l l s t a t i o n s except those 

around Cadland creek on the western s i d e . Barnes e t a l (1973) descr ibed 

a homberqi/Abra n i t i d a a s s o c i a t i o n on the south wes te rn shore of the 

e s t u a r y . homberoi was o f t e n found in the p r e s e n t study t oge the r with 

Crep idu la f o r n i c a t a (L.) on the e a s t e r n s ide but with n i t i d a in the 

seaward region of the e s t u a r y . 

F igure 2 .15 shows the d i s t r i b u t i o n o f j& . homberqi a t both su rveys . 

The worm occurred a t high d e n s i t i e s in the 1978 survey on the e a s t e r n 

s i d e und a t low d e n s i t i e s in the r e l a t i v e l y s i l t y sediments on the 

western s i d e . The popula t ion in the 1979 survey s u f f e r e d heavy mor-

t a l i t y and was absent from samples taken on the western s ide with 

reduced d e n s i t i e s i n the mid-channel and on the e a s t e r n s i d e . Near 
2 

Metley, the dens i t y f e l l from 105/0.3M in the 1978 survey t o only 
2 

32/0.3M in 1979 a t the same s t a t i o n . 

" ^ n i t a t a 

This c a p i t e l l i d worm was r e s t r i c t e d in d i s t r i b u t i o n in the p r e s e n t 

study and occurred a t low d e n s i t i e s around Cadland c reek (F ig . 2 . 1 6 ) . 

The 1978 survey revea led low d e n s i t i e s but by 1979 the popu la t ion 
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dens i ty increased by ten f o l d . C. c a p i t a t a was a p p a r e n t l y absent in 

the region of high spec ies r i c h n e s s , an i n d i c a t i o n of i t s poor competi-

t i v e a b i l i t y (Urass le and G r a s s l e , 1 9 7 ^ ) . In Southampton Water 

ca ; i tuLa o f t e n occurred in a s s o c i a t i o n »^th Uolv^ord c i l i a t a . 

lonou and d i v c r s i c o l o r . 

K^linna nalmata 

This i s a widespread spec ies found a t i t s h i g h e s t d e n s i t i e s on 

the e a s t e r n s ide p a r t i c u l a r l y between ^ e t l e y and t h e mouth of the River 

Humble. F igure 2 .17 shows the abundance d i s t r i b u t i o n of M. palmata 

a t both su rveys . Towards the mid-channel , palmata o f t e n occurred 

in a s s o c i a t i o n with homberai. ^ e l i n n a was numer ica l ly dominant on 

tHC OLStern s ine i t n x Jons i t y of loy; d e r s i l i e s 

(1/0.3M ) in the mid-channe l . The popula t ion had s u f f e r e d heavy mor-

t a l i t y by May 1979, though the h ighes t recorded d e n s i t y (40/0.3M^) a t 

one s t a t i o n in the 1979 survey was h igher than the h i g h e s t dens i t y a t 

any one s t a t i o n in the 1978 survey. 

The d i s t r i b u t i o n of g,. c i r r a t u s in the p resen t study showed a 
2 

s i m i l a r t rend to t h a t of.M, palmata . The h ighes t d e n s i t y (28/0.3M ) 

was recorded in the mid-channel wi th no specimens recorded on the wes t -

ern s ide of the study a rea in e i t h e r su rvey . There was a d r a s t i c d e c l i n e 

in dens i ty by May 1979. 

l&her po lychae te spec ies 

Some polychae tes occurred a t low d e n s i t i e s and were r e s t r i c t e d t o 

c e r t a i n regions of the study a r e a . Lepidonotus squamatus r , Aphrodita 

ucu lea ta L, Ana i t i de s maculata , Ophiodromws f l e x u o s u s . Scalibreqma 

i u f l a t w i , u w l a l i a p u s i l l a and rhe rusa plumosa. a l l of L^ich occurred a t 

low d e n s i t i e s , were r e s t r i c t e d t o the regions of high spec ie s r i c h n e s s . 

Holydora c i l i a t a occurred a t low d e n s i t i e s but showed a wide range of 

d i s t r i b u t i o n , extending from the Cadland Uuay to the mid-channel 

Crus taceans 

F i f t e e n s p e c i e s of c r u s t a c e a were recorded in the s tudy; t h r e e 

spec ie s which occurred in more than 3 s t a t i o n s are cons idered in d e t a i l 

below: 
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'hi lomedas a lobosus 

This os t racod h a j a wide d i s t r i b u t i o n in Southampton Water, ami 

occurred a t low d e n s i t i e s a t most s t a t i o n s but was a b s e n t in the Cadland 

creek c r e a . Highest d e n s i t i e s were recorded on the e a s t e r n s ide , 
2 

p a r t i c u l a r l y near Netley with a d e n s i t y of 22/U.3M i n the 1979 survey. 

A lower dens i t y of 3 / 0 . w a s recorded a t the same s t a t i o n in 1978. 

Genera l ly , d e n s i t i e s were h igher in the 1979 survey. 

This widely d i s t r i b u t e d cumacean spec ies occurred a t i t s h ighes t 

dens i t y in the mid-channel and in the regions of high spec ie s d i v e r s i t y , 

Abundance inc reased by 1979. 

Pariambus tyn icus 

Again, t h i s amphipod was r e s t r i c t e d in d i s t r i b u t i o n t o the regions 

of high spec i e s r i chness where i t occurred a t low d e n s i t i e s . t vp i cus 

occurrsd a t h igher d e n s i t i e s and over a wider area i n the 1979 survey . 

Other Crus tacean spec ies 

Other c rus t acean spec ies recorded a t both surveys showed r e s t r i c t e d 

d i s t r i b u t i o n t o the reg ions of high spec ies r i chness ^vhere they occurred 

s p o r a d i c a l l y and a t low d e n s i t i e s . Such c rus t aceans were amphipods: 

Licrodeutopus o r y l l o t a l p a . Corophium insidiosum. Corophium tubercula tum. 

C. v o l u t a t o r . C. s ex ton i . spp. Leucothoe s p i n i c a r p a . J a s s a 

Others were Per iocu lodes lonaimanus. A ty lu s vedlomensis . 

rocratus in te rmedius and Aora g r a c i l i s . The decapods which occurred 

mainly on the e a s t e r n s ide and in the mid-channel were Crangon v u l g a r i s . 

Corcinus maenas and Gammarus l o c u s t a . The only isopod recorded was 

J jsa 

The mol luscs showed a widespread d i s t r i b u t i o n i n t h e p resen t study 

and were r ep resen ted by both b i v a l v e s and gas t ropods i n both su rveys . 

Abra n i t i d a 

This small b i v a l v e was widespread but absent from Cadland c r e e k . 

I t s patchy d i s t r i b u t i o n in Southampton Water in the p r e s e n t study was 

in agreement with Level l (1979). At most s t a t i o n s , n i t i d a was the 

numerica l ly dominant b iva lve with g r e a t e r dens i ty on the e a s t e r n s ide and 

the mouth of the e s t u a r y . In the 1970 survey, the h i g h e s t d e n s i t y 
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(1U6/0.3M ) was recorded near Ne t l ey . There was a genera l increase 

in numbers by 1979 e s p e c i a l l y on the eas te rn s ide and a t the mouth 

of Southampton Water. Barnes e t a l (1973) found an Abra/Nephtvs 

a s soc i a t i on on the south western s ide , a t the mouth of Southampton 

Water and i n t e r t i d a l l y on the reclaimed land a t Mi l lb rook . 

Mercenaria mercenaria 

The hard s h e l l clam was f a i r l y widespread in Southampton Water 

e s p e c i a l l y on the eas t e rn s ide where i t occurred i n samples taken 

throughout the year a t d e n s i t i e s up to 66 m * F i g u r e 2 .18 shows 

the abundance d i s t r i b u t i o n of JM* mercenaria in the two surveys . The 

clam showed a wider d i s t r i b u t i o n in the 1979 survey, extending f u r t h e r 

west of the mid-channel . Table 2 . 7 shows the age d i s t r i b u t i o n of the 

specimens co l l e c t ed in the 1979 survey. Unfor tuna te ly the 1978 survey 

samples of Mercenaria were removed from the deep f r e e z e in the department 

by person or persons unknown and thus are absent from the r e s u l t s . 

S t a t i o n 4 near Netley Great Dome had the h ighes t d e n s i t i e s of Mercenaria. 

There had been no succes s fu l se t t l ement of Mercenaria in the l a s t two 

y e a r s . The la rge animals were heavi ly f i shed f o r commercial purposes, 

but in Spite of heavy f i s h i n g on the eastern side, the suMsa s t i l l showed 

a good r e p r e s e n t a t i o n of the o lder age groups. 

This b iva lve was widespread in Southampton Water though i t occurred 

a t low d e n s i t i e s . Barnes (1973) descr ibed the i n t e r t i d a l populat ion 

dens i ty o f j C . edule to range between 20-35M"^ a t the mouth of Southampton 

Water and 400M"^ near the head. In the present s tudy , the dens i ty var ied 

between 1 and 3/0.3Np. The i n t e r t i d a l populat ion d e n s i t y might be 

h igher than the s u b l i t t o r a l . There appeared t o be l i t t l e change in 

dens i ty between the two surveys . 

Other b iva lves 

The o ther b iva lves recorded in the two surveys appeared s p o r a d i c a l l y 

and a t low d e n s i t i e s . Abra a lba occurred onLy once in the 1978 survey 

a t s t a t i o n 2 and Venerupis p u l l a s t r a once a t s t a t i o n 4 in each of the 

surveys . 

Gastropods 

The gas t ropods occurred spo rad i ca l l y in the studp area and were r e -

s t r i c t e d to the ea s t e rn s ide between Netley Great Dome and the mouth of 

Kiver Wamble. 
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Year Class 

r ' Ml 
S t a t i o n 

No. 1 
1979 1 1978 1977 1976 1975 1974 1973 1972 1971 1 1970 1969 

, 1 
— - 1 - 1 3 4 3 2 - " " 

5 — — - 1 2 - 1 -
- 1 

6 — 1 — - — — — — _ 

12 — — 1 3 1 " " — — — 

16 — — 1 2 m. — " " " " 

19 — — 1 — - - — — — 

23 — — - — " " — — 1 

24 — — — 2 — 2 1 3 — — 

Tota l 0 

1 

1 2 6 2 10 5 7 2 0 1 

Table 2 . 7 
_2 

Mercenaria d e n s i t i e s (N.03M ) of each year c l a s s recovered in the 1979 survey, 
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Crepidula f o r n i c a t a 

2 

Crepidula f o r n i c a t a occurred a t low d e n s i t i e s (1-17/G.3M ) on the 

e a s t e r n s ide and the mid-channel of the study a r e a . Barnes e t a l (1973) 

found t h a t the Solent benthos was dominated by f o r n i c a t a . The presence 

o f . C . f o r n i c a t a o f t en a l t e r s the na tu re of the sediment in t h a t the animal 

produces f aeces and pseudo-faeces in l a r g e q u a n t i t i e s and i t s empty s h e l l s 

provide a d d i t i o n a l subst ra tum fo r the a t tachment of ep i f auna such as 

hydrozoans and bryozoans . 

Nassa r ius r e t i c u l a t u s 

This gastropod occurred only on the e a s t e r n s ide near the mouth of 

the River Hamble in 1978 but extended t o the Netley reg ion by 1979 where i t 

occurred a t low d e n s i t i e s (1-4/0 .3M^). The 1979 survey showed an inc rease 

in abundance over the preceding y e a r . 

Other gas t ropods 

Other gas t ropods recorded in both surveys were r e s t r i c t e d in t h e i r 

d i s t r i b u t i o n t o the region of high spec ies r i c h n e s s , where they occurred 

a t low d e n s i t i e s . Gibbula c i n e r a r i a and L i t t o r i n a l i t t o r e a occurred once 

each a t s t a t i o n 18. 

The sea sp ide r s occurred a t the mid-channel s t a t i o n s (11, 12, 24) 

in the su rveys . The tmo specimens recorded, Achel ia e c h i n a t a (Hodge) 

and Pycnoaonum l i t t o r a l e (Strom) occurred as s i n g l e specimens. 

Eight specimens of t u n i c a t e s were found a t s t a t i o n 4 in May 1978 

but were damaged and t h e r e f o r e were not i d e n t i f i e d . 



2 .5 D i v e r s i t y and f auna l i n d i c e s 4 6 

An important f e a t u r e of an animal community i s i t s d i v e r s i t y , 

a measure of the number of spec ies p re sen t and how evenly the i n d i v i -

dua l s a re d i s t r i b u t e d among the c o n s t i t u e n t spec ies (Margalef ,1951; 

Lloyd and Ghela rd i ,1964; Sanders ,1969) . D i v e r s i t y measurements are 

considered in d e t a i l in Sec t ion I T I . In gene ra l a community c o n s i s t -

ing of a l a rge number of spec ies r ep resen ted by equal number of i n d i v i -

dua l s would be considered t o be h ighly d i v e r s e . A community with a 

small number of spec ies and e x h i b i t i n g high dominance i s considered as 

l e s s d i v e r s e . 

M a r a a l e f ' s d va lue 

This measure of d i v e r s i t y i s obtained using t h e equat ion 

d = S - 1 
loggN 

where d = N a r g a l e f ' s d i v e r s i t y index 

S = number of s p e c i e s 

N = number of i n d i v i d u a l s 

This index of d i v e r s i t y i s l a rge ly a measure of spec i e s r i c h n e s s . 

The r e s u l t s of K a r g a l e f ' s d values measured in the two surveys a re p r e s -

ented in Table 2 . 8 and F igure 2 . 1 9 . 

Shannon-Wiener in fo rmat ion f u n c t i o n (Hs) 

The idea tha t t he ' i n fo rma t ion c o n t e n t ' could be used as a measure 

of d i v e r s i t y was f i r s t in t roduced by Margalef (1957) and wms f i r s t applied 

t o plankton samples. High spec ies dominance r e s u l t s in low e q u i t a b i l i t y 

( t h e degree of evenness in the d i s t r i b u t i o n of i n d i v i d u a l s among species) 

and produces a lower va lue of the Shannon-Wiener i n d e x . 

The Shannon-Wiener index i s c a l c u l a t e d as 

Hs = piloQgpi 

or Hs = 3.322 ( .^EL p i l o g i - p i ) 
lU 

where Hs = Shannon-Wiener d i v e r s i t y index 

S = t o t a l number of spec i e s 

p i - the observed p ropor t ion of i n d i v i d u a l s t h a t belong to 

the spec ies (1, 2, 3 e t c . ) 

The va lues of Shannon-wiener Index c a l c u l a t e d f o r the two surveys 

a rc presented in Table 2 . 9 ( a ) and F i g . 2 . 2 0 . 



M u r q a l e f ' s d va lues f o r the two surveys 

S t a t i o n 
No. 

197% 1979 

1 1.02 0.26 

2 1.37 0.42 

3 0 .97 0.96 

4 3 .29 2 .41 

5 1 .15 1 .05 

6 1.21 1.22 

7 1.51 1.43 

8 0.24 0,56 

9 0 .55 0 .34 

10 0 .19 1.35 

11 0.46 0 .63 

12 0 .81 0 .81 

13 1.06 1.99 

14 1.41 0 .88 

15 0 .97 0 .65 

16 1 .03 0.86 

17 1.71 0 .82 

18 1.70 1.38 

19 0 .95 1.46 

20 0 .53 1.29 

21 0 .93 0,86 

22 1.11 0 .79 

23 1.15 0.84 

24 1.10 0 .93 1 
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1 1 
S t a t i o n s 1 1 2 1 3 ) 4 5 1 6 1 

' 1 
12 

" —r 
13 14 15 16 17 20 21 22 23 24 

1978 1.9a 
' ' -

1 .24 |0 ,79 0.96 1.47 0.72 1.93 0.94 1.4C 
1 

1.25 0 .25 1.25 0 .50 1.48 1.02 0 .91 1.35 1.43 0 .71 0 .98 0.89 1.46 0.26 

1979 U.16 |1 .16 1.39 0.30 J .29 0 .51 2 .34 0.18 U.23 0 .11 0 .99 0 .22 1.14 U.16 0 .29 U.09 0.18 1.08 1.18 0 .51 0.68 0.17 

Table 2 . 9 ( a ) ahannon-Wiener informat ion f u n c t i o n (Hs) f o r 1978 and 1979 surveys 

S t a t i o n s 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

1978 0.85 0 .37 0 .22 0 .21 0.46 0.24 0 .69 0.94 0 .88 0 .13 0 .79 0 .08 0 ,45 0 .14 0.49 0.36 0 .25 0.39 0.44 0 .31 0 .35 0.26 0.49 0 .08 

1979 0.16 0 .73 0 .50 0.06 0.09 0.16 0 .83 0.09 0 .49 0 .68 0 .08 0.04 0 .27 0 .07 0.49 0.06 0 .11 0.02 0 .25 0.34 0.46 0.18 0.29 0 .05 

Table 2 .9 (b ) S q u i t a b i l i t y va lues ( j ) f o r 1978 and 1979 surveys 
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E q u i t a b l l i t v 

Lloyd and Ghelardi (1964) put forward a measure of how evenly the 

spec ies a re d i s t r i b u t e d in a sample or community and used the term 

' e q u i t a b i l i t y ' t o express the measure. 

The measure i s c a l c u l a t e d using the equa t ion 

j = JWLS. 
Hmax 

or i = Hs 

where j = e q u i t a b i l i t y measure 

Hs = Shannon-Wiener i n f o r m a t i o n f u n c t i o n 

S = Number of spec ies in a sample or community. 

The va lues of e q u i t a b i l i t y f o r the two surveys a re presented in 

Table 2 .9 (b ) and F ig . 2 . 2 1 . 

In the p resen t s tudy, h igher va lues of M a r g a l e f ' s d occurred on 

the e a s t e r n s ide of the e s tua ry and towards the mouth of Southampton Water 

corresponding to the regions of high spec ies r i c h n e s s . Low va lues 

occurred around the Cadland creek , the region of low spec ie s r i c h n e s s . 

This was due to the f a c t t h a t M a r g a l e f ' s d i s l a r g e l y i n f luenced by the 

spec ies r i c h n e s s . On the con t r a ry , high va lues of Shannon-Wiener index 

occurred on the western s ide and lower va lues on t h e e a s t e r n s ide and 

towards the mouth of Southampton Abter due to lower dominance d i v e r s i t y 

on the western s ide and higher dominance d i v e r s i t y on the l a t t e r a t the 

time of sampling. The Snanuon-Wiener index i s s e n s i t i v e t o both species 

and dominance d i v e r s i t i e s . In gene ra l , t he re were lower va lues of 

Warga l e f ' s d, Shannon-Wiener and e q u i t a b i l i t y measurements by 1979 

compared with 1978. 

Biomass 

The biomass of each spec ies a t each s t a t i o n (exc luding molluscan 
2 

s h e l l s ) expressed in terms of ash f r e e dry weight per 0.3M i s shown in 

Appendix I I I and Appendix IV f o r the 1978 and 1979 surveys r e s p e c t i v e l y . 

The biomass f o r Mercenaria in the 1978 survey was assumed t o have remained 

unchanged by 1979 and the biomass f o r the 1979 survey was used t o c a l c u l a t e 

t h a t of the 1978 samples in s t a t i o n s where the clam occurred in both 

su rveys . In the two surveys Crepidula f o r n i c a t a emerged as the biomass 

dominant f o r the whole a rea when b e r c e n a r i a biomass was not c o n s i d e r e d . 
When ^ e r c e n a r i a biomass was inc luded, k e r c e n a r i a was biomass dominant 
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and f o r n i c a t a probably second. 

The mol luscs as a group were r e s p o n s i b l e f o r most of the macro-

faunal biomass, amounting t o 49.91% and 64.41% of t h e t o t a l macrofaunal 

biomass in the study area in the 1978 and 1979 surveys r e s p e c t i v e l y . 

The po lychae tes accounted f o r 49.81% in 1978 and 33.30% in May 1979 

while the c rus t aceans accounted f o r only 0.27% and 2.28% of the t o t a l 

macrofaunal biomass in the 1978 and 1979 surveys r e s p e c t i v e l y . The 

pycnogonids amounted t o 0.1% and 0.2% of the t o t a l biomass in 1978 and 

1979 r e s p e c t i v e l y . 

The biomass dominant polychaete was C. c a p u t e s o c i s and i t accounted 

f o r 19.4% and 13.7% of the t o t a l macrofaunal biomass in the 1978 and 

1979 su rveys . Table 2 .10 shows the t o t a l biomass and percentage biomass 

of the major animal taxa in the two su rveys . The t o t a l macrofaunal 

biomass f o r the study area had more than doubled over a per iod of one 

yea r (May 1978 - May 1979). The biomass of the gas t ropods increased 

about fou r f o l d . The i n c r e a s e in tha_biem»ss of t h e gas t ropods was due 

mainly t o C. forAieefaV"^ 

The d i s t r i b u t i o n of the t o t a l macrofaunal biomass (excluding Mercen-

a r i a ) in the study area in the 1978 survey i s p re sen ted in F i g . 2 . 2 2 . 

Uy 1979, seven s t a t i o n s , 1 & 7 on the western s i d e ; 17 & 24 on the 

e a s t e r n s ide and 14, 15 6 21 in the mid-channel had reduced in the t o t a l 

macrofaunui biomass. Five po lychae tes , Lepidonotus sauamatus. Scal ibreama 

i n f l a t u m . C i r r a t u l u s c i r r a t u s . Relinna palmata and E u l a l i a p u s i l l a and the 

phoronid Phoronis sp dec l ined in biomass by 1979 compared ^ i t h 1978. Only 

two mol luscs , Abra n i t i d a and Cerastoderma edule f e l l in biomass by 1979 

comnarod with 1978. The net ga in or l o s s in the t o t a l macrofaunal b i o -

mass bct^ean 1978 and 1979 i s given in F i g . 2 . 2 3 . 

2 . 7 K e i a t i o n s h i p between physico-chemical and b i o l o g i c a l parameters 

d^en d i f f e r e n t p a i r s of parameters were c o r r e l a t e d , the r e s u l t s of 

yc^rcsKinn JogariLuw r e g r e s s i o n equa t ions t o g e t h e r r i t h the c o r r e l a t i o f 

c o c f f i c i c n t ^ , s i o r i s u r ] i n t e r c e p t s the l e v e l s of s i g n i f i c a n c e bes t 

l iL in ^Lle . . i l . There were good r e l a t i o n s h i p s between a l l 

p a i r s of parameters except s i l t / c l a y and number of s p e c i e s ; s i l t / c l a y 

and Lotal number of i n d i v i d u a l s , copper and biomass in the two surveys, 

and biomass and number of spec ie s in May 1979. Copper and hydrocarbon 

wcr j s i g n i f i c a n t l y c o r r e l a t e d in May 1978. The number of spec i e s and 

abundance in 1979 were p o s i t i v e l y c o r r e l a t e d but in 1978 the logar i thm 

of the number of spec ie s and t h a t of numerical abundance showed p o s i t i v e 

s i g n i f i c a n t c o r r e l a t i o n . The logar i thm of numerical abundance and t h a t 



5'I 

1978 Survey 

Polychae tes 

Biva lves 

Gastropods 

Crus taceans 

Pycnogonids 

Tota l 

Crepidula f o r n i c a t a 

C a u l l e r i e l l a canu tesoc i s 

Biomass (g/7.2M ) 

10,2269 

2.8447 

7.4024 

0.0557 

0.0012 

20.5309 

6.3254 

3.9836 

% of t o t a l 
Biomass 

49.81 

13.86 

36.05 

0 .27 

0.01 

30.8 

19.4 

1979 Survey 

Tolychae tes 14.6329 

Bivalves 1.9337 

Gastropods 26.3797 

Crus taceans 1.0028 

Pycnogonids 0.0108 

To ta l 43.9599 

Crep idu la f o r n i c a t a 21.334G 

C a u l l e r i e l l a c a p u t j s o c i s 6.0001 

33.30 

4 .40 

60.01 

2.28 
UX)2 

48 .5 

13.65 

i ^ b l e 2 . 1 0 . Tota l macrofaunal and major animal t axa biomass f o r 

19/8 and 1979 surveys 

(L^rcenar ia biomass e x c l u d e d ) . 
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r b a Level of 
s i g n i f i c a n c e 

Copper and hydrocarbon (1970 0.6460 3.1297 470.8676 # $ * 

Hydrocarbon and Hiomass(197J ) -0 .5397 0.8483 1526.4745 $ $ # 

Hydrocarbon and S i l t / c lay 
(1978: 0.4466 L ,0 l25 56.7418 * 

S i l t / c i u y and 5 (197W] -0.2906 0.0720 12.4053 

S i l t / c l o y and 5 (1979] -0 .1541 0.0402 11.4133 

t o g i ^ i/c dud 5 (1978) U.4593 -5 .776 24.077 $ 

H/c and S (1979) -U.2746 -0 .2230 772.8029 — 

Cu and S (197U) -0.4456 -0 .0137 9.0814 * 

Cu and S (1979) -u .4^38 —o.ulOj 8.9666 * 

Cu ind Uiomass ( i ; 7 8 ) —0.168^ —0.jl41 1901.0725 — —— 

Cu und Hiomass (1979) 0.U733 -2 .1205 2048.8684 

Cu and N (1978) -0 .4882 -1.9356 804.1475 * * 

Cu and N (1979) -&.3225 -3 .9330 2307.7895 

log^^N and log S - -
10 

. ( 1 9 7 3 ) 0.6659 u . ^ ^ j 8 0 .0145 * * * 

^ uno - - — - (1979) 0.6178 0.0012 5.6264 * $ * 

log Cu and log 
lu ^lu 

s i l t / c l a y _ _ - (1978) 0.3533 0.1323 1.5640 * 

log Cu and log 
lu lu 

s i l t / c l a y . . _ - ( 1 9 7 9 ) j . 3727 0.0071 1.7837 * 

S i l t / c l a y ^n^ N (1978) -0 .11^2 -3 .3121 812.6645 

S i l t / c l a y aud N (1979) u .ul966 ^ ^ 2U01.765 

loo N au^ loo 
~lU " l u 

i iomass - - -

loo N au^ loo 
~lU " l u 

i iomass - - - (1978) 0.6u95 0.6365 1.0120 * * * 

log und log 
iu ^ iomass - -(1979) 0.7195 0.6970 0.7541 * # * 

S i l t / c l a y and Liomass (1978) -0.4894 -22.9938 2242.9279 * 

S i l t / c l a y and Biomass (1979) 0.1323 42.3713 -1855.7907 — — — 

hog Miomass and 
loo 5 

" lu 
(1978) 0.6837 0.3223 » * * 

Log^ Hiomass and 
log 5 

10 
(1979) 0.5153 0.3789 -0 .1356 * * 

,11. The c o r r e l a t i o n c o e f f i c i e n t ( r ) , s lope (b ) , i n t e r c e p t (a) 

and the l e v e l of s i g n i f i c a n c e of phys ico-chemical and 

b i o l o g i c a l parameters in the 1978/79 surveys 

0.001 
0.01 
0.1 
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* * P 

P 



58 
of biom^ss in 1979 showed p o s i t i v e s i g n i f i c a n t c o r r e l a t i o n . L o g a r i t h m i c 

numerical abundance and biomass in 1978, biomass and number of species 

in both surveys , hydrocarbon and s i l t / c l a y 1978, s i l t / c l a y and numerical 

zbundance in 1979 showed p o s i t i v e c o r r e l a t i o n s but a t lower l e v e l s of 

s i g n i f i c a n c e . Copper and number of spec ies in the two surveys, copper 

and numerical abundance in both surveys, s i l t / c l a y and biomass, 1978, 

and hydrocarbon and biomass in 1978, a l l showed n e g a t i v e c o r r e l a t i o n . 

The i n c r e a s e of one decreased the o t h e r . 

C l u s t e r a n a l y s i s 

Renthic survey da t a a re o f t e n sub jec ted t o s eve ra l numerical a n a l y -

ses in i d e n t i f y i n g spec ies a s s o c i a t i o n s . Such methods employ s t a t i s t i c a l 

c r i t e r i a t o eva lua t e the frequency of occurrence and abundance of spec ies 

in q u a n t i f y i n g a s s o c i a t i o n s as groups through var ious types of s i m i l a r i t y 

unniysGS. The main aim of such numerical analyses i s t o group s t a t i o n s 

as t o iuunal s i m i l a r i t y in order t o compile spec ies l i s t c h a r a c t e r i s t i c of 

each group. 

In the p resen t s tudy, two s i m i l a r i t y c o e f f i c i e n t s have been appl ied 

to c h a r a c t e r i s e the s i t e groups of heterogeneous types of ben th ic communi-

t i e s . J a c c a r d ' s c o e f f i c i e n t i s the number of spec ies common to both samples 

expressed as a percentage of the t o t a l number of spec ies in both samples: 

= ji X lOU 
a + b + c 

w here a = number of spec ies in sample A chAj 

b number of spec ies in sample B 

c = number of spec ies common t o both samples 
B r a y & C u r t i s ( 1 9 5 7 ) m o d i f i e d C z e k a n o s k w i ' s c o e f f i c i e n t a s 

= 2jN (aN + bN) 

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

bN = " " " " " b 

j N = s t n n o f l e s s e r v a l u e s f o r t h e s p e c i e s c o m m o n t o 

b o t h h a b i t a t s . 

In the p re sen t s tudy , c l u s t e r i n g a n a l y s i s using both c o e f f i c i e n t s 

was performed on May 1979 samples s ince the abundance was almost four f o l d 

t h a t of the 1978 samples but the number of spec ie s in the samples f o r the 

whole area was c o n s t a n t . Two main s i t e groups emerged from the c l u s t e r i n g 

and t ! e s e are shown in the dendrograms in F igu re s 2.24 and 2 , 2 5 , The 

f i r s t s i t e group r e p r e s e n t s the low d i v e r s i t y region around the i n d u s t r i a l 

o u t f a l l region of the study a rea and comprises s t a t i o n s 1, 2, 7, 8, 9, 10 
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and 21 . Higher s i m i l a r i t y occurred between s t a t i o n s when Czekanowski's 

c o e f f i c i e n t was app l ied , g r e a t e s t s i m i l a r i t y occur r ing between s t a t i o n s 

2 and 21 . Using J a c c a r d ' s c o e f f i c i e n t , s t a t i o n s 8 and 9 showed h ighes t 

s i m i l a r i t y . 

The o the r s i t e group r e p r e s e n t s the high d i v e r s i t y region of the 

study area and comprised seventeen s t a t i o n s . Four s t a t i o n s , 12, 16, 18 

and 24, showed h ighes t s i m i l a r i t y of 98% (Czekanowski 's c o e f f i c i e n t ) and 

only two, 5 and 6, showed the h ighes t s i m i l a r i t y of 43% when J a c c a r d ' s 

c o e f f i c i e n t was cons ide red . 
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2 . 8 DISCUSSION 

Analys is of data from t h i s type of survey i s by no means an easy 

t a sk s ince the r e l a t i o n s h i p between the sampling s i t e s and between years 

can he examined in a number of ways. A genera l view of the s p a t i a l 

d i s t r i b u t i o n of the fauna l assemblages of the studp a r ea shows a cons id -

e r a b l e change between 1978 and 1979 with accompanying changes in the 

sediment pa ramete r s . P r a t t (1973) demonstrated t h a t the composition 

of ben th ic on the A t l a n t i c Con t i nen t a l Shelf was in f luenced 

by the hydrodynamically a c t i v e sediments . Boesch and Rackley (1974) 

a l s o r epor ted reduced numbers of spec ies and low d i v e r s i t i e s from an 

e s t u a r i n e s i t u a t i o n with sediment i n s t a b i l i t y , r e s u l t i n g from the d i s s i p a -

t i o n of wave energy on a shal low b a r . 

The fauna l composit ion of bottom communities i s t o a l a rge ex ten t 

i n f luenced by the bottom s u b s t r a t e (Longhurst ,1958; Urs in ,1960; 

Buchanan,1963; Warwick and Pavies 1977). N e v e r t h e l e s s , a community 

may occupy a r a t h e r wide range of s u b s t r a t e s , as f o r example, a West 

Af r i can Amphioplus community c i t e d by Longhurst (1958) and the Amphiura 

community o f f the coas t of Northumberland (Buchanan,1963). In Southampton 

Water, d i f f e r e n c e s in the d i s t r i b u t i o n of ben th i c macrofauna between the 

e a s t e r n and western s i d e s of the es tua ry can be exp la ined by the type of 

subst ra tum and p o l l u t i o n l o a d . The p a r t i c l e s i z e d i s t r i b u t i o n was d i f f -

e ren t a t s t a t i o n s on both s i d e s of the e s tua ry in the 1978 survey, the 

western s ide being predominantly f i n e sediment ( p a r t i c l e s ^ 63jWm in 

d i a m e t e r ) . The s t a t i o n s on the ea s t e rn s ide and towards the mouth of 

the e s tua ry contained g r e a t e r amounts of sand and g r a v e l . The d i f f e r -

ences in the p a r t i c l e s i z e d i s t r i b u t i o n were l e s s obvious in the 1979 

survey with a genera l i n c r e a s e in the f i n e s a t a l l s t a t i o n s e s p e c i a l l y 

those on the e a s t e r n s ide and towards the mouth of t h e e s t u a r y . In s p i t e 

of the r e l a t i v e l y small d i f f e r e n c e s in the p a r t i c l e s i z e of the sediment 

a t both s i d e s of the e s tua ry in 1979, the o v e r a l l f a u n a l d i s t r i b u t i o n r e -

uaiued s i m i l a r to th^ t found in 1978. 

The sediment a t the s t a t i o n s loca ted on the wes tern s ide of the study 

area conta ined higher l e v e l s of copper and hydrocarbon than the e a s t e r n 

s i d e . The t o l e r ance to copper and hydrocarbon might have l imi t ed the 

occurrence and su rv iva l of some spec ies on the western s i d e . A s i g n i f i -

cant p o s i t i v e c o r r e l a t i o n (T =4LU.1%) was found between sediment copper 

and hydrocarbon sugges t ing a sou rce . The evidence suggests 

a high c o r r e l a t i o n of both in Cadland creek, and judging from the work of 

knap (1978), the major source of copper and hydrocarbon i s probably the 

%sso petroleum r e f i n e r y a t Fawley. The sediment copper and hydrocarbon 
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decreased eastwards and the number of spec ie s and abundance of i nd iv idua l s 

i n c r e a s e d . A negat ive c o r r e l a t i o n was found between sediment copper and 

abundance of i n d i v i d u a l s . Sediment copper and hydrocarbon were measured 

in the p re sen t study and the s i g n i f i c a n t c o r r e l a t i o n between log . hydro-

carbon and number of spec ie s and logari thm of copper and number of 

spec ie s sugges t s t h a t both the sediment copper and hydrocarbon in f luenced 

the d i s t r i b u t i o n of ben th ic macroinfauna in Southampton Water, 

Other s t u d i e s on the e f f e c t s of p o l l u t a n t s on the macrofauna in 

Southampton Water tend t o emphasise the l e v e l of occurrence of va r ious 

t r a c e meta l s and t h e i r t o l e r a n c e by s p e c i f i c spec ie s (Knap,1972; Romeril , 

1974, 1979). Resu l t s of the p resen t study showed t h a t the d i s t r i b u t i o n 

of the macrofauna i s r e l a t e d t o the sediment t r a c e m e t a l s . 

The gene ra l f a l l in t o t a l organic ma t t e r in the 1979 survey compared 

with 1978 could tempt one to assume a r educ t ion in the t o t a l number of 

i n d i v i d u a l s and n decrease in the fauna l biomass in 1979* Though Byers 

e t al (1978) suggested t h a t t o t a l organic mat te r i s i n d i c a t i v e of the 

amount of food a v a i l a b l e to the d e p o s i t feeding ben th i c organisms, the 

abundance of i n d i v i d u a l s i nc reased in the 1979 su rvey . This confirmed 

the c o r r e l a t i o n between t o t a l organic ma t t e r and abundance of i n d i v i d u a l s 

as i n s i g n i f i c a n t in both su rveys . Neve r the l e s s , t h e r e was a s i g n i f i c a n t 

c o r r e l a t i o n between t o t a l organic mat te r and biomass in conformity with 

the idea of Byers e t al (1978) . 

Though the spec ies r i c h n e s s remained r e l a t i v e l y s i m i l a r a t the two 

surveys, t h e r e was, in g e n e r a l , g r e a t e r dominance and a h igher number of 

i n d i v i d u a l s in 1979 compared with the 1978 su rvey . The i n c r e a s e in abun-

dance in 1979 may be a t t r i b u t e d t o h igher r ec ru i tmen t and lower m o r t a l i t y 

of a few key spec ies such as Q. capu te soc i s . c a p i t a t a . palmata. 

W. Homberui and N. d i v e r s i c o l o r . In 1978, JC. c a p u t e s o c i s was p resen t a t 

high d e n s i t i e s in many s t a t i o n s but a t low d e n s i t i e s i n the 1979 survpy on 

the western s i d e . 

Other polychaetes showed cons ide rab le f l u c t u a t i o n s in numbers between 

the two surveys , i nc r ea s ing in some samples but dec reas ing or d i sappear ing 

from o t h e r s . S imi l a r s i t u a t i o n was repor ted by Soulsby (1978) f o r Tharyx 

mar ioni . a c l o s e l y r e l a t e d spec i e s , which occurred i n l a rge numbers in 

1975 but were absent in 1976. The reasons f o r such f l u c t u a t i o n a re not 

c l e a r and i t i s apparent t h a t the f % n a of Southampton Water l acks s t a b i l i t y 

t o a c e r t a i n e x t e n t , with regard t o the r e l a t i v e abundance of c o n s t i t u e n t 

s p e c i e s . 

The occurrence of C a p i t e l l a c a p i t a t a a t high d e n s i t i e s on the western 

s ide and i t s sporad ic occurrence or absence on the e a s t e r n s ide could be 
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a t t r i b u t e d t o the degree of p o l l u t i o n and low s p e c i e s d i v e r s i t y ( reduc-

ing compet i t ion) on the western s i d e . A l o t of argument has generated 

from the s t u d i e s of the s p e c i e s . Reish (1960) regarded C. c a p i t a t a 

as a u n i v e r s a l i n d i c a t o r of organic p o l l u t i o n , g e n e r a l l y occurr ing in 

l a rge popula t ions with very few, i f any, o the r s p e c i e s p r e s e n t . C. 

c a p i t a t a has a l s o been recorded in l a rge numbers i n a reas where the re 

i s no p o l l u t i o n (Muus,1967; Wol f f ,1973) . Gray (1976) found t h a t 

c a p i t a t a was p resen t in l a r g e numbers in the c e n t r a l region of Seal 

Sand, where p o l l u t i o n was l e a s t but absent where p o l l u t i o n was g r e a t e s t . 

In Southampton Water, the popula t ion was a s s o c i a t e d with regions 

of high sediment copper and hydrocarbon (around Cadland c r e e k ) . Around 

the creek where c a p i t a t a occurred in l a r g e numbers, only few spec ies 

occurred as a r e s u l t of environmental d i s t u r b a n c e . 

G r a s s l e and Gras s l e (1974) suggested t h a t C. c a n i t a t a i s ' oppor tun-

i s t i c ' , occurr ing in low numbers normally, but with an environmental 

change, r e s u l t i n g in a dec rease in spec i e s d i v e r s i t y , the worm rap id ly 

e x p l o i t s the vacant feeding n i c h e s . Since the spec i e s has a v a r i e t y of 

l a r v a l genotypes, i t can undergo i n t e n s i v e s h o r t - t e r m s e l e c t i o n . The 

au thors a l s o i n d i c a t e d t h a t Polvdora c i l i a t a ( l i p n i ) i s s i m i l a r l y adapted. 

The ben th i c macro- infauna of the low d i v e r s i t y reg ion of the study 

area could be grouped i n t o ' p o l l u t i o n t o l e r a n t ' spec i e s comprising 

C. c a p i t a t a . c i l i a t a . and Ne ie i s d i v e r s i c o l o r . These spec ies occurred 

a t r e l a t i v e l y high d e n s i t i e s on the western s ide but a t low d e n s i t i e s or 

were absent on the e a s t e r n s i d e . The ' p o l l u t i o n i n t o l e r a n t ' spec i e s , 

comprising C a u l l e r i e l l a c a p u t e s o c i s . Nephtys hombergi. Melinna palmata. 

Mercenaria mercenar ia . Crepidula f o r n i c a t a and Venerupis p u l l a s t r a . 

occurred a t high d e n s i t i e s on the e a s t e r n s ide and only s p o r a d i c a l l y 

on the western s ide of Southampton Wbter. 

In the Tees e s t u a r y . Gray (1976) found t h a t Cerastoderma edule and 

Nephtvs homberai were absent in 1973, both of which were prominent in the 

e s tua ry in 1935 when p o l l u t i o n was cons iderab ly lower . He s t r e s s e d t h a t 

the dominant macrofauna in the Tees e s tua ry were being rep laced by those 

with s h o r t - l i v e d l a rvae ( e . g . N. d i v e r s i c o l o r ) as the p o l l u t i o n load i n -

c r e a s e d . Henri ksson (1969) showed t h a t in the p o l l u t e d a r e a s of the 

Oresuni, C. c a p i t a t a brooded i t s l a rvae in the p a r e n t a l t u t e and sugges-

ted t h a t such a r ep roduc t ive s t r a t e g y was advantageous when l i v i n g in 

po l lu t ed a r e a s . In the p r e sen t study, those spec i e s wi th l o n g - l i v e d 

p l a n k t o t r o p h i c l a rvae tend to be excluded from the western s i d e , probably 

because of t h e i r ' n o n - o p p o r t u n i s t i c ' r ep roduc t ive s t r a t e g i e s , as sugges-

ted by Henri &sson. 
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Other f a c t o r s a f f e c t i n g spec ies d i s t r i b u t i o n and composition include 

s a l i n i t y and water movement. kuus (1967) found t h a t in Danish waters , 

a t s a l i n i t i e s above 22%o, Nere i s d i v e r s i c o l o r was outcompeted by v i r e n s . 

Within the study area , a t a s a l i n i t y of around 21" d i v e r s i c o l o r i s ky 

f a r the commoner of the two s p e c i e s . N. v i r e n s occurred a t a maximum 
—2 

dens i t y of 4m . Fauna! assemblages in e s t u a r i e s a r e o f t en uns tab le due 

to f l u c t u a t i o n s in the s a l i n i t y regime; but i n s i t u a t i o n s where l i t t l e 

change in s a l i n i t y occurs (such as in the p re sen t s tudy) one would expect 

s t a b i l i t y in the fauna l s t r u c t u r e . On the c o n t r a r y , l a rge fauna l f l u c t u -

a t i o n s and low d i v e r s i t i e s occurred within the s tudy a r e a . Such f l u c t u -

a t i o n s a re probably due t o o the r phys ica l parameters imposing s t r e s s on 

the ben th ic communiLy in the a r e a . 

Sanders (1968) suggested t h a t in the environments where the phys ica l 

cond i t i ons f l u c t u a t e widely , the animals are exposed t o severe p h y s i o l o g i -

ca l s t r e s s and named such a community a ' p h y s i c a l l y c o n t r o l l e d community' 

(rCC). Such a community i s c h a r a c t e r i s e d by a smal l number of s p e c i e s . 

He expla ined t h a t in some communities where p h y s i c a l cond i t i ons a re r a t h e r 

cons tan t and uniform f o r long per iods of t ime, the b i o l o g i c a l s t r e s s 

( i n t e n s e compet i t ion , p r ey -p reda t i on r e l a t i o n s h i p ) r e s u l t s in the evo lu -

t i on of b i o l o g i c a l accommodation. He named such community a ' b i o l o g i c a l l y 

accommodated community' (BAG). BAG a re c h a r a c t e r i s e d by a l a rge number of 

s p e c i e s . The faunal assemblages of the p re sen t s tudy can be desc r ibed as 

p h y s i c a l l y c o n t r o l l e d communities, though the degree of s t r e s s i s v a r i a b l e 

wi th in the a r e a . 

The top two dominant spec ie s as regard biomass in both surveys , 

Mercenaria mercenar ia and Crep idu la f o r n i c a t a . occurred a t r e l a t i v e l y few 

s t a t i o n s . While C. f o r n i c a t a was found a t t ached t o broken b o t t l e s and 

o the r hard s u b s t r a t e s , Mercenaria burrowed the s u b s t r a t e . G a u l l e r i e l l a 

c apu t e soc i s emerged as po lychae te biomass dominant in the two su rveys . 

Esse r (1972) found t h a t the biomass of t h r e e dominant po lychae tes , C i r r i -

formia t e n t a c u l a t a . Nere i s d i v e r s i c o l o r and Aren ico la marina, on the 

Hamble S p i t amounted t o 60-70g dry weight m Hibber t (1976) us ing a 

1cm mesh s i eve , es t imated the t o t a l macrofaunal biomass (po lychae tes and 

b iva lves ) as 200g dry weight m f o r Hamble S p i t . Assuming t h a t the b i o -

mass of Mercenaria recorded in the two surveys remained s t a b l e , the t o t a l 

macrofaunul biomass f o r the p resen t study was e s t ima ted as 10.2g and 13.4g 
-2 

ash f r e e dry weight m f o r 1976 and 1979 r e s p e c t i v e l y . 

Though comparisons of ben th i c biomass d a t a e lsewhere wi th the p resen t 

study ray be d i f f i c u l t because of the d i f f e r e n t u n i t s of measurements adopted 

by va r ious workers, such comparisons are u s e f u l . Dry weight (Longbottom , 
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1970; Mclntyre,197u); ash f r e e dry weight (Buchanan and Warwick,1974) 

and c a l o r i f i c values (Juyies,197U) have been used t o express biomass. 

CanrurisoLs of the benth ic biomass da ta are given in Table 2 .12 . In 

gene ra l , h igher values were repor ted in the i n t e r t i d a l zone than sub-

l i t t o r a l . 

The ben th ic macrofaunal community i n the p r e s e n t study appears 

s i m i l a r to the Macoma community descr ibed by P e t e r s e n (1913) with Mercen-

a r i a mercenar ia rep lac ing Kacoma b a l t h i c a . Harnes (1973) suggested 

t h a t the ben th ic faunal a s s o c i a t i o n s found in Southampton Water conformed 

to the iVacoma community of Thorson (lySU) Kith Cerastoderma edule r ep l ac ing 

Macoma b a l t h i c a as the dominant b i v a l v e . He suggested t h a t t he i n t r o -

duced spec ie s such as M. mercenar ia and Crepidula f o r n i c a t a were super -

imposed upon the c l a s s i c a l Macoma community. In t h e p resen t s tudy, s e v e r a l 

fauna l a s s o c i a t i o n s , f o r example, Melinna palmata/Abra n i t i d a . Abra/Nephtys 

occurred in d i f f e r e n t r eg ions of the study a r e a . On the e a s t e r n s ide , 

palmata. E* homberai. c apu te soc i s and ^l. mercenar ia dominated. On 

the western s ide , c a p i t a t a and d i v e r s i c o l o r were dominant though the 

two a s s o c i a t i o n s overlapped i n mid-channel . Towards the mouth of South-

ampton water, N. homberqi and n i t i d a were dominant . The presence of 

such fauna l u s s o c i a t i o n s r e s u l t s in the two main s i t e groups in the dendro-

grams and c o n f i r ^ ^ the t o l e r a n c e of phys ica l s t r e s s on the community 

components. 

±,le presence and i n f l u e n c e of the American s l i p p e r l impet , Crepidula 

f o r n i c a t a . on the e a s t e r n s ide and a t the Kiouth cf Southampton Water 

i n f l i c t a major d e r a r t u r e from the palmata/N. homberqi/M. mercenar ia 

a s s o c i a t i o n c h a r a c t e r i s t i c of the e a s t e r n s ide of Southampton Water. 

Barnes e t a l (1973) descr ibed C. f o r n i c a t a as the dominant spec ie s of 

the ben th ic fauna of the So len t and the n o r t h - e a s t e r n ha l f of Southampton 

Water with i n c r e a s i n g d e n s i t i e s towards the e s tua ry e n t r a n c e . Level l , 

(1979) suggested t h a t the presence of the l impet in l a r g e numbers might 

determine the type of community. When l a rge numbers of Crenidula become 

e s t a b l i s h e d , t h e r e i s always a gene ra l i nc rease in the e p i f a u n a l s p e c i e s . 

The f a e c e s and pseudo-faeces of the l impet a l t e r the na tu re of the s e d i -

ment and empty s h e l l s r rov ide s u i t a b l e s i t e s f o r a t tachment of e p i f a u n a . 

In g e n e r a l , spec ie s of ben th i c macroinfauna found in the p resen t 

study a re e s s e n t i a l l y s i m i l a r to Jones (1950) and Gray (1976) . Never-

t h e l e s s , none of the communities or f auna l a s s o c i a t i o n s a re exac t d e s c r i p -

t i ons of the ben th ic f auna l communities of Southampton Water. The 

major d e p a r t u r e arose from domination bv C a u l l e r i e l l a c a p u t e s o c i s in 

Southampton Water. This i s not unexpected as any p a r t i c u l a r reg ion 
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Scot land 

Wamble S p i t ( b i v a l v e s ) 

Hamble S p i t (po lychae tes ) 

Biomass 

0 .3-22 

27-129 

60-70 

Author i ty 

Mclntyre (1970) 

Hibber t (1976) 

Esse r (1976) 

SUBLinORAL COMMUNITIES 

Northumberland 

Washington U.S.A. 

Southampton Water 

Biomass Author i ty 

3-4 Buchanan e t a l (1974) 

0 . 5 - 5 ? Buchanan & Warwick (1974) 

Lie (1974) 

10-13.4 P re sen t s tudy 

Table 2 .12 Comparisons of the biomass f o r s e v e r a l community s t u d i e s 
n 

expressed in g ash f r e e dry weight m T . 



wi l l havs i t s own unique physico-chemical and b i o t i c parameters which 

may r e s u l t in v a r i a t i o n s from the c l a s s i c a l communities to a g r e a t e r 

or smal le r e x t e n t . 
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SECTION THREE 

TEMPOLAL VARIABILITY IN THE STRUCTURE OF SUBLrrTORAL RCNTHTC 

MACROFAUNAL COMMUNITIES OF SOUTHAMPTON WWTRR 

3 . 1 . I n t r o d u c t i o n 

E c o l o g i s t s have paid cons ide rab le a t t e n t i o n to t h e concept of s t a b i -

l i t y of communities but as Margalef (1969) pointed ou t , t h e r e are d i f f e r e n t 

d e f i n i t i o n s of s t a b i l i t y which provide ample ground f o r c o n f u s i o n . The 

most common d e f i n i t i o n of s t a b i l i t y of communities i s constancy in numbers, 

t h a t i s , communities evolve in the d i r e c t i o n of small numerical v a r i a b i l i t y 

in h a b i t a t s with cons tan t e x t e r n a l c o n d i t i o n s . Durbar (1960) found small 

numerical v a r i a b i l i t y as a c h a r a c t e r i s t i c f e a t u r e of t r o p i c a l communities 

in which spec ie s d i v e r s i t y i s t y p i c a l l y h igh . He sugges ted a r e l a t i o n s h i p 

between spec i e s and community s t a b i l i t y . Mac-Arthur (1955) s t a t e d t h a t 

the h igher the spec ies d i v e r s i t y a t each t r o p h i c l e v e l , the more s t a b l e 

would be the energy f low through the community. 

Sanders (1968, 1969) p o s t u l a t e d the S t a b i l i t y Time Hypothesis t o 

exp la in observed p a t t e r n s of d i v e r s i t y in the s e a . N e v e r t h e l e s s , 

Slobodkin (1964) and Sanders (1969) a f f i rmed t h a t i t was the degree of 

p r e d i c t a b i l i t y of the environmental f l u c t u a t i o n s r a t h e r than t h e i r abso lu te 

magnitude t h a t was of importance f o r spec ie s d i v e r s i t y . Lie and Evans 

(1973) s t a t e d t h a t constancy of spec ies numbers in a community could be 

maintained i f d r a s t i c changes in the r e l a t i v e importance of a spec ie s took 

p l a c e . 

Few temporal i n v e s t i g a t i o n s of benth ic in fauna comparable t o the 

p resen t study have been c a r r i e d o u t . Pe t e r sen (1913, 1918) and Ziegelmeier 

(1963) made ex tens ive i n v e s t i g a t i o n s of gene ra l a reas in Danish waters and 

the German Bight r e s p e c t i v e l y r a t h e r than a t exac t l o c a t i o n s as in the 

p resen t s t u d y . Buchanan e t a l (1974) s tud ied the long term popula t ion 

t r ends of the macrofauna in the Northumberland o f f s h o r e mud over a per iod 

of f o u r y e a r s . They found s u b s t a n t i a l s t a b i l i t y in the number of spec ie s 

and the t o t a l es t imated secondary product ion , but the number of i n d i v i d u a l s 

more than doubled over the p e r i o d . The au thors found temporal v a r i a t i o n 

in the number of i n d i v i d u a l s to be r e f l e c t e d in a c o n s i d e r a b l e f l u c t u a t i o n 

in d i v e r s i t y measurements, due almost e n t i r e l y t o the r e d i s t r i b u t i o n of 

the p r o p o r t i o n s of a number of high ranking s p e c i e s . In a l a t e r paper 

in 1978, the same au thors assessed sources of v a r i a b i l i t y i n the ben th ic 

macrofauna o f f t he Northumberland coas t between 1971 and 1976. They 
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observed t h a t the d i s t r i b u t i o n of faunal assemblages had remained essen-

t i a l l y s t a b l e fo r more than a decade . The a u t h o r s , t h e r e f o r e , suggested 

a community maximizing i t s performance throughout a broad range of e n v i r -

onmental v a r i a b i l i t y . 

Southampton Water has been a s i t e of many e c o l o g i c a l s t u d i e s . 

Nonethe less , temporal v a r i a b i l i t y in the fauna of t h e es tuary has been 

n e g l e c t e d . S tudies of fauna c a r r i e d out in and around Southampton Water 

have been r e s t r i c t e d mainly t o the summers of s u c c e s s i v e yea r s (Soulsby 

1978; Leve l l 1979) while s h o r t term temporal s t u d i e s on the fauna of the 

i n t e r t i d a l zone have been c a r r i e d out over a few summer months (George, 

1962; Wormald,1972; L a u r i s t o n , 1 9 7 7 ) . The i n t e r e s t in the temporal 

v a r i a b i l i t y of the Southampton Water benthos d e r i v e s from a lack of know-

ledge of the s t r u c t u r e of the ben th ic communities around the c e n t r a l 

i n d u s t r i a l i z e d region of the e s t u a r y . 

I n t e n s i v e sampling was s t a r t e d a t f o u r s e l e c t e d s t a t i o n s , 2, 5, 9 

and 20 ( f i g u r e 3 .1) f o r the purpose of a s s e s s i n g secondary product ion f o r 

a per iod of twenty months based on bimonthly samples between Ju ly 1978 and 

March 1980. The s t a t i o n s were chosen because the p re l iminary survey in 

May 1970 showed t h a t s t a t i o n s 2 and 9 which d i f f e r e d i n d i s t a n c e from the 

r e f i n e r y o u t f a l l , both had sediments with s i m i l a r s i l t - c l a y f r a c t i o n s . 

S t a t i o n 5 on the e a s t e r n s ide had a d i f f e r e n t sediment type with high 

spec ies d i v e r s i t y . S t a t i o n 20 s i t u a t e d south of Fgwley 's Esso j e t t y , 

though on the western s ide , had a lower sediment s i l t - c l a y l e v e l than 

s t a t i o n s 2 and 9 and appeared to be f a i r l y d i v e r s e . 

Sediments ac t as a very important s ink f o r t r a c e meta ls and severa l 

s t u d i e s have shown them to be good i n d i c a t o r s of p o l l u t i o n . The r e l e a s e 

of me ta l s i n t o the e s t u a r i n e environment o ther than by n a t u r a l processes 

has been a consequent r e s u l t of i n d u s t r i a l development . Metals t h a t are 

t ox i c a t high c o n c e n t r a t i o n s may be e s s e n t i a l t o l i f e a t lower c o n c e n t r a -

t i o n s . Some meta ls are p r e s e n t t o a g r e a t e r e x t e n t in a s s o c i a t i o n with 

p a r t i c u l a t e ma t t e r than d i s s o l v e d ma t t e r or v i c e v e r s a . Deposi t and 

f i l t e r f e e d e r s are e f f i c i e n t i n concen t r a t i ng some me ta l s which they 

ob ta in from d e t r i t a l m a t e r i a l s , C u t s h a l l (1972) s t a t e d t h a t e s t u a r i e s 

con ta in s i g n i f i c a n t amounts of t r a c e metals s ince they serve as funne l s 

through which land r u n - o f f i s t r a n s p o r t e d to t h e c o a s t a l ocean. Attempts 

were made during the p r e sen t i n v e s t i g a t i o n to study the i n f l u e n c e of s e d i -

ment meta l s and hydrocarbon on the ben th ic macrofaunal communities of the 

study a r e a . 
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klethgii 

The sampling technique and the subsequent t r ea tment of the samples 

are e s s e n t i a l l y i d e n t i c a l to those descr ibed in Sec t ion I I . Ten r e p l i -
2 

ca te O.IM Van Veen grab samples were taken bimonthly a t each of s t a t i o n s 
2 

2 and 9; and f i v e r e p l i c a t e O.IN grab samples a t each of s t a t i o n s 5 and 

20. The pre l iminary survey in 1978 showed convinc ingly t h a t f i v e grab 

samples a t s t a t i o n s 5 and 20 were s u f f i c i e n t t o provide da ta f o r e s t i m a t -

ing secondary product ion whereas ten grab samples were considered necessary 

a t s t a t i o n s 2 and 9, owing t o the low spec ies d i v e r s i t y and abundance a t 

the l a t t e r s t a t i o n s . 

All hen th ic macro- infauna r e t a ined on a 0.5mm s i e v e were f ixed in 4% 

formal in and s ta ined in Rose B engale s o l u t i o n . These were l a t e r i d e n t i -

f i e d , counted and the ash f r e e dry weight determined f o r i n d i v i d u a l species 

or cohor t s by drying a t 80°c in an oven and ashing a t 550°G in a muf f l e 

The sediment samples c o l l e c t e d by the technique ou t l i ned in Sect ion 

I I were separated i n t o sand and f i n e s ( p a r t i c l e s l e s s than in diameter) 

p o r t i o n s . The sepa ra t ion i n t o sand and s i l t - c l a y f r a c t i o n s was considered 

of pos s ib l e re levance t o the d i s t r i b u t i o n of the i n f a u n a . 

The t o t a l organic ma t t e r of the sediment was es t imated by lo s s of 

weight on i g n i t i o n in the m u f f l e furnace a t 550°c. I t i s assumed t h a t 

n e g l i g i b l e amounts of i no rgan ic s , notably phosphorus and n i t rogen , would 

be l o s t a t t h i s t empera tu re . D e t a i l s of e s t ima t ion of o the r phys ica l and 

chemical parameters such as temperature , meta l s , hydrocarbons, a r e given 

in the r e l e v a n t s e c t i o n s . 

3 . 3 . 1 . Physico-chemical parameters 

(a) Sediment types 

The sand and the s i l t - c l a y ( f i n e s ) p ropor t ions expressed as percentage 

composition of the sediments f o r a l l s e l ec t ed s t a t i o n s a r e shown in Table 3 .1 . 

The temporal changes in the f i n e s por t ions a re expressed g r a p h i c a l l y in 

f i g u r e 3 . 2 . 

The sediment a t s t a t i o n 2 i s predominantly mud with the f i n e s 

(d iamete r iL 63pm ) always above 70% of the t o t a l compos i t ion . Between 

Ju ly and November 1978, the propor t ion of the f i n e s in the sediment was 

almost s t a b l e but rose fo l lowing the win te r of 1978/79. The f i n e s p ropor -

t i o n decreased between March and May 1979 b e f o r e a r e t u r n t o a high l eve l 



S t a t i o n 2 S t a t i o n 5 S t a t i o n 9 S t a t i o n 20 

sand S i l t / C l a y | Sand S i l t / C l a y Sand S i l t / C l a y Sand S i l t / C l a y 

1978 July 20 .8 97.2 16.6 83.4 20.6 79.4 32 .3 67.7 

September 24.6 75.4 18.0 82 .0 15.6 84.4 36 .0 64 .0 

November 23 .1 76.9 18.5 81 .5 18.3 81.7 34 .3 65 .7 

1979 January 13.9 86 .1 18.2 81.8 14.0 G6.0 3 8 . 0 62 .0 

March 2 . 6 97.4 3 .2 96 .8 1.7 98 .3 23 .7 76 .3 

May 11.5 88 .5 11.5 88 .5 2 .4 97.6 15.5 84.5 

Ju ly 0 . 8 99.2 10.8 89.2 1.0 99 .0 31 .5 68 .5 

September 0 . 7 99 .3 11.8 88.2 1.7 98 .3 21 .8 78.2 

November 0 . 5 99 .5 3 . 0 97 .0 1.7 98 .3 7 . 8 92.2 

1980 January 0 . 3 99 .7 6 . 8 93.2 0 . 8 99 .2 25 .6 74.4 

March 2 . 2 97 .8 12.6 87.4 4 .2 95 .8 25 .3 74.7 

Table 3 . 1 . Percentage of sand and s i l t - c l a y f r a c t i o n s in sediments of the s e l ec t ed s t a t i o n s 

t o 
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of f i n e s which rose to remain s t a b l e from summer 1979 onwards, 

Various f a c t o r s may i n f l u e n c e the s e t t l emen t of m a t e r i a l , among 

which the t i d a l c u r r e n t s may play a prominent r o l e . T ida l c u r r e n t s a t 

s t a t i o n 2 were weak, o f t e n l e s s than 1 knot , which r e s u l t e d in f i n e 

p a r t i c l e s s e t t l i n g r a p i d l y . Pa tch iness in the subs t ra tum might be 

r e s p o n s i b l e f o r some of the v a r i a t i o n in the p r o p o r t i o n of f i n e s as 

sediments o f t e n va r i ed s i g n i f i c a n t l y wi th in sho r t d i s t a n c e s ( Jones ,1950) . 

S t a t i o n 5 on the e a s t e r n s ide cons i s t ed of a g r e y i s h compact s e d i -

ment o f t e n loaded with b i v a l v e s h e l l s notably those of Mernenaria. Mya. 

Ostrea and Venerupis s p e c i e s . The sediment con ta ined a high propor t ion 

of f i n e s in d iameter ) intermixed with coa r se sand and g r a v e l . 

There was a f a i r s t a b i l i t y in the s i l t - c l a y po r t ion of the sediment a t 

the s t a t i o n except f o r some odd peaks in March 1979 and the win te r of 

1979/80. Grea t e r d e p o s i t i o n of f i n e s occurred in the win te r months than 

in the summer months when the p ropor t ion of sand in t h e sediment was h igh-

e r . S t ronger t i d a l c u r r e n t s ( 2 -2 .5 knots) wqshed g r a v e l s from the beach 

on the e a s t e r n s ide down i n t o the s u b t i d a l reg ion where they l a t e r s e t t l e d . 

(Dyer ,1973) . 

The sediment a t s t a t i o n 9 c lo se ly resembled t h a t of s t a t i o n 2 . The 

sediment a t t h i s s t a t i o n was s o f t black and o i ly with a h igher p ropor t ion 

of f i n e s than a t s t a t i o n 2 . There was a cont inuous i n c r e a s e in the depos i -

t i on of f i n e s a t the s t a t i o n except in November 1978 when the sand propor-

t i o n rose by 3% over the preceding sample. The p ropo r t i on of f i n e s a t the 

s t a t i o n remained high and f a i r l y cons tan t from spring 1979. 

S t a t i o n 20, the seaward s t a t i o n , conta ined sediment con t a in ing f a i r l y 

l a rge p ropor t ion of sand and f i n e p a r t i c l e s . The sand component va r ied 

between 15 and 32% with g r e a t e r f l u c t u a t i o n s in the p r o p o r t i o n of f i n e s . 

The high sand con ten t a t the s t a t i o n could be a t t r i b u t e d t o the i n f l u e n c e 

of water f low from the River Hamble coupled wi th s t rong t i d a l c u r r e n t s 

wi th in the a r e a . 

In g e n e r a l , a l l s t a t i o n s sampled showed an i n c r e a s e in the s i l t - c l a y 

percentage from a low l e v e l between Ju ly 1978 and January 1979 t o a h igher 

l eve l between March 1979 and March 1980 as shown below. This i n d i c a t e s a 

h igher net sedimenta t ion in the a rea , in the second p e r i o d . 
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S t a t i o n % S i l t - c l a y Standard % S i l t - c l a y Standard 
Ju ly 1978- Devia t ion March 1979- Deviat ion 
J a n . 1979 March 1980 

2 79.4 ± 4 .7 9 7 . 3 ± 4 . 0 

5 82 .9 ± 2 .9 98 .1 ± 1.1 

9 82 .2 ± 0 . 8 9 1 . 5 ± 4 . 1 

20 64 .9 + 2 .4 78 .4 ± 7 .7 

(b) To ta l Organic Mat ter (T.O.M.) 

The percentage t o t a l organic ma t t e r of the sediment samples measured 

as l o s s of weight on i g n i t i o n are presented in Table 3 . 2 and f i g u r e 3 . 3 . 

The fou r s t a t i o n s showed high va lues of the t o t a l o rgan ic ma t t e r wi th the 

h ighes t va lues a t s t a t i o n s 2 and 9, wi th in the v i c i n i t y of the i n d u s t r i a l 

o u t f a l l s on the western s ide of the e s t u a r y . 

The average t o t a l o rgan ic ma t t e r with the s t andard d e v i a t i o n used 

as a measure of v a r i a b i l i t y f o r the s t a t i o n s a r e : 

S t a t i o n Average T.O.M. va lues Standard 
Devia t i on 

2 10.9 ± 0 . 8 

5 9 . 3 ± 1 .2 

9 10.00 ± 1 .4 

20 6.8 ± 1.2 

S t a t i o n 20 had the lowest T.O.N, va lues and s t a t i o n 9 the g r e a t e s t 

v a r i a b i l i t y in the v a l u e s . 

By s p l i t t i n g the da ta i n t o t h r e e groups, v i z : 

Summer/Autumn (July - September) 

autumn/Winter (November - January) 

Winter /Spr ing (March - May) 

based on the average va lues of T.O.M. f o r the per iod between Ju ly 1978 and 

March 1980, t h e r e was a c l e a r s e a s o n a l i t y a t a l l s t a t i o n s with high t o t a l 

organic m a t t e r between Ju ly and September but g e n e r a l l y f a l l i n g to a m i n i -

mum between March and Map ( F i g . 3 . 4 ) . S t a t i o n s 5 and 20 cyc le s were most 

marked, but the cycle was l e s s marked a t s t a t i o n 2 and l e s s ev iden t a t 

s t a t i o n 9 . 

(c) Sediment meta ls 

The va lues of sediment meta ls measured in p a r t s per m i l l i o n using 

X-ray f l u o r e s c e n c e a t a l l s e l e c t e d s t a t i o n s a re shown in Table 3 . 3 . and 
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S t a t i o n 2 S t a t i o n 5 S t a t i o n 9 S t a t i o n 2 0 

1978 Ju ly 11.7 10.5 12.6 8 . 7 

September 11.1 13.7 9 . 4 7 . 3 

November 10.8 8 .2 9 . 8 7 . 1 

1979 January 10.7 10.5 7 . 6 6 .6 

March 10.9 8 .9 9 . 7 6 . 9 

May 10.5 6 . 8 8 . 5 4 . 7 

Ju ly 11.4 10.2 11.6 8 .6 

September 12.3 10.5 9 . 6 6 . 3 

November 9 .4 8 .4 9 . 8 6 . 5 

1980 January 11.4 9 . 7 11 .1 6 . 7 

March 10.1 9 .4 10 .3 5 .4 

Mean. 1U.9 9 . 3 10 .0 6 . 8 

S.D. ± 0 . 8 + 1.2 ± 1 .4 ± 1.2 

Table 3 . 2 . To ta l Organic Matter ( in percentage) a l l s e l e c t e d 

s t a t i o n s 
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S t a t i o n 2 S t a t i o n 5 S t a t i o n 9 S t a t i o n 20 

Lead 

l a z a 

May 

J u l y 

Sept 

Nov 

1979 

Jan 

March 

May 

Ju ly 

Sept 

Nov. 

i s a o 

J a n . 

March 

Average 

arsenic Line Copper Lead Arsenic Zinc Copper Lead Arsen ic Z inc Copper Lead Arsenic 6 i n c Copper 

7 7 . 0 

70 .8 

7 0 . 5 

7 5 . 1 

72 .8 

81.1 
82 .3 

85 .9 

101.2 

6 9 . 6 

71 .2 

7 7 . 4 

3 2 . 5 

4 0 . 1 

35.4 

3 3 . 0 

71 .2 2 0 . 8 

2 2 . 3 

21.6 
21.0 
20.8 
18.2 

149.7 149.9 

146.5 

140.9 

171.7 

148.3 

179.9 

136.8 

142.2 

122.4 

139.2 

2 1 . 8 141.0 

22.1 

2 5 . 8 

160 .5 

148.3 

140.0 

184.9 

297 .2 

242.6 

358 .5 

174.5 

146.9 

14W.8 

413 .1 

176.2 

267 .4 

2 2 5 . 0 

4 7 . 9 

4 2 . 0 

3 1 . 4 

6 0 . 5 

441 . 

4 8 . 6 

79 .4 

127 .1 

97 .7 

44 .4 

73 .6 

61.1 

6 3 . 2 

2 6 . 3 8 1 . 0 

28.6 
70 .5 

3 4 . 1 

20.1 
2 3 . 3 

19.6 

13 .5 

16.7 

17 .3 

15 .8 

19.6 

2 5 . 5 

7 9 . 3 

6 0 . 9 

110.3 

8 1 . 5 

89 .7 

9 9 . 8 

9 3 . 5 

106.7 

7 6 . 7 

8 9 . 2 

8 9 . 5 

88.2 

40 .6 

2 5 . 2 

2 1 . 7 

47 .4 

2 8 . 5 

3 2 . 3 

42 .9 

3 0 . 8 

3 5 . 5 

19 .5 

33 .6 

3 3 . 0 

32 .6 

5 5 . 1 

7 6 . 5 

82 .4 

9 1 . 0 

5 6 . 8 

59 .9 

70 .2 

04 .2 

6 9 . 2 

5 7 . 5 

6 0 . 4 

60.2 

68.6 

4 3 . 8 

3 8 . 0 

3 6 . 7 

2 9 . 8 

1 1 . 3 

13 .9 

2 1 . 3 

1 7 . / 

14 .0 

17 .5 

16.1 

15.0 

2 2 . 9 

137.6 579.4 

152.4 

163.8 

170.3 

151.9 

172 .8 

141.1 

130 .5 

118.0 

141.4 

157 .1 

146 .3 

341.7 

673 .8 

847 .8 

369.2 

351 .7 

823.4 

267.8 

209.2 

119.0 157.8 

248 .7 

300.2 

430.9 

6 9 . 1 

46 .7 

4 8 . 5 

4 1 . 1 

40 .2 

3 8 . 1 

70 .6 

4 8 . 7 

42 .7 

47 .4 

4 3 . 4 

4 0 . 8 

4 8 . 1 

3 6 . 5 122.4 

2 7 . 7 

2 3 . 7 

2 0 . 5 

14 .5 

15 .5 

12.6 
15.3 

14.4 

13 .7 

14 .7 

15 .1 

18.7 

88.6 
86.1 

72 .9 

73 .4 

67 .2 

76 .9 

84 .0 

80.0 
86.0 

71 .5 

6 9 . 4 

8 1 . 5 

38 .6 

59.2 

45 .0 

42 .9 

51 .3 

3 6 . 8 

5 1 . 3 

4 8 . 1 

45 .4 

5 7 . 8 

4 3 . 1 

4 0 . 0 

46 .6 

Table 3 , 3 T race meta l s i n sediments measured i n p a r t s per m i l l i o n a t t he s e l e c t e d s t a t i o n s 
00 
. o 
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Figures 3 . 5 (copper) ; 3 .6 (Zinc) ; 3 . 7 (Lead) and 3 . 8 (Arsen ic ) . 

( i ) Sediment copper 

The sediment copper was high a t s t a t i o n s 2 and 9 on the western s ide 

but low %t s t a t i o n s 5 and 2J on the e a s t e r n s ide and towards the mouth of 

5outMa%rtou J a t e r . S t a t i o n 9 showed the h ighes t sediment copper l eve l , 

and ranged between 108 sjid 840 p a r t s per m i l l i o n ( p . p . m . ) with peaks in 

November 1978 and May 1979. At s t a t i o n 2, t he re was an i n c r e a s e in the 

copper l e v e l between May and November 1978 and t h i s was followed by a f a l l 

in the win te r months. Another r i s e in the summer months was followed by 

a f a l l in w i n t e r . Copper which i s used as a ' s w e e t e n i n g ' agent in the 

r e f i n e r y process (Knap 1978) probably accounts f o r the high l e v e l s of sed i -

ment copper on the western s i d e . S t a t i o n s 5 and 20 showed low l e v e l s 

( l e s s than 60 prm) of sediment copper . 

The s e l e c t e d s t a t i o n s may convenien t ly be grouped according t o the 

amount of sediment copper as 'h igh copper s t a t i o n s * ( c o n t a i n i n g i r 200 ppm 

sediment copper) and ' low copper s t a t i o n s ' ( c o n t a i n i n g ^ 1 0 0 ppm). On 

t h i s b a s i s , s t a t i o n s 2 and 9 would f i t i n t o the ' h i gh copper s t a t i o n s ' and 

s t a t i o n s 5 and 20 i n t o the ' low copper s t a t i o n s ' . 

( i i ) S^d^gggt^Z^gc 

Al l the se l ec t ed s t a t i o n s showed low and c o n s t a n t l e v e l s in the s e d i -

ment z inc throughout the study p e r i o d . Higher l e v e l s of sediment z inc 

occurred a t s t a t i o n 2 where i t ranged between 122 ppm in September 1979 

and 180 ppm in March 1979. S i m i l a r but lower va lues wei^ obtained a t 

s t a t i o n 9 , The l e v e l s ranged between 120 ppm and 170 ppm. The high 

z inc l e v e l in the sediment a t s t a t i o n 2 may be a t t r i b u t e d t o the proximity 

of the s t a t i o n to the o u t f a l l s of both S y n t h e t i c Rubber and Union Carbide 

i n d u s t r i e s . S t a t i o n 20 showed the l e a s t l e v e l of sediment z inc , the low 

l e v e l poss ib ly being due t o the d i s t a n c e from the i n d u s t r i a l o u t f a l l s . 

( i i i ) Sed^me%^ Lead 

High f l u c t u a t i o n s in the sediment lead a t a l l f o u r s t a t i o n s were 

recorded during the study p e r i o d . There v;as a g radua l i n c r e a s e in the 

sodlment lead a t s t a t i o n 2 between Kay 1978 and November 1979 when a peak 

value of l u l ppm was o b t a i n e d . The main source of lead in the e s tua ry 

has been a s s o c i a t e d ^ i t h the indust ry , but the r i v e r f lows of the T e s t , 

I t c^cn and lambls muy pl^y a major ro l e (Burton, pe rsona l communication). 

A l l four s t a t i o n s showed a gradua l i nc r ea se in sediment lead between spr ing 

and summer 1979, This was probably due to i nc rea sed r i v e r f lows i n t o the 



ostuary in l^Le s p r i n g . 8 6 

( iy) Sediment Arsenic 

There wus a gradual d e c l i n e in the sediment a r s e n i c a t a l l f ou r s t ^ t i i n s 

(except a t s t a t i o n 5 in September 1978) , The l eve l of sediment a rsenic 

in the e s tua ry %fas low wi th h i g h e s t l eve l occur r ing a t s t a t i o n 2 . At 

th i s s t a t i o n , the value of a r s e n i c in the sediment ranged between 18 and 

40 ppm with no seasonal t r e n d . Arsenic e n t e r s Southampton %^t2r mainly 

through domest ic sewage and the d e c l i n e throughout the s tudy period may 

be due t o a change in the sewage t r e a t m e n t . 

(d) Bottom water tempera ture 

The bottom water t empera ture f o r Fawley Esso south-end j e t t y and the 

r e f i n e r y o u t f a l l s , as suppl ied by the B r i t i s h Transpor t Hocks Hoard, are 

presented in F i g . 3 . 9 . The r e f i n e r y o u t f a l l water t empera ture was about 

10°c higher than the j e t t y ' s , but the e f f e c t of the d i f f e r e n c e in temper-

a tu re on the bottom animals could be n e g l i g i b l e as t h e volume of watsr 

from the r e f i n e r y i s l i t t l e compared with the bulk of e s t u a r i n e wa te r . 

Highest water tempera tures were between Ju ly and September and minimum 

temperatures recorded in J a n u a r y . There was no s i g n i f i c a n t change in the 

bottom water temperature in 1978 ani 1979. 

3 . 3 . 2 . BIOLOGICAL PARAMETERS 

C o n f l i c t s o f t e n a r i s e on how bes t ben th i c communities can be c l a s s i f i e d . 

The disagreement l i e s between a c l a s s i f i c a t i o n based p r imar i l y on the 

na ture of bottom d e p o s i t s (Jones,1950) c a l l e d a ' b i o t y p e ' and t h a t based 

upon the c h a r a c t e r i s t i c elements of the c o n s t i t u e n t s p e c i e s c a l l e d b i o -

cenos is (Hedgeneth,1954). Each method of c l a s s i f i c a t i o n has i t s own 

l i m i t a t i o n s . Never the less , a r e l a t i o n s h i p has been found between the 

community and the na tu re of bottom d e p o s i t . A d e p o s i t based c l a s s i f i -

c a t i on o f t e n s u f f e r s from problems of p r e c i s e c a t e g o r i s a t i o n of the s e d i -

ment types and the hydrodynamics of the s e g m e n t (Sanders^^956) . Tvm 

apparen t ly i d e n t i c a l s i l t y sediments may vary in o r i g i n . In one, the 

s i l t may be in the p rocess of t r a n s p o r t through the system due t o the 

dynamic p rocesses opera t ing in the a r e a . 

Such sediments , though s i m i l a r in g r a i n s i z e , would con ta in d i f f e r e n t 

types of f a u n a . A fauna l based c l a s s i f i c a t i o n leaves anomalies and 

grades between the communit ies . The method employed in the p re sen t 

study i s based p a r t l y on the na tu re of the bottom d e p o s i t s in which 

the ben th ic communities occur and on the c h a r a c t e r i s t i c e lements of the 
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fauna. j g g 

The short-term population trends of the bentbic macrofauna of the 

study area were inves t igated and the population parameters including 

the number of spec ies and ind iv idual s as well as d i v e r s i t y were studied. 

Each s t a t i o n i s t r e a t e d s e p a r a t e l y so as t o g ive i n f o r m a t i o n on the 

temporal v a r i a b i l i t y . 

Located about 600 met res e a s t of the Union Ca rb ide o u t f a l l * n ; t h e 

western s ide of Southampton Water, the s t a t i o n was c h a r a c t e r i s e d by a 

high s i l t - c l a y f r a c t i o n (average 90^ s i l t - c l a y ) and supported a f a i r l y 

r i c h b e n t h i c macrofauna. A t o t a l of 23 d i f f e r e n t s p e c i e s were recorded 

a t the s t a t i o n in the bimonthly samples during the 20 month p e r i o d . A 

spec ies l i s t with percentage numerical abundance a t ez#h bimonthly sample 

i s p resen ted in Table 3 . 4 a , b . P o l y c h a e t e s c o n s t i t u t e 45.5M (10) of the 

t o t a l s p e c i e s , c ru s t aceans 40.9% (9) and mol luscs 13.6% ( 3 ) . The num-

bers in pa ren theses a re the a c t u a l numbers of the s p e c i e s . The po ly -

chae te s comprised both e r r e n t i a and s e d e n t a r i a n s and the c rus taceans 

were r ep re sen t ed by amphipods, i sopods, o s t r acods and decapods . 

The v a r i a t i o n in the number of spec ies and numer ica l abundance a t 

s t a t i o n 2 i s shown in F igure 3 . 1 0 . The number of s p e c i e s dec l ined through-

out the s tudy per iod except in September 1978. The maximum number of 

spec ie s of macrofauna recorded a t t he s t a t i o n was 17m i n September 1978. 

The number f e l l g r adua l ly u n t i l a minimum of 3m" was recorded from 

November 1979 onwards. The t r end of the numerical abundance of the 

animals a t the s t a t i o n was s i m i l a r to the number of s p e c i e s u n t i l Ju ly 

1979. Between Ju ly 1978 and May 1979 the number of spec ie s and i n d i -

v i d u a l s decreased by more than h a l f . 

Changes in the number of s p e c i e s lack i n f o r m a t i o n as to how r e l a t i v e 

abundance of major animal taxa a re r ep resen ted in t h e success ive bimonthly 

samples . Only d e t a i l e d a n a l y s i s of the spec i e s composi t ion of the 

animal taxa revea led such i n f o r m a t i o n . The pe rcen t age numerical abund-

ance of t h e major animal taxa i s given in Table 3 . 5 . 

Po lychae tes dominated a t t h e s t a t i o n throughout t h e study per iod and 

occurred a t a percentage g r e a t e r than 85%, The c r u s t a c e a n and molluscan 

elements of the fauna were r e l a t i v e l y l e s s impor tan t w i th regard t o the 

number of s p e c i e s . They g r adua l l y dec l ined and were l o s t dur ing the 

course of s t u d y . This pos s ib ly suggests t h a t t he h a b i t a t a t s t a t i o n 2 

was undergoing a g radua l change which became un favourab le to the c r u s t a -

ceans and mol luscs and which r e s u l t e d in t h e i r complete d i sappearance 



NHMRrus & ,i' STATION 2 BEfWEEN JULY 1978 and MARCH 1980 

1976 

SPECIES Ju ly Sept Nov Jan Mar 

C a u l l e r i e l l a canu tesoc i s ( S t . Josanhl 3425 1220 251 324 2 
Abrn n i t i d a KGIler 585 1 — — 

Nephtvs homberqi ( Aud & M-Edw) 100 3 2 32 = ma 

Cerastoderma edule L. 17 2 1 — em m 

Ph&omedes alobosus (Baird) 12 4 = KB" mm mm 

Polvdora c i l i a t a (Johnston) 9 1086 17 42 #m em 

Mercenaria mercenaria L. 5 wawv CM W» CM) am 

Eteone lonpa (Fabr ic !us ) 3 563 808 269 266 
C i r r a t u l u s c i r r a t u s (Mu]]er) 2 em™. # * — » mm 

Cranoon cranaon L. 1 " — • » » » 

w 1740 2733 57 w 

Neeeis d i v e r s i c o l o r Muller " — 699 848 333 3m 
C a p i t e l l a c a p i t a t a (Fab r i c iu s ) 608 76 2 372 
Ana i t i des maculata S t . Joseph — —' 5 3 • » > « 

Ido t ea l i n e a r i s L. —— 3 W W 1 
Carcinus maenas L. " — 1 1 — — — 

Dexamine spiqosa Montaqu 1 — — —— 

Atvlus \ ed lomens i s (Bate & Westwood) — — 1 —' WB «— « • 

Oohiodromus f lexuosus Del le Ch ia i e 1 » . w . — » 

U n i d e n t i f i e d polychaete ###. 2 — — — — 

J a s s a marmorata Holmes W W . — 1 am CJB 

Uniden t i f i ed mite mn ™ M mm <ma •MXIsS 

Praunus f l exuosys (MWller) — — — — - w * w — ™ 

Coronhium insidiosum Crawford — — — — -

Tota l number of i n d i v i d u a l s 4159 6162 4337 1063 1029 

10 
21 

143 

149 
282 

1 
1 

552 

63 
169 

442 
120 

237 590 

OO 
CO 



T.tbic LIST OF MACROFAUNA WITH PERCENT NUMERICAL ABUNDANCE OF INDIVIDUALS AT STATION 

1978 1979 1980 

SPECIES July Sept Nov Jan Lar ^^y Ju ly Sept Nov Jan Mar 

C a u l l e r i e l l a canu tesoc i s ( S t . Josenh) 82,45 19.80 5*30 30.48 0 .19 0.69 1 1.68 0 .25 
Abra n i t i d a Muller 14.07 0.02 w mm m* mm 

Neohtvs homberai (Aud & lu-Cdw.) 2 .40 0 .05 0.04 3 .01 ## w " " " " 1 

Cerastoderma edule L. 0 .41 0 .03 0 .02 " w W * 1 m m 

Philomedes a lobosus (Baird) 0.29 0.06 mm ^ en ## ma tm 

Polvdora c i l i a t a (Johnston) 0.22 11.68 0,36 3 .95 mm is» 0,69 ; 9 ,78 •MB m» 

Mercenaria mercenar ia L. 0.12 mm «* • turn j " " w mm mm tm ms 

Eteone lonqa (Fabr i c ius ) 0 .07 9 .14 17.01 25,31! 25,88 77.20 1 11.77 1.27 4 .75 4.42 3 .33 
C i r r a t u l u s c i r r a t u s (Muller) 0 .05 — ™ mm-wm mana M B a ! 

Cranoon cranoon L. 0.02 — «.»> ==» w ma MS «B> tmt m . — 

Sabe l l a pavonina Sarviony 28.24 57.70 5,36 urn mm » =a •MKS OS OS CBBCBS 

Nere is d i v e r s i c o l o r Hur ler 11.34 17,90 31 ,33 37 ,74 6 .99 26,99 26,58 74.92 60.78 90 .03 
C a n i t e l l a c a n i t a t a (Fabr i c ius ) —— 9 .87 1 ,60 0 .19 36 ,1^ 14,69 51,08 70.46 20.33 34 .80 6 .39 
Ana i t i des maculata L. 0 .08 W W 0.28 M m w W9(H9 w — ca.— 

Ido tea l i n e a r i s L . 0 .05 — — 0 ,09 BWHU • » « a mm to* mmtmm MB an 

Carcinus maenas L. 0,02 0.02 — — — n t n s •M m wmtm amKBa m e m mm mm 

Dexamine soinosa Montaau 0.02 « > « • M c m MB em m m mm mm am — <BK mm mm 

Atvlus vedlomensis 0 .02 ==== »scw rnmw!. tmtta mm mm CHBMM wmmm mm — mm M* 

Ophiodromus f l exuosus Dello Chia le 0 .02 fUBQ mmma mrntsa m # l " OTMM mm mm ami — 

J a s s a marmorata Holmes — mu*-m 0,09 WOW mmmm mm — mm tm «=» mmmm 

Praunus fle%uosus MVller —— —— " " —' — 0.18 an Ha •MOai Ba ™ W W 

Corophium insidipsum Crawford matm 0 .18 OBKOBt CBB mmi 

Uniden t i f i ed mite mm — 0.69 — mmw 

Tota l number of spec ies 10 16 9 9 5 6 6 4 3 3 
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Ju ly 1 

1978 

Sept Nov Jan ^ar 

1979 

Ju ly Sept Nov 

1900 

Jan Mar 

Polychaeta 8 5 . l u 99.76 99.95 99.91 99.90 99.31 100 100 loo 100 100 
Crus tacea 0 .31 0 .15 0.02 0.09 0.10 

Mollusca 14.60 0 .05 0 .02 —— — — 

Others — —— 0.69 — w. — — — —— 

Table 3 . 5 . Perccntaye numerical abundance of major animal taxa a t S t a t i o n 2 

1978 1979 1980 

Ju ly Sept Nov Jan Mar May July Sept Nov Jan Mar 

C a u l l e r i e l l a capu tesoc i s 1 2 4 2 4 5 — 3 - ma 4 

Abra n i t i d a 2 — - — — — tm mm. tarn 

Neohtvs homberqi 3 — — — — — ™ 

Cerastroderma edule 4 - — — — — ms na 

Philomedes giobosus 5 — - — = «. — 

C a o i t e l l a c a o i t a t a — 5 5 " » 2 2 1 1 2 2 2 

Sabe l l a oavonina 1 1 4 — — — — - vm 

Polvdora c i l i a t a — 3 — 5 « 4 4 — — — 

— 4 2 1 1 3 2 2 1 1 1 

Eteone lonqa — «, 3 3 3 1 3 4 3 3 3 

I d o t e a v u l a a r i s — - — C — 
-

— — — « 

— — — — — — 1 — — — -

Table 3 . 6 . Abundance ranking of top f i v e spec ies a t S t a t i o n 
Nl 
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from the samples . 

A d e t a i l e d a n a l y s i s of t h e changes in p o p u l a t i o n d e n s i t i e s showed 

t h a t only f o u r p o l y c h a e t e s p e c i e s , C a u l l e r i e l l a c a p u t e s n n i s . N e r e i s d i v e r -

s i c o l o r , C a p i t e l l a c a p i t a t a and Eteone lonqa emerged a s the major c o n s t i t -

uen t s of t h e po lychae t e p o p u l a t i o n a t t h e s t a t i o n . These po lychae te s 

accounted f o r more than 90% of t h e t o t a l fauna n u m e r i c a l l y . 

I n d i v i d u a l s p e c i e s 

The abundance ranking of the t o p f i v e s p e c i e s a t s t a t i o n 2 i s p r e s -

ented in Table 3 . 6 . The i n s t a b i l i t y in t h e ranking o f the i n d i v i d u a l 

dominant s p e c i e s as evidenced by Spearman's 

(w = 0 .009) showing complete randomness i n t h e a l l o c a t i o n of t h e rank ing , 

may be a t t r i b u t e d t o s e v e r a l env i ronmenta l f a c t o r s . At t h e s t a r t of 

t h e s tudy in Ju ly 1978, c a p u t e s o c i s occur red a t h igh d e n s i t i e s (3425m" ) . 

Other p o l y c h a e t e s , f o r example, homberoi. 2* c i l i a t a and E . Longa. 

a l s o occur red in reasonab ly h igh numbers. In t h e succeed ing samples, 

t h e s a b e l l i d wwrm, S a b e l l a pavonina which was a b s e n t i n t h e J u l y 1978 

sample had a l a r g e s e t t l e m e n t . The s p e c i e s ranked f i r s t in September and 

November 1978. The specimens c o l l e c t e d were, however, j uwen i l e s* measur -

ing l e s s than 4mm l o n g . The dominance of S . pavonina was s h o r t l i v e d , 

and the s p e c i e s d i s a p p e a r e d w i t h o u t reach ing m a t u r i t y i n t h e f o l l o w i n g 

w i n t e r months . From January 1979, d i v e r s i c o l o r and 42* c a p i t a t a became 

dominant , ranking as t h e t op two s p e c i e s i n t h e s a m p l e s . N e i t h e r the 

f i l t e r - f e e d i n g b i v a l v e Ceras toderma edule n o r Abra n i t i d a . which f e a t u r e d 

prominent ly in t h e J u l y 1978 samples , occurred in such d e n s i t i e s as t o rank 

w i t h i n the t o p f i v e s p e c i e s in t h e succeeding s amp le s . 

The p h y l l o d o c i d , A n a i t i d e s macula ta and t h e h e s i o n i d Ophiodromus 

f lAxuosus . occur red a t low d e n s i t i e s p r i o r to t h e w i n t e r of 1978/79 . The 

f i l t e r - f e e d i n g b i v a l v e , A. n i t i d a . d e c l i n e d i n d e n s i t y f i^m 585m i n J u l y 
"*2 

1978 t o l e s s than 20m i n the succeeding samples . Other b i v a l v e s showed 

s p o r a d i c occur rence p o s s i b l y due t o p a t c h i n e s s i n d i s t r i b u t i o n . F i v e 

specimens of Mercenar ia m e r c e n a r i a iw&M recovered a t one occas ion and one 

o r two specimens of t h e cock l e , e d u l e . were o f t e n p r e s e n t i n t h e samples . 

N e v e r t h e l e s s , empty s h e l l s of many mol luscs e s p e c i a l l y Hydrobia a g , edu le . 

M. mercena r i a and C r e p i d u l a f o r n i c a t a . were r ecorded i n f a i r l y l a r g e numbers. 

The t ime s e r i e s of samples from t h e s t a t i o n showed t h a t t h e f auna 

could be grouped i n t o ' d o m i n a n t ' s p e c i e s d e f i n e d h e r e as t h o s e s p e c i e s 

each accoun t ing f o r more than 3% of t h e t o t a l abundance, and as ' n u m e r i c a l l y 

u n i m p o r t a n t ' s p e c i e s compr is ing t h e remaining s p e c i e s . To unde r s t and t h e 
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r o l e of the i n d i v i d u a l ' dominant ' spec i e s in the numer ica l abundance v a r i a -

t i o n s a t t he s t a t i o n , the r ec ru i tmen t and m o r t a l i t y p a t t e r n of each spec ie s 

wms s t u d i e d . 

The seasonal r ec ru i tmen t and m o r t a l i t y of t h e dominant spec ie s a t 

s t a t i o n 2 i s shown in F i g . 3 . 1 1 . There was g r e a t f l u c t u a t i o n in the 

r ec ru i tmen t and m o r t a l i t y p a t t e r n s between s p e c i e s . 

C a u l l e r i e l l a c anu t e soc i s 

This spec i e s dec l ined numerica l ly between November 1978 and January 

1979 with a r ap id decrease between January and May 1979, a f t e r which i t 

remained a t a low l e v e l of abundance. The sudden and s h o r t - l i v e d r e c r u i t -

ment in September 1979 was probably due t o an i n f l u x of newly s e t t l e d 

Summer j u v e n i l e s or poss ib ly t o immigration from o u t s i d e the sampling 

a r e a . 

This worm s u f f e r e d heavy m o r t a l i t y between J u l y and November 1976, 

fol lowed by a heavy but s h o r t - l i v e d win te r r e c r u i t m e n t . The spec i e s d i s -

appeared from samples from March 1979. 

S a b e l l a pavonina 

This s a b e l l i d had a sho r t but remarkable occur rence a t the s t a t i o n , 

and appeared f i r s t in the September 1978 samples . I t reached i t s maximum 

d e n s i t y in November 1978. The d e n s i t y f e l l sha rp ly dur ing the w in t e r 

months of 1978/79 and i t was absent from samples a f t e r January 1979. 

This worm e x h i b i t e d sporad ic occurrence a t t h e s t a t i o n . I t reached 

i t s maximum d e n s i t y i n September 1978 when i t was f i r s t recorded a t t h i s 

s t a t i o n . I t s u f f e r e d heavy m o r t a l i t y by November 1978 and d i sappeared from 

samples by March 1979, only reappear ing on a s i n g l e occas ion dur ing the r e s t 

of the s t u d y . 

Nere is d i v e r s i c o l o r 

The ne re id was r e l a t i v e l y s t a b l e in dens i t y a t t he s t a t i o n . Although 

i t s u f f e r e d heavy m o r t a l i t y i n May 1979, i t s high r e c r u i t m e n t in Ju ly 1979 

r e tu rned the d e n s i t y to the p rev ious high l e v e l . 
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la c a p l t a t a 

This worm was f i r s t recorded a t the s t a t i o n i n September 1978 and 

showed high l e v e l s of r e c ru i tmen t in the summer months and heavy m o r t a l i t y 

in the w i n t e r months. 

Table 3 . 7 shows the average spec ie s abundance ranking f o r the domin-

ant s p e c i e s f o r the e leven bimonthly samples. Seven spec ies , s i x being 

po lychae tes , accounted f o r about 98% of the numerical abundance of benth ic 

macrofauna a t t he s t a t i o n . The s i x po lychae tes a lone accounted f o r about 

99% of the t o t a l macrofaunal numerical abundance. No c rus t aceans ranked 

among the t op seven s p e c i e s . Two top ranked s p e c i e s , C a u l l e r i e l l a c apu t e soc i s 

and S a b e l l a pavonina. occurred t o g e t h e r only on t h r e e occas ions , but the 

former occurred in more samples . 

Major animal taxa 

The seasona l v a r i a t i o n i n the number of s p e c i e s and abundance of the 

major animal taxa i s shown i n f i g u r e 3 . 1 2 . The poDpchaetes dominated both 

in the number of spec ies and abundance and reached peaks in September 1978, 

T h e r e a f t e r , t h e r e was a s teady d e c l i n e in abundance which remained s t a b l e 

between November 1979 and March 1980. The numbers of i n d i v i d u a l s of the 

c r u s t a c e a n s reached a peak in Ju ly 1978 but the number of spec ie s i n Sep t -

ember 1978, with smal le r peaks in Ju ly 1979 f o r both t h e number of spec ies 

and i n d i v i d u a l s . A f t e r Ju ly 1979, the c r u s t a c e a n s were absent from the 

samples . The mol luscs which o r i g i n a l l y comprised t h r e e spec ie s and were 

dominant numerica l ly by A. n i t i d a dec l ined from the s t a r t of the s t u d y . 

n i t i d a dec l ined from September 1978 ami d i sappea red from samples by 

November 1978. 

The gene ra l dominant p o s i t i o n of the po lychae t e s in the community 

a t s t a t i o n 2 i s f u r t h e r i n d i c a t e d in Table 3 . 8 . I t could be seen t h a t 

the po lychae te s dominated not only i n terms of i n d i v i d u a l s but a l s o i n 

s p e c i e s . 

Th i s s t a t i o n , loca ted about 600 metres sou th-wes t of Net ley Great 

Dome, was the only s e l e c t e d s t a t i o n on the e a s t e r n s i d e of Southampton 

Water. The sediment was g r e y i s h sandy mud with t h e sand component con-

s i s t i n g of pebbles , g r a v e l s and coa r se sand . I t s g r e a t e r p a r t i c l e s i z e 

d i v e r s i t y p resen ted a g r e a t e r v a r i e t y of e c o l o g i c a l n i c h e s poss ib ly e x -

p l a i n i n g the observed h i g h e r s p e c i e s d i v e r s i t y (Gray,1974; Ward,1975). 
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Rank Spec ies Average no . % Cumulative 
% 

1 C a u l l e r i e l l a c a p u t e s o c i s 457.3 2 6 . 6 0 26 .60 

2 S a b e l l a oavonina 411.8 2 3 . 0 6 49 .65 

3 Nere i s d i v e r s i c o l o r 331.1 1 8 . 5 3 68 .18 

4 Eteone lonqa 195.7 10 .96 79.14 

5 C a n i t e l l a c a n i t a t a 170.7 9 . 5 6 88.70 

6 Polvdora c i l i a t a 109.9 6 . 1 5 94 .85 

7 Abra n i t i d a 53 .3 2 . 9 8 97 .83 

Table 3 . 7 S t a t i o n 2 average s p e c i e s abundance ranking of 

dominant spec i e s (79% of t o t a l N) f o r the 20 

month p e r i o d . 
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Table 3 . 8 

STATION 2 
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REPRESENTATION OF THE VARIOUS PHYLA IN NUMBEBS AND SPKHTCS 

I n d i v i d u a l s per as % of t o t a l ( f i g u r e s in paren-
t h e s i s r e p r e s e n t a c t u a l numbers) 

Month Polychaeta Crus tacea Kol lusca Others 

1978 

Ju ly 85.10 (3539) 0 .31 (13) 14.60 (590) — « 

September 99.76 (6149) 0 .51 (10) 0 .05 (3) — — 

November 99.95 (4735) 0 .02 ( I ) 0 .02 (1) « — 

1979 

January 99.91 (1062) 0 .09 (1) — - » 

March 99.90 (1028) 0 .10 (1) « mm 

May 99.30 (142) — — ™ — 0.69 (1) 

Ju ly 99,62 (550) 0.36 (2) — — — 

September 99.99 (237) — — - " 0.01 (1) 

November 100 (590) — — • " — — «" 

1980 

January 100 (589) " — ™ — — — 

March 100 (391) « — — * - — — 

Spec ies 2 
per m as % of T o t a l 

Month Polychae ta Crus tacea Mollusca Others 

1978 
Ju ly 54.55 (6) 18.18 (2) 27.27 (3) 

September 52.94 (9) 29 .4 (5) 11.76 (2) — 

November 77 .8 (7) 12.3 (1) 12.3 (1) 

1979 
January 88 .9 (8) 11.1 (1) _ . 

March 8v.O (4) 20.0 (1) -

May 83 .3 (5) — — 16.66 (1) 

Ju ly 66 .6 (4) 33 .3 (2) " " ™ 

September 100 (4) — " — — — — 

November 100 (3) — — — 

1980 
January loo (3) _ . . 

March loo (4) — # . - " 
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The f i n e s (<63^*dn d iameter ) a t the s t a t i o n accounted f o r roughly 

80-97% of the sediment by weight and the t o t a l o rgan ic m a t t e r ranged 

between 6 . 8 and 10.9%. Rhoads (1974) s t r e s s e d t h a t , i n g e n e r a l , s o f t 

s i l t y sediments p resen t a d i f f i c u l t environment t o which r e l a t i v e l y few 

i n v e r t e b r a t e s have managed to adapt , and t h a t t h e s e sediments t y p i c a l l y 

show low s p e c i e s d i v e r s i t y in comparison with c o a r s e r sed iments . 

The bimonthly samplings a t the s t a t i o n r evea l ed a t o t a l of 59 

s p e c i e s . The spec ies and t h e i r numerical abundance i n percentage during 

the 20 month per iod i s p resen ted in Tables 3 . 9 (a and b ) . The po ly -

chae te s comprised 42.4% (25% c r u s t a c e a n s , 38.9% ( 2 3 ) ; mol luscs 13.6% (8) ; 

pycnogonids 3.4% (2) and f i s h e s 1.7% (1) of the t o t a l number of s p e c i e s . 

The a c t u a l numbers of s p e c i e s a r e in p a r e n t h e s e s . 

Spec ie s r i c h n e s s and i n d i v i d u a l s abundance 

The v a r i a t i o n in the number of spec ie s and t h e t o t a l number of 

i n d i v i d u a l s a t s t a t i o n 5 a r e shown in F i g . 3 . 1 3 . At t h e s t a r t of the 
"=•2 

s tudy, the number of spec i e s was high, between 66 and TOm" . Numbers 

of spec ie s f e l l r ap id ly between September 1978 and March 1979 and between 

May 1979 and end of study in March 1980, when t h e numbers of spec i e s 

reached 14m The number of spec i e s dur ing the l a t t e r ha l f of study 

was l e s s than ha l f the o r i g i n a l number in Ju ly 1978. The abundance of 

i n d i v i d u a l s a t t he s t a t i o n showed a d i f f e r e n t t r end the number of 

s p e c i e s . Between Ju ly 1978 and May 1979, the fauna a t the s t a t i o n d e -

c l i ned in abundance in t h e win te r months, the abundance of the i n d i v i d -

ua l s rose r a p i d l y in the warmer months poss ib ly due t o high r e c r u i t m e n t . 

The community then s u f f e r e d a g radua l and s l i g h t f a l l i n abundance from 

Ju ly 1979. 

An a t tempt was made t o fo l low the c o n t r i b u t i o n of each major animal 

taxon t o t h e t o t a l abundance of i n d i v i d u a l s . The pe rcen tage abundance 

of the major animal taxa a t t h e s t a t i o n i s g iven in Tab le 3 . 1 0 . The 

fauna a t t he s t a t i o n was once again dominated by t h e po lychae tes which 

comprised more than 94% of t h e abundance of the i n d i v i d u a l s a t each of 

t h e bimonthly sampl ings . There was no seasona l t r e n d in the occurrence 

of the po lychae tes a t the s t a t i o n , but the number of po lychae te spec i e s 

f e l l from the s t a r t t o the end of t h e sampling p e r i o d . 

Looking a t the r a t i o of the maximum number t o t h e minimum number of 

s p e c i e s found i n samples dur ing the course of s tudy, t h e r e s u l t f o r t h e 

mollusc i s 2 . 3 , c r u s t a c e a n s 7, and po lychae tes 3 . I t becomes ev iden t 

t h a t t he c r u s t a c e a n s had the g r e a t e s t v a r i a b i l i t y in s p e c i e s numbers. 



f l u r ' 13T Al-: AT 51 I . . 5 /̂ iWEUN JULY 1978 and MARCH TQAn 

SPECIES July Sept Nov Jan Mar 

1979 

July Sept xov Jan 

1980 

Karch 

C a u l l e r i e l l a caou tesoc i s ( S t . Josorhl 5444 1306J 12736 8385 2533 5735 1 10563 4288 2825 2568 4571 
C l r r a t u l u s c i r r a t u s (O.F^ UlBler) 228 104 l u l 1 3 1 i 57 4 1 12 
Pariambus tvn icus (Krdver) 84 57 

1 
14 5 4 4 i 1 2 

o f v l l o t a l p a Coasta 70 60 I 2 1 
! 

1 #* w __ 

Melinna Dalmata Malmgren 64 41 107 90 33 1 luUj 127 97 41 64 18 
Agra g f a c i l f s Bate 57 28 21 1 » — : — mm 9 
f o l v d o r a c i l i a t a (Johnston) 47 13 2 4 i ' •rai — mm 

Werccnaria mercenaria L. 32 33 25 15 19 11 11 27 30 12 30 
Nephtvs homberai (Audouin A 30 21 96 111 42 112 97 70 70 68 22 
j i n a l t i d e s maculata S t . Joseph 24 14 5 8 2 3 3 
abra n i t i d a (Wuller) 23 13 14 39 4 89 55 8 15 4 4 
Philomedes qlobosus Balrd 15 60 11 15 7 3 16 7 11 1 1 
Cerastoderma edule L. 12 6 1 1 2 3 77 6 1 
Corophium insidiosym Crawford 9 3 — «= <•» -m. ma mm 

Eteone lonoa (Fabr i c ius ) 8 1 1 6 3 2 6 1 1 
Sa ia f i l i c o r n i s (0. F. Muller) 4 BB «"= __ _ _ 

Meli ta palmata (Mnntanu) ! — — —— tmm tmmm Ml «# 1 
Cnrninns-maenas L. 1 4 14 6 3 •MW mum M —» 1 1 
Eudere l l a t r u n c a t u l a Rate 1 4 7 10 21 14 45 1 3 1 
jCaDitel la c a p i t a t a (Fabr i c ius ) 3 —— -M — mm IBK M em «M __ 

Nereis d i v e r s i c o l o r w m i a r 3 2 4 2 ISM Am 1 
Sthen l a i s boa Johnston 3 4 mmttm •MrO» __ 

%en&rupis n u l l a s t r a (Montagu) 3 2 I — 1 — — CD 



Table 3 . 9 l a ) ( con t . ) 
Ju ly 

1978 
Sept Nov Jan Mar 

1979 
May Ju ly Sept Nov 

1980 
Jan ^arch 

Atvlus vedlomensis (Bate ^ Westwnnd) 2 mm — — — — 

Pvaosnio e leoans Clanarede 2 1 — 
i 

Panonloea minuta Sars 1 

Leoidonotus sauamatus L. 1 , 1 1 
Poutocratgg a r e n a r i u s Sars 

Un iden t i f i ed Amphilochidae 

Leucothoe s p i n i c a r p a Abildgaard 

Idotea che l i pe s (Pa l l a s ) 

Crepidula fornicata L. 

Nassar ius r e t i c u l a t u s L. 

WestHood) 

Atylus f i l c a t u s (Metzger) 

Achel ia ech ina t a Hodge 

P e t r i c o l a phoiad i formis (Strom) 

Gas te ros t eus acu lea tus L. 

Bodot r ia scorp iodes (Kontagu) 

Lumbriner i s l a t r e & l i (Aud. & M-Edw) 

Crangon v u l g a r i s L . 

Apherusa ova l ipes Norman & S c o t t 

Hydroides norveaica (Gunnerus) 

E u l a l i a p u s i l l a Oersted 

U n i d e n t i f i e d shrimps 

antennata Claparede 

L. 

Scalibreqma in f l a tum Rathke 

2 

20 

10 

6 

6 

1 

8 

3 

2 

2 

1 

1 

I 
o 



Table 3 . 9 ( a ) ( con t . ) 1978 1979 1980 

Ju ly Sept Nov Jan Mar Nay Ju ly Sept Nov Jan March 

E u s v l l i s l a m e l l i o e r a 1 2 1 - __ 1 

2 1 1 
— ! 1 

J a s s a marmorata Holmes i 1 1 — — : — i m . . . i __ 

Nere is v i r ens Sars — — — — 1 ! 1 1 11 1 1 2 
Sabe l l a oavonina Saviqnv — - - — 

U n i d e n t i f i e d polychaete — — — — 1 1 
I 

i 

Ey&noqonum l i t t o r a l e Strom — — 1 

jC&rophium v o l u t a t o r ( P a l l a s ) — — — 2 mm — 

JMwcula t u r q i d a Leckenby & Marshall — —— — — —— — — 1 
P h t i s i c a marina Slabber — —— — — — — 1 — — — 

T o t a l number of i n d i v i d u a l s 6185 13638 13186 8716 2673 6114 10974 4504 3010 2723 4676 

o 
CO 



Table 3 .9 (b ) yl ^ CI ' CROFAUNA WITH PERCENT NUKEKICAL ABUNDANCE_UF IhriVIDUALS AT STATION 5 

SPECIES 

C a u l l e r i o l i ^ capu tesoc i s ( S t . Joseph) 

C i r r a t u l u s c i r r a t u s (0. F . Muller) 

Pariambus typ icus (Kr^yer) 

Microdeutopus a r v l l o t a l p a Coasta 

Melinna palmata Malmgren 

Aora g r a c i l i s Bate 

Polydora c i l i a t a (Johnston) 

Mercenaria mercenar ia L . 

Nephtys hombergi (Aud. 6 K-Edw) 

Ana i t i des maculata S t . Joseph 

Abra n i t i d a MVller 

Philomedes globosus (Baird) 

Cerastoderma edule L. 

Corophium insidiosum Crawford 

Eteone lonqa (Fabr i c ius ) 

Spio f i l i c o r n i s (O.F. MRller) 

Meli ta palmata (Montagu) 

Carcinus maenas L . 

Eudore l l a t r u n c a t u l a Bate 

C a p i t e l l a c a p i t a t a (Fabr ic ius ) 

Nereis d i v e r s i c o l o r MRller 

Sthen l a i s boa Johnston 

Venerupis p u l l a s t r a (Montagu) 

Atvlus vedlomensis (Bate & Westwood) 

Ju ly Sept Nov 

88.02 

3 .69 

1.36 

1.13 i 

1.04 : 

0.92 I 
0.76 I 

0 .52 I 

0 .49 I 

0 .39 ! 

0 .37 

U.24 

0 .19 

0 .15 

0 .13 

0.06 

0.06 

0.06 

0.06 

0 . 0 5 

0 .05 

0 .05 

0 .05 

0 .03 

0.76 

0 .42 

0 .44 

0 .30 

0.21 

0.13 

0 .24 

0 . 1 5 

0.10 

0.10 
0 .59 

0.04 

0.02 

0.01 

0.10 

0 . 0 5 

0.02 
0 . 0 3 

0.02 

96.59 

0 .77 

0.11 

0.02 

0.81 
0,16 

0.02 

0.19 

0 .73 

0 .04 

0.11 

0.08 
0.01 

0.01 

0.05 

0.08 

0.03 

Jan Mar May Ju ly Sept Nov 

96.20 94.77 93.80 96 .25 9 3 . 9 5 ] 93.85 

0 .01 0 .11 0.02 — 1.25 j 0 .13 

0 .07 — I — ! 0.07 0 .06i 0 . 1 5 

0 . 0 1 } —— 

l . o o j 1 .23 

O.Oli —— 

0 . 0 5 ; 0 .04 

0.171 0 .71 

1 .27 : 1 .58 

0 .09 ; 0 .07 

0 . 4 5 : 0 . 1 5 

0 .17 I 0 .26 

0 .01 ! 0 . 07 

— I 0.01 
1.641 1.16 

0.18| 0.10 
1.83 0 .88 

0 .05 0 .03 

i 1.46 0 .50 

j 0 .051 0 . 1 5 

: 0 .05 I 0 .70 

0 .07 ! 0 .19 i 0 .03 0 . 0 5 ! 0 .02 

0 . 0 3 j - -

0 . 2 4 i 0 .52 

0.02 

0.01 

0.74 0.01 

0.02 

Jan March 

94.30I 97 .75 

0.26 
0.04 

2 .13 I 1.36 1 2 .35: 

0 .60 : 

1.53 

0.99 

2 .33 

0 . 1 8 : 0 .49 

0 . 1 5 i 0 .37 

0 .13 ' 0 . 03 

0 .03 

0.10 

0.44 i 

2 .50! 

0.151 

0.041 

0.041 

0 .04 

0.39 

0.19 

0 .64 

0 .47 

0 .09 

0.02 

0.02 

I 0.02 
I 0.02 

C5 



f a b l e 3 .9 (b) ( c o n t . ) Ju ly Sept Nov Jan Mar May July Sept Nov Jan March 

Pygospio elegans Claparede 
! 

0 .03 j U.Ui 1 1 I ! I 

Panonloea minuta Sars 0 .02 1 1 1 

Leoidonotus sauamatus L. 0.02 1 0 .01 
j 1 

0 .03 0 .02 
Pon toc ra te s a r e n a r i u s Sars 0 .02 1 a* 

1 i ! ! 1 

Un iden t i f i ed amphilochidae 0 .02 i 0 .02 1 ! 

Leucothoe s n i n i c a r n a AhildnAard 0 .15 0 .05 0 .01 ! 1 1 
0,82 

Ido tea che l i ^^s ( P a l l a s ) 
1 

0 .07 — wm 1 i 1 

Crepidula f o r n i c a t a L. 0.04 
! I 

_ _ 

Nassar ius r e t i c u l a t u s L. j 
0 .04 0 .02 0 .01 0 .05 1 —— 1 0#02 1 0 .13 0.04 0 .02 0 .04 

Per iocu lodes lonaimanus (Bate & 0 .01 ; i 
Vk^twood) 1 

1 1 
Atylus i a l & a i u a (Metzger) 0 .02 0 .01 —— — — 

} ' 

__ 

Achelia ech ina t a Hodoe —— 0.01 0 .01 — — 

P e t r i c o l a oho lad i fo rmis (Strom) 0 .01 — _ _ 

Gas te ros t eus a c u l e a t u s L. U.Ol — — 
! 1 

_ _ 

bodot r i a scorniodes (k^ntauu) —— 0.01 —— __ 

Lumbriner i s l a t r e i l i (Audouin & I 
M-Edwards) 0 .01 —— OS w> mm #m 

Cranqon cranoon L. 0 .01 —— —— 
1 

MWKW 
j&ph&rusa ova l ipes Norman & S c o t t —— 0.06 « « « — — 

Hvdroides norveoica (Gunnerus) —— —— 0.02 —"™ •mew •B.MB waSMi mm mm 

i&ul a l i q p u s i l l a Oersted 0 .02 mama no. ma 

<BB<Da) mm mm 

Uniden t i f i ed shrimps —— " " " 0.02 — — amma maam mm m# 

Polvdora an tenna ta Claparedm — 0.01 # # # # BBBS mmtm ma mm mm mm 

Aohrodits a c u l e a t a (L) 0 .01 BSime umaa Bss mm 

Scalibreama i n f l a t u m Rathke —— —— 0 .01 •emm 

' " MB BIS 
EjtSYli i i l a m e l l i a e r a — — —— 0 .01 0.02 —— mm mm — — — — 

e 
o r 



Table 3 ,9(b) ( c o n t . ) 
1978 1979 1980 

S v l l i s sn 

Ju ly Sept Nov Jan Mar May Ju ly Sept Nov Jan March 

S v l l i s sn —— — — 0.02 —— 0 .03 1 — 

Ja s sa marmorata Jolmes — 0 .01 * » 
1 

Nere is v i r ens Sars — — U.04 0.02 1 0 .01 0.02 0 .03 i 0 .07 — 

Sabe l la pavonina Savianv — — 0.04 — 

1 Un iden t i f i ed polychaete — 0.04 — — 
1 

1 Pvcnoqonum l i t t o r a l e (Strom) — — — — 0 .03 — 1 

1 
1 

! Coronhium v o l u t a t o r ( P a l l a s ) — — — — 0.02 __ — 

! Nucula t u r o i d a Leckenbv & Marshall — — — — — — 0.04 
P h t i s i c a marina Slabber — — —— — 0 .03 — — — 

Tota l number of spec ies 31 34 29 23 16 15 12 13 16 11 15 



107 

^ 3 

6 

o 
d T 
o " A 

\ / 

JUL NCN NWA JUL 
ISrW 1979 

NOV MAR 
1980 

" 4 4 

" 4 0 ? 

• 3 6 ^ 

- 3 2 

•28 9. 

-24 I 
(D 

• 2 0 -

•12 5 

8 

FIG.3.13. SEASONAL VARIATIONS IN NUMBER OF 

SPECIES AND INDIVIDUALS AT STATION 5 



1978 

July Sept Nov 

Polychaetes 94.80 j 97 .41 ' 99.07 

Crustacea 4.09 2 .11 0 .57 

Bivalves 1 1 ,13 0 .41 0 .31 

Gastropods 
! 

0.08 0.02 

Pycnogonid 1 0.01 0.01 

V e f t t i r a t q 0.01 —— 

Jan Mar 

1979 

Nay July Sept Nov 

0.54; 0 .93 0.86! 0 .17 

0.64! 0 .93 

OmOl —— 

1.69; 1 .30 

1980 

Jan March 

)9.26! 98.91 

0 .08 0 .31 

0 .63; 0 .73 

0 .04! 0 .04 

Table 3 . 1 0 . Percentage abundance of major animal taxa at S tat ion 5 

O 
0 0 
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and the molluscs the lowest, resu l t ing in the demonstrated f a l l in the 

number of spec ies at s ta t i on 5 . Unlike the mol luscs and polychaetes, 

the crustaceans showed a steady dec l ine throughout the study period. 

The var iat ion in the number of spec ies and abundance of indiv id-

uals of the major animal taxa are shown in Figure 3 . 1 4 . The number of 

spec ies of the polychaets decl ined throughout the stiK^ period. The 

peaks were obtained in November 1978 when 30 s p e c i e s per squared metre 

was recorded. The numbers f e l l s t ead i ly between November 19T8 aad 

March 1980, with a minimum of 12m"^. The number of crustacean species 

followed a s imi lar trend with a gradual f a l l between September 1978 and 

September 1979, when only two spec ies were recovered. There was a 

s l i g h t increase in the number of crustacean s p e c i e s a f t e r September 

1979. The molluscs showed some s t a b i l i t y in the number of spec ies 

throughout the study period. The numbers varied between 14m in 
—2 

September 1978 and 6m in March 1980. 

The abundance of indiv iduals of polychaetes at the s t a t i o n remained 

more or l e s s s tab le during the study period. [here were s l i g h t f a i l s 

in the winter months and increases in the summer months. The crus ta -

ceans showed a steady f a l l in abundance but the mol luscs remained f a i r l y 

s table throughout the period of study. The po^ychaete dominance at 

t h i s s t a t i o n i s further exhibi ted by the group being dominant in both 

the number of spec ies and ind iv idua l s ' abundance as seen in Table 3 . 1 1 . 

The numerical abundance of polychaete s p e c i e s at t h i s s t a t i o n 

depended to a great extent on a s ing le spec ies , caputesocis . which 

dominated in a l l samples and comprised about 90% of the t o t a l i n d i v i d -

u a l s . The ranking of the top ten abundant s p e c i e s at the s t a t i o n during 

the study period i s given in Table 3 . 1 2 . i&. caputesoc i s was the s ing le 

dominant spec ies throughout the study period but showed pronounced season-

a l i t y in abundance in sp i t e of i t s numerical dominance. The Spearman's 

corre la t ion c o e f f i c i e n t (0.002) confirms randomness in the rank a l l o c a -

t i o n at the s t a t i o n . The var ia t ion in the numerical abundance of the 

dominant spec ies at the s t a t i o n i s shown in Figure 3 . 1 5 . jG. caputesoc is 

occurred in peak d e n s i t i e s in the summer months and at lowest d e n s i t i e s 

in the winter months. 

Occurring at high d e n s i t i e s with C a u l l e r i e l l a were homberui 

and the sedentary ampharetid, Melinna palmata. These showed considerable 

var ia t ions in t h e i r abundance rankings. While JM. palmata showed greater 

d e n s i t i e s in the summer months, i t only occurred #pD*adlcally during the 
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Table 3 .11 111 

REPRESENTATION OF VARIOUS PHYLA IN NUMBERS ANH SPECIES _ ___ _ 

Individuals per 0.5m as % of t o t a l ( f igures in parentheses 
represent actual numbers) 

1979 

Jan 

March 

May 

July 

Sept 

Nov 

1980 

Jan 

March 

43.48 (10) 

6 2 . 5 (10) 

46 .7 (7) 

50 .0 (6) 

46 .0 (6) 

46 .7 (7) 

45 .5 (5) 

40 .0 (6) 

34 .8 (8) 

18 .8 (3) 

2 0 . 0 (3) 

25 .0 (3) 

15.4 (2) 

26 .7 (4) 

18.18 (2) 

40 .0 (6) 

2 1 . 7 4 (5) 

1 8 . 8 (3) 

2 6 . 7 (4) 

2 5 . 0 (3) 

3 8 . 4 6 (5) 

2 6 . 7 (4) 

36 .36 (4) 

2 0 . 0 (3) 

Month Polychaeta Crustacea Mollusca Others 

1978 

July 94.70 (5857) 4 .09 (253) 1 1 . 1 3 (70) 

Sept 97 .4 (13,282) 2 .09 (285) i 0 . 4 4 (61) 0 .07 (1) 

Nov 99.09 (13,059) 0 .57 (81) i 0 . 3 3 (42) 0 .01 (1) 

! 
1979 I i 

Jan } 98 .8 (8611) 0 .55 (48) 1 0 , 6 5 (57) 

March } 98.11 (2622) 0 .93 (25) 0 . 9 3 (25) 0 .03 (2) 1 
1 

May j 97.4 (5954) 0 .86 (51) . 1 . 6 8 (103) 1 
1 

July j 98.4 (10,796) 0 .17 (18) 1 . 3 (143) 
( 

Sept 1 98 .9 (4514) 0 .15 (8) 0 . 9 (43) 1 
1 

Nov 1 
i I 

97 .8 (2943) 0 .54 (17) 1 . 6 4 (50) 

1980 I 

Jan 1 9 9 . 3 (2703) 0 .08 (2) 0 . 6 7 (18) 1 
March | 98.91 (4625) 0 .31 (15) 0 . 7 7 (36) i 

2 
Species per 0.5m as * of t o t a l i 

1978 i 

July j 41.93 (13) 45.16 (14) 1 2 . 9 0 (4) 

Sept 1 34 .3 (12) 40 .0 (14) 2 0 . 0 (7) 5 .71 (1) 1 

Nov } 
i 

51 .7 (15) 1 
1 
1 

31 .0 (9) 1 3 . 8 (4) 3 . 5 (1) 

6.6 (1) 



Species 

typ icns 

Aora g r a c i l i s 

Nephtys hombergi 

Anaitides maculata 

Philomedes qlobosus 

Leucothoe inc i sa 

Abra n i t ida 

Eudorella truncatula 

Eteone long? 

Cerastoderma edule 

Nassarius re t iou la tus 

N o r s i ; v l r a n s 

Ngrgjg 

M a i i i a pBlmata 

J 

1978 

Sept Nov 

1 1 1 1 

^ 1 
2 i 3 

3 i 5 : 7 

4 1 4 : — 

1 
5 i 6 2 

6 ! 8 ! 6 

7 i - ; -

8 7 5 

9 9 4 

10 - -

3 ! 9 

- 10 ; -

- 8 

— 10 

Table 3 . 1 2 . Abundance ranking of top ten spec ies at S ta t ion 5 
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cold winter months. homberqi occurred at higher d e n s i t i e s as 

Palmata declined in abundance, possibly due t o competition between 

the two s p e c i e s . Other polychaetes of sparse occurrence at the 

s ta t ion included Anait ides maculata. Eteone lonoa. Cirratulus c i rratus . 

q i f t S ^ ivers i co lor . N. v irens and Polvdora c i l i a t a . Only one spec i -

men o f . S . pavonina was recovered at the s t a t i o n during the study. 

Other polychaetes at the s ta t i on only occurred sporad ica l ly . 

At the present s ta t i on , the crustaceans ranked second to the 

polychaetes in terms of the number of s p e c i e s . Twenty one spec ies 

were recorded and comprised 15 amphipods, 2 decapods, 2 cumaceans, 

one each of isopod and ostracod. The dominant amphipods were Micro-

deutopus qrv l lo ta lpa . Atylus vedlomensis. Pariambus typicus. Aora 

g r a c i l i s . Corophium insidiosum and Atylus f a l c a t u s . Others occurring 

at lower d e n s i t i e s were Melita palmata. Panoploea minuta. Pontocrates 

arenarius. Leucothoe spinicarpa. PerioculOdes lonqimanus. Jassa mar-

morata and an unident i f i ed j^mphilochidae. 

Two decapods, Carcinus maenas and Crangon vu lgar i s were o f ten 

captured by the grab. The two cumaceans, Eudorella truncatula and 

Bodotria scorpiodes were of ten found in reasonable numbers with the 

former occurring at high d e n s i t i e s so as to rank amongst the top ten 

species during the 1978/79 winter months. The ostracods, though re-

presented by a s ing le spec ie s , Philomedes g lobosus . occurred in large 

numbers, being present in a l l but July 1978 samples, and ranked within 

the top 10 s p e c i e s . The only idopod, Idotea c h e l i p e s . found at the 

s ta t i on occurred sporadica l ly . 

Two gastropods, Nassarius re t i cu la tus and Crepidula fornicata . 

were recorded at the s t a t i o n . The former occurred very frequently 

but the l a t t e r only once in September 1978. 

The dominant b iva lves at the s ta t ion were Mercenaria mercenaria 

and Abra n i t i d a . The former occurred at high d e n s i t i e s (66m ) and 

ranked among the top 8 spec ie s in terms of abundance. Patchiness in 

the d i s t r i b u t i o n of A. n i t ida of ten resul ted in a considerable v a r i a -

t ion in the numbers captured within samples. Other bivalves occurred 

irregular ly and at low d e n s i t i e s . Such spec ies included Cerastoderma 

edule. Venerupis pu l las tra and Petr ico la pholadiformis which was recor-

ded only once. 

The pycnogonids occurred sporadical ly and were represented by two 

spec ies , Acholia echinata and Pvcnoqonum l i t t o r u l e . Only two s p e c i -
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mens of the former and one of the l a t t e r were found a t the s t a t i o n . 

The 3 -sp ined s t i c k l e b a c k , Gas te ros teyp a c u i e a t u s . was found 

once in September 1978 and was the only v e r t e b r a t e taken a t t he s t a t i o n . 

The spec ie s abundance ranking averaged f o r t h e eleven bimonthly 

samples a t s t a t i o n 5 i s presented in Table 3 . 1 3 . Four polychae tes 

accounted f o r about 98% of the i n d i v i d u a l s ' abundance with C a u l l e r i e l l a 

a lone c o n t r i b u t i n g 99% of t h e t o t a l . 

STATTCN 9 

This s t a t i o n , s i t u a t e d about 400 metres e a s t of Fawley 's Esso 

petroleum r e f i n e r y o u t f a l l , had s i l t y sediment, t h e f i n e s (< 63,^m 

in d iameter ) ranging between 88 and 99% a l l the y e a r round with high 

organic m a t t e r . Since the amount of organic m a t t e r i s o f t e n taken 

as an i n d i c a t i o n of the q u a l i t y and q u a n t i t y of food s e t t l i n g on to 

the sediment from the water column (Byers e t a l , 1 9 7 8 ) , t h i s p re sen t 

s t a t i o n would be expected t o con ta in high amounts of a v a i l a b l e food 

f o r ben th i c an imals . But as Rhoads (1974) i n d i c a t e d , low s p e c i e s 

r i chness and l a r g e popu la t ion abundance might a l s o r e s u l t from a 

lack of e c o l o g i c a l Riches r e s u l t i n g from the low s p a t i a l he t e rogen -

e i t y of the s u b s t r a t e . S t a t i o n 9 showed the lowes t spec ie s r i c h n e s s 

amongst the fou r s t a t i o n s a t any sampling t ime . 

At the s t a t i o n , a t o t a l of 21 spec ies of b e n t h i c macro- infauna 

w^ire recovered during the p resen t s tudy . The s p e c i e s l i s t wi th p e r -

centage numerical abundance a t t he s t a t i o n i s shown in Tables 3 .14 

(a & b ) . The po lychae tes comprised 42.9% (9 ) ; c r u s t a c e a n s 42.9% (9 ) ; 

mol luscs 9.9y (2) and f i s h 4.7K (1) of the t o t a l s p e c i e s . The 

a c t u a l numbers of the spec i e s a re in p a r e n t h e s e s . 

Spec ies ^ i p h n e s s and abundance of i n d i v i d u a l s 

The v a r i a t i o n in the number of spec ie s and t h e abundance of 

i n d i v i d u a l s a t t he s t a t i o n i s given in F igure 3 . 1 6 . The maximum 
- 2 

number of spec ies (14m ) was recorded in Ju ly 1978 a t the s t a r t of 

s tudy . There was a g radua l dec rease in the number of spec i e s dur ing 

the course of study with a r ap id f a l l between September 1978 and 

January 1979. T h e r e a f t e r , the s p e c i e s r i c h n e s s remained between 

2 and 6m 

The abundance of i n d i v i d u a l s showed c o n s i d e r a b l e f l u c t u a t i o n s 

during the s t u d y . The peaks were reached in September 1978 and Sep-



Rank 
1 
i Spec ies 1 2 

Average [ % Cumulative V 

1 i Ca c a n u t e s o c i s 1 6609 .8 95 .17 95 .17 

2 Meljpna palmate : 7 1 . 1 1.02 96 .19 i 

3 i B f a h t v a homberai 1 6 7 . 2 0 .87 : 97 .16 ; 

4 4 6 . 4 0 . 6 7 i 97 .83 ! 

5 i Abr? n i t i d p I 2 4 . 4 0 . 3 5 ! 98 .18 1 

6 Mercenar ia mercenar ia 2 2 . 3 0 . 3 2 98 .50 ! 

7 Pariambus t v o i c u s 15.6 1 0 . 2 3 98 .73 

: 8 
! 

15.2 0 .22 ; 98 .95 

j i 

Table 3 . 1 3 S t a t i o n 5 average s p e c i e s abundance rank ing f o r t h e 20 month p e r i o d . 

O 



Table 14a a t STATIC 

SPECIES 

l e r l e l l a c apu t e soc i s ( S t . Joseph) 

Nere i s d i v e r s i c o l o r 0 . F. Muller 

Polydora c i l i a t a (Johnston) 

C a p i t e l l a c a p i t a t a (Fah r i c iu s ) 

Abra n l t l d a MBller 

Nephtys hombergi (Audouin & M-

Edwards) 

C i r r a t u l u s c i r r a t u s (0 . F. MRller) 

Cranoon v u l g a r i s L. 

Trgphos i t e s long ipes 

Chaetogammarus marinus (Leach) 

Atvlus f u l c a t u s (Bate & Westwood) 

Carc inus maenas L. 

Kercenar ia mercenar ia L, 

Eteone longa ( F a b r i c i u s ) 

Sabe l l a oavonina Savigny 

Syllls ao 

Ido tea l i n e a r i s L . 

Philomedes globosus (Baird) 

Un iden t i f i ed mysid 

Corophlum ins id iosum Crawford 

Gas te ros t eus a c u l a e t u s L . 

To ta l number of I n d i v i d u a l s 

1978 

Ju ly Sept Nov Jan Mar 

1979 

May Ju ly Sept Nov 

1980 

Jan March 

1 

422 

162 

50 

581 — 

169 153 

51! 1 

45 124823113262 

14 ! 

10 

3 

3 

2 

716 

21 

111 

1 

1 

45 

28 

25236 13490 

62 200 7 

1 

56 i 

1582 2287 15837 ! 944 !7736 6841 

16 

724 

1029 1 

814 

1646 

37 15 

2332 

2 

1 

6055 7742 6904 

76 

747 1919 



Table 3.14b LIST OF 

j 1978 

SPECIES y Sept Nov 

C a u l ' e r ' u ' ^pu tesoc i s ( S t . Joseph*58.94 } 0 . 2 3 

» c o l o r 0 . F. MGller 

[QlYfofa .Johnston) 

C a p i t e l l a c a p i t a t a (Fab r i c iu s ) 

Abra n i t i d a M i l l e r 

i Nephtys hombergi (Aud & M-Edw.) 

: C i r r a t u l u s c i r r a t u s (0. F. M#ller) 

! Crangon v u l g a r i s L. 

{ Tryphos i tes longipes 

I Chaetogammarus marinus (Leach) 

I Atylus f u l c a t u s 

22 .63 I 0 .67 i 1 .13 

7 ,00 : 0 .20 0 .01 

6 . 2 8 , 98.36 i 98 .30 

1.96 i — : — 

1.40 I — ! 0 .01 

0 .42 I 0 .01 

0 .42 i - - - - -

1979 1980 

Jan Mar May July Sept Nov I Jan Mar 

3c77 0 . 3 0 ; 3 .30 

96 .11 :98 .07 96 .39 

I 0 .28 ; 

i 0 ' i 4 i 

I 0 .14 j 

0.04 

-4 

0 .73 0.06 0 .81 I 2 .14 53.62 I 

0.10 ! - - . — i — __ i 
: ' ! I 

98.74 99.92 99 .06 |96.92 42.42 ! 

0 .54 

Carcinus maenas L. 1 0 .14 1 ! 0.21 — 1 j 

Mercenaria mercenar ia L. i 0.14 1 — I — — -

Eteone lonqa (Fab r i c iu s ) 1 0.14 1 0.06 1 0 . 3 3 O ^ & l 1.59 i 
1 

0 . 2 5 ' 0 .10 ! o . i o j 0.40! 3 .96 1 

Sabe l l a pavonina Savigny j — 0.44 ! 0 .21 ox%! - - ' - -

a L L l i i ^ 1 — 0 .01 — 
i 

-

Ido t ea l i n e a r i s (L) 1 — 0 .01 — — -

Ehilomades a l abosus (Baird) I — — 0 .01 — — 
> 1 

Mysid ( u n i d e n t i f i e d ) ' — — — — 1 0 . 0 3 — 

CoTODhium ins id iosum Crawford — — — — — 0 .02 — — 

Gaatera&taus acu laa iua L . — — — — — — 0 .01 — — 

Tota l number of spec ie s 14 9 7 4 4 5 6 2 3 4 j 3 

CO 
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tember 1979 but f e l l sharp ly in the succeeding w i n t e r months. The 

d e c l i n e in t h e t o t a l number of i n d i v i d u a l s c o i n c i d e d with a drop i n 

the dens i t y of C a p i t e l l a c a p i t a t a and an i n c r e a s e i n spec ies r i c h n e s s 

a t t he s t a t i o n . 

The po lychae tes as a group emerged as the dominant animal taxon 

a t the s t a t i o n . The v a r i a t i o n s in the number of s p e c i e s and abundance 

of i n d i v i d u a l s of major animal taxa a re shown i n F i g u r e 3 . 1 7 . The 

po lychae tes showed peaks in the number of spec ie s in September 1978, 

Ju ly 1979 and January 1980. At o the r t imes , the number of spec i e s 

va r i ed between 7 and 2m"^. The c ru s t aceans e x h i b i t e d seasonal t r e n d s 

in spec i e s r i chnes s wi th peaks in the summer months with the number rang-

ing between 6 and 2m" , but they were absent in t h e win te r months. Only 

two spec i e s of mol luscs were recovered on a s i n g l e occasion in J u l y 1978, 

In terms of abundance of i n d i v i d u a l s , the po lychae te s showed pos-

s i b l e s e a s o n a l i t y with peaks in the summer months. c r u s t a c e a n s 

occurred in very low numbers dur ing the s t u d y . Though the number of 

spec ies of po lychae tes and c r u s t a c e a n s were equal a t the s t a t i o n , t he 

former were numerical ly dominant . The pe rcen tage numerical abundance 

of i n d i v i d u a l s of the major animal taxa i s shown i n Table 3.15* The 

po lychae tes accounted f o r g r e a t e r than 96% of the t o t a l i n d i v i d u a l s 

throughout the time of i n v e s t i g a t i o n . 

The abundance ranking of the top f o u r s p e c i e s a t t h i s s t a t i o n i s 

shown in Table 3 . 1 6 . The numerical dominance of c a p u t e s o c i s was 

s h o r t - l i v e d and the spec ie s d isappeared from samples by November 1978. 

C a p i t e l l a c a p i t a t a . though ranked fou r th in J u l y 1979, became and remained 

the numer ica l ly dominant s p e c i e s from September 1978 onwards. The 

spec i e s showed a high r e c r u i t m e n t in the 1978 summer months and t h e 

d e n s i t y rose from 45m in Ju ly t o 24823m" in September 1978, but mor-

t a l i t y was high i n the succeeding win te r months. c a p i t a t a accounted 

f o r more than 96% of the t o t a l numbers a t t h e s t a t i o n except i n Ju ly 1978 

and March 1980. 

Ne re i s d i v e r s i c o l o r remained f a i r l y s t a b l e numer ica l ly a t t h e 

s t a t i o n , r e t a i n i n g a f a i r l y cons tan t ranking p o s i t i o n throughout the 

s t u d y . Other po lychae tes , f o r example, Eteone longa . Polydora c i l i a t a 

and S a b e l l a pavonina occurred in reasonably l a r g e numbers. The o c c u r -

rence o f . 5 . pavonina a t t h i s s t a t i o n was s i m i l a r t o s t a t i o n 2 with t h e 
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1 
1 1978 ! 1979 t 19&) 

1 
Ju ly Sept Nov 1 Jan Mar May Ju ly Sept 

1 
Nov 1 Jan Mar I 

Polychaeta 96.81 j 100 1 99.99 100 1 100 1 99.95 ^ 9 . 6 7 1 100 100 100 i 100 i 
: Crus tacea 2 . 1 t 0 .01 | 0 .01 — i — 0 .05 1 0 .21 — ; — i 

I 

i B iva lv i a 1.12 — — 
! 

Gastropoda j 
1 

— — — 
! 

— 

V e r t e b r a t e 1 — 
1 

— — — 
, ,, 

0 ,10 

Table 3 .15 Percentage abundance of major animal t axa a t S t a t i o n 9 

1978 1979 1980 ! 
1 

Ju ly Sept Nov Jan Mar May Ju ly Sept Nov Jan Mar 

Cau l l e%ie l i a c a o u t e s o c i s 1 4 — — — — — 
— — ! 

Nere i s d i v e r s i c o l o r 2 2 2 2 3 2 2 2 2 2 1 1 

' Polvdora c i l i a t a 3 — — — — — "" 
i 
1 

C a o i t e l l a c a o i t a t a ! 4 1 1 1 1 1 1 1 1 1 2 

! S a b e l l a navonina 
! 

3 4 4 — — — — 

Eteone longa — 3 3 2 3 4 — 3 4 3 

! C l r r a t u l u s c i r r a t u s — — — - 4 — — — 

1 Neohtvs homberoi — — — — — — 3 — 

Table 3 .16 Abundance ranking of top four s p e c i e s a t S t a t i o n 9 
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specimens disappearing from samples before reaching maturity. 

The crustaceans at the stat ion accounted f o r l ess than 3% of the 

total individuals . The amphipods were represented by Tr̂ p 

IS, Atylus loi&aiua, Corophium Insidiosum and Chaei 

marinus. The decapods were represented by Crang on vulgaris and Car-

cinus maenas. both of which showed on^y sporadic occurrence. Only 

one specimen each of the isopod, Idotea l i n e a r i s , and the ostracod, 

^rilcmedes globosus. were recovered. Only two species of bivalves, 

Abra nit lda and Mercenaria mercenaria were obtained each on a s ingle 

occasion in July 1978. Gasterosteus aculeatus was recovered on^y in 

July 1979. 

The recruitment and mortality pattern of the numerically dominant 

species at t h i s stat ion i s shown in Fig. 3 .18 . capltata emerged as 

the most dominant and had peak abundance in September 1978, May, Sept-

ember and November 1979. This species showed increased density as the 

density of Caul ler ie l la caputesocis declined. This, possibly, was the 

result of competition between these two small deposi t feeding polychaetes. 

&. divers icolor was stable in density between July 1978 and January 1979 

but declined fn numbers by March 1979. High recruitment occurred in 

the summer months with peaks in May and November 1979. The mortality 

in January 1980 was followed by a high recruitment in March 1980 when 

the species was numerically dominant. 

The species abundance ranking averaged for the eleven bimonthly 

samples i s shown in Table 3 .17 . Two polychaetes, Capitel la capitata 

accounted for more than 98% of the to ta l numer-

ica l abundance; capltata alone comprising about 99% of the to ta l 

macrofaunal numerical abundance. The dominant pos i t ion of the poly-

chaetes i s further evidenced in Table 3.18, both i n respect of number 

of species and individuals . 

The stat ion, situated almost one kilometer southwest of Esso j e t t y 

at Fawley, contained sediment which was predominantly sandy mud; the 

sand component was made up of f ine sand. The sediment at the stat ion 

was low in to ta l organic matter. A total of 21 species of benthic 

macro-infauna were recovered during the study and comprised polychaetes 

52.4% (11); crustaceans 33.3% (7); and molluscs 14.3% (3) of the 

tota l spec ies . The actual f igures of the species are shown in paren-

theses . The species l i s t with the percentage abundance at the s tat ion 
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Rank 

1 

2 

3 

4 

5 

6 

Species 

Q olor 

lonqa 

Polvdora c i ' i a t a 

Average No/mf 

5899.6 

169.7 

43.6 

18.8 
12.7 

9 . 4 

% 

95.79 

2.76 

0.71 

0.31 

0.21 
0.15 

Cumulative % 

95.79 

98.55 

99.26 

99.57 

99.78 

99.93 

Table 3.17 Average species abundance rankiqg for the 20 month period 

(July 1978 - March 1980) at Stat ion 9 . 
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REPRESENTATION OF VARIODS PHYLA IN NUMBERS AND SPRCIES _ 

Individuals per m as % of total 
( f igures in parentheses represent actual numbers) 

1979 

Jan 

Month Polychaeta r " 
Crustacea 

1 
Mollusca ^ 

I 
others 

1978 r i 

July 96.65 (693) 1.26 (9) 2.09 (15) j —— 

Sept 99.99 (25235) 0.003 (1) 
• 

1 
— 

Nov 99.99 (13489) 0.007 (1) : —— 

lOO (1646) 

March 100 (2332) — ; — _ 

May 99.95 (6062) 0.05 (3) i — _ 

July 99.67 (953) 0.20 (2) i — 

Sept 100 (7742) — — — 

Nov 100 (6904) - — — 

1980 

Jan 100 (747) — — — — 

March 100 (1919) — - — — 

2 
Species per m as % of tota l 

Month Polychaeta Crustacea I Mollusca 1 Others 

1978 
1 

: 

July 46.66 (7) I 40.0 (6) 1 13.33 (2) —— 

1 Sept 88.88 (8) 1 11.1 (1) 1 " " i 
1 Nov 85.70 (6) 1 14.3 (1) - — 

1979 i i ' 

Jan 100 (4) — 

Mar 100 (4) 1 # # —— 

May 60 (3) 40.0 (2) 
; 

July 66.66 (4) 16.7 (1) 

Sept 100 (2) mm — — —— 

Nov 100 (3) — 

1980 

Jan 100 (4) 

Mar 100 (3) — — — 
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during the study i s shown in Tables 3.19(a & b) . 

The seasonal variation in the number of spec ies and abundance of 

individuals at the stat ion i s shown in Figure 3 .19 . Peaks in the number 

of species occurred in September 1978 and March 1979 but declined gradu-

al ly throughout the study period with the number of species ranging 

between 14 and 26mr , There was no obvious seasonal trend, with the 

number of species reaching peaks in both summer and winter months. 

The numerical abundance of individuals remained stable between 

July 1978 and July 1979 but decreased in the winter months. A heavy 

recruitment following a sharp drop in September 1979 kept the individual 

abundance almost stable from November 1979 onwards. 

The polychaetes emerged as the numerically dominant animal taxon 

throughout the study period. The percentage numerical abundance of the 

m^jor animal taxa for the period of study at s tat ion 20 i s shown in 

Ta&le 3.20* The polychaetes comprised more than 60% of the to ta l ind i -

viduals . The animal taxon showed no seasonal trend in tim number of 

individuals and increased both in the summer and the winter months. 

The crustaceans and bivalve species occurred only in reasonable numbers, 

showing paucity in occurrence and patchiness in d i s tr ibut ion at th i s 

s ta t ion . 

The variations in the number of species and numerical abundance 

of the major animal taxa are presented in Figure 3 . 2 0 . The polychaetes 

as a group showed a marked variation in the numbers of species between 

12 and 20m and peaks in November 1978 and March 1979. The crustac-

eans as a group ranged between 2 and iQm" in species richness and had 

peaks in September 1978 and January 1979. The molluscs, represented 

by only two species had the lowest species richness at the s t a t i o n . 

The number of individuals of polychaetes remained stable between 

July 1978 and July 1979, a f t er which great f luctuat ions with peaks in 

November 1979 and March 1980 were recorded. The crustacean abundance showed 

l i t t l e s t & i l i t y , with a steady f a l l in abuadance between September 1979 

and January 1980. The 1979/80 winter recruitment, however, increased 

the abundance in March 1980. The molluscs suffered heavy decl ine in 

numbers except in May and July 1979 and in March 1980 wAen s l ight recrui t -

ment at the s tat ion boosted the abundance of the group. 



1978 1979 1980 1 
SPECIES July Sept Nov Jan Mar Nay July Sept Nov Jan Mar 1 

Ca&'lv cdnutesocis (St.Josenh) 4755 3884 I 2816 3360: 1842 ^ 1408 1 2782 I 586 1997 2612 2070 
Abre nit id? Muiier 271 33 15 16 7 : 404 ; 258 ! 6 15 1 12 
Keahtvs homberoi (Aud.G M-Edw.) 92 : 85 110 80 93 85 88 ' 63 45 45 56 
Eteone longa (Fabrlclus) 53 94 1 25 33 1 29 ; 11 25 7 25 I 28 
Polvdora ihnston) 1 21 163 : 2 2 2 3 — 1 

— 
3 ! 1 

Cerastoderma edule L. 8 ; 9 1 — ! — — - ; 

Eudorella truncatula Bate 7 ' 22 — 9 15 , 15 i : 1 _ _ I 3 
Nereis diversicolor 0. F. Muller 2 1 15 82 ^ 21 2 : ! 4 10 60 29 
Philomedes alobosus (Baird) 2 i 42 ! 2 6 i 4 1 : 16 1 3 6 « * — 

Paraphoxus oaulatus Sars 1 1 1 1 — — 1 2 
Amaitides maculata S t . Josenh 1 1 2 21 1 16 2 —— 3 

1 : — ! — — i 1 — - -

Sabella oavonina Savionv __ : 240 i 112 — : 2 507 11 4 23 4 
fariambus tvoicus Krdyer — i 0 1 — — I — 1 

Carcinus maenas L. i 1 1 — — 1 — — mm 

Cirratulus cirratus (0. F. wBller) 18 - i 1 " — 

Microdewtopus orvllotolna Coasta 1 ' i — — — 

NpTPis viTGHS Sars 1 — — 2 - - — — «as 

Abra alba (Wood) — — — — 28 — — ... 
Caoitel la caoitata (Fabricius) — — —— — — - - 1 3 4 1 
CoroDhium volutator (Pallas) — — — — — — — — 1 

Total number of individuals 5214. 4577 3119 3611 2035 2438 3210 669 2108 2751 2205 

3 



Table 3.19(b) LIST 

SPECIES July Sept Nov Jan Mar May 

1979 

July Sept Nov 1 

1980 

Jan Mar 

Cay » , s . f i^tesoc i s (St.Josenh) 91.19'! 84.86 90.29 1 93.02 1 90.51 I 57.75 1 86.67 1 87.59 1 94.73 1 94.95 93.88 
WBller 5 .20: 0.72 1 0.48 1 0.44 1 0.34 1 

7 
16.57 i 8.04 i 0.89 ! 0.71 i 0.04 0.54 

Nephtys homberoi (Aud. & M-Edw.) - : 1.86 3.53 i 2.22 i 4.57 1 3.49 2.74 j 9.42 i 2.13 1 1.64 2.54 
Eteone loooa (Fabricius) j 1.021 2 .05: 0.80 ! 

1 
0.91 i 1.43 0.45 0.78 — 0.33 1 0.91 1.27 1 

Polvdora ' 3 ,inhnston) : 0 .40 ' 3.56 0.06 } 0.06 1 0.10 i 0.12 : — ; —— 0.11 0.05 
Cerastoderma edule L. ; 0.15 : 0.20 0.03 I i 

Eudorella truncatula Bate ' 0.13 0.48 1 0.25 : 0.74 ! 0.62 0.05 « # # # 0.14 
Nereis diversicolor 0. F. M?ller : 0.04 0,02 i 0.48 1 2.27 ' 1 .03! 0.08 — 0.60 1 0.47 2.18 1.32 
Philomedes alobosus (Baird) 1 0.04 1 0.92 : 0.06 0.17 I 0.20 0.04 0.50 0.45 ' 0.29 0.09 

i Paraohoxus oculatus Sars 1 0.02 j 0.02 i — — i — — j 
! Anaitides maculata S t . Josenh 1 0.02 1 

! 

0.06 0.58 0.79 0.08 — I 0.11 
; Kelinna oalmata Malmaren ! 0.02 ; — — 0.05 — — : — —— 

Sabella oavonina Savianv 5.24 1 3.59 0 .10 20.80 0.34 0.60 1.09 0.18 1 
fajiambus tvoicus (Krdver) ! i 0.04 ! — — — — 

Carcinus maenas L. 1 0.02 1 — 0.03 — 0.03 — 

Ciiratwlus clrratus (0. F. MOller) 
) 

— 1 0.58 — 0.05 - - - - — 

Microdeutonus arvllotalna Coasta 
( 

0.03 0.03 — 

Nereis virens Sars 1 - 0.10 — — «... 
: Abra alba (Wood) — — 0.87 — — 

1 Capitel la capitata (Fabricius) i 
— — — — — 0,03 0.45 0.19 0.04 — 

1 Corophium volutator (Pallas) 

1 
— — — — — — — 0.04 

1 Total number of species 
1 

13 12 11 13 10 9 7 9 9 9 
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Table 3.20 an malor snimsi taxa at Station 20 

1 
1978 1 

1 1979 1980 

1 July Sept Nov Jan March May July Sept Nov Jan March 

Puiyc'aetes 97.59 99.39 99.06 98.73 83.77 ] 90.56 98.66 98.94 99.94 99.04 

Crustaceans 0.]^ 1.48 0.09 0.48 0.94 0.66 8.91 0.45 0.34 0.04 0.23 

Bivalves 5.35 0.92 0.^1 0.44 0.34 16.57 0.53 0.89 0.71 0.04 0.54 

Gastropods 1 
1 — — — — — 

L _ -

top f ive species in Station 20 

Caul ler ie l la caputesoois 

Abra nit ida 

Polydora c i l i a t a 

Sabella sp 

Cirratulus cirratus 

Nereis diversicolor 

Anaitides maculata 

Eudorella truncatula 

Abra alba 



N individuals . 
M Mollusc 
,, Pcly. species 
. Crus l . 

Mollusc 

JUL SEP NOV JAN MAR MAY JUL SEP NOV JAN MAR 
1978 1 979 1380 

FIG. 3-20. SEASONAL VARIATIONS IN NUMBER OF SPECIES AND 

INDIVIDUALS OF MAJOR ANIMAL TAX A AT STATION 20 

w 
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CaulierZella caputesocis emerged as the numerically dominant 

spec ies . The abundance ranking of the top f i v e s p e c i e s at the s tat ion 

during the study i s presented in Table 3 .21 , The c i r r a t u l i d worm, 

caputesocis . accounted for more than 80% of the t o t a l individuals 

except in May 1979. With the exception of September 1979 and March 

1980, the worm occurred at a high and fa i r ly constant density (more 

than SOOOmT̂ ) throughout the study at the s t a t i o n . 

Other species occurring in large numbers at d i f f e r e n t times at 

the s ta t ion included hombergi. This polychaete occurred at high 

d e n s i t i e s and featured prominently among the dominant spec ie s . The 

changes in the abundance of the dominant species a t s ta t ion 20 are 

presented in Figure 3 . 2 1 . g . pavonina occurred only sporadically but 

at high d e n s i t i e s between September and November 1978, and ranked among 

the top f i v e s p e c i e s . 

Some polychaetes, for example, 6* maculata. c l l i a t a . &. 

SirrqtUS and iaoga, were often found during the s tudy. 

remained f a i r l y s table in abundance and in the ranking pos i t ion but 

showed a seasonal trend in numbers. The species had high recruitments 

in the summer months but suffered heavy mortality in the winter months. 

Only one species of crustacean, truncatula. occurred at a 

s u f f i c i e n t l y high density to rank among the top f i v e spec i e s . 2 . q l o -

bosus. though commonly found in samples, occurred i n low numbers. 

Other crustaceans of low d e n s i t i e s include vo lutator . typicus. 

Paraphoxus oculatus. g i y l l o t a j p a and &. magnag. 

Three species of b ivalves , A. n i t ida . A. alba and C. edule. 

were recovered at the s t a t i o n . A. n i t ida occurred in large numbers 

in some samples^m that i t ranked among the top f i v e species but the other 

bivalves occurred only sporadica l ly . Owing to the patchiness in the d i s -

tr ibut ion of n i t ida . the bivalve fa i l ed t o appear among the top f i v e 

species between September 1978 and March 1979. 

The spec ies abundance ranking averaged for the eleven bimonthly 

samples i s shown in Table 3 . 2 2 . Six species , f i v e being polychaetes, 

accounted for more than 95% of the t o t a l i n d i v i d u a l s . The f i v e poly-

chaetes were responsible for nearly 93% of the t o t a l macrofaunal abund-

ance. caputesocis and hombergi accounted f o r more than 90% of 

the t o t a l abundance. The dominance of polychaetes at the s t a t i o n i s 

further shown in Table 3 .23 where the group were dominant both in the 

number of spec ies and indiv iduals . 
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Rank Species Average No/ 
0.5m 

1 
% i % Cumulative 

1 2555.5 
^ I 

ISG.oe 1 88.02 
2 Nephtvs hombergi 76.6 2 .64 I 90.66 

3 Abra nit ida 73.5 2 . 5 3 93.19 

4 EtGone longa 27.7 0 .96 94.15 

5 Nereis diversicolor 20.6 0 .71 94.86 

6 Polydora c i l j a t a 17.9 0 . 6 2 95.48 

7 Philomedes alobosus 7.6 0 .26 95.74 

8 Eudorella trwncatula 6 .6 0 . 2 3 95.97 

Table 3 .22 . Station 20 Average species abundance ranking for 

the 20 month period (July 1978 - March 1980). 
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REPKESENTAflON OF VARIODS PHYLA IN NUMBERS ANO SPECIES 

2 
Individuals per 0.5m as % of tota l ( f i g u r e s in parentheses 

Month I Polychaeta 1 Crustacea 
1 

Mollusca Others 

1978 1 

July j 94.46 (4923) 0.19 (10) 5.35 (279) 

Sept 1 97.59 (4467) 1.49 (68) 0.91 (42) 

Nov 1 99.4 (3101) 0.09 (3) 0.5 (16) 

1979 ! 

1 1 
1 Jam 
! 

99.1 (3578) 0.05 (17) 0.5 (17) 
I 
1 

1 
March 98.77 (2007) 0.94 (19) 0.34 (7) 1 

May 83.77 (2018) 0.66 (16) 16.57 (404) 

July 90.77 (2907) 0.53 (17) 8.91 (286) i 
Sept 98.77 (660) 0.45 (3) 0 .9 (6) 

{ Nov 98.94 (2086) 0.34 (7) 0.71 (15) 

1980 
1 
i 

Jan 99.94 (2749) 0.04 (1) 0.04 (1) i 

1 March 99.04 (2108) 0.23 (5) 0.54 (12) 

2 
Soecies oer 0.5/m as % of to ta l 

1978 i 
! 

July 58.33 (7) 25.0 (3) 16.67 (2) 1 

Sept 46.15 (6) 38.4 (5) 15.38 (2) 1 

Nov 
1 

66.7 (8) 16.7 (2) 16.7 (2) 1 

1979 
1 

Jan 50.0 (6) 33.3 (4) 16.7 (2) 

March 76.9 (10) 15.4 (2) 7.6 (1) 

May 70.0 (7) 20.0 (2) 10 (1) 

July 55.6 (5) 22.2 (2) 22.2 (2) 

Nov 66.7 (6) 14.3 (1) 14.3 (1) 

1980 

Jan 77.8 (7) 11.1 (1) 11.1 (1) i 

March 66.7 (6) 22.2 (2) 11.1 (1) ! 
i 
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An outstanding feature of animal communities i s their d ivers i ty . 

Several attempts have been made to explain why certa in environments 

support a more diverse fauna than others (Margalef,19S6; Graypl974; Sanders, 

1968). A number of faunal indices which describe ways in which indiv i -

duals are distributed between species in a community have been used* 

In comparing d i f ferent communities, i t i s e s sen t ia l to consider two 

major aspects of the community structure; the spec ies composition and 

the total number of individuals . The concept of species divers i ty has 

been evolved to relate these two aspects, though de f in i t i ons of diversity 

have often resulted in some degree of confusion. In one form, diversi ty 

i s a measure of re lat ive numerical composition of the various species 

present in a sample. The more the constituent species are represented 

by equal numbers of individuals, the more diverse i s the fauna. The 

l e s s numerically equal the species are, the l e s s diverse the sample i s , 

or the greater the dominance in the sample. The l e s s the dominance in 

a sample, the greater the e q u i t a b i l i t y . 

The second component of divers i ty i s measured by the number of 

species or species richness. Samples containing a large number of species 

par unit area have greater d iver s i ty . Such d ivers i ty can be designated 

'species d i v e r s i t y ' . The two components of d ivers i ty , the number of 

species present and the degree of^dominance, are generally assumed to 

be highly correlated with one another. A large number of species per 

unit number of individuals exhibits low dominance and a small number of 

species often indicates high dominance. The extent of correlation seems 

to be sample s i ze dependent. A strong correlation occurs in small samples 

but gets weaker as the sample s i ze i s increased. Among the largest 

samples, species divers i ty and dominance divers i ty are not s ign i f i cant ly 

correlated (Fager 1972). 

Some faunal indices are dependent on sample s i z e or some sort of 

dis tr ibut ion of individuals between species . A d ivers i ty measurement 

which i s independent of sample s ize i s des irable . 

Early studies of d ivers i ty express a value which depends almost 

wholly on the total number of individuals, thus the d ivers i ty index 

becomes unsatisfactory. Margalef (1951) recognised that in general, 

a relat ionship ex i s t s between the number of species in samples and the 

logarithm of the tota l number of individuals . He then proposed a 
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divers i ty index which i s dependent on a s tra ight l i n e re lat ionship between 

the number of species (S) and the logarithm of the t o t a l number of ind iv i -

duals (N). 

Since S = k log^g^, where k i s a constant, k should be independent 

of sample s i z e . 

Margalef then modified d = S -1 so t h a t when d = 0̂  S = 1 

S-1 

l o g / 

l o g / 

d = Margalef's index of 
d i v e r s i t y 

S = number of species 

N = number of indivuals 

Relat ive ly large changes in N are required t o s i g n i f i c a n t l y change 

the index, whereas small changes in S great ly in f luence i t . Therefore 

Margalef's d value i s largely a measure of species r i c h n e s s . 

Margalef's d values calculated for the four s t a t i o n s during the 

study are shown in Fig . 3 . 2 2 . All the s ta t ions showed a decrease in 

species d ivers i ty during the study, with greates t d e c l i n e at s ta t ion 5 

and smallest at s ta t ion 20 . At s ta t ion 2, Margalef's d value reached 

a maximum in September 1978 and a minimum between November 1979 and Janu-

ary 1980. Peak value at Stat ion 5 was obtained in September 1978 and a 

minimum value in July 1979. At Stat ion 9 a maximum value of the index 

was obtained in July 1978 but a minimum value obtained in September 1979. 

At Stat ion 20, maximum value was in March 1979 and a minimum value was 

obtained in September ^979. In general, there were tww phases, % decl ine 

between July 1978 and September 1979 and a period of r e l a t i v e l y low diver-

s i t y afterwards. 

The Shannon-Wiener information function (Hs) i s a d i v e r s i t y index 

which provides a measure of how indivuals are apportioned among the con-

s t i tuent spec ies and incorporates a measure of dominance d i v e r s i t y . The 

idea was or ig ina l ly introduced by Margalef (1957) as a measure of d ivers i ty 

of plankton samples. The index Hs can be equated as the degree of uncer-

tainty involved in predicting the species ident i ty of a randomly se lected 

indiv idual . This index Hs which has been widely used (Shannon and 

Weaver|1963) in benthic s tudies i s calculated using the equation 
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Hs = 

or Hs = 

140 
6 pi log pi 
Laf * 

- - 3.3220 pi log^o piTj 

where S = to ta l number of species 

pi = the observed proportion of individuals that 

belong to the i*^ species (1, 2, 3 —- e t c . ) 

This index i s influenced both by the number of species present 
n 

and ' equ i tab i l i ty ' which determines how eve^y or unevenly the individuals 

are distributed among the const i tu ent spec ies . The function, there-

fore, i s sens i t ive to both species and dominance d i v e r s i t i e s * 

Lloyd and Ghelardi (1964) proposed an index of equi tabi l i ty 

using H(s) . In practice, i t i s rare to find a community in which two 

species show numerical equality since a community may ix* necessari ly 

comprise species whose numerical abundance would be e s sent ia l ly equal. 

Equitabil i ty i s calculated using the equation; 

J = H(s) 
H(s) max. 

where j = index of equi tabi l i ty 

H(s) = Shannon-Wiener information function 

H(s) max = logg of the total number of species in 

the sample. 

Seasonal variations in the Shannon-Wiener information function and 

equi tabi l i ty measurements for the four stat ions are presented in Fig . 

3 ,23 . Station 2 showed a decline in the species d ivers i ty (Hs), 

species richness (d) and equi tab i l i ty appeared to inf luence d ivers i ty 

to a great extent, with species richness showing greater inf luence . 

At s tat ion 5, a f ter an i n i t i a l decl ine in the spec ies divers i ty (Hs) 

between July and November 1978, there appeared to be some degree of 

s t a b i l i t y in d ivers i ty at this s ta t ion . Equi tabi l i ty remained fa i r ly 

constant and did not appear to influence the d ivers i ty to a great extent . 

At this s tat ion, d ivers i ty seemed to be influenced by species r ichness . 

At s tat ion 9, both species d ivers i ty (Hs) and equ i tab i l i ty (J) showed 

similar trend. Species divers i ty at th i s s ta t ion wms influenced to a 

large extent by e q u i t a b i l i t y . Similar s i tuat ion wms found at s tat ion 

20 where the d ivers i ty and equi tabi l i ty showed s imi lar trends throughout 

the study and both remained more or less stable except for a peak in May 

1979. In general, a decrease in equi tabi l i ty i s due to the i n f l u x of 

juveni les which occurred in samples occasional ly . 
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Since most measurements of diversi ty are a f f e c t e d to some degree 

by sample s ize , th is method which i s independent of sample s i ze allows 

direct comparisons between samples of d i f ferent s i z e s to be made. The 

measure i s dependent on the shape of the curve of spec ies abundance 

rather than the absolute number of individuals present in the sample. 

The method was f i r s t used by Sanders (1968) for a polychaete-bivalve 

fraction of samples rather than the entire fauna from the so f t oozes. 

The high abundance percentage of the two animal taxa in the present 

study j u s t i f i e s the application of the method to the samples of the 

study. 

In producing the species abundance curve, the procedure i s to 

keep the percentage composition of the component spec ies constant but 

to reduce the sample s i z e . This i s to a r t i f i c i a l l y create resul ts 

that would have been obtained had smaller samples with the ident ical 

fauna composition been taken. The species are thus ranked by abund-

ance and the percentage composition of each species and the cumulative 

percentage plot ted. Table 3.24 shows the percentage composition and 

cumulative percentage of the species at s tat ion 2 in July 1978 as an 

example. 

10 species had a numerical abundance of 4159 individuals* The 

number of species at the 100 individual leve l can be determined. The 

percentage composition of each species w i l l be the same as in the o r i g i -

nal sample but the number of individuals i s now reduced to 100. The 

100 individuals in the reduced sample represent 100% of the indiv iduals . 

Each individual, therefore, forms 1% of the sample. In the example 

(July 1978 sample at stat ion 2) three species comprised 1% or more and 

tota l led 98,82% of the sample numerically. Each of the three species 

wi l l be present in the reduced sample, with a residue of 1*18% of the 

S^nal sample as the remaining seven spec ies . 

Since none of the residual species form more than 1% of the o r i g i -

nal sample, such species comprising the group (residual) cannot be 

represented by more than one individual . However, one individual 

specimen const i tutes 1% of the reduced sample, therefore 1.18/1%:* 1.18 

species 

Hence (3+1.18) species = 4.18 species are present per lOO 
individuals . 

In a similar way, the number of species per 500 individuals can be 

determined. Each individual forms 0,2% of the sample and 6 species 
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Rank of Species by abundance 
1 
Total 

1 
: % of Sample Cumulative 

% of Sample 

1 Caul ler ie l la caputesocis :3425 j 82.35 82.35 

2 Abra nit ida 585 14.07 96.42 
3 Neohtys. bombmrai 100 2.40 98.82 

4 Cerastoderma edule 17 0.41 99.23 

5 Philomedes qlobosus 12 0.29 99.52 

6 Polydora c i l i a t a 9 0.22 99.74 

7 Nercenaria mercenaria 5 0.12 99.86 

8 Eteone lonoa 3 0.07 99.93 

9 Cirratulus cirratus 2 0.05 99.98 

10 Cranqon vulaaris. 1 0.02 100.00 

Table 3.24 Species l i s t with percentage and cumulative percentage 

of individual species at Station 2 in July 1978 
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(Table 3 .25) , each represent 21 0.2% of the sample, amounting to 99.74% 

of the original sample. The residue 0.26% then accounts for 0 .26/0 .2 

Hence (6+1.3) species = 7 .3 species are present per 500 

individuals 

The arithmetic plots of the number of spec ies at d i f ferent popula-

tiow leve l s using Sander's rarefaction methodology for the four stations 

are shown in Figures 3.24 - 3 .27 . For c lar i ty and easy understanding, 

plots for one year samples (July 1978 - July 1979) hav^ beem shown. The 

for the remaining period of study were e s s e n t i a l l y similar to the 

The curvil inear trend of the l ines i s due to the constant rate 

at which the individuals are being added on the assumption that aggre-

gation of the individuals i s not important. The progressively rarer 

species were added at a continuously decreasing logarithmic rate . The 

actual numbers of species and individuals present in the samples are 

indicated by the point of termination of the l i n e s . Tjm theoret ical 

of species at d i f ferent population l eve l s can eas i ly i n t e r -

A low species d ivers i ty environment showed low numbers of 

species per unit number of individuals while a high species divers i ty 

environment exhibited high number of species per unit number of i n d i v i -

duals. At s tat ion 2, the highest divers i ty was in September 1978 but 

gradually decreased thereafter . There was no remarkable increase in 

the number of species above 3000 individual l e v e l . Stat ion 5 showed 

a large number of species and high species d ivers i ty with a peak in 

September 1978. Very l i t t l e increase in the number of species above 

the 2000 individual level occurred. Station 9 showed the lowest species 

diversi&p with a peak in July 1978. L i t t l e increase in species divers i ty 

above the 2000 individual level occurred at the s t a t i o n . Station 20 

showed peak species diversi ty in March 1979 but greater s t a b i l i t y in the 

diversi ty throughout the study period. In general, the higher the 

the greater the species d ivers i ty , and the c loser the curves 

the greater the equi tabi l i ty of the sample, 

Sander's rarefaction method of measuring faunal d ivers i ty , though 

allowing comparisons between d i f ferent communities, i s only val id when 
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3.4 

Several numerical analyses have been applied to benthic survey 

data as an alternative approach to identifying spec ies associat ions . 

Such methods use s t a t i s t i c a l c r i t er ia in evaluating the frequency of 

occurrence or the abundance of species and to quantify faunal associa-

t ions . The numerical methods aim at grouping s t a t i o n s as to faunal 

s imilarity and to compile species l i s t charac ter i s t i c of each group. 

Usually, two s imilarity c o e f f i c i e n t s are applied to character-

i s e species groups when samples include heterogeneous types of benthic 

communities. The c o e f f i c i e n t used in the present study i s Jaccard's 

c o e f f i c i e n t which expresses the number of species common to both 

samples as percentage of the tota l number of species in both samples. 

The other c o e f f i c i e n t , Czekanowski's c o e f f i c i e n t , i s used to compare 

species composition and re la t ive percentage abundance between samples. 

This was Qsed by Buchanan et al (1978). 

Jaccard's c o e f f i c i e n t considers the presence or absence of species 

in a se t of samples and has been used to measure the relationship between 

] : f l a r e n t types of communities or samples in terms of species composition. 

This c o e f f i c i e n t has been applied to samples taken at the same or d i f f -

erent s tat ions (Lauriston 1977). The higher the c o e f f i c i e n t , the 

higher the s imilarity between samples and vice versa . The values 

ranged between 0 and 100% indicating no species overlap between samples 

and exactly the same species in the samples re spec t ive ly . 

Jaccard's c o e f f i c i e n t (JC) i s calculated using the equation 

JC = C . 100 
a + b + c 

where C = number of species common to both 

a = number of species in sample A 

b = number of species in sample B 

Variation in s imi lar i ty between the four s ta t i ons using Jaccard's 

c o e f f i c i e n t i s presented in Figure 3 .2& Stations 2 and 9 showed the 

highest degree of s imilari ty and ranged between 38 and 60% between July 

1978 and September 1979. A complete species overlap between the 

s tat ions occurred in November 1979. Stations 5 and 9 showed l e a s t 

s imilari ty and the value was l e s s than 20% throughout the study except 

in July 1978. Stations 5 and 20 showed a f a i r s imi lar i ty and the per-
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centage s imilarity between the two stat ions ranged between 30 and 36% 

except for peaks in March 1979. Greater s imi lar i ty between stations 

2 and 9 may be attributed to s imilarity in the physico-chemical para-

meters notably part ic le s ize , sediment tota l organic matter and hydro-

carbon l e v e l s . In general low degree of s imi lar i ty occurred between 

stat ions between July 1978 and September 1979, but s tat ions 2 and 9 

became more similar at new low species diversi ty s i t u a t i o n . 

3 .5 . Loanormal d i s tr ibut io 
oeometric c lasses 

The concept of the distr ibut ion of species between the geometric 

c lasses of individuals showing a lognormal d i s tr ibut ion was f i r s t 

described by Preston (1948). Using populations of breeding birds 

and moths in l ight traps, he postulated that for naturally occurring 

biological populations, species show a lognormal d i s tr ibut ion when 

arranged in geometric c las ses of the individuals . Patrick et al 

(1954) and Patrick and Strawbridge (1963) showed that Preston's postu-

la t e also applies to diatoms from s o f t and brackish water, Thorrington-

Smith (1971) also applied i t to phytoplankton samples from the Indian 

Ocean. 

Edden (1971) studied the relationship between species d ivers i ty 

and the lognormal distr ibut ion of species between geometric c lasses of 

individuals using phytoplankton samples from the Indian Ocean. Since 

the use of certain distr ibut ion s t a t i s t i c s permits separation of divers i ty 

into the 'species richness' and 'dominance' components, which can be 

quantitat ively estimated, she was able to demonstrate considerable ad-

vantage in defining measures of d ivers i ty and equ i tab i l i ty based on the 

lognormal species / individual curve. The method has only recently been 

applied to the marine subl i t tora l benthos: Sa l tka l l e f jord (Rosenberg, 

1973); Kiel Bay (Anger,1975); Lock Ei l (Pearson,1975j; Northumberland 

coast (Buchanan et a l ,1978) . Gray (1979) applied the method to studies 

of pol lution induced changes in populations. 

Theoretically, the whole lognormal curve would be obtained i f a 

complete population universe were sampled. In practice, the whole uni-

verse i s nevtr sampled and a truncated lognormal curve i s obtained* 

The degree of truncation i s determined by the proportion of the universe 

that has been sampled (Preston,1948). Gray (1979) indicated that in 

an unstressed community, a lognormal curve resu l t s in a straight l ine 

when the cumulative percentage species i s plotted on probability paper 

against the geometric c las ses of individuals . Since no record of 
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the application of the method in an estuarine environment has hitherto 

been available, i t was considered worth using with the Southampton Water 

communities. 

Each sample was divided into lognormal geometric c lasses using 

the method outlined by Preston (1948). I f a lognormal relationship 

occurs, plots of cumulative percentage species on probability paper 

against geometric c lasses should give a straight l i n e . According to 

Gray (1979), deviation from a straight l ine r e s u l t s from environmental 

disturbance which a l ters the equilibrium in the community structure. 

The plots for the cumulative percentage spec ies against geometric 

c lasses at s tat ion 2 are presented in Figure 3 .29 . In July 1978, the 

plot approximated to a straight l ine with increase in geometric c lasses 

III and V. The increase sh i f ted to geometric c l a s s e s II and III in 

September 1978 while there was reduction in the c l a s s e s III and VI in 

November 1978. Change in the community structure was gradual with an 

increase in geometric c lass II but reduction in c l a s s e s III and IV in 

January 1979. By March 1979, there was reductionia geometric c l a s s V. 

The plot returned to an approximated straight l i n e in May 1979 but in 

July 1979 there was reduction in geometric c lass IV. A r ise in geo-

metric c lass II in September 1979 was followed by a return to an appro-

ximate straight l ine from November 1979 to March 198{\ possibly indicat -

ing s t a b i l i t y in the community. 

The plots at Station 5 are shown in Fig. 3 . 3 0 . plots approx-

imated to straight l ines between July 1978 and January 1979, possibly 

with no change in the community structure, Deviaticms from lognormal 

curves with reduction in geometric c lasses II and I I I in March 1979 but 

an increase in the c lasses and reduction in c lass V in May 1979. 

Sl ight reductions in geometric c lasses II - IV in July 1979 were re -

peated in September 1979 but only in c lasses III aodIV in November 1979, 

Reduction in geometric c lass IV took place in January and March 1980, 

At Station 9 (Fig. 3.31) the plots approximated to a s tra ight l ine 

in July 1978 but showed reduction in geometric c l a s s e s III in September 

and November 1978. In January 1979, reduction occurred in c l a s s IV 

but increased in c lasses II and III in March 1979, in c lass IV in May 

1979 and in c las s III in July September and November 1979. By January 

1980, the plots showed an increase in geometric c l a s s e s II and IV and 
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approximated to a s t r a i g h t l i n e i n March 1980. 

The p l o t s a t s t a t i o n 20 a r e shown in F i g . 3 . 3 2 . While t h e July 

1978 p l o t approximated t o a s t r a i g h t l i n e , those of September 1978 showed 

r educ t ions in geometric c l a s s e s I I - V. There was an i n c r e a s e i n geo-

met r i c c l a s s I I but r educ t ion i n c l a s s I I I in November 1978. S l i g h t 

r educ t ions i n c l a s s e s I I and I I I were obvious from January 1979 p l o t s , 

but March 1978 showed a r educ t ion in c l a s s I I I and an i n c r e a s e i n c l a s s 

IV. By May 1979, t h e r e were i n c r e a s e s in c l a s s e s I I - V but a reduc-

t i on i n geometr ic c l a s s VI . A reduc t ion i n c l a s s e s I I and I I I in July 

was fol lowed by massive r educ t i on in c l a s s I bu t an i n c r e a s e in c l a s s e s 

I I - IV in September 1979. Reduction was l i m i t e d t o c l a s s I I I in 

November 1979 but extended t o c l a s s IV in January 1980 but only in geo-

me t r i c c l a s s I I i n March 1980. 
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3 .6 DISCUSSION 

The r e s u l t s of the p r e sen t i n v e s t i g a t i o n i n d i c a t e a high degree of 

v a r i a b i l i t y in the physico-chemical and b i o l o g i c a l parameters of the 

study a r e a . Given the sediment type , l o c a t i o n and time of yea r , t he 

macrobenthic fauna of Southampton Water may t o a l imi t ed ex t en t be p r e -

d i c t e d . Many spec ies popu la t i ons f l u c t u a t e d i n response t o seasonal 

r ec ru i tmen t and m o r t a l i t y . Remarkable v a r i a t i o n s i n abundance p a t t e r n s 

wi th in d i f f e r e n t h a b i t a t s and seasons were a p p a r e n t wi th in t h e spec ies 

a s s o c i a t i o n s . 

The r e l a t i v e l y high f r a c t i o n s of s i l t - c l a y i n the sediment on the 

western s ide i n d i c a t e a high sed imenta t ion r a t e pos s ib ly in p a r t due t o 

the high hydrocarbon con ten t which i s thought t o induce sedimenta t ion 

(Knap 1978). Sedimentat ion i s high on the wes t e rn s ide where water 

c u r r e n t s a re apprec iab ly lower ( l e s s than 1 k n o t ) . S t ronger c u r r e n t s 

on the e a s t e r n s i d e and towards t h e mouth of t h e e s t u a r y a re con t inuous ly 

eroding and d e p o s i t i n g sand which consequent ly a l l ows l i t t l e d e p o s i t i o n 

of f i n e s ( p a r t i c l e s l e s s than 63jwm in d i ame te r ) (Dye r ,1973) . The 

i nc rea se i n the l e v e l of f i n e s a t a l l s t a t i o n s between January 1979 and 

March 1980 probably sugges t s h igher sed imen ta t ion r a t e dur ing the p e r i o d . 

The h ighe r t o t a l o rgan ic m a t t e r i n the sediment on the wes tern 

s ide ( S t a t i o n s 2 and 9) was probably due in p a r t t o i n d u s t r i a l e f f l u e n t s . 

S t a t i o n 2 r ece ive s e f f l u e n t s from the Pe t rochemica l and S y n t h e t i c Rubber 

i n d u s t r i e s and s t a t i o n 9 r ece ive s the e f f l u e n t s of t h e Esso Petroleum 

company. Williams (1976) e s t ima ted about e i g h t y per cent of the y e a r l y 

organic carbon inpu t o r i g i n a t e as e f f l u e n t s from t h e major i n d u s t r i e s i n 

the a r e a . Although s t a t i o n 5 on the e a s t e r n s i d e was s i t u a t e d near a 

sewage o u t f a l l , t he t o t a l organic m a t t e r a t t h i s s t a t i o n was low compared 

with the o the r s t a t i o n s . The t o t a l organic m a t t e r a t t he f o u r s t a t i o n s 

showed d i s t i n c t s e a s o n a l i t y with maximum v ^ u e s occur r ing i n J u l y - S e p t -

ember and minimum i n March - May. This cyc le was more marked a t s t a t i o n s 

5 and 20 but l e s s a t s t a t i o n s 2 and 9 . Although Byers e t a l (1978) 

suggested t h a t the t o t a l o rgan ic m a t t e r could be used as an index of the 

amount of food a v a i l a b l e to ben th i c animals , t h i s does not n e c e s s a r i l y 

hold i n a l l s i t u a t i o n s . I f i t i s the case , s t a t i o n s 2 and 9 with h igher 

t o t a l organic m a t t e r would be expected t o suppor t a g r e a t e r p roduc t ion 

and abundance of d e p o s i t f e e d e r s than s t a t i o n s 5 and 20 . On t h e con t r a ry , 

the abundance and product ion of the d e p o s i t f e e d e r s were g r e a t e r i n the 

l a t t e r s t a t i o n s except in September 1978 when t h e abundance of a s i n g l e 

spec i e s , C. c a p i t a t a . was a t i t s peak. I t can be argaed t h a t the t o t a l 

organic m a t t e r only se rves as an index of q u a n t i t y r a t h e r than q u a l i t y 
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of the r e f r a c t i l e m a t e r i a l a v a i l a b l e t o ben th ic a n i m a l s . In the same 

way, the accumulation of the organic m a t t e r i n an a r e a i s a dynamic 

process which i s s u b j e c t t o change with t ime, t h e t o t a l organic ma t t e r 

cannot be r e l a t e d to the amount of food a v a i l a b l e t o ben th ic an imals . 

The sediment meta l s in the s tudy area v a r i e d t o a l a rge e x t e n t 

with time and the p a r t i c u l a r metal i n q u e s t i o n . Some de te rmina t ions 

of sediment t r a c e meta l s in Southampton Water had p rev ious ly been made 

(Leather land and Bm:ton,1974; Romeril ,1974, 1976; Armansson,1978); 

none of the r e s u l t s a re d i r e c t l y comparable with t h e present s t u d y . The 

methodology and l o c a t i o n of sampled a reas d i f f e r e d . Sediment copper 

i n the p r e sen t study was p a r t i c u l a r l y high on the western s ide e s p e c i -

a l l y a t s t a t i o n 9 (near Esso petroleum r e f i n e r y o u t f a l l ) but decreased 

ea s twards . The high sediment copper a t s t a t i o n 9 may be a t t r i b u t e d t o 

the copper r e l ea sed with the r e f i n e r y e f f l u e n t s s i n c e copper, as copper 

c h l o r i d e , i s used as a ' sweetening a g e n t ' in the r e f i n e r y p r o c e s s . In 

the p r e s e n t s tudy, the lowest l e v e l of sediment copper was recorded a t 

S t a t i o n 5, but Romeril (1974) using atomic a b s o r p t i o n spec t romet ry , 

e s t imated the sediment copper a t Net ley as 1 8 . 2 : 1 0 . 6 4 ug/g, a lower 

e s t i m a t e by Romeril (1974) may poss ib ly be a t t r i b u t e d t o lower measures 

obta ined from atomic a b s o r p t i o n spect rometry s i n c e the atomic abso rp t ion 

only measures the absorbed q u a n t i t y , but X-iay f l u o r e s c e n c e spec t romet ry 

(employed i n the p r e sen t s tudy) measures t o t a l m e t a l in the s ed imen t . 

There was s i g n i f i c a n t c o r r e l a t i o n between sediment copper and z inc 

a t a l l s t a t i o n s i n v e s t i g a t e d though t h e r e was none between l ead , z inc 

and a r s e n i c . Sediment z inc a t a l l s t a t i o n s remained low and c o n s t a n t 

throughout the study but l a r g e f l u c t u a t i o n s i n sediment lead were n o t i c e d . 

Such f l u c t u a t i o n s are a t t r i b u t a b l e poss ib ly to t h e amounts of r i v e r f l o w 

i n t o Southampton Water s i n c e i n p u t from the Tes t , I t c h e n and Hamble form 

the main sources of lead and a r s e n i c i n the e s t u a r y (Burton, pe r sona l 

communicat ion) . 

D i r e c t comparisons between va lues of sediment meta l s obta ined by 

prev ious workers and i n the p r e s e n t study may be d i f f i c u l t . Some u s e f u l 

i n f e r e n c e , n e v e r t h e l e s s , can be drawn. Romeril (1974) based h i s 

r e s u l t s on core samples taken around the mouth of t h e River Hamble. His 

e s t i m a t e of sediment copper a t Ca lshot was s i m i l a r t o t h a t obta ined a t 

S t a t i o n 20 i n the p r e sen t s tudy , though the p a r t i c l e s i z e of t h e sediments 

from the two s i t e s d i f f e r e d . Armansson (1978) observed some s i g n i f i c a n t 

d i f f e r e n c e s in t r a c e meta l s of sediments wi th d i f f e r e n t f i n e f r a c t i o n s . 

The h e t e r o g e n e i t y of the sediment of the s tudy a r ea could be r e s p o n s i b l e 

f o r the v a r i a b i l i t y in the l e v e l s of sediment m e t a l s . An a b s o l u t e lack 
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of s e a s o n a l i t y in the l e v e l s of sediment meta l s i n the study area 

weakens any sugges t ion t h a t a s i n g l e r a t h e r than m u l t i p l e f a c t o r s 

could be r e spons ib l e f o r the v a r i a b i l i t y . 

Kesul ts of the b i o l o g i c a l parameters sugges t a gradual and steady 

decrease in the number of s p e c i e s throughout the s t u d y . At s t a t i o n 2 

between September 1978 when the number of spec i e s reached i t s peak and 

March 1979 when the minimum number of spec ie s was recorded, e leven 

spec ies were l o s t . Nearly a l l t he c r u s t a c e a n s recorded in September 

1978 had been l o s t by March 1979, a l l the b i v a l v e s and f i v e polychaete 

spec ies were l o s t . During the same pe r iod , seven amphipods, one isopod, 

one cumacean and two decapod spec i e s and one pycnogcmjd were l o s t a t 

S t a t i o n 5 . In the same s t a t i o n , two gas t ropods , two b iva lve s , one 

f i s h and t h r e e po lychae te spec i e s , a l l of which a r e a s s o c i a t e d with 

the sediment s u r f a c e , were l o s t . During the same per iod a t S t a t i o n 

9, four po lychae tes and one c r u s t a c e a n spec i e s and a t S t a t i o n 20, 

t h r e e c r u s t a c e a and a b i v a l v e spec i e s were l o s t . A l l the spec i e s 

l o s t ^t&d*%\September 1978 and March 1979 were r e s p o n s i b l e f o r t h e 

genera l d e c l i n e in the number of spec i e s a t each of the four s t a t i o n s . 

The numerical abundance a t t h e fou r s t a t i o n s , however, showed seasona l 

t r ends in r ec ru i tmen t and m o r t a l i t y of some s p e c i f i c s p e c i e s . 

Within the spec i e s a t each s t a t i o n , i t i s p o s s i b l e t o recognise 

two groups ( t h r e e a t s t a t i o n 9 ) , de f ined by t h e n a t u r e of t h e i r popula-

t i o n changes between September 1978 and March 1979. The ' g a i n i n g ' 

spe (G) which e x h i b i t net ga ins over the pe r iod and the ' l o s i n g ' 

spec ie s which show s i g n i f i c a n t l o s s e s dur ing the p e r i o d . At s t a t i o n 

9, only J / ' . u lu_ c : - ^ ^ t u s shows no s i g n i f i c a n t popu l a t i on change over 

the per iod and i s des igna ted a ' n e u t r a l ' s p e c i e s , ga in ing and 

l o s ing spec i e s a t each of the s t a t i o n s between September 1978 and 

March 1979 a r e shown in Table 3 . 2 6 . Gains a re low but s i m i l a r in 

' h i g h l y s i m i l a r ' s t a t i o n s . S t a t i o n s 2 and 9 became more s i m i l a r a t i k t 

new low d i v e r s i t y s i t u a t i o n . 

L ie and Evans (1973) found t h a t only small annual v a r i a b i l i t y 

in the number of s p e c i e s occurred i n Puget Sound, U.S.A. , over a per iod 

of t h r e e y e a r s , but Buchanan e t a l (1974) recorded a s u b s t a n t i a l s t a b i l i -

ty in the number of s p e c i e s o f f t h e coas t of Northumberland over a 

per iod of f o u r y e a r s , though the t o t a l number of i n d i v i d u a l s had 

doubled over the same p e r i o d . In the p r e sen t s tudy , po lychae t e s 

dominated both in the number of spec ie s and numerical abundance. 

Changes in the number of spec ie s were a f f e c t e d to a l a r g e e x t e n t by 



GAINING SPECIES 

Species Gain m 

lonoa 16 

LOSING SPECIES 

Spec ies 

C a y l l e r i e l l a capu te soc i s 

Polydora c i l i a t a 

Nere i s d i v e r s i c o l o r 

iansa 
Anai t ides maculata 

Neohtvs homberai 

Cerastoderma edule 

Abre nitida 

Atylw? 

Nere i s d i v e r s i c o l o r 

S a b e l l a oavonina 

Polydo] 

5 

Ido tea c h e l i o e s 

- 2 Loss m 

1740 

1218 

1086 

311 

236 

297 

5 

3 

1 

4 

2 

2 

1 

1 

1 

1 

22536 

162 

111 

58 

51 

1 

1 

NEUTRAL SPECIES 

C i r r a t u l u : a tus 

CD 

Table 3 .26 The ga in ing , los ing and n e u t r a l spec? . ^ed s t a t i o n s (Septemb ' March 1979) 
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GAINING 
1 

SPECIES 

Species Species Gain m 

Eteone longa 

42 

14 

6 

2 

LOSING SPECIES 

Species 

Agra 

Abra n i t i d a 

Cerastoderma edule 

Amphilochidae 

Atylus f o l c a t u s 

Bodotr*a 

Loss 

21054 

202 

146 

120 

114 

16 

28 

56 

40 

28 

24 

18 

20 

12 

8 

12 

8 

6 

4 

4 

2 

2 

2 

2 

2 

2 

2 

2 

2 

NEUTLAL SPECIES 

Species 

Table 3.26 ( con t . ) 
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Species 

Nereis d i v e r s i c o l o r 
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16 

40 

32 

4 

2 

2 

i 
: i e s 

LOSING SPECIES 

Abra j a i i i da 

edwle 

Loss m 

4084 

476 

322 

130 

76 

14 

4 

2 

2 

52 

18 

%2 
NEUTRAL SPECIES 

Species | 

Table 3 . 2 6 ( con t . ) 

CD 
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the spo rad ic occurrence of r a r e spec ies t h a t when present occurred a t 

d e n s i t i e s of one or two specimens per metre . I n the regions of 

high s p e c i e s r i chnes s ( S t a t i o n s 5 and 20) , the numerical abundance 

appeared to be c o n t r o l l e d by a s i n g l e dominant s p e c i e s , c apu te soc i s . 

and in the region of low s p e c i e s r i chness ( S t a t i o n s 2 and 9) b y & . 

c a p i t a t a . S i m i l a r s i t u a t i o n s were found in t h e o f f s h o r e mud of 

Northumberland coas t (Buchanan e t a l , 1 9 7 4 ) , where v a r i a t i o n s i n the 

popula t ion dens i t y of Ammotrypane a u l o o a s t e r and Abra n i t i d a played 

a c r u c i a l r o l e in the numerical abundance and p r o d u c t i o n of t h e comm-

uni ty as a whole. An i n t e r e s t i n g aspec t of t h e p r e sen t study concerns 

the r e l a t i v e abundance o f j C . c a p u t e s o c i s and C. c a p i t a t a when both 

occurred in t h e same sample. iC, c apu t e soc i s occur red in high numbers 

andjG. c a p i t a t a in low numbers in the region of h igh spec ies d i v e r s i t y 

b u t j C . c a p i t a t a occurr ing i n high numbers and c a p u t e s o c i s in low 

numbers in the region of low spec i e s d i v e r s i t y . l idis probably sugges ts 

t h a t jC. c a p u t e s o c i s can wi ths tand compet i t ion w h i l e C. c a p i t a t a cannot . 

Though the feeding biology of the two s p e c i e s was not i n v e s t i g a t e d 

in the p re sen t s tudy, t h e r e i s l i t t l e evidence t o suggest compet i t ion 

f o r food as r e s p o n s i b l e f o r the low numbers of e i t h e r of the polychae tes 

when they occurred t o g e t h e r . i&. c a p i t a t a has been suggested t o be a 

poor compet i to r (Hartman,1961; Barnard,1970; Leppakoski ,1969) ach i ev -

ing l a r g e popu la t ion s i z e s when the popula t ion of o the r spec ies a re 

reduced. Other workers (Reish and Winter ,1954; Mass,1967) ranked 

C. c a p i t a t a f i r s t among o the r s p e c i e s as i n d i c a t o r s of organic p o l l u t -

ion, based on the abundance and presence in the most po l lu t ed s t a t i o n s 

of Alamitos Bay i n Southern C a l i f o r n i a . Rosenberg (1972) found t h a t 

c a p i t a t a was the p ioneer ing spec i e s t h a t s e t t l e d in the former ly 

azoic a reas fo l lowing the c l o s u r e of a pulp m i l l i n a Swedish f j o r d . 

An i n t e r e s t i n g study by G r a s s l e and Gras s l e (1974) suggested t h a t t he 

wmrm i s o p p o r t u n i s t i c , w i ths t and ing low oxygen and a v a r i e t y of cond i -

t i o n s t o x i c t o o the r sp ion ids and c a p i t e l l i d s . The degree of oppor tun-

ism e x h i b i t e d by C. c apu t e soc i s and &. c a p i t a t a i s demonstrated by t h e i r 

r e l a t i v e abundance a t the s t a t i o n s on the wes te rn s i d e with high p o l l u -

t i o n l o a d . I t i s reasonable t o assume t h a t the presence or absence 

of important spec i e s such as C. c a p u t e s o c i s and iQ. c a p i t a t a could 

i n f l u e n c e the r e s t of the community. 

In b i o l o g i c a l l y accommodated community, i n c r e a s e in the number of 

i n d i v i d u a l s has been suggested as compensatory a d j u s t m e n t s t o t h e t r o p h i c 

energy r e l e a s e d by the f a i l u r e of one impor tant p roducer and t h e abun-

dance of m u l t i s p e c i e s popu la t ion determined to some e x t e n t by i n t e r -
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s p e c i f i c i n t e r a c t i o n s (Buchanan e t a l , 1 9 7 4 ) . I n t j # phys ica l ly con-

t r o l l e d community as in t h e p r e s e n t s tudy, some macrofaunal spec ie s such 

as d i v e r s i c o l o r f 2* - E l i s t a and c a p i t a t a . t o g e t h e r descr ibed by 

G r a s s l e and Gras s l e (1974) as ' o p p o r t u n i s t i c ' , c o - o c c u r r e d . I t i s 

remarkable t h a t these s p e c i e s occurred in high numbers only on the 

western s ide of the study a rea where high amounts of organic ma t t e r , 

sediment copper and hydrocarbons were p r e s e n t . d i v e r s i c o l o r 

occurred i n high d e n s i t i e s (1029m on the w e s t e r n s i d e . The high 

dens i ty may be a t t r i b u t e d t o the p o l y c h a e t e ' s t o l e r a n c e to high l e v e l s 

of t r a c e meta l s (Bryan and Hammerstone 1971, 1973) which a t s t a t i o n 9 

reached 848 ppm f o r copper and 173 ppm f o r z i n c . 

The d e n s i t i e s of d i v e r s i c o l o r in the p r e s e n t study conformed 

t o those recorded in the Tees e s tua ry (Gray,1976) bu t h igher than 

those i n Chalkwell (Dales,1951) and lower than t h o s e in the Danish e s t u -

a r i e s (Muus,1967); t h e Severn e s tua ry (Boyden and L i t t l e , 1 9 7 3 ) , t he 

MedWay (Wharfe,1977) and the Zwin sa l tmarsh (Govaere ,1969) . Herpin and 

Herman (1979) suggested t h a t popula t ion dynamics of d i v e r s i c o l o r 

showed l o c a l c h a r a c t e r i s t i c s . The d i f f e r e n c e i n t h e abundance of Ne re i s 

in va r ious l o c a l i t i e s , f o r example, Chalkwell (55m" ) and Southampton 

Water (10 - 1029mr^) i s probably a t t r i b u t a b l e to food a v a i l a b i l i t y which 

consequent ly a f f e c t s the r e p r o d u c t i v e c a p a b i l i t y of the s p e c i e s . A 

v a r i e t y of methods employed in sampling and s o r t i n g of the animal could 

poss ib ly a f f e c t the numbers r ecove red . For example. D a l e ' s handpicking 

method could have r e s u l t e d i n t h e j u v e n i l e s being l o s t . Such small 

animals were poss ib ly r e t a i n e d by 0.5mm screen used in the p r e s e n t s t u d y . 

Nere i s popula t ions i n Southampton Water c o n t a i n e d l a r g e numbers of 

j u v e n i l e s throughout the y e a r . I t i s not c e r t a i n whether the presence of 

the j u v e n i l e s in samples throughout the yea r i s due t o a c o n s t a n t low r e -

produc t ion or to delayed development . The main v a r i a t i o n in t h e dens i t y 

of the worm a t a l l f ou r s t a t i o n s was apparen t ly due t o the abundance of 

the j u v e n i l e s s ince the a d u l t i n d i v i d u a l s comprised a more s t a b l e popula-

t i o n . 

L and # . palmata o f t e n occurred t o g e t h e r in t h e p re sen t 

study with the dens i ty of the former decreas ing as t h a t of the l a t t e r i n -

c r e a s e d . The co-occur rence of the two po lychae t e s may not n e c e s s a r i l y 

be due t o compet i t ion f o r food, as they d i f f e r in t h e i r feed ing h a b i t s . 

Nelinna i s a sedentary d e p o s i t f eede r and Nephtys a s e l e c t i v e omnivore. 

The c r u s t a c e a n s ranked next t o po lychae tes i n the p r e s e n t study 

with regard t o spec i e s numbers, showing a d e c l i n e in spec ie s r i c h n e s s a t 
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a l l s t a t i o n s . There was a dec r ea se in the number of spec ies during the 

winter months with an i n c r e a s e in summer due to an inc reased recru i tment 

with i n c r e a s e in water t empera tu re . The g r e a t e r number of spec ies and 

inc reased abundance of the group in s and ie r sed iments may be a t t r i b u t e d 

t o the h ighe r sedimenta t ion r a t e on the western s i d e smd poss ib ly t h e i r 

low t o l e r a n c e t o i n d u s t r i a l was t e s . The sediment a t S t a t i o n 5 poss ib ly 

provided a b e t t e r s p a t i a l he t e rogene i ty and h i g h e r c u r r e n t s t h a t a id in 

t h e i r f e e d i n g . The amphipods dominated but no s i n g l e c rus tacean spec ies 

was numerica l ly dominant throughout the s t u d y . F i v e amphipods, JE. 

t vp i cus . a r v l l o t a l p a 4 . grap sidiosmn and A. f o l c a t u s . 

occurred in high numbers. Also occurr ing in s i g n i f i c a n t numbers were 

f . a lobosus . the only os t racod found dur ing the s t u d y and the cumacean, 

t r u n c a t u l a . 

The molluscan popu la t ion was dominated by b i v a l v e s , mercenar ia . 

p u l l a s t r a and A. n i t i d a . Al l were l a r g e l y r e s t r i c t e d t o the e a s t e r n 

s ide and the mouth of the e s tua ry except f o r o c c a s i o n a l occurrence of the 

l a t t e r on the western s i d e . Barnes e t a l (1973) d e s i g n a t e d the ben th ic 

community a t the mouth of Southampton Water as n i t i d a / N . hnmbergi 

a s s o c i a t i o n a ^ t h a t of Kiver Meon a t T i t c h f i e l d Haven as N i t i d a / 

&. f o r n i c a t a a s s o c i a t i o n . 

The na tu re of the subs t ra tum appeared t o i n f l u e n c e the d i s t r i b u -

t i o n of gas t ropods during the s tudy , r e t i c u l a t u s and C. f o r n i c a t a 

were recorded in S t a t i o n s 5 and 20 where g rave l and sand were p r e s e n t . 

f o r n i c a t a was absent in t h e s e s t a t i o n s where s u i t a b l e s u b s t r a t e s , 

such as broken b o t t l e s and pebbles , on which i t l i v e s , were a b s e n t . 

The few pycnogonids so f a r recorded in Southampton Water (2 spec ies 

in the p r e sen t s tudy) and s i x s p e c i e s recorded by L e v e l l (1979) appeared 

t o be r e s t r i c t e d t o the e a s t e r n s ide of Southampton Water . 

Severa l methods of e s t ima t ing ben th ic f a u n ^ d i v e r s i t y were employed 

in the p r e s e n t s tudy, a l lowing comparisons between t h e j%»ir s t a t i o n s . 

The r e s u l t s obta ined using M a r g a l e f ' s (1957) index a r ^ l a r g e l y i n f l u e n c e d 

by spec ies r i c h n e s s and showed a s i m i l a r t rend to t h e number of s p e c i e s . 

Higher va lues were obtained a t s t a t i o n s 5 and 20 . 

The Shannon-Wiener i n fo rma t ion f u n c t i o n (Hs) used in the p r e s e n t 

study has the advantage of combining spec ie s r i c h n e s s and e q u i t a b i l i t y . 

Higher spec ie s d i v e r s i t y occurred a t S t a t i o n s 5 and 20 which showed low 

e q u i t a b i l i t y , thus i n d i c a t i n g high dominance of a few spec i e s in t h e s e 

communit ies. Low spec ie s d i v e r s i t i e s but high e q u i t a b i l i t y (low 
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dominance) occurred a t S t a t i o n s 2 and 9 throughout t h e stiK^ except during 

peak rec ru i tment per io . C i t a t a a t S t a t i o n 9 . 

Sander's rarefaction method was employed s i n c e i t allows compari-

sons between d i f f erent habitats or samples and predic t ions of species 

d ivers i ty at ( ent individual l e v e l s . This technique, though val id 

when s imilar groups of organisms co l l ec ted with the same gear and pro-

cessed by the same method are compared, i s appl icable in the present 

study, s ince a l l samples were ccu^scted and treated in exactly the same 

way. The method i s sample s i z e independent and a l lows comparisons 

between communities of d i f f e r e n t environments. 

The low degree of spec ies s i m i l a r i t y ob ta ined a t S t a t i o n s 5 and 9 

and the high values between S t a t i o n s 2 and 9, using J a c c a r d ' s c o e f f i c i e n t 

showed t h a t high d i v e r s i t y on the e a s t e r n s ide of t h e es tuary may be due 

to the he te rogene i ty of the sediment on the e a s t e r n s i d e providing g r e a t e r 

Bwches t o many benth ic s p e c i e s . 

The communities of the study area appear t o be phys ico i iy con t ro l l ed 

with g r e a t e r s t r e s s a t S t a t i o n s 2 and 9 around Cadland c r eek . At these 

s t a t i o n s , the spec ies d i v e r s i t y g radua l ly d imin i shes towards a minimum 

but reach a h igher l eve l a t S t a t i o n s 5 and 20 where smal l e r s t r e s s was 

e v i d e n t . 

Recent work on benth ic communities suggests t h a t spec ies from 

clean and deep marine ben th ic environments are d i s t r i b u t e d non be -

tween geometric c l a s s e s and g ive a s t r a i g h t l i n e lognormal d i s t r i b u t i o n 

w&en p l o t t e d on p r o b a b i l i t y paper (Bl i s s ,1966; May,191^^ Gray,1979) . 

Gray (1979) showed t h a t changes in community s t r u c t u r e were c o r r e l a t e d 

with environmental d i s tu rbances notably p o l l u t i o n , which r e s u l t e d in the 

inc rease in the 'middle o r d e r ' spec ies ( i . e . those i n geometr ic c l a s s e s 

V - V I I ) , The present study, as y e t the only a v a i l a b l e da ta f o r a low 

d i v e r s i t y e s t u a r i n e s i t u a t i o n , showed b e t t e r s t r a i g h t l i n e r e l a t i o n s h i p s 

f o r communities a t S t a t i ons 5 and 20, poss ibly with lower p o l l u t i o n load*. 

S t a t i o n s 2 and 9, s i t u a t e d near the i n d u s t r i a l o u t f a l l s , showed i l l 

marked r e l a t i o n s h i p s . All the four s t a t i o n s showed a p rogres s ive f a l l in 

d i v e r s i t y between the s t a r t and end of study, implying a gradual change 

in the s t r u c t u r e of the community in response to i n c r e a s e d environmental 

d i s tu rbance or s t r e s s . I f the s t r a i g h t l i n e r e l a t i o n s h i p between cumu-

l a t i v e percentage spec ies and the geometric c l a s s e s as proposed by Gray 

(1979) i s wel l def ined* e s t u a r i e s such as Southampton Water which con ta in 

phys ica l ly c o n t r o l l e d communities i n a permanently s t r e s s e d s t a t e might 

not be expected t o give as good a s t r a i g h t l i n e r e l a t i o n s h i p as found i n 
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more b i o l o g i c a l l y accommodated communities. 

In b i o l o g i c a l l y accommodated communities such as the Puget Sound 

(Lie and Evans,1973) and o f f the coas t of Northumbei iand (Buchanan e t a l , 

1974), the fauna l communities may show c o n s i d e r a b l e s t a b i l i t y . Compari-

sons of the communities of such a r ea s with the p r e s e n t study could be 

i n v a l i d due to d i f f e r e n c e s in the types of communi t i es . 

In conc lus ion , i t i s o f t e n d i f f i c u l t t o a s s e s s the e f f e c t s of 

human popula t ions on t h e ben th i c communities o f ^ a s t u a r i e s such as Southampton 

Water, which a re heavi ly e x p l o i t e d f o r commercial , i n d u s t r i a l , domestic 

and r e c r e a t i o n a l pu rposes . Continuous dredging of Southampton Water, 

a l lowing easy passage of sh ips and f e r r i e s , a l t e r s the bottom topography 

and the sediments of the e s t u a i y . Owe i s o f t e n l i m i t e d to the c o n s i d e r -

a t i o n of only g ros s a l t e r a t i o n when moni tor ing t h ^ e f f e c t s of p o l l u t i o n 

on b i o t i c p o p u l a t i o n s . Neve r the l e s s , a n a l y s i s of t h e community s t r u c t u r e 

provides a b a s i s f o r a long-term study of n a t u r a l changes in the community, 

la such s i t u a t i o n s , d i v e r s i t y i n d i c e s may prov ide i n fo rma t ion on the p e r -

turbed sys tems. Though an account of man-induced a l t e r a t i o n of the com-

munity s t r u c t u r e may be documented, the i m p l i c a t i o n of such a l t e r a t i o n 

with r e s p e c t t o econc both of the ecosystem and of man remains l e s s 

conv inc ing . 
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Of paramount importance in the study of eco logy and product ion of 

the ben th ic macrofauna of an a q u a t i c environment i s a knowledge of the 

t iming of reproduc t ion and l a r v a l s e t t l emen t and subsequen t growth . 

Previous s t u d i e s on the r ep roduc t ive biology of t h e macrofauna of 

Southampton Water have l a r g e l y been d i r e c t e d towards s i n g l e spec ie* 

popu la t i ons : C i r r i f o r m i a (Audouinia) t e n t a c u l a t a (George,1962) and 

Mercenaria mercenar ia (Mi tche l l , 1 9 7 4 ) . Few m u l t i s p e c i e s s t u d i e s have 

h i t h e r t o been c a r r i e d o u t . Esse r (1972) i n v e s t i g a t e d the polychaete 

d i s t r i b u t i o n in Southampton Water and Hibbert (1976) s tud ied the b iva lve 

popula t ions of the Hamble S p i t . No study on the r e p r o d u c t i v e biology 

of the s u b l i t t o r a l macrofauna of Southampton Water h a s so f a r been made* 

Though polychae tes occur i n high numbers in Southampton Water, 

t h e i r r ep roduc t ive biology has s u f f e r e d c o n s i d e r a b l e n e g l e c t . Any d e s -

c r i p t i v e work on the biology of polychae tes i s of p a r t i c u l a r i n t e r e s t 

beoaase the group forms a s u b s t a n t i a l pa r t of most bot tom assemblages 

(Cur t i s 1977) . In Southampton Water, the p o l y c h a e t e s , c ru s t aceans and 

molluscs dominate most ben th i c communities and they a r e l i k e l y t o be u t i -

l i z e d as food by f i s h and o the r demersal p r e d a t o r s . I t seems impor tan t , 

t h e r e f o r e , t o examine the dynamic p rocesses involved i n the maintenance 

of t h e i r popu la t ions in the m a r i n e - e s t u a r i n e eco&ystems. In pursuance 

of t h i s , a t t e n t i o n should be focused on the s e n s i t i v e s t a g e s w i th in the 

l i f e cyc le of the animals , t he per iod of breeding and l a r v a l development . 

As Thorson (1950) suggested, t he c o n d i t i o n s of b r e e d i n g and l a r v a l develop-

ment c o n s t i t u t e a very e s s e n t i a l po in t f o r a l l s t u d i e s of r ep roduc t ion 

and fundamental ecology of marine bottom i n v e r t e b r a t e s . 

The l i f e cyc le of some common ben th ic po^ychae tes around the B r i t i s h 

I s l e s i s w e l l documented (Dales ,1950; 1951a; 1951b; D o r s e t t , 1 9 6 1 ; Brad -

f i e l d and Chapman,1967; Ol ive ,1977; 1978; H u t c h i n g s , 1 9 7 4 ) , Those of 

Southampton Water have rece ived l i t t l e a t t e n t i o n . George (1962) found 

t h a t the l i t t o r a l C i r r i f o r m i a t e n t a c u l a t a popu la t i on a t Hamble S p i t 

lacked a t r u l y pe l ag i c t rocophore , whereas the same s p e c i e s a t Plymouth 

(Wilson,1936) produced t y p i c a l l y p e l a g i c l a r v a e . Although most of t h e 

ben th ic macrofaunal spec ies i n Southampton Water have had t h e i r l i f e -

cyc le s tud ied elsewhere, b e n t h i c spec ie s vary c o n s i d e r a b l y in t h e i r t ime 

of spawning and l a r v a l development from one l o c a l i t y t o ano the r , depend-

ing on e c o l o g i c a l cond i t ions* Thorson (1950) s t a t e d t h a t po lychae t e s 
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'show an a s ton i sh ing l a b i l i t y ' in t h e i r mode of development , and c i t e d 

Nere i s zonate as having non-pe l ag ic l a r v a e in the i n n e r f j o r d s of Eas t 

Greenland and pe l ag i c development on the open c o a s t . (%her spec ies 

of both pe l ag i c and non-pe lag ic l a r v a l types i n c l u d e N. pe lag ica 

(H@rpin,1925); Argn iso ia s i a p g r e d l i (Gube r l e t , 1934) , Pypiospio elegana 

(Thorson,1946) and C a p i t e l l a c a p i t a t a (Grass le and G r a s s l e , 1 9 7 4 ) . 

The p resen t study rds a comparison of l i f e cyc le s of s p e c i e s 

occurr ing in t h i s study t o those a l ready repor ted e l sewhere by s eve ra l 

workers . 

I n i t i a l l y , an a t tempt was made to study the l i f e cyc le of a l l 

spec ie s p r e sen t in the study a r e a . The study was e v e n t u a l l y r e s t r i c t e d 

t o those spec i e s t h a t were numer ica l ly abundant, a l lowing in fo rma t ion on 

the breeding seasons, r ep roduc t ive modes and age a t matur i ty t o be a s s e s s e d . 

No d e t a i l e d h i s t o l o g i c a l study of the gonads of any p a r t i c u l a r s p e c i e s 

was made but ova r i e s of s p e c i e s were examined and where p o s s i b l e , the 

d iameter of the oocytes measured. The time of appearance of j u v e n i l e s 

in the 0.5mm s ieve was noted f o r each s p e c i e s . 

The study was based upon m a t e r i a l s from the t ime s e r i e s c o l l e c t i o n s 

taken between Ju ly 1978 and March 1980 a t t he fou r s e l e c t e d s t a t i o n s , and 

t r e a t e d as desc r ibed in Sec t ion I I . 

The maximum width of e i t h e r the c o l l a r , or t h e f i r s t or t h i r d s e g -

ment behind the head, i n case of polychae tes or the e n t i r e l eng th of 

c r u s t a c e a n s and the a n t e r o p o s t e r i o r l ength of m o l l u s c s i n each sample 

mas measured. The animals were separa ted i n t o s i z e groups and the s i z e 

f requency his tograms drawn f o r each sample. Each g roup was d i s s e c t e d 

and the d iameter of oocytes when p resen t measured t o t h e nea r e s t m i c r o -

me t r e . Observat ions made on i n d i v i d u a l spec ies a r e p resen ted s e p a r a t e l y 

with a g e n e r a l d i s c u s s i o n of l i f e cyc les a t the end of the p r e sen t s e c t i o n . 

j a palmata occurred mainly on the e a s t e r n s i d e of the s tudy 

area a t a maximum dens i ty of 240m" . The biology of the r e l a t e d s p e c i e s 

c r i s t a t a has been s tud ied (Nyholm,1951: Hutchings ^973 ; 1974) bu t 

l i t t l e i s knowm about M* pa lma ta . Nyholm (1951) found t h a t M. c r i s t a t a 

popu la t ion in Gulmar f j o r d spawned throughout the y e a r with a peak i n 

January , and suggested t h a t spawning continued f o r some time a f t e r the 

main peak as mature gametocytes were found a f t e r J a n u a r y . Hutchings 
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a more w e l l - d e f i n e d spawning p e r i o d in the popula t ion of 

the coas t of Northumberland, with t h e popula t ion spawning 

between the end of December and the beginning of J anua ry , in a shor t 

period l a s t i n g only 2 t o 3 weeks. 

Synchronized spawning which ensures a high d e g r e e of s u c c e s s f u l 

f e r t i l i z a t i o n in d ioec ious po lychae tes has been r e p o r t e d as common i n 

those spec ies which shed t h e i r gametocytes i n t o t h e w a t e r . BudhaAa* (1963) 

suggested mass spawning as e f f e c t i v e i f a p o p u l a t i o n i s highly aggregated 

as in sedentary spec ie s such as Aren ico la marina and c r i s t a t a . 

In the p resen t s tudy, in Ju ly 1978, t h r e e d i s t i n c t age groups were 

rved in the popula t ion of ^ | . palmata a t S t a t i o n 5 (F ig . 4 i . ) The 

i n d i v i d u a l s belonging t o the l a r g e s t s ized group the breeding stock 

in 1978. Members of the group conta ined mature oocy t e s which measured 

between 180 and 240 pm in d i a m e t e r . The group was des igna ted Cohort ' I I * , 

spawned and d isappeared from samples by January 1979 . 

The medium s i z e group i n Ju ly 1978 was d e s i g n a t e d Cohort ' I ' as 

members conta ined immature oocytes which measured between 60 and kOjum 

i n d iameter between Ju ly 1978 and May 1979. Members of the cohor t 

spawned in Ju ly 1979 and t h e r e a f t e r dec l ined in abundance, d i s appea r ing 

from samples by September 1979. 

The s m a l l e s t s ized i n d i v i d u a l s in Ju ly 1978 and des igna ted ' 0 ' cohor t 

lacked obvious gametocytes in t h e i r coelom u n t i l May 1979. The oocytes 

matured in l a t e autumn and the cohor t spawned in J anua ry 1980, The d e -

c l i n e in the abundance of the cohor t a f t e r spawning poss ib ly r e s u l t e d 

from post-spawning m o r t a l i t y . The s ieve r e c r u i t m e n t of j u v e n i l e s which 

began i n May 1979 was in p rogress when sampling ceased in March 1980. 

The Southampton Water popu la t ion of M. palmata appeared t o have an 

extended breeding period wi th peaks i n Ju ly and December and j u v e n i l e 

r ec ru i tmen t i n t o the s i eve occur r ing throughout t h e y e a r . The popu la t ion 

in Southampton Water seemed to breed on^y in t h e i r t h i r d y e a r with p o s t -

spawning m o r t a l i t y . Growth occurred mainly in t h e f i r s t year and gonad 

development with gametocyte ma tu ra t ion in the second y e a r . No r e s o r p t i o n 

of unshed oocytes was observed sugges t ing t h a t a l l gametocytes were 

r e l ea sed and t h a t t h e popu la t ion bred only once and d i e d . 

This common b r a c k i s h water spec ie s i s o f t e n of g r e a t importance i n 

e s t u a r i n e food webs. As a p r e d a t o r of b e n t h i c organisms and a scavenger 
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as well as food t o both f i s h e s and b i r d s , d i v e r s i r m l n r has inc reased 

the i n t e r e s t s of s c i e n t i s t s in e s t u a r i n e p r o c e s s e s and the polychaete i n 

p a r t i c u l a r . S u b s t a n t i a l l i t e r a t u r e e x i s t s on t h e biology of t h i s worm 

(Dales, 1950; 1951; Bryan and Hummerstone,1971; 1973; Clark and O l i v e , 

1973; Chambers and Milne,1975; Help and Herman,1979) . 

Dales found t h a t Essex popu l a t i ons of fj,. d i v e r s i c o l o r spawned wi th in 

a two week per iod towards t h e end of February, when t h e r e was a marked 

r i s e in tempera ture , t he eggs being re leased by r u p t u r e of the body w a l l . 

The i n c r e a s e in tempera ture was suggested as a m a j o r f a c t o r i n f l u e n c i n g 

spawning. He found t h a t the oocytes in the f ema le s which f a i l e d t o 

spawn g radua l l y d i s i n t e g r a t e d i n t o a white milky mass in the coelom, two 

months a f t e r the main spawning p e r i o d . Heip and Herman (1979) repor ted 

t h e presence o f j u v e n i l e s throughout the y e a r in a Dievengar t (Belgium) 

popula t ion of N. d i v e r s i c o l o r and suggested t h a t b r eed ing occurred i n 

the worm throughout the year* In the Ythan e s t u a r y Chambers and Milne 

I found t h a t d i v e r s i c o l o r popu la t ion of t h e e s tua ry spawned 

between January and March and a l s o i n the summer months , and suggested 

t h a t the growth r a t e s of the po lychae tes could va ry from year t o y e a r . 

The r e s u l t s of the previous s t u d i e s were used as a comparison t o the 

p resen t s t u d y . 

d i v e r s i c o l o r occurred i n high numbers on t h e western s ide of 

t h e p r e s e n t study a rea , with a maximum dens i t y of 1,029m ^ and a t lower 

dens i ty ( l e s s than lOOm ) on the e a s t e r n s i d e . The s i2# frequency 

his tograms of the worm a t the s e l e c t e d s t a t i o n s a r e shown i n F i g s . 4 . 2 , 

4 . 3 , 4 . 4 , Because N. d i v e r s i c o l o r showed scant occu r r ence a t S t a t i o n s 

5 and 20, t he l i f e cyc le of the worm in the p r e s e n t study was based on 

t h e popu la t i ons a t S t a t i o n s 2 and 9 . 

At s t a t i o n 2 in Ju ly 1978, no specimens of i i . d i v e r s i c o l o r were 

p r e sen t , but t h r e e coho Ing in t h e i r d e g r e e of sexual m a t u r i t y 

were p r e sen t in September 1978, probably migra t ing i n t o the a rea from 

nearby . The l a r g e s t s ized cohor t des igna ted cohor t ' I I ' was comprised 

of a few spent i n d i v i d u a l s with l a r g e yolky oocytes t h a t were g r a d u a l l y 

being r e s o r b e d . This cohor t dec l ined in abundance, d i s appea r ing from 

samples by w i n t e r (December - J a n u a r y ) . The medium s i zed group in 

September 1978 des igna ted cohor t ' I ' comprised i n d i v i d u a l s wi th matur ing 

oocytes which measured between 120 and 140jum in d i a m e t e r . The oocytes 

were f u l l y mature by November 197g, measuring between 180 and 200jum i n 

d iameter and spawning occurred in December 1978, The cohor t s u f f e r e d 

post-spawning m o r t a l i t y i n January 1979 and d i sappea red from samples by 

March 1979. J u v e n i l e s were r e c r u i t e d i n t o the s i e v e i n September 1978 
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and lacked d i s t i n c t oocytes in t h e i r coelom u n t i l November 1978 when 

f u r t h e r r ec ru i tmen t took p l a c e . 

The small s ized i n d i v i d u a l s were des igna ted c o h o r t ' 0 ' and by 

January 1979, oocytes measuring between 40 and 80 .wm in diameter appeared 

in t h e i r coelom. The cohor t conta ined mature o o c y t e s by March and 

spawned i n Apr i l 1979. The cohor t s u f f e r e d post-spammiag m o r t a l i t y 

with no specimens of t h e cohor t p resen t in May 1979 . 

Recruitment i n t o t h e s i eve commenced in March ISM^ and growth of 

the newly r e c r a i t e d cohor t was rap id between March and Mayl979, spawning 

a t the end of July 1979. The cohor t d isappeared f ixm samples by Novem-

ber 1979. Another r ec ru i tmen t i n t o the s i eve occur red in Ju ly 1979 and 

Spawned i n December 1979. A new rec ru i tment in November 1979 grew slowly 

dur ing w i n t e r and f a i l e d t o reach sexual ma tu r i t y w^wsn sampling ceased 

i n March 1980. 

At s t a t i o n 9, two cohor t s were d i s t i n c t in J u l y 1978 samples . The 

b i g g e r s ized group des igna ted cohor t * ! ' , comprised i n d i v i d u a l s wi th 

immature oocytes which measured between 60 and 80jum in d i a m e t e r . The 

cohor t spawned in October 1978 and dec l ined in abundance a f t e r w a r d s and 

d isappeared from samples by November 1979. The s m a l l e r s ized group in 

Ju ly 1979, des ignated cohor t ' 0 ' , comprised j u v e n i l e s which lacked obv i -

ous oocytes in t h e i r coe icn between Ju ly and September 1978, Matura t ion 

of oocytes in the cohor t occurred in autumn and spawning took p lace 

between l a t e December 1978 and e a r l y January 1979, Only a few spen t 

i n d i v i d u a l s resorbing t h e i r unspawned oocytes were p r e sen t i n the January 

1979 sample. Recrui tment o f j u v e n i l e s i n t o the s i e v e occurred between 

November 1978 and January 1979 but no specimens of d i v e r s i c o l o r were 

p r e sen t i n March 1979. This absence may be due t o the mass emigra t ion 

of the popula t ion from the s t a t i o n due t o p r e d a t i o n a n d / o r environmental 

d i s t u r b a n c e . 

Two cohor t s ' I ' and ' 0 ' , based on sexual m a t u r a t i o n , were mass ively 

r e c r u i t e d i n t o the s t a t i o n in Nay 1979. Members of cohor t ' I ' had mature 

oocytes , measuring about 200.um in d iameter , and spawned in l a t e J u n e . A 

few specimens of the c o h o r t , poss ib ly resorb ing t h e i r unshed oocytes , were 

p resen t in the Ju ly 1979 samples and these d i s a p p e a r e d fr^m samples by 

September 1979. The ' 0 ' cohor t in May 1979 d e c l i n e d i n abundance w i t h -

out reaching sexual m a t u r i t y b e f o r e sampling ceased i n March 1980. 

A r ec ru i tmen t i n t o t h e s i eve in September 1979 comprised i n d i v i d u a l s 

c o n t a i n i n g only immature oocytes , around 60 pm in d i a m e t e r when sampling 

ceased in March 1980. Massive rec ru i tment of j u v e n i l e s i n t o the s i e v e 
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occurred in March 1980, 

The Southampton Water popu la t ion of N. d i v e r s i n o l n r showed low 

but cons t an t breeding throughout the y e a r . The i n d i v i d u a l specimens 

spawned when about a y e a r old or l e s s with the o o c y t e s measuring around 

i n d i a m e t e r . Most spent and unspent ma tu re i n d i v i d u a l s s u f f e r e d 

post-spawning m o r t a l i t y with t h e unspawned oocytes being g radua l ly r e -

sorbed . 

Severa l s t u d i e s on the family Nephtyidae have shomm the group t o 

be p o t e n t i a l l y long l ived spec i e s whose i n d i v i d u a l s can be aged with some 

degree of accuracy from the s t r u c t u r e and annual growth l i n e s on t h e i r 

t e e t h ( jaws) (Kirkegaard,1978; Ol ive ,1970; Buchanan and Warwick,1974; 

Re t i e r e ,1976 ; Warwick and P r i ce ,1980 ; Warwick and George,1980. E e t i e r e 

(1976) s t a t e d t h a t the family showed d e s c r e t e i t e r o p a i r m s reproduc t ion 

with manbers of a number of d i f f e r e n t yea r c l a s s e s i n a popula t ion of 

Nephtys hombergi having s i m i l a r s ized oocytes and t h e i n d i v i d u a l s becoming 

mature and breeding s imu l t aneous ly . Olive (1978) desc r ibed such animals 

as capable of producing a s i n g l e l a r g e cohor t of gametocytes which a re 

usua l ly r e l eased t o g e t h e r a l l a t once in a y e a r . 

In Southampton Water, popu la t ions o f jM. hombergi hswe been found in 

a s s o c i a t i o n with Abra n i t i d a (Barnes,1973) but the l i f ^ w y c l e has been 

h i t h e r t o n e g l e c t e d . The r e s u l t s of the previous s t u d i e s could se rve 

as a comparison t o the p re sen t s tudy . 

N. homberqi occurred i n high numbers on the e a s t e r n s ide and towards 

the mouth of Southampton # a t e r but in low numbers on the wes tern s i d e . 

The s i z e f requency his tograms of the spec ies a t t h e s e l e c t e d s t a t i o n s 

a re presented in F i g s . 4 ,5 , 4 , 6 , and 4 , 7 , Since S t a t i o n s 5 and 20 had 

higher d e n s i t i e s of the worm, the popu la t ions a t t h e s e s t a t i o n s were 

used in the l i f e - c y c l e s t u d i e s . 

At S t a t i o n 5 in Ju ly 1978, two cohor t s , based cm t h e i r sexual matur -

i t y were p r e s e n t . The l a r g e r s ized group, compris ing only 3% of the 

t o t a l numbers, was des igna ted cohor t ' I ' and con ta ined a few mature oocytes 

with a d iamete r of around 160 pm in t h e i r coelom. The group probably r e -

presented the spent i n d i v i d u a l s resorb ing t h e i r unspawned o o c y t e s . The 

cohor t cont inued i t s appearance i n samples u n t i l November 1979 w&en i t 

was a b s e n t . The smal l e r s ized group in Ju ly 1978, des igna ted cohor t ' 0 ' 

conta ined few oocytes which measured between 40 and 60^wm i n d i a m e t e r . 

Maturat ion of the oocytes i n t h i s cohor t was rapid i n autumn and the 
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cohort Spawned in November 1978, followed by a post-spawning m o r t a l i t y . 

The cohort disappeared from samples by May 1979. 

The recrui tment i n t o the s ieve in September 197% which continued 

t o November 1978 comprised i n d i v i d u a l s which l acked obvious oocytes 

between September and December 1978, Immature oocytes measuring 40-

6 0 i n diameter were d i s t i n c t in the January 197^ samples and these 

matured in spr ing with the cohort spawning in J u l y 1979. Following a 

post-spawning m o r t a l i t y , the cohort disappeared f ixm samples by Septem-

ber 1979. 

Another recru i tment i n t o the s ieve in November 1SM# comprised a 

cohort which s u f f e r e d heavy m o r t a l i t y in 1978/79 win te r but the succes s -

f u l l y overwintered i n d i v i d u a l s developed immature oocytes (40-60^pm in 

- f^^Ler ) in spring 1979, The cohort matured i t s oocytes in summer and 

Spawned in August 1979 and d isappeared from samples by November 1979, 

A new recrui tment i n t o the s ieve between May and September 1979 matured 

in 1979/80 winter and spawned in January 1980 a f t e r which th&y s u f f e r e d 

a post-spawning m o r t a l i t y . Those j u v e n i l e s which recru i ted in November 

1979 contained no obvious oocytes when sampling ceased in March 1980. 

At s t a t i o n 20 in Ju ly 1978, a s ing le cohor t cons i s t i ng of i n d i v i -

duals with immature oocytes which measured 40-60 in t h e i r coelop 

was p r e s e n t . In September 1978, t h ree cohor t s d i s t i n g u i s h e d by t h e i r 

degree of sexual matur i ty mere present and these wer^ designated cohor t s 

' 0 ' , ' I * and ' I I ' . The ' I I ' cohort in September ISM^ cons i s ted of l a rge , 

mature and ready t o spawn i n d i v i d u a l s conta in ing oocytes measuring around 

200jpm in d iamete r ; spawning in t h i s cohort took p l a c e in October 1978 

followed by post-spawning m o r t a l i t y . The cohor t disappeared from samples 

by January 1979, The cohor t ' I ' in September 1978 cons is ted of i n d i v i d -

ua ls which spawned in December 1978 and s u f f e r e d heavy m o r t a l i t y in the 

1978/79 w i n t e r . The s u c c e s s f u l l y overwintered i n d i v i d u a l s of the cohort 

disappeared from samples by Ju ly 1979, 

Juven i l e s r e c ru i t ed i n t o the s ieve between September 1978 and July 

1979 with a maximum recrui tment in May 1979 spawned in July 1979 when 

t h e i r oocytes measured g r e a t e r than 200yum in d i a m e t e r . The cohor t 

s 3d a post-spawning m o r t a l i t y and d isappeared fixm samples by Sep-

tember 1979. A newjuvenile recrui tment between J u l y 1979 and March 

1980 with a peak in September 1979 spawned in January 1980. The r e c r u i t -

ment of j u v e n i l e s i n t o the s ieve which s t a r t e d i n January 1980 was s t i l l 

i n progress when sampling ceased in March 1980. 



has been repor ted p resen t i n a v a r i e t y of h a b i t a t s ; 

of detached a lgae (Muus,1967); bas ins f o l l o w i n g a period of 

and sediments contaminated by o i l (Re i sh ,1965; Sanders e t a l 

t he world i n both high and low l a t i t u d e s (Schu lz ,1969 ; Wolff.1973) 

The au tho r s in a l a t e r paper i n 1977 desc r ibed 

sed of a s h o r t - l i v e d subspec ies wi t t 

' i n t e r m e d i a t e ' subspec i e s with a l i f e -

Blackstock e t a l (1979) descr ibed iQ. c a p i t a t a as an 'oppor-

The l i f e - c y c l e 

se s t a t i o n s a re shown 

At S t a t i o n 2 no snecimens of jC, 

a complete spawning with a l l p o t e n t i a l b r e e d e r s spawning. Omly two 

c a p i t a t a were p re sen t in the January 1979 samples a t the 
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s t a t i o n . 

Recrui tment i n t o the s i eve occurred i n March 1979 and the new 

cohort grew and matured i t s oocytes r ap id ly in s p r i n g with the oocytes 

a t t a i n i n g a s i z e of 240 jum in d iameter by May 1979 . These oocytes 

were brooded in the tubes of a d u l t specimens where they vwiie shed i n 

May 1979. Such l a rge oocytes probably gave r i s e t o benth ic l a rvae , 

capable of d i r e c t and demersal development with r a p i d s e t t l e m e n t . The 

cohort s u f f e r e d heavy post-spawning m o r t a l i t y . The iMm recru i tment 

appeared i n the s i eve by Ju ly 1979, and grew g r a d u a l l y with obvious 

oocytes appear ing by November 1979. The oocy tes a t t h i s s t a g e were 

immature, measuring l e s s than 60jum i n d i a m e t e r . Maturat ion of t h e 

oocytes occurred in 1979/80 win t e r and the cohor t spawned in February 

1980, Only few i n d i v i d u a l s of the cohor t , with no oocytes in t h e i r 

coelom were p r e sen t in the March 1980 samples. 

At s t a t i o n 9 t h e r e were . s p e c i m e n s of c a p i t a t a p r e s e n t 

in July 1978, but i n September 1978 two cohor t s , d i s t i n g u i s h e d by s i z e 

and the l e v e l of sexual m a t u r i t y , were p r e s e n t . The l a r g e r s ized 

group, des igna ted cohor t ' I ' lacked oocytes in t h e i r coelom. This 

cohort probably r ep re sen t s the spent i n d i v i d u a l s t h a t spawned e a r l i e r 

and migra ted to the a r e a . The cohor t did not a p p e a r in the November 

1978 samples but reappeared a t low abundance in J anua ry 1979 a f t e r 

which i t d i sappeared from samples . The smal le r s i z e group in September 

1978 and des igna ted cohor t ' 0 ' comprised i n d i v i d u a l s with mature oocytes 

(160^J80jum in d i a m e t e r ) . The cohor t spawned i n w i n t e r of 1978/79, 

followed by a post-spawning m o r t a l i t y and d i s a p p e a r e d from samples by 

September 1979. 

J u v e n i l e s r e c r u i t e d i n t o t h e s&ye between March and Ju ly 1979 grew 

rap id ly in summer and brooded t h e i r l a r g e oocytes , measuring more than 

2 4 0 i n d iamete r in t h e i r tubes in Ju ly 1979. The cohor t s u f f e r e d 

post-spawning m o r t a l i t y and d isappeared from samples by November 1979, 

A new r ec ru i tmen t of j u v e n i l e s i n t o the s i e v e i n September 1979 

spawned in the 1979/80 winter months. The overwin te red specimens of 

the cohor t lacked obvious oocytes in t h e i r coelom wtmn sampling ceased 

in March 1980. 

The biology of the family C i r r a t u l i d a e , compris ing t r u l y sedentary 

po lychae tes wi th a ^o r ld wide d i s t r i b u t i o n , has g a i n e d much a t t e n t i o n * 

Around the B r i t i s h I s l e s the c i r r a t u l i d s f r equen t sandy mud, a l though 
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seme spec ie s e . g . Dodecacer i? bore i n t o l i m e s t o n e . (Dales,1950) s tudied 

the reproduc t ion and ea r l y development of Tharvx mar ioni ( S t . Joseph) a t 

Essex, and found t h a t the popula t ion showed a s h a r p l y def ined spawning 

period (16- ld A p r i l ) . George (1962) found t h a t the popula t ion of C i r r i -

formia t e n t a c u l a t a a t Hamble S p i t had a prolonged breeding season, ex-

tending throughout the summer months; though IWilson (1936) repor ted 

r ipe i n d i v i d u a l s of the worm a t Plymouth only between June and J u l y . 

Olive (1970) found t h a t t he popula t ion of C i r r a t u l u s c i r r a t u s o f f the 

coas t of Northumberland lacked a d i s t i n c t b r e e d i n g season. He found 

t h a t each female bred seve ra l t imes a t i n t e r v a l s probably in excess of 

one yea r wi th small numbers of r i p e and spent f ema le s throughout t h e y e a r , 

Ca c a p u t e s o c i s . f i r s t desc r ibed by S t . Joseph (1864) under 

the name Mete roc i r rus was f i r s t repor ted in Southampton Water by Soulsby 

(1978) and Leve l l (1979) suggested t h a t the worm appeared as the dominant 

polychaete in the e s t u a r y . 

In the p r e s e n t s tudy, capu te soc i s had a wide occurrence, being 

presen t on both s i d e s of the study a r e a . I t was p resen t in h ighe r num-

bers on the e a s t e r n s ide than on the western s i d e . The s i z e frequency 

histograms of C . c apu t e soc i s a t the s e l e c t e d s t a t i o n s a re shown i n F i g s . 

4,10, 4 .11, 4 , 1 2 . At S t a t i o n 9, the animal was found on only two occa-

s ions (July and September 1978) a t d e n s i t i e s of 58 and 422m"^. The l i f e 

cyc le o f & . GaputssQcj ; was determined using the popu l a t i ons a t the o the r 

s e l ec t ed s t a t i o n s . 

At S t a t i o n 2, two cohor t s , d i s t i n g u i s h e d by s i z e and degree of sex-

ual ma tu r i t y , were obtained in the Ju ly 1978 s a m p l e s . The l a r g e r s i z e 

group conta ined mature oocytes measuring 120-140 i n d iameter in t h e i r 

coelom. The group, des igna ted cohor t ' I ' , c o n s i s t e d of animals about t o 

spawn which d isappeared from samples a f t e r spawning. The small s i z e 

group, des igna ted cohort ' 0 ' , grew r ap id ly between Ju ly and September 197% 

and spawned between September and November 1978. A f t e r spawning t h e c o -

hor t d i sappeared from samples by March. Sieve r e c r u i t m e n t of j u v e n i l e s 

a t t h i s s t a t i o n occurred in September 1978. The cohor t grew r a p i d l y in 

autumn but slowly in win te r , and s u f f e r e d heavy m o r t a l i t y between January 

and March 1979. Only two specimens of the c o h o r t were p re sen t i n March 

1979 and d i sappeared from samples by May 1979. 

At s t a t i o n 5, t h r e e coho r t s were d i s t i n c t i n the Ju ly 1978 samples . 

Cohort ' I I ' , comprising t h e l a r g e s t s i z e i n d i v i d u a l s conta ined mature but 

unspawned oocytes (120-140,pm in d i ame te r ) , g r a d u a l l y dec l ined i n abundance 

between Ju ly and November 1978 and f i n a l l y d i s a p p e a r e d from samples by 
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January 1979. Cohort ' I ' , c o n s i s t i n g of 'medium' s i ze i n d i v i d u a l s 

whose oocytes measured between 40-60^pm i n d i a m e t e r , spawned in 1978/79 

w i n t e r (December 1978 - January 1979) a f t e r which i t dec l ined i n abund-

ance . The unspawned oocytes were r e s o r b e d . The ' 0 ' cohor t i n Ju ly 

1978 comprising newly r e c r u i t e d j u v e n i l e s lacked any obvious gametocytes . 

During 1978/79 win te r , members of the cohor t had developed oocytes which 

remained immature ( l e s s than 80jwm in d iamete r ) d u r i n g s p r i n g . The co -

h o r t spawned between June and August 1979 and d i sappea red from samples 

by March 1980. 

S ieve r ec ru i tmen t of j u v e n i l e s i n May and J u l y 1979 conta ined imma-

t u r e oocytes between September and November 1979. oocytes matured 

in the win te r months and spawning took p lace in March 1980. A new r e -

c ru i tmen t had j u s t s t a r t e d when sampling ceased i n March 1980. 

At S t a t i o n 20, t h r e e cohor t s were d i s t i n g u i s h e d in the Ju ly 1978 

samples, and these were based on s i z e and l e v e l of sexual m a t u r i t y . 

Members of the cohor t ' I I ' con ta in ing mature oocy tes ( 1 4 0 - 1 6 0 i n d i a -

meter) were probably the spent i n d i v i d u a l s r e s o r b i n g t h e i r unspawned 

oocy t e s . The cohor t g r adua l l y dec l ined in abundance and d i sappeared 

frcm samples by January 1979. Cohort ' I ' i n J u l y 1978, whose i n d i v i d u a l s 

conta ined immature oocytes a t the s t a r t of s tudy, matured r a p i d l y in a u t -

umn and spawned in 1978/79 w i n t e r . The spent and overwintered i n d i v i d -

of the cohor t g r adua l l y dec l ined in abundance and d isappeared from 

l e s by Nay 1979, The cohor t ' 0 ' c o n s i s t i n g of the newly r e c r u i t e d 

n i l e s in Ju ly 1978 grew r ap id ly between Ju ly and November 1978. Na-

t i o n of the oocytes of t h i s cohor t occurred i n t h e 1978/79 win te r 

hs and the cohort spawned between Apr i l and May 1979. Gradual r e -

s o r p t i o n of the unspawned oocytes occurred in the coho r t between May and 

The cohort s u f f e r e d post-spawning m o r t a l i t y and d isappeared from 

l e s by Ju ly 1979. 

J u v e n i l e s r e c r u i t e d i n t o the s i eve in May 1979 grew r a p i d l y during 

the summer months and spawned in Ju ly 1979. Few i n d i v i d u a l s of the cohor t , 

r e so rb ing unspawned oocytes , were p r e sen t i n samples in September 1979 but 

d i sappeared by November 1979. Another r e c r u i t m e n t i n Ju ly 1979 grew r a p -

i d l y between Ju ly and November 1979 but did not reach sexual m a t u r i t y 

u n t i l January-February 1980. These spawned i n March 1980. A new r e -

c ru i tmen t of j u v e n i l e s in November 1979 did not a t t a i n sexual m a t u r i t y 

when sampling was te rmina ted in March 19U0. 



SPECIES 

Melinna palmata 

! M. c r i s t a t a 

I Nere i s d i v e r s i c o l o r 

Nephtys hombergi 

Spawning 
Per iod 

June-Ju ly 
Dec , - Jan . 

Late Dec. 
e a r l y J a n . 

(2 - 3 weeks) 

Late Feb 
(12-27) 

June 
August 

Throughout 
the yea r 

May-Pec. 
Peak in Aug, 

Throughout 
t h e year 
Peak in Apr i l 
and August 

May 

June-August 
January 

Oocyte Peak Sieve 
Diameter r e c r u i t -

(um) ment 

180-240 Throughout 
200-240 ! t h e y e a r . 

Peaks in 
I Sept and May 

App. Age a t 
Spawning 

& years 

360 J a n . - F e b . 

200-275 j March-
I Apr i l 
j 

200 ! March-
200 I May 

200-250 Throughout 
the y e a r 

August 

I March, 
180-200 I Nov. 

100-150 I 

180-200 I year ; + 
I 

Table Comparison of l i f e cyc l e s of ben th i c polychaetes i n seve ra l a reas 

S e p t . 
March 

2 yea r s 

10 
months 

9-12 
months 

2 yea r s 

Post-spawn 
m o r t a l i t y 

Authori ty 

P resen t 
study 

Hatchings 
(1974) 

Dales (1950): 

Chambers ; 
& Milne i 
(1975) ! 

Herpin ! 
(1925) 

Help & 
Herman 
(1979) i 

Present j 
study I 

Olive 
(1978) 

P resen t 
study__ 

w 



SPECIES 

C a p i t e l l a c a p i t a t a 

La t e n t a c u l a t a 

Tharyx 

C a u l l e r i e l l a c a p u t a s o c i s 

Spawning 
P e r i o d 

Throughout 
the y e a r 

Throughout 
the y e a r 

Throughout 
t h e y e a r . 
Peaks in 
June-Aug. 

Nov-Jan 

May-Sept 

16-18 A p r i l 

June-Nov 
n e c - J a n 

Oocyte 
Diameter 

(urn) 

140-180 

lOO-llO 

120-160 

Peak S ieve 
r e c r u i t -

ment 

Throughout 
t h e y e a r 

Throughout 
the y e a r 

Sep t 

March 

June-Oct 

May 

October 
May 

App Age a t 
Spawning 

Few 
months 

35-43 
days 

3 

months 

1 y e a r 

Pos t spawn 
m o r t a l i t y 

$ - 7 

+ 

+ 

Author i ty 

G r a s s l e & 
G r a s s l e 
(1974) 

Blacks tock 
e t a l (per 
comm) 

Presen* 
study 

George 
(1962) 

Dales 
(1951) 

P r e s e n t 
s tudy 

Table 4 f . ( c o n t . ) 

1 ^ 
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Mercenaria mercenar ia 

mercenar ia . the hard s h e l l clam, a n a t i v e of t h e e a s t e r n seaboard 

North America has been the s u b j e c t of many s t u d i e s with regard t o 

:h (AHSell;1968)z reproduc t ion (Por te r ,1967) and l a r v a l biology 

(Loosanoff and Davis,1950; Davis and C a l a b r e s e , 1 9 6 4 ) . Heppel (1961) 

f i r s t note^ ' ex i s t ence in Southampton Water and i t has s ince been 

:"ed in - d e t a i l (Anse l l ,1968; Mi t che l l , 1974 ; H i b b e r t , 1 9 7 6 ) , 

.1 (1968) suggested t h a t Mercenaria i n Southamptcm Wa^er behaved 

a s p e c i e s near the nor the rn most l i m i t of i t s r ange and Mi tche l l 

^ concluded t h a t r e c ru i tmen t of a l l l o c a l p o p u l a t i o n s of Mercenaria 

probably r e l i e d on the spec ie s spawning in the upper reaches of the 

Teste Hibber t (1976) examined the organic p roduc t ion and growth r a t e 

of she popu la t ion a t Hamble S p i t * 

P rev i c^ r ^*udies on the popula t ion dynamics of mercenar ia i n 

r — ^ T ^ t o B r (Ansel lp l963a; 1963b; 1964a; 1964bi 1(%7; Anse l l and 

967; Anse l l e t a l , 1 9 6 4 ; Mi t che l l , 1974 ; H i b b e r t , 1 9 7 6 ) , showed 

t h a t the clam i s widely d i s t r i b u t e d w i t h i n the e s t u a r y . The popu la t ion 

s t r e t ched from the Admiralty Grounds above Marchwood t o Hythe on the 

western s ide of Southampton Water and extended along t h e e a s t e r n shore 

r as Stokes Bay P i e r i n the S o l e n t . Barnes e t a l (1973) suggested 

: s u b l i t t o r a l region of Doth Southampton Water and the S o l e n t had 

d e n s i t i e s of Mercenaria compared t o d e n s i t i e s found in the l i t t -

e . 

Mature specimens of Mercenaria con ta in ing r i p e gametes in Southampton 

have been repor ted t o spawn during the summer months when the a n i -

yere t r a n s f e r r e d from the e s tua ry i n t o the l a b o r a t o r y and the ambient 

r a t u r e i nc reased by 2^c ( 1 6 - 1 8 , 6 ° c ) . Anse l l (1963a) found tba&vin 

ibora tory the animals r equ i r ed a tempera ture between 17.8 and 26*98 

jwn. He then suggested t h s t / ^ r c e n a r i a p o p u l a t i o n in Southampton 

has lower spawning tempera tures i n d i c a t i n g t h a t t he spec ie s has 

! a c c l i m a t i z e d t o t empera tu res in Southampton Water which r a r e l y 

eed 22wU*c. 

In the p re sen t s tudy, a t t empts were made t o examine the growth r a t e 

^ s u b l i t t o r a l popula t ion o f # . mercenar ia in Southampton Water and 

e the e s t i m a t e s wi th those of the i n t e r t i d a l Hamble S p i t ( H i b b e r t , 

6) with the aim of a s s e s s i n g the f a c t o r s governing the growth r a t e s , 

e s t i m a t e s were based on the popu la t ion a t S t a t i o n 5 where the clams 

occurred a t high d e n s i t i e s . 
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Growth in Mercenaria in the p resen t study was es t imated as the 

i n c r e a s e in length of the an ima l ' s s h e l l s within succes s ive per iods* 

Since a growth ring i s formed during each win te r when the s h e l l growth 

i s reduced, each clam was cons idered to be conven i en t l y aged from the 

r ing coun t . The growth da ta was es t imated using t h e method developed 

independent ly by Ford (1933) and Walford (1946) f rom 9&ich a Ford-

Walford shown in F i g . 4 .13 was ob t a ined . The growth r ing length 

a t one r (Lt-1) was p l o t t e d a g a i n s t the r ing l eng th of the succeed-

ing w i n t e r ( L t ) , A s t r a i g h t l i n e i s then produced and t h e l i n e i s 

descr ibed by the equa t ion 

Lt = Loo ( t - e ^*) + Lt - 1^ 

where t = time i n t e r v a l in yea r s 

k = c o e f f i c i e n t of ca tabo l i sm of vaw B e r t a l o n f f y , 

a cons tan t d e s c r i b i n g t h e r a t e a t which the 

t h e o r e t i c a l maximum l e n g t h (Loo) i s r eached . 

Loo (where Lt = Lt - 1) i s obtained a t the p o i n t where the p l o t of 

Lt a g a i n s t Lt - 1 i n t e r s e c t s a l i n e drawn a t 45° f rom the common o r i g i n 

o f Lt and Lt - 1 . 

The l eng ths of growth r ings of each y e a r c l a s s of Mercenaria found 

urvey a re shown i n Table 4.^&. The p l o t s of the r ing length 

a g a i n s t the l eng th a t previous w i n t e r g ive a more u s e f u l 

r a t e s of growth of the animal a t d i f f e i ^ w ^ l o c a t i o n s , 

no s i g n i f i c a r ^ — J s r e n c e s (p^pO.OS) between the means of 

growth r ings , i n d i c a t i n g a s i m i l a r r a t e of growth i n Mercenaria 

t h i s study i r r e s p e c t i v e of sediment t y p e . The l a r g e s t i n d i v i -

found in t h i s study measured 87mm in length ( a n t e r o - p o s t e r i o r ) , a 

re h igher than the t h e o r e t i c a l maximum leng th of 80mm. The maxi-

ength of the l a r g e s t specimen recovered in t h e p resen t s tudy was, 

^vn^usr, lower than those of Hamble S p i t . M i t c h e l l (1974) found t h e 

specimen of Mercenaria a t Hamble S p i t t o measure ICKbm ([xM= 90,4) and 

Hibber t (1976) recorded the length of the l a r g e s t specimen i n the same 

area t o be 10G.3mm (Loo = 82mm). I t i s not c l e a r what could be respon-

s i b l e f o r the sma l l e r s i z e of Mercenaria in the s u b l i t t o r a l zone; a 

cont inuous s h i f t i n g of the sediment and o t h e r p h y s i c a l s t r e s s on the 

animal may poss ib ly play a major r o l e . 

Many p r e d a t o r s , notably Carc inus . v a r i o u s f i s h spec ie s and wmding 

b i r d s have been a s s o c i a t e d with l a r v a l s t ages of t h e clam (Hibber t 1976), 

Voracious members of the zooplankton e . g . P l e u r o b r a c h i a p i l e u s and 

Aure l i a a u r i t a have been suggested t o account f o r a c o n s i d e r a b l e 
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L}- -1 (mm ) 

• : /, , FORD-WALFORD PLOT FOR H. m e r c e n g r i g 

FROM 1979 SURVEY. 



Mercenaria 1979 May (Grid) - Growth Ki ig Len g ths 

L U U j 

Age (Yr) 

No. r l l rlO r9 r8 r7 r6 r5 r 4 r3 r2 r l 

41 - - - 5 . 1 4 ,7 3 . 9 3 . 1 2 . 2 1,5 6 

42 .. - - - - 3 . 2 2 .4 1 .7 1 ,0 4 

43 .. - - - 6 . 9 6 . 1 4 .6 3 . 3 2 . 3 1.9 1 .3 7 

44 — - - 6 . 8 6 , 0 5 .2 3 . 9 2 . 9 2 .5 1 .7 1 .1 8 

45 — - - 6 . 3 5 ,6 4 . 9 4 . 3 2 . 8 1 .3 6 

46 .. - 6 . 6 6 . 3 5 . 5 5 .1 4 . 2 3 . 3 2 . 3 1.2 8 

47 .. - - 6 . 3 5 . 5 4 , 5 3 . 6 1 2 . 4 1 .5 1 ,0 7 

48 o . - - 6 . 3 5 .4 4 .4 3 . 3 2 .7 2 . 0 1 .3 7 

49 - - - - - 5 ,4 4 . 8 

4 .9 

4 . j 

4 . 2 

3 . 5 

3 . 0 

2 .2 

2 . 0 

1,2 

1 ,1 

6 

5 

— — - 6 . 2 5 .7 4 . 8 3 . 4 2 . 5 1 ,4 6 

V . — - - - 6 . 3 5 . 2 3 .6 2 . 2 1,6 5 

W, — - - - 6 . 3 5 . 1 3 .6 1 .9 1,2 5 

s: _ - 3 . 9 3 . 3 2 , 1 1 .1 4 

! 52 =. - — - - 6 . 3 5 . 3 3 . 8 2 .3 1 .3 5 

53 ma - - - 6 .G 4 . 7 "1 9 
w # w 

2 , 4 1 ,3 5 

54 - - - - 6 . 8 6 . 2 4 .9 4 . 0 3 ,2 2 , 3 1 .4 7 

1(1) 61 mm — - - - - - 2,2 1 .2 2 

m. w. — - - 5 . 0 4 . 1 3 , 0 1 .9 1 .3 5 

- - - - - — 

-

2 , 7 

2 .4 

1 .5 

1.6 

1 . 0 

1 .0 

3 

3 

— #*# 2 , 1 1.2 2 

- - - - - -
1 

2 .1 1 ,7 1 .0 3 

_ — - .. 3 . 4 2 . 0 0 . 9 3 

— - - 6 , 3 4 . 8 3 . 7 2 .2 1 ,3 5 

.. .. - - - - 7#2 U . f 3 .6 2 , 1 1 ,1 5 

8 . 7 8 . 2 7 . 1 6 . 4 5 .9 5 .3 4 . 9 3 .9 3 ,2 1 ,0 10 3 .9 3 ,2 

— 6 . 8 5 . 8 5 . 1 4 , 1 2 . 7 1 .9 1.2 7 

_ — - 5 . 9 4 . 5 3 . 7 2 . 5 1 ,3 5 

i o_ — 5 .9 5 .4 4 .7 3 . 7 2 .4 1 .8 1 .0 7 

1 .. — 6 . 2 5 .8 4 .6 4 . 2 2 . 9 1.9 1 .1 7 

' - - 5 .9 5 . 0 3 . 8 2 , 9 . 1 1 .1 6 

- " " - - - 5 . 1 4 . 5 2 . 4 

3 ,2 

1 .7 

1 .8 

1 .2 

0 .8 

5 

3 

w. 2 .4 1 ,5 1 . 0 3 

8 .7 d .2 6 . 8 0 . 4 5 .7 5 . 3 4 . 3 3 . 1 1 1/2 
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reduc t ion in numbers of the l a r v a e ( M i t c h e l l , 1 9 7 4 ) . Raymont and Ca r r i e 

(1964) found t h a t P leu robrach ia and Aure l i a showed a marked i n c r e a s e in 

May-June and maintained high numbers throughout J u l y and August in each 

y e a r in Southampton Water, co inc id ing with the ma jo r spawning per iod of 

Ne rcena r i a . 

us maenas. a common crab in Southampton Water, appears to be 

the most important p r eda to r a f t e r Mercenaria has s e t t l e d . Walne and 

Dean (1972) recorded a r a t e of p reda t ion equ iva l en t t o i%iur small clams 

being eaten on average per day by each c r a b . M i t c h e l l (1974, quot ing 

Green) s t a t e d t h a t s h e l l s of Nercenar ia j u v e n i l e s were found in the stom-

ach of p l a i c e and caught in Southampton Water while p l a i c e fed 

on the s iphons of the bur ied a d u l t c lams. 

This equivalved b i v a l v e occurs in l a r g e numbers in s o f t bottom depo-

s i t s around the B r i t i s h I s l e s , e . g . o f f the coas t of Northumberland 

(Buchanan and Warwick,1974) in the Venus community of B r i s t o l Channel 

(Warwick e t 31 , 1978) in Southampton Water (Barnes e t 81,1973; Soulsby , 

1978; Leve l l ,1979)« In s p i t e of i t s wide d i s t r i b u t i c m l i t t l e i s known 

about i t s r ep roduc t ive b i o l o g y . Tebble (1966) d e s c r i b e d the sys t ema t i c 

p o s i t i o n o f . ^ . n i t i d a and s t a t e d t h a t the b i v a l v e occu r s in a v a r i e t y of 

bottoms around the B r i t i s h I s l e s , ranging from mud through sandy mud t o 

vel and from j u s t o f f s h o r e to about 190 metres d e e p . In Southampton 

A. _ : p resen t as p a r t of a Nephtys/Abra a s s o c i a t i o n (Barnes 

1973). Leve l l (1979) desc r ibed the b iva lve a s p a t c h i l y d i s t r i b u t e d 

rying in i t s d e n s i t y , though a t most s i t e s in Southampton Water, i t 

the p r i n c i p a l b iva lve component of the f auna . 

In the p r e sen t s tudy, A. n i t i d a was p resen t i n varying d e n s i t i e s 

585m ) , h ighes t d e n s i t i e s occurr ing near the mouth of the e s t u a r y . 

The s i z e frequency his tograms of A. n i t i d a a t t h e four s e l e c t e d 

s t a t i o n s a re shown in F i g s . 4 .14, 4 .15 and 4 . 1 6 . The l i f e cyc le of the 

:ion of Abra in the p re sen t study was based on t*m specimens p resen t 

: ions 5 and 20 , 

A s i n g l e cohor t was p re sen t a t S t a t i o n 5 in J u l y and September 1978, 

i of the cohor t could not be sexed but on d i s s e c t i o n females conta ined 

oocytes which measured between 60 and 80jum i n d i a m e t e r . A f t e r 

ning in November 1978, the cohor t dec l ined in abundance and d isappeared 

samples by March 1979. J u v e n i l e s r e c r u i t e d i n t o the s i e v e between 

%ber 1978 and May 1979 and grew rap id ly during summer. This cohor t 
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spawned beL^een -uyus t and September 1979 with the few la rge i n d i v i d u a l s 

in September 1979 con ta in ing no egys . Young immature specimens 

d in the s ieve from November 1979, spawned i n w i n t e r and disappeared 

" ":mpiAs by March 198U, The newly r e c r u i t e d j u v e n i l e s in March 1980 

remained sexua l ly immature when sampling ceased . 

^ t S t a t i o n 20, the s i n g l e cohort p resen t i n J u l y 1978 comprised 

mature i n d i v i d u a l s - spawned between August and September 1978 and 

d isappeared from sz by May 1979. Sieve r e c r u i t m e n t of j u v e n i l e s 

took p lace between November 1978 and May 1979, dur ing which time growth 

was slow. Growth increased rap id ly in the swomer months and the cohor t 

spawned between august and September 1979, followed by heavy post -spawn-
""2 ""2 

ing m o r t a l i t y , the dens i t y f a i l i n g from 516m" to 12m in September 1979. 

The cohor t cont inued t o d e c l i n e and disappeared from samples by March 1980, 

A nek r ec ru i imen t had j u s t begun when sampling ceased i n March 1980. 

^ n ) S t a c e a 

The s i z e frequency his tograms of tvp icus a t S t a t i o n 5 i s shown in 

F i g . 4 . 1 7 . Mature brooding females were present in samples taken th rough-

out Che study except in March and November 1979 and January 1980, though 

breeding reached a peak between Ju ly and November, Immature i n d i v i d u a l s 

p re sen t in a l l samples between Ju ly 1978 and Janua ry 1979, but i n low 

r s , There were more a d u l t females than ma le s . The popula t ion 

heavy pos t -b reed ing m o r t a l i t y and on^p a few females overwintered 

Huary 1979, these d i sappea r ing from samples by March 1979. 

Few j u v e n i l e s en te red the s ieve in Ju ly 1978 and were sporad ic in 

rence in success ive samples u n t i l they reached s e x u a l m a t u r i t y in May 

The small s i z e of j u v e n i l e s p resen t in the samples could have r e s -

in t h e i r l o s s from 0,5mm s i eve and hence absence most samples . 

"^3 s i z e frequency his tograms of t h i s cumacean a t S t a t i o n 5 a r e shown 

in ^U18, S imi l a r to the s i t u a t i o n i n ^ . t v p i c u s . mature brooding 

!s of E . t r u n c a t u l a were p r e s e n t throughout the s t u d y . Breeding took 

throughout the yea r with peaks i n July to September and between 

y and March a f t e r which the breeding s tock s u f f e r e d heavy p o s t -

ng m o r t a l i t y and d i sappeared from samples by May 1979. J u v e n i l e s 

t r e c r u i t i n t o the s i eve u n t i l the summer months of 1979. The 
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females conta ined mature oocytes and bred in June 1979. Post-spawning 

m o r t a l i t y occurred und only one specimen was p re sen t i n 1979. A 

new gene ra t i on which had a t t a i n e d sexual m a t u r i t y was p re sen t in November 

1979 and March 1980. 

F i g , 4 .19 shows the s i z e f requency his tograms of t h i s os t racod a t 

S t a t i o n 5 . Mature brooding females were p resen t i n a l l samples through-

out the study but breeding was a t i t s peak between J u l y and November 1978 

and a l s o between January and March 1979. J u v e n i l e s r e c r u i t e d i n t o the 

s ieve between September and November 1978 and grew r a p i d l y , con ta in ing 

mature oocytes or l a rvae i n t h e i r broods by January 1979. No j u v e n i l e s 

r e c r u i t e d i n t o the s i eve between May 1979 and March 19E# though a d u l t s 

con ta in ing mature ova or l a r v a e in t h e i r broods were p r e s e n t . 
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I n v e s t i g a t i o n s i n t o the l i f e cycle of the po rpchae t e popula t ions 

in Southampton Water show a wide v a r i a t i o n in the r e p r o d u c t i v e s t r a t e g i e s 

by the an ima l s . d h i l e a p a r t i c u l a r spec ies may show erne p a t t e r n of 

breeding , f o r example, almost cont inuous ly over an extended season, i n d i v i ' 

dual worms of the spec ies may have a d i f f e r e n t r e p r o d u c t i v e s t r a t e g y such 

as breeding once and dy ing . Some polychae tes a r e mono te l i c , t h a t i s , 

i n d i v i d u a l s breed only once and d i e . Others show a p o l y t e l i c p a t t e r n 

of r ep roduc t ion , r e l e a s i n g a l l t h e i r gametes in one o r a l a r g e ba tches 

and usua l ly surv iv ing t o breed again in the fo l lowing y e a r . 

Many polychae tes in Southampton Water show extended breeding seasons 

wi th peaks in the summer and the win te r months. Melinna palmata b reeds 

throughout the y e a r with peaks i n December and June w h i l e ReMis d i v e r s i -

c o l o r . though breeding a l l the y e a r has breeding peaks i n Apr i l and August . 

Hutchings (1974) found t h a t the r e l a t e d spec ies of palmata. c r i s t a t a 

popula t ion o f f the coas t of Northumberland has a r e s t r i c t e d breeding 

season of about two weeks between the end of December and t l # beginning 

of J anua ry . The l i f e cyc le o f j ^ , . d i v e r s i c o l o r t e n d s t o vaiy according 

t o the a rea of study (Dales ,1950, Muus,1967) Dales (1950) found t h a t a 

popula t ion of N. d i v e r s i c o l o r a t Chalkwell had a spawning period towards 

the end of February which l a s t e d f o r not more than t h r e e weeks, Herpin 

(1925) found t h a t the popula t ion of ^1. d i v e r s i c o l o r a t Cherbourg spawned 

in every month of the year while Chambers and Milne (1975) found t h a t the 

Ythan popula t ion of the worm spawned twice a y e a r , between June and August 

and between January and March. Herpin (1925) a t t r i b u t e d the cont inuous 

spawning a t Cherbourg to the environmental g r a d i e n t s encountered t h rough-

out the h a b i t a t which caused va r ious p o r t i o n s of the popu la t i on t o mature 

a t d i f f e r e n t t imes of the y e a r . 

Though i t i s r a t h e r unusual f o r a polychaete t o have a p r o t r a c t e d 

breeding season, the tendency being f o r a s h o r t , f a i r l y well de f ined spawn-

ing per iod , spawning in a popu la t ion may vary between m i c r o h a b i t a t s i n the 

same envi ronemt . Chambers and Milne (1975) found t h a t t he popu la t ions of 

d i v e r s i c o l o r from the upper and lower zones of the Ythan e s tua ry did 

not spawn a t exac t ly the same t ime, thereby p r o t r a c t i n g t h e spawning 

season . They found t h a t the worms a t Ythan mature and begin t o ca r ry 

eggs from a s i z e about 2.5cm while the minimum s i z e of mature females a t 

Chalkwell (Dales,1950) was 7cm. The Ythan e s t u a r y popu l a t i on of i N . d i v e r -

s i c o l o r showed two peaks between June and August, c o i n c i d i n g with J u n e ' s 

in the Southampton Water popu la t ion and January-March co inc id ing 

J a n u a r y ' s peak in the p r e sen t s tudy . T a l e s ' (1950) account of a 
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s h o r t e r spawning season a t Chalkwell may have been due t o the r e s t r i c t e d 

a r e a . The study of the dynamics of Nereis by Levis (1975) showed t h a t 

s i m i l a r populat ions o f & . d i v e r s i c o l o r could d i f f e r accordmg to the loca l 

environment. Ueip and Herman (1979) found t h a t j u v e n i l e s of d i v e r s i -

co lor occurred in the nievengat (Belgium) popula t ion throughout the year , 

a s i t u a t i o n s i m i l a r to t h a t in the p resen t s tudy . 

The populat ion of d i v e r s i c o l o r in Southampton Water occurs a t 

moderate d e n s i t i e s compared with o ther popula t ions e l sewhere . The numbers 

of d i v e r s i c o l o r reported elsewhere ranged between 10 axW 2C0m ^ in TGes 

es tuary , (Gray,1976); 50-30Um"^ in Chalkwell , (Dales ,19510; and a maxi-

mum of 17,UOUm ^ in nievengat (Heip and Hermanpl979), In Southampton 

Water (present study) the dens i ty of the worm ranged between 4 m a t 
##2 

S t a t i o n 5 (Netley) and 1029m a t S t a t i o n 9 (Fawley), Chambers and 

Milne (1975) found v a r i a t i o n s in the d e n s i t i e s of the Ythan popula t ion 

between the upper and lower zones of the e s t u a r y . 

The popula t ion of Nephtys hombergi in Southampton Water showed a 

monotel ic p a t t e r n of reproduct ion with i n d i v i d u a l s spawning twice a year 

in the June to August period and in January . The age a t which they reach 

sexual matur i ty i s v a r i a b l e , animals of two yea rs or more spawned. Olive 

(1978) found t h a t the populat ion of hombei^d a t the Tyne es tuary bred 

f o r the f i r s t time when two yea r s old with a few i n d i v i d u a l s f a i l i n g to 

Spawn u n t i l t h r e e yea r s o l d . In the o f f s h o r e Northumberland waters , JX. 

homberoi does not usual ly breed u n t i l t h ree years old (Ol ive , quoting un-

published da ta of Buchanan) but in the Raunce e s tua ry , hombergi reached 

sexual matur i ty in t h e i r f i r s t yea r (Ke t i e r e ,1976) . The Southampton Water 

populat ion o f .N. homberqi appears s i m i l a r to the ryne popu la t ion in t h a t 

they Spawned when Dne.year old but d i f f e r in t h a t the popu la t ion in 

Southampton Water s u f f e r e d heavy post-spawning m o r t a l i t y whi le the Tyne 

popula t ion has a p o l y t e l i c p a t t e r n of reproduct ion in which gametocytes 

are r e l eased annually f o r seve ra l y e a r s . 

I t i s not known f o r c e r t a i n what s t i m u l a t e s spawning in the Southampton 

A^ter popu la t i on . Ol ive (1976) suggested t h a t spawning i n the Tyne popula-

t i o n of hombergi may r e s u l t from an unknown environmental s t imulus 

which i n i t i a t e s the r e l e a s e of a 'spawning hormone' and t h a t the l e v e l of 

success may in p a r t depend upon the time of r e l e a s e of t h e hormone. I t 

can be argued tha t the environmental cond i t ions in Southampton Water and 

Tyne es tuary could be s i m i l a r , i n i t i a t i n g the r e l e a s e of t h e 'spawning 

hormone' e a r l i e r in these popula t ions than in the deeper s u b l i t t o r a l popu-

l a t i o n s off the coas t of Northumberland, 

% 



210 
The C a p i t e l l a c a p i t a t a popula t ion in Southampton W^ter shows a 

complex unsyHchronized l i f e cyc le with a monotelic p a t t e r n of reproduc-

t i o n . Gametes a re re leased almost throughout the y e a r with peaks i n 

August and l a t e October , Gra s s l e and Gras s l e (1974) found t h a t the 

Massachusse t tes popula t ion bred a l l the y e a r round, Blacks tock and 

Pearson ( p e r . comm) found t h a t s i n g l e i n d i v i d u a l s of c a p i t a t a were 

capable of producing severa l broods of eggs in rapid siuccession when d e t -

r i t a l s u p p l i e s a re p l e n t i f u l and observed breeding c y c l e of ZKi-dS d^ps in 

cond i t i ons of maximum food supply , The popula t ion i n Southampton Mater 

produce l a r g e yolky ova in August . Such ova a re brooded and probably 

develop i n t o ben th ic l a rvae which s e t t l e quickly a t t h e bot tom. October 

spawning r e s u l t s in p l a n i o t r o p h i c l a rvae which r e c r u i t i n t o the s ieve in 

Spr ing . G r a s s l e and G r a s s l e (1974) found t h a t c a p i t a t a i s capable of 

producing l a r v a e which may e i t h e r be ben th ic or p l a n k t o n i c . The impor t -

ant c h a r a c t e r i s t i c of such animals as C. c a p i t a t a i s t h a t the p lank ton ic 

l a rvae a re r e s p o n s i b l e f o r co lon i s ing new a r e a s whi le b e n t h i c l a rvae 

s e t t l e qu ick ly in a r e s t r i c t e d l o c a l i t y a l lowing s e l e c t i o n of f avourab le 

genotypes to occu r . 

The c i r r a t u l i d worm, C a u l l e r i e l l a c a p u t e s o c i s i n Southampton Water 

shows a well de f ined ynMV&elic p a t t e r n of r e p r o d u c t i o n ; the eggs a r e 

spawned only once a y e a r . The i n d i v i d u a l animals spawn f c ^ the f i r s t time 

in t h e i r second y e a r . The spec ie s shows an obvious synchronized r e p r o -

duc t ive cyc le , t he breeding s tock r e l e a s i n g t h e i r gametes in March. Not 

a l l mature gametes a r e spawned, and those remaining a r e r e s o r b e d . Dales 

(1951a) found t h a t in the Tharyx marioni popula t ion a t Chalkwel l , spawn-

ing l a s t e d f o r two or t h r e e d a y s . The c l a s s i c example of s t r i c t p e r i o d -

i c i t y i s , of course , t h a t of Eunice v i r i d i s of the Southern P a c i f i c which 

spawns in g r e a t numbers a t dawn on only one d&y i n the y e a r , t he a c t u a l 

da t e of spawning showing some v a r i a t i o n , being appa ren t l y a s s o c i a t e d with 

lunar phases (Kcr r inga ,1957) . 

The concept of p r o t r a c t e d breeding seasons in p o l y c h a e t e s i s , how^ 

ever , not new. Stephenson (1950a) found t h a t C i r r a t u l u s c i r r a t u s a t 

C u l l e r c o a t s , Northumberland, matured throughout the y e a r . Ol ive (1970) 

found t h a t c i r r a t u s popu la t ion o f f the c o a s t of Northumberland bred 

seve ra l t imes a t i n t e r v a l s with low l e v e l breeding in be tween. George 

(1962) found t h a t the breeding season of C i r r i f o r m i a t e n t a c u l a t a in 

Southampton ^ a t e r extended throughout the summer months from l a t e March 

t o September wi th peaks between Apr i l and August . 

Severa l environmental f a c t o r s probably play a key r o l e in the t iming 
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01 spawning in d i f f e r e n t po lychae te s . George (1962) suggested t h a t 

temperature might be an important f a c t o r in the b r eed ing of t e n t a c u l a t a 

in the Wamble S p i t , though ^e rp in (1925) suggested con t inuous breeding in 

fio d i v e r s i c o l o r a t Cherbourg to be in f luenced by environmental g r a d i e n t s . 

Urton (1920) had e a r l i e r suggested t h a t most animals under normal condi-

t i o n s begin to breed e i t h e r a t a d e f i n i t e tempera ture , which i s a physio-

l o g i c a l cons tan t for the spec ies , or a t a d e f i n i t e t empera tu re change. 

The r e l a t i o n s h i p between temperature and the breeding season of some poly-

chaetes in Southampton Water appears r a t h e r obscure . Melinna palmate 

and Nephtvs hombergi. f o r example, breed in June and December when water 

temperatures a re high and low r e s p e c t i v e l y . The modera te ly high tempera-

t u r e s in spr ing and autumn though may appear t o induce matura t ion of the 

gametes, the ac tua l apawning, neve r the l e s s , tends t o be temperature indep-

endent . 

Dales (1951a) found t h a t a f i e l d populat ion of Tharyx marioni a t 

Chalkwell spawned a f t e r a r i s e in temperature of about 4^c over a period 

of 4-5 days . He then concluded t h a t the r i s e probably induced spawning. 

Ansell (1963a) found tha t Mercenaria specimens c o l l e c t e d ftom the Netley 

shore in May and kept in the l abora to ry f i r s t spawned when the ambient 

temperature rose from 16 to 18 ,6°c . George (1966) r epo r t ed t h a t Sco le -

c o l e p i s v i r i d i s was prevented from spawning by ma in t a in ing i t s popula-

t i on a t low tempera tu res . Since no experiments on t h e temperature e f f e c t s 

on the Spawning of animals i n the p resen t study were carr ied owt but many 

of the fauna spawned throughout the year , i t may be assumed t h a t temperature 

e f f e c t on t h e i r spawning i s of n e g l i g i b l e s i g n i f i c a n c e . 

With regard to f a c t o r s o the r than temperature t h a t may br ing about 

spawning, food a v a i l a b i l i t y , p o l l u t i o n t o l e r a n c e and c e r t a i n types of 

mechanical s t imu la t i on may play prominent r o l e s . George (1962) foynd 

t h a t mechanical s t imu la t ion induced s l i g h t shedding of g e n i t a l products in 

C\ t e n t a c u l a t a while Olive (1978) demonstrated spawning i n homberai t o 

be induced by the r e l ea se of a spawning hormone. N e i t h e r mechanical s t imu-

l a t i o n nor food a v a i l a b i l i t y has been e s t a b l i s h e d t o s t i m u l a t e spawning in 

the present s tudy . Never the less i t may be suggested t h a t many f a c t o r s 

r a t h e r than a s i ng l e one may i n f l u e n c e spawning in the Southampton Water 

po lychae tes . Unt i l a d e t a i l e d work on the reproduc t ive ecology of the 

animals i s c a r r i e d out , any review of the an imals ' b reed ing s t r a t e g i e s 

w i l l remain i n c o n c l u s i v e . 

The s i z e of mature gametes of the polychaetes cons idered in the present 

study v a r i e s cons ide rab ly . The M. palmata populat ion in Southampton Water 

breeds in June and December when the diameter of t h e i r oocytes a t t a i n s a 
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s i z e of about 240jum. N. d i v e r s i c o l o r spawns when t h e oocytes a t t a i n 

d i f f o r u n t s i z e s a t s eve ra l l o c a t i o n s . At Chalkwel l , spawning occurred 

when Lhe oocytes measured 275 jum in d iameter , but in Southampton Water 

and Ythan e s t u a r y , when the oocyte d iameter reached In the popu-

l a t i o n of hombergi o f f t he coas t of Northumberland spawning occurred 

when the oocyte d iameter measured between 100 and 150 (Olive 1978) but 

in the p r e s e n t study only when the oocytes d iameter reached about 200jum. 

In t h i s r e s p e c t . The Southampton Water popula t ion spawns l a t e r than t h a t 

of the Northumberland c o a s t . The c i r r a t u l i d s appear t o spawn t h e i r ova 

a t a sma l l e r s i z e than o t h e r p o l y c h a e t e s . 

An i n t e r e s t i n g aspec t of the l i f e cyc le of the Southampton Water 

popu la t ions of po lychae tes i s t h a t s i eve r ec ru i tmen t appea r s t o be ddpend-

ent on s i z e of l a rvae and s e t t l e m e n t as well as the subsequent r a t e of 

growth. 

Some po lychae tes r e so rb t h e i r unshed mature gametes as in Ostrea 

l u t a r i a . e d u l i s and C r a s s o s t r e a v i r g i n i c a (Loo s a n o f f | 1 9 6 2 ; Mol l i s , 

1963). Loossanoff (1962) found t h a t in Maine (U.S.A.) seme i n d i v i d u a l s 

of e d u l i s had f u l l complement of gametes a f t e r the b reed ing season, 

and the gametes were r e s o r t e d . In the p re sen t s tudy , . ^ 

d i v e r s i c o l o r . homberqi and C. capu te soc i s r e s o r t e d t h e i r unspanned 

mature oocy t e s . Dales (195ia) a l s o found t h a t unspawned gametes of 

female N. d i v e r s i c o l o r were r e s o r t e d . He noted t h a t t h e female animal 

spawned only in the presence of males, and s ince the r a t i o of males t o 

females was 1:10, some females f a i l e d t o spawn. Such females r e s o r t e d 

t h e i r unshed gametes . In ano the r study Dales (1951a) found t h a t female 

Tharyx marioni f a i l e d t o spawn, though the r a t i o of males to females in 

the animal popula t ion a t Chalkvmll was 1:1, resorbed t h e i r unshed gametes, 

Resorp t ion of gametes in M. c r i s t a t a has been repor ted by Nyholm (1951) 

and Uutchings (1974) and in ^1. Momberpi by Ol ive (1978) . 

Severa l a t tempts have been m a d e m a n y workers t o exp la in t h e cause 

of t h i s r e t e n t i o n of gametes . The view expressed by some (Harvey,1956; 

Clark ,1963) p o i n t s to lack of food . I t was suggested t h a t i n d i v i d u a l s 

which f a i l e d t o spawn could not ob ta in s u f f i c i e n t food a t t he time of 

spawning and t h e r e f o r e had t o resorb t h e i r gametes to s u r v i v e . I t may 

be argued t h a t i f t h i s i s t h e ca se fo r those animals t h a t shew p o l y t e l i c 

p a t t e r n of r ep roduc t ion , t he s i t u a t i o n of those t h a t s u f f e r heavy p o s t -

spawning m o r t a l i t y remains u n c l e a r . Sas t ry (1970) sugges ted t h a t r e p r o -

duc t ive p h y s i o l o g i c a l v a r i a t i o n in the t iming of spawning may have been 

favoured through s e l e c t i o n , as an adap t ive response to g e o g r a p h i c a l 

d i f f e r e n c e s in t empera ture and t ime of abundant food s u p p l y . 



The type of l a rvae and the time taken to mature a r e i n t e r e s t i n g 

a spec t s of polychaete development. Except C a p i t e l l a c a p i t a t a which 

broods i t s summer l e c i t h o t r o p h i c l a r v a e and and spawns i t s p l a n k t o t r o -

phic l a rvae , o the r po lychae tes i n v e s t i g a t e d in the p r e s e n t study produce 

t r u l y p l a n t o t r o p h i c l a r v a e . Thorson (1950) thought t h a t the l i k e l y 

cause of change from the pe l ag i c t o non-pe lag ic type of l a rvae in po ly -

chae tes i s a small i n c r e a s e in the yolk c o n t e n t . The wide d i s t r i b u t i o n 

of Nephtys. Nere i s and C a p i t e l l a in the p re sen t s tudy may be a t t r i b u t e d 

to t h e i r a b i l i t y to change t h e i r mode of r ep roduc t ion i n accordance with 

eco log ica l c o n d i t i o n s , an a b i l i t y which many p o l y c h a e t e s share (Thorson, 

Hab i t a t s e l e c t i o n and se t t l emen t of l a r v a e are of g r e a t importance 

in the l i f e cyc le of any ben th ic an imal . Wolff (1973) showed t h a t 

;a ta ard Polydora c i l i a t a w#re i r r e s p o n s i v e t o any subs t ra tum d i f f e r -

ind both animals were found p resen t in almost e q u a l numbers in sand 

and muddy a r e a s a f t e r an o i l s p i l l . Wass (1967) ranked c a p i t a t a as 

an i n d i c a t o r of organic p o l l u t i o n and Rosenberg (1972) observed t h a t the 

animal was the p ioneer ing spec ie s t h a t s e t t l e d in fo rmer ly azo ic a r e a s . 

In the p r e s e n t s tudy, C. c a p i t a t a occurred in l a r g e s t numbers on the west-

ern s ide of Southampton Water where the l e v e l s of sediment organic m a t t e r , 

hydrocarbon and meta l s were g r e a t e s t , but only o c c a s i o n a l l y and in low 

numbers on the e a s t e r n s i d e . The low numbers of C. c a p i t a t a on the e a s t -

ern s ide may be a t t r i b u t e d to high spec ie s d i v e r s i t y and hence g r e a t e r 

Though d i r e c t i n v e s t i g a t i o n s on the growth of p o l y c h a e t e s have not 

been made in the p resen t s tudy, the da ta on the t ime of spawning and s i eve 

rec ru i tmen t on the taxon sugges ts t h a t growth may be t e m p e r a t u r e dependent . 

Growth appeared t o be r e t a rded during the cold w i n t e r months . Turing the 

summer, the gametes of the po lychae tes s tud ied tend t o mature with a 

genera l i n c r e a s e in the s i z e of the i n d i v i d u a l p o l y c h a e t e s . Neve r the l e s s , 

a dec rease in t h e r a t e of growth in animals may not always be a d i r e c t 

r e s u l t of low t empera tu re ; i t may r e s u l t from lack of food and /or r educ-

t i o n in the feed ing a c t i v i t y though t h e r e may be p l e n t i f u l food supp ly . 

Since feeding behaviour of animals i n v e s t i g a t e d has not been s tud ied i n 

the p resen t i n v e s t i g a t i o n , any conclus ion on the e f f e c t of feed ing or 

growth with season could only be s p e c u l a t i v e . 

I t i s by no means an easy task t o e s t a b l i s h a l l p o s s i b l e causes of 

m o r t a l i t y in the po lychae te p o p u l a t i o n s . S ince food i s always p l e n t i f u l 

in e s t u a r i e s such as Southampton Water, i t i s u n l i e l y t h a t lack of food 

could be a major cause of m o r t a l i t y . Gra s s l e and G r a s s l e (1974) found 
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lu rye numbers of dead c a p i t a t a in the sediment i n a win te r sample and 

suggested t h a t the k i l l could have r e s u l t e d from co ld cond i t i ons r a t h e r 

than p reda t ion , s ince the decomposing animals would probably have been 

used as a source of food f o r the d e p o s i t - f e e d i n g Cani t e l l e , had the 

dec l ine r e s u l t e d from source d e p l e t i o n . Since many of the po lychae tes 

s u f f e r e d heavy m o r t a l i t y i n the w i n t e r months in t h e p r e s e n t s tudy, i t 

may be suggested t h a t p r e v a i l i n g c l i m a t i c c o n d i t i o n s a r e p o s s i b l e d i r e c t 

or i n d i r e c t reasons f o r t h i s m o r t a l i t y . 

Uften one of the main causes of m o r t a l i t y among marine organisms i s 

p r e d a t i o n . Besides Nephtys homberpi. commonly known as a s e l e c t i v e omni-

vore, l i t t l e l i t e r a t u r e e x i s t s on the feeding b io logy of the polychae tes 

i n v e s t i g a t e d i n the p resen t s t u d y . d i v e r s i c o l o r i s known to be a 

p r eda to r on o the r organisms and a scavenger . I t i s commonly used as 

b a i t s in f i s h i n g and se rves as food f o r f i s h e s and b i r d s (Heip and Herman, 

1979). Since l i t t l e i s known of the p r eda to r s of t h e po lychae tes in 

Southampton Water, i t can only be assumed t h a t r e d u c t i o n in the numbers 

of both young and a d u l t i n v i d i d u a l s of these p o l y c h a e t e s may be a t t r i b u t e d 

t o seve ra l spec ie s of ben th i c animals which a r e l a r g e l y n o n - s e l e c t i v e 

depos i t f e e d e r s . 

The c r u s t a c e a n s in the study a rea showed c o n t i n u o u s breeding th rough-

out the y e a r . Females were, i n gene ra l , more numerous than males . In 

the case of Eudore l la t r u n c a t u l a . the males develop p leopods which aid 

them in swimming. The r e l a t i v e l y small numbers of Hariambus t y p i c u s in 

the 1979 samples could be a t t r i b u t e d to the h igher s i l t y c o n d i t i o n s a t 

the Lime. The absence of j u v e n i l e s of 2* t y p i c u s and t r u n c a t u l a in 

samples may be due t o t h e i r small s i z e r e s u l t i n g in t h e i r l o s s . This 

poss ib ly i n d i c a t e s t h a t t he c r u s t a c e a n s a re d i s a p p e a r i n g i n the study a r e a . 

The p r e s e n t study r evea l s t h a t the study area m&y not be comparable 

to o f f s h o r e marine environments such as the s i l t y mud s i t u a t i o n o f f the 

coas t of Northumberland (Buchanan e t a l ,1974) where t h e communities were 

normally oversubscr ibed by l a r v a e . In such s i t u a t i o n s , t he numbers s u r -

viving i s dependent on dens i ty dependent f a c t o r s , t h a t i s , the number of 

animals s e t t l i n g and surv iv ing i s determined by the number of e s t a b l i s h e d 

animals a l r eady p r e s e n t . Such a cond i t ion may not be a p p l i c a b l e t o the 

phys i ca l ly c o n t r o l l e d e s t u a r i n e s i t u a t i o n . 
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5 . 1 I n t r o d u c t i o n 

of the recen t s t u d i e s on the energy budget of e s t u a r i e s have 

been conf ined to i n t e r t i d a l mud f l a t s (Smidt,1951; Chambers and Milne, 

Warwick and P r i ce ,1975 ; 1980; Hibber t ,1976; Hiep and Herman, 

Smidt (1951) d i scussed the biomass per u n i t a r e a of both meio 

and macrofauna from the Danish Wadden but f a i l e d to e s t i m a t e t h e i r p ro -

Product ion e s t i m a t e s in the s u b l i t t o r a l (Buchanan and Warwick 

Buchanan e t a l ,1974 ; Cederwal l ,1977; Warwick e t a l , 1977 ; 

Kirkegaard,1978) and in the i n t e r t i d a l (Warwick and P r i c e , 1 9 7 5 , 1980; 

Hibber t ,1976) allowed comparisons between s eve ra l ecosystemis. Such 

e s t ima te s of the community g ive b e t t e r unders tanding of a p a r t i c u l a r 

Though a t t empts t o de termine the product ion of b e n t h i c marine s y s -

tems da t e s from the 1950s (Sanders ,1956; knuenz le r 1961), much of the 

da ta has accumulated only wi th in the l a s t ten y e a r s . Many such s t u d i e s 

on biomass and product ion of macrofaunal organisms were d i r ^ ^ t e d towards 

s i n g l e spec ie s popu la t ions , f o r example: Meri ta sp (Hughes 1970); Ven-

e rup i s p u l l a s t r a (Johannessen,1973) ; Arenicola marina (Longbottom,1973); 

Ampelisca t e n u i c o r n i s (Sheader ,1977) ; Nere i s d i v e r s i c o l o r (Chambers and 

Milne,1975; Heip and Herman,197?). Around the B r i t i s h I s l e s , some 

s t u d i e s have been c a r r i e d out on the t o t a l macrofaunal biomass (koore, e t 

a l 1968; Mclntyre,1970) and product ion (Buchanan and Warwick,1974; 

Warwick and P r i c e , 1 9 7 5 ; Hibber t ,1976; Warwick, e t a l , 1 9 7 8 ) . 

Comparisons of r e s u l t s of energy f low s t u d i e s by d i f f e r e n t workers 

a re made d i f f i c u l t because of d i f f e r e n t t e rmino log ies d e f i n i n g d i f f e r e n t 

purposes f o r which energy i s used or conserved by o r g a n i s m s . Davis (1963) 

de f ined product ion as the a c t u a l r a t e of i n c o r p o r a t i o n of organic ma t t e r 

or energy. C r i s p (1971) de f ined biomass as t h e amount of l i v i n g subs tance 

c o n s t i t u t i n g the organisms which a re being s t u d i e d . 

Many s t u d i e s on the macrofaunal product ion have been l im i t ed t o 

shor t pe r iods (1-2 y e a r s ) , though Warwick and P r i c e (1980) extended t h e i r 

s t u d i e s beyond f i v e y e a r s . Long term s t u d i e s on p o p u l a t i o n t r e n d s 

(Buchanan and Warwick,1974; Buchanan, e t a l , 1 9 7 4 ) , however, showed con-

s i d e r a b l e v a r i a t i o n in spec ie s composit ion with o v e r a l l p roduc t ion remain-

ing s t a b l e . Hibber t (1976) suggested t h a t s t u d i e s of biomass and produc-

t ion could e l u c i d a t e the e c o l o g i c a l p o t e n t i a l and r e l a t i v e c o n t r i b u t i o n of 
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the c o n s t i t u e n t spec ies of the fauna in un a r e a . 

Previous s u b l i t t o r a l s t u d i e s on the ben th ic macroinfauna of South-

ampton ^ a t e r (Ksseryl972; Barnes ,1973; M i t c h e l l , 1 9 7 4 ; Soulsby,1978; 

Level lp l979) emphasised the d i s t r i b u t i o n of the macrofauna in the e s t u a r y . 

The only product ion i n v e s t i g a t i o n h i t h e r t o c a r r i e d out cm the ben th ic 

m a c r o f ^ n a in Southampton Water was H i b b e r t ' s (1976) s t u d y of the b iva lve 

popula t ion of the i n t e r t i d a l Hamble S p i t . Hibber t (1976) extended h i s 

study to the po lychae tes in the area and es t imated a t o t a l macrofaunal 

product ion inc lud ing the po lychae tes (based on EsseK's d a t a ) of 

220g m ^ y r - 1 ash f r e e dry weight , a very high va lue of the same order 

as in high product ion Myti lus beds . Unt i l now, the p roduc t ion of the 

s u b l i t t o r a l f auna l assemblages i n the es tua ry has been n e g l e c t e d . The 

aim of the p r e sen t study i s t o e s t i m a t e the biomass and secondary produc-

t i o n of these ben th ic macrofaunal assemblages in terms of f o r m a l i n - f i x e d 
- 2 - 1 

ash f r e e dry weight (gm y r ) in the s u b l i t t o r a l r eg ion of the i ndus -

t r i a l i z e d a rea of Southampton Water. I t i s aimed a t i d e n t i f y i n g those 

animals, among the bulk of s p e c i e s which have the h i g h e s t p roduc t ive 

c a p a b i l i t y and rank them in order of product ive i m p o r t a n c e . The i n t e n -

t i o n i s t o provide a b a s i s f o r f u t u r e study on the temporal f l u c t u a t i o n s 

in the biomass and annual product ion of the ben th ic macrofauna of the 

e s t u a r y . 

5 .2 MATERIALS ANP METHUnS 

The animal spec ies which were separa ted and i d e n t i f i e d according to 

the method o u t l i n e d in S e c t i o n I I were d iv ided i n t o s e p a r a t e yea r c l a s s e s 

using the measurement of l i n e a r dimension on the width o r length as seemed 

a p p r o p r i a t e t o the p a r t i c u l a r s p e c i e s . The exac t agang t echn iques have 

a l ready been desc r ibed in the a p p r o p r i a t e s u b - s e c t i o n s i n Sec t ion IV. 

Specimens were washed f r e e of fo rmal in , oven dr ied to c o n s t a n t weight a t 

9U^c f o r 8 hour s . Molluscs were d e c a l c i f i e d b e f o r e d r y i n g . Es t imates 

of biomass and secondary produc t ion were made fo l lowing t h e method o u t -

l ined by C r i s p (1971) . For product ion e s t i m a t e s , the p roduc t of mean 

number and change in mean weight was employed. The method involved 

measurement of m o r t a l i t y and r e s i d u a l biomass f o r s t ocks w i t h r e c r u i t -

ments b^ich had t h e i r age c l a s s e s s e p a r a b l e . The e s t i m a t e s vere made 

f o r a per iod of twenty months ( Ju ly 1978 - March 1980) w i t h bimonthly 

sampling. 
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RESULTS 

5 . 3 . 1 . BIOMASS 

The t o t a l macrofaunal biomass expressed as ash f r e e dry weight fo r 

each s t a t i o n i s given in Table 5 . 1 . The m^or animal tawca breakdown of 

the biomass i s showH in Table 5 . 2 . Highest va lues wei^ recorded a t 

S t a t i o n 5 and lowest a t S t a t i o n 9 . Except a t S t a t i o n 5 throughout the 

s tudy, in Ju ly 1978 a t S t a t i o n 2 and in September 1978 a t S t a t i o n 20, 

po lychae tes as a group emerged as biomass dominant and accounted f o r 

more than 60% of the t o t a l macrofaunal biomass* At S t a t i o n 5, mol luscs 

as a group dominated and accounted f o r over 9Q% of the t o t a l macrofaunal 

biomass throughout the s t u d y . Table 5 .3 shows the mean annual biomass 

of the t h r e e biomass dominant spec ie s a t each of the f o u r s t a t i o n s . 

F i g . 5 . 1 . shows the seasona l v a r i a t i o n in t o t a l macrofauna l biomass 

a t S t a t i o n 2 . There was no obvious s e a s o n a l i t y in b iomass . During the 

s tudy, the biomass f e l l between Ju ly 1978 and May 1979 and continued a t a 

low l e v e l with a p e & i n November 1979. 

Changes in the biomass of major animal t axa a t t h i s s t a t i o n a r e 

shcwm in F i g . 5 . 2 . The biomass of po lychae tes f e l l between November 1978 

and January 1980 with a small peak in July-September 1979. Molluscs de -

creased in biomass between Ju ly and September 1978 but r o s e s l i g h t l y in 

November 1978. The biomass of c rus t aceans rose s l i g h t l y between Ju ly 

and November 1978 and f e l l g r adua l l y between January and Ju ly 1979. 

The biomass ranking of the spec ies a t S t a t i o n 2 i s shown in Table 

5 . 4 . Except in Ju ly 1978, Nere i s d i v e r s i c o l o r remained t h e biomass domin-

ant spec ie s throughout the s tudy and accounted f o r more than 70% of the 

t o t a l macrofaunal biomass. The mean biomass of a l l macrofauna a t the 

s t a t i o n amounted t o 0.99gm . On the b a s i s of mean weigh t s t h r e e spec i e s , 

d i v e r s i c o l o r . Nephtys hombergi and Carcinus maenas had i n d i v i d u a l weight 

g r e a t e r than 500mg; measured as ash f r e e dry we igh t . The th ree spec ie s 

accounted f o r more than 80% of t o t a l macrofaunal biomass a t the S t a t i o n . 

The v a r i a t i o n in the biomass of the top ranked s p e c i e s a t s t a t i o n 2 

i s shown in F i g . 5 . 3 . The biomass o f & . d i v e r s i c o l o r f e l l between Septem-

ber 1978 and May 1979 and was fol lowed by g r e a t f l u c t u a t i o n s . c a p i t a t a 

showed a seasona l t rend in biomass with i n c r e a s e i n the summer months with 

peaks in September but f e l l in the win te r months. Eteone lonoa dec l ined 

in biomass throughout the s tudy with summer peaks between J u l y and November. 



Table 5 . 1 . 

VARIATIUN IN TOTAL MACROFAUNAL BIUMASS 

JULY 1978- MARCH 1980 

218 

T'" 
1 STATION 2 STATION 5 STATION 9 STATION 20 1 

1978 Ju ly 1 3.1888 89.3945 2.7456 3.3426 1 

Sept ' 1.5842 120.6608 3.9266 8.8364 i 

Nov : 1.9747 138.7609 0 .5265 2.0893 i 
i 

1979 Jan 1.1299 80.5572 0.2782 
[ 

2.2098 I 

March 0.6707 100.0813 0.2902 2.0973 ! 

May 0.2544 53.0930 2 .2228 2.6443 

July 0.8393 51.6104 0.2736 2.(%42 : 

Sept 0.4361 149.6768 0.3273 1.1988 i 

Nov 2.2346 111.3371 0.2953 1.6756 

1980 Jan 0.1418 43.2008 0.0928 1.5522 

March ; 0.4476 i 56.3906 0.2067 . 2 .0985 

Mean biomass ; 0.9944g m ^ 
1 
1 90.5332g 0.8517g |2 .5622g 



Table 5 . 2 . BIOMASS LCPRKSENTATICN (ner m as " of t o t a l ) OF MAJOR ANIkAL TAXA AT THE SKLECTEn STATIONS 

1978 

July 

Sept 

Nov 

1979 

Jan 

March 

May 

July 

Sept 

Nov 

1980 

Jan 

March 

STATION 2 : STATION 5 ' STATION 9 ' STATION 20 

Polych. C r u s t . Moll. Others Polych. C r u s t . K o l l . Others Po lych . C r u s t . Moll . Others Polych . C r u s t . Moll, Others 

32.16 0 .20 67 .63 

91 .93 7 .48 0 ,61 

87.66 11.42 0 ,91 

99,90 

98.85 

99.90 

98.00 

100.0 
100.0 

100.0 
100.0 

0.10 
1.15 

2.00 

1.51 0.16 98 .33 

1.30 0.22 98.45 

6 .33 2 .25 91.40 

4 .47 0.36 95 .17 

4.19 0 .01 95.81 

0 .10 8 .72 0 .03 91.17 

9 .65 0.06 90.29 

' 3.42 0 .01 96.66 

1.79 0.16 98.06 

7.32 i 0 .03 92 .65 
! 5 

2 .80 0 .23 96.97 

98.32 0.84 

0.03 99 .95 0 .05 

0.02 99.60 0.40 

— luo.o -
— 100,0 — 

0,08 99.57 0 .43 

91.16 5 .41 

- : i00 .0 

- 1(XL0 

- jlOO.O 

- ilOO.O I -

0 .84 - 65.41 0.54 34.05 

25.56 72.71 1.74 

- - 96.66 0.66 3 .68 

97,02 0 ,53 2.44 

98 .43 0 .85 0 .72 

86.01 

3.44 58 .0 

- 96.60 0 .40 3 . 0 0 

96.53 0 .41 3 .07 

i 99 .43 0.44 0 .13 

98.96 i 0 .21 0 .83 

0.26 13.74 

5 .7 36.4 

CO 
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STATT(jN 2 

Nere i s d i v e r s i c o l o r 

C a p i t e l l a c a p i t a t a 

Eteone lonaa 

Average Biomass 
—2 

mg.m 

899.U 

33 .0 

24 .0 

STATION 5 

Mercenaria mercenar ia j 802u7 

Nephtvs homberpi | 1496.0 

C a u l l e r i e l l a c apu t e soc i s ; 1031.0 

STATION 9 

C a p i t e l l a c a p i t a t a 

Nere i s d i v e r s i c o l o r 

Eteone longa 

STATION 20 

Nephtys hombergi 

C a u l l e r i e l l a capu te soc i s 

Abra n i t i d a 

496.0 

313.0 

7 .00 

1630.0 

272.0 

264.0 

y of t o t a l 
macrofaunal 

biomass 

76.8 

2.8 
2.1 

86.8 

1.62 
1.12 

48.8 

30.8 

0.01 

58.4 

9 . 7 

9 . 5 

Table 5 . 3 . Mean biomass of t h r e e biomass dominant s p e c i e s 

a t each of the f o u r s e l e c t e d s t a t i o n s 
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Table 5 . 4 STATION 2 

BIuMASS RACKING OF TOP 7 SPECIES iMLWUGHOUT rHE STUDY PCSIUD (Ju ly 1978-Warch 1980) 

Abra n i t i d a 

I Nenhtys hombergi 

Cerastoderma edu le 

C a u l l e r i e l l a c a p u t e s o c i s 

Cranaon cranoon 

Mercenaria mercenar ia 

Eteone longa 

I Philomedes o lobosus 

I M i e I s d i v e r s i c o l o r 

i Carc inus maenas 

.Un iden t i f i ed po lychae te 

C a p i t e l l a c a p i t a t a 

Polvdora c i l i a t a 

S a b e l l a pavonina 

Anal t i d e s macula ta 

i I d o t e a l i n e a r i s 

U n i d e n t i f i e d mi te 

i Pfawnus f lexuosw? 

I Gorophium in&Adipsum 

Ju ly 

1 

2 

3 

4 

5 

6 

7= 

7= 

1970 

Sept 
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Nov 

4 

6 

7 

1 
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6 

7= 
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5 

Jan I Mar ! Nay 

1979 

Ju ly 

2 

4 

3 

6 

Sept I Nov 

1980 

Jan March 

3 

1 

2 

1 

r o 
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The t o t a l macrofaunal biomass a t S t a t i o n S i s shown in F i g . 5 . 4 . 

The biomass increased in l a t e summer and e a r l y autumn with peaks in 

September and November. There were d r a s t i c f a l l s i n the w in t e r months 

p a r t i c u l a r l y in J anua ry . The changes in the biomass of major animal 

taxa are presented in F i g , 5 . 5 . Molluscs as a g roup were biomass domin-

ant throughout the per iod of s tudy . The i r biomass remained high and 

cons tan t with only small i n c r e a s e s in November 1978 and September 1979. 

The biomass of po lychae tes rose between Ju ly 1978 and September 1979 

with peaks in November 1978 and September 1979. The biomass f e l l 

s l i g h t l y from November 1979 onwards. The biomass of c rus taceans remained 

low and f l u c t u a t e d throughout the period of s t u d y . Inc reases in biomass 

occurred in November 1978, November 1979 and March 1980. 

Based on biomass ranking, Mercenaria mercena r i a was the biomass 

dominant s p e c i e s . Table 5 . 5 . shows the biomass rank ing of top t en 

s p e c i e s , Changes in t h e ranking p o s i t i o n of o t h e r spec i e s were due 

t o changes in t h e i r d e n s i t i e s . Mercenaria a lone accounted f o r about 

88/^ of the t o t a l macrofaunal biomass a t t h i s s t a t i o n . The mean biomass 

f o r a l l macrofaunal assemblage a t t h i s S t a t i o n amounted t o 90.53gm" , 

The changes in biomass of the dominant s p e c i e s a t t h i s s t a t i o n 

a re shown in F i g . 5 . 6 . The biomass of Mercenaria was high and s t a b l e 

throughout the study with peaks in September and November 1979. N. 

hombergi and C a u l l e r i e l l a c a p u t e s o c i s showed a s i m i l a r t rend in biomass 

between Ju ly 1978 and January 1980. During the p e r i o d , t he biomass 

showed an obvious s e a s o n a l i t y , i nc r ea s ing in the summer months wi th 

peaks in May-July 1979, At the end of sampling in March 1980, t h e b i o -

mass of j&. homberqi f e l l , but t h a t of c a p u t e s o c i s rose s l i g h t l y . 

The biomass of t o t a l macrofaunal assemblage a t S t a t i o n 9 i s p r e -

sented in F i g . 5 , 7 , The biomass decreased between J u l y 1978 and March 

1980 and remained low except f o r a peak in September 1978 and May 1979. 

Po lychae tes as a group were biomass dominant and t h e i r biomass amounted 

to more than 98% of the t o t a l macrofaunal b iomass . 

The biomass of major animal taxa a t t h i s s t a t i o n i s shown in F i g . 

5 . 8 . The mollusca were represen ted only once in J u l y 1978 and had a 

biomass of 0.84% of the t o t a l macrofaunal b iomass . C rus t aceans , as a 

group, showed v a r i a t i o n s i n t h e i r biomass wi th t ime, and comprised 

between 0 . 0 5 and 0,84% of the t o t a l macrofaunal biamass a t the s t a t i o n . 

The biomass ranking of top f i v e dominant s p e c i e s i n terms of b i o -

mass a t S t a t i o n 9 i s shown in Table 5 . 6 , C a p i t e l l a c a p i t a t a was b i o -

mass dominant throughout except in Ju ly 1978 and March 1980. The 
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BIUMASS LANkING UF TOP 10 SPECIES THKuUGHUWf SfUDY PEklOD (July lQ7H_Warch IQBO) 

Mercenaria mercenar ia 

Venerupis p u l l a s t r a 

C a u l l e r i e l l a capu tesoc i s 

Nephtvs homberai 

Ci r r a t u l u s ci r r a t u s 

Melinna palmata 

Carcinus maenas 

Abra n i t i d a 

Nereis d i v e r s i c o l o r 

Cerastoderma edule 

Crepidula f o r n i c a t a 

Nassar ius r e t i c u l a t u s 

Cranqon v u l g a r i s 

Eteone longa 

Nereis v i r e n s 

Un iden t i f i ed polychaete 

Pvcnoqonum l i t t o r a l e 

Philomedes globosus 

Ana i t ides maculata 

Lenidonotus squamata 

Nucula t u r q i d a 

Pgiiambwg typisws 
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Table 5 .6 
STATION 9 

BIUHASS UAhkING Or llM' 5 SPECICS THWJUGHUUi' 5IUMY PKhTUn (July 1978_Marrh 1980 

Nere i s d i v e r s i c o l o r 

C a p i t e l l a c a p i t a t a 

Nephtys homberqi 

Abra n i t i d a 

C a u l l e r i e l l a capu te soc i s 

Sabel^a pavonina 

Eteone longa 

Ci r r a t u l u s c i r r a t u s 

Corophium insidiosum 

U n i d e n t i f i e d mysidae 

Carcinus maenas 

Gas t e ros t eus 

Polydora c i l i a t a 

1 

2 

3 

4 

5 

1978 

July Sept 

5 
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4 

Nov 

2 
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4 

3 

5 

Jai 

2 

4 

3 

Mar 

4 

1 

2 

3 

1979 

May July 

4 

5 
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4 

5 

Sept 
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Nov 

2 

1 

1980 

Jan Mar 

3 1 

1 2 
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spec ies accounted f o r 34-92% of t o t a l macrofaunal bioraass a t the s t a t i o n . 

F l u c t u a t i o n s in the ranking of N. d i v e r s i c o l o r were due to the variation 

in r ec ru i tmen t of small i n d i v i d u a l s . In Ju ly 1978 and March 1980, when 

l a rge numbers of small i n d i v i d u a l s of d i v e r s i c o l o r were r e c r u i t e d 

i n t o the s i eve , the biomass was high and the animal was biomass dominant, 

F l u c t u a t i o n s in d e n s i t i e s of o the r spec ies probably accounted f o r t h e i r 

ranking p o s i t i o n s . The t o t a l macrofaunal mean biotnass amounted to 

0.852gm 

V a r i a t i ons in the biomass of the dominant s p e c i e s a t S t a t i o n 9 

are p resen ted in F i g . 5 . 9 . C. c a p i t a t a showed g r e a t f l u c t u a t i o n s in 

biomass, though ranked topmost a t the s t a t i o n . d i v e r s i c o l o r a l s o 

decreased in biomass throughout the study with peaks in May 1979 and 

March 1980. E. 1onaa f e l l in biomass throughout t h e study per iod except 

f o r peaks in Ju ly and November 1979, 

The biomass of the t o t a l macrofaunal assemblage a t S t a t i o n 20 

between Ju ly 1978 and March 1980 i s shown in F i g . 5 . 1 0 . The biomass 

remained s t a b l e throughout the study per iod with peaks in September 1978 

and July 1979. The biomass of the major animal t a x a i s shown in F i g . 

5 . 1 1 . The f i r s t peak in t h e t o t a l macrofauna biomass in September 1978 

was due t o c ru s t aceans reaching a biomass peak in t h a t sample as e v i -

denced from the graph . The second peak, however, was due to a peak in 

biomass by mol luscs in Ju ly 1979. The high i n c r e a s e in the c ru s t acean 

biomass in September 1978 was due t o a l a r g e specimen of Carcinus 

(6.41g) which accounted f o r 72.3% of the macrofaunal biomass in t h e 

September 1978 sample a t the s t a t i o n . When the biomass of Carc inus 

in September 1978 sample a t the s t a t i o n i s ignored , t h e biomass remained 

a t a r e l a t i v e l y high l e v e l between Ju ly 1978 and J u l y 1979, but a t a low 

l e v e l a f t e r w a r d s . The i n c r e a s e i n the molluscan biomass in Ju ly 1979 

was due t o Abra n i t i d a reaching i t s peak biomass . The po lychae tes as 

a group had a s teady bioraass between Ju ly 1978 and May 1979 but f e l l 

between Ju ly and November 1979. The biomass of m o l l u s c s f e l l t h rough-

out the s tudy except in May and Ju ly 1979, 

The ranking of e igh t biomass dominant spec i e s i s p resen ted in 

Table 5 . 7 . N. homberoi emerged as the top biomass dominant s p e c i e s 

except in September 1978, and accounted f o r more t han 44% of the t o t a l 

macrofaunal b iomass . Other s p e c i e s , except C. c a n u t e s o c i s and A, n i t I d a 

showed wide f l u c t u a t i o n s in t h e i r biomass r ank ing . The mean biomass of 

t h e macrofaunal assemblage a t t h i s s t a t i o n amounted t o 2.562gm 

Changes in the biomass of t h ree dominant s p e c i e s a t the s t a t i o n 
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Table 5.7 STAflUN 20 

BIUNASS RANKING Ut TOP 8 SPECIES THROUGHOUT SlUDY PCHlun ( Ju lv l978 -March 1980) 

Nephtys hombergi 

.aw nitjda 

C a u l l e r i e l l a capu te soc i s 

Nereis d i v e r s i c o l o r 

f l g o n e lonqa 

Philomedes globosus 

Polvdora c i l i a ta 

Cerastoderma edule 

Carcinus rnaenas 

C i r r a t u l u s c i r r a t u s 

Ana i t ides maculata 

Eudorel la t r u n c a t u l a 

Nere i s v i r e n s 

Melinna palmata 

Sabe l l a pavonina 

Abra alba 
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are shown in F i g . 5 . 1 2 . The biomass of &. homber^i was s t a b l e through. 

out the s tudy . C. c a p u t e s o c i s f e l l g radua l ly i n biomass between July 

1978 and Ju ly 1979 with a peak in January 1980. n i t i d a showed 

seasonal t rend in biomass a t t h i s s t a t i o n with peaks in J u l y . 

The mean biomass of some spec ies whose p r o d u c t i o n were es t imated 

in the p re sen t study i s shown in Table 5 . 8 . 
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SPECIES STATION 2 STATION 5 STATIUN 9 STATION 20 

Sabe l la pavonina 0.00359 0.00097 0.006734 0.00885 

Melinna palmata 0.19279 - 0.00032 

C a p i t e l l a c a p i t a t a 0.03289 0.00127 : 0 .4963 0.00531 

C a u l l e r i e l l a c a p u t e s o c i s 1 0.0117 1.0307 : 0.001305 0.2716 

Nephtvs homberqi 0.06377 1.4955 0.00304 1.5059 

Nere i s d i v e r s i c o l o r 0.89916 0.1348 0 .3128 0.08218 

Eteone lonqa 0.0242 0.01376 0.00664 0.03178 

Polvdora c i l i a t a 0.004 0.0012 0.00097 0.00414 

Ana i t ides maculata O.U0106 0.00411 O.UOO 0.00597 

C i r r a t u l u s c i r r a t u s 0.00021 0.09291 : 0.00149 0.00130 

Abra n i t i d a : 0.11805 0.04514 1 0.00224 0.2639 

Mercenaria mercenar ia s 180.207 

^2 

Table 5 .8 Mean, biomass ( g m of the ben th ic macrofaunal spec ies used in es t imat ing 

secondary product ion 

O 
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5 . 3 . 2 . SECONDARy PaODUCTlUN ESTIMATKs; 

Two d i f f e r e n t approaches have been proposed by Cr i sp (1971) 

f o r e s t ima t ing t o t a l secondary product ion of a p o p u l a t i o n of animals 

in fundamental s t u d i e s of an ecosystem. The f i r s t method sums up 

a l l growth increments of the members of the p o p u l a t i o n as they occur 

dur ing the period under c o n s i d e r a t i o n . The second approach ignores 

growth p rocesses but c o n s i d e r s the f a t e of the biomass t h a t has been 

produced during a time i n t e r v a l . The l a t t e r approach assumes t h a t 

the organic m a t t e r or energy produced w i l l e i t h e r remain as l i v i n g 

m a t t e r a t the end of s tudy or have died or have been p reda t ed . 

Most product ion e s t i m a t e s employ the second approach . Produc-

t i on can be es t imated f o r s tocks with no r e c r u i t m e n t and f o r s tocks 

with r ec ru i tmen t where age c l a s s e s a re e i t h e r s e p a r a b l e or not s e p a r -

a b l e . In the p resen t s tudy , product ion was e s t i m a t e d f o r s tocks wi th 

r ec ru i tmen t where age c l a s s e s were s e p a r a b l e . The number of s p e c i e s 

whose secondary product ion can be determined using t h i s method of compu-

t a t i o n of mean number and weight increment i s l a r g e l y d i c t a t e d by the 

presence of a s u f f i c i e n t l y high popula t ion dens i t y a l lowing i d e n t i f i c a -

t i o n and s e p a r a t i o n of the yea r groups or c o h o r t s . In t h i s r e s p e c t , 

p roduct ion e s t i m a t e s were d i r e c t e d to only e i g h t e e n s p e c i e s l i s t e d below. 

At sampling i n t e r v a l s of two months, t h e s p e c i e s were sepa ra t ed 

i n t o c o h o r t s . The mean number of i n d i v i d u a l s of each cohort was m u l t i -

p l i ed by t h e change in weight dur ing the per iod of s u c c e s s i v e samples . 

The products from each sampling period were summed up and the annual 

product ion e s t i m a t e d . 

5 . 3 . 2 . 1 . Po lvchae tes 

S a b e l l a pavonina 

At the s t a r t of s tudy i n Ju ly 1978, t h i s s p e c i e s was absent a t a l l 

f o u r s t a t i o n s but was recorded in September 1978 a t vary ing d e n s i t i e s , 

v i z . 1740m ^ a t S t a t i o n 2, 48Um ^ a t S t a t i o n 20, but absen t a t S t a t i o n s 

5 and 9 . The spec ies occurred once in November 1978 a t S t a t i o n 9 and 

in March 1979 a t S t a t i o n 5 . Peak r ec ru i tmen t a t S t a t i o n s 2 and 20 

occurred in November 1978 and May 1979 r e s p e c t i v e l y . The s i z e f requency 

his tograms of i n d i v i d u a l s o f J S . pavonina a t each of t h e s t a t i o n s a r e 

shown in F igures 5 .13 and 5 . 1 4 . 

Each of the specimens recovered dur ing the s tudy measured l e s s than 

4mm in l eng th ( l e s s t e n t a c u l a r crown). The bulk of t h e popu la t ion 

appeared t o c o n c e n t r a t e i n a d i s c r e t e . g r o u p ( 1 . 7 - 3.0mm) and t h e mean 
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diy weight va r i ed between U.Ol and 2mg. The i n d i v i d u a l s occurr ing 

i n the same sample were regarded as belonging t o t h e same yea r group 

s ince no coelomic gametes were a p p a r e n t . I t was assumed t h a t spawn-

ing w i th in the spec ies took p l ace ou t s ide the s tudy a rea and t h a t j uven -

i l e s were r e c r u i t e d i n t o the study area but f a i l e d t o mature . 

At a l l s t a t i o n s the popula t ion dec l ined i n numbers during the 

win te r months. At S t a t i o n 20, a heavy r e c r u i t m e n t occurred in May 

1979 with heavy m o r t a l i t y in J u l y , d i sappea r ing from samples by Septem-

ber 1979. A small r ec ru i tmen t a l s o occurred in March 1980. 

The annual and mean annual e s t i m a t e s of p r o d u c t i o n fo r July 1978-

March 1980 a re shown in Table 5 . 9 . Maximum annual product ion of 

0.2747gm" y r was es t imated a t s t a t i o n 20 and t h e l e a s t e s t i m a t e of 
- 2 - 1 

0.00837gm y r a t S t a t i o n 2 . The product ion inc rement computations 

f o r j j . pavonina a t a l l f o u r s t a t i o n s are shown in Appendix V - V I I I , 

Melinna nalmata 

This ampharetid polychaete appeared as one of t h e dominant spec ies 

i n terms of abundance a t S t a t i o n 5 throughout the s t u d y , but only occa-

s i o n a l l y a t S t a t i o n 20# The Ju ly 1978 sample a t S t a t i o n 5 showed t h r e e 

d i s t i n c t y e a r c l a s s e s which were des igna ted ' 0 ' , ' I ' and ' I I ' y ea r 

g roups . The grouping was subsequent ly confirmed by f u r t h e r samples 

throughout the study per iod ( F i g . 4 . 1 Sec t ion IV) The maximum width 

of the c o l l a r was measured and used in yea r group c l a s s i f i c a t i o n . 

Observa t ions on the presence and absence of t h e coelomic gametes 

revealed t h a t j j . palmata popu la t ion in Southampton Water shed i t s ova 

twice a y e a r , in June and December, i n i t s second y e a r . A f t e r b r e e d -

ing, t he popu la t ion s u f f e r e d heavy post-spawning m o r t a l i t y . The ' 0 ' 

group i n d i v i d u a l s f i r s t recognised in Ju ly 1978 became the ' I ' group in 

May 1979, r e c r u i t i n g throughout the y e a r , with peak i n May, when a new 

' 0 ' group began t o appear in the s i e v e . 

The mean annual p roduc t ion e s t i m a t e fo r pa lmata a t S t a t i o n 5 

was 0,42gm"" y r Produc t ion of jM, palmata was a t i t s peak dur ing 

the 15 month per iod (Ju ly 1978-September 1979) when 83% of the t o t a l 

product ion f o r the 20-month per iod occurred , with 68% between J u l y 1978 

and July 1979 ( F i g . 5 . 1 5 ) . 

The annual p roduc t ion e s t i m a t e s f o r each y e a r c l a s s and c o h o r t 

a t S t a t i o n 5 a re p resen ted in Table 5 . 1 0 . The f i r s t coho r t accounted 

f o r more than 98% of the t o t a l p r o d u c t i o n . The p roduc t i on inc rements 

f o r palmata as computed a re shown in Appendix IX. 



STATION 2 STATION 5 STATION 9 STATION 20 

Ju ly 1978-July 1979 

Sept 1978-Sept 1979 

Nov 1978-Nov 1979 

Jan 1979-Jan 1980 

March 1979-March 1980 

Mean Annual Product ion 

Mean Biomass (mg m" ) 

r a t i o 

0 

0 

41.85 

0 

8 .37 

3 .59 

2 . 3 5 

0 .97 

139.139 

27.8287 

6 . 7 3 

4 .13 

341.4144 

342.574 

342.574 

342.574 

4 . 3 

274.6873 

8 .85 

31 

Table 5*9 Annual and mean annual product ion of Sabe l l a pavonina in mg m"^ yr"* 
a t four s e l ec t ed s t a t i o n s " 
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July 1978-July 1979 

Sept 1978-Sept 1979 

Nov 1978-Nov 1979 

Jan 1979-Jan 1980 

March 1979-March 1980 

1 s t COHOKT 

0-1 Year Class I - I I Year Class I I - I I I Year Class 

2nd COHORT 

109.040 

187.730 

187.730 

224.740 

281.940 

254.270 

254.270 

244,000 

238.420 

28,460 

9 .00 

9 .00 

9 .00 

0 

0 

3,480 

3 .480 

8 .990 

8 ,990 

8,990 

To ta l 
Produc t ion 

375.790 

454.480 

486.730 

472.150 

319.390 

Mean Annual Product ion 

Mean Biomass (gmT^) 

P/ 
'B r a t i o 

421,708 mg m ^ yr"* 

= 0 ,193 

= 2 ,19 

Table 5,10 Annual and Mean annual product ion of palmata i n mg m" y r " 

a t s t a t i o n 5 between Ju ly 1978 and March 1980 

ifk 
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This c a p i t e l l i d po lychae te proved to be n u m e r i c a l l y and biomass 

dominant a t S t a t i o n 9 and was important in t e r n s o f biomass a t S t a t i o n 

2 throughout the s tudy . At S t a t i o n 5, t h r e e j u v e n i l e s were recovered 

once in Ju ly 1978 and occurred a t low d e n s i t i e s ("ClOm" ) a t S t a t i o n 

20. The September 1978 samples a t S t a t i o n 2 showed a s i ng l e yea r group 

p resen t but two yea r groups a t S t a t i o n 9 , 

Examination of the coelomic gametes proved t h a t breeding in jE« 

c a p i t a t a in Southampton Water occurred throughout t h e yea r , with peaks 

in the l a t e summer and the l a t e w in t e r months. Newly s e t t l e d j u v e n i l e s 

appeared i n the s i t ved samples between September and March. Females 

produced ben th ic l a rvae i n the summer months but p l a n k t o n i c l a r v a e i n 

the w i n t e r months. Small s e t t l e m e n t s r e s u l t i n g f rom the w i n t e r breeding 

extended over a period of months. The s i z e requency histograms i n 

Sec t ion IV suggest t h a t t he gonads could mature i n l e s s than s i x months 

e s p e c i a l l y dur ing the summer. The popula t ion in Southampton Water bred 

a t varying ages (usua l ly l e s s than a year ) and s u f f e r e d a heavy pos t 

breeding m o r t a l i t y . 

The annual e s t ima te s of product ion f o r c a p i t a t a in Southampton 

Water va r i ed according to the s i t e s . The annual and rmsan annual produc-

t i o n e s t i m a t e s of c a p i t a t a a t a l l four s t a t i o n s a r e shown in Table 
-2 -"1 

5 . 1 1 . P roduc t ion e s t ima te s were high a t S t a t i o n 9 (1.62gm" y r " ) but 

low a t S t a t i o n 20 (0.004gm ^ y r ^ ) . The p r o d u c t i o n increments f o r ^ . 

c a p i t a t a a t the s t a t i o n s as computed a r e shown in Appendix X, 

P roduc t ion f o r & . c a p i t a t a a t s t a t i o n s 2 and 9 was a t i t s peak 

during the 12 month per iod , J u l y 1978-July 1979 when 59.2# and 9G.5# 

of the t o t a l product ion f o r the per iod of i n v e s t i g a t i o n occurred* At 

the s t a t i o n s , 48.6% and 45.7% r e s p e c t i v e l y of the t o t a l p roduc t ion 

occurred between March and May 1979 (F ig . 5 . 1 6 ) . P roduc t i on of the 

animal remained low a f t e r March 1979 a t S t a t i o n 9 and low from September 

1979 a t S t a t i o n 2 . 

C a u l l e r i e l l a c a p u t e s o c i s 

This small c i r r a t u l i d worm proved t o be n u m e r i c a l l y dominant 

throughout the study a t S t a t i o n s 5 and 20 but occu r red only o c c a s i o n a l l y 

a t S t a t i o n 2 and seldom a t S t a t i o n 9 . Three d i s t i n c t yea r c l a s s e s were 

p resen t between Ju ly and November 1978 a t S t a t i o n 5 and i n Ju ly 1978 

a t S t a t i o n 20 (see Sect ion I V ) . The two smal l e r c l a s s e s occur red i n 

h igher numbers but the group of l a r g e s t animals in Icwmr numbers . 



July 1978-July 1979 

Sept 1978-Sept 1979 

Nov 1978-Nov 1979 

Jsn 1979—Jan 1980 

March 1979-March 1980 

Mean annual Product ion 

Mean Biomass (gm" ) 

r a t i o 

STATION 2 

1 

44.043 202.224 

44.043 202.224 

44.043 I 202.224 

44.043 :202.224 

0 1202.224 

0 

169.498 

169.498 

169.498 

169.498 

382mg y r * 

0 .033 

11.6 

Tota l 
annual 

Product ion 

STATION 9 

"COHORTS T ' T ^ a l 

STATION 20 

246.267 

629.305 

629.305 

629.305 

371.722 

annual 
(Production 

917.581 779.085 

917.581 1854.216 

917.581 1854.216 

917.581 

176.118 

854.216 

854.216 

0.496 

3.26 

0 16% .666 
1 

0 1 

0 1771.797 0 1 
4559 1776.356 0.700 

26.119 1797.936 0.700 

26.119 1056.453 0.700 

m y r 0.42mg y r ^ 

0 .005 

0 .08 

Table 5 .11 Annual and mean annual product ion of C. c a p i t a t a in mg mT* y r " a t s e l ec t ed s t a t i o n s 

CO 
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No r e p r e s e n t a t i v e s of the t h i r d group were found a f t e r November 1978 

u n t i l ano ther si&ve r ec ru i tmen t in May 1979 a t S t a t i o n 5, but the r e -

c ru i tment occurred subsequent ly in November 1978 a t S t a t i o n 20 . The 

popula t ion a t S t a t i o n 2 comprised only two yea r c l a s s e s . 

Observa t ions of the coelomic gametes showed t h a t c a p u t e s o c i s 

spawned twice a yea r i n Southampton Water, between June and October and 

between November and J a n u a r y . The prolonged b reed ing season in the 

summer months r e s u l t e d in a s e r i e s of small s e t t l e m e n t s . The spec ies 

Spawned when about a y e a r o ld , and s u f f e r e d heqvy p o s t spawning m o r t a l i t y . 

The unshed gametes were r e s o r t e d . Sieve r e c r u i t m e n t of j u v e n i l e s occ-

urred over a per iod of months with peaks i n October and May. 

The e s t i m a t e s of annual product ion f o r c a p u t e s o c i s a i ^ presented 

in Table 5 . 1 2 . The product ion var ied between 0.00022gm" y r " a t S t a t i o n 

9 t o 5,81gm ^ y r * a t S t a t i o n 5 . The computat ions of the annual produc-

t i o n f o r c a p u t e s o c i s a t each s t a t i o n a r e given i n Appendix XI - XIV. 

This nephtyid po lychae te emerged as biomass dominant po lychae te 

throughout the p re sen t s t u d y . The product ion of homberoi i n va r ious 

p a r t s of Europe i s wel l documented (Warwick and P r i c e p l 9 7 5 ; Warwick e t 

alp 1978; K i rkegaa rd ,1978) , Examination of the bimonthly samples i n t h e 

p resen t s tudy showed t h a t a t l e a s t two y e a r groups were p r e s e n t . As 

the animals in gene ra l tended t o fragment , the y e a r c l a s s e s were separa ted 

by s i z e f requency his tograms based on the measurement of the body width 

of the t h i r d segment behind the head . Such method s e p a r a t e d t h e yea r 

c l a s s e s e f f i c i e n t l y but whenever an over lap in the c l a s s e s emerged, the 

use of p r o b a b i l i t y paper was employed. The aging imethod using r ings 

on the jaws was employed t o confirm the ages of some i n d i v i d u a l s , though 

the r i n g s in many cases were i n d i s t i n c t and produced l e s s u s e f u l in fo rma-

t i o n compared with K i r k e g a a r d ' s (1978) f o r North Sea specimens . 

Examination of the coelomic gametes in the p o p u l a t i o n of Southampton 

Water revealed t h a t homberqi i n the e s tua ry spawned a l l the yea r wi th 

peaks between June and August and a l s o in January , u s u a l l y in i t s second 

y e a r . The popu la t ion s u f f e r e d a post-spawning m o r t a l i t y wdth 2 -

year old i n d i v i d u a l s s u r v i v i n g . Sieve r ec ru i tmen t reached i t s peak 

between September and March, 

The annual and mean annual e s t ima te s of p roduc t i on f o r # . homberai 

a t each s t a t i o n a re shown i n Table 5 . 1 3 . The cumula t ive pe rcen tage p r o -

duc t ion a t a l l t h r e e s t a t i o n s a r e shown i n F i g . 5 .17* P roduc t ion was 



STATION 2 STATION 5 ' STN.9 STATII& 20 
; 

COHOKTS To ta l 
Annual 
Produc 

t i on 

COHOnTS To ta l 
Annual 

Produc-
t i o n 

Annual 
Produc 

t i o n 

C 0 H 0 R T S Tota l I 
Annual i 

Produc- i 
t i on 

1 2 

To ta l 
Annual 
Produc 

t i on 
1 2 

To ta l 
Annual 

Produc-
t i o n 

Annual 
Produc 

t i o n 1 2 3 4 

Tota l I 
Annual i 

Produc- i 
t i on 

July 1978-July 1979 12.364 0.268 12.60G 5213.856 0 5213.856 0 1447.378 0 0 0 1447.378 1 
Sept 1978-Sept 1979 12.354 0.268 12.602 5213.856 0 5213.856 1.060 1447.378 423.252 178.006 0 2048.637 i 
Nov 1978-Nov 1979 12.354 0.268 12.602 7060.924 0 7060.924 0 1272.672 423.252 178.006 0 1873.931 1 
Jan 1979-Jan 1980 12.354 0.268 12.602 5981.372 114.834 6096.206 0 1259.712 423.252 364.730 159.758 2207.452 1 
Mar 1979-MaT 1980 0 0 0 5754.758 125.462 5580.220 0 1025.422 423.252 364.730 249.162 2062.565 j 

Mean Annual 
Product ion 10.0816mg m 

2 - 1 
y r 5806mg - 2 —1 

m y r 
o 

s 

1928mg m 

Mean Biomass 

(gm"2) 0.012 1.031 0.001 0.272 

r a t i o 0 .84 5 .63 0 .17 7 .09 

Table 5.12 Annual and mean annual product ion e s t i m a t e s of C. c apu t e soc i s in mg yr"* 

a t s e l ec t ed s t a t i o n s (July 1978 - March 1980) 

N) 



STATION 2 STATION 5 

COHORTS 

1 2 I Tota l 

J u l 78 - Ju l 79 45.375 81.261 126.636 

Sep 78—Sep 79 45.375 81.261 126.636 

Nov 78-Nov 79 45.375 8&.261 126.636 

Jan 79—Jan 80 0 80 .201 80.201 

Mar 79-Mar 80 0 0 0 

Mean Annual 
Product ion 

Mean Biomass 

STATION 20 

COHORTS 

1142.179 

1142.179 

963.600 

963.600 

0 

(gm"^) 

92.022 

P / B r a t i o 

0.0510 

1.80 

COHORTS 

2 3 4 5 T o t a l 1 
T 

2 3 4 1 Total 

1683.884 1303 .294 65.754 0 4195.111 1564.655 706.837 51.814 0 2323.306 
1683.884 2108 .974 65.754 0 5000.791 1564.655 706*837 69.766 0 2341.258 
1683.864 2108 .974 267.234 0 5023.692 1241.078 706.837 703.752 0 2651.667 

1298.764 2108 .974 520.662 50.720 3643.956 1241.078 576.987 708.752 5.750 2527.567 
1033.366 1773 .177 520.662 416.740 3743.945 811.958 569.907 766.266 291.125 2438.256 

4321.499 

1,4955 

2 .89 

1.5059 

1.63 

2456.4106 

g 1 

Table 5 . 1 3 . Annual and mean annual product ion of hombergi in mg m" y r " 

a t t he s e l ec t ed s t a t i o n s 
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2 5 5 

a t i t s g r e a t e s t during the t h r e e month per iod , November 1978 t o January 

1979 a t S t a t i o n 2, but between March and Way 1979 a t S t a t i o n 20 when 

639( and 43% r e s p e c t i v e l y of the t o t a l annual p r o d u c t i o n occur red . At 

S t a t i o n 5, product ion was s teady but peak product icm of 2f# occurred 

between January and March 1979. 

The annual product ion of homberpi ranged between 0.09gm" y r " 

a t S t a t i o n 2 and 4.32gm ^ y r ^ a t s t a t i o n 5 . The p roduc t ion increments 

as computed f o r f l . hombeigi a t the four s t a t i o n s a r e shown in Appendix 

XV - XVII. 

Nere i s d i v e r s i c o l o r 

This spec ie s occurred i n s i g n i f i c a n t numbers a t S t a t i o n s 2 and 9 

where i t ranked dominant in terms of biomass t h r o u g h o u t the study biW 

showed l e s s prominence a t S t a t i o n s 5 and 20 . jAt s t a t i o n s 2 and 9, t h e 

spec ies showed two or t h r e e y e a r c l a s s e s (Sec t ion IV) but the d e l i c a c y 

of the specimens o f t e n c r e a t e d some d i f f i c u l t y i n o b t a i n i n g i n t a c t 

specimens in l a r g e numbers. In t h i s r e s p e c t , the w i d t h of the f i r s t 

a n t e r i o r segment behind the head was measured and used in c l a s s i f y i n g 

the y e a r g roups . Whenever an over lap occurred between the yea r groups, 

p r o b a b i l i t y graph paper was used to s e p a r a t e them* 

Spawning occurred throughout the y e a r in the N e r e i s d i v e r s i c o l o r 

popu la t ion i n Southampton Water, with peaks in A p r i l and August . The 

popula t ion s u f f e r e d a rapid post-spawning m o r t a l i t y . Sieve r ec ru i tmen t 

took p lace throughout the yea r with peaks in November and March. The 

' 0 ' group i n d i v i d u a l s f i r s t observed in November 1978 cont inued r e c r u i t -

ing i n t o the 0,5mm s ieve u n t i l May 1979 when a peak i n abundance was 

reached and the group became the ' I ' group as the new ' 0 ' group s t a r t e d 

to make i t s appearance . 

The annual and mean annual product ion f o r [ i . d i v e r s i c o l o r a t each 

of the s t a t i o n s a re shown i n Table 5 . 1 4 . The annua l product ion was 
- 2 - 1 

h i g h e s t a t S t a t i o n 2 wi th 4 .36 gm y r and lowest a t S t a t i o n 5 wi th 
- 2 - 1 

0.08gm y r . The p roduc t ion increments f o r N. d i v e r s i c o l o r a t t he 

s t a t i o n s as computed a re shown in Appendix XVIII - XXI. 

Eteone longa 

This phyl lodocid po lychae te occurred i n high numbers a t S t a t i o n 2 

bu t in r e l a t i v e l y lownumbers a t the o the r s t a t i o n s . The s i z a f requency 

his tograms shown in F i g s , 5 .18 - 5 .21 f o r t h e s e l e c t e d s t a t i o n s r evea l ed 

t h a t the po lychae te was an annual in Southampton Water . Spawning took 



- 1 5 

COHORTS COHORTS CUtiOKTS 

1 2 3 Tota l 1 2 3 4 Tota l 2 3 ,1 Total I 

J u l 78 t o 
J u l 79 995.265 1071.467 0 0 2066.9120 0 500.692 600.627 4.175 0 1165.494 13.188 0 0 13.188 

Sep 78 t o 
Sep 79 995.265 1455.047 0 0 2450.312 82.800 500.692 660.627 12.950 0 1174.269 13.188 0 0 13.188 

Nov 78 t o 
Nov 79 4540.3% J455 .047 874.08 0 6869.503 304.950 500.692 660.627 12.950 0 1174.269 13.188 96.46 0 109.64 

Jan 79 t o 
Jan 80 3025.245 1455.047 874.08 0 6354.37B 0 450.672 660.627 12.993 27.102 1154.394 13.188 96.46 0 109.64 

Mar 79 to 
Mar 80 901.664 1455.047 1063.344 79.665 4421.384C 0 0 0 0 362.712 362.712 13.188 0 412.60 523.2 

Mean Annual 
Product ion 

Mean Biomass 
(gm-2) 

P/ B r a t i o 

4355.8164 

0.8992 

4 .84 

77.550 

0.0809 

0.96 

1005.628 

0 .3128 

3 .22 

153.8 

0.03218 

4 .78 

Table 5 . 1 4 . Annual and mean annual p roduc t ion of &. 

a t t he s e l e c t e d s t a t i o n s 

—2 - 1 
in mg m y r 

W? 
CD 
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place some time between May and Ju ly a t S t a t i o n 2, between September 

and November a t S t a t i o n s 5 and 20 but between J anua ry and March a t 

S t a t i o n 9 . The newly r e c r u i t e d j u v e n i l e s en te red t h e s ieve between 

July and November a t S t a t i o n 2, 5 and 20, but not u n t i l March a t 

S t a t i o n 9 . 

The annual and mean annual product ion e s t i m a t e s f o r each cohor t 

a t the s e l e c t e d s t a t i o n s a re shown in Table 5 , 1 5 . The annual produc-

t i o n ranged between U.041gm"^yr"^ a t S t a t i o n 2 and 0.13ym ^yr"* a t 

S t a t i o n 9 . The product ion increments as computed a t t he four s t a t i o n s 

are presented in Appendix XXII - XXV. 

This phyl lodocid worm occurred a t low d e n s i t i e s ( l e s s than Sum ) 

a t the s e l ec t ed s t a t i o n s . Apart from January and March 1979 samples 

a t S t a t i o n 20, where i n d i v i d u a l worms were e a s i l y grouped i n t o ' 0 ' and 

' I ' yea r c l a s s e s , a l l o ther i n d i v i d u a l s belonged t o the ' 0 ' group 

( F i g s . 5.22 - 5,23) A f t e r breeding between November and January, 

the popula t ion of maculata in Southampton Water s u f f e r e d a gradual 

pos t -b reed ing m o r t a l i t y and d isappeared from samples by &arch a t S t a t i o n 

5̂  and by May a t S t a t i o n 20, The new ' 0 ' group appeared in the s i eve 

in March 197v a t S t a t i o n 5 and in January a t S t a t i o n 20 . During the 

summer months in 1979, i t was c l e a r t h a t the yea r c l a s s was poorly repre-

sented and the popula t ion as a whole f e l l in abundance. 

The annual and mean annual product ion f o r macula ta a t the s e l -

ected s t a t i o n s a re shown in Table 5 , 1 6 . P roduc t ion was g e n e r a l l y low 
- 2 - 1 

in the study a rea , varyiny between 0.0007gm y r a t S t a t i o n 2 and 

O.Olgm" y r a t S t a t i o n 20 . The product ion inc rements computed f o r 

A. maculata a t the four s t a t i o n s a re presented in Appendix XXVI - XXVIII. 

The Ju ly 1978 samples of t h i s c i r r a t u l i d a t a l l s e l e c t e d s t a t i o n s 

appeared to show only one yea r g roup . Subsequent samples a t S t a t i o n 5 

revealed t h a t t h i s was not the case a t the s t a t i o n as two yea r groups 

were d i s t i n c t a t the s t a t i o n between l a t e summer and e a r l y autumn. At 

o the r s t a t i o n s the animal occurred a t low d e n s i t i e s making i t d i f f i c u l t 

t o fo l low i t s growth. S ize f requency his tograms of c i r r a t u s ut the 

se l ec ted s t a t i o n s a re presented in F i g s . 5.24 - 5 . 2 6 , 

At S t a t i o n 5, spawning of the animal occurred between August axd 

September dur ing the s tudy . The ' 0 ' group f i r s t observed in November 
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STATION 2 STATIuN 5 STATION . STATION 20 

CvHuLTS CJiiuiiTS COHORTS 

- 4-
j 

COHUhTS 
— - - — 

Tota l i 

1 2 Tota l 1 

1 

2 1 

4.130 I 

To ta l 1 2 Total 1 1 • 2 

— - - — 

Tota l i 

J u ^ 7B to 
July 79 46.243 u 46.243 59.176 

1 

2 1 

4.130 I 

63.3u6 98.187 32.283 130.470 85.370 0 85.370 

Sept t o 
Sept 79 46.243 0 46.243 59.176 33.88 93.U55 98.187 3%.283 130.470 85.370 0 85.370 

Nov 78 t o 
Nov 79 46.243 U,357 46.600 0 33.88 33.88 98.187 34.133 132.320 85.370 0 85.370 

Jan 79 to 
Jan 80 46.243 0.357 46.600 0 33.88 33.88 98.187 44.324 142.511 66.092 13.728 79.820 

Mar 79 to 
Mar 80 19.423 0.357 19.779 0 33.88 33.88 0 0 0 54.318 15.424 69.742 

Mean Annual 
Product ion 41.UQ3 51.600 133.943 8L134 

Mean Biomass 

U.(B42 0.0138 0.0066 0.03178 

P:B r a t i o 1.70 3.74 20.17 
1. -

2.55 

Table 5 .15 . Annual and mean annual production of £ . longa in my m ^ yr~^ a t the 

se lec ted s t a t i o n s 

o:) 
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STAflUN 2 STATION 5 STAilON 20 

Ju ly 1978 - Ju ly 1979 0 3.838 11.232 

Sept 1978 - Sept 1979 0 3.838 11.232 

Nov 1978 - Nov 1979 0 3.838 11.232 

Jan 1979 — Jan 1980 3 .413 0 11.232 

March 1979 - March 1980 U 0 11.232 

Mean Annual Produc t ion 0.6826 2.3028 11.232 

Mean biomass (gm 0.00084 0»0041 0.00597 

P:B r a t i o 0 .81 0.56 1.88 

Table 5 . 1 6 . Annual and mean annual product ion of maculata in mg m" y r " 

a t the s e l e c t e d s t a t i o n s 
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1978 became the ' I ' group in September 1979 when t h e rww ' 0 ' group 

s t a r t e d to appear in the s i e v e . At o the r s t a t i o n s , iJie number of i n d i -

v i d u a l s in each sample was inadequate to de t e rmine the timing and age of 

b r eed ing . Never the less the s i z e frequency h i s t o g r a m s a t s t a t i o n 9 

( F i g . 5 .24) sugges t s t h a t spawning of the animal a t the s t a t i o n occurred 

some time between autumn and win te r 1978/79, and s i e v e rec ru i tment of 

j u v e n i l e s in March 1979, 

The product ion e s t i m a t e s f o r & . c i r r a t u s a t the s t a t i o n s under 

i n v e s t i g a t i o n a re shown in Table 5 , 1 7 . The product icm es t ima te s ranged 

between U.OObgm ^ y r * a t S t a t i o n 9 and 0.55gm ^ y r " * a t S t a t i o n 5 . 

Product ion increments computed f o r j C , c i r r a t u s a t each s t a t i o n a r e shown 

in Appendix XXIX - XXXI. 

Polydora c i l i a t a 

tai2 
This spionid polychaete occurred a t f l u c t u a t i n g d e n s i t i e s (1-I086m"" ) 

a t the s e l e c t e d s t a t i o n s . No specimen of the worm i^icovered dur ing the 

study was sexua l ly mature . The a s s o c i a t i o n of t h e animal and C. c a p i t a t a 

and the s i m i l a r i t y in t h e i r r ep roduc t ive s t r a t e g i e s (Grass le and Gras s l e 

1974) demands f u r t h e r i n v e s t i g a t i o n , which i s o u t s i d e the scope of the 

p resen t s tudy . 

The product ion e s t i m a t e s of the animal, based on the s i z e f requency 

his tograms a t each of the f o u r s t a t i o n s a re p r e s e n t e d in Table 5 . 1 8 . The 
O 1 

product ion a t S t a t i o n 2 was es t imated a t 0.04gm y r " , a t S t a t i o n 5 a t 

0,005gm ^yr"*, a t S t a t i o n 9 a t O.Olgm ^yr * and a t S t a t i o n 20 a t 0.02gm 

The product ion increments computed f o r J P . c i l i a t a a t t he s t a t i o n s a re 

shown in Appendix XXXII - XXXV. 

5 . 3 . 2 . 2 . Molluscs 

Abra n i t l d a 

At S t a t i o n 2, t h i s shal low burrowing t e l l m i d b i v a l v e occurred only 

twice dur ing the s tudy . Al l the Abra i n d i v i d u a l s i n July 1978 sample 

were ass igned to the 'U ' group (Sect ion IV) . The group s u f f e r e d heavy 

post-spawning m o r t a l i t y between Ju ly and September 1978, when the d e n s i t y 
—2 —̂  

f e l l from 585m t o Im d i sappear ing from samples by November 1978* 

The annual product ion f o r .A. n i t i d a a t the s t a t i o n wes es t imated a t 

0.0004gm ^ y r " * . 

The b i v a l v e occurred once, i n Ju ly 1978 a t S t a t i o n 9 a t a d e n s i t y 

of 14m No product ion was es t imated a t t h e s t a t i o n s ince no o t h e r 

i n d i v i d u a l s were o b t a i n e d . 



SfATIUN 5 STATION 9 STATION 20 

COHORTS 

1 2 3 Tota l 

July 1978-July 1979 134.3741 309.430 240.838 674.642 5.60 0 

Sept 1978 - Sept 1979 134.374! 309.430 240.838 674.642 5.60 0 

Nov 1978 - Nov 1979 0 309.430 240.838 550.268 5.60 0 

Jan 1979 - Jan 1980 0 309.430 240.838 550.268 5,6G 0 

March 1979 - March 1980 0 75.466 240.466 316.304 5.60 33.764 

Mean Annual Product ion 553.225 5.6 6 .753 

Mean Biomass (gmT ) 0.0929 0.0015 0.00065 

P:B r a t i o 5 .9 U.67 6 . 8 

Table 5,17 Annual and mean annual production of C. c irratus in mg yr"* 

at the se lec ted s t a t i o n s 



" 1 

STAflUN 2 STATION 5 STATION 9 STATION 20 

July 1978 - July 1979 

Sept 1978 - Sept 1979 

Nov 1978 - Nov 1979 

Jan 1979 - Jan 1980 

March 1979 - March 1960 

Mean Annual Product ion 

Mean Biomass (gm ) 

P:B r a t i o 

0 

0 

205.223 

0 

0 

41.0446 

0.004 

10.26 

0 

8.138 

16.698 

0 

4.000 

5.7672 

0.0001 

5.77 

0 

1.370 

60.052 

0 

0 

12.2844 

0.0001 

12.28 

COHORTS 

1 

0 

0 

85.470 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3.332 

17.7604 

0.0041 

4.29 

Total 

0 

0 

05.470 

0 

3.332 

"2 —1 

Table 5 .18 Annual and mean annual product ion of P . c i l i a t a in mg m" y r " 

a t the s e l ec t ed s t a t i o n s 

- J 



At S t a t i o n 5, a l l the i n d i v i d u a l s in Ju ly and September 1978 were 

assigned Lo ' 0 ' group, and spawned between August and September 1978, 

a f t e r which the group s u f f e r e d heavy post-spawning m o r t a l i t y . The group 

had disappeared from samples by the fol lowing March. A new ' 0 ' group 

appeared in the samples in November 1978 with recrui toKui t reaching a peak 

in May 1979 (Sec t ion IV) . The group spawned between Ju ly and August 1979 

and s u f f e r e d a heavy m o r t a l i t y a f t e r w a r d s , d i s a p p e a r i n g from samples by 

November 1979. The annual product ion of .&. n i t i d a a t t he s t a t i o n was 

es t imated a t 0.13gm y r " 

At S t a t i o n 20, a l l the Ju ly 1978 specimens were ass igned to the *0' 

group which spawned between Ju ly and August 1978. The group, l i k e o the r s , 

s u f f e r e d heavy pos t -b reed ing m o r t a l i t y and d i sappea red fi^m samples by 

the fo l lowing May. The new ' 0 ' group which appeared i n samples in Novem-

ber 1978 was wel l r ep resen ted and spawned between J u l y and August 1979, 

d i sappear ing from samples by March 1980. 

The annual product ion e s t i m a t e of A. n i t i d a a t t h i s s t a t i o n was 
—2 —1 

1.06gm" y r ; and expressed with o the r s t a t i o n s ' e s t i m a t e s in Tab le5 .19 . 

The product ion increments computed f o r A. n i t i d a a t t h e s e l e c t e d s t a t i o n s 

a re shown in Appendix XXXVI - XXXVIII. 

Mercenaria mercenar ia 

Mercenaria mercenar ia proved to be biomass dominant a t S t a t i o n 5 
" 2 

throughout the s tudy; though occurr ing a t low d e n s i t i e s (40-66m ) . The 

annual and mean biomass of the spec ie s expressed as g ash f r e e dry weight 

per metre ^ (excluding s h e l l p r o t e i n ) i s shown in Table 5 . 2 0 . The mean 

biomass of Mercenaria accounted f o r 93.28% of t o t a l macrofawnal biomass a t 

the s t a t i o n throughout the study p e r i o d . 

The annual product ion e s t i m a t e s f o r mercena r i a a t S t a t i o n 5 a re 

shown in Table 5 . 2 1 . The product ion increments computed f o r the b iva lve 

a t S t a t i o n 5 i s shown in Appendix XXKIK. ^^e P:B r a t i o c a l c u l a t e d f o r ^ . 

mercenar ia in the p r e sen t study amounted t o 1.09, about double t h a t of the 

i n t e r t i d a l Hamble S p i t popu la t ion (Hibbert 1976). 

5 . 3 . 2 . 3 . Crus taceans 

Most of the c r u s t a c e a n s encountered in the p r e s e n t s tudy bred con-

t inuous ly throughout the y e a r . The exact time of b reed ing was d i f f i c u l t 

t o d e l i n e a t e because samples were only taken a t two monthly i n t e r v a l s . 

The produc t ion e s t i m a t e s of the c rus t acean spec ies were made from the 

product of mean biomass of each spec ie s per sample and the o v e r a l l annual 



I July 1970 

I Sept 1978 

Nov 1978 . 

Jan 1979 -

. July 1979 

. Sept 1979 

Nov 1979 

Jan 198U 

March 1979 - March 1980 

Mean annual product ion 

Mean Biomass ' 

P:B r a t i o 

2 .067 

0.4134 

0.0472 

0.004 

Cuij Will's 

To ta l 

13.464|lC%.r 

13,464! 109.624! 

3.3321109.624 
! 

0 1109.624 

U l ico.ooo 

0 | l l 2 . 9 5 6 

20 .102! l29 .726 

108.608 127.502 136.110 

128.994 I I 

0.045^ } 

2 .85 

STATluA 20 

Luuuaib I 

1 2 : Tota l 

102.136 1049.008j 1151.144 

102.136 129,040| 321.1T6 

14.544 1290.040|1304.584 

14.544 1290.040 

3.010 1290.040 

0.2639 

4 .01 

1304.584 

T ^nnual and mean annual product ion of A. n i t i d a in img 

a t the s e l e c t e d s t a t i o n s 



YEAR CLASSES 

1 1978 1977 1976 1975 1974 1973 1972 1971 1970 

July 1976 - July 1979 0.0030 0.3388 0.948 1.370 5.484 21.896 22.839 20.060 5.294 

Sept 1978 - Sept 1979 0.0030 0.3288 1.332 2 .984 6 .788 22.954 27.346 18.940 5.934 

Nov 1978 - Nov 1979 0.0030 0.3288 1.250 4.070 10.040 24.440 21.924 17.254 4.866 

Jan 1979 - Jan 1980 - - 1*214 3.434 10.598 21.680 21.434 8 .388 4.866 

Mar 1979 - Mar 1980 — — 1.330 3.900 13.194 1 29.280 22.026 7.072 3 .548 

Mean Biomass 
1 

0.0030 j 0.3288 1.216 3.152 9 .221 1 24.060 23.114 14.342 4.781 

T o t a l Mean Biomass 80.207g m 

Table 5 .20 Table of Annual and mean annual biomass of Mercenaria mercenar ia 

in gm ^ a t S t a t i o n 5 . 

DO — 



YEAR CLASSES 

1978 1977 1976 1 1975 1974 1973 1972 1971 1970 1 

July 1978 - Ju ly 1979 0 1413.8 3556.0 4404.0 12614.8 20878.6 16671.6 20791.2 1922.8 

Sept 1978 - Sept 1979 0 1413.8 5187.4 4404.0 15274.2 25542.4 28625.4 25449.8 1922.8 

Nov 1978 - Nov 19T8 0 1413.8 5344.6 7607.8 13558.2 27608.2 28625.4 22445.0 1922.8 

Jan 1979 - Jan 1980 11.0 1413.8 4144.6 4435.2 17271.6 10240.8 20789.2 4658.6 1922.8 

March 1979 - March 1980 11.0 1682.4 6376.6 8976.2 15818.0 14701.0 20789.2 4658.6 380.0 

Mean Annual = 

Mean Biomass (gm" ) = 

P:B r a t i o = 

87695.5 mg m ^yr * 

80.207 

1.09 

—2 —1 

Table 5 .21 Annual and mean annual product ion of M. mercenar ia in mg m y r 

a t S t a t i o n 5 

-s i 
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P:B r a t i o a t the s t a t i o n of occur rence . 

Pariambus tvpicus 

This amphipod was recorded only a t S t a t i o n 5 and a t low d e n s i t i e s 
_2 

(2-168m ) among the s e l ec t ed s t a t i o n s . Breeding t o o k place throughout 

the yea r and s e p a r a t i o n of i n d i v i d u a l s i n t o d i s t i n c t c o h o r t s was d i f f i c u l t 

because of s h o r t l i f e - s p a n . The mean biomass was c a l c u l a t e d as 0.0028g 

m and product ion f o r t v p i c u s a t S t a t i o n 5 e s t i m a t e d a t 0.003gm" y r " . 

This amphipod was recorded a t varying d e n s i t i e s (2-140m"^) a t S t a t i o n s 

5 and 20 . At S t a t i o n 5, t h e mean biomass was c a l c u l a t e d as 0.0020gm 
—2 - 1 

and the annual product ion es t imated f o r the per iod of s tudy a t 0.002gm y r , 

At s t a t i o n 20 during the same per iod , the mean biomass forJM. p r y l l o t a l p a 
"™2 ^2 fw.1 

was 0.0004gm and product ion es t imated a t O.OOOlgm" y r " . 
Aora g r a c i l i s 

This amphipod occurred s p o r a d i c a l l y only a t S t a t i o n 5 but t h e l i f e 

cyc le could not be followed because of i t s low d e n s i t i e s . The mean b i o -

mass was c a l c u l a t e d as 0.002gm and the p roduc t ion e s t i m a t e d a t 

O.OOSgm ^yr 

^C^^^g^ium insidiosum 

This c r u s t a c e a n occurred s p o r a d i c a l l y a t S t a t i o n s 2 and 5 a t low 

d e n s i t i e s . At S t a t i o n 2, the mean biomass of i n s id iosum was c a l c u l a t e d 

as U.OUOlgm ^ and annual p roduc t ion es t imated a t O.OOlgm ^ y r " * . At S t a t i o n 
_2 

5, the biomass of t h i s c rus t acean amounted t o O.OOlgm and i t s annual p r o -

duc t ion was es t ima ted a t O.OOOlgm y r " . 

Philomedes olobosus 

The only os t racod c ru s t acean recorded in the p r e s e n t study was r e c o r -

ded in a l l s e l e c t e d s t a t i o n s except S t a t i o n 9 . The animal bred a t s h o r t 

i n t e r v a l s but cont inuous ly throughout the y e a r , making s e p a r a t i o n of i n d i v i -

dua l s iwto d i s t i n c t cohor t s d i f f i c u l t . At s t a t i o n 2 , the mean biomass of 

f . qlobosus was c a l c u l a t e d as 0 . 0 0 0 7 g m a n d i t s p roduc t i on e s t ima ted a t 

O.UOSgm y r . At S t a t i o n 5, t he mean biomass of t h e os t racod amounted t o 

0.0078gm ^ and i t s annual product ion f o r the period of s tudy was es t imated 
—2 —1 

a t 0.0095gm y r . At S t a t i o n 20, the mean biomass of the animal was 

O.OOSlgm and i t s p roduct ion es t imated a t O.Ollgm y r * 
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This cumacean c ru s t acean was recorded only a t S t a t i o n s 5 and 20 
_2 

and a t low d e n s i t i e s ( 2am ) . The mean biomass of the animal a t S t a t i o n 

5 was 0.004gm and i t s p roduc t ion f o r the s tudy p e r i o d es t imated a t 

0.0U47gm"^yr At s t a t i o n 20, the mean biomass of the animal was 

U.0028gm and i t s product ion f o r the per iod e s t i m a t e d a t O.OOSgm" y r " . 

The ranking of ben th i c macroinfaunal spec ie s i n order of t h e i r p roduc t -

ive importance a t t he s e l e c t e d s t a t i o n s in expressed i n Tables 5.22 - 5 . 2 5 . 

At S t a t i o n 2, e igh t spec ies accounted f o r more than of the t o t a l macro-

fat nal product ion with d i v e r s i c o l o r alone c o n t r i b u t i n g more than 80Pr of 

the t o t a l p roduc t ion . The totd[ macrofaunal p r o d u c t i o n a t the s t a t i o n was 

es t imated a t 5.3774gm ~yr the mean biomass as l . lTOgm"^, g iving a P:B 

r a t i o of 4 , 5 9 . 

At S t a t i o n 5, ten s p e c i e s accounted f o r more t h a n 88% of t o t a l macro-

fauna l p roduc t ion . mercenar ia a lone c o n t r i b u t e d almost 80% of the prw^ 

d u c t i o n . The t o t a l macrofaunal product ion a t t h i s s t a t i o n was es t imated a t 

112.213gm"^yr"^, the mean biomass as 92,433gm"^, w i th a P:B r a t i o of 1 .215 . 

Six macrofaunal spec ie s were ranked in o rder of t h e i r p roduc t ive 

importance a t S t a t i o n 9, and t he se accounted f o r about 99.2% of the t o t a l 

macrofaunal product ion in the s t a t i o n . C. c a p i t a t a c o n t r i b u t e d more than 

46% of the t o t a l p roduc t ion . The t o t a l macrofaunal product ion a t t he 

s t a t i o n was es t imated a t 3,4476gm ^yr"^ , the mean biomass being 1.0l7gm " 

and the P:B r a t i o was c a l c u l a t e d as 3 . 3 9 . 

At S t a t i o n 20, the annual product ion of the t o t a l macrofauna dur ing 
- 2 - I 

the period of study (July 1978 - March 1980J, was e s t i m a t e d a t 5.7236gm y r . 

Nine spec i e s (Table 5.24) accounted f o r 99.9^ of t h e t o t a l macrofaunal 

p roduc t ion . homberqi. the most p roduc t ive s p e c i e s a t t h i s s t a t i o n 

accounted f o r 42.9% of the t o t a l macrofaunal p roduc t i cm. The mean biomass 
_2 

a t the s t a t i o n was c a l c u l a t e d as 2.792gm and the P:B r a t i o was 2 . 0 5 . 

In g e n e r a l , product ion was high on the e a s t e r n s ide of Southampton 

Aater and towards the mouth of the es tuary but low on the w e s t e r n s i d e 

around Cadland creek, e s p e c i a l l y a t S t a t i o n 9 . The h ighe r P:B r a t i o on 

the western s ide ( S t a t i o n s 2 and 9) probably e x p l a i n s t h e s h o r t e r l i f e - s p a n 

of animals in the a r e a . Animals t h a t a re annuals u s u a l l y p rocess h igher 

r a t i o than those t h a t a re l o n g - l i v e d . The occu r r ence of s h o r t - l i v e d 

animals on the western s ide of the study area p robably serves as an i n d i c a -

t i o n of g r e a t e r phys ica l s t r e s s on the community. 
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Rank Mean 
Biomass 

gm-2 

Product ion 
-2 - 1 

gm y r 

1 P:B 

1 r a t i o 

1" 
% of t o t a l 

j macrofaunal 
production 

1 Nereis d i v e r s i c o l o r 0.899 4.3558 4 .84 81.00 

2 C a o i t e l l a c a p i t a t a 0.033 0.3820 11.6 i 7 .10 

3 Neohtvs hombezoi 0.051 0.0920 1.80 1 1.71 

4 Polvdora c i l i a t a 0.004 0.0411 10.26 0.76 

5 Eteone lonqa 0.024 0.0410 1 .70 0.76 

6 C a u l l e r i e l l a caou tes -
0.012 0.0101 0 .84 0 .19 

7 Abra ni t ida 0.0472 0.0004 0.009 0.01 

0.001 0.006 0 .081 0.01 

Tota l 1.071 4.923 91.54 

Others 0.099 0.4544 8.46 

Tota l macrofauna 1.170 5.3774 4 .59 

Polychaeta 0.93 4 .27 •> 79.41 

Crustacea 0.03 0 .14 2 .61 

Mollusca 0 .20 0.92 17.11 

Table 5,22 Mean Biomass, product ion and P:B r a t i o s a t S t a t i o n 2 



Rank Species Mean 
Biomass 

Production 
—2 —1 

gm yr 

P:B 

r a t i o 

% of total 
macrofaunal 

production 

1 80.207 87.6955 1.09 78.15 

2 C. caouteaocls 1.031 5.8060 5.63 5.17 

3 f i . hrmbArgi 1.496 4.3215 2.89 3 .85 

4 C. c irratus 0.093 0.5532 5 .9 0 .49 

5 M. oalmata 0.193 0.4180 2 .17 0 .37 

6 A. n i t ida 0.045 0.1230 2.85 0 .11 

7 N. d ivers i co lor 0.0609 0.0776 0.96 0 .07 

8 E. lonqa 0 .014 0.0516 3 .74 0 .05 

9 P. c i l i a t a 0.001 0.0058 5.77 0 .01 

10 A. maculata 0.004 0.0023 0.56 0 .00 

Total 83.165 101.0545 88.27 

Others 9 .268 11.1585 11.73 

Total macrofauna 92.433 112.2130 1.215 

Polychaeta 3.21 3 .90 3 .48 

Crustacea 0.38 0.462 0.41 

Mollusca 86.32 104.769 93.37 

Table 5 . 2 3 . Mean biomass, production and P:B ra t io s at Stat ion 5 
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Rank 
1 

Spec ies Mean 
Biomass 

gm-2 

Product ion 
•="2 —1 

gm y r 

P:B 

r a t i o 

% of t o t a l 
raacrofaunal 

product ion 

1 0.496 1.6198 3 .26 46.98 

2 N. d i v e r s i c o l o r 0 .313 1.0056 3 .22 29.17 

3 E. lonaa 0 .007 0.1339 2 0 . 1 7 3 . 8 8 

4 P . c i l i a t a 0 .001 0.0123 12 .28 0.36 

5 C. c i r r a t u s 0.002 0.0056 0 .56 0 .16 

6 C. c a p u t e s o c i s 0 ,001 0.0002 0 . 1 7 0 .01 

To ta l 0 .820 2.7774 80.56 

Others 0 .197 0.6702 19.44 

T o t a l macrofauna 1.017 3.4476 3 . 3 9 

Po lychae ta 1 .01 3 .420 99 .2 

Crus tacea 0 .005 0.016 0.46 

Mollusca 0 .002 0.007 0 .20 

Table 5 . 2 4 . Mean biomass, p roduc t ion and P:B r a t i o s a t S t a t i o n 9 
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Rank Spec ies 

1 

Mean 
Biomass 

- 2 
gm 

Product ion 
—2 —1 

gm y r 

P:B 

r a t i o 

— . 

of t o t a l 
macrofaunal 
production 

1 
1 

1 .63 2.4564 1.63 42.92 

2 0.272 1.9340 7 .09 33.79 

3 A. a i t i d a 0 .264 1.0569 4 .01 18.47 

4 N. d i v e r s i c o l o r 0 .032 0.1538 4 .78 2 .69 

5 E. jqwga 0.032 0.0811 2 . 5 5 1.42 

6 P . c i l i a t a 0.004 0.0178 4 .29 0 . 3 1 

7 A. maculata 0 .006 0.0112 1 .88 0 . 2 0 

8 C. c i r r a t u s 0 .001 0.0068 6 . 8 0 .12 

9 C. c a n i t a t a 0 .005 0.0004 0 . 0 8 0 . 0 1 

To ta l 2.246 5.7184 99 .93 

Others 0.546 0.0U52 0 . 0 7 

To ta l macrofauna 2.792 5.7236 2 . 0 5 

Polychae ta 1.92 3.936 68.76 

Crus tacea 0 .61 1.251 21.86 

Mollusca 0 .27 0.554 9 .68 

Table 5 . 2 5 . Mean biomass, p roduct ion and P:B r a t i o a t S t a t i o n 20 
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Table 5 ,26 shows the annual product ion of t o t a l macrofaunal assem-

blage a t each of the s e l e c t e d s t a t i o n s between Ju ly 1978 and March 1980. 



July 1978 - July 1979 

Sept - Sept 1979 

Nov 197U - Rov 1979 

Jan 1979 - Jon 19U0 

March 1979 - ^^rch 19UU 

STATION 2 

2498.6602 

2083.7662 

7089.8697 

66U1.3432 

/I812.8852 

STAriuN 5 

93U07.268 

l]9n7U.32n 

122239.57U 

75914.786 

85826.848 

STAilUN 9 

2998.2304 

3083.5068 

3287.7468 

3096.8414 

1424.765 

STAr,o^ 20 

5384.2638 

6245.6658 

6475.7066 

6594.1084 

6450.7200 

Annual Product ion 

(my m "yr ) 4937.3048 99313.356 2778.218 623U.0926 

Table 5 . 2 6 . Annual product ion in mg m '^yr" Tor a l l sn l ec t ed S t a t i o n s 

(Ju ly 1978 - March 1980) 

r c 
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Dl.SCIK.ShlS 

Une of the primary aims of the p r e s e n t s tudy h a s been t o ob ta in 

a reasonab ly a c c u r a t e e s t i m a t e of biomass and p r o d u c t i o n of the ma jo r 

c o n s t i t u e n t s p e c i e s in the s tudy a r e a and t o a s s e s s t h e t o t a l macro-

f a u n a l p r o d u c t i o n . The methods employed in t h e p r e s e n t study have 

some s h o r t - c o m i n g s . The t ime taken by some fauna b e f o r e reach ing a 

s i z e l a r g e enough to be held by 0.5mm s i e v e could not de termined with 

g r e a t a c c u r a c y . Some u n d e r - e s t i m a t i o n s of p r o d u c t i o n could a r i s e from 

the I n a b i l i t y of a s s e s s i n g ear ly m o r t a l i t y . The r e s u l t s of t h e p r e s -

en t s tudy p o i n t e d t o l i t t l e ev idence of s eve re m o r t a l i t y u n t i l the t ime 

of b reed ing as the p o p u l a t i o n d e n s i t i e s of many aniimals were high p r i o r 

t o b r e e d i n g . No twi ths t and ing , many macrofauna r ecove red in the p r e s e n t 

s tudy s u f f e r e d heavy p o s t - b r e e d i n g m o r t a l i t y though h igh r e c r u i t m e n t s 

r e s u l t e d from b r e e d i n g . C. c a p u t e s o c i s . &. c a p & a t a and pa lmata . 

f o r example* occurred i n high numbers throughout t h e s tudy , but d e c l i n e d 

a f t e r b r e e d i n g , A temporary high m o r t a l i t y r a t e soon a f t e r s e t t l e m e n t 

could probably i n t r o d u c e an e r r o r i n the p roduc t ion e s t i m a t e s . 

I t was assumed t h a t t hose s p e c i e s occur r ing a t low d e n s i t i e s , where 

p roduc t ion could not be e s t i m a t e d , had t h e same P:B r a t i o as t h e o v e r a l l 

P:B r a t i o f o r those s p e c i e s whose p roduc t ion could be d e t e r m i n e d . S ince 

many of t h e s e s p e c i e s were smal l and s h o r t l i v e d ( e . g . P e r i o c u l a d e s 

longimanus) wi th probably h i g h e r P:B r a t i o than t h e imean, some u n d e r -

e s t i m a t i o n of p roduc t ion was probably made wi th r ega rd t o t h e s e r a r e r 

s p e c i e s . Being r a r e , such s p e c i e s accounted f o r a sma l l p r o p o r t i o n of 

t h e biomass and t h e s e e r r o r s probably have l i t t l e e f f e c t on t o t a l p roduc-

t i o n e s t i m a t e a t each s t a t i o n . N e v e r t h e l e s s , t h e p r o d u c t i o n e s t i m a t e s 

of the macrofauna i n t h e s t a t i o n s i n v e s t i g a t e d were of s i g n i f i c a n t va lue 

s i n c e p r o d u c t i o n e s t i m a t e s themse lves a r e approximate r a t h e r t han e x a c t 

v a l u e s . 

The mean biomass and annual p r o d u c t i o n e s t i m a t e s of some top r a n k -

ing s p e c i e s and t h e t o t a l macrofauna a t t he s e l e c t e d s t a t i o n s a r e compar-

a b l e t o t h o s e in o t h e r a r e a s . The mean biomass ofJM* m e r c e n a r i a . t h e 

biomass dominant s p e c i e s a t S t a t i o n 5 dur ing t h e p r e s e n t s tudy , was 

82.2gm" , g r e a t e r than t h a t of t h e i n t e r t i d a l Hamble Spwt p o p u l a t i o n , 

52gm" (H ibbe r t 1976) . The mean annual p r o d u c t i o n of t h e b i v a l v e i n 

t h e p r e s e n t s tudy (87.7gm y r " ) was a lmost s i x f o l d t h a t of t h e Hamble 
—2 fwl 

S p i t p o p u l a t i o n , which H i b b e r t (1976) e s t ima ted a t 14gm y r " . The 

P:B r a t i o of Mercenar ia i n the p r e s e n t s tudy i s about tw ice t h a t of t h e 

Hamble S p i t p o p u l a t i o n . 
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The most p roduc t ive po lychae te in the p re sen t s tudy was d i v e r s i -

c o l o r . The mean annual product ion e s t ima te s of the worm var ied between 
- 2 - 1 

O.OW and 4,4gm y r a t the s e l e c t e d s t a t i o n s . The mean annual produc-

t i o n , mean biomass and P:B r a t i o of the animal i n t h e p resen t i n v e s t i g a -

t i o n a r e compared with r e s u l t s from o the r a reas i n T a b l e 5 . 2 7 a . The P:B 

r a t i o f o r d i v e r s i c o l o r found in the p re sen t s tudy , except a t S t a t i o n 5, 

was h ighe r than those of p rev ious s t u d i e s though both nman biomass and 

product ion e s t ima tes were lower . The va lues in t h i s study f i t i n t o a 

s e r i e s of p rev ious ly r epor ted va lues f o r o the r p o l y c h a e t e a : f o r example, 

Ampharete a c u t i f o r n i s . P:B 5 . 5 (Warwick and P r i c e , 1 9 7 5 ) ; a c u t i f o r n i s 

P:B 4 .6 (Richards and R i l ey ,1967) ; Glvcera rouxi . P:B 0 , 4 (Buchanan and 

Warwick,1974). The lower P:B r a t i o obtained a t s t a t i o n 5 in the p resen t 

study i s of p a r t i c u l a r i n t e r e s t as i t shows t h a t the P:B r a t i o does not 

n e c e s s a r i l y decrease with Inc reas ing mean biomass . 

The P;B r a t i o s of some o the r po lychae tes found i n the p re sen t i n v e s t i -

g a t i o n a re compared t o o t h e r va lues in Table 5 . 2 7 b . The l i m i t a t i o n s of 

the P:B r a t i o s as a t o o l i n e s t i m a t i n g the p roduc t ion va lues have been d i s -

cussed by Kay and B r a d f i e l d (1973), Chambers and Milne (1975) and Help 

and Herman (1979). Chambers and Milne (1975) po in ted out t h a t the v a r i a -

t i o n s in the product ion e s t i m a t e s could be r e a l and caused by the d i f f e r i n g 

b i o t i c and a b i o t i c c h a r a c t e r i s t i c s of the study a r e a . The l i f e - c y c l e s 

of the animals could a l s o i n f l u e n c e the e s t i m a t e s as l o n g - l i v e d animals 

tend t o have lower P:B v a l u e s . Neve r the l e s s , t he i n a c c u r a c i e s in the 

measurements of the parameters necessary f o r the c a l c u l a t i o n s of produc-

t i o n and the mean biomass could lead to d i f f e r e n c e s i n t h e P:B r a t i o s . 

I t may a l so be argued t h a t migra t ion of animals fr^m p lace to p lace 

may a f f e c t the product ion e s t i m a t e s of an a r e a . Though the m a j o r i t y of 

ben th i c animals a r e r e l a t i v e l y immobile, some mig ra t e and t r a v e l a con-

s i d e r a b l e d i s t a n c e , as in the p resen t s tudy, a ided e i t h e r by c u r r e n t s or 

t h e i r own locomotory o rgans . Such mig ra t ions have c o n s i d e r a b l e e f f e c t 

on the product ion e s t i m a t e s of both the p a r t i c u l a r s p e c i e s concerned and 

the e n t i r e macrofauna. 

Many of the macrofauna recorded during the s tudy a i e omnivorous 

(Nephtvs and Nere i s ) or d e p o s i t f eeders ( C a u l l e r i e l l a c a p u t e s o c i s . 

C a p i t e l l a c a p i t a t a . Melinna palmata and Eteone l o n q a ) . Though 

hombergi i s g e n e r a l l y regarded as a c a rn ivo re (Clay;19671 feed ing on 

nematodes, os t racods and Carc inus . Sanders e t a l (1962) poin ted out 

t h a t ca rn ivorous po lychae tes in ben th ic popu l a t i ons could not be e x c l u s i v e 

c a r n i v o r e s . Although Warwick and P r i c e (1975) suggested t h a t the animal 



Biomass 

gm" 

Product ion 

gm y r 

P:B 

r a t i o 

Depth 1 

m 

Sediment ! 

type I Author i ty 

4.22 12.78 3 . 1 Medium I Chambers 6 Milne (1975) 
sand 

24 .0 61 .0 2 . 5 0 . 5 Heip and Herman (1979) 

U.90 4.3558 4 . 8 1 .5 Mud S t a t i o n 2, t h i s study 

0 .08 0.0776 0 . % 1.6 Mud S t a t i o n 5, t h i s study 

1 U.3128 1.0056 3.22 1.6 Mud S t a t i o n 9, t h i s study 

1 0.0322 0.1538 4 .78 1.6 Sandy 
mud S t a t i o n 2U, t h i s study 

Table 5.27a, Comparisons of mean biomass, product ion and P;B r a t i o s of !&. d i v e r s i c o l o r 

in recent s t u d i e s 

K 
OC. 
3" 
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SPECIES P:B 
r a t i o s 

P e c t i n a r i a hvperborea 

Nephtvs i n c i s a 

Nephtvs homberqi 

N. hombergi 

A n a i t i d e s a roen land ica 

Nere i s v i r e n s 

Heteromastus f i l i f o r m i s 

A n a i t i d e s maculata 

C a p i t e l l a c a p i t a t a 

C a u l l e r i e l l a ca; 

Polydora c i l i a t a 

Melinna palmata 

Eteone longa 

4 .6 

2.2 
1.2 

1.7) 

i . o ) ) 

1.66—3.06 

1.6 

1 .3 j 

1.0 ) 

0 . 8 - 3 . 8 

0 . 0 8 - l l j b 

1 .07-7.12 

4.4—(2.0 

2 .17 

1 .69-20 .2 

Author i ty 

P e e r (1970) 

Sande r s (1956) 

Warwick 6 P r i c e (1975) 

Ki rkegaard (1978) 

P r e s e n t study 

Kay 6 B r a d f i e l d (1973) 

Buchanan 6 Warwick (1974) 

P resen t study 

Table 5.27b P:B r a t i o s f o r Polychaetes 



i s c a rn ivo rous because i t l a c k s any t r a c e of s e d i m e n t s in i t s g u t , 

i t i s hard t o b e l i e v e t h a t Nephtvs. a dominant p r o d u c e r in the e s t u -

a r i n e mudf l a t which c o n t r i b u t e d more than h a l f of t h e t o t a l p roduc-

t i o n in the a rea , would be an e x c l u s i v e c a r n i v o r e . I f i t i s , and has 

an annual p roduc t ion of 7g m ^ y r " ^ , with an e c o l o g i c a l e f f i c i e n c y of 

10%, i t would r e q u i r e 70g m " y r " of food which i s g r e a t e r than the 

p roduc t ion of o t h e r an imals p r e s e n t i a the a r e a . 

A s i m i l a r argument could be made f o r the p r e s e n t s t u d y . Assum-

ing t h a t t h e e c o l o g i c a l e f f i c i e n c y o f ^ . homberqi was 10% (S lobodk in , 
—O —T 

1964), an annual p roduc t ion of the animal of abou t 4 . 4 and 2 . 5 g m " y r 

a t S t a t i o n s 5 and 20 r e s p e c t i v e l y would r e q u i r e a b o u t 44 and 

25gm ^yr~* r e s p e c t i v e l y . S i n c e , except a t S t a t i o n 5, and when 

Mercenaria p roduc t ion i s exc luded , such r e q u i r e m e n t could not be met 

by o the r macrofaunal s p e c i e s , t he animal could e i t h e r feed on both 

Weiofauna and microfauna or on those animals m i g r a t i n g with the t i d e 

over the s h o r e . The most l i k e l y prey would be j u v e n i l e Carc inus 

(Warwick and P i i c e , 1 9 7 5 ) which had high mean b i o m a s s . In view of t he 

s c a r c i t y of i n fo rma t ion on t h e d i e t s of hombergi . any conc lus ions 

on the animals c o n t r i b u t i n g t o the p roduc t ion of t h e po lychae te a t a 

lower t r o p h i c l e v e l could only be s p e c u l a t o r y . A d e t a i l e d s tudy of 

the biology and ecology of the i n d i v i d u a l s p e c i e s i s necessary t o ex-

p l a i n the P :8 r a t i o . 

Few a t t empts have p r e v i o u s l y been made t o a s s e s s t o t a l bottom 

produc t ion and these have been c a r r i e d out i n a r e a s of lower biomass 

and p roduc t ion (except a t Hamble S p i t ) than found i n the p r e s e n t s t u d y . 

Table 5 .28 compares the r e s u l t s of p rev ious s t u d i e s t o the p r e s e n t 

s t udy . Sanders (1956) cons ide red only those a n i m a l s below 0.2g i n d i v i -

dual weight in biomass and p roduc t ion e s t i m a t e s . The l a r g e r animals 

added g r e a t l y to the biomass a t most s t a t i o n s and could undoubtedly 

have lowered h i s o v e r a l l P:B r a t i o . Few s t u d i e s a i ^ s t r i c t l y comparable 

t o t he p r e s e n t s t udy . Severa l f a c t o r s may be r e s p o n s i b l e f o r the v a r i a -

b i l i t y in the produc t ion and P:B r a t i o s . Buchanan and Warwick (1974) 

and Buchanan e t a i (1974) found t h a t p roduc t ion of t o t a l macrofauna was 

markedly decreased with i n c r e a s i n g d e p t h . Th is was due t o lower food 

supply a t g r e a t e r d e p t h s . Also Warwick and P r i c e (1975) and Warwick 

e t a l (1978) found g r e a t e r p roduc t ion i n the Venus community than i n the 

Macoma community of the B r i s t o l Channel . They demons t ra t ed t h a t t h e 

sediment type and the hydrodynamics of the s u b s t r a t e have s i g n i f i c a n t 

e f f e c t on t h e p roduc t ion of the b e n t h i c m a c r o f a u n a . In the p r e s e n t 

s tudy, p roduc t ion was h i g h e s t a t S t a t i o n 5, on t h e e a s t e r n s i d e of 



Northumberland 

Long id Sound U.S.A. 

Cornwall, England 

Nether lands 

Hamble S p i t (b iva lves ) 

(b iva lves + 
polychae tes ) 

lannel 

B 1 proper 

Southampton Water 

Uiomass 

gm 

3 .98 

5 .80 

11.9 

13.2 

25 .7 

31-123 

220 

45.79 

4 . 3 

1.0—9^.4 

Pror 1 
- 2 - 1 

gm y r 

1.74 

2 . 9 0 

29.6 

13.3 

41 .3 

38-92 

190 

25.82 

6 .8 

3 .4 -112 .2 

r a t i o 

0.44 

0 . 5 

2 . 5 

1.0 

1.6 

0 .9 

0 .9 

0.56 

1.6 

1.6 

Depth in 

metres 

80 

60 

17.3 

46 

Sediment 

type 

Fine sandy 
s i l t 

Author i ty 

Muddy 
sand 

Mud f l a t 

Mud f l a t 

Fine sand 

Mud 

Buchanan 6 Warwick (1974) 

Buchan, e t a l (1974) 

Sanderi 

Warwick 6 P r i c e (1975) 

W & de Wolf (1977) 

Hibbert (1976) 

Warwick, e t a l (1978) 

Cederwall (1977) 

. L _ 
This study 

T\} , Comparisons of biomass, p roduct ion and P:B r a t i o s f o r severa l s t u d i e s 

00 



290 
uuM luwnat a i V, uw Lhe woaio iu s ! Jo , Ihuu^h 

both s ides were s i m i i u r in depth and sediment t y p e . The food u v a l l u -

b i l i t y and s t a b i l i t y of the s u b s t r a t e may account f o r the d i f f e r e n c e s 

in the product ion a t both s i d e s of the e s t u a r y . IWcIntyre (1970) 

assessed the p ropor t ion of meio and microfauna to t h e macrofauna and 

r e l a t e s the p ropor t ions to food a v a i l a b l e to the nwacrofauna. On the 

western s ide of Southampton Water where g r e a t e r s ed imen ta t i on r a t e , 

h igher hydrocarbon and sediment meta ls predominate, cwUy spec ie s 

a re ab le t o wi ths tand the phys i ca l s t r e s s of the envi ronment . Such 

pauci ty in the spec ies number could account f o r lower biomass and p ro -

duc t ion i o the region compared with the e a s t e r n s i d e . 

Though the a p p l i c a t i o n of a P:B r a t i o t o biomass e s t i m a t e s can 

make product ion e s t i m a t e s of a spec ies e a s i l y a s s e s s e d , i t i s not pos -

s i b l e to deduce how much of the p roduc t ion i s u t i l i z e d by p r e d a t o r s . 

A c o n s i d e r a b l e po r t ion of the product ion by some an ima l s ( e . g . Nere i s 

d i v e r s i c o l o r ) i s es t imated to be i n the form of gametes (Chambers and 

Milne,1975), and thus being unava i l ab le t o p r e d a t o r s because of l i b e r a -

t i o n of the gametes i n t o the water during spawning. Seme l a r g e r i n d i v i -

dua l s of j^,. d i v e r s i c o l o r l i v e deep in t h e subs t ra tum (Muus,1967) and f o r 

much of the time w i l l be unava i l ab l e t o v e r t e b r a t e p r e d a t o r s . Notwi th-

s tand ing , Peer (1970) es t imated about 80% of m o r t a l i t y in P e c t i n a r i a 

hvperborea to be due t o f i s h p reda t ion though l e s s t h a n 80# of the p ro -

duc t ion would be u t i l i z e d by p r eda to r s i f m o r t a l i t y w#s conf ined t o t h e 

more abundant P e c t i n a r i a . In the p r e s e n t s tudy, no evidence of rem-

nants of any fauna recorded has been found in F lounde r gu t s ( M i t c h e l l , 

1974), making i t imposs ib le t o a s s e s s t h e i r c o n t r i b u t i o n t o the f l ounde r 

s tock in Southampton Water. 
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Some d e t a i l e d d i s c u s s i o n of da ta f o r the main a s p e c t s of study 

has a l r eady been included in each s e c t i o n . The b e n t h i c macrofauna of 

the study a rea i s numerical ly dominated by p o l y c h a e t e s , C a p i t e l l a c a p i -

t a t a being predominant on the western s ide and C a u l l e r i e l l a capu te soc i s 

on the e a s t e r n s ide and towards the mouth of Southamptcm Water. The 

biomass and product ion dominant spec ies in the i n d u s t r i a l i z e d c e n t r a l 

region of Southampton Water i s Mercenaria mercena r i a . a h a r d s h e l l clam 

in t roduced i n t o the e s tua ry in the 1920's , p o p u l a t i o n s of which have now 

been in t roduced i n t o o the r a r e a s on the south c o a s t of England ( M i t c h e l l , 

1974), The b e n t h i c community of the study a rea i s e s s e n t i a l l y s i m i l a r 

t o the Macoma community of P e t e r s e n (1913) and Thorson (1957) with Mercen-

a r i a and Crep idu la f o r n i c a t a . the in t roduced mol luscan spec ies rep lac ing 

M. b a l t h i c a . Tim spec ie s composit ion and d i s t r i b u t i o n in the study area 

appeared t o be in f luenced by the physico-chemical p a r a m e t e r s . 

The d i s t r i b u t i o n of the ben th i c macroinfauna of Southampton Water 

was not examined u n t i l 1975 (Soulsby,1978 and L e v e l l , 1979). D i f f e r e n c e s 

in the number of spec ies and numerical abundance between t h i s study and 

o t h e r s (Soulsby,1978; Leve l l ,1979) were due to the a r e a sampled, the 

season of sampling and t h e mesh s i ze of the s i eve u s e d . The surveys 

in the p r e s e n t study were conducted in May 1978 and r epea ted i n May 1979, 

using 0.5mm s ieve , whereas those of the prev ious s t u d i e s were conducted in 

September and used 1mm mesh. Buchanan e t a l (1974) demonstrated t h a t i n 

an o f f s h o r e mud community, almost 79% of the i n d i v i d u a l s of t h r e e impor t -

ant producers which were r e t a i n e d by 0.5mm s ieve were l o s t when s i eves of 

1mm were used . 

Analys i s of the r e s u l t s of the s p a t i a l d i s t r i b u t i o n of the ben th i c 

macrofauna in Southampton Water p o i n t s t o the i n f l u e n c e of sediment s t r u c -

t u r e and s t a b i l i t y as impor tan t f a c t o r s in the f a u n a l d i s t r i b u t i o n . The 

study a rea , though predominantly mud, has a v a r i a b l e p ropo r t i on of i n t e r -

mixed sand . On the wes tern s i d e of the study a r e a , t h e sand con ten t was 

low and the sedimenta t ion r a t e was h igh . The high degree of sediment 

i n s t a b i l i t y on the western s ide probably accounts f o r the low s p e c i e s 

d i v e r s i t y , t he few spec ie s commonly found in the r eg ion being a n n u a l s . 

The sediment of the midchannel, the e a s t e r n s ide and the en t r ance of t h e 

e s tua ry , was more heterogeneous , poss ib ly providing a g r e a t e r number of 

e c o l o g i c a l r i c h e s f o r the f a u n a . The spec ies d i v e r s i t y i nc rea sed e a s t -

wards and towards the mouth of the e s t u a r y . 
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The d i s t r i b u t i o n of the ben th ic macrofauna i n t h e study area 

tends to be in f luenced by the degree of phys ica l s t r e s s . The low 

d i v e r s i t y communities on the western s ide around Cadland creek were 

dominated by those spec ies usua l ly a s s o c i a t e d with h igh l e v e l s of organic 

p o l l u t i o n . I n c i d e n t a l l y , t he sediment hydrocarbon, copper and z inc 

were h igher on the western s ide than on the e a s t e r n s i d e or towards the 

mouth of the e s t u a r y . The dominant spec ies on t h e wes te rn s ide , Capi -

t e l l a c a p i t a t a . Nere i s d i v e r s i c o l o r f Polydora c i l i a t a . have been ranked 

as ' o p p o r t u n i s t i c ' spec ies (Grass le and G r a s s l e 1974) because of t h e i r 

reproduc t ive s t r a t e g i e s . These spec ies normally o c c u r in low numbers, 

but i n c r e a s e in abundance i n response t o any envi ronmenta l d i s t u r b a n c e 

as o ther s p e c i e s d e c l i n e . Those spec ie s occurr ing a t low d e n s i t i e s and 

s p o r a d i c a l l y on the western s ide were poss ib ly washed i n t o the a rea by 

t i d a l movements. 

On the e a s t e r n s ide and towards the mouth of t h e e s t u a r y , the s e d i -

ment he t e rogene i t y probably r e s u l t e d in a h igher s p e c i e s d i v e r s i t y . Most 

of the fauna in the region were long- l ived spec ie s p robably due t o the 

g r e a t e r s t a b i l i t y of the sed iment . The region appeared s i m i l a r t o the 

t y p i c a l Macoma community of Pe t e r sen (1913) with Mercenar la and Crep idu la 

rep lac ing b a l t h i c a . The sediment hydrocarbon, coppe r and z inc on the 

e a s t e r n s ide were low but the water c u r r e n t s were s t r o n g e r . The fauna 

in t h i s region and a t the mouth of the e s tua ry a re predominant ly f i l t e r -

f e e d e r s ; the s t r o n g e r wa te r f low probably a ids in t h e f e e d i n g . In con-

t r a s t , most of the fauna on the western s ide a r e d e p o s i t f e e d e r s . The 

l e s s s t a b l e sediment, weaker wate r c u r r e n t s and h i g h e r p o l l u t i o n load 

on the wes te rn s ide poss ib ly l i m i t t he occurrence of t h e l ong - l i ved 

f i l t e r - f e e d i n g fauna to the e a s t e r n s i d e . These extreme c o n d i t i o n s 

appear s u i t a b l e only to a few s h o r t l ived depos i t f e e d i n g o p p o r t u n i s t i c 

s p e c i e s . 

keclamat ion of pa r t of the Southampton Water, e s p e c i a l l y the River 

Test e s tua ry , has been in p rogress f o r some y e a r s . T h i s i nvo lves a l o t 

of dredging and has probably led t o an i n c r e a s e and v a r i a t i o n of the 

s i l t - l o a d of the e s t u a r y . Such changes have p o s s i b l y r e s u l t e d in a 

d e c l i n e in the number of macrofaunal s p e c i e s . Some animals which a r e 

b e t t e r adapted t o the i n s t a b i l i t y i n the environment appeared t o extend 

t h e i r r ange . C i r r a t u l u s . Nephtys and Philomedes. a lmost e x c l u s i v e in 

t h e i r d i s t r i b u t i o n t o the s a n d i e r high d ive r^d ty r e g i o n a t t he s t a r t of 

s tudy, o c c a s i o n a l l y occurred a t Cadland creek in 1979. 
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One i n t e i e s t i n g a spec t of the d i s t r i b u t i o n of b e n t h i c macrofauna 

in the p r e sen t study i s t he absence of a d u l t S a b e l l a oavonina a t a l l 

s t a t i o n s . A l l the specimens of the worm recovered wez^ sexua l ly imma-

t u r e though a d u l t specimens were o f t e n dredged a t t he mouth of Southampton 

Water and occur i n f r e q u e n t l y in dredge hauls w i th in t h e study a r e a . 

Mercenaria a l s o showed d i s t i n c t r e s t r i c t i o n in d i s t r i b u t i o n , usua l ly 

absent on the western s i d e of the midchannel i n t h e s tudy a r e a . Mi tche l l 

(1974) found no specimens of Mercenaria below Hythe on t h e western s ide 

of Southampton Water* He showed t h a t a l a r g e p a r t of t h e e s tua ry between 

Hythe and Ca lsho t (which i n c l u d e s the wes tern s i d e of t h e p re sen t study 

a rea ) was composed of very s o f t anoxic mud and t h a t no i n v e r t e b r a t e spec ies 

were found t o occur both l i t t o r a l l y and s u b l i t t o r a l l y . 

During the p resen t s tudy, t h e r e has been an o v e r a l l d e c l i n e in the 

spec ies r i c h n e s s a t a l l s t a t i o n s (see F i g s . 3 , lOf 3 . 1 3 ; 3 ,16 and 3 . 1 9 ) . 

This type of change a f f e c t i n g a l l f auna l elements i s l a r g e l y a s s o c i a t e d 

with t o x i c p o l l u t a n t s , whereas changes due t o o rgan ic p o l l u t a n t s or t o 

environmental f a c t o r s such as c l i m a t i c changes u s u a l l y show a f a l l i n the 

abundance of i n t o l e r a n t s p e c i e s and an i n c r e a s e in the abundance of t o l e r -

ant s p e c i e s . Sediment copper l e v e l s have i nc rea sed dur ing the study 

per iod and t h i s may be a p o s s i b l e c o n t r i b u t i n g f a c t o r . However, o t h e r 

t o x i c wastes i n t o the e s tua ry might be i n v o l v e d . 

The tendency of the s h o r t - l i v e d spec ie s ( e . g . Po lvdora . N e r e i s . 

C a p i t e l l a and Eteone) t o extend t h e i r range t o the e a s t e r n s ide of the 

e s tua ry may be a t t r i b u t e d t o the t i d a l mean v e l o c i t i e s a c r o s s the study 

a r e a . Dyer (1973) showed t h a t Southampton Water has a tendency f o r a 

s t r o n g e r upward f low on the western s ide and a weaker downward f low on 

the e a s t e r n s i d e . This b i a s probably promotes t h e t r a n s p o r t a t i o n of 

some spec ies from the wes tern s i d e t o be depos i t ed on the e a s t e r n s i d e . 

The same may be argued f o r t h e d i f f e r e n c e s i n the s ed imen ta t i on r a t e , 

hydrocarbon and sediment meta l s on both s i d e s of the e s t u a r y . 

The t ex tu r e of the sediment may poss ib ly c o n t r i b u t e t o the d i f f e r e n c e 

in numbers of i n d i v i d u a l s of s p e c i e s a t a s t a t i o n . C o a r s e r sediments 

and f a s t e r c u r r e n t s probably a f f o r d p r o t e c t i o n t o s m a l l e r animals from 

p r e d a t i o n . Mitchf I ( .574) rapor ted t h a t Carc inus maenas could not burrow 

s u c c e s s f u l l y i n coarse sediment (g rave l ) p a r t i c u l a r l y i n a s w i f t c u r r e n t . 

He a l s o quoted C a r r i k e r who showed the percentage s u r v i v a l of small Mer-

c e n a r i a from crab p reda t ion in s o f t sediments wi th n e g l i g i b b c u r r e n t t o be 

1% compared with 40% in coa r se g rave l with s w i f t e r c u r r e n t s . 

The h a b i t a t s in which many of the macrofauna recorded i n t h e p r e s e n t 
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study were found correspond to those of o the r s t u d i e s . C a r r i k e r (1961) 

descr ibed the h a b i t a t of Mercenaria as ' t h e more s a l i n e c o a s t a l embayments 

and e s t u a r i e s with only spo rad ic occurrence in the c l o s e v i c i n i t y of 

i n l e t s of the ocean". He found the s a l i n i t i e s of MerrmnariA h a b i t a t s t o 

range between 18 and 36%o. Dyer (1973) and Barnes (1973) recorded a 

s a l i n i t y of around 32-34%o f o r the e a s t e r n s ide of t h e study area where 

Mercenaria occurred a t high d e n s i t i e s . Even w i th in t h e ar^# of s u i t a b l e 

s a l i n i t y , t he d i s t r i b u t i o n of some animals was l i m i t e d by the occurrence 

of u n s u i t a b l e sediments . Mercenaria and Melinna pa lmata were found on 

the e a s t e r n s ide of the s tudy a rea , i n the sandy mud bu t were absent from 

the s o f t b lack mud smell ing of hydrogen su lph ide on t h e western s i d e . 

I t i s obvious from the i n v e s t i g a t i o n i n t o the temporal changes in 

the fauna of the study a rea t h a t seasonal f l u c t u a t i o n s in the numerical 

abundance of t h e t o t a l macrofauna a t the s e l e c t e d s t a t i o n s a re i n f l u e n c e d 

by a few dominant s p e c i e s . On the western s ide where c a p i t a t a was 

dominant, the r ec ru i tmen t of new i n d i v i d u a l s e n t e r i n g t h e s i e v e a f t e r 

breeding inc reased the o v e r a l l macrofaunal abundance and t h i s f e l l when 

C a p i t e l l a s u f f e r e d m o r t a l i t y . On the e a s t e r n s ide and the mouth of the 

e s t u a r y , the r ec ru i tmen t and m o r t a l i t y of C a u l l e r i e l l a c a p u t e s o c i s a l t e r e d 

the t o t a l macrofaunal abundance s i g n i f i c a n t l y . Only(A occas ions did 

the two spec i e s occur t o g e t h e r and even then, the p re sence of one in high 

numbers was accompanied by low numbers of the o t h e r . Although 

such v a r i a t i o n s in numbers could suggest compet i t ion between the two s p e c i e s , 

t h e r e was no evidence f o r such . The d i f f e r e n c e s in abundance of the two 

spec ies probably po in t to t h e i r response to the environmenta l d i s t u r b a n c e ; 

c a p i t a t a u sua l ly occur r ing i n high numbers i n a r e a s of g r e a t d i s t u r b a n c e 

and C. c apu t e soc i s in high numbers i n the r e l a t i v e l y s t a b l e h i g h e r d i v e r s i t y 

r e g i o n . 

The seasona l f l u c t u a t i o n in the numerical abundance of the t o t a l 

macrofauna a t the s e l e c t e d s t a t i o n s was p r i m a r i l y due t o the i n f l u x of 

young animals i n t o the popu l a t i ons of s e v e r a l spec ie s dur ing the breeding 

p e r i o d s . Most of the animals whose l i f e - c y c l e s were i n v e s t i g a t e d (Melinna. 

Nere i s . Nephtys. C a u l l e r i e l l a , C a p i t e l l a . e t c . ) were annua l s , b reed ing f o r 

the most pa r t throughout the yea r with peaks in t h e summer months. The 

time of spawning of some po lychae te popu la t i ons in t h e p re sen t s tudy com-

pares wel l with those of o t h e r a reas i n v e s t i g a t e d by o t h e r workers* 

T a b i a / ^ * shows t h a t some po lychae tes spawned a t an e a r l y age i n Southampton 

Water and t h i s may poss ib ly be due t o the high l e v e l s of fcwd a v a i l a b l e i n 

the e s t u a r y . Heip and Hermann (1979) suggested t h a t the dynamics of 

Nere i s d i v e r s i c o l o r popu la t i ons appeared t o show l o c a l c h a r a c t e r i s t i c s . 



The reproductive a c t i v i t y of the species could be l i m i t e d to a short 

period in spring as in the Thames e s tuary , (Dales^igSiO) or could extend 

over the whole year (Herpin,1925; the present s t u d y ) . Though the 

general tendency of polychaetes i s t o have a short, f a i r l y well defined 

Orton (1920) recognised 

the spec ies or at a d e f i n i t e temperature change*. Olive (1978) 

ae the r e s u l t of some unknown 

the immediate external 

stimulus for spawning has been attr ibuted to a r i s e or f a l l in temperature, 

population in Chalkwell, Essex, 

Mitchel l .1974 

Mitchell (1974) pointed out that the 

the population of 
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of f the coast of Tyne and Wear, found no r e l a t i o n s h i p between the abund-

ance of A. tenuicornis in March and the winter temperatures of the same year . 

However, he found a corrre la t ion ( s i g n i f i c a n t at 1% l e v e l ) between the 

number of A. tenuicornis in March and the mean winter temperature of two 

previous winters . He then suggested that a s e r i e s of warm winters i n -

creased the abundance of tenuicornis and a s e r i e s of cold winters 

resulted in a decrease. In the present study, the abundance of crusta-

ceans in general appeared to increase in the summer months but f e l l in the 

winter months, suggesting that the ir l i f e c y c l e i s s e n s i t i v e t o the season-

al change. 

An i n t e r e s t i n g feature of the present i n v e s t i g a t i o n i s the heavy 

post-breeding mortal i ty and resorption of unspawned gametes by most of 

the macrofauna. Resorption of unspawned gametes among polychaetes i s 

by no means a new phenomenon. Hutchings (1974) quoted Dales as noting 

that female Nereis d i v e r s i c o l o r spawned only in the presence of males. 

Dales (1951) concluded that s ince the ra t io of male t o female in the Chalk-

well population of N. d i v e r s i c o l o r was 1:10, cons iderable numbers of 

females f a i l e d to spawn. In Tharvx marioni. the sanm author (Dales) 

found that unspawned gametes were resorbed. Resorption of unshed gametes 

were a l so reported in Melinna c r i s t a t a (Nyholm^l951; Mutchings,1974) and 

in Nephtvs homberqi (Ol ive ,1978) . Hutchings (1974) pointed out that the 

Northumberland population ofJM. c r i s t a t a exhibited reduced reproductive 

capabi l i ty s ince some mature worms f a i l e d t o spawn, awd those that spawned 

a l s o showed reduced fecundity - the number g produced by an 

individual per unit t ime. 

I t i s not yet c l ear why some polychaetes f a i l t o shed a l l mature 

gametes when breeding. Barnes and Barnes (1968) a t tr ibuted the shedding 

of gametes to favourable environmental condit ions whi l e Barnes and Powell 

(1953) at tr ibuted the re lease of eggs to the amount of food material 

ava i lab le for growth and development of the re leased gametes. I t has 

been shown experimentally by Scott (1956) that in the trout Salmo qalrner i l 

kamlopne. egg s i z e i s g e n e t i c a l l y control led while fecundity var i e s with 

environmental and phys io log ica l condi t ions . The polychaetes of the study 

area reached sexual maturity at an early time, spawning t h e i r small s ized 

oocytes e a r l i e r when compared with those in other areas s tud ied . This 

may poss ibly be due to a high amount of food a v a i l a b l e in Southampton Water 

resul t ing in early growth and development of the gametes. 

Many c o n f l i c t i n g views have been expressed on the reduction of repro-

ductive capabi l i ty of some animals leading to a decrease in the length of 
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the i r breeding season. Schroeder (1966) found t h a t breeding season 

in the central Cal i fornia populations of Nereis arubei was much shorter 

than those farther south but Reish (1954) found t h a t in the l a t t e r , where 

more food was avai lable , the worms bred throughout the year. Similar 

extension of breeding seasons have been reported f o r other invertebrates 

(Clark,1963). I t may be suggested that some animals showed reduction 

in the i r reproductive capabi l i ty because of suboptimal environmental con-

d i t ions and maximise t h e i r capab i l i t y when the optimum environmental con-

d i t ions are a v a i l a b l e . I t i s not known for c e r t a i n which condit ions may 

be c r i t i c a l for the macrofaunal community in Southampdxm Water, but a v a i l a -

b i l i t y of food and temperature are l i k e l y to be important. 

Though a l imited study of growth and morta l i ty of Mercenaria was 

made in the present i n v e s t i g a t i o n , the re su l t s obtained showed no success -

ful sett lement of Mercenaria s ince 1974. In recent years, there has been 

v i r t u a l l y no sett lement of Mytilus gg once very common on the eastern 

shore of Southampton Water (Sheader, personal communication). Cockles 

have decl ined (Mossier, per. comm.) and Ostrea e d u l i s (Key and Davidson, 

1980) has shown poor sett lement in recent years at the mouth of Southampton 

Water. As t h i s covers a wide area (Southampton Water and part of the 

Solent at the mouth of Southampton Water) i t i s l i k e l y that the populations 

of these f i l t e r - f e e d i n g b ivalves are responding t o the same environmental 

parameters. These parameters may be a f f e c t i n g gonad development, spawn-

ing, f e r t i l i z a t i o n , larval growth and sett lement or the mortal i ty of newly 

s e t t l e d spat . The parametersmight possibly increase sedimentation due to 

dredging a c t i v i t y in the up]M;r Test estuary though no evidence i s a v a i l -

able to support t h i s . 

Two phases of mortal i ty have been assoc iated with Mercenaria: the 

high mortal i ty ' j u v e n i l e ' phase and the low morta l i ty 'adult ' phase 

(Hibbert,1976). The j u v e n i l e mortal i ty i s caused mainly by Carcinus 

maenas and adult mortal i ty by wading birds, g u l l s and f i s h , a l l of which 

prey on various s i z e s of clams. I t i s apparent t h a t the commercial e x p l o i -

ta t ion of the clams within the estuary has the e f f e c t of a l t e r i n g the popu-

la t i on structure by reducing the numbers within e x p l o i t e d s i z e c l a s s e s . 

Some s h e l l s of large Mercenaria were found i n f e s t e d with the worm Polydora 

c i l i a t a . The number of clams attacked by th i s worm i s low and i t i s 

apparent that t h i s pest does not increase morta l i ty s i g n i f i c a n t l y . Mitchel l 

(1974) suggested that the g r e a t e s t mortal i ty of the clam occurred at the 

larval stage in the plankton during the transportat ion of larvae i n t o areas 

of unsuitable environmental condit ions while others were poss ib ly taken by 

carnivorous zooplankton and benthic f i l t e r f e e d e r s . He pointed out that 
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during years when river flow and the time of spawning are high, s e t t l e -

ment of larvae i s generally low, with young larvae being flushed down 

Southampton Water in to condit ions of higher s a l i n i t y and lower tempera-

ture, thus great ly reducing the probabil i ty of t h e i r survival to s e t t l e -

ment. According to Mitchel l , under low flow condit icms, young larvae 

would be retained for longer periods in the Test arm of Southampton Water 

where s a l i n i t y and temperature are optimal for the development of the 

larvae of t h i s spec i e s . Though the flow of r iver i s small compared with 

the t ides , a year of low river flow would resu l t i n be t t er sett lement of 

in a l l parts of the estuary, increasing the chance of good 

recruitment. 

Biomass and production s tudies on marine and estuarine invertebrates 

may be useful in understanding some aspects of t h e i r ecology. Production 

est imates have been suggested as requiring only the knowledge of growth 

and survivorship rates and nor relying on the behaviour of indiv iduals 

under laboratory condit ions (Hibbert^976). Only a few production s tudies 

have been extended over periods of greater than one year (Price and War-

wick,198U); nevertheless the production est imates f o r individual species 

appeared to be r e l a t i v e l y unstable from one year t o another. Price and 

Warwick (1980) found that the annual production of Nephtvs homberai in 

the Lynher estuary, Cornwall, decl ined from 6g m" y r " in 1973 to 
- 2 - 1 

2,84g m yr in 1977 and that of Ampharete a c u t i f r o n s in the same area 

f luctuated between 0.12 and 12«5g m yr" in the same period. Buchanan 

et al (1974) found that the t o t a l production of macrof^wna at a s i l t y 

s ta t ion o f f the coast of Northumberland remained s t a b l e over a period of 

four years though the r e l a t i v e abundance and production of individual 

species varied considerably. A d irec t comparison of the resu l t s obtained 

in the present study to other s tudies would be l e s s use fu l , s ince t h i s 

study las ted only twenty months. Nevertheless , most of the production 

of the macrofauna took place within the f i r s t year of the study. I t i s 

l i k e l y that i f the study had been extended, a lower est imate of production 

would have been obtained in the second year than i n the f i r s t . 

The t o t a l macrofaunal biomass decl ined sharply during winter at a l l 

fcwr s t a t i o n s . A major proportion of the biomass was contributed during 

the warmer summer months. On the western s ide of the study area, the 

biomass f e l l throughout the study with peaks in May and September. On 

the eastern s ide and mouth of the es tua iy , the d e c l i n e in biomass was 

l e s s marked. The lower biomass on the western s i d e may be due to higher 

physical s t r e s s which resulted in a low spec ies d i v e r s i t y and lower abund-

ance except for occasional peaks in abundance of a few 'opportun i s t i c ' 



Species such as Capi te l la c a p i t a t a . 

The production : biomass ra t io (P:B) g ives a measure of the rate of 

turnover of the biomuss. The higher turnover on the western s ide of the 

le resu l t of a few 'opportunis t i c ' spec ies with typical 

On the eastern side and near the mouth of the 

Several factors such as temperature and s a l i n i t y have been suggested 

resses on organisms and thus inf luencing 

exposure to trace metals (Lockwood,1979) 

ipact on es tuar ies would take account of i 

md the capacity of e s tuar ine populations to res-

(1979) cat( 

as naturally occurring potent ia l po] 

f e c t s of 

Those species capable of withstanding physical 

(1975) stated that estuarine spec ies are more l i k e l y 

onal metabolic s t re s se s , as a r e s u l t of exposure to 

ir ine spec i e s . I t may be assumed that the macro-

benthic spec ies on the western side of the study area hew^ developed s t ra -

t e g i e s to permit them to survive in regions of high industr ia l output 

Hand creek* 

Several reports on the l e t h a l e f f e c t s of po l lu tant s on macrofauna 

e x i s t in the l i t e r a t u r e . 

are k i l l e d at 

of the adul t . Larvae of Cranoon and Carcinus are 3 to 10 times more 

s e n s i t i v e than adults to solvent emuls i f i ers (Portman and Cornor,1968). 

Jacobsen and Boylan (1973) showed that low concentrat ion of water so luble 

extracts of kerosine disrupt 

with ref inery e f f l u e n t s caused the worm to vacate i t s burrow whi le Dicks 

(1976) observed that exposure of the worm to the re f inery e f f l u e n t in 

an accident at K 

from o i l s p i l l a g e at sea has received a world wide i n t e r e s t , chronic 
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pol lut ion from the ref inery e f f l u e n t s i s always a more serious problem 

for i t does not permit an early recovery from damage. The cumulative 

e f f e c t i s the progressive impoverishment of the natural resources of an 

area, thus reducing the spec ies d ivers i ty (Nelson-Smith,1970). Clark 

(1971) suggested that the exposure of some animals, part icularly she l l 

f i s h , to sublethal doses of tox ic petroleum products may prevent the 

animals from breeding. In th i s regard, the reduced species d ivers i ty 

in the present study and the absence of echinoderms in the r e l a t i v e l y 

marine environment of the study area may poss ibly be attributed to the 

e f f e c t s of indus tr ia l d ischarges . Waste waters from the Esso petroleum 

refinery and the petrochemical industr ie s contr ibute a large amount of 

o i l to the estuary, part icu lar ly on the western s i d e (Knap,1978). 

Many s tudies on po l lu t ion suggest that contamination may be the 

most important e f f e c t of o i l on s h e l l f i s h . Small q u a n t i t i e s of o i l on 

a few s h e l l s of mussels, cockles or winkles usual ly t a i n t the whole catch. 

Oil contaminated oysters (Ostrea) in the United S t a t e s of America have 

been reported to take two months to loose the i r o i l y t a s t e (Mackin and 

Sparks,1962). Mercenaria harvested in Southampton Water and which have 

been subject t o low but chronic o i l po l lut ion have to be re la id in un-

polluted water for a period before they are so ld . 

Results of the present study ind ica te that the benthic community of 

the area i s phys ica l ly contro l l ed . The ent i re faunal community tends to 

be under severe physical s t r e s s with a high leve l of mortal i ty in many 

s p e c i e s . A c l o s e r look at the dendpgrams of s i z e groups analys i s of May 

samples based on abundance using Czekanowski's c o e f f i c i e n t (F igs . 2 .25 

and 6 . 1 . ) showed in teres t ing r e s u l t s . Figure 6 . 1 reveals that the en t i re 

community could be divided into two s i t e groups at the |0# s i m i l a r i t y 

l e v e l , A third s i t e group with only s ta t ion 10 i s obtained at the 65% 

s imi lar i ty l e v e l . F ig . 2 .25 showed that two s i t e groups are evident at 

the 23% s i m i l a r i t y l e v e l . The two s i t e groups at the and (0% l e v e l s 

in the two surveys comprised a d i s t i n c t 'low d i v e r s i t y ' region (Group I) 

which i s characterised by a high s i l t - c l a y content, high l e v e l s of sedim-

ent hydrocarbon and copper but a low spec ies r i c h n e s s . The other s i t e 

group (II ) comprises the 'high d i v e r s i t y ' region and i s characterised by 

a low s i l t - c l a y , low sediment hydrocarbon and copper but a high spec ies 

r ichness . A comparison of the two dendograms based on abundance in the 

two surveys showed an extension of the 'low d i v e r s i t y ' region by 1979 to 

include some of the 'high d i v e r s i t y ' s ta t ions (2, 7 , 21) in 1978 ( F i g . 2 . 2 5 ) . 

The s i m i l a r i t y between the two s i t e groups a l so i n c r e a s e s by 1979. 
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STAIia^iS 

Physico-chemical parameters 

% S i l t / c l a y (1979 

% Total Organic Matter (1979) 

Tidal currents (knots) 

Copper (p .p .m.) (1979) 

Zinc (p .p .m.) (1979) 

Hydrocarbon ( ing /g ) 

B i o l o g i c a l parameters 
2 

No. of species/0c3m 

No. of ind iv idua l s /0 .3m 
2 

Biomass mg/0.3m 

Divers i ty (Hs) . 

(19T9) 

2 

(1979) 

(1979) 

(1979) 

GkUUP I 

1, 2, 7 
9, 10, 21 

« d. 

I 96-99 

I 9—12 

; 1 

I 200-850 
I 

: 100-20U 

1 - 2 . 5 

I 40 T-

:5( 

IU.2- . 

GhUU^ II 

3, 4 , 5, 13, 
IS, 16, 20, 
23, 24 

8 5 - 9 5 

3 - 1 7 

i —2 

50-150 

5 0 - 1 0 0 

0 . 5 - 1 

6 - 9 

-2000 

-3000 

0*2—loi 

GLUUP III 

6, 11, 12, 14, 
17, 18, 19, 
22 

19-67 

3 -8 

24-

11-42 

60-80 

0 . 2 - 0 . 4 

10-13 

2000-6000 

3000-6000 

0 . 3 - 1 . 5 

Table 6 . 1 
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the s i t u a t i o n improves, more fauna may become e s t a b l i s h e d with a decrease 

in the 'opportunis t ic ' species and an increase in the benthic macrofaunal 

biomass and production. 
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APPklNDlX I M Of MACROTAUNK /a.3M" IN MAY 1976 SURVEY 
17 18 19 20 21 22 23 24 

Lupldon#tus aqua matuu (L) 
Apiirodl ta (Claparede) 

eph) 
Lonqa Fabri 

8 8 9 

OPDlodromus fie Duile Chiaje 
Autolytus sp — - - 2 - - - - - - 1 - - - - 1 - -

Nwr:ls diversicolor Muiler 21 - — 2 - - 28 23 9 4 - - - - - 1 2 6 - - 31 - 3 

Clrrifonnia tenlaculala (Montaqu) - - 10 - - - - - - - - - - - - - 11 - - - -

Nechtvd horn kx^rql (Aud & Edln) 5 38 36 13 105 27 11 - - 33 12 38 4 59 35 - 8 61 12 29 29 12 3 

Caullerlella caputusocls (St Joseph) 6 281 1178 1334 779 878 46 - 220 39 1634 214 559 335 275 303 305 407 251 279 1146 57 1378 

Sc^llbreqma inflakum (Rakhke) - - - 2 - - - ~ - - - - - - - 2 - - -
_ 

- -

Cacltella caplLatd (Fabricius) 3 2 1 1 • - - - 7 - - - • - - " - - - - 3 1 - -

Cirratulus clrratus (O.F.Muller) - - 2 - - - - - - - - - 16 - 28 - - - - 1 -

Melinna palmata (Malmiren) - - 3 5 30 1 - - - - 7 4 14 3 1 6 - - 9 5 13 

Pol/noe jp - - - - - - - - - - - - I - " -

Eui^lid pusllla (St Joseph) - - 5 - - - - - - - - - - - - - - - - - -

Phufonldea - - 1 - - - - - - - - - - - - 1 - 1 - -

Ph. ruaa pliwmosj (O.F.Muller) - „ - - - - - - - - - - - - - - - - - 1 

Exccone sp - - - 15 - _ -
„ 

- - - - - - - . - - - - - -

Crepldula fornicata L • - - 6 - - - ~ - - - - 3 - 17 - 6 -
J - - -

Naszariua reklculatus L - - - - - - - - - - - - - 2 - I - - - - - -

Glbulla cineraria L - - - - - - - - - - - - - - 3 - - — -

Liktofina llktorea - - - - - ~ - - - - - - - - 13 - - — — _ 

- - - - - - - - - - - - - - - ~ - ~ -

CerasLoderma edule L 1 - 2 - - - - - - - - - " 5 - 1 - - 1 

Abra Alba (Wood) 1 - - " - - - - - - - - - - - - - - -

Abra nitlda (Muiler) 12 180 26 95 28 1 - - 4 4 13 1 78 - - 61 5 13 147 2 4 

Venerupis pullastra (Montaqu) - - 1 - - - - - - - " - - - - - - - — — — — 

Mwrcenaria mercenaria L - - - 9 - 3 - - - - 3 1 1 - ' - , - 6 - - 6 I 

Corophium insidiosum - - - - - - - - - - - - - - - 1 - - - - — — 

MicrodeWtopus qrvllotaipa (craska - - 3 - - - - - - - - - - - - - - — . 

Mesopodopais slabber! (van Beneden) — - - - - - - - - - - - - - - - - - — 1 _ 

Phllomedes qlobosum Baird - 2 - 3 1 - - - - - - - - - - - - - - - -

Parl̂mbus kypicus iKroyer) 
Eutiorel la t r catula (Bake) 
Cranqon vtilqaris L 
Corophi 
Corophi 
Arhf-i echinutu (Hudge) 

51 342 1404 1489 1033 952 102 76 1628 283 589 498 338 347 356 556 276 364 13-



APPENDIX II MAY 1978 BIOMASS (mq) 

I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

Lcoidonokus sQuamakus _ - - - - - - - - - - 7.4 - _ 62.6 

Aphrodita aculeata - - - - - - - - - - - - - - 6.6 - - - - - -

Anaikidea maculata - - 2.0 7.5 - - - - - - - - - - - 2.1 - - - - - -

Eteone lonqa 4.2 _ 0.1 6.1 1.8 8.7 7.4 15.2 5.7 - - - 4. 0 6.4 3.2 5.0 7.1 - 7.0 5.3 6.6 5 .3 10.9 

Oohiodromua flexuoaus - - 11.1 - - - - - - - - - - - -

Syllidae - - 66.4 - - - - - - - - - - 98.9 " - - -

Aukolytus - - — 3.3 - - 222.4 - - - - - - 601.7 3.3 - 7.5 - 3.4 

Nereia diverslcolor 68.8 31.5 118.3 - 188.7 100.0 20.9 68.4 - - " - 6.6 8.3 58.1 37.9 - 99.0 

Neohkvs homberqli 13.7 83.5 259.3 73.4 646.3 182.0 23.8 - - - 230. 9 115. .7 99.6 39.5 318.5 543.8 41.2 333.5 119.9 109.3 251 .6 120.1 63.4 

Clrriformla tcntaculata - 5.3 - - - - - - - - - - - - 0.8 - - _ - _ 

Caulleriella CAOutesocis s.t 35.4 179.4 131.1 227.3 122.2 9.4 - 99.3 9. 1 238. .0 48.2 107.2 33.7 47.4 42.3 43.6 52.6 4 7.1 34 . 3 191. .5 15.1 226.4 

Scalibreqma InElaLum - - 3.2 - - - - - - - - - - 3.1 - - - - - -

Caoitella caplkata 1.0 8.9 1.1 1.0 - - - - 7.4 - - - - - - - " - 3.3 6. .6 _ 

CirratuluB clrratua - - 13.7 - - - - - - " - - 109^6 163.1 - - - 3.9 

Poiynoe - - - - - - " - - - - - - - 10.4 - - . 

Eullalia pusllla - - 6.7 - - - - - - - " - - - - - - - - _ 

Phoronidae - l.O - - - - - - - - - - - 1.0 — — 4. . 4 

Pherusa plumosa - - - - - - - - - - - - - - - - - -

Exoqone ^ - - 1.0 - - - - - - - - ' - - - - - - . _ 

Creoidula fornicata - - - 1582.9 - - - - -
„ 

- - 399.4 - 27(17.2 - 1595.9 -

Melinna palmata - - 15.5 14.1 21.5 1.1 - - - - 9. .4 14.4 5.2 12.5 2.3 7.9 - - - 4. 2 3.7 8.6 

Mmaaarlum r*ticulatu« - - — — - - - - - - - - - - 122.4 - 347.6 - - -

Glbulla cinerarl* - - - - - - „ - - _ - - - - 38.5 - - - - -

Llttorina llttorem - - - - - - _ - _ - , - ' - - 565.2 - - - -

Ceraatoderma edule - 11.3 13.2 - 2.1 - - - - - - - - 799.5 407.1 - - 12.7 -

- 5.5 - — - - „ - - - - - - - - - -

Venerupis pullamtr* - - - 794.9 - - „ - - - - - - - - - -

Abra nitida - 2.8 277.0 5.7 26.3 19.3 9.0 - - 2. 0 8. .0 9.4 6.5 79.0 - 133.7 5.2 17.2 181 .1 9.0 7.2 

Nucula twrqida - 3.3 - - - - - - - - - - - - - - - - -

Mercenaria m*rcenarla - -14210.2 - 210.3 - - - - - 669. . 8 - - - - 463.8 - - - 39779 .%463.2 -

Corophium inaidiomum - - - - - - - - - - - - 0.9 - - - - -

Microdeutooug qrvHotalo* - 2.2 - - _ ~ - - _ - - - - - - ~ - - _ 
Meaopodooaia almbberl - - - - - - - _ - - - - - - - - - 4. .4 -

Phllomedea qloboaua - 2.2 0.8 2.3 - - - - - - - - - -

Pmriambua tvoicua - - 0.3 - - - - - - - - - - - - - -

Eudorclla Ircncatula - - 0.2 4.5 2.2 6.8 - - - - 6. .7 1. I 3.4 4.5 — 3.2 — — - 2.3 

Cranqon vulqaria - - - - _ - - - _ - - - - — — — S. 0 - -

Corophium tuberculatum - - - - - - - - - - - - 2.2 - - - - - -

Corophlu* volutator - - - - - - - - - - - - - 0.5 - - -

Ach&lla Rchinata — — — — — — — — — — _ — — — — — - - — — — - 1.. 

Total 93.] 184.4 734.6 2925.1 930.9 340.1 462.8 115.2 34.0 16W 242. .0 381 .8 179. 1 1173. .5 553.G 34B7 .6 1030.9 29 p7. j 935.7 2J6. 1 41 ]67i, 

CO 
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L _ i v ^ 

^ ^ it 5 s 7 e 9 10 11 12 13 :* 15 16 1? 16 19 )() 21 22 23 20 

- - - - 2 " " 0.« 4.2 1 " " Z 

u _ ' - : . 2 1 . 1 o . k 0 . 8 - 1 . 5 - - ^ 2 ' 

Lteone longm 2.7 9.5 5.6 - - - 52.4 38.4 965.U 105.1 - - _ 120.3 ^ j- 1^1 3r:.7 696.4 4.3 

HarmoLroc Impar - - - — - - - - - " " ] ] ] 

Nerela dlverslcolot 3_l 495.7 - 2.3 - - 28.6 1?^.0 657.3 9.4 -} 520.0 

Amot,a6«Le acutlfror.s 

Mechtvs homlmrall _ _ 533.6 164.1 666 . 1 P95.4 - - - 30.0 258.8 255.6 238.8 128.1 142.7 11.6 73.4 234.3 2U1.5 323.f 60.8 ^15.2 ^1^( 

ClfrKormla tentnculata - - - _ _ _ _ " ' ] ]_ 

Scllbreqm: in(lat:,jm 
Sabella pbvonln: 

CdUllmrifUa cau^tesocl. - - 58.6 830.8 116.6 302.8 _ . _ _ 307.0 5S3.4 91.8 422.3 22.0 142.5 1.^0.5 761.2 439.8 39.9 - 328.1 209.3 6: .9 

CmpltullH caollgLa _ 1.0 - 3.3 - - 8.9 4. 1 25.3 9.9 - - - - - - - - - - 4.1 

Clrratulus ciiratmi - _ _ 16.3 24.6 36.8 6.5 - - - - - 2.2 5.0 8.2 4.3 55.5 12.7 24.1 - - - -

Mc^^nn^ — — — 4.0 5 9 . 3 — — — — — — — 16.3 — — 6.2 4.4 3.9 — — — 4 . 3 1 ^ . 5 

PolYddfa clliata 
Pboronidae 

Mira nitida - - 86.7 20.5 25.4 35.7 4.6 - - 6.6 34.7 10.8 4.9 35.0 137.0 4.3 - 16.4 - 115.6 - 109.S 73.1 13.1 

Mercgnarla merccnarla - - - 20525.8 7788.0 70.1 - - - - - 1149.6 _ , - 4703.2 - - 77.3 - _ - 64 6 3.2 11599.5 

Naii.arlua retlculatua 

Buccinum undatti« 

Ceraat^erma edule _ _ _ 172.2 - - - - - 6.6 - 8.7 7.4 

-- _ - 919.2 - —L ' : ——: - — - _ 
CrcBldula fomlcata _ _ _ 275.2 - - - - - - - - - - - _ -19681.6 - _ _ 1378.0 

Carclnus maenas _ _ - 107.4 - - - - - - - - - - - - 736.8 - _ _ _ 

L'.tjcolhoc _ 
ParloculDdas lonqimanua 

Cammarus locuata 

CoroDtiium aaitonl 

Cranqofi vulgaris 

vadlomanals 
Chierocralaa Intcrmedlus 

^ c h e l l a e c h l r a b . 

PycncM^cnuT' liktOLale 

k'hilCMneoes globosus — — 4 . 6 ? « 4 2.2 — — — 4.5 1.1 0.5 0.] 5.G j.4 5.0 

Aoia gracilis -

Eudore)la Iruncatulu — - 5 . S 6 . 6 3«i' — - — - 1..1 l.n 1.1' .i.j .t.3 — l.U 3.2 - 4.4 3.1 

Harlambus typicus 

Total 5.8 506.2 691.2 23660.2 9292.2 754.9 H O . 8 168.3 1647.6 249." ] 608. 1988 397.5 742.9 313.2 5134.4 259.2 25662.' 1 108;. 3 543.3 1230.4 1890.7 6931. .P 12' 

w 
N) 
0 5 



SECONDARY PRODUCTION COMPUTATIONS FOR EIGHTEEN BENTHIC 

MACRO-INFAUNA OF SOUTHAMPTON WATER 



\PPENDIX V 

327 

SABELLA PAVONINA STATION 2 

Sampling 
Month 

L978 Sept. 
L978 Nov. 
L979 Jan. 

,2 
Year No/M Wt Wt Increment Mean No Production 
Class W (mg) AW N N 6 W 

0 1740 0.0129 
0 2733 0.0086 
0 57 0.0386 03 

2236.5 
1395 41.85 

41.850 mg, 

Net Production 41.850 mg. 

iPPENDIX VI 

SABELLA PAVONINA STATION 5 

Sampling Year No/ g Wt Wt Increment Mea^ No. Production 
Month Class 0.5M W (mg) AW N N A W 

_979 MarcT 0 1 3.4 

No Production for Sabella in Station 5 

iPPENDIX VI I 

SABELLA PAVONINA STATION 9 

Sampling 
Month 

Year No^ Mean Wt Wt Increment Mean No Production 
Class M W 4W N N ^ W 

978 Sept. 
978 Nov. 
979 Jan. 

0 
0 
0 

.11 0.198 
28 2.20 
1 2.20 

2.002 69.5 139.139 
14.5 

139.139 

Net Production 139.139 mg. 



APPENDIX VIII 328 
SABELLA PAVONINA STATION 

Sampling Year No/ 2 Mea^Wt Wt increment Mean No. Production 
Month Class 0.5M W N N jW 

1978 
.978 
.979 
.979 

Sept. 
Nov. 
Jan. 
Mar. 

0 
0 
0 
0 

1st Cohort 

240 0.0408 
112 0.0188 

2 2.15 2.15 

176 

2.150 

'nd Cohort 

3rd Cohort 

2.150mg 

979 May 0 507 0.0219 — — — 

July 0 11 0.06727 0.6508 259 168.5572 
Sept 0 4 0.7500 0.0773 7.5 0.5798 
Nov. 0 - - — — — 

980 Jan 0 — — — _ 

= 169.1370 

980 Mar 4 0.825 
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MELINNA PALMATA STATION 5 

Sampling 
Month 

Year 
Class 

No/ ^ 
0.5M^ 

Mean Wt 
W 

Wt Increment 
AW 

Mean No 
N 

Production 
N W 

1978 July 0 8 0.400 — — — 

Sept 0 8 0.360 - 8 -

Nov 0 43 0.223 — 25.5 -

1979 Jan 0 47 0.236 0.013 45.0 0.585 
Mar 0 12 0.158 - 29.5 -

May 1 87 1.370 1.212 44.5 53.935 
July 1 103 1.150 — 95 -

Sept 1 80 1.580 0.430 91.5 39.345 
Nov 1 29 1.400 - 54.5 -

1980 Jan 1 54 1.860 0.460 41.5 19.09 
Mar 1 11 2.740 0.880 32.5 28.60 

P = 141.554 

L978 July 1 48 0.87 
Sept 1 31 1.00 0.13 39.5 5.135 
Nov 1 62 1.06 0.06 46.5 2.790 

1979 Jan 1 23 3.53 2.47 42.5 104.980 
Mar 1 21 1.67 - 22.0 -

May II 6 2.05 0.38 13.5 5.13 
July II 20 2.75 0.70 13.0 9.10 

P = 127.135 

1978 July II 8 2.66 
Sept II 2 1.75 - 5 -

Nov II 2 4.00 2.25 2 4.50 

P = 4.50 

2nd Cohort 

1979 May 0 7 0.11 — — — 

July 0 5 0.40 0.29 6 1.74 
Sept n 17 0.24 - 11 — 

Nov 0 12 0.43 0.19 14.5 2.755 
L980 Jan 10 0.28 - 11 -

Mar 0 7 0.09 — 8.5 -

4.495 

Net P 277.684 mg, 



PPENDIX X(a) 

CAPITEL^^ CAPITATA STATION 2 

330 

Sampling 
Month 

978 July 
Sept 
Nov 

979 Jan 

Year No/ 
Class M 

0 
0 
0 
0 

0 
608 
76 
2 

Mean Wt Wt increment Mean No Production 
W N N A W 

0 
0.065 
0.0063 
1.15 1.144 

342 
39 44.043 

P = 44.043 

979 Mar 
May 

1/9 Mar 

0 
0 

362 
21 

10 

2nd Cohort 

0.039 
1.095 

0.33 

^ 0 5 6 191.5 202.224 

202.224 

379 July 
Sept 
Nov 

380 Jan 
Mar 

3rd Cohort 

0 282 0.092 
0 167 0.847 
0 120 0.310 
0 205 0.10 
0 25 0.0007 

^ 7 5 5 224.5 
143.5 
162.5 
115. 

169.498 

^ENDIX X(b) 

Net P = 415.765 mg 

CAPITELLA CAPITATA STATION 5 

P - 169.498 

Sampling 
Month 

Year 
Class 

No/ 
0.5M 

2 Mean Wt 
W 

Wt Increment 
AW 

Mean No 
N 

Production 
N A W 

'78 July 0 1.400 



APPENDIX X(c) 

CAPITELl^ CAPITATA STATION 9 
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Sampling Year No/\ Mean Wt Wt Increment Mean No Production 
Month Class W AW N N A W 

1978 July 0 0 — _ 

Sept 0 22736 0.075 — — — 

Nov 0 13362 0.0203 — 18049 — 

1979 Jan 0 1582 0.1195 0.0992 7472 741.463 
Mar I 750 0.2507 0.1312 1166 152.979 
May I 107 0.3047 0.054 428.5 23.139 
July I 150 0.268 - 128.5 -

1978 Sept 2500 0.067 

P = 917.581 

Cohort 

1979 Mar 
May 
July 
Sept 

0 1537 0.05296 
0 5730 0.27270 
0 794 0.1037 
1 1552 0.1507 

0.2197 

0.047 

3633.5 
3262 
1173 

799.085 

55.131 

= 854.216 

vPPENDIX X(d) 

3rd Cohort 

L979 Sept 0 6184 0.0378 — — — 

Nov 0 6841 0.0385 0.007 6512.5 4.559 
L980 Jan 0 724 0.0442 0.0057 3782.5 21.560 

Mar 0 814 0.0386 - 769.0 -

P = = 26.119 

Net P = 1797 .916 mg 

or 1.798q 

CAPITELLA CAPITATA STATION 20 

Sampling 
Month 

Year 
Class 

No/ , 
0.5M' 

Mea^ Wt 
W 

Wt Increment 
AW 

Mean No 
N 

Production 
N A W 

L979 

1980 

July 
Sept 
Nov 
Jan 
Mar 

0 
0 
0 
0 
0 

1 
3 
4 
I 

3.4 
2.2 
2.3 
2.0 

0.1 
2 
3.5 
2 

0.350 

0.350 
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CAULLERIEL^^ CAPUTESOCIS STATION 2 

Sampling 
Month 

Year 
Class 

No/ 
M 2 

Mea^ Wt Wt Increment Mean No Producbion 
W N N A W 

978 July 
Sept 
Nov 

979 Jan 

0 
I 
I 
I 

2 5 6 5 
5 2 0 

3 5 
5 

0.0582 
0.0385 
0.0223 
0.64 0.6177 

1542.5 
277.5 
20.0 

P = 

12.354 

12.354 

978 July 860 0.0073 

2nd Cohort 

978 Sept 0 700 0.066 
Nov 0 216 0.0435 — 458 — 

979 Jan 0 319 0.0445 0.001 267.5 0.268 
Mar 0 2 0.0028 — 160.5 
May 0 1 0.0025 - 1.5 
July 0 0 0.0023 - -

979 Sept 0 4 1.1 - 2.5 

0.268 

980 Mar 

3rd Cohort 

0 1 1.1 

Net P = 12.354 + 0.268 

PPENDIX xi: CAULLERIELLA CAPUTESOCIS STATION 9 

Sampling 
Month 

978 July 
Sept 

Year No/ g Mean Wt Wt Increment Mean No Production 
Clas: M W AW N N A W 

0 422 0.0334 
0 58 0.0379 0.0045 240 1 .080 

2.080 mg 
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APPENDIX XIi: 

CAULLERIELl^ CAPUTESOCIS STATION 5 

Sampling 
Month 

Year 
Class 

No/p 
0.5M 

Mean Wt Wt 
W 

Increment 
AW 

Mean No 
N 

Production 
N A w 

1978 July 0 1400 0.073 — — 

Sept 0 6420 0.029 - 3910 — 

Nov 0 6336 0.071 0.042 6378 267.876 
1979 Jan 0 6400 0.075 0.004 6368 25.472 

Mar 0 2133 0.118 0.043 4266.5 183.460 
May I 4835 0.0996 - 3484 — 

July I 1000 0.176 0.076 2917.5 222.897 
Sept I 638 0.134 - 819 — 

Nov I 600 1.67 1.536 619 950.784 
1980 Jan I 200 0.071 - 400 — 

Mar I 1621 0.0300 - 910.5 -

P = 1650.489 

1978 July I 3544 0.041 
Sept I 6440 0.028 - 4992 -

Nov I 6000 0.073 0.045 6220 279.900 
1979 Jan I 1985 0.095 0.022 3992.5 87.835 

Mar I 400 0.130 0.035 1692.5 59.238 
May III 200 5.00 4.870 300 1461.000 
July II 200 0.196 — 200 — 

P = 1887.973 

L978 July II 500 0.114 
Sept II 200 0.169 0.055 350 19.250 
Nov II 400 0.158 - 300 -

P 19.250 

2nd Cohort 

979 May 0 700 0.10 — — — 

July 0 9363 0.078 - 5031.5 -

Sept 0 3650 0.060 — 6506.5 -

Nov 0 2225 0.051 2937.5 -

.980 Jan 0 2368 0.076 0.025 2296.5 57.413 
Mar 0 2950 0.078 0.002 2659 5.318 

62.731 

Net P = 
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APPENDIX XIV 

CAULLERIELLA CAPUTE50CIS STATION 20 

Sampling 
Month 

Year 
Class 

No/ 
0.5M 

n Mean Wt 
W 

Wt Increment 
AW 

Mean No 
N 

Production 
N A W 

1978 July 0 967 0.0598 
Sept 0 1684 0.0628 0.00297 1325.5 3.9367 
Nov 0 1000 0.0236 — 1342 — 

1979 Jan 0 2300 0.0611 0.0375 1650 61.8750 
Mar 0 1722 0.0385 — 2011 — 

May I 108 0.5833 0.5448 915 498.4920 

P = 564.3037 

1978 July I 3306 0.0488 
Sept I 2200 0.0791 0.0303 2753 83.4159 
Nov I 1656 0.0235 _ 1928 — 

1979 Jan I 1060 0.0642 0.0407 1358 55.2706 
Mar I 120 0.0883 0.0241 590 14.2190 

P = 152.9055 

L978 July II 480 0.1548 
Sept II 0 - — - — 

Nov II 160 0.081 0.081 80 . 6.48 

P 6.48 

2nd Cohort 

979 May 0 1300 0.0779 _ — 

July I 1020 0.0081 - 1160 -

Sept I 60 0.4000 0.3919 540 211.626 

P : ^ 211.626 

3rd Cohort 

979 July 0 1762 0.0057 — — — 

Sept 0 526 0.0835 0.0778 1144 89.0032 
Nov. I 940 0.0400 — 733 -

980 J an I 1038 0.1344 0.0944 989 93.3616 
Mar I 500 0.0282 - 769 — 

P = 182.3648 

4th Cohort 

979 Nov 0 1057 0.0483 — -

Jan 0 1574 0.1090 0.0607 1315.5 79.8793 
Mar . 0 1570 0.1374 0.0284 1572 44.7016 

= 124.5809 

Net P 1 2 4 2 . m q 



APPENDIX XV(aj 

NEPHTYS HOMBERGII STATION 2 

335 

Sampling 
Month 

1978 July 
Sept 
Nov 

Class 

I 
I 

Year No/ ^ Mean, Wt Wt Increment Mean No Production 
M 

1 0 0 
2 
1 

W 

8.653 
8.350 
38.6 

Aw 

30.250 

N 

51 
1.5 

N A W 

45.3750 

45.3750 

1978 Sept 
Nov 

1979 Jan 

0 
0 
I 

2nd Cohort 

1 1.7 
3 2.23 

19 9.521 
0.53 
7.291 

P = 

1.06 
80.201 

81.261 

1979 Jan 0 13 

3rd Cohort 

0.454 

Net P 

APPENDIX XVb 

1978 July 

NEPHTYS HOMBERGII STATION 9 

Year No/ ^ Mea^Wt Wt Increment Mean No Production 
Month Class M" W Aw N N A W 

0 10 5.06 

1980 Jan 0 4 

Net P = — 

2nd Cohort 

7.00 



PPENDIX XVI 

NEPHTYS HOMBERGII STATION 5 
336 

Sampling Year No/ p Mean^ Wt Wt Increment Mean No 
Month Class 0.5M W N 

Production 
N A W 

978 July 
Sept 
Nov 

979 Jan 
Mar 

0 
I 

II 
II 
II 

2 9 
14-
30 
3 
1 

4.983 
9.136 
6.867 
36.067 
35.700 

4.153 

29.200 

21.5 
22 
16.5 

2 

89.2895 

481.800 

571.0895 

978 July 
Sept 

I 
I 

27.70 
14.217 3.5 

P 

978 Sept 
Nov 

979 Jan 
Mar 
May 
July 

0 
I 
I 
I 

II 
II 

2nd Cohort 

3 0.267 
60 6.38 6.113 
39 9.362 2.982 
11 18.709 9.347 
45 11.100 
21 19.696 8.576 

31.5 
44.5 
25 
28 
33 

192.560 
132.699 
233.675 

283.008 

841.942 

378 Nov 
379 Jan 

Mar 
May 
July 
Sept 

0 
0 
0 
I 
I 
I 

3rd Cohort 

6 1.483 
71 5.844 4.361 
30 1.223 
63 11.962 10.739 
67 12.491 0.529 
13 22.562 10.071 

38.5 
50.5 
46.5 
65 
40 

P 

167.8985 

449.3635 
34.3850 

402.8400 

1054.4870 

379 May 
July 
Sept 
Nov 

)80 Jan 
Mar 

0 
I 
I 
I 

4th Cohort 

4 3.375 
9 8.433 5.058 

57 6.172 
63 7.851 1.679 
35 10.437 2.586 

6.5 
33 
60 
49 

32.8770 

100.7400 
126.7140 

260.3310 

)79 Nov 
)80 Jan 

Mar 

0 
0 
0 

5th Cohort 

7 7.514 
33 8.782 
22 15.450 

1.268 
6.668 

20 
27.5 

P = 

25.3600 
183.370 

208.7300 

Net P = 2936.5795 mg 



APPENDIX XVII 

NEPHTYS HOMBERGII STATION 20 

Sampling 
Month 

Year 
Class 

No/ 2 
0.5M 

Mean Wt Wt 
W 

Increment 
AW 

Mean No 
N 

Production 
N A W 

1978 July 0 92 7.890 
Sept I G5 9.951 2.061 78.5 161.7885 
Nov I 100 8.528 — 82.5 — 

1979 Jan I 60 11.210 2.682 80 214.560 
Mar I 57 9.488 — 58.5 _ 
May II 2 23.25 13.762 29.5 405.979 

P = 782.3275 

2nd Cohort 

978 Sept 0 2 3.700 — — — 

Nov 0 8 6.200 2.500 5 1^.500 
979 Jan 0 22 6.436 0.236 15 3.540 

Mar 0 36 6.225 - 29 — 

May I 81 11.096 4.871 58.5 284.9535 
July I 81 9.463 - 81 — 

P = 300.9935 

978 Sept II 16 9.575 
Nov II 2 15.400 5.825 9 52.4250 

P = 52.4250 

3rd Cohort 

979 May 0 2 1.9 - — — 

July 0 7 7.657 5.757 4.5 25.9070 
Sept I 61 7.921 0.264 34 8.9760 
Nov I 45 13.902 5.981 53 316.9930 

980 Jan I 42 9.691 - 43.5 -

Mar I 4 11.051 1.359 23 31.2570 

P = 383.1330 

4th Cohort 

379 Sept 0 2 2.850 - - -

Nov 0 - - - - -

380 Jan 0 3 4.00 1.150 2.50 2.875 
Mar 0 52 9.275 5.275 27.5 145.0623 

p = 147.9373 

Net P = 1666.8163 mq 



APPENDIX XVIII 338 

NEREIS DIVERSICOLOR STATION 2 

Sampling 
Month 

Year 
Clas 

No/ 
M 

Mean Wt 
W 

Wt Increment 
AW 

Mean No 
N 

P r q ^ ^ c t i o n 
N A W 

1978 Sept 
Nov 

1979 Jan 
Mar 
May 

0 
0 
0 
I 
I 

202 
441 
304 
304 

1.051 
1.290 
1.335 
4.301 

0.239 
0.045 
2.966 

321.5 
372.5 
304 

76.8385 
16.7625 

901.6640 

= 995.2650 

1978 Sept 
Nov 

1979 Jan 

1978 Sept 
Nov 

I 
I 
I 

II 
II 

4-9 7 1.276 
400 1.826 
29 16.310 

15 
7 

20.673 
38.343 

0.550 
14.484 

17.670 

443.5 
214.5 

P = 

11 

P = 

243.9250 
3106.8180 

3350. 7430 

194. 3680 

184. 3680 

1979 Mar 
May 
July 

0 
0 
I 

84 
10 
23 

2nd Cohort 

3.369 
26.170 
19.30 

22.801 47 
16.5 

1071.6470 

Sept I 4 48.90 28.40 13.5 383.4000 

P = 1455.0470 

3rd Cohort 

1979 July 0 126 2.598 — — — 

Sept 0 59 1.661 — 92.5 -

Nov I 85 13.801 12.140 72 874.0800 
1980 Jan I 14 4.271 44.5 -

Mar I 1.8 17.350 13.079 16 209.2640 

P = 1083.3440 

4th Cohort 

1979 Nov 0 357 2.501 — — — 

1980 Jan 0 344 0.161 — .5 -

Mar 0 334 0.396 0.235 339 79.6650 

P 79.6650 

Net P 7158 .4320 mq 



APPENDIX XIX 

NEREIS DIVERSICOLOR STATION 9 
339 

Sampling 
Month 

Year 
Class 

No/ 
M 

Mean Wt 
W 

Wt Increment 
AW 

Mean No 
N 

Production 
N A w 

1978 July 
Sept 
Nov 

1979 Jan 

0 
0 
I 
I 

16 
107 
121 

2 

2.5813 
1.870 
0.872 
8 . 2 0 0 7.328 

61.5 
114 
61.5 450.672 

1978 July 
Sept 
Nov 

I 
I 
II 

146 
60 
22 

15.137 
11.070 
12.290 1.22 

103 
41 

= 450.672 

50.02 

50.02 

1978 Nov 
1979 J an 

Mar 
May 
July 

0 
0 
0 
I 
I 

2nd Cohort 

20 0.095 
60 1.141 

15 2 3.025 
5 8.500 

1.046 

1.884 
5.475 

35 

106 
77.5 

36.610 

199.704 
424.313 

= 660.627 

1979 

1980 

May 
July 
Sept 
Nov 
Jan 

0 
0 
I 
I 
I 

3rd Cohort 

48 3.083 
2 3.250 
4 6.175 
3 5.233 
2 5.250 

0.167 
2.925 

0.017 

25 
3 
3.5 
2.5 

P = 

4.175 
8.775 

0.043 

12.993 

1979 Sept 
Nov 

1980 Jan 
Mar 

0 
0 
0 
I 

4th Cohort 

2 1.062 
53 0.234 
14 1.043 
99 6.983 

0.809 
5.940 

27.5 
33.5 
56.5 

27.102 
335.610 

1980 Mar 

5th Cohort 

930 0.973 

P = 362.712 

Net P 1 ^ 3 7 ^ 0 2 ^ ^ g 



APPENDIX XX 

NEREIS DIVERSICOLOR STATION 5 

340 

Sampling 
Month 

Year 
Class 0.5M 

No/ p Mea^ Wt Wt Increment Mean No Production 
W N N A W 

978 July 
Sept 
Nov 

0 
0 
I 

2 9.100 
1 36.700 
2 110.750 

27.600 
74.050 

1.5 
1.5 

41.4000 
111.0750 

152.4750 

978 Nov 

979 Jan 

980 Jan 

2nd Cohort 

0 2 110.0 

3rd Cohort 

0 2 106.0 

4th Cohort 

0 1 1.0 

Net P - 152.4750 mq 

YYi 
PPENDIX XXII 

NEREIS DIVERSICOLOR STATION 20 

Sampling 
Month 

Year No/ 
Class 0.5M 

2 Mean Wt Wt Increment Mean No 
W N 

Production 
N A W 

978 July 
Sept 

978 Nov 
979 Jan 

Mar 
May 

0 
0 

0 
0 
0 
0 

2 17.45 
1 10.90 

2nd Cohort 

15 0.513 
85 0.088 
21 0.105 
2 0.600 

0.017 
0.495 

1.5 

50 
53 
11.5 

P = 

0.901 
5.6925 

6.5935 

979 

980 

Sept 
Nov 
Jan 

0 
0 
I 

3rd Cohort 

4 1.10 
10 7.99 
1 6.20 

6.89 7 
5.5 

P = 

48.2300 

48.2300 

980 Jan 
Mar 

0 
0 

Net P 

4th Cohort 

59 0.207 
29 4.907 

mc 
4.700 44 p = 206.800 



APPENDIX XXII 

ETEONE LONGA STATION 2 
2 4 1 

Sampling 
Month 

Year 
Class 

No/ 
M 

Mea^^ Wt 
W 

Wt Increment 
AW 

Mean No 
N 

Production 
N A W 

1978 

1979 

July 
Sept 
Nov 
Jan 
Mar 
May 
July 

1st Cohort 

0 3 0.767 
0 563 0.091 
0 848 0.078 
0 269 0.126 
0 266 0.187 
0 ' 109 0.112 
0 65 0.148 

0.048 
0.061 

0.036 

283 
705.5 
558.5 
266.5 
137.5 
87 

26.8205 
16.3175 

3.1052 

= 46.2432 

L979 

1980 

Sept 
Nov 
J an 
Mar 

0 
0 
0 
0 

3 
28 
26 
13 

2nd Cohort 

0.3667 
0.3893 
0.2423 
0.1462 

0.023 15.5 
27 
19.5 

0.3565 

iPPENDIX XXITI 

Net P = 46.5997 mq 

ETEONE LONGA STATION 5 

= 0.3565 

Sampling Year No/ ^ Mean Wt Wt Increment Mean No Production 
Month Class 0.5M W A W N N A W 

978 July 
Sept 
Nov 

0 
0 
0 

1st Cohort 

8 1.225 
1 7.800 
1 2.200 

6.575 4.5 
1 

29.5875 

P = 29.5875 

979 Jan 
Mar 
May 
July 
Sept 

0 
0 
0 
0 
0 

2nd Cohort 

6 4.3833 
5 1.0600 
2 1.6500 
6 1.2500 
1 5.5000 

0.5900 

4.2500 

5.5 
3.5 
4 
3.5 

P ^ 

2.065 

14.875 

16.940 

980 Mar 0 

Net P 

3rd Cohort 

1 1.00 

46.5275 mq 



PPENDIX XXIV 342 
ETEONE LONGA STATION 9 

Sampling Year No/ p Mean Wt Wt Increment Mean No Production 
Month Class M W N N W 

978 July 
Sept 
Nov 

979 Jan 

0 
0 
0 
0 

1st Cohort 

1 2.300 
21 0.362 
45 0.231 
1 4.500 4.269 

11 
33 
23 98.187 

98.187 

379 

)80 

Mar 
May 
July 
Sept 
Nov 
Jan 

0 
0 
0 
0 
0 
0 

37 
15 
1 
0 
7 
3 

2nd Cohort 

0.2891 
0.7000 
3.4000 

0.5285 
2.5667 

0.4109 
2.7000 

0.5285 
2.0382 

26 

3.5 
5 

P = 

10.6834 
21.6000 

1.8500 
10.1910 

44.3244 

)80 Mar 

3rd Cohort 

76 0.2092 

PENDIX XXV 

Net P = 142.5114 mq 

ETEONE LONGA STATION 20 

Sampling 
Month 

Year No/ 
Class 0.5M 

Mean Wt Wt Increment Mean No 
W 4W N 

Production 
N A W 

79 

78 July 
Sept 
Nov 
Jan 
Mar 
May 
July 
Sept 

0 
0 
0 
0 
0 
0 
0 
0 

1st Cohort 

53 0.590 
94 0.226 
25 0.388 
33 0.591 
27 1.496 
11 0.982 
25 0.408 

0.162 
0.203 
0.905 

73.5 
59.5 
29.0 
30.0 
19 
18 

9.639 
5.887 

27.159 

42.685 

79 Nov 
80 Jan 

Mar 

0 
0 
0 

2nd Cohort 

7 0.343 
25 0.772 
28 0.804 

0.429 
0.032 

16 
26.5 

6.864 
0.848 

7.712 

Net P 50.397 mq 



)PENDIX XXVI 3 4 3 

ANAITIDES MACULATA STATION 2 

Sampling Year No/ ^ Mea^Wt Wt Increment Mea^ No Production 
Month Class M' W /IW N N A W 

)78 July — — — — — — 
Sept 0 5 0.88 - - -
Nov 0 — — — — — 

)79 Jan 0 3 1.733 0.853 4 3.413 

P = 3.413 

Net P = 3.413 mq 

'PENDIX XXVII 

ANAITIDES MACULATA STATION 5 

Sampling Year No/ p Mean_ Wt Wt Increment Mean No Production 
Month Class 0.5M W N N & W 

1st Cohort 

)78 July 0 24 0.208 — — — 
Sept 0 14 0.136 - 19 -
Nov 0 5 0.54 0.404 9.5 3.838 

179 Jan 0 8 0.49 - 6.5 -

3.838 

2nd Cohort 

*79 Mar 0 2 1.30 - -
May 0 3 1.03 — 2.5 
July 0 3 0.73 — 3 

Net P = 3.838 mq 



APPENDIX XXVIII 

.ANAITIDES MACULATA STATION 20 

Sampling Year No/ _ Mean Wt Wt Increment Mean No Production 
Month Class 0.5M W N N A W 

1st Cohort 

1978 July 0 1 2.100 - — — 

Sept • 0 - - - - _ 

Nov 0 2 1.60 — 1.5 -

P = -

2nd Cohort 

1979 Jan 0 17 0.643 — — _ 

Mar 0 14 0.121 - 15.5 — 

May 0 2 1.45 1.329 8 10.632 

P = 10.632 

1979 Jan I 4 1.7 
Mar I 2 1.9 0.2 3 0.600 

P = 0.600 

3rd Cohort 

1980 Jan 0 3 2.43 - - — 

Net P = 11.232 mq 

APPENDIX XXIX 
CIRRATULUS CIRRATUS STATION 2 

Sampling Year No/ _ Mea^ Wt Wt Increment Mean No Production 
Month Class M W i&W N N A W 

1978 July 0 2 0.75 

Net P = 0 

APPENDIX XXX CIRRATULUS CIRRATUS STATION 9 

Sampling 
Month 

Year No/ ^ Wt Mean Wt Increment Mean No Production 
Class M W AW N N A w 

1978 July 
Sept 
Nov 

1979 Jan 
Mar 

0 
0 
0 
0 
0 

3 2.933 
1 2 . 2 

0 
1 7.8 5.6 1 5.6 

P = 5.6 

Net P = 5.6mg 



APPENDIX XXXI(a) 

CIRRATULUS CIRRATUS STATION 5 
345 

Sampling 
Month 

1978 July 
Sept 

Year 
Class 

No/ 
0.5M 

2 Mean Wt 
W 

Wt Increment 
j&W 

1st Cohort 

0 228 0.318 
0 94 0.704 0.386 

Mean No 
N 

Productior 
N A W 

161 62.187 

P = 62.187 

1978 Sept 

1978 Nov 
1979 Jan 

Mar 
May 

1978 Nov 

1979 Sept 
Nov 

1980 Jan 
Mar 

0 

0 
0 
0 
0 

10 

66 
1 
3 
1 

35 

43 
14 

12 

1.46 

2nd Cohort 

0.708 
4.2 
23.066 
6.10 

0.782 

3rd Cohort 

2.372 
2.279 

11.542 

3.492 
18.866 

9.263 

33.5 

2 

28.5 

13 

P 

116.982 
37.733 

= 154.715 

120.419 

120.419 

1979 Nov I 

Net P 

4 8.5 

337.321 mq 

APPENDIX XXXI(b) 

CIRRATULUS CIRRATUS STATION 20 

Sampling 
Month 

Year 
Class 

No/ 2 
0.5M 

Mean Wt 
Iv 

Wt Increment 
aw 

Mean No 
N 

Production 
N jA W 

1978 Nov 
1979 Jan 

Mar 

0 
0 
0 

18 

1 

0.233 

2 . 0 0 0 1.777 9.5 16.882 

= 16.882 

Net Production = 16^882:^ 



APPENDIX XXXII 346 
POLYDORA CILIATA STATION 2 

Sampling Year No/ ^ Mean^ Wt Wt Increment Mean No Production 
Month Class M W N N A W 

1978 July 
Sept 
Nov 

0 
0 
0 

1086 
17 

1st Cohort 

0.122 
0.022 
0.394 0.372 

547,5 
551.5 205.223 

P = 205.223 

1979 Jan 

1979 May 
July 

0 
0 

42 

1 

54 

2nd Cohort 

0.0524 

3rd Cohort 

2.4 
0.1796 27.5 

P 

Net P 2 0 5 ^ 2 2 3 ^1^ 

APPENDIX XXXIII 

POLYDORA CILIATA STATION 5 

Sampling Year No/ - Mea^ Wt Wt Increment Mean No Production 
Month Class 0.5M W AW N Njl W 

1978 July 
Sept 
Nov 

1st Cohort 

0 47 0.047 
0 18 0.172 
0 2 0.600 

0.125 
0.428 

32.5 
10 

4.0592 
4.2800 

8.3492 

1979 Jan 
Mar 

0 
0 

4 
1 

2nd Cohort 

0.3 
1.1 0.8 2.5 

P 

2.00 
2.00 

Net P 10.3492 mq 



APPENDIX XXXIV 

POLYDORA CILIATA STATION 9 
9 4 7 

Sampling 
Month 

Year No/ ^ 
Class 

Mean Wt Wt Increment Mean No Production 
W AW N N A W 

1978 July 
Sept 
Nov 

1st Cohort 

0 50 0.016 
0 51 0.043 
0 1 2.300 

0.027 
2.257 

50.5 
26 

1.3704 
58.6820 

60.0524 

1979 July 

2nd Cohort 

0 1 4.5 

Net P = 60.0524 mq 

APPENDIX XXXV 

1978 July 
Sept 
Nov 

POLYDORA CILIATA STATION 20 

Sampling Year No/ p Mean Wt Wt Increment Mean No Production 
Month Class 0.5M W AW N N ,6, W 

1st Cohort 

0 21 0.2095 
0 163 0.032 
0 2 0.550 0.518 

92 
82.5 42.7350 

P = 42.7350 

1979 Jan 
Mar 
May 

0 
0 
0 

2nd Cohort 

2 2.250 
2 1.700 
3 1.100 2.5 

1980 Jan 
Mar 

0 
0 

3 
1 

3rd Cohort 

0.2667 
1.1000 0.833 1.666 

P = 666 

Net P 44.4010 mq 

APPENDIX XXXVI 
ABRA NITIDA STATION 2 

Sampling Year No/ ^ Mean Wt Wt Increment Mean No Pro^^ction 
Month Class M W N N <6̂  W 

1978 July 
Sept 

0 
0 

Net P 

585 
1 

2 . 8 1 6 
2.900 0.084 293 = 2.067 



ABRA NITIDA STATION 5 348 

Sampling Year No/ » Mean Wt Wt Increment Mea^ No 
Month Class 0.5M W AW N 

Production 
N A W 

1978 

1979 

1978 
1979 

July 
Sept 
Nov 
Jan 
Mar 

Nov 
Jan 
Mar 
May 
July 
Sept 

0 
0 
I 
I 

0 
0 
0 
0 

23 
10 
7 

11 

7 
28 

4 
89 
55 

8 

1.083 
1.390 
1.586 
1.500 

2nd Cohort 

0.271 
0.300 
1.075 
0.485 
1.067 
0.588 

0.307 
0.196 

0.029 
0.775 

0.582 

16.5 
8.5 
9.0 

17.5 
16 
46.5 
72 
31.5 

5.066 
1.666 

= 6.732 

0.508 
12.400 

41.904 

= 54.812 

1979 
1980 

Nov 
Jan 
Mar 

0 
0 
0 

15 
4 
4 

3rd Cohort 

0.567 
1.625 
2.550 

1.058 
0.925 

9, 
4 

10.051 
3.700 

= 13.751 

APPENDIX XXXVIII 

ABRA NITIDA STATION 20 

Sampling 
Month 

Year 
Class 

No/ 
0.5M 

2 Mean Wt 
W 

Wt Increment 
AW 

Mean No 
N 

Production 
N A W 

1978 

1979 

1978 
1979 

July 
Sept 
Nov 
Jan 
Mar 
May 

Nov 
Jan 
Mar 
May 
July 
Sept 
Nov 

0 
0 
I 
I 
I 
I 

0 
0 
0 
0 
0 
0 
0 

271 2.007 
31 2.368 
14 1.343 
9 1.844 
1 2.100 
1 2.325 

2nd Cohort 

1 3.300 
7 1.487 
6 0.917 

403 0.450 
258 2.037 

6 2.950 
15 1.713 

0.361 

0.501 
0.256 
0.225 

1.587 
0.913 

156.0 
22.5 
11.5 
5 
1 

4 
6.5 

231.5 
330.5 
132 
10.5 

43.796 

5.767 
1.280 
0.225 

51.068 

524.504 
120.516 

1980 Jan 
Mar 

0 
0 

3rd Cohort 

1 1.000 
12 0.725 

= 645.020 

Net P 696.088 mg 



APPENDIX 

MERCENARIA MERCENARIA STATION 5 

1970 Year Class 

349 

Sampling 
Month 

Year 
Class 

No/ p 
0.5M 

Mean Wt 
(mg)wf 

Wt Increment 
AW 

Mean No 
N 

Production 
N A w 

1978 July 8 1 5377.0 _ — — 

Sept 8 1 3738.5 - 1 -

Nov 9 - - - - -

1979 Jan 9 1 4609.9 871.4 1 877.4 
Mar 9 - - - - — 

May 9 1 4799.9 190.0 1 190.0 

P = 961.4 

1971 Year Class 

1978 July 7 4 2447.9 — _ — 

Sept 7 2 2948.7 500.8 3 1502.4 
Nov 8 6 5172.0 2223.3 4 8893.2 

1979 Jan 8 5 3988.6 - 5.5 -

Mar 8 - - - - -

May 8 - — - - -

July 8 1 3543.3 — 3 — 

Sept 8 1 5872.6 2329.3 1 2329.3 

P = 12724.9 

1972 Year Class 

1978 July 6 5 2625.2 — _ -

Sept 6 11 2239.8 — 8 — 

Nov 7 3 3054.3 814.5 7 5701.5 
1979 Jan 7 2 2434.4 — 2.5 -

Mar 7 5 2024.0 — 3.5 — 

May 7 4 2609.4 585.4 4.5 2634.3 
July 7 3 2526.2 - 3.5 — 

Sept 7 8 3612.9 1086.7 5.5 5976.9 
Nov 8 2 2831.8 - 5 -

1980 Jan 8 2 3723.5 891.7 2 1783.4 

P = 16096.1 

1973 Year Class 

1978 July 5 8 1605.3 — - -

Sept 5 11 1669.6 64.3 9.5 289.4 
Nov 6 7 2634.4 964.8 9 8683.2 

1979 Jan 6 3 1782.6 — 5 — 

Mar 6 5 1861.5 80.9 4 323,6 
May 6 3 1873.0 11.5 4 46.0 
July 6 3 2238.7 365.7 3 1097.1 
Sept 6 6 2756.9 518.2 4.5 2331.9 
Nov 7 8 2945.8 188.9 7 1322.3 

1980 Jan 7 4 2195.2 - 6 -

Mar 7 13 2457.5 262.3 8.5 2229.6 

= 16323.1 



APPENDIX XXXIX (cont'd) 
MERCENARIA MERCENARIA STATION 5 

350 

Sampling 
Year 

1978 

1979 

1980 

July 
Sept 
Nov 
Jan 
Mar 
May 
July 
Sept 
Nov 
Jan 
Mar 

1978 

19 79 

1980 

July 
Sept 
Nov 
Jan 
Mar 
May 
July 
Sept 
Nov 
J an 
Mar 

1978 

1979 

1980 

July 
Sept 
Nov 
J an 
Mar 
May 
July 
Sept 
Nov 
Jan 
Mar 

Year 
CI ass 

1974 Year Class 

1975 Year Class 

1976 Year Class 

4 
4 
5 
5 
5 
5 
5 
5 
6 
6 

3 
3 
4 
4 
4 
4 
4 
4 
5 
5 
5 

2 
2 
3 
3 
3 
3 
3 
3 
4 
4 
4 

No/ p 
0.5M 

Mean Wt 
(mg) 

Wt Increment 
AW 

Mean No 
N 

Production 
N A w 

1 458.9 
1 858.9 400.0 1 400.0 

2 1430.0 571.1 1.5 856.7 
7 1271.0 — 4.5 -

1 2419.3 1148.3 4 4593.2 
2 1848.0 — 1.5 -

2 2512.6 664.6 2 1329.2 
8 1530.7 5 - — 

1 1953.3 412.6 4.5 1856.7 
6 1990.4 37.1 3.5 129.9 

P zz 9623.7 

1 131.0 
1 746. 7 615.7 1 615. 7 
1 2333.0 1586.3 1 1586.3 
0 - — - — 

0 - - - — 

0 - - - — 

1 1585.6 - 1 — 

4 1444.6 - 2.5 — 

4 1999.0 554.4 4 2217.6 

1 731.7 — 2.5 — 

4 1479.9 748.2 2.5 1870.5 

P = 6290.1 

9 103.2 
4 72.7 — - — 

4 222. 7 150.0 4 600.0 

2 106.4 — 3 — 

2 695.4 589.0 2 1178.0 

2 297.4 - 2 — 

0 _ - - — 

4 569.3 271. 7 3 815.7 

8 582.4 13.1 6 78.6 

1 107.1 — 4.5 — 

2 815.1 744.0 1.5 1116.0 

p = 3788.3 

/ . . . 



APPENDIX XXXTY (cont'd) 

I^SRCENARIA MERCENARIA STATION 5 

Sampling 
Month 

Year 
Class 

No/ -
0.5M^ 

Mean Wt 
(mg) 

Wt Increment Mean No 
N 

Production 
N A W 

1977 Year Class 

1978 July 1 — — — 

Sept 1 1 79.7 — — 

Nov 2 2 575.3 504.6 1.5 756.9 
1979 Jan 2 0 - •— — 

Mar 2 0 - — — 

May 2 0 - — — — 

July 2 0 — — — -

Sept 2 0 — — — — 

Sept 2 0 — — — •— 

Nov 3 0 - — —- — 

1980 Jan 3 2 381.4 - — — 

Mar 3 3 851.1 433.7 2.5 1084.3 

P = 1841.2 

1978 Year Class 

1978 Nov 1 1 7.6 — — — 

1979 Jan 1 0 — - — — 

Mar 1 0 — — — -

May 1 0 — — — 

July 1 0 — — - -

Sept 1 0 - — — 

Nov 2 0 — — — -

1980 Jan 2 1 13.1 5.5 1 5.5 

P = 5.5 

1979 Year Class 

1978 Nov 0 1 2.9 — — •—m 


