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INTROBUCS ION 

This is the  f o u r t h  survey in f i f t e e n  years o f  the soft-she81 clam 
(Mya aremv ia )  popuiati~n of Eel River Cove, New Brunsv~hek ,  The three 
previous surveys were concerned w i t h  the impact of the c o n s t r ~ c t i o n  o f  a 
d m  on the clam prcducincj g r c ~ m d s  411 the Cove, Zszriur to the constraction 
of the d m ,  *%cPhail f1964aj reported that the area remained submerged 
at low t i d e  except for t he  gravel bars at t he  o u t l e t  o f  the Cove, Clam 
digging was entirely- under water, 'While the dam cconstruction was underway 
another study w a s  conducted (MacPkaii, 1964b) which indicated t h a t  little 
water remained on the f l a t s  at low t i d e ,  Under these condi t icns ,  digging 
could proceed rnore easily ard increased, H c x ~ e v e r ,  i e  was still 1:oo early 
to not ice  other consequences o f  the damming, A t h i r d  survey (Medcaf, $967) 
showed that the clav pradiaciny area was reduced i n  s i ze ,  and that both 
the increase i n  l an2 ings  and r e s u l t a n t  i n d i r e c t  Fishing mortalities had 
reduced clam d e n s i t i e s ,  Larval r e c r u i t m e n t  seened to be reduced, presmably 
because of increased siltation, 

Water pollution by domest ic sewage contamination was la ter  added to 
the unfavorable envjranmental conditions, A s h e l l f i s h  c l o s u e  was pu t  
in effect in 1973 and prohibited m y  f - x t h e r  d iyg inq  i r i  the Cove (deMestral 
and LegauPt, 19721, Sewage treatment has improved the bacteriological 
quality o f  the water in the past years; and a recent  (AugustJZ, 19781 survey 
(Environmental  Protection Service, unplubP, data) indicates that it might  
be possible to remove a port ion o f  t5e shellfish closure and allow the harvest ing 
of the clam stacks. 

In 1978, t h e  Res3~rce  Branch w a s  asked to perform a fourth survey 
of Eel River Cove to determine ehe present e x t e n t  of the  c i m  producing 
grounds,  Th is  report i s  the re su l t  of our E i n d ~ n y s ,  

E e l  R i v e r  Cove as located on the so~:th shore o f  Bay o f  Chaleur, near 
t h e  town o f  Dalhuusie, N-3, A barraer  b a c k  over I k1 long delimits the 
Cove eastward, Hignway No, 134 passes along this beach, A t  t h e  nor thern  
end, a channel connects the Cove w i c h  the sea, The IowEand area surrounding 
the COVE? is well treed, A d m  restricts r iver  flow into the Cove {Fig, 1) , 
The total area o f  t h e  Cave i s  approximately 36 ha (30 acres), 

Tire usria1 approach to an inventory  survey of this nature is the estab- 
lishment o f  transeet l i n e s  w i t h  samplirrig at pre-fixed intervals along the 
line, It w o r k s  satisfactorily on -mifomi qrounds o f  sizeable surface, We 
soon realized that such an approach would not  be adequate in t h i s  par t icular  
case. An overall exploratbon quickly i d e ~ t i f i e d  that the clan1 producing 
grounds of the Cove were very limited and located on a short stretch o f  
beach and along the edges of the gravel b a s  which are not extensive area-wise, 



Such m a l l  s c a l e  clam f l a t s  could e a s i l y  b e  ~ ~ ~ d e r - r e p r e s e n t e d  by 
t r a n s e c t  l i n e s ,  We t h e r e f o r e  xodifierl the t r a n s e c t  approach t o  t ake  
i n t o  cons idera t ion  t h a t  over  t h e  shore and along most o f  t h e  b a r s P  
edges t h e  s o f t - s h e l l  c l m ~ s  a r e  d i s t r a u t e d  i n  a $and fash ion  of 
vary ing  widths ( 3  t o  7 m), To a r r i v e  a t  a good approximation of t h e  
e x t e n t  of  t h e  d i f f e r e n t  clam flats, sampling s t a t i o n s  were never spaced 
more than  33 m (100 f e e t )  from each o t h e r  and the width of t he  c l m  
band was monitored from s t a t i o n  t o  s t a t i o n ,  The sampling base l ine  was 
d e t e m i n e d  us ing  a S i l v a  me 15T Ranger F i e l d  Light ing  Compass, The 
acreage  of a r e a s  s a m p l d  was est imated by the s m a t i o n  of  r ec t ang le s  o f  
vary ing  l eng th  and width d r a m  up from s t a t i o n  to s t a t i o n .  

S m p l e s  were t aken  from one square f o o t  10,09 m2) o f  s & s t r a t e  t o  
a depth  of 2 0  m, This  i s  below the  m a x h m  depth  a t  which s o f t - s h e l l  
clams a r e  gene ra l ly  found, The s u b s t r a t e  was dug with a square nose 
shovel ,  The sample w a s  screened through a 6-4 m f1/4 inch)  wise mesh 
baske t  and a l l  clams retained were c o l l e c t e d .  In  a l l ,  a t o t a l  o f  46 
siunples w a s  taken, 

Treatment of  Samples 

C l a m s  were l a t e r  measwed wi th  a v e r n i e r  c a l i p e r  to  t h e  nea re s t  
mm on t h e i r  longes t  a x i s  and grouped i n  s i z e  c l a s s e s  f l J 4  inch)  to  
determine t h e  s i z e  frequency d i s t r i b u t i o n  o f  the  populat ion m d  es t ima te  
t h e  clam product ion o f  t h e  a r e a ,  O n  t h e  e a s t e r n  sho re  of New Brunswick, 
t h e  minimum s i z e  a t  which elaxs may he  harvested is 50 m ( 2  inches) 
long;  so ,  q u a n t i t i e s  of  market s i z e  clams were calculated cons ider ing  
only clams over 50 mn, Marketable clams s f  each s i z e  c l a s s  were converted 
t o  bushel  counts  according t o  MacPhail and MedecE (11955) ( T a b l e  I), This 
was t h e  conversion used i n  t h e  previous studies, 

T m L E  1, N u n a h e r  a% market s i z e  s o f t - s h e l l  clbms pe r  bushel ,  

S i z e  ( l eng th )  C l m s  per bushel  

m inches 

A sample o f  (264) mixed s i z e  e l m s  was a l s o  c o l l e c t e d  f o r  t he  
d e t e m i n a t i o n  of growth p a t t e r n s  i n  t h e  Cove, Because of marked seasonal  
v a r i a t i o n s  i n  metabolic a c t i v i t y ,  it i s  poss&le  t o  e s t ima te  annual 
growth of  s o f t - s h e l l  c l m s  by " 'shell  reading" "eweombe, 1936) , The 
d i s t a n c e  between pronomeed e t c h e s  o r  r i n g s  r e p r e s e n t s  growth occurr ing  
over  one growing season, b u t  s i n c e  growth r i n g s  a r e  b e s t  measured i n  
s h e l l  width it i s  necessary t o  convert  s h e l l  widths t o  s h e l l  l engths  t o  
f i t  t h e  data t o  a von BertaLanffy growth curve,  I f  growth i s  descr ibed  



as an allametric equation: 

i-, length = cx (width) 

then the linear relationship is 

log ishell l ength)  = log a + 6 lag (shell w i d t h ) ,  

Detemined  over 50 cases, the expression became {Tab le  2 )  

log (shell. length) = 0,1341 + 2,039 log ( s h e l l  width) 

TABLE 2 ,  Statistical parameters of the log-log regression of shell width on 
shell l eng th ,  

95% eonf idence range r 2 
-------.- --- 

y-intercept slope 

0,0736 0,1946 0,995 1,093 0-979 

Using the shell length data, a von B e r t a b a n f f y  growth curve was fitted 
to the unweighted estimtes of mean Length at age (Allen, 1966 and 1967) 

Lt = 1;, (1 - e-k i t  - to) )  

Description of Area 

Since the third survey (Medcaf, 19671 more than ten years ago, siltation 
in the scuthern h a l f  has s i q n i f i c a n t l y  increased the area suitab3.e fox- eelgrass 
(Zostera m a r i m )  growthrand marsh grass ISpar-tira aZ t emi f l o ra )  is encroaching 
an all share areas except thar next do the highway, On this shore, the s&strate 
is gravel and holds several small patches o f  clams of no significance. At the 
time of the survey, October, 1978, tidal exposure mors%lted to a few feet of  
shoreiand the main area, the eelgrass bed, remained under water at ID# tide, 
The nor thern  half of the Cove i s  similar except for the presence of gravel 
bars and channels near the highway bridge,  The share adjacent co the Indian 
Rese-wation is composed of gravel ,  sand ,  and sandy silt for about 250 m 
(806 feet), ?%his section of shoreline and t h e  edges o f  the gravel bars were 
the only areas where significant cianu, stocks were found, The three gravel 
bars near the outlet of the Cove are well exposed at I m  tide, Stands of 
marsh grass and o f  another salt marsh p l a n t ,  the sandfire (SaZiComia sp, 1 , 
cover the top of the bars, The edges of the bars are of a gravelly nature 
at the southern end but of a m i x e d  subtrate (gravel, sand, silt, and mussel 
shells1 at the northern end, One main channel, 10 m wide and over 2 m deep 
at l a w  tide, separates the gravel bars from t h e  highway shore and dra ins  the 
Cove with a s w i f t  current dur ing  periods of 1 ~ i  t i d e ,  O t h e r  channels between 
the gravel bars are relatively shallow (less than 33 rn~ deep at Pow tide) 



w i t h  s i l t y  bottoms; mussels (!Q&$lus eduZis) were observed i n  one 
l o c a t i o n ,  Because of t h e  very l i m i t e d  acces s  i n t o  t h e  Cove, one channel 
under the  highway b r idge  which i s  Later  fanning out  over s h i f t i n g  b a r s  
seaward, t h e r e  seems to  be a we l l  def ined  p a t t e r n  of  water  c i r c u l a t i o n ,  
Water rushes through -this channel t o  fill up and f l u s h  o u t  t h e  Cove 
depending on the t i d a l  cycle, Water is  even tua l ly  spread o u t  over the 
e e l g r a s s  bed a t  high t i d e ,  Tkere would b e  an exchange wi th  r i v e r  waters  
upstream from the dm depending on what river runoff  i s  allowed through 
t h e  d m ' s  s l u i c e s .  

With t h e  except ion  of s o f t - s h e l l  clams, t h e  g r a v e l l y  sediments of  t h e  
Cove appear t o  d e t e r  t h e  estsrhlislaanent of s i g n i f i c a n t  numbers o f  e t h e r  
i n v e r t e b r a t e  spec i e s ,  A small mussel bed set a t  t h e  seaward end of one 
b a r ;  i n  a r e a s  of  f i n e r  sediment the odd Macoma balthiea could be found, 
Coarse sedirnent a l s o  prohibits t h e  presence of s h e l l f i s h  p reda to r s  l i k e  
t h e  moon s n a i l  ( L u n a t k  he ros ) ,  

Product ion of  Sof t -Shel l  C l a m  Stocks 

The s h o r e l i n e  near the  Indian Reservat ion was s u i t a b l e  f o r  s o f t - s h e l l  
clam production over a s h o r t  distance (250 rn or 800 f e e t ) ,  N e a r  t h e  seaward 
end,  t h e  e l m  zone was 25 m (80 feet) wide on average,  bu t  it soon narrowed 
down t o  only 5 rn (15 f e e t )  then  t h e  marsh g r a s s  took over t h e  beach, The 
clam producing grounds were computed a t  a p p r o x i m t e l y  0 - 5  ac re  ( T a l e  3)- 

The small  bar adjacent t o  t h e  shore near t h e  I n d i a n  Reservation had 
nea r ly  an a c r e  of  clam f l a t s  d i s t r i b u t e d  a long  i ts  edges and over i t s  
seaward end, The middle bar had clam s t a c k s  a long  i ts edges on ly  i n  a 
very narrow band from 1.5 rn t o  6 m wide ( 5  t o  20  f e e t ]  f o r  a t o t a l  a r e a  
of  0-28 a c r e s .  The l a r g e  bar, c l o s e s t  t o  the highway, had 0,56 a c r e s  of 
clam f l a t s  e n c i r c l i n g  the  ba r  i n  a ring fashion s l i g h t l y  wider than a t  
t h e  previous  b a r ,  

TABLE 3 ,  Acreage and nurnber of sampling s t a t i o n s  for t h e  clam producing 
grounds i n  E e l  River Cove, 

Acreage Sampling S t a t i o n s  
- -wp - 

Shore 22 ,750 f t2 0-52 ac re s  5 
Small ba r  42,300 ft ' 0.97 a c r e s  I2 
Middle ba r  1 2 , 2 5 0  ft" 0-28 a c r e s  1 2  
Large b a r  24,500ft2 0,55acres 1 7  

- 
TOTAL 101,800 f t 2  2 -33 ac re s*  4 6 

x2.33 ac re s  i s  equ iva l en t  t o  0-95 hec ta re ,  



Individual clam f l a t s  coves so little ground tha t  data on clam smples 
were pooled together to m a l y s e  the nature and size frequency distr&ution 
of the present clam stocks, Table 4 gives the distr&ution of the different 
size classes of elms fomd. It may be noted that only 15% of the total 
population are market size clams with very few large ones, The most 
ab r r rmdawt  size classes are jus t  b e l o w  market s i z e  (61;91119 between 36 and 48 m, 
43% of the total pspubationf . Younger size classes are not very abundant, 
Small size clams less than 6 m muld not be represented due to s a p l i n g  
gear selectivity, but this artefact is not the sole explanation for the 
relatively Lower &undance of clams less than 22 m 13/4 inch) long, 

Tmm 4, Size  frewencgi distr&utioirn o f  the c l m s  sampled, 

S i z e  class 

m inches 

'Pa-er sf clams 
found in samples 

TOTAL 

Percentage by count 

The overall mean density for t h e  Eel a v e r  Cove elm producirlg grounds 
is approximately 50 e l m s  ( a l l  sizes) per sqaare foot, This high density 
is rarely found in the Mmitimes today (anp&l,  data) . 

T a b l e  5 presents bushel counts for the size classes of market size 
clams, 231, bushels per acre is a high produetion figure; but with a clam 
producing total area of only 2-33 acres the Cove total standing crop of 
market size clams is only 541 busheis, 





Growth Patterns 

The von B e r t a l a n f f y  growth equat ion  estimates a long and continuous 
growth pattern for E e l  R i v e r  Cove c l a m  stacks (Tab le  6 and Fig, 2 ) .  A 
m a r k e t  size o f  50 mi i s  reached after s i x  growing seasons (Table 91,  
Contrary to other areas of the Maritirnes where grmvth slows down very much 
after this stage (rmp&l, data), the Gel River Gave population is s t i l l  
having y e z l y  growth increments s f  5 mi, A sof t -shel l  c i m  from E e l  River 
Cove will have to reach aver 18 years o f  age before i t s  annual growth 
increment levels o f f  at 2 mrli and 24 years  for % nun i n c r m e n t  per year, 
Such long life growing patterns are f requent ly  encountered in benthic 
environments of cold northern latitudes, 

TfiBLE 6, von Bertalanffy growth equation for the E e l  River Cove c l a m  
stocks. 

-0,088 ( t - [ -O, l643)  
L = 127,930 (1 - e 1 (m) 

Standard error 

95% confidence range 



TABLE 7 .  Length e s t b a t e s  Cml a t  age (yea r s ) ,  

Age N M e r  of F i t t e d  Growth increment Mean length 
r i n g s  measured Length L t + l  - Lt measured 



Composition of  Stocks - 1978 
The markzt srze clam stocks now aval imle  for harvcstrng could sustain 

a modest e x p l n i t a t i c n  t a k i n g  i n t o  consideration t h a t  they are r e l a t i ve ly  
abundant bznt in a srnajl. area, This ,  sf course, i s  not possible -i;;nder the 
present shellfish closure, Figure 3 shows that tRe 1974 and 1975 year classes 
are q u i t e  impor tan t  and that the biomass of market size c l a m s  w n l L  increase 
by over 50% i n  one and two years t i m e ,  Zl~.%lor. lr~ana"sI~~~ t h i s  will not l a s t ,  
the younger classes (1976 on) not being 4s abaantxaaat, Less in tense recxu i tment  and 
heavier natural mortality are possible eduses, This histogram also reveals 
chat recruitment to ttc population was  very g ~ s d  and acrvival  rate hiqh 
immediately after t h e  impli:nenmti.orA o f  tne s h e l l f i s h  closure (1974, L975 
year c l a s s e s ) ,  Decreased raamesting ~ntensity and a concommf2ttant decrease 
i n  smothering (main cause o f  m o r t a l i t y  associated w i t h  f i s h i n g )  have almost 
c e r t a i n l y  decreased fishing mortality, F~%ere i s  nu clear explanatioii for ehe 
poor recru i tment  of 1976 and 1979 year classes, 

Conpar i son  o f  1978 Szocks Wetb the Ones o f  P T L ~ V ~ O U S  Studies 

S i n c e  t h e  f l i-st. survey in 1963 the ciaxi psoducjng grounds havi; considerabPy 
dimin i shed  i i i  F e i  K L v e r  Cave, k'ram ari estimate6 40 acres of f l a t s  loca-ce? in 
the n o r t h e r n  end of the Crave there ramairs a marc 2 ,  "3 acres located m a i n l y  
around the gravel bars, T a b l e  8 cornpares averaqe co t~n t s  o f  differeazt s:ze 

3 classes of c ia~ns per square foot (0-09 rn 1 as established by the mimy surveys 
s i n c e  1963, A s  may be seen, the number c f  market siz.2 clans ~)c?r u n i t  area 
is higher  in 1938 than  at any a t l ~ e r  t i n e  a f t e r  the cor,structian o f  t h e  dam 
even though they constir~te enl-y 15% of th? total pwp~lataon (law figure 
compared to 19% m d  35%)- The lxiportance o f  these d e n s i t y  f i g u r e s  has to 
he weiqhed a g a i n s t  the Fact t ha t  tney occur over c a m  p r o d ~ ~ e i n g  grounds sf 
such a l i m i t e d  s i ze ,  

1 express my thxL?ss to igjir, Jaisn~s Y o m q  o f  tne Invertebrates and 
lriaxine Plarits Div i s ion ,  Reiisourt:e Brznck;, w i t h  whom I: shared survey work 
en those  cold Ocator;ser  day.;, 



L 

TABLE 8 ,  Comparison of average counts per square foot  (0.09 rn 1 of t he  
d i f f e r e n t  s i z e  c lasses  of clams i n  1963 IMacPhail, 1964a1, i n  
1964 (MacPhail, 1964b), 1967 (Medcof, 19671, and 1978. 

Size c l a s s  Average count of c1ms 

(nun) 1963 1964 1967 1978 

- 

Total market s i z e  8-53 (35%) 5-53 (35%) 3.8 (19%) 6-8 (15%) 

Total number 23.0 (100%) 16.8 (100%) 20.0 (100%) 46-9 (100%) 
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e EEL RIVER C O V E  

Figure 2, Growth curve of E e l  River Cove clam s tocks  f i t t e d  by the 
von R e r t a l a n f f y  growth equation. 



Figure 3, Histogram representing the percentage of different 
c - j a s s e s  ' i x ' - a _ 2 . - -  " * -  

Iidnialg up the Eel R i v e ~  Cove clam popuia- 
t i o n ,  Due co t k e  n a t u r e  of the sampling procedures 
the 1936 year c l a s s  is not adequately represented, 


