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ABSTRACT

The e f f e c t s  o f  d e p o s i t i n g  dredged m a t e r i a l  f rom o f f s h o r e  on b e n t h i c  
m a c r o i n v e r t e b r a t e s  i n h a b i t i n g  the swash zone and the f i r s t  sandbar  a t  
Panama C i t y  Beach, F l o r i d a ,  are d i scussed .  The dredged m a t e r i a l  was 
s i m i l a r  to e x i s t i n g  beach m a t e r i a l  a t  most s i t e s .  The t u r b i d i t y  was 
r e l a t i v e l y  low,  excep t  near  the area o f  d e p o s i t i o n ,  because a longshore  
c u r r e n t s  d i spe r sed  the t u r b i d  wa t e r .

The numbers o f  i n d i v i d u a l s  a t  t r e a t e d  s t a t i o n s  in the swash zone were 
reduced a f t e r  d e p o s i t i o n ,  and f i v e  t o  s i x  weeks l a t e r ,  p op u l a t i o n s  assumed 
l e v e l s  comparable to  u n t re a t ed  s t a t i o n s .  No n o t ab l e  e f f e c t s  o f  d e p o s i t i o n  
were observed on fauna i n h a b i t i n g  the sandbar .  The s i g n i f i c a n t  d i f f e r e n c e s  
in the number o f  spec i es  and i n d i v i d u a l s  between t r e a t e d  and u n t rea t ed  
s t a t i o n s  both b e f o r e  and a f t e r  d e p o s i t i o n  i n d i c a t e d  t h a t  communi ty compo­
s i t i o n ,  d i s t r i b u t i o n ,  and abundance o f  macro i nve r t e b r a te fauna a t  s i m i l a r  
s t a t i o n s  (swash zone and sandbar)  may d i f f e r  n a t u r a l l y ,  even when the 
s t a t i o n s  are l oca ted  along the same beach.



I NTRODUCTI  ON

Hur r i cane  E l o î s e  passed over  Panama C i t y  Beach,  F l o r i d a ,  in September 
1975, caus i ng  e x t e n s i v e  beach e r o s i o n .  Morton (1976) ,  s t ud y i n g  the e f f e c t s  
o f  the s t orm,  concluded t h a t  beach e ro s i on  was ma i n l y  due t o  s torm surge,  
wave s e t - u p ,  and beach scour .  Wind and f l o o d  damages were c ons i de r ed  
mi n i ma l .  The sand f rom the beach was t r a n s p o r t e d  westward.  Saloman and 
Naughton (1977) found t h a t  the b e n t h i c  fauna o f  the beach was m i n i m a l l y  
a f f e c t e d ,  and t h a t  the numbers o f  i n d i v i d u a l s  were about  the same a f t e r  
the s torm as b e f o r e .  Numbers o f  spec ies  i ncreased j u s t  a f t e r  the s t orm,  
but  q u i c k l y  re t u r ned  to  p r ev i ous  l e v e l s .

At  the reques t  o f  the Federal  D i s a s t e r  As s i s t an c e  A d m i n i s t r a t i o n , the 
U.S. Army Corps o f  Engineers proposed a beach r e s t o r a t i o n  plan t o  p r o v i de  
emergency p r o t e c t i o n  f o r  areas most v u l n e r a b l e  t o  a d d i t i o n a l  wave damage. 
The proposal  i nc l uded  the h y d r a u l i c  d redg ing  o f  o f f s h o r e  sand t o  c r e a t e  a 
9 . I  m wide berm, 1.8 m above mean sea l e v e l ,  a t  23 s e l ec t e d  s i t e s .  The 
Corps o f  Eng ineers  es t i ma t ed  t h a t  183,492 o f  sand would be r e q u i r e d .  
Dredging began J u l y  1, 1976 and was concluded August  8, 1976.

S tud i es  on the e f f e c t  o f  d e p o s i t i o n  o f  sand f o r  beach r e s t o r a t i o n  on 
the b e n t h i c  fauna are sca rce .  Hayden and Dolan (1974) s t ud i e d  the e f f e c t s  
o f  sand d e p o s i t i o n  on Emer i t a  t a l p o i d a  in F l o r i d a ,  and they conc luded t h a t  
the e c o l o g i c a l  impact  was o f  s h o r t  d u r a t i o n  and i nvo l ved  r e d i s t r i b u t i o n  o f  
E_. ta 1 po i d a , r a t h e r  than h igh m o r t a l i t y .  Thompson (1973) conc luded t h a t  no 
1 ong- las t  i ng e f f e c t s  can be seen f rom d e p o s i t i n g  o f f s h o r e  sediments on the 
beach.  The o b j e c t i v e  o f  our  s tudy was to  examine the e f f e c t s  o f  onshore 
dumping o f  h y d r a u l i ca 11 y dredged o f f s h o r e  sand on the b e n t h i c  macro­
i n v e r t e b r a t e s  i n h a b i t i n g  the swash zone and f i r s t  o f f s h o r e  sandbar .

STUDY AREA AND STATIONS

Panama C i t y  Beach i s l oca ted  a l ong the coas t  o f  no r t hwes t e r n  F l o r i d a  
( F i g .  1) .  Houses and mote l s  occupy most o f  the area on and beh ind the 
dunes.  Undeveloped areas w i t h  sand dunes e x i s t  a t  St .  Andrews S t a t e  Park 
and a t  s c a t t e r e d  p o i n t s  a l ong  the s t udy  a reas .  A sand dune backs the beach 
berm w i t h  e l e v a t i o n s  o f  3-9 to 4 .6  m above mean sea l eve l  (Wi l son 1975) .

The s tudy  area extended 41 .7  km f rom the eas ternmost  s t a t i o n ,  which 
was l oca ted  in St .  Andrews S t a t e  Park (West Pass) ,  t o  the westernmost  
s t a t i o n ,  which was l oca ted  7.4 km west  o f  P h i l l i p s  I n l e t .  The beach had an 
average w i d t h  o f  26 m be f o r e  nour i shment .  Two sandbars occu r r ed  p a r a l l e l  
to the beach,  one about  15 m and ano t he r  about  245 m o f f s h o r e .

Twen t y - t h r ee  s i t e s  rece i ved  dredged m a t e r i a l  f rom o f f s h o r e  ( F i g .  1) .  
Ben th i c  sampl ing was conducted a t  t h r e e . o f  these s i t e s  ( t r e a t e d  s t a t i o n s )  
and a t  f ou r  o t h e r  s i t e s  ( u n t r e a t e d  s t a t i o n s ) .  Each sampl ing s i t e  had two 
s t a t i o n s ,  one in the swash zone and one on the f i r s t  sandbar .  The swash 
zone is the beach face o r  the s l o p i n g  su r f ace  o f  the beach t h a t  is covered 
by the runup o f  wa t e r  by waves (Russe l l  1969).  The f i r s t  sandbar  i s r a r e l y  
exposed and then on l y  d u r i ng  the l owest  o f  low t i d e s .  The un t re a t ed  s i t e s  
were l a rge  beach areas backed by vegeta ted sand dunes.  The t h r ee  t r e a t e d



s i t e s  were nar row eroded beaches backed by conc r e t e  seawa l l s  o r  l a rge  
b u i l d i n g s ,  c o n d i t i o n s  t y p i c a l  o f  a l mos t  a l l  o f  the s i t e s  t h a t  r ece i ved  
d redged ma te r i a 1 .

METHODS

A s t a i n l e s s  s t ee l  p l ug  sampler  t h a t  covered an area o f  1 / 6 h m̂  and 
pene t r a ted  to a depth o f  23 cm was used f o r  c o l l e c t i n g  b e n t h i c  macro-  
i n v e r t e b r a t e s . Four p lug  samples were taken a t  each s t a t i o n .  In a t e s t
o f  sampl ing adequacy,  Saloman and Naughton (1978) dete rmi ned  t h a t  f o u r  p lug
samples in the swash zone sampled 100% o f  the b e n t h i c  spec i es  a t  t h r ee  
d i f f e r e n t  s i t e s  on Panama C i t y  Beach. Dur i ng  the s t udy  p e r i od  ( A p r i l  7 
through December 6, 1976) ,  1,A56 b e n t h i c  samples were c o l l e c t e d  in 26 
sampl ing t r i p s .  The samples were e x t r uded  i n t o  pans and se i ved  t hrough a
s t a i n l e s s  s t ee l  s i eve  w i t h  a mesh o f  0.701 mm^. The remnant  p o r t i o n s  were
s t a i ned  w i t h  Rose Bengal  and p reser ved  in 10% Forma 1 i n - s e a w a t e r .

In the l a b o r a t o r y ,  the samples were r i n s ed  in f r e s h  w a t e r .  The 
benthos were s o r t ed  i n t o  major  t ax a ,  p l aced in 70% i s o p r o p a n o l ,  and l a t e r  
i d e n t i f i e d  to  the l owest  p r a c t i c a l  t axonomic l eve l  and enumerated.

Sur face wa t e r  t empe r a t u r e ,  s a l i n i t y ,  and t u r b i d i t y  were recorded 
d ur i ng  each s t a t i o n  v i s i t .  Frequency o f  sampl i ng  f o r  h yd r o l o g y  at  a l l  
s t a t i o n s  s t a r t e d  on a b i week l y  s chedu l e ,  changed to  week ly  f rom A p r i l  26 
through August  30, 1976, and then expanded to  a b i week l y  and f i n a l l y  a 
monthly  span. In a d d i t i o n ,  t u r b i d i t y  sampl i ng  o n l y  was conducted a t  the 
t h ree  t r ea t men t  s i t e s  a t  more f r e q u e n t  i n t e r v a l s  b e f o r e ,  d u r i n g ,  and a f t e r  
d e p o s i t i o n .  Four t u r b i d i t y  samples were taken d u r i n g  each s i t e  v i s i t .

Temperature was measured w i t h  a mercury thermometer ,  s a l i n i t y  w i t h  
a Goldberg r e f  rac tome t e r j / , and t u r b i d i t y  w i t h  a Hach l a b o r a t o r y  t u r b i d i m e t e r ,  
model i 860.  Data were grouped i n t o  " b e f o r e "  and " a f t e r "  d e p o s i t i o n  pe r i ods  
in zones (swash zone and f i r s t  s a nd b a r ) ,  and compar isons were made between 
t r e a t e d  and ad j acen t  u n t r e a t ed  s t a t i o n s  us i ng  the W i l c o x o n ' s  s igned rank 
t e s t  (S tee l e  and T o r r i e  I 960 ) .  The compared data c o n s i s t e d  o f  the t o t a l  
number o f  i n d i v i d u a l s ,  the number o f  s p ec i e s ,  and the number o f  i n d i v i d u a l s  
o f  the most abundant  spec i es .

HYDROLOGY

From A p r i l  t hrough December 1976 wa t e r  t empera tures  averaged 2A.9°C 
and ranged f rom lA.O to 30.9°C.  H i g h es t  t empera ture  occur r ed  d u r i ng  August  
and lowest  du r i ng  December.

S a l i n i t i e s  averaged 33*5° /oo  and ranged f rom 27.8  to  3 5 . 7 ° / o o .  Values 
were s l i g h t l y  l ower  a t  the eas t e r n  p o r t i o n  o f  the s tudy area because o f  
l ower  s a l i n i t y  wa t e r  i s s u i n g  f rom St .  Andrew Bay.

\ J  Reference to t rade  names does no t  imp l y  endorsement  by the Na t i ona l  
Mar ine F i s h e r i e s  Se r v i c e ,  N0AA.
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Average t u r b i d i t y  recorded d u r i ng  the hyd r o l ogy  sampl ing schedule  
( A p r i l  7 t h rough December 6, 1976) was 3.7 JTU and ranged f rom 0 .6  to  32.0 
JTU (Table 1) .  T u r b i d i t  ies c o l l e c t e d  a t  the t h r ee  t r e a t e d  s t a t i o n s  a t  more 
f re qu e n t  i n t e r v a l s  be f o r e  and a f t e r  d e p o s i t i o n  ranged as h i gh  as 86.0 JTU 
(F i g .  2 ) .  T u r b i d i t  ies i ncreased a long the beach d u r i n g  t imes o f  rough seas 
and in the v i c i n i t y  o f  d e p o s i t i o n .  T u r b i d i t y  was h i g he r  eas t  o f  each 
d e p o s i t i o n  s i t e ,  because the a l ongshore  c u r r e n t  was u s u a l l y  west  t o  eas t .

The amount o f  t u r b i d i t y  was a r e s u l t  o f  the n a t u r e  o f  the dredged 
m a t e r i a l .  At  S t a t i o n  T - 1, near  P h i l l i p s  I n l e t ,  the depo s i t ed  m a t e r i a l  was 
a lmost  a l l  c l ean  w h i t e  sand;  the r e s u l t i n g  t u r b i d i t i e s  d u r i n g  and immediate l y  
a f t e r  d e p o s i t i o n  ranged f rom 1.3 t o  7 .7  JTU ( F i g .  2 ) .  O f f s ho r e  o f  S t a t i o n  
T-2,  the dredge encountered da r k ,  muddy sediments w i t h  h igh o r g a n i c  con t en t  
and produced the h i g h e s t  recorded t u r b i d i t y  ( 86 .0  JTU) . T u r b i d i t y  a t  
S t a t i o n  T-2 f e l l  below 10 JTU A days a f t e r  d e p o s i t i o n ,  i nc reased to 10.2 
JTU 10 days a f t e r  d e p o s i t i o n ,  and then remained below 6 .0  JTU d u r i n g  the 
remainder  o f  t he s t udy  (Table  1, F i g .  2 ) .  At  S t a t i o n  T-3 ,  near  t he eas te rn  
end o f  the s t udy  a rea ,  the depos i t ed  m a t e r i a l s  c on t a i ned  more w h i t e  sand 
and l ess  o rg a n i c  m a t e r i a l  than at  S t a t i o n  T-2 .  T u r b i d i t i e s ,  however,  
ranged f rom 76.0 JTU d u r i n g  d e p o s i t i o n  t o  8 .2  JTU a f t e r w a r d s .  A week a f t e r  
d e p o s i t i o n  (August  13) ,  t u r b i d i t i e s  f e l l  below 8 JTU (Table 1, F i g .  2 ) .

INDIVIDUALS AND SPECIES

During the 9~month s t udy  p e r i o d ,  1,A56 b e n t h i c  samples f rom both the 
swash zone and the f i r s t  sandbar  con t a i ned  19,524 i n d i v i d u a l s  be l ong i ng  to 
79 spec i es .

Swash Zone

F o r t y - f o u r  spec i es  c o n s i s t i n g  o f  7 , 8 7 9  i n d i v i d u a l s  were taken f rom the 
swash zone. Three spec i es  ( S c o l e l e p i s  squamata, 6 2 . A% ; Haus t o r  i us s p . ,
16.5%; and Emer i ta  t a l p o i d a , 10.6%) compr ised 89 .5% o f  the i n d i v i d u a l s  
(Table 2 ) .  Po l ychaetes  were the most  abundant  (5,079 i n d i v i d u a l s )  and 
amphipods the most d i v e r s e  (10 s p e c i e s ) .  Species represen ted  by o n l y  one 
o r  two i n d i v i d u a l s  accounted f o r  57% o f  the spec i es  and 0.A% o f  the  
i nd i V i dua1 s .

The average number o f  i n d i v i d u a l s  per  m̂  f o r  each sampl ing pe r i od  
v a r i e d  f rom 130 to  2,135 (Table  2 ) .  The average number o f  i n d i v i d u a l s  per 
m2 d u r i ng  the e n t i r e  sampl ing p e r i od  was 693. Numbers o f  i n d i v i d u a l s  were 
h i ghe r  du r i ng  the s p r i n g  and g r a d u a l l y  decreased toward the f a l l .  The 
decrease was p r i n c i p a l l y  due t o  the lower  numbers o f  S. squamata and 
Haustor  i us sp.  in the f a l l  (Table  2 ) .

Sandba r

Seventy spec i es  c o n s i s t i n g  o f  11 ,645 i n d i v i d u a l s  were taken f rom the 
f i r s t  sandba r u Four spec i es  ( Paraon i s  f u l g e n s , 3 A . 7 % ;  Haustor  i us s p . ,
3 A . 1 % ;  Donax texas i anu s , 7 . 5 % ;  and S. squama t a , 5 . 5 % )  comp r i sed 8 1 . 8 %  o f  
the ca tch  (Table 3 ) .  Po l ychaetes  were the most numerous ( 5 , 1 9 3  i n d i v i d u a l s )  
and -d i verse  ( 1 6  s p e c i e s ) .  Amphipods were second w i t h  A , 2 9 3  i n d i v i d u a l s  and 
1 A spec i e s .



Average numbers o f  i n d i v i d u a l s  per  f l u c t u a t e d  d u r i n g  the sampl ing 
pe r i od  w i t h  peaks o f  abundance o c c u r r i n g  d u r i n g  June and mi d -Augus t .  The 
i ncreases were p r i n c i p a l l y  due to  l a r g e r  numbers o f  Haus t o r  i us sp.  in June 
and P_. f u l gens  d u r i ng  mid-Augus t  (Table  3 ) .  The average number o f  i n'd i v i d ­
ua Is p e r m 2 f o r  each sampl ing p e r i od  v a r i e d  f rom 427 t o  1,829 (Table  3 ) .
The average number o f  i n d i v i d u a l s  per  m̂  d u r i n g  the e n t i r e  sampl ing p e r i od  
was 1,024 i n d i v i d u a l s .

EFFECTS OF DEPOSITION

The e f f e c t s  o f  d e p o s i t i n g  o f f s h o r e  sand upon the beach on the abundance 
and spec i es  compos i t i on  o f  b e n t h i c  organisms o f  t he swash and sand bar  zones 
were eva l ua t ed .  W i t h i n  each zone,  the number o f  i n d i v i d u a l s ,  number o f  
s pec i es ,  and t o t a l  numbers o f  t he most abundant  spec i es  a t  t r e a t e d  areas 
were compared w i t h  u n t rea t ed  a reas ,  both b e f o r e  and a f t e r  d e p o s i t i o n .

Swash Zone

In the p r e - d e p o s i t i o n  p e r i o d ,  one compar i son ou t  o f  s i x  was s t a t i s t i c a l l y  
s i g n i f i c a n t  when the numbers o f  i n d i v i d u a l s  a t  t r e a t e d  and u n t re a t ed  s t a t i o n s  
were compared.  Numbers o f  i n d i v i d u a l s  were more abundant  a t  S t a t i o n  UT-1 
than a t  S t a t i o n  T - 1 on 10 o f  11 sampl ing dates  ( F i g .  3) .

A f t e r  d e p o s i t i o n ,  t o t a l  numbers o f  i n d i v i d u a l s  were g e n e r a l l y  l ower  a t  
the t r e a t e d  s t a t i o n s  f o r  5 t o  6 weeks,  but  t h e r e a f t e r ,  t he  numbers were 
s i m i l a r  among t r e a t e d  and u n t re a t ed  s t a t i o n s .  The o n l y  observed s i g n i f i c a n t  
d i f f e r e n c e  was between S t a t i o n s  T-2 and UT-3.  Numbers o f  i n d i v i d u a l s  
a t  S t a t i o n  T-2 were lower than at  S t a t i o n  UT-3 on 11 o f  12 sampl ing dates 
( F i g .  3 ) .

Before  d e p o s i t i o n  the number o f  spec i es  and i n d i v i d u a l s  a t  t r e a t e d  and 
u n t re a t ed  s t a t i o n s  i n d i c a t e d  a s i m i l a r  t r e n d .  In 8 o f  41 compar i sons,  the 
numbers o f  i n d i v i d u a l s  were higher^ a t  the t r e a t e d  s t a t i o n s .  In 10 o f  41 
compar i sons,  the numbers o f  spec i es  were h i g h e r  a t  the t r e a t e d  s t a t i o n .
Before d e p o s i t i o n ,  on l y  one s i g n i f i c a n t  d i f f e r e n c e  in numbers o f  spec i es  
between s t a t i o n s  was observed;  the number o f  spec i es  a t  S t a t i o n  T-3 was
g r e a t e r  than at  S t a t i o n  UT-4 ( F i g .  3) .

A f t e r  d e p o s i t i o n ,  s i m i l a r  t r ends  in compar isons o f  number o f  spec ies  
and number o f  i n d i v i d u a l s  were a l s o  e v i d e n t .  Compar isons o f  t r e a t e d  and 
un t re a t ed  s t a t i o n s  i n d i c a t e d  t h a t  in 7 or  37 compar i sons ,  the numbers o f  
i n d i v i d u a l s  and spec i es  were h i g he r  a t  the t r e a t e d  s t a t i o n s .  A f t e r  depo­
s i t i o n ,  the numbers o f  spec i es  a t  S t a t i o n  T - l  were s i g n i f i c a n t l y  g r e a t e r  
than a t  S t a t i o n  UT-2 b u t ,  c o n v e r s e l y ,  the numbers a t  S t a t i o n  UT-3 were
s i g n i f i can11V g r e a t e r  than a t  S t a t i o n  T-2 ( F i g .  3) .

To examine f u r t h e r  the e f f e c t s  o f  beach r e s t o r a t i o n  on the b e n t h i c  
fauna o f  the swash zone, the abundances o f  the t h r ee  most p r e v a l e n t  spec ies  
(S_. squama t a , Ha us t o r  i us s p . ,  and E. t a l p o i d a )  were s t u d i e d .  The e f f e c t  o f  
d e p o s i t i o n  was d i f f e r e n t  among the t h r ee  s p e c : es.  Tests  i n d i c a t e d  t h a t  
d e p o s i t i o n  o f  sand had an e f f e c t  on the abundance o f  S. squamata as f ou r  o f  
the s i x  p o s t - d e p o s i t i o n  compar isons were s i g n i f i c a n t l y  d i f f e r e n t .  In the
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f ou r  compar i sons,  numbers o f  S_. squama ta were h i g h e r  a t  u n t r e a t e d  s t a t i o n s  
than a t  t re a t e d  s t a t i o n s  ( F i g .  b)  . In one o f  the f o u r  compar i sons ,  a 
s i g n i f i c a n t  d i f f e r e n c e  was p resen t  d u r i ng  both be f o r e  and a f t e r  d e p o s i t i o n  
p e r i od s ,  because numbers o f  i n d i v i d u a l s  a t  S t a t i o n  UT-1 were h i g h e r  o r  equal  
to numbers o f  i n d i v i d u a l s  a t  S t a t i o n  T - 1 on 25 o f  26 sampl i ng  dates ( F i g .  b ) . 
The d i f f e r e n c e s  in the numbers o f  S_. squama ta in t h i s  i ns t ance  are not  
a t t r i b u t e d  to d e p o s i t i o n ,  because the d i f f e r e n c e s  in numbers o f  S. squamata 
between S t a t i o n  UT-1 and S t a t i o n  T - l  were p resen t  t h r oughou t  the s tudy p e r i od .

Maus to r i us sp.  was a l so  a f f e c t e d  by d e p o s i t i o n .  Befo re  d e p o s i t i o n ,  
no s i g n i f i c a n t  d i f f e r e n c e s  were found in the number o f  i n d i v i d u a l s  when 
the t r e a t e d  and un t re a t ed  s t a t i o n s  were compared.  In the post  d e p o s i t i o n  
p e r i o d ,  two o f  s i x  compar isons showed s i g n i f i c a n t  d i f f e r e n c e s  (Tab le  4 ) .
In both compar i sons,  the numbers o f  i n d i v i d u a l s  were h i g he r  a t  the un t re a t ed  
s t a t i o n s .

Depos i t i on  o f  sand a p p a r e n t l y  had no e f f e c t  on E_. ta 1 po i d a , because 
s i g n i f i c a n t  d i f f e r e n c e s  in the number o f  i n d i v i d u a l s  b e f o r e  and a f t e r  
d redg i ng  were no t  observed (Table  b ) .

Sandba r

Before d e p o s i t i o n ,  two compar isons ou t  o f  s i x  showed s i g n i f i c a n t  
d i f f e r e n c e s  when the numbers o f  i n d i v i d u a l s  a t  t r e a t e d  and u n t r e a t e d  
s t a t i o n s  were compared.  In both compar i sons ,  numbers o f  i n d i v i d u a l s  were 
more abundant  a t  the t r e a t e d  s t a t i o n s  than a t  the u n t r e a t e d  s t a t i o n s  
( F i g .  5 ) .  A f t e r  d e p o s i t i o n ,  o n l y  one d i f f e r e n c e  was s t a t i s t i c a l l y  
s i g n i f i c a n t .  The number o f  i n d i v i d u a l s  a t  S t a t i o n  J - b  was the same or  
more abundant  t h a t  a t  S t a t i o n  UT-5 on 12 o f  15 sampl i ng  da t es .  Dur ing 
August  16-23,  a d i s t i n c t  i nc rease  in the number o f  i n d i v i d u a l s  occur red  
a t  the t r e a t e d  s t a t i o n s  ( F i g .  5 ) .  Th i s  was due m a i n l y  t o  i nc reases  o f  
P_. f u i  gens.

Before d e p o s i t i o n ,  on l y  one s i g n i f i c a n t  d i f f e r e n c e  in the number o f  
spec i es  between t r e a t e d  and u n t rea t ed  s t a t i o n s  was observed .  The number 
o f  spec i es  a t  S t a t i o n  T-6 was s i g n i f i c a n t l y  g r e a t e r  than a t  S t a t i o n  UT-8 
( F i g .  5 ) .  A f t e r  d e p o s i t i o n ,  s i g n i f i c a n t  d i f f e r e n c e s  were no t  found between 
t r e a t e d  and u n t rea t ed  s t a t i o n s .

The most abundant  spec i es  on the f i r s t  sandbar  were P_. f u i  gens ,
Haus t o r  i us s p . ,  and b .  texas i anus (Table  3 ) .

Before d e p o s i t i o n  two s i g n i f i c a n t  d i f f e r e n c e s  were found between 
s t a t i o n s  f o r  P. f u l g en s .  Numbers o f  i n d i v i d u a l s  were h i g h e r  a t  S t a t i o n  
T - b  than a t  S t a t i o n  UT-5 on 8 o f  11 sampl ing da t es .  Converse l y ,  the 
numbers o f  i n d i v i d u a l s  were h i g he r  or  the same a t  S t a t i o n  UT-6 than a t  
S t a t i o n  T-5 on a l l  sampl ing dates ( F i g .  6 ) .

A f t e r  d e p o s i t i o n ,  on l y  one compar ison was s i g n i f i c a n t l y  d i f f e r e n t .
The number o f  i n d i v i d u a l s  o f  P. f u l gens  was h i ghe r  o r  the same a t  S t a t i o n
T-^4 than a t  S t a t i o n  UT-5 on 13 o f  15 sampl ing dates ( F i g .  6 ) .
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Before d e p o s i t i o n ,  f ou r  d i f f e r e n c e s  were s i g n i f i c a n t  when the numbers 
o f  i n d i v i d u a l s  o f  Haus t o r  i us sp.  a t  t r e a t e d  and u n t r e a t e d  s t a t i o n s  were 
compared.  At t hr ee  o f  these ( T - 5  vs.  UT-6,  T - 5  vs.  UT-7,  and T - 6  vs.  UT—8 ) ,  
the number o f  i nd i vi  dual  s .was more abundant  a t  the t r e a t e d  s t a t i o n  th-an a t  
the u n t r ea t ed  s t a t i o n  ( F i g .  7 ) .

Tests  i nd i ca t e d  t h a t  d ep o s i t i o n  probabl y  had no e f f e c t  on Haus t o r  i us sp.  
In the one comparison t ha t  was s i g n i f i c a n t l y  d i f f e r e n t  ( S t a t i o n  T- 6  vs.  
S t a t i o n  U T - 8 ) , the number o f  i n d i v i d u a l s  was h i g he r  a t  S t a t i o n  T - 6  than a t  
S t a t i o n  UT-8 on 7 o f  10 sampl ing dates ( F i g .  7 ) .  A s i g n i f i c a n t  d i f f e r e n c e  
was a l s o  present  be f o r e  d e p o s i t i o n ,  as the number o f  i n d i v i dua1 s was h igher  
a t  S t a t i o n  T-6  than a t  S t a t i o n  UT-8 on 12 o f  16 sampl ing dates ( F i g .  7 ) .

Before  d e p o s i t i o n  t her e  were t h r e e  s i g n i f i c a n t  d i f f e r e n c e s  concerning  
D_. t exasianus and zero s i g n i f i c a n t  d i f f e r e n c e s  a f t e r  d epos i t i on  (Table  5 ) .
In a l l  these compar isons,  numbers o f  i n d i v i d u a l s  were h i gher  a t  the t r e a t e d  
s t a t i o n s  than a t  the u n t r e a t e d  s t a t i o n s .  A f t e r  d e p o s i t i o n ,  the number 
o f  i n d i v i d u a l s  in one o f  the t h r ee  compar isons (UT-6 vs.  T - 4 )  was h i gher  a t  
the u n t r e a t e d  s t a t i o n .

CONCLUSIONS

Depos i t i ng  o f f s h o r e  sand on Panama C i t y  Beach had minor ,  s h o r t - t e r m  
e f f e c t s  on the be n t h i c  m a c r o i n v e r t e b r a t e s . In the swash zone,  a decrease  
in the number o f  species and i n d i v i d u a l s  occur red f o r  a 5~6 week per iod  
a f t e r  dep o s i t i o n  a t  the t r e a t e d  s t a t i o n s .  A f t e r  the 5~6 week p e r i o d ,  
popu l a t i ons  appeared to s t a b i l i z e  and s i g n i f i cant  d i f f e r e n c e s  between 
t r e a t e d  and unt r ea t ed  s t a t i o n s  were l a c k i n g .

The f i r s t  o f f s h o r e  sandbar cont a i ned  a h i gher  number o f  species  and 
i n d i v i d u a l s  than in the swash zone t hroughout  the study p e r i o d .  The e f f e c t  
o f  dredged ma t e r i a l  upon the shore had p r a c t i c a l l y  no e f f e c t  on the b ent h i c  
ma c r o i n v e r t e br a t e s  i n h a b i t i n g  the f i r s t  sandbar .

In both sampl ing areas (swash zone and sandbar)  more s i g n i f i c a n t  
d i f f e r e n c e s  between the number o f  s p e c i e s ,  i n d i v i d u a l s ,  and c e r t a i n  species  
occur red between s t a t i o n s  ( t r e a t e d  vs.  u n t r e a t ed )  be f ore  d e p o s i t i o n  than 
a f t e r w a r d s .  This  i n d i ca t es  t h a t  community composi t ion and d i s t r i b u t i o n  and 
abundance o f  ma c r o i n v e r t e b r a t e  fauna a t  s i m i l a r  s t a t i o n s  (swash zone,  sand­
bar )  are  h i gh l y  v a r i a b l e ,  even when they occur  along the same beach.
Because o f  t h i s  v a r i a t i o n ,  adverse e f f e c t s  o f  d e p o s i t i on  on the bent h i c  
mac r o i n v e r t e b r a t e s  were not  d i s c e r n i b l e ,  i f ,  indeed,  t h e y . e x i s t e d  a t  a l l .

The deposi ted m a t e r i a l  was observed to be s i m i l a r  to e x i s t i n g  beach 
m a t e r i a l  a t  most s i t e s .  T u r b i d i t y  was r e l a t i v e l y  low except  when areas o f  
or gan i c  mud and wood f i b e r s  were dredged and deposi ted  on the beach.  Along­
shore c ur r e n t s  c a r r i e d  t u r b i d  and d i s c o l o r e d  wa t e r  g e n e r a l l y  f rom west  to 
e a s t ,  causing i t  to spread along the shore .  The d u r a t i o n  o f  t u r b i d  wat er  a t  
a p a r t i c u l a r  s i t e  was p r i n c i p a l l y  governed by the d u r a t i on  o f  the d e po s i t i ng  
process,  which occurred a t  23 s i t e s  in a per i od  o f  one month.  T h e r e f o r e ,  
d e p o s i t i o n  d ur a t i on  a t  any one s i t e  averaged s l i g h t l y  more than one day.  
Heavy seas a l so  increased t u r b i d i t y  by resuspending the f i n e  sediments  
i n t o  the wa t e r .
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The r e s t o r a t i o n  o f  beaches by pumping dredged m a t e r i a l  f rom o f f s h o r e  
sources onto  e r od i ng  beaches is becoming a common p r a c t i c e  a l ong the c o a s t ­
l i n e .  In many cases,  i t  i s  a temporary  procedure t o  r e c t i f y  t e m p o r a r i l y  
e x i s t i n g  e r o s i o n .  I t  i s e v i d e n t  f rom t h i s  s tudy t h a t  t he  depos i t i ng” o f  
dredged m a t e r i a l  had o n l y  a s h o r t  and minimal  e f f e c t  on the b e n t h i c  macro-  
i n v e r t e b r a t e s  in the swash zone and f i r s t  sandbar .  The r e s u l t s  suppo r t  the 
c o nc l u s i o n  by Thompson (1973) t h a t  no harmful  e f f e c t s  are  e v i d e n t  f rom the 
d e p o s i t i n g  o f  o f f s h o r e  sediments on a beach,  p r ov i ded  t h a t  t he sediments 
are s i m i l a r  t o  those where they a re  p l aced .
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Table 1. T u r b i d i t y  va l ues  a t  seven s t a t i o n s  l o c a t e d  in the swash zone o f
Panama C i t y  Beach, F l o r i d a .  The s o l i d  l i n e s  separa te  the  pe r i ods  
b e f o r e  and a f t e r  d e p o s i t i o n  a t  t he  t h r e e  t r e a t e d  s t a t i o n s .

Date
STATIONS

UT-1 T-1 UT-2 T-2 UT-3 T-3 UT-4

1976 JTU JTU JTU JTU JTU JTU JTU

4-7 1.4 1.3 2.8 2.1 2. 1 1.8 1.3
4-26 2.4 1-5 4 . 8 2 .2 5-3 5.8 4.7
5-3 1.9 1.5 1 .4 1.3 2.1 1.8 2.0
5-10 1.3 2 .2 1.8 1 .9 1.3 2.1 0 .9
5-17 3.1 3.7 2 .2 5-7 2.2 1.5 1 .9
5-24 14.0 13.3 9-5 11.4 11.3 18.9 16.0
6-1 4.9 5.3 4.2 4.4 1.8 2.0 1.7
6-7 1 .2 0 .6 0 .8 1 .2 1.1 1 .0 1.3
6-15 1.4 1.3 0 .7 1.7 1 .1 1.8 1.3
6-21 1.2 0.8 0 .8 1 .2 1.7 1 .0 0.6
6-28 1 .0 1.5 0 .9 0 .8 0.8 1.0 1 .2
7-6 1.3 2.7 2 .3 5-7 1.9 1.4 0.6
7-12 2.4 2.7 2.1 26.2 6 .4 2.0 1.8
7-19 1.7 3-9 1.2 2 .4 2.9 3.4 3.6
7-26 1.5 1.6 1.3 20.5 1.8 1.2 1.5
8-2 1.7 3.1 3.0 10.2 23-7 20.5 9.3
8-9 1 .8 2.3 2.1 3.0 1.7 32.0 10.4
8-16 2 .7 1.3 1 .7 3-2 2.7 5.0 1.8
8-23 2.2 3.7 2 .6 2 .9 3-7 7 .0 8 .2
8-30 2.7 2.3 3.3 5-7 2 .0 2.8 1 .4
9-13 2.5 2.5 3.7 4.3 3.3 2 .9 2.1
9-27 4 .0 7 .0 4 .0 4 .4 2 .7 2.3 2.8
10-12 2.9 1.8 2.3 3 .8 2 .2 6.4 1.8
10-26 2.9 2 .5 3.1 5.2 6.3 7.8 7.0
11-3 1.4 1.6 1 -5 1.8 6 .6 6.8 7-4
12-6 3.4 2.2 2 .0 3 .0 1.9 3-1 2.6

Average 2.6 2 .8 2 .5 5-2 3-9 5-5 3*7
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Tab l e  4.  Comparisons of  the numbers of  Haustor ius  s p . ,
and Emer i ta t a l p o i d a  in t r e a t e d  and u n t r e a t e d  s t a t i o n s  
in the swash zone using Wi l coxon ' s  Signed Rank Test  
(n = number o f  obs e r v a t i o ns  and T -  Wi l coxon ' s  T v a l u e ) .

S t a t i o n s  Before d e p o s i t i o n  I A f t e r  d e p o s i t i on

Haustor i us  sp.

n T n T
U T - 1 vs T - l 10 18 .0 13 35 . 0
UT-2 vs T - l 8 13 .0 12 3 9 . 0
UT-2 vs T - 2 12 14.0 7 1 . 5 *
UT-3 vs T- 2 13 ^3 . 5 7 0 * *
UT-3 vs T- 3 15 56 . 5 4 3 . 0
UT-4 vs T-3 14 39 . 0 7 4 . 0

Emer i ta t a  1 po ida

U T - 1 vs T - l 6 6 . 0 15 38 . 5
UT-2 vs T - l 9 15 .0 12 18.0
UT-2 vs T - 2 12 26 . 0 12 33 . 0
UT-3 vs T-2 11 3 0 . 5 11 31 . 5
UT-3 vs T-3 13 37 . 5 9 16.5
UT-4 v s  T-3 12 34 . 0 1 0 2 4 . 5

*  S i g n i f i c a n t  a t  0.05% 
* *  S i g n i f i c a n t  a t  0.01%
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Table 5. Compar isons o f  the numbers o f  Donax t exas ianus  in
t r e a t e d  and un t re a t ed  s t a t i o n s  on the f i  r s t  sandbar
us ing  W i l c ox o n ' s  Signed Rank Test  (n = number o f  o bs e r v a t i o ns
and T -  W i l c o x o n ' s  T v a l u e ) .

S t a t i o n s  Before  d e p o s i t i o n  A f t e r  d e p o s i t i o n

Donax t exas ianus

n T n T
C~5 vs T-4 10 23.5 9 12.0
C-6 vs T - 4 11 10.5* 8 17.0
C-6 vs T-5 13 10.0* 10 9.0
C-7 vs T-5 14 18.5* 10 25.0
C-7 vs T-6 12 36.0 7 5.5
C-8 vs T-6 14 21 .5 8 14.0

* S i g n i f i c a n t  a t  0.05%
* *  S i g n i f i c a n t  a t  0.01%
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