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PREFACE

This  report is publ ished to provide base - l ine  data on the beach faunas
- • of a barrier island at Duck , North C~ ro1ina . The work was carr ied out under
- , the coastal ecology research program of the U.S. Army Coastal Engineering

Research Center (CERC) .

$ The report was prepared by Dr.  James F.  Mat ta , Associa te  Professor of
Biolog ical Sciences , Old Dominion University, Norfolk , Virg inia , under
CF.RC Contract No. DACW72-75-C-0019.

The author expresses appreciation to Drs. A .J. Provenzano and 11.G.
Marshall , Institute of Oceanography and Department of Biolog ical Sciences ,
Old Dominion University , for assistance in desi gning the research program
and in taking the samples , and to W .W . Willis , graduate student , Institute
of Oceanography, and W.W . Robinson and C .E. McKinley , graduate students in
the Department of Biolog ical Sciences , for their assistance in the field
and in the sorting and identification of collections. The assistance of
A .K. Hurme of CERC throughout the project , and particularl y in selecting
favorable collecting days , is gratefull y acknowled ged .

A.K. flurme was the CERC contract monitor for the report , under the
general supervision of R .M. Yancey, Chief , Coastal Ecology Branch , Research
Division,

Comments on this publication are invited .

Approved for publication in accordance with Public Law 166, 79th
Congress , approved 31 Jul y 1945, as supplemented by Public Law 172 , 88th
Congress , approved 7 November 1963.

H 
_ _ _ _ _ _ _

JOHN H. COUSINS
w : -  

~ Colonel , Corps of Eng ineers
Commander and Director
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COUVERS I ON FACTORS, U.S. CUSTOMARY TO METRI C (S I )
,
‘ UNI TS OF MEASUR EME NT

- U.S. customary units of measurement used i n  this report can be converted

V 
to metric (SI) units as follows :

• Multiply 
- 

by 
- 

To obtain

- 
V 

inches 25.4 millimeters
2.54 centimeters

square inches 6.452 square centimeters
cubic inches 16.39 cubic centimeters

feet 30.39 centimeters
• 0.3048 ii~ ters

square feet 0.0929 square meters
cubic feet 0.0283 cubic meters

yards 0.9144 meters
square yards 0.836 square meters
cubic yards 0.7646 cubic meters

miles 1.6093 kilometers
• square miles 259.0 hectares

V knots 1.8532 kilometers per hour

acres 0.4047 hectares

foot-pounds 1.3558 newton meters

millibars 1.0197 x l0~~ kilograms per square centimeter

• ounces 28 . 35 grams

pounds 453.6 grams
0.4536 kilogram s

• ton , long 1.0160 metric tons

ton, short 0.9072 metri c tons

degrees (angle) 0. 1745 radians

Fah renheit degrees 5/9 Celsius degrees or Kel vin s 1

1To obtain Celsius (C) temperature readings from Farenheit (F) readings ,
use formula: C = (5/9) (F -32).

• To obtain Kelvin (K) readings , use formula: K = (5/9
V
) (F -52) + 273.15.

V ~~ - V~~~~- ’ - ~~~~~~~~ —
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- BLA CI I FAI JN. -\ STUI)Y OF TIlE CER C F I ELI ) RI i SE A R CII  FA G I LIlY,

DUCK , NORTH C A R O L I N A

V 

by

James F.  Mat~a
V

I .  IN T ROD UCTION

The Outer Banks of North Caro l ina  arc a series of o f f shore  s a n d y
ha r r i e r  i s l a n d s  ex t cnd img  from the  V i r g i n i a - N o r t h  Ca r o l i n a  border  to
Ca pe Fear. t h e  h a r r i e r i s l a n d s , rare l ’-  more than  6 k i l o m e t e r s  w i d e ,
a re separated from the shore by s h a l l o w  sound s of vary ing  widths and
arc’ occasional1~- connected to the mainland or pierced by inlets to the
A t l a n t i c  Ocean .

These is la n ds p rov ide an i nh o sp i tab le environment to both p l a n t s  and
an i ma l s .  St rong wind s , sa l t  spray , and scour ing  sands have l i m i t e d
p l a n t  and an i ma l cornilurnit  i es to a fc~\ d o m i n a n t  , well — a d a p t e d  spec ies

~ t h e  CNR C F i e l d  Researc h Fac i I itv  (FRE)  is located on a nar row
-
~~ sect ion  of C ur r i t u c k  Bank (Nor th  B a n k ) ,  about -15 k i l o m e t e r s  sou th  of t h e

V i rg i n i a — N o r t h  Caro l ina S ta te  l in e  and 2 k i l o n i e t e r s  no r th  of Duck , Dare
County,  Nor th  Ca rol m a  (F i g. 1) . Cu r r i t u c k  Bank e x t e n d s  s o u t h w a r d  about
91 kilometers from the State line to Oregon In l e t , t he  f i r s t  b reak  in
the  Outer  Banks so uth  of Chesapeake Ray . At the FRE site , t h e  ocean
and sound beaches are a p p r o x i m at e !  v 91 1 m e t e r s  long .

B a r r i e r  i s  l a n d  beaches  o t t e r  s eve ra l d i  f f e r e n t  h a b i t a t s  for
in v e r t e b r a t e s  • fl swash  zone and sur f  zone are seve re  hab i s
w h e r e  the  m a i n  I m u  t in g  env i ronm en ta l  f a c to r s  are t h e  St ress of w a v e
ac t  ion and t he  p e r i o d i c  exposure  and si ihmer g ’~nc e  caused  by t h e  t ida I
ced e.

The ocean beach a t  t h e  FRE s i t e  i s  a hi  g b — e n e r g y  beach w i t h  a s teep ,
na r row  beach  face bordered be 7 — m e t e r — h i gh fored unes  . t h e  f o r e du i n e s

• were s ta h i  i i  zed i n  1935 he t h e  h o r k s  Pro~~ress . \d r n i n i s t r a t  ion (!cP\) and
V the Civi l ian c:onser~-at ion Corps (CCC ) in a p r o l  ect  wh icli i u u e o  lv c d  t h e

a rca b e t u o - ee ui \ V j  rg i nia Beach , V i r g i n i a  , and t h e  m i d d l e  of Ocracoke
Is! and , N o r t h  C a r o l i na (St ratton and h o ! lowell 19 10). \~V c ord in ~ to
Dolan (1972) and  t ) e I an God ire\ , and Odum ( 1 9 7 3 )  , t h i s  s t ab i  I i  :at ion

V n or  rowed t h e  bea ch  and i n c r e a s e d  t h e  oc cans ide s l o p e  on the dune f ac e
and  t h e  beach .

- 
V The beach f ace  s I op es down to an at )  rup t to ~~~ ~~ ph i  c st Cl) a t  5)) t o

101 ) c e n t i m e t e rs 1) e1ou ~ mean sea l e v e l  (M51). T h i s  s t ep  i s  t he l i n e  of
deina r k a t  i OI I b e tween  t h e  coa r se  hot t oni  m a t e r i  a I of the  lowe r swa sh :one

r ~~
- and s u r f  :onc , and t h e  f i n e  sand of t h e  b uu ii d up zone and  t he  o u t e r  p a r t

rV 
• of t h e  surf :one . Three w av e  :ou ie s  and f i v e  bottom zones were d e f i n e d

— . -

• - 

i I
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N for  t h i s  type  of beach ( C l i f t o n , h u n t e r , and Phi  11 i ps , 19 7 1 ) .  Icaves
V pass through the bu i ldup  zone and become h i  gher  and s teeper  u n t i l  t h ey

b reak .  •\ f ter  b r e a k i n g ,  the waves  progress  t h r o u g h t he surf  zone and
t e r m i n a t e  in the  swash zone.  An a sy m m et r i c  ~~ p p l e  fac ic - s occurs o f f -

• shore and merges w i t h  a megari pp le area in the  b u i l d u p  :one . The i n n e r
b u i l d u p  zone and part  of t h e  surf  :one cover the  o u t e r  p l a n a r  fac i  es
w h i l e  t h e  inner  roug h facies  occurs un iter  t he  rest of t h e  s u r f  zone .
The in n er p la n a r f acies  is in t he  swash zone . . - \1 I  of t h e s e  :ones occur
at the FRE beach , and the  l i n e  of d em a r k a t  i on  b et  ~‘L -en t he  ou te r  p l a n a r
fa c i e s  and the  inner roug h f ac ies  is ecu - c  a b r up t

The sound beach is w ide  and s l o p i n g ,  and pen Oil c a l  lv  expo scd  or
covered by w i n d  t i d e s .  The m a j o r  f e a t u r e s  of the  beach are a s m a l l
r i prapped p romontory  at the  sou the rn  end w h i c h  w a s  c rea ted  Lv e ro s ion
at the  ed ge of the  r i p rap ,  an eroded and s t e ep l y  b a n k e d  s h o r e l  i , a
s m a l l  n a t u r a l marsh b o r d e r i n g  t h e  r i  prapp ed a rca , and  a 1 a r N c  a rca of
submerged and emergent  vC -geta t  ion w h i c h  w a s  p l a n t e d  nea r  t he  n a t u r a l
marsh  be CER C pe rsonne l  to Stop e r o s i O n  . l e e  ( 1 9 7 6 )  found 22 spec i es

• of w e t l a n d s  p l a n t s  in t h i s  area ; • • ~~~ • ‘- . • 
~~~~~~~~~~~~~~~~~~~~ 

• -c
V . - :~~ ±~: ~cl~ 3 -~ ~~~~~~~ c~~~~ - C ’ c Sp . , and i ~:‘c~~~• -Z e •--CL l 1 a~~n are t h e

most  common species .

~host  of t h e  beach is bar ren  500 to  800 feet  from shore . Here ,
s m a l l  ~i~~1 ~- e . - r~~ p l a n t s  occur wh i c h  are g r a d u a l l y  rep laced by a s o l i d
s tand  of !?e ’~ c at about 1 , 000 to I , 200 feet . The wa te r  in t h c  ~~~~ 

-ì i s
ol i goha l  Inc  , \V~~~~) .y jf lg  f rom a sal  i n i t ’-  of 0 . 5  to 5. 0 pa r t s  per t h o u s a n d .

t h e  f i r s t  c o m p r e h cn s iy e  st u dv of b e n t h i c  c o m m u n i t i e s  was  pe r fo rmed
in  the  N o r t h  Sea by Peterson ( 1 9 2 4 )  . t Ic  e s t a b l i s h e d  the m a j o r  b e n t h i c
c o m m u n i t i e s  and d i s c u s s e d  the  e n v i r o n m e n t a l  f a c t o r s  l i m i t i n g  t h c ’ i  r
d i s t r i b u t i o n .

The e a r l i e s t  comprehens ive  s tud y of m a r i n e  s andy  beach f a u n a  in
t h e  e a s t e r n  t l n i t e d  S t a t e s  was  c o n d u c t e d  at  B e a u u f o r t  N o r t h  C a r o l i n a ,

• be P earse  , hlu m m , and W h a r t o n  (1 9-12 )  . They exa nu i ned t h e  sp ec i es
compO si t  ion of beach comurnu ni t  es from the  f o r e sh o r e  s lope  lo  dccl)
w a t e r , and gave  the  zonal  di  s t r i b u i t  ion s for severa l a n i m a l s .  :~~~

V 
-

- 
-~ 

•

~ Ic was  a b u n d a n t  i n  t he  i n t e n t  i d a l  reg ion , and  ~. ~~~ 
was  a l s o

• found in t h i  s r e g i o n .  The b u i r r o w i n g  a mp h i  pod , ;. - • was no -
~

abu n da n t on i n u n d a t e d  shoa l  s . Vl •l1 i s St t idy p rov ided  in forina t ion  on sand
beach f auna , but  q u a n t  i tat  i ye samp 1 in g  and a svst  emat  i c s a m p l i n g  P I  an
w e r e  n ot  used .

( ;e ran u e— V i vas  and Gray  ( 1  966) s t u d i e d  the  di  s t r i  but  i ona I pat  t e r n  of
b e n t h  ic i n v e r t e b r a t e s  of t h e  ( o t i t  i n e n t a  I She ! f o f f  N o r t h  Caro l m a  , but
d i d not  i n c  I ut i l e beach f a u n a .  e

I V h V he i . e  h a v e  been no quan t  i t : ut i v e  s tud i es on h e n t h i c  comsiun i t i e s  of
h i g h — e n e r g y  b e a c h e s  on the eas t  coas t  of the  t Jn i ted  S t a t e s .  V !Vh e s e

~~ 
-
~~ beaches  are  d i  f f i  c u l t  to  s a m p l e , and e a r l  i cr  research  has  focused on

the  h e n t h  i c  co nu mun i  t i e s  of pr of ec ted  and e a s i l y samp led  b e a c h e s .



— ~~~~~~~~~~~~~~~~~ 
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Community structure was s tud ied  at Morchead Cite , North C a r o l i n a ,
on an intertidal sandy beach in an ocean i n l e t  inside Beaufort Inlet

V 
- (L )exter , 1969) . The co uuumu ni t v  was ty p i f i e d  h low di~-ers it , low

density , and a few dominan t  spec ies , e s p e c i a l l y  h a u s t on i d  au i ip h i pods and
p o l yc h aet e s .  The four most  abundant  spec ies  were • ‘

- ~~~~
-
~~~

• ~ 
-~

(803 .96 i n d i v i d u a l s  per sciuarc me te r )  4 :-  -c - . I ( 6 0 . 2 8
ini !ividuals per square meter) , iTc~- -j .c ~~~~~~~~~~ (31 .01 i n d i v i d u a l s  per
square m e t e r )  , and V O lCl ~~~~~ e-7~~~nc~ -q (14  . 2 3  i n d i v i d u a l s  per square
m e t e r ) .

Croker (1967) discussed the niche diversity of five haustorid
aunph ipods  o c c u r r i n g  on sandy beaches .  The distribution and niche

V 
d i v e r s i t y  of h au s t on i d  amp hi pods in Nor th  Ca r o l i na were s t u d i e d  he
Dexter (1967) . lrn/ - ;--72’ ~‘ ‘ : ~ ui~o:u was most a b u n d a n t  on s u r f — s w e p t
beaches on t h e  barrier islands ; P ; r rz aact orac  IV c : - ~ 

- -
~~~

-
~~~~ was  most

• abundan t  in the i n l e t  env i ronment ;  and T~c;-i In ‘~~~~ I:~c ‘~ c occurred
i n var ious  h a b i t a t s  in the sound .

V 
~-lc l ) ouga1l  ( 1 9 ( 3 )  d i s cus sed  the  ses s i l e  m a r i n e  i n v e r t e b r a t e s  around

Ileaufort and focused on p o p u l a t i o n  v a r i a t i o n s  in p i l e — d w e l l i n g  o r g a n i s m s .
Carriker ( 1 9 6 7 )  reviewed e s t u a r i n e  b e n t h i c  i n v e r t e b r a t e s , and e mp h a s i z e d
the need for work  on a l l  aspects  of estuarine ecology.

~ Severa l studies on estuarine benthic i n v e r t e b r a t e s  were c o n d u c t e d  in
• North Carolina. Brett (1963) studied the relationship between inverte-

brate distribution and sediment type . Tenore , h orton , and l)uke (1968)
reported the di stribution of the bivalve , fIau ~~~ia •~:~‘~c-n , in the
I’aml i co R i v e r  estuary and P ami ico Sound . Tenore (1970) studied t h e
ma c r oh e n t h o s  of the  Par~u l i c o  R i v e r  e s t u a ry . li e divided the estuary into
an ol i gohal  inc  zone domina ted  b \ V  R. c - ~icn and ~e-n ’c~ s coo • a
mesoh a l  i nc  zone w i t h  a ‘z ’r ~-o 1 tn i- ca —ii ~ ~c1 ’oPuzc 7 l i - S -~o’c

- : a s s o c i a t i o n , and a po 1~~h a l i n c  zone w i t h  a h~~o-’- :
I - n  la z!Ic — ; - -~-i’ r~ •IiI o~

- ; - - ’ n1-7 association .

This is an i n t e n s i v e , seaso na l  s tudy  of the  b e n t h i c  i n v e r t e b r a t e
c o u n m u n i t  es on a h i g h — e n e r g y  b a r r i e r  is l and  beach and on the e s t u a r i n e

V I beach of the same s t r a n d .  Species  were characterized by location and
• density , and communities are defined and related to the limiting

p h y s i c a l  parameters . The species d i v e r s i t y  of the communi t i e s  is
de te rm ined and seasonal  changes  i n  densitie s and d i ve r s i t  are d iscussed .

II . M F h l I O I ) S  •- \ N I )  \~ \ V l V t V i f l \ l S

1. Transec t  L o c a t i o n .

V l~h r ee  t r a n s e c t s  were  e s t a b l i s h e d  on both  the ocean and sound
beaches  (! ig . 2 ) .  On t he  ocea n beach , t r a n s e c t  I I  was  due east  of

• bench m a r k  l e , and 17 met eu - s n o r t h  of t h e  p i e r  on the  FR E s i t e .  F

V - —  ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ----- -
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I;
Transect I was 305 meter s n o r t h of transect II , and t r a n s e c t  I I I  was
305 mete rs south of t ransect  I I .

• On the sound beach , transect It ’ was 115 meters  south of bench mark
64. This  site was selected because i t  inc luded  a smal l  marsh .  Transect
V was 34 meters north of be nch mark 6-1 , and 152 meters  nor th  of t r ansec t
IV. This site was selected because a s h a l l o w  eas t - to -wes t  depress ion
caused the transect to be in deeper water than t he  surrou ndi n g area .

V Transect VI ras 200 meters nor th  of t r ansec t  V in a barren sand area V

wi th  l i t t l e  slo pe which  was typ i c a l  of the sound beach.  V

2 .  S a mp l i n g  Device .

P r e l i m i n a ry tests conducted w i t h  two grab sampl ing  devices w h i c h
V were considered unsuitable for the proJect are discussed in Appendix A .

The de v ice  used in the project  ( F i g. 3) was a corer constructed of a
6-millimeter (1/4 inch) circular steelplate w i t h  a 1-centimeter h o l e  in
the center welded to a 15-centimeter section of 8.55-centimeter-diameter
(3-3/8 inches) steel electrical conduit. A 2. 54-centimeter (1 inch)
pi pe coup li ng was welded to the p l a t e  over the hole , and a 2 . 5 - 1 - c e n t i -
meter steel pipe was t i g h t l y  screwed in to  the c o u p l i n g .  The l ead ing
edge of the s teel  co ndui t  was sharpened to aid pe n e t r a t i o n . A long
hand le  (about 50 centimeters) was used in t he  s h a l l o w  areas , and a
short handle (about 15 centimeters ) was  used in the deep areas t h a t

V r e q u i r e d  d i v i n g .

t h e  corer was ! ushed in to  the subs t ra te , t hen e x t r a c t e d  w i t h  t h e
h o l e  at t he  top of the handle covered . The core sample usua l 1 uo ri  i ned
i n  the  corer u n t i l  t he  samp le was p l a c e d  i i i  a bag ,  but  01) t he  deep s i t e s
the open en d was co v ered to prevent  the  samp le from w a s h i n g  out

ihuc corer was ease to  use , f a s t , and u n a f f e c t e d  by t h e  v a r y i n g  V

part ic I c  si  V: iV s on t h e  beach , and t h e r e  were no m o v i n g  p a r t s  to  ru s t  or
j a m .  I t  was  r e l a t i v e ly  safe  to use i n  t he  surf  zone where  sanu p l i n g  is

-
• d a n g e r o u s .  V I V h e co re r  Safl 1)led a l a rg e  area (57 . 7 squa re  cent  (m e t e r s )

V 
compared  to  comun c rc i a l l y  a ~a i i at) 1 e core u-s

3. S a m p l i n g  P l a n .

The s a m p l i n g  ph  an was changed to improve t h e  e f f i c i e n c y  of t he
saflij) Ii rig and t h e  ( l i la ! t v of t h e  da ta  (A pp.  B) . In t h e  fina l ~1 an on
the  ocean beach , t h e :cro p o i n t  on each t r a n s e c t  was  t h e 1 a ndw a r d
m a r - g  in of t h e  sw a sh  zone .  Ihus  , the s i t e s  were in the same r e l a t  i ye
pos i t  i o n  w i t h  r e f e r e n c e  to  the  wave  act  i ~ V t v  , m i t  changed l)Osi t ion
betwee n s a l n j ) l i n g  se r ies  w i t h  r e fe rence  to a fixed po in t  onshore . Sites
one to n i n c  were  r e s p e c t i v e l y  e s t a b l i  shed s e a w a r d  of t h e  zero  p o i n t  r u t
3 .3 , 7 .6 , 10.6 , 13 .6 , 1 5 . 2 , 2 2 . 7 , 30.4 , 13 .6 , and 60.8 m e t e r s
(ho n  zont a I d i s t a n c e )  (U i  g . I) . When ~~05 s ib  Ic , s a m p l e s  were c o l l e c t ed
d u r i n g  low t i d e  so the  s i tes  were u - c h a t  i v e l y  t h e  same d i  s t a n c e  front M S I .
over  t he samp i  i n g  s e r i e s .  I l o w e v e i - , t h e  m a i n  c r i t e r i o n  i n  d e t e r m i n i n g

V 
- s~lmp l 1mg t i rule s w a s  sea c o n d i t i o n s .

. ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
• 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V~~ ~V V i~~~~V~_ V V ~~~~~~~~~~ -- __V
VVV ~~



I • 

~~~~~~1 Std. Pipe ( 2 5 4 c m )

~ 

4cm 

0.6cm S tee l p la te

V 3/8 I Dri l l  ( 1cm )

V

V

~~~

15cm

3 3/8 II S tee l  Condu it
t ( 8 .5cm )

I F i g u r e  3. Cros s  sec t ion of the  corer used as  zi s i n  I i n g  d e v i c e
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Three sanup les , each consisting of two cores , were taken at each
site (total area sampled 1.15 5 iO_ 2 square meters be 10 cen t ime te r s

V d e e p ) .  Samples were placed in p re l abe l ed  p l a s t i c  bags , stored at 1 0 to
40 C e l s i us , and retu rn ed to the  laboratory for extraction .

A m a g n e s i u m  c h l o r i d e  (M gCI 2 )  and seawater rinsing techni que was
used to ex t rac t  the organisms from the core samples (Cox , 1976); rose
bengal was added to a 4-percent Formalin solution to aid in the s o r t i n g .
A l l  orga n i sms , 0.5 millimeter or larger , were separated by species ,
identified , and counted . Some smaller groups (mostly microcrustacea )
were  a l so  counted , but  were not i d e n t i f i e d  below the order l e v e l .

Co re samples fur grain-si:e analysis were taken at each s i t e , r a t h e r
than at every other site , to increase the chance of detecting a
correlation between organism density and grain-si:e distribution .

The ocean beach  was not sampled  d u r i n g  u n f a v o r a b l e  sea c o n d i t i o n s
a ri d u s u a l l y  no more t han  two t rauisec t s were samp led per d a y .  Thus ,
samp ling during the late fall and ea r l y s p r i n g  lasted as much as 1
m o n t h .  The first sampi ing series was taken in August 1975 (.-\pp. C)
the second series on 23 October (traisects I and II) and 20 November

r 1973 I t r a n s e c t  1 1 1 ) ,  the third series 00 7 March (transect I) and
S Ap r i l  1976 1 t r a n sec t s  II and I ll! , the four th series on 8 Ju n e
i t  r uns  ec t  I I )  and 10 June 19Th ( t r a n s e c t s  I and I I I )  , a n d t h e  f i f t h
series on lb J u l y  It r r i n s e c t  I )  and 22 lu l v  1976 ( t r a n s e c t s  I I  and I I I )

Af t er t he O c t ob e r - N o v e m b e r  s a mp l i n g  was  comple t ed , a change in the
samp ling procedure was requested by CLR C . The number of samp les per
site was increased front three to four to i ncrease the  acc ur acy of the
v an anc e est im ; l t ~~ s of t h e  c om mon spec i Cs popula t ions and to increase
t h e cha n ce of c o l l e c t  ing  rare spec; es. Samp ling at sites 1 and 6 was
eliminated to keep the total number of samples collected at a manageable
level .

In the final plan on the  south  beach t r a n s e c t s , the  zero point  was
~~~‘ 

the  sou nd marg in .  Sam p l i n g  s i t es  1 to  8 were respec t ive ly  placed 15.2 ,
38 .0 , 51.8 , 6 1.0 , 68.6 , 76 .2 , 152.4 , and 304.8 meters  soundward of the

• zero po in t .  The c o r i n g  and extraction techniques used were identical to
t he  m eth ods u sed on t h e  oce an ma te r ia l  (C ox , 1976) , but tapwate r was
s u b s t i t u ted f o r t h e MgC 12-sea wate r  so lu t i on . Core samples were also
taken at each site for grain -size analyses. -

The f i r s t  sampl ing series for the sound beach was  taken in lu1~- 1975
( A pp .  I) ) , the  second ser ies  on 11 October 1976 , t h e  t h i rd se r ies  on
7 March 19 7 6 , t he four th  ser ies  on 24 May 1976 , and the fifth series on

~ 

16 July (transect V I )  and 3 1 Jul y 1976 ( t r ansec t s  I V and V i .

4 .  Measurement  of Ph y s i c a l  Parameters .

• Sites were located by stretching a preca librated ny lon line , w h i c h
was anchored to the shore , over the transect. The vertical distance 

~~~-.- - - .
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‘ f rom MSL was determined by relat ing the  water depth  to  a p0; r i t  of known
elevation on shore using a level and elevation rod . Temperature and

-~~ s a l i n i t y  were  measured near  the bottom at each site using an inductive 
V

s al i n o m e t e r  wi th a 300-foot cab le .  V

Taylor  s e r i e s  s ieves (phi  i n t e r v a l )  and a R OTAP~ were used for gra i l ) -
s i z e  an a l y s e s .  About aO •~ 2 grains of material were sieved on the ROTA I~~

V fo r l() m inu tes .  M a t e r i a l  retained on each s ieve was weighed , an d a
computer program for s e d i m e n t — s i z e  anal  ys is (D arb y and W obu s  , 1976) was
used to determine mean , sorting , skewness , and kurtosis.

hhe total organ i c  content  of each sedinuent sample  was  determined
b y t h e  i n c i n e r a t i o n  m e t  hod and t h e  t o t a l  c a r b o n a t e  c o n t e n t  of each V

sedi nuent s a m p l e  by t h e  hydrochloric acid (IIC P method (Carver , 1971).

I I I  . RE SULTS •- \NI (:05(108 1058

- 

- 

1 . V j V j Ocean Beach.

a .  h’ rel  i m i n a r v  Saiuup l in g .  Because d i f f e r e n t  s a m p l i n g  and e x t r a c t  ion
tc -chni  ques were used , samples  t a k e n  i n  Augus t  1975 we re n ot d ir e c t l y
c o m p a r a b l e  to t h e  o ther  fou r s e t s  of samples  and w i l l  not be di sc iusse d
here (see App . C ) .

h . F a u u n  i s t i e s . T w e n t y — t h r e e  s p e c i e s  of m a c r o f a u n a  in f i v e  phy la
and 19 farn i l i e s  were col lected ( T a b l e  I )  . .\ l I but  f o u i r  of t h e  macro—
f a i u u a  I spec ies  w~ I-c p o ly c h u a e t  es or c r u s t  rue  cans . Severa l  spec i es of
mci  o f au i n a  t-.ere a i so  quan t  i t a t e d  , b it t  were  not  iden t i f l e d  to t h e  spec i Cs
lev el.

c . ~peL- I e s .-Thund anc e  . The mean number  of i ndi  v i  dna is per square
n u e t e n  at  each  s i t e  d u r i n g  each) s eason  was ca l c u i l a t e d  for a l l  sp e c i e s
cOl) st  i t  lit I ng more t h a n  1 percent  of t h e  t o t a l  m a c r o f a u n a  , and for  t h e
to t  a I ma i-r n  2auna  1 1:11) 1 es 2 to 16) . t h e  t o t a l  macro  f a u n a  ranged from
1) (site ~~~, t r a n s e c t  I I , October  1973)  to  2 1 , 132 i n d i v i d u a l s  per square
me te r  ( s i t  i- 8 . t r an s e c t  I I  , - J une  1 97 6 )

— 
Fhc sit-ash :o ru e  f a u n a  was  dom i n a t e d  ~e . :l~’~ . , an o r g a n i s m

u n i que h e  ad a p t e d  to  t h e  cons t  a n t  w a v e  V V :t ion and sh i  f t  1 rig b o t t o m . The
p o l y c t u a i t e , . -  r i , was a b u m n j : i n t  i n  t h e  deep pa r t s  of t h e  swash  •

zone and bet ween the  swa sh :one r i n d  t h e  su n  :one ( s i t  es 3 and -1 )
d u r i n g  .Ju ne  and - J u l y 19Th . ‘ . .  sp.  o c c a s i o n a l  I v  occurred i n  l a r g e
numbers  i n  t h i s  area , espec I a 11~ j~~i i ng l i i i  y 1976

The o u t e r  s u r f  :one and t h e  i one r  b u i l d u p  zone , i n c l u d i n g  t h e  i n n e r  V —

rough  and the  ou te r  p l a n a r  bo t tom t v p e ~ ( s i t e s  5 , 6, 7, and 8) we re
d o m i n a t e d  by ~7 . ~ - i - ~~~- r i t - z  w i t h  up t o  10 , 01) 1) t o  12 , 000 i n d i v i d u a l s  pci’

• square meter .  Most species were collected i n  t h i s  area , and smal l  speci- V 
-

mens of Donax sp. occas iona l ly occurred w i t h  up to 6 ,000 i n d i v i d u a l s  per
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Table 1 . Faunistic list of the ocean beach at the
- -

. 
CFL I i e ld  Research  Faci  1 i t e

Phylum N EMER1 N

- 

V 

Phylum A N N N I V I V I D A
- 

V ( :l~iss  Po lychae ta
F a u u m i ly  Spionidae

• SccleLe r~
V1s -~‘ir~rz~-:

/ ~~~ ‘sZ ~~C~

I: ai mu i l v  N e p h t v  idae
C-

Ir aului ly M e g a l on i d a e
4 -

, . 1 ) f l :  I .

Fam il y h l es ion idae
.j  - :  ~ ~s - ~ : : V  - 11

l:alu ui ly  Ophel  iidae
V ~. Z ! ~~t

j:aiuu j ly Phyl lodocidae
J~~ V ) V iu~ ~. C ~~V C )

Fami I y Gl yce r idae

Ph y 1 iuu u u MON I i  J s ( :A
C lr uss Biva1 vi~u

Order h l e t e r o d o a t i d a
F a m i l y  D onac idue

- ; - -  sp . ( p r o b a b ly  r . .  r / .  i~ )

• Fanmi I So l e n  i dae

Order  l’r I onodont ida
E n n u i  l~- Arc i d ae

Vi ~~~~ l r- zi r u zl 1

I’hv j m ini A k i l  IROPOI 1

( :1 ass  ~~~~~ 1 ;i c eru
Order  Am n p h i poda

u I v  I l a t i s  t o r i  i du e
I) . -  V

J (
~~! ~~~ - I.

-~~‘  V • - I

I:
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Table 1. Faunistic list of the ocean beach at the
-
~~ CERC Field Research Facility .--Continued

Fami l y I schy roc er idae
Jassa fal-/ ’/~~i

V Orde r My sidacea
- - - 

MI/ tV 1 I l I -ZO /~~ i3 rnoxs~oz n i

Order Cumacea
I Family Leuconidae

Leucon c~U~( 1 t ~- Z ’/ : / ,5
Eudorel 7 r~r ‘ rs ic

Family Pseudociumidae
Pe ta losarsia Le-s2i -~’i~c

Order l)ecapoda

• F a m i l y  Pagur idae
Paqurus 7_em

Fa m il y P o r t u n i d u e
- Oval~ r ce O C C Z 1 ~~tO~

Family lli ppidae

I Einer ita talpoida

Microcrustacea
Subclass Ostracoda 0

Order Myodacopoda
Species A 

V

1 Order Podocopa
Species A

Subc lass  Copepoda
Orde r hl a rp a ct i c o i d a

V 
Species .-\

V Species B

r Phylum C N I I ) A R I A  r
Class Anth o :oa

Order Act  i n i a ri a  
V

Species  A ( i m m a t u r e )

-V ..

I 
• V

~~~~~~~~~~~~~~~ -- -~~~~ ~~~~~~~ .
~~~~~~~~ . 

~~~ V V V  
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square m e t e r .  The h a u s t o r i d  ainphipod , P. 1 -  ~L~~~~~ ’~~~~
1
~~~~C , occurred w i t h  up

to 4,000 individuals per square meter (particularly on s i t e  8 ) .

S i t e  9 was f a r t h e s t  from shore and was loca ted  in the m i d d l e  of the
b u i l d u p  zone where  megar i pp les  occur in the  rough f ac i e s  - ~~~/ :‘~~~~~C — i ~~

was dominant  in th i s  area w i t h  up to 8 , 000 i n d i v i d u a l s  per
square mete r ;  however , bo th  S. 3-/aa ; ta and Donax sp.  occurred  in l a rg e
numbers - A second haus to r id  amp hipod , L~/ 1 z ~1 - -o2 c1 ~ao ~1j~/ ns  , a l so
occurred in the area with up to T50 i n d i v i d u a l s  per square m e t e r .  No
other  si g n i f i c a n t  species were  c o l l e c t e d . [i ght c r u s t a c e a n s  and fjvIt

po lychaetes  occurred over the  s i t e s  hu t  did not d o m i n a t e  a ny  area .

d.  .‘I l i a l V s e s  of V a r i a n c e .  t ) r c e - w a v  ana l yses  of v a r i a n c e  w e r e
p e r f orm c~1 u s i n g  s i t e  number , t r a - is ec t  number , and season as t h e  V

independent  v a r i a b l es , and t o t a l  m a c r o f a u n a  and m a j o r  m a c r o t - a u n a l  C

species as the  dependent  v a r i a b l e s  (Table  17) - The t w o - w a y  i n t e r -
a c t i o n s  be tC ~een s i t e  and t r ansec t , s i t e  and season , and t r a n se c t  and
season were  o f t e n  hi g hl y si g n i f i c a n t .  The t h r e e - w a y  i n t e r a c t  rnn be-
tween  s i t e , t ransect , and season was u s u a l l y  si g n i f i c a n t  -

i n t e r a c t i o n  terms are significant , interpretation of the m a i n  ct lcc t-
is d i f f i c u l t  because the level  of t he  measured  variable (number 0f
i n d i v i d u a l s  c o l l e c t e d )  is a f f ec t ed  n o n a d d i t i v e i v  by the  l ev e l s  of t h e
two or more independent  v a r i a b l e s .  An i n t e r p r e t a t i o n  was made a f te r
r e -examin ing  the  data and de te rmin ing  the  d i r e c t i o n  and m a g n i t u d e  of
the interaction effects.

All species showed a sign i f i can t  d i f f e r ence  in dens i ty  due to
season (probability , p <0•05), and most showed a highly significant
difference (p <0.001). 1)ensities generall y increased from October to
June and decreased in July. An exception was the seasonal distribution
of - uax sp ., which showed no significant change in total numbers
between June  and Ju l y - Clam spats (probably - 00-zx) were numerous in
-June , l)ut were reduced considerably in J u l y .  This indicated that a
r e d u c t i o n  in the Joucz z- p o p u l a t i o n s  be tween  the two samplings was
counteracted by m a t u r a t i o n  of some j u v e n i l e s .  About 50 percent  of t h e
I I I I j I ) T~ Species  showed a signi f i c a n t  difference in density between

r ; i i i s t -c t s .  l hr e c  of t he  four  most abundan t  Spec j 1 t  were  si gni f i c a n t l v
d i  f f C ~r e nt  b e t w e e n  t r a n s e c t s  (p < 0 .  0 1 ) ,  but t o t a l  m a c r o f a u n a  was not
si g n i f i c a n t l y  d i f f e r e n t .  A l t h o u g h  m a c r o f au n a l  species compos i t i on
v a r i e d , the total number of organisms at a s i t e  did not vary
s i g n i f i c a n t l y  among t r a n s e c t s  ( e x c l u d i n g  temporal  v a r i a t i on )

-\ 11 t h e  maj  or spec! Cs except  ~~.
‘ 

~~~ ~ ~~‘o LP771i3 C ’  c~C.’ .’ j  1 / SJ) -

and T- - - - t~i~ -
. 

~~~~ — /call ’.C..C showed a significant di f f c r en c e  in dens i t r
be tween  s i t e s  - A ~~~~~~ f ( V

f ~~ t e s t s  (St uden t - N ewman K e u l s ’ p rocedure  for
di f f I - r~.-n c e s  be tween  means at the s -p er c e nt  l e v e l )  were performed on the
spec i e s  sho w in g a si g n i f i c a n t  d i  f f l .-r ence  b e t w e e n  sites. .

C
C~~ C I . l I 1 t ~~i

- Ja was  
- most a b u n d a n t  on s i t e s  I ~I T i U  ~ ; / .  to): — 1 I~ r a .. was mos t

a b u n d a n t  Ofl s i t e s  ~~ and 9; and - - .  /a-La- C ~ii W i l S  most abundan t  Ofl S i t e  T ,
but  i t s  densities on s i t e S  ~ and C~ C~er~- a l so  s i g n i t i c a n t  lv d i f f e r e n t  f rom
other sites. - J u v e n i l e  I , ~~~ sp .  w e r e  s i g n i f i c a n t l y  more a b u n d a n t  on

_ _ _ _ _ _ _ _  .. . . ~~~~~~~~~~~
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s i t e s  7, 8 , and 9. The haustorid amp hipod , B. ;~ c- !~~-u: - Z C , was most
abundant  on s i t e  9. The o ther , less  abundan t siw-c ies  did not  y i e l d
i n t e r p r e t a b l e  r e s u l t s  in the a 1~cr o tc -r i~ t e s t s .

e. Phys i ca l  l) ata. Water  t empera tu res  were  recorded at each si t
(Table  18) . Bottom tempera ture  varied from 10. 3° C e l s i u s  in ~1arcIi t a r

2 4 . 9 ° Celsius in J u l y .  Temperature  u s u a l l y  dec reased  as t h e  d i s t a n c e
from shore increased . The g rea te s t  t e m p e r a t u r e  r ange , 2 . 30 C e l s i u s
betwee n s i tes  1 and 9 , occurreg in -June.

Sal j n itj e s  were recorded on the  bot tom at each s i t e  ( T a b l e  19) ,
and ranged from 30. 1 par ts  per thousand in June  to 33.8 p a r t s  per
thousand in l’larch - Sal in i ty  g ra l l ua l  ly increased w i t h  increased
d i s t a n ce f rom shore because  o f t n e  d i l u t i n g  effect of ground water
nearshore  - The g rea t e s t  sal m i  ty range was 2 .  37 parts per thousand
between  s i tes  1 and 9 in Oc tobe r .

The v e r t i c a l  d i s t a n c e  from a s i t e  to MSL -a- ar ied  be tw een  s a m p l i n g s
( T a b l e  20) . The method of l o c a t i n g  the  :ero p o i n t  on the  t r ansec t s
caused the s i t e  l o cat i o n  to depend upon the  level  of the  t i de  and t he
sea cond i t ions  d u r i n g  s a m p l i n g .  The s i t e  e l e v a t i o n s  were a f f e c t e d  by
seasonal  changes  in ti -Ic s l o p e  of the  beach face , e s p e c i a l ly  at  t l e  deep
sites. The greatest elcvationa l change was at  s i te  1 on t r a n s e c t  I I I ;
the ele va t ion  was 0. 2 1 meter  below MSL on 20 November 1975 and 1. -I
me te r s  above tISL on S .\pril 1976.

The mean gra in  s ize  ( i n  p h i ) ,  s o r t i n g ,  skewness , and k u r t o s i s  of
the  sed iments  were de te rI ) incd  for each s it e  ( T a b l e s  2 1 to 2 1 ) .  The
bot tom m a t e r i a l  gen e r a l  1-’- was f i n e  but p o o r l y  sor ted :it s i t e s  7 , 8 , and
9, and coarse but well sorted at sites 1 , , and 5. Site 3 was in a
t r a n s i t i o n a l area b c t w e e i i  ti -re coarse i n n e r  beach s e d i m e n t s  and t i - I c
fine dee1)water sediments , and ~r-:i in—s i:e statistics were v a r i a b l e  for
t h i s  site.

• The t o t a l  o r g a n i c  con ten t  of t h e sediments (in grams per 100 gr ams)
was determined for each s i t e  (Table 2 5 ) .  Organ ic  con ten t  was  genera  l l v
low , and ranged fi-om 0. 00 to 2 - 17 grams pci- 100 g r a m s  w i t h  bo th the low
and t h e  h i gh va lues  o c c ur r i n g  in t h e  October  1975 sampl  i ng .  A l  t houg h a
c l e a r  pa t t e rn  of o rg an ic  con ten t  d i s t r i b u t i o n  (lid not emerge , o r g a n i c
c o n t e n t  w a s  sli ghtly higher at the deep s i tes  than at t h e  swash zone
Si t e s .  -

The total carbonate content ( in  grams per 100 g r a m s )  of the
sediments was determined for each s i t e  ( T a b l e  2 ( 1 ) , and was usua l 1 hi g h
Ofl S i t e s  1 , 2 , and 3 and low on s i t e s  7 , 8, and  9 . Ihe hi ghest carbo—
nate content was 26 l5 grams per 100 g rains on s i t e  5 , whe re t h e  con-
c e n t  rat  ion was  often high because broken  sbc- l Is : iccumu iCl te d at  t i c
interface between the ou ter p l a n a r  fac ic- s and t h e  i r i n e r  1-011gb Iiic ies - V

C a r b o n a t e  cont ent on tire i n s h o r e  si t es ranged from 2. i n  to 1 7 . 78 grams - -
~

per 100 grams; concent rat ions on the deep si tes (7 , $ , al-Ill 9) ranged
from 0.28 to 2 .83 grams per 100 gi- ;mms - There was  no p a t t e r - n  in  the
d ist  r i l - r I l t  io n of ca rbona te  w i t h i n  the  I w o  gr o u p s  of sit~ s -
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f. ~~~~~~~ ion A n a l y s e s  - ~\ c o r r e l a t i o n  m a t r i x  was d c - v t - l oped , us in g
t h e  ph y s i c a l  p ar a m e t e r s  and the  maj  or s] ) c- c i c - s - 1w e n t v — n i l l e  van  ab 1 t~’~~~~- c -  i- c-
used , p r o d u c i n g  406 nonredundan t c o r r e l a t i on s  (Table  2 7 ) .  The con -cia-
t i o n  c o e f f i c i e n t s  from the comparison of m a j o r  species w i t h  season ,
transt-ct , site , and h o r i z o n t a l  d i s t ance  from shore , g e n e r a l ly  agreed w i t h
the results of the var iance  a n a ly s i s .  The c o r r e l a t i o n  be tween

~ -~~~-- . ) C-12 , ))itLr sp . , A - ‘- ~~f - ; C I : - / V a ,  - L.  ~~~~~~~~~~ -~ e-~o , or -~~, ~~~~~~~~ : C I C ’ H C V

and t e m p e r a t u r e  was  s iga i  f i c a n t , hut  no species  showed a signi ficant
c o r r e l a t i o n  w i th s a l i n i t y .  Temperature  and s a l i n i ty  changed g r a d u a l l y

- 

- w i t h  inc r eas c- d  d i s t a n ce  f rom shore , thus the c o r r e l a t  io n s  b c - t I l L -en CI

Sj)ec i es and t em p e r a t u r e  r e f l e c t  t h e  seasonal  e f f e c t .

C -
. 

-.C - - had a s t rong n e g a t i ve  c o r r e l a t  ion with mean grain
Si C e , i n d i ca t  i n g  an a f f i n i ty  for  ti _ C c coal-sc s e d i m e n t s  of the  upper  swash

Oll C - — C C.~ - .- .- c o r r e l a t e d  w i t h  s o r t i n g ,  s k e wn e s s , and kurtosis C

because of t he  p a l t i : J l c o r r e l a t i o n  of these  v a r i a b l e s  w i t h  mean g r a i n
si  :e_  The b u r r o w i n g  alnph i pods , P. C L -  - : - _ o  0: al_ Cd B_ - / / I C  : 1 2C .~ , i_Cal _i a
St r o n g ,  p o s i t i v e  c or r e l  a t i o n  w i t i _ C lilean gra  il _ C s i z e  , C - I l l _ I ]  e a t i n g  an a f f i n i ty
for ti _ C e f i n e  s e d i m e n t s  of ti _ Ce deep s i t e s  -

-\ p r i n c i pal  f ac to r  ana l ys i s  w i t h  i t e r a t i o n  al_ Cd varimax rotation (Nc-i
ct aL , 1975) ~~~ per form ed on the  c o r r e l a t i o n  m a t r i x .  The e x t r a c t e d
fac to r s , ei g e n v alu e s , and the  percent  of v:~ri ance  exp lained are pre-
sented in l ab l e  25. Nine factors were extracted , but the first f ive ,
i n t e r p r e t e d  b e l o w , explained over 80 percen t  of ti _ C e v a r i a n c e :

(a)  F a c t o _ C -  I - i i )  i s  f ac to r  loaded heavil y w i t i _ C  mon th  of
c o l l e c t i o n  (loading (L 9 4 1 6 5 ) ,  i n d i c a t i n g  t h a t  the  l a r g e s t  source of
v a r i a n c e  w a s  s ea sona l  v a r i a t l on  WI ) ci) accounted for about one—tin rtl of
the  va r iance .

-I.

( h )  F ac to i -  2 .  Ti_ C is factor loaded i_Ccavi 1~— al _ Cd p o s i t  i v e l v  w i  t h
Si t e , I -I o r i : o I_ C t a l  d i s t a n c e  f rom shore , meal _ C g r a i n  si:c , and k u r t o s is .
i t  loaded hea v i l y  and negat  i c - e l y  w i t h  v e r t i c a l  d i s t a n c e  from ~L Si .  and t he

• sorting, skewness , and c a r b o n a t e  c o n t e n t  of t i _ Cc s c d i m e l_ Cts  - Since  ti _ Ce
o t h e r  v a r i a b l e s  were s t r o n gl y  co r r e l a t ed  (p o s it i ve 1~ - or n e g a t i v e l y )  wi ti _ C
site , t h i s  f a c t o r  depended 01_C l o c a t i o n  on the  t r a n s e c t , and a c c o u n t e d
for 20 pe rcen t  ot  t h e  ~

- ; J  r i ; Jnc  e -

(cJ i - a c t o r  5, The f C J c  t o r  loaded he av 11’ - w i  ti _ C tw o s e l e c t  i V ( .C

SC J FIC JC c - deposit — feeding polychaetes , C C C  / - - C  and I V  1

- These s p e c i e s  occurred  s p o r a d i c a l l y in the  col l ec t  ions  - Ti_ Ce i r
occu rrence Wa S ve l -v  in gh I y corre 1 a ted , but  t hey  d id  not c o r r e l a t e
t 1- ong 1 >- w i ti_ C other varia bi c-s - - ~ ~~( I U I  J i C d J_ C1 - I ) ~ , a n o t h e r  select ive

sar I/I ce depos i t— f eeding P01 ~-c h a e t c , w a s  a b u n d an t  Ofl I _ Co st  S i t e s  , hut ii iii
not f a l l  i l I t ( )  t h i s  f a c t o r .

(d)  i - a c t o r  1 . The f :ic t o r  loaded W i t h  t hi -  b u r r o  ii~g a lf lphi  pod .
J~ : 1 4 / . . - /~~~? . C  J I J I I  JIl t )) an o m n i l - l ’r l ) t i s  f a s t - b C J l - r c - J~ I n g  pol vchaete ,
. - - - - - - C / 4 - ~ - o-z. It i s  a l s o  l oaded  wi  t i _ C a third variable , the kurt I~ -~~S V

• of t h e  ~ L - L ) ~~I :IL - I I t  s , and w i t h  second h l l r r o w i n g ,  o m n i v o r o u s  p o i y c h a c t e ,

50
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Table  28 - Fr i  nc i p al  f ac to rs  w i t h  ci ~e nv:J l L J c - —~ and percent of v:ini ar_Cec
predicted b~ each f a c t o r , ocean beach -

~~ 
___________ 

I C u m u l a t i v e
Factor 

-~~_Fi genv alue Pct of V a r i a n c e ~~~~~~~~~~~~i c t  V a r i a n c e

I 6 12413 3 4 7  - 3-1 .7

2 5,58640 20,3 55,1

3 1.95403 11 .1 1 66.1

-1 1,509 80 .5 _ c- 7 4 7

5 1,309 12 7 4  8 2 . 1

6 0 . 9 2 3 1 9  5 ,2  87 . 4

7 0 .894 62  5.1 p2 .1

8 0. 73495 4 . 2 96.6

_1___~ 
~~~~~~~~~~~~~~~~~~~ 

____ -- _ _ _ _ _ _  _ _ _
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• 

-~~~~~~~~~~ --4



~~L -J C-I /r I C 
~I~• hu t  riot as st r o l :~~lv  as t h c -  o t i _ C e r  v a r i a b l e s  (0 .3738) . The

V f a c t o r  i nc ludes  o r gan i s m s  ti _ Cat  b u r r  t h r o u g h  hC f i n e , l e p t o k u r t o t i c
V sands of ti_C e deepwater sites .

(e) Factor  5. The f a c t o r  loaded h c a v i l v  w i t h  the  d ep o s i t -
feeding po lychac te , .1]. S CL1 ~~~-”/C , i i :~~~ sp .  , al_Cd ti_ Ce carnivorous poly-
chaete , Eteone ~~~~~--j:o~~~. Ti_ Cc - se a n i m a l s  were c i_ C a r a c t e r i s t i c  of deep-
water sites , but sometimes moved shoreward and were found in low
numbers  on a l l  s i tes .

g. Species l)iversity. Species diversit~- for each sam p le was
c a l c u l a t e d , u s ing  ti_ Ce Shannon—Weaver index:

11’ = - 
~~ (NJN) log2 (N1/N) , 

-

where N~ is the number of i n d i v i d u a l s  per taxon , N is ti_ Ce total
number of organisms,and s is ti_Ce number of taxa . The species
diversity was calculated for each site (Table 29). A three-way

t anal ysis of v aria n ce was performed on ti_ Ces e data with site , transect ,
and season as the independent  v a r i a b l e s .

The t w o - w a y  in te rac t ion  terms were  s i g l _ C i f i c a r _ Ct , but the  t h r e e -w ay
interactio l_C term was not significant. There was no s i g n i f i c a n t
difference in diversity between transects. Th ere was a hi ghl y signif-
icant difference between 1)0th sites and seasons. Diversity was
lowest  d u r i n g  October al_ Cd increased dur ing  March , June , and J u l y  -

Diversities in October ranged from 0 to 1.27 and in Jul y f rom 0 .2 9  to
1.80. TI_Ce decp sites i_Cad t u e  hi gh e s t  d iv e r s i t i e s  w i t i _ C  t i _ Ce hi ghest
d i v e r s i t y  (1 .85)  o c c u r r i n g  Ofl t r an s e c t  I I I , s i t e  P in June 1976.

• 2 .  The Sound Beach.

a. Prelimin ary Sanpl in g .  Samples  t a k e r _ C  dun iig 26 and 27 -J ul y lh75
are not comparable to ti_ Ce other four sets of samples i)ecause different
ext ract iol_C techniques were used , and will not be discussed here (see
App. I)) .

h .  F a u n i s t i c s  - T w e n ty - t h r e e  spec i e s  of m a c r o f a u n a  in four p i_C ’la
and 23 fan ii ies were collected ( T a b l e  30) . The p h y l u m  Ar thr opod a
dominated the macrofaun J w ith 14 families and at least 14 species. The
p h y l u m  A n n e l l  i da , represcl_Cted i)~ f i  ~-e species , was most numerou s -

La rva l  i ) i p tcra  w e r e  not i d e n t i f i e d  below ti _ Ce f a mi  l~ ’ leer- i s eve ra l
Spec CS may have been r ep r e s e n t e d , p a r - t i c u l  ~i rl v in t hi - f/ Jfl h i l \
(;h i ro llo m id Je .

c .  ~~j~cc_ies Ab u n d a n c e .  ih e  me nu n u m b e r  of i n d i v i d u a l  s p er square
nlcter W C J  :; cal c l l l  at ed  for each sit and  Season  f o r  t i  i t o t  a I f a un a  and

_ _ _ _ _ _ _ _  _ _ _
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Table 3)) . 1- a u n i s t i  c l i s t  of the sour_Cd bead _C
at t h e  CL R C F i e l d  Research  Faci  1 i tv .
Spe c ies  above  0. 3 liii l i i  n et  er 01_C l v .

Ph y l u m  N i M A I Q I  ) ,\
Order D o r y l a im i d a

Phy lum . \ . \ \ i) i i b.\

C l a s s  P o l v c l i a e t a
Ord ei- Sp i on ida

- V 

i /ICC lv 
~~ 

0111 dac
. - - ~~-; C: C .  ‘ — /~~ Cf C

— Order Pi_ Cyl lodoci da
Fanu I n  N e i - e i d a e

a’ 

- -- - •~~~
V
~~t 1 - -: - - ‘IC

Order T e r e b e l lj d a e
Falni Iv -\r :pha ret ida c

T i o 2 ~ -; ~or

C l a s s  01 i rIl e l i / l e t / I
Ord er Pros opora

i a ini lv  L u mbri cul idac

~il_C/ f _ C  ) - tC sp -

Ordi-r  P l c - s i  opora
/1 ) 1) 1 lv  l u b i l i  s i d a e

- - 
-
. .C Si).

-I.

Ph y I I l l S  ‘1O I L1JSC1\
Cl a ss B i v a lv i a

i /i l_ C i i  e 1 / I c  t r id:ic

C 1: is  s 1 ~~ st  r I l j ) o L !  / I

Order  Pu 1 mr-n I ta
l anu 1 P h v sj  dae

• -• ~~~~~

F / I l / I  ~ 1 y \n e y h i  dac
-

- / 
~~ 

?

Phylum AR1IIROPOI)A
C l a s s  Crus t acea

C Order  Amp hi poda
Fa mi lv ilaustor id/Ic-

-
- 

~ /1 10 - - 
. , 1 -  etC
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ta ble 30. Faun ist ft l i s t  of t i _ Ce  sou l_ Cd bead _C
at t h e  Ci RC I : i e i d  Re sea rch  i / i c i l i t v ,

~pcc i c - S  ai~ove  0 . 5  m i l l  in i e t e r  o n l \ . — —
— 

Con t i n u e d

Fanu 1 y Gamlnar i dae
Sf).

Fam i in ’  Phot idae
C C I  Ci ’:1/C

I ainilv Oed ice rot i dae
~~~~~~~~~~~~~~~~~~~~~~~ ~~~

Order ISO 1)Od /I
F a m i l y  A l _ Cthur i dae

- - -: ~ ;l:Cr t eoZ ta

Family Ido teidac

~( T- tea SJ C .

Order i)ecapod i
F a m i l y  Ca inh ar ida c

- - — C C ) ,  U 1 0  Sf) 2 ( i ililnat ore)

1 /101 1 v Port tIn id/ic
C / C

C la s s  I n s c c t a
Order Odor_C/I t/I

• F a m i l y ( S i c l _ C a g r i o n i d a e
- il ~~~~

Order C o l l e m b o l a
• Spec i c-s -\

Order Coleoptera
F a m i l y  D v t i s c i d a e

/ 01,1 S~)

Order  l ) i p t cr a
~~ ban ii  y Thha 11 i d ; te

Specie s \ ( i m m a t u r e )

litni ly Ciii c - I ) I i o _ C - I  i d / I c
—
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for each species constituting more tha I_C 1 percen t of the  t o t a l  macro-
fau l_ Ca (Tables 31 to — 1 2 ) .  The t o t a l  fauna , including both macrofaur _Ca
/11_Cd larger meiofauna , varied from 230 (site 3, t ransect  VI , Oc tober
1975) to 132 ,700 individuals per square meter (site 1 , transect lv ,
July 1976). [)ensities were generally hi ghest on transect I\ /Ind
lowes t  on t r a n s e c t  VI and mejofaur_Ca species , primaril y copepods , had

V ti _ Ce hi ghest d e n s i t i e s .

The burrowing amphipod , L. ~:7- o t -/1c / ?a , was ahu l_ Cdan t  w i t h  0 to 3 , 300
i n d i v i d u a l s  per square meter . Anoti ier ainp i_ Cipod , Y - -o r- ) . - sp., w as
common wi t i i  0 to 1 , 360 i n d i v i d u a l s  per square me te r .  Two other
/unphipodS , Lep ~o i ~ e irus p eeu/1or -i// and ~~/ 1 ~r zoao 

~~~ , were  c o l l e c ted on
ti_ Ce beach , i ) t m t  t h e i r  d e l_ C s i t i e s  were  low and t h e i r  occur rence  w as
s p o rad i c  -

ihe h u r r o W l l _ C g polyci_Caete , Scoieco -: : / t  :1 ‘-2 i~~~ I , was found 01_C all
S i t e s , hut was most abundant in deep waters w i t h  0 to 435 individuals
pc-i- squari- meter. Two o ther  pol ychae tes  , -~~C~ c- / C C  7 0 Z .  /11 _ Cd

- - H -  — -  : .  - 
- 

~~~~~~~~~~~ occurred s p o r a d i c a l l y  and in low number s , hu t  t h e i r
frequel_Ccy of occurrence was 1_Cigi_Ces t durin~ J u l y  1976.

Chiro l_Comid I ar v / I e  and the 01 i goch ae te , J ~_ 
~oo~ie ~~~ sp - , were u s u a l l y

/ I h u n d / n n t  w ith 0 to 2 ,579 /1 1_ Cd 0 to 11 , iSf )  individuals per s q u a r e  meter ,
respec tivel y. ihey were  most  abu r _ Cd ai _ Ct on t r a n s e c t  I V /11 _ Cd 011 site 8
of a l l  t r a n s e c t s .

1he l:ist m a j o r  spec ies  ic~is tile hrackisi _C water clam , P. -:

which was coln000lv c o l l e c t e d  01_C t i _ C e  dccl) S i t e s  ~ i t h  0 to 115 i n d i v i —
dua l s per sq i l / I  c-C I / l it e r .

d - A l _ C a l y s i - s of Variance - F i _ C re l _ - — w / I y  a l _ Cal  ~-scs  of y r - r i / t i l d e  were
I C 1- t o r n l e d  (In t i _ C e  t o t / I l lilac ro 1 / 1 1 1 1 _ C a  atid on /11 1 major species , us il _ C g s i t e ,
sea sol _ C , and t r / I l _ C S e c t  as t h e  i l_ Cde 1)enden t  v a r i a b l e s  (Tab le  4 3 )  - Ti_Ce t w o —
I s / I C  i l i t e r / l e t  iOn S be tween  s i t e  /11_ Cd season , transect and site , and se/ I son

• arid Si t e  W ere  0 I t  e l i  h i g h _ C l y S ig I _ C i f i  c a l _ C t .  The t i _ C r c - c — w a y  i n t e r a c t i o n
be tween  Sit e , t r / l n sec t , and se/Ison w/l5 also U Su/ I  1 ly si gni f i c an t  -

Si gu i  f i c a n t  t n t  c rac t  10 1_ C S I l l / I ke i l _ C t e  I-i)retat ion of ti_Ce niai ii e f f e c t s
d i  f f r  C I I !  t , i ) C c/ I USC  t i_ Ce levels of t i le  measured v / I r i a h l e s  are  / 1  f f c c t i -d

• l_C ol_C/Ldd it i vel y by t i le  l e v cl s  of tw o  or more i n d e p e n d e n t  var i / ub l  es  - I h e
in terpret/It ions were made after re—examining tile original dat/i IT_ Cd
det erinining the di rect ion  al _ Cd I I1 / l g T _ Ci t u de  of t h e  j u t  e r / l e t  iOn t e r m . Ih e

• t I ) t / u l  f / l U l l / u  S i i i )w e i i  S igi l  i Ci c a n t  1 y i i i  f fer e n t  dens i ties for si to , t r a n s e ct
and  S c - a S C I i  - lot I i  1/11111/I l I l c l - Y .ISed 011 /11 1 Sites during \ LI v  mOld Jul y
I 076 , 1III t gre/It 1 ~ i TIC 1 0 I  SCCI on s i t  ~~~ I ari d 2 of t r / i l i se i - t I\ b e d / I  uSe  of

— marsh  d e v e l o p m e n t

-
. 

I - - 
- 

. C C P /~~. - sti r-wed highl y S i  C l i i  I i C / ~I l t  l y d i f f e r e n t
d e n s i t i e s  fo r  s i t e  /10 ( 1 Sr - / l~H l J 1  1) 1 11 00 s i l I l i l fi L -/In t difference in d en s i t ie s
f or  t r . I n s e e  t - Th i s c-S ~ a S  most I ) I l m : / J / I T l t  00 ti _ Ce deep sit c-s W i t  ii a

P ~~
- S Ign i tI c/ lIl t di h i t- ren c i -  in deir - - i ty l l L - t l ~ c - e I l  sa inp i  in g s  W i t i i  /111 i n c r e a s e

• &li.i c - i l l  
~ 

Ma I t  Il /110.1 ‘-I / I  v -
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‘Ih e results for L. p luinulosus were i d e n t i c a l  to those for
: .  l iridis , but L. p 1umulo~ us was  l e s s  abundant and was c o l l e c t e d  in
large numbers only during May 1976.

l e pLcLa Ct / lus dysticus showed hi ghly si gnificant differences in
densi ty for all fac tors. This specie s was found on all sites but W a s
least abundant on the deepwater sites of all transects and the marsh
sites of transect IV. \ genera l increase occurred in October , March ,
and May , and a sma1l decrease occurred in Jul y- l~ 76. :~~I

C-(C .C~~~~~ / I / C  - . q C : t ? 1W
and Monoculodes sp. had si m i l a r  d i s t r i b u t i o n s .

Ch i ronon aid l a rvae  showed no si g n i f i c a n t  d i f f e r e n ce in d e n s i t y  b etw een
seasons , but h i g h l y  significant differences between sites and t r a n s e c t s .
Chi ron oni id s  were most  abundant  on t r a n s e c t  l\ - , and a l s o  a t t a i n e d  h i g h
d e n s i t i e s  on s i t e s  1 , 2 , 7 , and 8 of t h e  o t h e r  t r a n se c t s .  t h e y  were
least  abundant  on t r ansec t  VI and on s i te s  3, 4 , 5, and 6 on transect V .

The oligochaete , P elos colex sp., showed h i g h l y si g n i f i c a n t
differences in densit y for all factors; densities increased with each
season . It was  most abundant in t h e  marsh  are ;i  of transect IV and on
s i t es 7 and S of a l l  t r a n s e c t s .

e - Ph ys ical l)at a  - Water t empera tu res  were recor ded at each s i t e
(Table 44). Bottom temperatures varied from 17 .7 0 C e l s i u s  i n  ~- I/ rch to
35.1 0 C e l s i u s  in July. The temperature decreased as the distance from
shore inc reased w fl-h th~- g reates t  t e m p e r a t u r e  range  (-L i ° C e l s i u s )
between sites I and S. l rans~ ct J~~-~~ s u s u a l l y  one or t~ / - l degrees
warmer  than the o t h e r  t r a n s e c t s  on the  nea rshore  S i t  CS , p r o b a b l  y.
because i t  w a s  i n s u l a t e d  by the  m a r s h .  

- -

S a l i n i t y  l e v e l s  rang i n g  from 0 . 7  to - -1 ~0 p a r t s  per t h o u s a n d  ilL -r e
recorded at each site (Table  45). Salinit ics were lowest durin g

~~~~~~~ October  and March , increased d u r i n g  May , and decreased s l i g ht l - 4i d i u - in ~-
Jul y . Sal in i t i e s  inc reased  with distance f rom shore wi t h t he  ~ r c ; i t e s t
rang e (2.25 parts per thousand) between sites 1 and S - ih e  s;a l i n  I t i e s
were lowes t on the inner si ti-s of transect I V , prol)abl y b e c a us e  t h e
m a r s h  reduced the  na i x i n g  of t h e  f r e s hw a t e r  r u n o f f  s i th the brack  i sh

V 
• wCat ers of t he  soii i id -

Ih e  v e r t  a c;a (list /a - Ice f rom M SI , was recorded for each s i t e  ( T a b l e  -ki )  -

The bea h has litt l e  slope for the first 7~i to 90 m et e r s , and mino r
ch ; i r i i : c s  in  c i  ev at  ion  a r e  caused by smal I undul ;at ions i n  t h e  sand
sla r f;J(e . Fli e beach is stable , and elevat 101)5 Ca rt - constant f rom se/a—s /li
to season .

lhc  de sc r i pt l v i -  st at i s t i c s  a re  reported for grain—si ci- d i s t r i l a u t  ion ,
- - mt -an , so r t i n g ,  -k ewnc-s s  , and kiartosis (Tab! es 17 to 50, respect i vt- I

(;rzi i n  — size stat i st i c c  reni a m c d  s t a b l e  d u r i n g  most of  the  st udv , but in
Ma y the av e r age p a r t  i d e  size increased b y- ap p r o x i m a t e l y 1 p h i  - Tb is
ma x -  have  been c / a I a - ~cd by- winter storms on t he beach - -\ v e  r a ge  gra i n  s i cc
rema i i icd  r e l ; i t  I v e i v  c o n s t a n t  at di  f fe rcn t  ( Ii  s t a n c es  f rom shore and
between s l i c s .
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ihe total carbonate and organic content (in grams per 100 grams) I I I

the sediments were recorded at each site (Tables SI and 52). ‘th e
carbonate content was low , r ang ing  from 0 .02  to 0.15 percent - There  w a S
no significant dif ference  between s i t e s  or samp l ing  dates.

The total organic content was also low , rang i n g  from 0.11 to  0.’)T
percent . Organic content increased during the stud y, and was si gnifi-
cantl y higher on site 1 of t ransect IV It th~— last Saiflj)ling because of
the gradual marsh deve lopment  on trans L - t  I t .

F . Correlation Anal yses. -\ c I ) r r t - l a t i o n  m a t r i x  was deve loped ,
using the Ph Y s ica l  pa ramete r s  and the major species. J’w e nt ~- — s e v e n
variables produced 351 nonredllil dClnt L.C orrL -l:I t l I - I l l - -. ( T a b l e  5~~) - The
correlation coefficients w i t h  season , t r . I i a C - . - - c t , and s i t e  support t he
analyses of variance.

U)~O C C  ‘1) L . J 1 1 [  I- ? l ’ ~ C C . I- J- .IS h i g h l y  co r rel  a t  eti w i t h  — a t e r  di-pt h and
horizontal distan ce from shore and R . L~~ o C L  -~~ 

— w a s  a l so  L c l r r e l a t e d  w i t h
these variabJes. Both spec ies wi-re most a b u n d a n t  on the deep sites.
When wind tides exposed 1.1 i -~~~ - are as I l t  b each s l I r f C J c e , shore I) i rd s
congregated in the a r ea and fed on the  exp osed  hot torn . 5e\ ’e1’~I l  f r e s h l y
opened R. - z w I  I-C di sc / l e e r ed  in  the fL- I - - il ing a rca - rhe low dens i—
t ies of R . - I - O~~!U)II~’ - -~ and J. h i o I I :~:~ oii the inner s i t e s  are probabl y due
to predation , rather than to t h e  S J I - L - L I es I ]J I : lb i  i i  t I -  to w i t  h s t an d
exposure - L,e~~- ! Z ~~~i -  - :4 . . - . . - t~~ 

- I - .  pref erred the Si-Ia 1 1 L I - I c  , i n s h o i- t- s i t e s
and was negat i v e l v  L- o r r e l a t ~-d w i t h  d e p t h  and hiori :ontal di s t a n c e  fromI; shore .

\ princip al tai- t or C I O C I  I y s  i s w i t h  it e rat ion  and varim ;ax rot a t  ion
(Nei , et al . , 1975) wa s I e r t - l I - C C - L -d on the -.IirrL -Iat ion m atrix ; t h e  n ine
extracted factors , ~~ /ti r I\;I liies , and p er c e nt  of  VaI- i 011Cc CX!)! a imed ar e
presen ted in l a b l e  ~- l -

The three major f a c t l l r s  ar c  i nt L-r j ) I - I- - ted below :-

(a) Fac to r  I - l h c  f ac to r  loaded hL - C I V 1  1 y f I l e  o rganic  con t e n t
ol i gochae t e s  , t o t a l  o r g a n i s m s , t a h C l n i d a e , and t h e  dv t  i Sc j J  b e L t  1 e

C - C ’  i t ’ ~~~ SI) . These v a r i a b l e s  sugges ted  t h a t  t h e  m a r s h  area was  a

C • 
cohes i ye comnun i t v  and r espous ib Ic for  a ma) or p a r t  of t hi ~ Va el I / I - I C  i n
t h e  cot l ect ion s  -

-a-
(b )  1- C l c t o r  2. The f a c t o r  loaded h e a v i l y  for site , hori:on t al

L 

distan ce fro m shore , w ater depth , and the  p o l y ch a ct e  , - 
-

- ‘ ‘~~~~ : ,
. 

, anL I
i s  p r i m a r i l y  a l o c a t i o n  f a c t o r . ftc hiea v l o a d i n g  of .‘ . 

‘ 
-

‘ m i  cat 1.- LI t h e  o r g a n  i s i i i ’ s depende nce on locat ion , primarily di stance
from s h o r e .

(c ) F a c t o r  3 . I h e  f a c t o r  loaded h e m i v i  l v  tor season , C C I  i ’b onmi t e
con t e n t  , t eniperat Lire , and ~ C I I i i i i  ty - F a c t o r  3 was a t inc ;iiia.l ph~~s i L a  I

V 

_ pa earner er factor , becau si- sea sona 1 c h a n g e s  , marked fly changes  i n
tempera ttire and s a ii n it .- , c an s  ed CI  I ; l ! g e  p a r t  of t h e  var i an CC I t t he
c o r r el a t i on  m a t r i x .

~~~~1 - -~~~~~~~~~~~ - _ __ _  
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Fable 3-f . i-actors , L-igen\ - CIIII1.- s , and v a r i a n c e  e x p l a i n e d
V tor factor anal~-sis on the sound beach

c o r r e l a t i o n  m a t r i x .

fct of Cu m u l a t i v e
i~ ic to  r i: i genva lue  t o r i  ai i c  c t’ ct

1 3. 2S3~ 3 26.8 2( . ~

2 - S 2 ~~72 2-L 6 3 1. 4

3 2.70715 1 3 8  65.3

2 0681-l l 0 6  7 5 8

S L55056 7 . 9

0 1.2 3 7 7 3  6 . 4 901

7 0 . S 56-1-l  - l - -l t ) -l  ~3

8 (LSSSS1 3 .0  97 . 5

9 0. -f ~~C ) 3 l  2 . 5  lOOJ )

~~~~~~~
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: ~ t h e  t ii  i-~ 
- f a c t o r s  accounted for  ov er  65 p ercent  of t 1i~ C C I I - - 

~ l I - i c c ;
V ~ 

~ o t h e r  t C a c t a ) I - s  s cr i  not in t e rp r e t ab l e  f~ir  i ) i O l o g i  C i - f f c c t s  . None of t h e
o r g a n i s m s , e x cee t  those  cha t - ac t e r  I st ic of the  marsh and ~~~. 

- 
- ‘ . C 0 , was

assoc  I - C i t e d  w i t h  the  maj  or f a ct o r s  - l ’hus , t h e i r  d i s t r i b u t i o n s  were  not
dependent  on t h e  measured p a r a m e t e r s  - O t h e r  p h y s i c a l  and che na i c a l
p C I - r o n / c t  cr 5  determined -at Ii populat ion lev els and d i s t r i b u t i o n s  fo r
these  sp ec ies  -

g . Species D i v e r s i ty .  S~ ec i e s  diversit y at each  s i t e  a-:a s  c a l c u —
la ted  us ing  a S h a n n o n — h e a v e r  i n d e x  ( see Si-c t  ion  111 , 1 , g) (Tab 1 i~ 55) -

The t o t a l  f aun a  ( i n c l u d i n g  a l l e io fa ia n : I  w as  used to compu te  t h e  d i v e r s  i t v
i n d e x .  D i v e r s i t y  ranged from 0 .33  to 2 . 33. 1he d i c e r s i t  i c s  in t h e
-la y  and Ju ly  s a m p l e s  t e r e  s I gn i  fi can t  I 

~ 
1~ L~~ iI ~ C t l ion  t 10~~c 1~n the

Oc tober and ~la rch s a mp l e s ;  d i e t - i - s i t ) -  I - I C I S  g e n e r a l ly  h i g h e r  on t h e  d e e p —
I - - a t  Cr s a t e s  (s it e s  7 and 8) t h a n  on the  n e a r s h o r e  s i t  es -

J \ V  - DiSC U SSIO N

I - The Ocean Beach -
‘I l u e  ocean beach has one d i s t i n c t  f a un a l  c o mmu n i t y  - I h i s  C 0 I C I C I u I 1 1  i t  a

w a s  loca ted  in the  swash zone and was domina t  CLI by E .  z a -  - - : - Pea rse
Ilumm , and f a h a r t o n  ( 1 0 — 1 2 )  r epo r t  t h a t  ; - : . ‘.c sp _  o ccn r  in this :one and
move h f )  and down the be~ich wi th the tidal ccc 1 C :15 does - - 

• ~~-i 
- . 

: -

however , dens  I - t i e s  of a d u l t  - -oa. za- w e r e  low in the swash zone at t h e  FRF -

sp - has been observed in large n um b e r s  in t h e  swash  :one at
\ i rg i n i a  Beach , \ j  r g i n ia  - Thi s beach presents a reduced stress
S ituot ion compared to the  beach at  t h e  J C - R J C - b e c a u s e  of t h e  gen t  l v  s lop i n g
beach face  and m i l d e r  w a v e  c o n d i t i o n s  - - ~~~~I C C - I - ’  d id  not  remain in t h L ’

sw ash  :one at the  FRF i n  w i n t  ei h L c : In s c  of t h e  hi gh s t o i C :  I - e l ve s  - S i n c e
the densi t v of juveniles w a s  hi gh in deep w a t e r  - r o t - a b l y
rccoloni:ed the sI / a s h  zone each ~ f~~~I- n- ~: -

There  st- re  1 5  o t h e r  s tron g ! y j ot -~ r :a t  ed commu nit iL- s i n  the dee~• I-ea ter , d o m i n a t e d  he . .  I-i C l - 2 t a  an d - - 
‘ -~ . . ; : - - t -  a t . - , C L - S p e L t  ic i ly .

Si gn i  f i c a n t  n u m b e r s  of these  spec ics  were :iI S I)  p r e — C e n t  in t h e  sw a s h
zone , hu t  t h e i r  d e n s i t  ies w e r e  low comp ared to  t h e  deepw ater  5 i t e s  -

The second com m u n i t y  on t l ie ocean beach i s the - 

communi  t ~
- 

- ‘lhe se depos i t  — fei-d t i ~~ p01 y c l i a i - t  es are  found on ; a l  I s i t  ~~~

— b a i t  are most  a b u n d a n t  on sites 3 , 6 , 7, and S. Thei r d e n s i t y  a~ a s  h i g h
Oil S i t e  3 , l i s t  s - a w a r d  of t he  i n t e r f a c e  bet i tcen t h e  L l a a t L -r  p l a n e  fa c i es
and the  m i n e r  course f Ca c ies - !‘he t h i  rd com m u n i t y  i s  t he I - HnC~~

~-~ mrn~~ i t  %~ on s i t  c 9 .  t h e  t w o  commun i t  i es app eal ’  1 0 j i l t  et~ r a t  C St rong 1 ‘-
i n  t h e  a r t - - a  of  s i t e  8. The - 

-
. .:; z’C - .i -~ c ommt ina t ~ r e p I - e sen t s  an i n s h o r e

c on l m l ln  i t  y (~\ t  end ing h I -  i - i .  t i l L ’ rn egar pp Ic  ;I rca , anL i t h t  I .
c o m m u n i t y  r e p r e s en t s  t i l i - m a r g i n  of a I ;lrg e  c o m m u n i t y  i n h a b i t  ing  t h e
Cl 5 V : C I C CI i - i c  r i  pp 1 c a t- c- ; i  i n  t he of f - -ho n  : m w  -
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Several nondorninan t species occurred in these communities.
1)ensi ties of ;u~~~~- sp . were high on sites 7, 8, and 9. ~\ second
bur rowing  amphip od and severa l  po lychae te  sj ) cc ies  (~~L i oi I - I z  

~~~~_ —,1_ (O. I- (O , and J_ ( ) - 0 - . X )  w er e  common , but  t he l  i dei is  I t i es /~e I e  not  Ii i gli • 
- I

Lie (1968) recorded diversities for b en th ic fauna in offsho re areasr of the Oregon coast and Bocsch (E)72) recorded diversities for offshore
C ~-‘irg in ia waters; however , species diversities have not been reported

for the  hi gh-energy beach zone .  l) i v e r s i t i e s  were b a a  1 ) 1 1  t I l C  st II( I y area ;
15 sites had a diversity of zero , with no organisms on 1 site and oniy
one spec ies on I - i si tes . 1hc lO W d i v e r s i ti -  w as c C - Ios cd  by the  l i i g h — s t i L - s s
conditions on the beach . The few spec ies adapted to the beach face
had high densi t ies , and the rei ativ eiy large numbers of the dominant

V 
species resulted in low species diversities.

: 
: 

2. The Sound Beach.

The c o m m u n i t y  s t r u c t u r e  on t he  sound beach was e a s i ly  d e f i n e d , and
was d e l i n e a t e d  in 1)0th the anal -ses of variance and the factor  a n a ly s i s .
The samp le area was divided into three communi ties (Fi g. S) The marsh
co mm un ity  O c C U J ) i e S  a sma l l  area at the base of transect IV , and is
character iz ed by hi gh d e n s i t i e s  of the  o l i goch ae te , ~~~~~~~~~~~~~~~ sj)~ by
the  i n sec t  groups , fa b a n i da e , Cer atopogonidae , and ‘I - : ’o ta .  sp.  , and by
high densi t ies of chironomid larvae . Ther e were more individuals and
more species  per s a m p l e  th~i mm iii o the r  a reas .  Species d i v e r s i t y  w a s
1 () t ~ because the  P eOoa - --) L c x  and the  m c i o f a un a l  5~ CC I Cs were d o m i n a n t  i n

a the marsh.

i
~
he two o ther  c o m m u n i t i e s  cover t he  i e ~~t of the  st u d y s i t e .  Ih e

. — - O? ~1-i~l!~a com ami un i t v  beg ins  b e t w e e n  90 and 1-i t )  meters  from shore ~utl
c x t e n d s  o u t w a r d  at l eas t  3(10 m e t e r s  from shore . No samp i i n g .  w as  done V

beyond th  I S p0 I mi t ; however , t h e  bo t tom beyond s i t e S was covered  ftc
dense ~- t a n d s  of a a ~ i a sp. and t he  h e n t h i c  fauna  j ) o ssi l ) iy  changed .  

a

\I though .~~. .‘~j-i~’ia c h a r a c t e r i : e d  t h i s  c o m m u n i t y , o t h e r  o r g a n i s m s  were
si gn i fican t - the density of oil goL IICIL- tes (h - -a - - i~ a- sp.  ) and
ch i rono anid larvae w as higher t h a n  on i n sho re  s i t e s  - .- \ l t h o u g h t h e  brack-
ish water c 1mm , 1f , wa s not  j )re - I L-l l t in l a r g e  numbers , it w a s
si gni fica rit in t e r m s  of hiomass and was limited to this c o m m u n i t \ . The
shorew a rd bounda r v I I  t the c omnmmin I t  v p robabl y depended on exposure be
wind tid es , and t h e  c a a F f l l l u i f l i t v  - t a r t  I - L i where wind t ides seldom exposed
the bottom . .ShorL - h~ rds fed a t  t h e  ma rg in of  t h e  c o m m u n i t y -  d u r i n g  an
e x t  I t - FI Fe t ide , and p re~ i-d on H. - ma z - P r C L I C I  t I Oil I1IO~~ h a v e  I in  i t  CLI

- - - ~a ’ i -  ~~i and , _  - - ía - 
F U t h e  nt- a r sho r i -  I I T L C l  -

The t h i  r d  Co m m un i t  \~ / \ t  h t ) dCd Oi l  t o  1 1 (1 meters I F - I - I - I / C l  sho re on
t ran/C-i t-ct s V mind V t  and 111 t h ) a narro w- zone between t he  marsh  and the V 

-
- 

— c o m mun i t y On t r :ilisec t IV - The comm imn I ty S C I S  exposed  liv w I n d
t 1( 11-s and cha r:Ii- t en -~ ed by t he m i  ri-ow i ng armm p h I pod , b - - ‘ 

~.
- - i ) u r  I ng

— —  C X~~O S I I  F~L I / C  -~ I C  • / C  eSL -ape d Pr ~ dat  ion  b -  rema ii i  1mg under t he sand
s u r f a ce ;  i t  s c u r r i e d  over t h a t - I)ottom when  wat en covered t h e  communi  ty

J
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- The species  d iv e r s i t  ies were  low on th i- sound beC Ich , ;I v L -I ~C lI -~1 n g
- between 1 .0 and ~~ 0. Boesch ( l I J~~~~ j  recorded si)ecies d i v i ’ r s i t  i t -s for

- -

. m a r i n e  and L V s t u a r i n e  h a b i t a t s  in \ i rg ini a  - The estuari r e  sy s t e m s  of
the  York and P amu n key  R i v e r s  ranged f rom 1 - ~ t o  ~ - .~ , w jt ll I - I L  I U l - . L - 5 t
d i v e r s i t i e s  in the  low s a l i n i ty  areas  ( 0  to S p a r t s  i

~~~~
r -  -

~ h i L l  - o f

I- the  upper  [‘ alnunk e\-  - Caspers  ( 196 ) i n d i c a t ed  t h a t  sp L -c I L  - I v cr s  i t  i es
are low in e s tua r i e s , and Day (l~)5l ) S t  ateL l  t h a t  CI c L I f l h )  i t  \ i l l  c h a r l g  i ng
pa rame te r s  l i m i t e d  the  number  of c o l o n i : i i I -~ Orga n I- Sill s -

The l ow- d i v e r s i t i e s  on t h e  sound S i t e s  w e r e  caused  b y- s t  r i. - 
- l i e

- ol igohal  inc sal i n i t v  of t l i  - zone and the peri odi c e\. p o s a l r L  by s HI L l

tides r e s u l t e d  in  t h e  ve ry  low d i v e r s i t i e s  on t h e  n e a r - - ihore Sit L~~ I f
- t r a n s e c t s  IV and V -

The 0 1 ig o h a l i n e  e n v i r o n m e n t  1 un i t ed  t h e  d i v e r s i t y  at t i c  d i  i l l S i te s ,

i l l / C t  t i l e  mar sh  ar e /C a  on t ransec t Ii  decreased st r es s , and d i v e r - s i  t i e s
w e r e  sl i gh t  lv  hi g her in t h a t  area - As the marsh  d e v e l o p s  and expands
the  exp o r t  f rom the  marsh  shou ld  increase divers i tv  i n  t h e  s u r r o u n d i n g
a r ea - ‘Ih e spec ies  d i v e r s i t i e s  w i t h i n  t he  m a r s h  s h ou l d  r i s e  C I S

add i tional species colonize ti-ac area.

)

11
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P R E L I M I N A R Y  TESTS OF SAM 1~LIN G D E \ I C E S

The surf zone of the ocean beach was difficult to sample. The
shallow wat er and the se v ere turbulence of the high-energ~ bea ch
precluded the use of a boat or a research ves sel , and tEn s eliminated
mos t bottom sampling gear used in marine henthic sam p 1in ~~.

Preliminary tests were conducted on two grab sanip I L- r~ w h i c h  were —
li ght enough to handle in the surf zone. A petit ponar grab sampler
was t ested in the surf zone at Sandb ridge , V i r g inia , on a beach similar
to the beach at the FRF site. This grab penet ra ted  l ess  t h a n  3
cent ime ter s in areas of compac t sand , and produced samp l es which  wer L -
shallow and inadequate for the analysis. In the surf zone , the  grab
turned over as each -a wave passed . Adequate samples were taken i i i  the
coarse material of the surf zone when the grab was dropped , closed , and
retrieved between passing waves , but this restrictive sampling pro-
cedure mad e the grab inefficient.

A pole-moun ted Iichman grab sampler was tested , but  was unsuitable.
Al though it was stable in the surf , it could not penetrate hard-packed
s a n d .  l’he j aws j ammed open on s h e l l s  arid rocks , and usuall y lost part
of the sample. l)uring periods of severe w a v e  conditions , t i - a c samp ler
was  dangerous to handle in the s u r f .  -

Several lig htwei ght , commerciall y available corers with sample

• retention devices were tested in the surf zone. h owever , samples taken
by t h e  corer  were  smal  1 (generally les s than 13 square cen t ime ters)
and  u n s u i t a b l e  for  t i le  s t u d y .

ftc d e v i c e  se lec ted  for usc in  t h i s  s t u dy  is described in Section II ,
2 of t h e  t e xt .

I,
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l ) l ; VLI . oi ’ M F NT OF SAMPLING PLAN

1 . ~ Ocean Bea ch Sairip i in g  .

m i  t i al  l y , in A u g u s t  1975 , s ix  s a m p l i n g  s i tes  w e r e  c s ta h l  i shed  on
each of t i - ac  t h r e e  ocean beach t r a n s e c t s .  Sampl ing  s i t es  on t 1v~se t r o l l -

sects were placed w ith respect to MSL. Site 1 was 7.6 irr cte is
( h o r i z o n t a l  U i s t a n c e )  sho r ewar L l  of t h e  M Sl.  po in t  ( ze ro  p o i n t )  , and
sites 2 to 6 were 7.6, 15.2, 30.4, -15 .6, and 6t).S meters sea’sard from
the  M.Si . 1) O i 1/Ct . Three san iples  , each cons i s t i n g  of t i~o cores , s e r e  t a k e n
at each site (total area sampled 1 .15 x l0~~ square me ters by 10 centi-
me t er s  deep)  . Samples  were p laced  in p r e l ab e l e d  p l a s t i c  bags . stored
I - I t  1 ° to 1 ° Ce l s  ius , and r e tu rned  to the l a b o r a t o r y  for e x t r a c t i o n .

Samples  were sieved , I-tfl d the  o rgan i sms  r e t a i n e d  on the  0 .6-  or 0. -I-
i i i l l j i i i e t e r  s i e ve s  w e r e  c o l l e c t e d . Organ isms  w ere  preserved in
1-p cr cent  1-ornia l in for  l a t e r  i d e n t i f i c a t i o n .

Sal in i t ~- and t L 1 er atu l - i- r ead ings  were  t aken  at a l l  s i t e s  , and an
add i t i on a l  core s a m p l e  w a s  t aken  at o d d — n u m b e r e d  s i t e s  on each t r I - l i l s ec t
for a na ly s i s  of gi-a in si :e and for d e t e r a n i  n a t i o n  of o rgan  ic and
c a r b o nat e  content . The r e s ult s  of t he  i n i t i a l  samp l i n g  are d i s c u s s e d
in A ppend ix  C .

In  t h e  O c t o b e r — N o v e m b e r  I - hu Ll s ubsequen t  samp l i n g s  t h e  :ero po in t  on
t h e  t 1 I - a f l s C c t s  i c /Cis  moved from MS l .  to the  l a n L i w / C i r d  m a r g in  of the  swa sl i
z o n e .  S i t e  1 w a s  abandoned and four new s i t e s  ( s i t e s  I , 3 , 4 , and (i ,

r e sp e c t i v e ly)  w e r e  established I-at 3.3, 10.6, 13 .6 , and 22 .7 me tei-s
seI - a w ; a r ( i  of the ze ro  p o i n t  - An improved  t e c h ni q u e  W I - I S  Lised to e x t r a c t
the  o r g I - i i i i s i f l S  f rom t i - ac  core samp les and core  s a m p l e s  for gi -~~in s i z e
I - mI - I  lv s  is w e r e  t I - l k e l l  at  a l l  s i t e s  r a t h e r  than  e v e ry  o the r  s i t e .  In ti - ac
M a r c h — A p r i l  ar -ad s u b s equ en t  s a m p l i n g s  t i - ac  number  o C samp I es per s i t L -
W I - I s  in c ceased from three to four and samp i ing I-it s i t  u s -l and 6 W I - I S

e l i m i n a t e d .  These changes  and the re sirl ting f i n a l  p l a n  a r e  d i s c u s s e d
in  d e t a i l  i n  t i r e  t e x t  in Si-ct ion I I , 3.

2 .  Sound Beach S a m p l i n g .

l i i i  i I - l  I l v  i n  - J u l y  1973 , s i x  sampl  il - ag S i t e s  on each of  t h e  t h r t -e
sound b e / C l u b  t l-CIn si- cts w er t - placed w i t h  r e f e r e n ce  to  t i - ac  sound m a r g i n

e r 0  p o i n t )  a t  15. 2 , 35 .0 , 51.8 , 61 .0, 65.6 , I-intl Tu .2 me ters from the
Sh O I ~L 1 inc. The procedures  for  samp l  i n g  I - lu Ll sau l i p i  C e \ t  r~lc t  ion w er e  t h e
same ;Is d c scr  i l ied for t h e  \ i l g t r s t  1975 ocean beach sI-Ilnp l ing s -

SI - I l n i t ’ -  an d temper/Cit t i re  r e a d i n g s  wi - re t / C I k c n  a t  a l l  s i t e s  , and an
add i t  I on /C l  I core s a u n p l  c was  t a k e n  a t  o d d — n u m b e  r ed S i t e s  on each t r a n s e c t
fo r  ama i y s  is of g r a i n  i ze and for  d et e r r i -a i r i a t  ion  01 o rg~l i i  I c I-md
c a r b o n a t e  content - ft.- results of ti -ac in i t  i a I s~a m p l i n g  a r c d i  si-u ssed

— 

1. . 
in A ppend i x 0.
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In the  October  and subsequent  samp l ings  two a d d i t i o n a l  s i t e s  we i -e
- established 15 2 . 4  and 304.8 meters from the zero point , result ing inV 

ei ght sampling sites per transect. Core samples for grain size- 
- a n a ly s i s  were  taken at a l l  s i t e s , r a the r  than  at ev e ry  o the r  s i te .  The- - 

f i n a l  ex t -a -ac t ion  t echn i que used was i d e n t i c a l  to the  f ina l  t echn i que
used on the  ocean m a t e r i a l  but t apwater  was s u b s t i t u t ed  for t he  M gCl 2-

- seawate r  s ol u t i o n .  These changes and the resul t ing final plan are
- discussed in detail in the text in Section II , 3.

~~

~

--

~

- - -  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



____  V ~~~~~~~~~~~~~~~ - 
—-- ----- --V—

~~~~~ 

- - - --- “-V -.--- —

APPENDIX C

RESULTS OF TilE AUGUST 1975 SAMPLING ON THE OCEA N BEA C 1I

The sieving technique used to extract the August 1975 samples  was
less sensitive to small organisms than ti-ac MgCl 2-seawater extraction
method used on subsequent samples . Thus , the  Augus t  1975 samples  w e r e
not compared to subsequent samples.

The average number of I. t-a~i - - . -‘a , . longunerus , S. squamata , and
total organisms per square meter W I - I S  determined  for each s i t e  (Table
C-l) . Physical dat a , mean grain s i z e , and s o r t i n g  of the sediments , and
total organic and carbonate contents of ti-ac sediments were also
determined (Tables C-2 , C-3 , and C- -I , respectivel y).

The results of the Augus t  s a m p l i n g  supported t h e  p r e v i o u s
conc lus ions  on communi ty  d i s t r i b u t i o n . The th ree  major  species  t h a t
def ined  the  ocean beach communities had high densities. !) oeax sj ) .
was not collected; the occurrence of a severe storm before t h e  s a m p l i n g
may have reduced the Donax populat ion .
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APPENDIX D

RESULTS OF THE JULY 1975 SAMPLING ON THE SOUND BEACH

The sieving technique used to extract the July 1975 samples was
less sensitive to small and medium-size organisms than the rinsing
flotation technique used on subsequent samples.  Thus , the July 1975
samples were not compared to subsequent samples .

The average number of Monoculodes sp., S. viridis L. dysticus ,
Peloscolex sp ., chironomid larvae, Gan~narus sp . ,  Cyat hur a polita ,
and total organisms per square meter was determined (Table D-l).
Physical data , mean grain size and sorting, and total or gan ic and
carbonate content of the sediments were measured (Tables D-2 , D-3,
and D-4).

The results of the July samp ling supported the general conclusions
in the text . Two communities were present, the marsh community on
transec t IV and the L. dysticus community on transects IV and V.
Sites 7 and 8 were not measured , but included the S. viridis community.
Scolecolepidis viridis increased in number with increased distance from
shore , but had low densi ties on transect VI . The marsh community was
poorly developed in July 1975 , and few charac teris tics species were
present.
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