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Beach nourishmmt is presently the mthod of choice in Florida 
for  ccmbating severe erosion of beaches where valuable oceanfront prop- 
e r t y  is threatened. Nmerous areas along the urbanized m t h e a s t  and 
southwest coasts of Florida where erosion problems exist a l so  have 
h l l a r i i d  mrm camomities, often associated w i t h  Anastasia 
f o m t i o n  rock outcraps mcurring in the surf zone. The Ana'stasia for- 
m t i o n ,  with beach rock outcrcps, extends f ran  Anastasia Island 
c p p i t e  St. Augustine s m t h w r d  for  150 mi to Boca Raton. There it 
grades into the Miami ool i te  formation. On the west coast, Anastasia 
beach rock has been &served fran a point north of Ten Thousand 
Islands in Collier county to Siesta  Key near Sarasota (mi and 
Vernon, 1964 1 . Kirtley and Tanner ( 1968 identify 4 species of mrm 
of the family: Sabellaridae in Florida and show a range distribution of 
these species frah Panam City east and south to Ten Thousand Islands 
on the Gulf coast and £ran M l i a  Island south to Daytona Beach Shores 
and q a i n  £ran Cape Canaveral to Miami Beach an the eas t  coast. Ccn- 
cern over possible damage to these habitats has caused Florida Depart- 
rent  af E n v i r o m t a l  Regulation to deny or  delay the issue of permits 
for  beach r e - n o u r i s m t  and i n l e t  sand-bypassing projects in areas 
where mrm camunities are  known to occur. Huwever ,  only extrgnely 
minimal i n f o m t i o n  cn biological p a r a t e r s  of these systgns is avail- 
able for  decision mking by state permitting agencies. 

One of these mrm species is of part icular  interest. Phragmata- 
 pa^ lapidosa (Fig. 1) is known to create wave res is tant  reef 
f o m t i o n s  in  the in ter t ida l  and shallow surf zones (1-4 m) along the 
scuth coast of Florida fran Cape Canaveral to Key Biscayne (Kirtley, 
1966; Gram,  1968; Gare et al., 1978; Kirtley and Tanner, 1968; 
Kreuger , 1974 1. T k s e  reefs act as anti-erosion agents by decreasing 
wve action (Multer and M i l l h ,  1967), and possibly by trapping sand 
froan the l i t t o r a l  d r i f t  an the landwrd side of the reefs (Kirtley and 
Tanner, 1968). An examination of coastal engineering aspects of mrm 
reefs by Mehta ( 1973 1 concluded tha t  they w e  valuable in reducing 
coastal erosion. Kirtley and Tanner (1968 1 report tha t  the mrm reef 
in the in ter t ida l  area of sauth Florida's eas t  coast appears to have a 
d i rec t  relationship with beach rock and m y  a i d  in accurmlation and 
l i th i f i ca t ion  a€ t h i s  mterial. Since the  reef and beach rock have 
high mterial strength, they are important factors  in shoreline 
develqrrrrent. In essence, these reef structures a c t  as  offshore 
breakvaters. T k  reef orientation appears to be perpendicular to the 
prevailing energy, as observed for  the southeast trend of the Rio Mar 
reef at Vero Beach &ich is perpendicular to the prevailing 
northeasternly waves. Mehta ( 1973 1 suggests t h i s  orientation is 
o p t d l  for sand particle collection by the organisms. 

In t e r m s  of its hpad an sediment d i s t r i h t i o n ,  P. lapidosa 
has been shown to selectively remwe f iner  sand particles for  use in 
tubes, resulting in bet ter  sorting of beach s e d h t s  (Multer and 
Millimn, 1967; Gram, 19681, &ile the reef structures can d i f y  long- 
shore transport (Mehta, 1973). These wrms a l so  use heavy minerals 
and f l a t  she l l  fragmnts in the i r  tube building while cracks and 
crevisses in the reef trap other sediment and she l l  material, result-  
ing in a change in the sediment distribution pattern of the beaches 
near reefs . 



F i g u r e  1. I l l ~ t r a t i o n  of P h r a p t o p r m  l a p i d o s a  i n  its sand  
g r a i n  tube .  T k  mrm on t h e  l e f t  is s b w n  in its feed ing  
p s i t i o n .  The mrm on t h e  r i g h t  is s b w n  withdrawn i n t o  
its tube with the tube  e n t r a n c e  blocked by m d i f  ied setae 
t e m d  o p e r c u h r  pa lae .  Redrawn from K i r t l e y ,  1966. 



The ecological  r o l e  of mrm r ee f s  i n  the  near-shore environmnt 
is la rge ly  unknown, although sm m r k  has been done on l a rva l  develop- 
m n t  and settl-t of the mnns (Eckelbarger, 1976, 1978; Mauro,1975; 
Kreuger, 1974). It is known t h a t  l a rge  numbers of species are associ- 
a ted  with the mnn reef s t ruc tures  (Gore et al . ,  1978; Van Montfrans, 
1981; H. Rudolph, pers.  cclmn.1, s ign i f i c an t l y  increasing species diver-  

: s i t y  i n  t he  r e l a t i ve ly  species poor surf  zone. Thus mrm r ee f s  can be 
presurred t o  be important elements i n  the  surf  zone both £ran the bio- 
log ica l  and geological p i n t  of view, and concern wer damage t o  these  
systems is wtrranted. 

In  s p i t e  of the  apparent importance of P. lapidosa reef struc- 
t u r e s ,  much basic information needed f o r  mkr- pennit decisions is 
lacking. Specif ical ly ,  no i n f o m t i o n  is ava i lab le  m t he  d e t r b n t a l  
e f f e c t s  of beach nourishment in the  area of mrm ree fs .  Information 
on stress tolerance of P. lapidosa is l imited to the  s tud ies  of 
Mulhern (1976 1 who has described acute o i l  t o x i c i t y  f o r  P. 
lapidosa and Kavanaugh ( 1979 who has determined the ef f G t s  of 
cadmium on t h i s  species. No i n f o m t i o n  f o r  P. lapidosa is avai l -  
ab le  on tolerances to sediment b r i a l ,  s i l t a t z n  or exposure to hydro- 
gen su l f i de ,  a l l  of which might =cur during beach n o u r i s h n t .  This 
is s ign i f i c an t  s ince  Clark (1978) has described extensive m r t a l i t y  
mrq P. lapidosa following beach nourishrent a t  Sebastian I n l e t ,  
Florida,  yet  the  precise  cause of the m r t a l i t y  ms not c l e a r l y  determ- 
ined and natural  causes m y  have been responsible. For exanple, 
little is known of t h  l i f e  span of P. lapidosa and it has been sug- 
gested t h a t  mrm reef colony l i f e  * m y  be as li t t le as 3 months i n  
areas of ac t i ve  sand mveren t  (T. Campbell, A. V. Strock & Assocs., 
pers. comn.1. 

It has been t he  plrpose of t h i s  p ro jec t  to provide t he  basic 
b i o l q i c a l  and geological da ta  together with s m r y  guidelines wSlich 
w i l l  a l l o w  Florida D q t .  of E n v i r o m t a l  R e p l a t i o n  and pro jec t  
engineers to mike necessary permitting and design decisions f o r  beach 
nourishrent p ro jec t s  in mrm reef  areas. Tuwards t h i s  end, the 
present m r k  seeks to determine t he  tolerance of P. lapidosa to 
sediment h r i a l  t h e  tolerance of these organisms to exposure to 
hydrogen sulfide, t he  tolerances of these  organisms to k a v y  silt 
loads i n  t he  wter as -11 as sediment g ra in  s i z e  u t i l i z a t i o n  pa t te rns  
f o r  t h i s  species. 



I t  c I I I Lv l ~ l q  w t - l n  rcx!l whr-c: c : o L  l t ? c L c x l  lor ckcrcll c?xjr?r L- 
mt from the north j e t t y  a t  the Sebastian I n l e t  S t a t e  Recreation Area 
and transported in containers of seawater to the laboratory where they 
=re c u t  i n t o  blocks of approximtely  equa1,size ( 5 ~ 5 x 8  an). T k s e  
samples m e  imnediately t ransferred to aquaria containing unf i l t e red ,  
aerated seawater and allowed to acc lh t e  f o r  24 hours p r io r  to an 
experirrrent. Methodogies fo r  individual  e x p e r b n t s  are described 
below. 

Procedures following each experitrent m e  the  sam. Upon carple- 
t i o n  af a designated treatment, samples were placed in aerated aquaria 
with unf i l t e red  seawater and allowed a recovery period. Recovery per- 
iods =re of s u f f i c i e n t  duration (me hr f o r  t he  bu r i a l  and s i l t a t i o n  
exper-ts and 6 h rs  f o r  t he  su l f i de  expe r imn t s )  to allow t h e  wrms 
t o  begin ac t ive ly  w i n g  at the  tube qenirags. IXplicate l i v e  counts 
of mrms =re m d e  f o r  each sample, w i t h  r e c o i l  f r a n  touch 'by a 
dissect ing needle being t he  c r i t e r i o n  used to indicate  a l i v ing  mrm. 
Samples m e  then f ixed i n  a formalin/ rose  bengal s t a i n  solut ion and 
later disaggregated to obtain counts ( k a d s  m l y )  of t he  total ahndan- 
ce of worms fo r  each sample. Per cent  survivorship of each sample was 
determined from the  ratio of the man  l i v e  count over t h e  total abunda- 
nce count f r a n  t he  disaggregated sample. 

Percent survivorship da ta  were transformed with t he  angular trans- 
f o m t i o n  (a rcs in  square roo t )  and inspected fo r  ccrrpliance to assunpt- 
ions of normality and bcPnogeneity of variances by the  Kolmogorov-Smirn- 
ov test and the Fmax test, respectively.  A l l  experimental treat- 
mts used th ree  rep l ica tes .  Analysis of variance (ANOVA) m s  u t i l i z -  
ed i n  each case to  determine t he  s ignif icance of treatment e f f e c t s  on 
survival  (Sokal & Rohlf, 19811, while the  T-mthod fo r  unplanned ccnpa- 
r isons  (Sokal & R&lf , 1981 1 tas used for  ccmparisons of treatment 
rneans . 
Burial  E x p e r h m t s  

Burial experiments t es ted  t he  response of P. lapidosa to hr- 
ial by f i v e  d i f f e r en t  s e d i m n t  types over pria of 25, 48 and 72 
hrs.  The h r i a l  mterials were beach sediments with grain  s i z e  d i s t r i -  
h t i o n s  (Table 1) ranging E r a n  coarse to f i n e  s ed imn t s  (A, B, C, Dl, 
as well as an es tuar ine  rrnddy sand (El .  T k  es tuar ine  nuddy sand was 
similar i n  g ra in  s i z e  d i s t r i bu t i on  to t h e  f i n e s t  f r ac t i on  o f . t h e  beach 
sediment (Table 1 1 ,  kt contained approximtely  twice t he  organic mt- 
ter. A l l  beach sedimmts were obtained £ran the  ocean beach adjacent  
t o  the  laboratory and Ere wet sieved to obtain t h e  apprcpriate s i z e  
classes. The es tuar ine  nnwMy sand was co l lec ted  from the Indian River 
lagoon approximtely  one mile south of the  Sebastian I n l e t  and was not 
sieved. All s e d h n t s  were allawed to air-dry p r io r  to use,  and sub- 
sanples of each mterial =re analysed fo r  g ra in  s i z e  d i s t r i h t i o n .  
Although separate  co l lec t ions  of sediment =re m d e  f o r  t he  February 
and Ju ly  a p e r k n t s ,  Table 1 indicates  t h a t  t h e  g ra in  s i z e  d i s t r ibu-  
t i ons  of t he  treatments used in each e x p e r k n t  were bas ica l ly  sim- 
ilar. The con t ro l  consisted of mrm reef blocks unexposed to sediment 
bur ia l .  Wlrial e x p e r h n t s  wre conducted in February (1-4, 21-24) 
and Ju ly  (8 -U) ,  1984. T k  f i r s t  February experiment t e s t ed  beach 



Table 1. Grain s i z e  ana lys i s  of sediments used i n  the  burial 
e x p r i m n t s .  Values a r e  w i g h t  p r c e n t .  Sediroent types A, 
B, C, D are sieved f r a c t i o n s  oE keach sand; type E is 
unsieved es tua r ine  sedin-ent. 

February E w r i m e n t s  
Sieve S i z e  (mn) 

'Sediment T y p  4 2 1 0.5 0.25 0.125 0.625 

Ju ly  Experirrrent 
Sieve S i z e  (m) 

S e d i ~ n t  Type 4 2 1 0.5 0.25 0.125 0.625 

Table 2. S a l i n i t y  and t-rature f l uc tua t  ions during t h e  February and 
Ju ly  b u r i a l  e x p r i m e n t s  . 

Date S a l i n i t y  (ppt  Temperature ( OC 
Range Mean Range Mean 

February 1-4 34-35 34.8 17.0-20.0 18.3 

February 21-24 34-35 34.8 18.5-23.0 21.5 

Ju ly  8-11 35-36 35.5 28.0-30.5 29.2 



sediments A and D (Table 1 1 ,  b i l e  t h e  second t e s t e d  sediment types C, 
D and E. A l l  f i v e  sediment types =re t e s t e d  simultaneously i n  t h e  
J u l y  e x p e r i m t .  S tudies  were conducted i n  February and J u l y  to de te r -  
mine whether t h e r e  might be seasonal d i f fe rences  i n  the  response of 
P. lapidosa t o  t h e  b u r i a l  t reatments.  S e a w t e r  in t h e  tanks ms - 
exchanged d a i l y  f o r  f r e s h  seawater transported d i r e c t l y  from t h e  
mean.  

E>rperimntal design consis ted  of four 15 1 aquar ia  pa r t i t ioned  
i n t o  t h r e e  sec t ions  with p lex ig lass  d i v i d e r s  to a s s i s t  i n  locat ion of 
sets of samples. Each sec t ion  housed t h r e e  sanples of lapidosa  
which were placed in a v e r t i c a l  o r i e n t a t i o n  cn a layer  of beach sand. 
All sec t ions  of the  q u a r i a  received ae ra t ion  continuously during the  
e x p r k n t .  Wlrial t reatment consis ted  of instantaneous b u r i a l  t o  a 
depth of approx imte ly  18 cm (d ic ta ted  by aquarium he igh t )  by a given 
type of sediment. S a l i n i t y  and mter temperature wre masured  d a i l y .  

S i l t a t  ion E x p e r h n  t 

T k  s i l t a t i o n  e x p e r i m n t  m s  designed t o  determine t h e  mor ta l i ty  
of P. lapidosa  i n  response to high concerltrations of suspended 
s i l c  'lhelve r e p l i c a t e  sample blocks of mrm reef were placed i n  each 
of four  15 1 aquaria.  Blocks were held in  p lace  by a w i g h t 4  mod 
dove1 f r m w o r k  t o  prevent damage t o  blocks r e s u l t i n g  £ran the  water 
mvement i n  the aquar ia  required to keep the silt in suspension. S i l t  
loads were added t o  t h e  tanks by dry w i g h t ,  with treatments cons i s t -  
ing of a c o n t r o l  (no s i l t ) ,  2.0, 4.0 and 6.0 g/ l .  T k  silt u t i l i z e d  
i n  these  e x p e r i m t s  has c m r c i a l l y  ava i l ab le  F u l l e r ' s  e a r t h  (Fisher  
No. F-90, technical  g rade) .  Ebller's e a r t h  is canposed of a t t a p l l g i t e  
and m n t m o r i l l o n i t e ,  tm n a t u r a l l y  occurring c lays .  T k  rredian g r a i n  
s i z e  of F u l l e r ' s  e a r t h  is reported to ke less than 0.0005 mn, and 82% 
of t h e  particles are less than 0.002 mn (0' Conner et al . ,  1977; Sherk 
et dl., 1976 1. Suspension of t h e  silt was m i n t a i n e d  by a continuous- 
l y  -rating m t o r  which propelled a s i n g l e  paddle i n  each tank a t  a 
rate of 17 f u l l  s t rokes  per minute. W r b i d i t y  l e v e l s  wre m a s u r d  
d a i l y  by analysing water samples with a Hazh 2100A Turbidimeter. 

Three r e p l i c a t e  q l e s  of mrm reef =re removed £ran each of 
t h e  treatment tanks at i n t e r v a l s  of 24, 48, 72 and 96 hrs. S a l i n i t y ,  
temperature and dissolved oxygen =re recorded d a i l y  throughout t h e  
e x p e r d t .  The s i l t a t i o n  e x p e r i ~ n t  m s  performed £rum June 7-11, 
1984. 

Su l f ide  Toxic i ty  E x p e r k n t s  

Tm separa te  s t u d i e s  were performed, a prel iminary 12 hr  s tudy 
and a second 48 hr study.  Experimental s u l f i d e  treatments were prepar- 
ed using both deoxygenated and oxygenated seawater, using seawater 
obtained frcm t h e  region of t h e  Gulf Stream. T k  seawater had f i r s t  
been f i l t e r r e d  with 0.3 micron g l a s s  f i b e r  f i l t e r s .  Oxygen ms s t r i p -  
ped from t h e  seawater by bubling ni trogen through it. Dissolvecl 
oxygen levels were m a s u r d  with a Y S I  We1 57 Dissolved w e n  mter 
and oxygen probe which had been checked f o r  accuracy with t h e  Winkler 
t i t r a t i o n  mthod.  Dissolved oxygen l e v e l s  were adjusted t o  <0.2 q/l 
and 6.0 q/l f o r  the  deoxygenated and axygenated treatments,  respectiv-  
e l y .  Sulf ide  treatrrents  were prepared according to genera l  procedures 



as out l ined by T k e d e  et al. (1969). Stock so lu t ions  e r e  prepared by 
dissolving 5 g of Na2S ' 9H20 per 1 with serial d i l u t i o n  to 
appropr ia te  e x p e r h e n t a l  concentrat ions.  A t o t a l  of nine treatments 
e r e  tested in t h e  prel iminary 12 h study. T k s e  consis ted  of tm 
cont ro l s  without s u l f i d e  add i t ion  (C = axygena td  seawater, N = 
deoxygengked seawater) ,  s u l f i d e  concentrat ions csl the order of mgni tu -  

; de of 10 M i n  both types of seawater (AS4 = oxygenatd ,  NS4 = deaxy- 
genated) ,  on t h e  order of mgni tude  of ~ o - ~ M  in both types of sea- 
hater (AS6-5 axygenated, NS6 = deoxygenated) and on the order of mgni -  
tude of 10 M in both types of seamter (AS9 = - v g e n a t e d ,  NS9 = 
deoxygenated). T k  48 hr study a n i t t e d  t h e  10 M concentrat ions.  
Cmcentra t ions  of H S ma ured i n  he s tock so lu t ions  *re 4.3 mg/l -2 -6 and .048 mg/l f o r  tfe 10 and 10 l e v e l s ,  respect ively ,  f o r  the  
48 h r  e x p e r i m t .  

W o r m  reef samples e r e  placed into 0.95 1 g l a s s  jars containing 
the  t r e a t r e n t  so lu t ions  and t h e  jars were sealed  with screw caps. In 
both experimts, three r e p l i c a t e s  per treatment were used. All treat- 
m t s  e r e  analysed f o r  s u l f i d e  content  a t  t h e  beginning and end of 
t h e  experinwts by photorrvttric procedures as described in Standard 
Methods f o r  the  Examination of Water and Wastewater, 15th  e d i t i o n  
(1980). Both ~ r i m t s  =re conducted in the labora tory  a t  23 C 
during m e m b e r  1984. 

Sediment Analysis 

Samples of l i v i q  wrm reef  =re c o l l e c t e d  from s i x  loca t ions  
along F l o r i d a ' s  southeast  coas t .  T k s e  loca ta ions  were: 

1. Bear Cut; Key Biscayne , Dade Co . , ( south s i d e  of channel . 
2. Boynton I n l e t ;  Palm Beach Co., (south beach). 
3. J u p i t e r  I n l e t ;  Palm Beach Co., (nor th  beach). 
4. For t  Pierce  I n l e t ;  Indian River Co., ( i n s i d e  t h e  i n l e t ) .  
5. Vero Beach, S t .  Lucie Co., ( p i e r  p i l i n g ,  north V e r o  Beach). 
6. Sebastian I n l e t ;  Brevard Co. (nor th  j e t t y ) .  

Sarrq?le locat ions  1-3 were sanpled August 25-26, 1984, locat ions  4-5 m 
June 8 ,  1984, and locat ion s i x  on May 1 2  and N o v e m b e r  2 ,  1984. Wnn 
reef  samples =re f ixed in a iorrrra1in'-seawater so lu t ion  f o r  t ransporta-  
t i o n  to t h e  labora tory  where they e r e  c u t  i n t o  three snaller samples 
each approximately 5~5x5 cm i n  s i z e .  For each sample, t h e  inner dia-  
mter of t h e  mrm tube q e n i n g s  =re masured with calipers £05 25 
individuals .  Addit ionally,  t h e  number of tube q e n i n g s  per an was 
masured.  Samples were then m h a n i c a l l y  disaggregated and i m r s e d  
i n  ch lo r ine  bleach u n t i l  a l l  organic mtter had been dissolved (Multer 
& M i l l i m n ,  1967 1. T b s e  sarrples were then repeatedly washed with 
d i s t i l l e d  hater, each tine allowing the f i n e  p a r t i c l e s  to settle 
before decanting and repeating the  procedure. Samples e r e  dried at 
90" C f o r  at  least 12 h r s ,  and then sieved using U. S. s tandard 
s i eves  at  1 phi i n t e r v a l s .  The calcium carbonate content  was determin- 
ed f o r  each s i z e  class of sediment via a c i d  d iges t ion  (Multer & 
M i l l i m n ,  1967 1. Sediment samples =re a l s o  taken from beaches 
adjacent  t o  the sites of t h e  mrm reef c o l l e c t i o n s  and e r e  analysed 
f o r  g r a i n  s i z e  d i s t r i b u t i o n  and calcium carbonate content .  To de te r -  
mine &ether - P. lapidosa selects c e r t a i n  g ra in  s i z e s  fo r  tube 



building,  a concentrat ion fac to r  m s  ccmputed as  given by Multer & 
Mil l imn (1967) and Schol l  (1958). This f ac to r  is simply t h e  r a t i o  of 
t h e  w i g h t  percent  i n  a given s i z e  class of mrm reef  sand t o  t h a t  of 
the  k a c h  sand. A value g r e a t e r  than 1 .0  ind ica tes  t h a t  t h e  mrm is 
p r e f e r e n t i a l l y  so r t ing  sediment of t h i s  g ra in  s i z e  from t h e  keach sand 
(Multer & M i l l i m n ,  1967). Mean and m d i a n  g r a i n  s i z e s ,  s o r t i n g  and 
skewness ( I m n ,  1952 =re averaged f o r  t h e  rep l i ca ted  samples f r m  
each locat ion.  



RESULTS 

Bur ia l  Ekprin-ents 

S a l i n i t y  data recorded during t h e  txrial e x p e r i m n t s  show l i t t l e  
f luc tua t ion  i n  s a l i n i t y  due t o  t h e  d a i l y  changes of water i n  t h e  
aquaria.  Temperature regimes e r e  considerably lower i n  t h e  February 

: experimts than in t h e  J u l y  study (Table 2 ) .  
T k  p r c e n t  su rv iva l  d a t a  fo r  t h e  txrial ~xpf!ri.ments were analy- 

zed using tm-hay ANOVA with rep l i ca t ion .  AMlyses of t h e  February 
e x p e r i m n t s  ind ica te  m r t a l i t y  was not s i g n i f i c a n t l y  d i f f e r e n t  among 
.sediment treatments i n  e i t h e r  e x p e r k n t .  A s i g n i f i c a n t   ti^ e f f e c t  
ms present ,  howwer, in both of t h e  February s t u d i e s  (Table 3 1, indic- 
a t i n g  an increased m r t a l i t y  f o r  a l l  treatments t h e  longer the a n i m l s  
=re held in the  laboratory.  TIE i n t e r a c t i o n  t e r m  m s  non-significant 
in  both cases. 

Different  r e s u l t s  here found f o r  t h e  s i n g l e  J u l y  e x p e r i m n t  . As 
i n  t h e  February e x p e r i m n t ,  a s i g n i f i c a n t  increase  i n  m r t a l i t y  over 
tire occured. A highly s i g n i f i c a n t  e f f e c t  due t o  s e d k n t  type was ob- 
served, and t h e  in te rac t ion  of sediment type and dura t ion of t h e  expr- 
&nt ms a l s o  s i g n i f i c a n t  (Table 4 ) .  

Graphical colrparison of t h e  group m a n s  using t'le T-method f o r  un- 
planned ccgnparisons (Sokal & Rohlf , 1981) ind ica tes  t h a t  f o r  the f i r s t  
24 hrs, no s i g n i f i c a n t  d i f fe rences  i n  su rv iva l  ex i s t ed  among t h e  d i f f e -  
r s n t  sediment t r e a h n t s ,  nor does su rv iva l  d i f f e r  s i g n i f i c a n t l y  among 
t h e  con t ro l s  over t h e  72 hr of the e x p e r i m n t  (Fig.  2 ) .  Survival decr- 
eases s i g n i f i c a n t l y  after 48 hrs f o r  all trea-nts where s e d k n t  was 
added. After 72 hrs, the  f i n e r  beach s e d i m n t s  ( type  Dl  and t h e  estua- 
r i n e  rrnxldy sand (El  caused the highes t  m r t a l i t y  of a l l  t r e a h n t s ,  
while t h a t  f o r  the coarser  sediments ms not  g r e a t l y  d i f f e r e n t  £ram 
t h a t  f o r  t h e  48 h r  treatment. It is t h i s  d ispropor t ionate  m r t a l i t y  
i n  t h e  f i n e  sediment treatxwnts a t  72 hrs ~ i c h  p r e s m b l y  g ives  rise 
t o  t h e  s i g n i  f i c a n t  in te rac t ion  term. 

S i l t a t i o n  E x p e r i m t  

For t h e  s i l t a t i o n  experirrent, t u r b i d i t y  m a s u r e r e n t s  %re rmde at  
t h e  m i n i n g  of t h e  e x p e r i m n t  to obta in  background t u r b i d i t y  l e v e l s  
( i n i t i a l ) ,  k r e d i a t e l y  a f t e r  silt add'ition ( t  = 01, and d a i l y  f o r  t h e  
4 day durat ion of t h e  e x p e r i m n t .  Table 5 s u m r i z e s  the  t u r b i d i t y  
data .  Baclkground t u r b i d i t y  data resul ted  from t h e  f i l l i n g  of the 
aquar ia  with the  seawater which had k e n  t ranspor ted  from t h e  surf  
zone, an area where t u r b i d i t y  is genera l ly  high due to m v e  a c t i v i t y .  
Bxkground t u r b i d i t y  decreased w i t h  tirrre i n  the c o n t r o l  tank u n t i l  48 
hrs ,  a f t e r  which it remined  r e l a t i v e l y  constant .  In  t h e  silt ack3i- 
t i o n  treatments,  t h e  increased t u r b i d i t i e s  at 96 hrs versus 24 hrs 
r e f l e c t  increased sediroent suspension as sanples ,  which tended to 
b a f f l e  t h e  mve ac t ion ,  e r e  removed from t h e  aquar ia .  S a l i n i t y  
remained constant  throughout t h e  e x p e r i m n t  a t  36 ppt .  Tanperatures 
ranged from 26 - 26.8O C, while dissolved oxygen ranged from 5 -9  - 
6.0 mg/l. 

T k  p r c e n t  su rv iva l  d a t a  f r m  t h e  s i l t a t i o n  e x p e r i m n t  here 
analysed using a t m - m y  ANOVA with r e p l i c a t i o n  (Table  6 . Survival 
ms not s i g n i f i c a n t l y  d i f f e r e n t  among t h e  silt t r e a t r e n t s  and no s igni -  



Table  3. TFiD-wiy a n a l y s i s  of  va r i ance  r e s u l t s  c o m a r i n g  p r c e n t  
s u r v i m r s h i p  ( a r c s i n  squa re  root t ransformed)  m n g  treat- 
f o r  the  tm February  burial e-riments. Gra in  s i ze  d i s t r i b u -  
t i o n s  f o r  t he  s e d i m n t  types used are g iven  i n  Table  1. 

E k p r i m e n t  1. Feb. 1-4, 1984. 
S e d i m n t  t r ea tmen t s :  c o n t r o l ,  A, D. 
T ine  t r e a t m n t s :  25, 48, 72 hrs. 

Source of V a r i a t i o n  df Mean Square F Sign i f  i c ance  

Sediments 2 0.869 0.012 p . 0 5  
Time 2 368.095 5.241 H . 0 5  
I n t e r a c t i o n  4 105.256 ' 1.499 p . 0 5  
E r r o r  1 8  70.237 

m r i m e n t  2. Feb. 21-24, 1984. 
Sediment t r ea tmen t s :  c o n t r o l ,  B, C, E. 
Time t rea tments :  25, 48, 72 h r s .  

Source of V a r i a t i o n  d£ m e  F Signi f  i c ance  

S e d i m n t  s 3 21.260 0.568 p>.05 
Time 2 659.227 17.624 H . 0 5  
I n t e r a c t  i o n  6 36.285 0.970 p>.05_ 
E r r o r  24 37.405 

Table  4. Tm-way a n a l y s i s  oE v a r i a n c e  r e s u l t s  comparing pe rcen t  
s u r v i m r s h i p  ( a r c s i n  squa re  root t ransformed)  m n g  treat- 
rrents f o r  t h e  J u l y  b u r i a l  e x p e r i m n t .  Gra in  s i z e  d i s t r i b u -  
t i o n s  f o r  t h e  sediment  t ypes  used are g iven  i n  Table  1. 

J u l y  8-11, 1984. 
S e d i m n t  t rea tments :  c o n t r o l ,  A, B, C, D, E. 
T i m  t r ea tmen t s :  25, 48, 72 h r s .  

Source of V a r i a t i o n  dE Square F Signi f  i c ance  

S e d i m n t s  5 1559.63 25.49 p< ,001 
Time 2 3490.55 57.05 p< .001 
I n t e r a c t  i on  1 0  380.57 6.22 p< .001 
E r r o r  3 6 61.18 



Sediment Treatments (mm ) 

Figure  2. W percent  survivorship  of Phragrruatopom lapidosa  at  
25, 48 and 72 hrs following b i a l  by 5 d i f f e r e n t  s e d i m n t  
types  f o r  t h e  J u l y  experiment.  rain s i z e  d i s t r i b u t i o n s  
f o r  each sedirrrent type are given i n  Table 1. 



Table 5. Turbidi ty  d a t a  f o r  t he  dura t ion of' t h e  s i l t a t i o n  e x p r i m e n t  . 
Data are nep lmlomtr ic  t u r b i d i t y  u n i t s  ( n t u ) .  

T h e  Elapsed (hrs 1 
Treatment I n i t i a l  0 2 4 48 72 96 

Control 20 23 12 6 5 6 
2.0 g/l 37 1625 1150 1000 1200 1300 
4.0 g/l 26 2625 1875 2062 2562 2875 
6.0 g / l  24 3812 3000 3125 3562 3750 

Table 6. W - w y  a n a l y s i s  of var iance  r e s u l t s  ampar ing  p r c e n t  
survivorship  ( a r c s i n  square root t r a n s f o n w d )  amng  treat- 
r e n t s  f o r  t h e  s i l t a t i o n  expr iment .  

June 7-11, 1984. 
S i l t  treatnmts: oon t ro l ,  6.0 g / l ,  4.0 g/l, 2.0 g/ l .  
Tinvt t reatments:  24, 48, 72, 96 hrs.  

Source of Variat ion 8 Mean Square F Signif i c a n e  

S i l t  3 59.620 1.782 p>.05 
Thte 3 300.437 8.979 fi.001 
I n t e r a c t  ion 9 45.905 1.372 p . 0 5  
Error  32 33.459 

Table 7. One-my ana lys i s  of var iance  r e s u l t s  ampar ing  p r c e n t  
survivorship  ( a r c s i n  square root  t r a n s f o r r e d )  m n g  treat- 
mts f o r  t h e  12 hr exposure to s u l f i d e  experiment. 
Treatrrrents l i s t e d  b l o w  are described i n  t h e  text. 

Source of Var ia t ion  df Mean Square F Signif icance 

Sulf ide  7 38.542 1.837 p>.05 
Emor 16 20.976 



f i c an t  in te rac t ion  e f f e c t  ms present. Survival of t he  organisms ms 
found t o  decrease s ign i f i c an t l y  with time. 

Sulf ide  Toxicity E x p r i m n t s  

Survival da t a  €ran t h e  i n i t i a l  12 hr study m e  analysed using 
one-way AEJIIVA. AEJOVA r e s u l t s  ind ica te  t h a t  f o r  periods of up to 12 
hrs ,  survival is not s i gn i f i c an t l y  affected by the su l f i de  t r e a t m n t s  
t e s t ed  (Table 7 ) .  

Survival da t a  £ran t he  48 h r  e x p e r h n t  ms analyzed with a 
two-way ANOVA with rep l ica t ion ,  which indicated s i gn i f i c an t l y  d i f f e r -  
ent effects on survival by the various treatments (Table 8 ) .  Mortal- 
i t y  ws shown to increase s i gn i f i c an t l y  over t h e  duration of t he  exper- 
Mt. The in te rac t ion  term of concentration of su l f i de  Ersus &ra- 
t i o n  of expbsure ms a l s o  s ign i f ican t .  

Canparison of t h e  group mans (Tinethod, Sokal & Rohlf, 1981) f o r  
t h e  f i r s t  24 hrs indicates  t h a t  man survival d i d  not  d i f f e r  s ign i f ica -  
n t l y  among treatments (Fig. 3 ) .  After 48 hrs ,  the cont ro l  treatments 
(C,N) d i d  not d i f f e r  s i gn i f i c an t l y  f r a n  any of t h e  24 hr treatments, 
while the treatments containing su l f i de  caused s ign i f i c an t l y  g r ea t e r  
m r t a l i t y  than all  kt me of t h e  24 hr treatments. The treatment con- 
ta ining t he  highest  su l f i de  l e v e l  together with deaxygenated seawater 
(NS4) caused s ign i f i c an t l y  g r ea t e r  m r t a l i t y  than all other  treatments 
a f t e r  48 hr (Fig. 3 ) .  The response of t h e  mrms i n  t h i s  treatment is 
probably l a rge ly  responsible f o r  t h e  s i gn i f i c an t  in te rac t ion  term 
be twen  su l f i de  concentration and duration of exposure. 

I n i t i a l  s tock conc&"trations60f 4.5 ng S/l and 0.05 rrg S/l were 
used to prepare the 10- M and 10 M t r e a t m n t s ,  respect ively  (Fig. 
4).  Analysis of su l f i de  concentrat ions i n  expe r imn ta l  jars a t  24 hrs 
indicates  that su l f i de  concentrat ions m e  general ly  below i n i t i a l  
concentrations, with t h e  exception of t h e  S 6  treatment. T k  reduc- 
t i o n  of su l f i de  concentrations is presumably t h e  result of in te rac t ion  
with oxygen e i t h e r  present i n  the  mter (AS6, AS41, or through oxygen 
enter ing t h e  jars aver tim (NS6, W4).  T b  rank order of su l f i de  con- 
cen t ra t ions  a t  this tim follows t h e  order predicted based on treat- 
mts, bwver. After 48 hrs, su l f i de s  are present  i n  jars of all 
treatments at  concentrations not  related to o r ig ina l  treatment l eve l s ,  
indicating su l f ide  production i n  the jars ms occurring a t  this p i n t .  

Sediment Analysis 

Swmary gra in  s i z e  statistics f o r  sediments f r a n  mrm tubes are 
given in Table 9 &ile statistics fo r  q l e s  £ran the adjacent beach 
are given i n  Table  10. Mean sediment g ra in  s i z e  of mrm reef sedi- 
m t s  ranged f r a n  1.3 - 1.83 phi (Table 9 as ccmpared with a range of 
0.33 - 2.87 phi (Table 10 £ran beach sediments. Worm reef q l e s  
m e  all ~ l l  to moderately sor ted  (Table 9 ) .  Beach sediments f o r  
Jup i t e r  I n l e t  and For t  Pierce  Inlet e r e  the  only q l e s  which e r e  
poorly sor ted (Table 10 ) .  N o  cons i s ten t  pa t t e rn  of skewness ms seen 
f o r  e i t h e r  t he  mrm reef o r  beach samnples (Tables 9, 10) .  

Tables 11 and 12 give t h e  canplete s i z e  d i s t r i t u t i o n  da t a  f o r  
both the mrm reef and beach samples. Figure 5 canpares the m a n  w d  
md ian  gra in  s i z e  fo r  mrm reef  and beach samples. This f igure  indi- 



Table 8. M - m y  ana lys i s  of variance r e s u l t s  ampar ing  percent  
s u r v i m r s h i p  ( a r c s i n  square root t r a n s f o m z d )  m n g  treat- 
m n t s  f o r  t h e  48 hr exposure to s u l f i d e  experkrent.  
Treatments l i s t e d  below are described i n  the  text. 

Decankr 17-19, 1984. 
Su l f ide  treatments:  C, N, AS4, E 4 ,  AS6, NS6. 
Time treatments:  24, 48 hrs. 

Source of Variat ion d£ M e a l  m e  F Signif icance 

Sulf ide 5 213.88 
Tim3 1 2409.41 
I n t e r a c t  ion 5 163.10 . 
Error  2 4 28.87 

Table 9. S m r y  statistics (phi  u n i t s  1 f o r  t h e  ana lys i s  of s e d i m n t  
&rived from l i v i n g  mrm reef .  

Ucat ion M i a n  Mean Sor t ing Skewness 

Sebast ian I n l e t  ( 5/12 1.31 1.37 0.63 0.10 
Sebastian I n l e t  ( 11/2 1 1.15 1.30 0.69 0.22 
Vero  Beach 1.55 1.69 0.83 0.08 
F o r t  Pierce  I n l e t  0.99 1.32 0.91 0.36 
J u p i t e r  Beach 1.78 1.83 0.62 0.08 
Boynton I n l e t  1.68 1.44 0.44 -0.55 
Bear Cut 1.50 1.55 0.71 0.07 



SULFIDE TREATMENTS 

F i g u r e  3. Mean s u r v i v o r s h i p  shown b t h  as pe rcen t  and as degrees 
( a r c s i n  square mot t ransformed data) f o r  Phragmatoporrra 
l a p i d o s a  at  24 and 48 hrs fo l lowing  -sure to H S .  A 
& s c r i p t i o n  OL each t r ea tmen t  is g iven  i n  tk ted. 



t- 
Ln SULFIDE TREATMENTS 

F i g u r e  4. Concent ra t ions  of H S at 24 and 48 hrs f o r  each 
t r ea t r r en t .  s tock  d l u t i o n  m n e n t r a t i o n s  are also 
i n d i c a t e d .  



Table 10. S u n a r y  statistics (ph i  u n i t s )  f o r  t h e  a n a l y s i s  of s e d i m n t  
from &aches ad jacent  to wrm r e e f .  

'7r>cat ion Median Mean Sor t ing  Skewness 

Sebas t ian  I n l e t  (5/12) 1.48 1.37 0.77 -0.14 
Sebas t ian  I n l e t  (11/2) 0.72 0.68 0.68 -0.06 
Vero  Beach 1.94 2.05 0.75 0.15 
F o r t  P i e r c e  I n l e t  0.30 0.33 1.06 0.03 
J u p i t e r  Beach 2.48 2.87 1.21 0.32 
Boynton I n l e t  2.51 2.50 0.38 -0.03 
Bear Cut 1.11 1.04 0.69 -0.10 

Table 17. Measurewnts  of average inn r d i a t e r  of tubes  and 
average tube dens i ty  per cm' f o r  P h r a g m t o p m  
lap idosa  f o r  l oca t ions  along t h e  sou theas t  mast of 
F l o r i d a .  

meat ion  Inner  Diameter Std. Eev. Dmsi ty2  
(an) (No./an 1 

Sebas t ian  I n l e t  (5/12) , 0.17 0.02 5.8 
Sebast  i an  I n l e t  ( 11/2 0.18 0.01 4.4 
Vero Beach 0.18 0.01 4.2 
F o r t  P i e r c e  l n l e t  0.20 0.01 2.8 
J u p i t e r  Beach 0.20 0.01 5.3 
Boynton I n l e t  0.21 0.01 4.8 
Bear Cut 0.17 0.01 2.0 



BEACH SEDIMENTS 
- 

A meon grain size 
medium grain size 

- WORM REEF 

A mean grain size 
0 medium grain size 

- 

SAMPLING SITE AND DATE 

F i g u r e  5. C'anparison of man and rredian g r a i n  s i z e  f o r  wrm reef  
sedimt ve r sus  s e d i m n t  from a d j a c e n t  k a c h e s  f o r  sample 
sites along t h e  s o u t h e a s t  mast of F l o r i d a .  



Table 11. S i z e  d i s t r i b u t i o n  of sedh-ent f r o m  wrm reef samples. values are man 
e i g h t  percent .  

Lmat ion 
S i z e  F r a c t i o n  (mn) 

4.0 2.0 1.0 0.5 0.25 0.125 0.625 <0.625 

Sebast ian I n l e t  (5/12) -- -- 0.6 33.0 50.8 9.8 5.2 0.6 
Sebastian I n l e t  (11/2 0.1 0.2 0.9 42.4 41.0 10.4 4.0 1.0 
Vero Beach --- 0.1 1.0 21.2 52.1 16.2 7.5 1.9 
F o r t  P i e r c e  I n l e t  0.1 4.0 46.1 31.6 9.2 7.8 1.2 
J u p i t e r  Beach -- -- 0.1 8.3 59.5 27.2 2.3 2.6 
Boynton I n l e t  -- -- 0.4 15.5 53.2 28.2 2.3 0.4 
Bear Cut --- 0.2 0.9 22.5 54.2 19.0 0.9 2.4 

Table  12. S i z e  d i s t r i b u t i o n  of s e d i m n t  from b a c h  samples. V a l w s  are man 
weight percent .  

Locat ion 
S i z e  F r a c t i o n  (mn) 

4.0 2.0 1.0 0.5 0.25 0.125 0.625 <0.625 

Sebastian I n l e t  (5112) --- 0.8 5.6 18.8 52.5 22.0 0.1 0.4 
Sebast ian I n l e t  (11/2) -- 0.8 15.2 48.5 33.7 1.7 0.1 -- 
Vero  Beach --- 0.5 15.7 5.3 43.0 39.0 10.5 -- 
F o r t  P i e r ce  I n l e t  4.2 6.7 26.1 39.7 16.4 4.6 2.4 0.1 
Jupiter Beach -- 0.1 0.4 4.2 21.1 49.8 1.2 23.3 
Boynton I n l e t  -- -- 0.1 0.9 8.4 82.3 8.0 0.2 
Bear Cut --- 0.8 6.2 33.5 51.7 7.7 -- -- 



Table  13. Concentrat ion f a c t o r s  ( w i g t h  % wrm reef  / weight % k a c h  sand) f o r  
each  sediment s i z e  f r a c t i o n  . 

Locat ion  4.0 
S i z e  F r a c t i o n  (mn) 

0.5 0.25 0.125 

Sebas t i an  I n l e t  ( 5 D 2  1 --- 
Sebas t i an  I n l e t  ( U / 2  1 -- 
Vero Beach --- 
F o r t  P i e r c e  I n l e t  --- 
J u p i t e r  Beach -- 
Boynton I n l e t  --- 
Bear Cut --- 

Table  14. Mean p r c e n t  c a r b n a t e  for each  sediment s ize  f r a c t i o n  'for t h e  mrm 
reef  sediment.  

Locat ion  
S i z e  F r a c t i o n  (11 

4.0 2.0 1.0 0.5 0.25 0.125 0.625 <0.625 

Sebas t i an  I n l e t  (5/12 1 -- 90.0 96.4 96.2 93.2 64.9 19.3 20.5 
Sebas t i an  I n l e t  ( l l / 2 )  90.7 81.3 95.8 96.8 92.8 72.3 19.3 16.6 
Vero Beach --- 100 95.6 81.5 77.0 76.4 23.4 15.8 
F o r t  P i e r ce  I n l e t  --- 58.3 98.9 93.0 89.0 70.4 18.4 25.2 
J u p i t e r  Beach -- 100 92.3 88.3 84.5 85.5 59.2 64.6 
-ton I n l e t  --- 100 91.4 91.7 93.3 87.1 58.6 80.7 
Bear Cut --- 33.3 92.3 88.3 84.5 85.5 59.2 64.6 



Table 15. Mean percent  c a r b n a t e  f o r  each s e d i m n t  s i z e  f r a c t i o n  f o r  t k  teach 
samples. 

mat ion  
S i z e  F rac t ion  (mn) 

4.0 2.0 1.0 0.5 0.25 0.125 0.625 (0.625 

Sebastian I n l e t  (5/12) -- 99.6 93.8 59.3 24.8 20.4 8.4 13.5 
Sebastian I n l e t  ( l l / 2 )  -- 99.1 94.0 59.2 26.8 21.5 20.0 66.7 
Vero Beach --- 99.6 98.4 71.7 25.1 20.5 8.2 10.3 
F o r t  P i e r c e  I n l e t  - 99.3 96.7 70.9 38.0 27.0 9.6 11.4 
Jup i t e r  Beach -- 100 69.0 89.1 54.7 35.6 9.7 15.7 
Boynton I n l e t  -- 100 94.3 . 74.3 40.9 36.8 18.6 10.5 
Bear Cut -- 100 69.0 89.1 54.7 35.6 9.7 15.7 

Table 16. Concentration f a c t o r s  f o r  c a r b n a t e  ( e i g t h  % mrm reef  / w i g h t  % 
beach sand) f o r  each sediment s i z e  f r a c t i o n .  

Locat ion 
S i z e  Frac t ion  (mn) 

4.0 2.0 1.0 0.5 0.25 0.125 0.625 <0.625 

Sebastian I n l e t  (5112) -- 0.9 1.0 1.6 3.8 3.2 2.3 1.5 
Sebastian I n l e t  (11/2) -- 0.8 1.1 1.6 3.3 3.2 0.9 0.4 
Vero Beach --- 1.0 1.0 1.1 3.1 3.7 2.9 1.5 
For t  P i e r c e  I n l e t  -- 0.6 1.0 1.3 2.3 2.6 1.9 2.2 
J u p i t e r  Beach -- 1.0 1.3 1.0 1.5 2.4 6.1 4.1 
Boynton I n l e t  -- 1.0 1.0 1.2 2.3 2.1 3.2 7.7 
Bear Cut -- 0.3 1.3 1.0 1.5 2.4 6.1 4.1 



cates t h a t  t h e  m a n  g r a i n  s i z e  selected by t h e  mrms f e l l  i n  a conside- 
r ab ly  sroaller range (0.5 - 0.25 m)  than that for the beach s e d i m n t s  
(0.84 - 0.125 mn). On beaches w i t h  r e l a t i v e l y  coarse sands (For t  
Pierce ,  Sebastian I n l e t  11-2, Bear Cut) the mrms concentrated f i n e r  
sand f r a c t i o n s  r e l a t i v e  to t h e  beach sand. On beaches with f i n e r  
sands ( J u p i t e r ,  Boynton, Vero Beach 1, the mrms tended to  concentra te  
coarser s i z e  f r a c t i o n s  r e l a t i v e  to the  beach s e d b n t .  Cmcentra t ion 
f a c t o r s  f o r  a l l  sediment s i z e  classes are given in Table 13,  and con- 
firm the re la t ionsh ip  suggested by Fig. 5. A t  a l l  sites except 
J u p i t e r  Beach, which had t h e  f i n e s t  man gra in  s i z e  sediments of t h e  
Locations -led , the wmns concentrated p a r t i c l e s  less than 0.063 
mn . 

Ths m percent  of carbonate,  an indicat ion of shell mterial, 
is given f o r  each s i z e  class for t h e  mnn reef  sarrples (Table 1 4 )  and 
the beach samples (Table 15 1. Percentage carbonate decreased with 
decreasing g r a i n  size f o r  both types of m l e s .  Table 16 gives t h e  
concentrat ion f a c t o r  f o r  carbonate i n  each s i z e  f r a c t i o n ,  ind ica t ing  a 
tendency f o r  t h e  mrms to concentrate carbonate f r a c t i o n s  i n  mt 
cases i n  t h e  f i n e r  g r a i n  s i z e s .  

T k  man inner diamter of worm reef  tubes rangfd frcm 0.17 - 
0.21 mn (Table 17) .  The man number of tubes per cm ranged from 
2.0 - 5.8 (Table 1 7 ) .  



DISCUSSION ' 

Burial E x p r h n t s  

T k  response pa t t e rns  of Phraqmatqam lapidosa t o  t h e  types 
of environmntal  disturbance which micrht be assmiated with beach nour- 
i s h n t  are var iable  depending on thednature  of t h e  stress and t h e  
physical e n v i r o n ~ n t a l  condit ions i n  vhich t h e  stress is appl ied .  For 
exanple, the  r e s u l t s  of t h e  h r i a l  e x p e r b n t  ind ica te  t h a t  P. 
lapidosa can tolerate b r i a l  by any of t h e  t e s t e d  sediment t e s  f o r  
up to 25 hours without su f fe r ing  s i g n i f i c a n t l y  increased m r t a l i t y .  
A t  r e l a t i v e l y  cooler  temperatures (17 - 23 O C ) ,  tx l r ia l  by any of the 
sediment types results i n  no s i g n i f i c a n t  increase  i n  m r t a l i t y  rela- 
t i v e  t o  controls  f o r  up t o  72 hrs. H a e v e r ,  a t  mrmr t e n p r a t u r e s  
(28 - 31' C ) ,  s i g n i f i c a n t l y  increased m r t a l i t y  m c u r s  a f t e r  48 h r s  
for all s e d i m n t  types. A t  higher temperatures, m r t a l i t y  due t o  
h r i a l  by f i n e  sediments was g r e a t l y  increased. T k  statistical 
analysis  suggests t h e  presence of a s y n e r g i s t i c  i n t e r a c t i o n  between 
f ine  s e d h n t  s i z e  and dura t ion of b u r i a l  h i c h  is p a r t i c u l a r l y  harm- 
f u l  a t  higher witer temperatures. 

Water t empera tu re  m y  inf luence  survivorship  i n  severa l  w y s .  
F i r s t l y ,  s o l u b i l i t y  of oxygen i n  seavmter is less at  higher tempera- 
tures (Riley & Skirrow, 1965 ). Secondly, r e s p i r a t o r y  d a d s  w i l l  be 
greater  a t  higher temperatures, and it has been noted f o r  a v a r i e t y  of 
m i n e  organisms that m r t a l i t y  is increased at  low oxygen l e v e l s  h e n  
temperature is high (Vernberg & Vernberg , 1972 . T k  decrease in poro- 
s i t y  of f i n e  sediments (RhtMds, 1974) m u l d  r e s u l t  in more rapid  
oxygen deple t ion than i n  f i n e  sediments. Increased b a c t e r i a l  ac t ion  
a t  high temperature m y  also be a c o n t r i h t i n g  fac to r .  Once anoxic 
conditions i n  the s e d k n t  b e c m  es tab l i shed ,  b a c t e r i a l  break-down of 
organic mterial m y  lead to f o m t i o n  of s u l f i d e s  and H S, ~ i c h  
are of t e n  highly tox ic  to organisms ( T W e  et al . , 19693. In the sum- 
m x  b r i a l  experiments, the presence of s u l f i d e s  ws q u a l i t a t i v e l y  
noted, e spec ia l ly  in t h e  f i n e  s e d i m n t  t r e a t r e n t s  after 72 hrs. It is 
probable, therefore ,  that t h e  s y n e r g i s t i c  e f f e c t  an m r t a l i t y  observed 
ms due to increased tox ic  s u l f i d e  production i n  t h e  f i n e  s e d i m n t  
t r e a t r e n t s  together with t h e  decreased axygen a v a i l a b i l i t y  of these 
sedinwts . 

Mauer et al. (1978, 1981a, 1981b, 1982) examined t h e  responses to 
lurial of severa l  h r r w i n g  polychaetes as vie11 as severa l  species  of 
bivalves and crustaceans.  T k y  found t h a t  t h a t  W a t u r e  d i d  not  
have a clear e f f e c t  an m r t a l i t y ,  txlt r a t h e r  influenced t h e  percentage 
of a n k l s  h i c h  migrated upward through t h e  s e d k n t .  UpJard 
migration through sediment overburden appears to reduce m r t a l i t y  f o r  
m y  of organisms tested which have k e n  t e s t e d  (Mauer et al., 1978, 
1981a, 1981b, 1982; Chang & Levings, 1978). Since P h r a q m a t c p a ~  
lapidosa is a sessile tube Itweller , it w i l l  be unable to  migrate 
upward through t h e  sediment. 

Taylor & L i t t l e r  (1982) have reported an the to le rance  t o  b u r i a l  
of a congener of Phraqmtapcma lapid&a, P h r a q m t a p c a ~  
c a l i f o r n i c a .  T k y  found t h a t  h r i a l  f o r  5 days in t h e  labora tory  at  
16O C resu l t ed  i n  m r t a l i t y  in excess of 95%. F ie ld  s t u d i e s  of P. 
c a l i f o r n i c a  i n  a sand-influ&ced, rocky i n t e r t i d a l  area indicated- 
decreases i n  mrm cover which resu l t ed  f r m  sand h r i a l .  Taylor & 



L i t t l e r  (1982) concluded t h a t  P. c a l i f o r n i c a  is r e l a t i v e l y  i n t o l e r -  
a n t  of b u r i a l  as conpared w i t h u c h  species as the anemone 
Anthcpleura elegantissima which can survive k r i a l  f o r  up t o  three 
months. 

S i l t a t i o n  E k p r W t  

High concentrat ions of silt i n  the mter column r e s u l t i n g  from 
d r d g i n q ,  beach nourishrent  o r  even na tu ra l  storm run off  events  can 
negatively a f f e c t  aqua t i c  organisms. T k s e  e f f e c t s  m y  be e i t h e r  
sub-lethal  (OIConner et al., 1977; Sherk e t  al., 1976 or l e t h a l  
(Orcanner et al., 1976). S e s s i l e  organisms m y  be p a r t i c u l a r l y  sens i t -  
i v e  t o  silt i n  the  mter because oE t h e i r  i n a b i l i t y  t o  move elsewhere 
t o  avoid it. C o r a l s ,  f o r  exanple, have k e n  shown t o  be sens i tve  t o  
t h e  presence of silt r e s u l t i n g  from dredging (Hudson, 1981; Bak, 1978 1 
and beach nour ishmnt  (Wershoven & Wershoven, 1984). Phragmatapoma 
lapidosa,  howver,  s h o d  no indicat ion of a negative response over 
a four  day period of exposure t o  extremely high silt l e v e l s .  E3cperh-e- 
n t a l  t u r b i d i t i e s  e r e  2 orders  of mgni tude  g r e a t e r  than maximum 
l e v e l s  reported from surf  zones fram e i t h e r  t h e  =st o r  east coast of 
Flor ida  ( P i n e l l a s  C m t y ,  31 SrU, S a l o m  & Naughton, 1979 ; Sebastian 
I n l e t  beach, 50 NIW, D. K. Stauble,  Dept. of Oceanography & Ocean 
m i n e e r i n g ,  Flor ida  I n s t i t u t e  of Technology , unpub. da ta  1 . S i l t  
loads =re ccmparable t o  t h a t  n-easured i n  the inmediate v i c i n i t y  of a 
dredge discharge or that of a f l d - s t a g e  r i v e r  (OICmner et al., 
1976 1. T k  presence of high silt loads i n  the  water column do not 
appear d e t r k n t a l  t o  P. lapidosa a d u l t s  as long as  the  silt does 
not  bury t h e  mnns. 1 T h i g h  energy beach s i t u a t i o n s ,  silt tends to be 
rapidly  removed from t h e  beach nourishrent  sand and dispersed in the  
long-shore d r i f t  system (Stauble et al . ,  1983 1. S b u l d  physical  condi- 
t i o n s  not  d i spe rse  the  silt from the near-shore zone, b ~ r i a l  of wrm 
reef and subsequent m r t a l i t y ,  as indicated  by t h e  r e s u l t s  of the  
'txlrial e x p e r h n t s  , might follow. This condit ion ms &served follow- 
ing beach nour ishmnt  in the  Panpano Beach - Lauderdale-by-the-Sea 
a r e a  with r e s u l t a n t  damge t o  c o r a l  (Wershoven & Wershoven, 1984). 
Despite t h e  apparent to lerance  of a d u l t s  to high silt loads, t h e  
to lerance  oE l a r v a l  s t ages  o r  newly settled individuals  to t h i s  stress 
r m i n s  unknown. 

Su l f ide  Toxic i t y  Exper i w n  ts 

T k  presence of s u l f i d e s  and H2S are genera l ly  correlated with 
a lack of oxygen and o f ten  m a r  i n  poorly oxygenated, muddy substra-  
tes. T k e d e  et al. (1969) have shown that to lerance  to s u l f i d e s  is 
cor re la ted  with to lerance  t o  low acygen condit ions and t h a t  species 
from rrrud bottom s u b s t r a t e s  are genera l ly  mre t o l e r a n t  than those from 
hard o r  sandy b o t t o m .  Given t h i s  r e l a t i o n ,  it m u l d  be expected t h a t  
P. lapidosa,  vhich occurs i n  wl l  oxygenated areas might be relati- - 
vely i n t o l e r a n t  of t h e  presence of s u l f i d e s .  A t  t h e  highest  s u l f i d e  
concentrat ion in  oxygen d e f i c i e n t  seawater (4.2 m g / l ) ,  50% mor ta l i ty  
of - P. lapidosa m c u r r d  at be twen  24 and 48 h r s .  Only 3 of 14 
species, all of them crus taceans ,  tested by T k e d e  e t  a1 . (1969 1 
p s e s s e d  a lover to le rance  than P. lapidosa,  suggesting t h a t  
indeed it m y  k r e l a t i v e l y  s e n s i t i v e  to  s u l f i d e s .  



Mor ta l i t y  of  P. l ap idosa  i n  t h e  high s u l f i d e  concen t r a t ion  
treatment with o x y z n a t e d  e t e r  a f t e r  48 hrs ms s i g n i f i c a n t l y  less 
than f o r  t he  sane treatrrrent of s u l f i d e  i n  deoxygenated wter. This  is 
because t h e  presence of oxygeim inmedia te ly  began to decrease t h e  conce- 
n t r a t i o n  of s u l f i d e ,  which wis c o n f i r &  by t h e  r reasuremnt  a f t e r  24 
h r s  of s u l f i d e  concen t r a t ions  i n  t h e s e  t r e a h n t s .  Mor t a l i t y  i n  t h e  
oxygena td ,  high s u l f i d e  t r e a t m n t  (AS41 a f t e r  24 hrs ws about  208, 
while sulfide concen t r a t ion  had dropped from 4.25 to  0.8 mg/l. 

I n t e r p r e t a t i o n  of t h i s  sulfide exposure experiment is complicated 
by t h e  f a c t  t h a t  s u l f i d e  product ion  m c u r r e d  i n  the jars of a l l  
t r e a t r e n t s  dur ing  t h e  e x p e r h n t  . This  can be seen as e a r l y  as t h e  24 
hour sample where decomposition rate c a l c u l a t i o n s  (see below) m u l d  
p r e d i c t  on ly  0.016 mg/l H2S g iven  t h e  i n i t i a l  concen t r a t ion  f o r  
t r e a t m n t  AS4, while a man of 0.82 q/l was a c t u a l l y  found. Part of 
t h i s  d i f f e r e n c e  m y  be t he  s l i g h t l y  lowr temperature of t h e  
experin-ent (23" C)  versus  t h a t  f o r  t h e  rate c o n s t a n t  (25" C )  
de te rmina t ion ,  b u t  s u l f i d e  product ion  w s  c l e a r l y  seen  in a l l  
t r e a t m n t s  a t  48 hrs. A t  t h a t  tiw, observed s u l f i d e  l e v e l s  =re no 
longer  r e l a t e d  to i n i t i a l  t r e a d n t  concen t r a t ions .  It is c e r t a i n l y  
clear t h a t  from m a s u r d  s u l f i d e  l e v e l s ,  t r e a t m n t  E 4  experienced t h e  
h ighes t  l e v e l  of exposure f o r  a t  least t h e  f i r s t  24 h r s ,  and it kss 
indeed t h i s  t r e a t r w n t  which experienced t h e  g r e a t e s t  m r t a l i t y  a f t e r  
48 h r s  . Other t r ea tmen t s  which becm exposed to s u l f i d e  on ly  a f t e r  
24 h r s  ( t h e  c o n t r o l s :  C ,  N) c e r t a i n l y  had a leer total d u r a t i o n  of 
exposure. 

Ex t r apo la t ing  t h e  r e s u l t s  of t h e  l a b o r a t o r y  s u l f i d e  - r i m n t s  
t o  a f i e l d  s i t u a t i o n  tJhere beach nour i sh ren t  is taking p l a c e  is 
d i f f i c u l t .  That s u l f i d e s  can be p r e s e n t  dur ing  such  p r o j e c t s  is indic-  
a t e d  by a r ~ p o r t  frm a beach n o u r i s h n t  p r o j e c t  i n  North Caro l ina  
where e s t u a r i n e  sediments e r e  drdged and p laced  an t h e  beach ( R e i l l y  
& B e l l i s ,  1979, 1983) and H2S was q u a l i t a t i v e l y  d e t e c t e d .  T m e  et 
al .  (1969) sugges t  va lues  up to 6-7 mg/l  of s u l f i d e s  m y  n o t  be uncan- 
m n  f o r  r r d  bottonrs. H m v e r ,  i n  t h e  presence  of oxygen, s u l f i d e  m i d -  
ises t o  su lpha te  i f  oxyqen concen t r a t ion  is high,  or f i r s t  produces 
in te rmedia te  canpounds such as su lphur  , s u l p h i t e  , t h io su  l p h a t e  and 
t e t r a t h i o n a t e  i f  oxyqen concen t r a t ion  is r e l a t i v e l y  low (Richards,  
1965).  I n  t h e  near shore  h a b i t a t s  of P. l a p i d o s a  t h e  seawater  
should k s a t u r a t e d  with oxygen. A t  2'Sb C i n  oxygen-saturated 
seawater, a p p r o x i m t e l y  1 q/l of  H S t a k e s  30 hours f o r  complete 
ox ida t ion  of s u l f i d e s  (Richards,  1985 1. A t  lower oxygen concentra-  
t i o n s ,  t h e  r e a c t i o n  is slowd cons iderably ,  w i th  o n l y  h a l f  of t h e  
s u l f i d e s  being oxid ised  in 60 hours.  Law temperatures  a l s o  cons ider -  
a b l y  s low t h e  r e a c t i o n ,  with t h e  r e a c t i o n  at  6.5O C being 4 tims 
slower than  a t  25" C. 

Use of t h e  rate consbnt  g iven  by Richards (1965) a l lows  ca l cu la -  
t i o n  of t h e  ha l f  l i f e  of s u l f i d e s  by t h e  formula 

where k is the rate c o n s t a n t  equa l  t o  0.23/hr a t  25" C and t is 
the ha l f  - l i f e .  With the h a l f - l i f e ,  it is p o s s i b l e  to e s t i m a t e  t h e  
q u a n t i t y  of  H2S at  any tim given  s e  initial concen t r a t ion  of 



H2S using t h e  formula 

&ere qt is t h e  quan t i ty  of H2S a t  th-e t and qo is t h e  i n i t i a l  
concentrat ion of H2S. Assuming crster with H2S at 6 q/1 entered 
the  surf  zone and ws uniformly mixed with water sa tu ra ted  with oxygen 
a t  25O C,  t h e  concentrat ion of H2S at  12 b u r s  m u l d  be only 0.38 
q/l. It m u l d  f a l l  t o  only 0.02 q/l. at  24 hours, and w u l d  be essen- 
t i a l l y  0 by 48 hours. This suggests  t h a t  f o r  a s i n g l e  event  intrcduc- 
ing H S i n t o  its e n v i r o m n t ,  i f  P. lapidosa can survive  expo- 
sure $ H S f o r  24 hours, then r n i z m l  damge should subsequently 
cccur. T& results of the s u l f i d e  exposure experirrents after 24 hrs 
suggest no s i g n i f i c a n t l y  increased m;tality - P. lapidosa  cccurr- 
d in t h i s  t k  fram.  

Decreased temperature w u l d  decrease t h e  decatposi t ion  rate of 
s u l f i d e s .  Using t h e  rate constant  g i w n  by Richards (1965) f o r  6.5' 
C., an i n i t i a l  concentrat ion of 6 r q / l  m u l d  leave 2.8, 1.3, and 0.28 
q/l at  12, 24 and 48 hours, respect ively .  This could p o t e n t i a l l y  
increase  t h e  m r t a l i t y  of P. lapidosa,  although t h e  r o l e  of temper- 
a t u r e  i n  influencing mrtaEtY i n  response to s u l f i d e  exposures is not  
ccnple te ly  known. T k e d e  et al. (1969) found t h a t  i so la ted  invertebr-  
ate t i s s u e  survived d i n e d  s u l f i d e  exposure and oxygen def ic iency 
better a t  colder  temperatures. 

Sediment Analysis 

T k  s e d M t a r y  c h a r a c t e r i s t i c s  of wrm tubes of the family 
Sabe l l a r i idae  ha= been previously examined f o r  S a b e l l a r i a  
vu lqa r i s  by R e s  (19761, f o r  Phragmatopcnna c a l i f o r n i c a  by Scholl  
(19581, and f o r  Phragmtopoma lapidosa  by K i r t l e y  (1966 1, Multer & 
M i l l i m n  (19671, and G r a m  (1968). Sedimentary analyses i n  the  present  
s tudy genera l ly  confirm t h e  conclusions of these previous s tud ies .  
P. lapidosa  tends  t o  remove t h e  r e l a t i v e l y  f i n e r  sands from t h e  - 
beach s e d k t s  as indicated by Multer & M i l l i m  ( 1967 1 and Gram 
(1968). I n  all samples except that from t h e  Jupiter I n l e t  area, 
concentrat ion of sediments m l l e r  than 0.0625 mn ws indicated.  T k  
J u p i t e r  I n l e t  beach had the  f i n e s t  sediments of a l l  sites sampled. 
However, f o r  t h e  e n t i r e  sediment d i s t r i t u t i o n ,  rrean g ra in  s i z e  f o r  
mrm reef crss g r e a t e r  than t h a t  f o r  beach sand at t h r e e  loca t ions  and 
less than t h a t  f o r  beach sand at  t h r e e  locat ions .  This p a t t e r n  
r e f l e c t s  t h e  tendency of P. lapidosa  to u t i l i z e  a l imi ted  s i z e  
range of sand g r a i n s  f o r  i t s  tubes. Multer & Milliman ( 1967 1 found 
t h i s  s i z e  range to  be m i n l y  between 0.5 and 0.125 mn, which was 
c o n f i r m d  in t h e  p resen t  broader survey of sites i n  southeas t  Florida.  
Multer & M i l l i m n  (1967) suggest t h e  concentrat ion of p a r t i c l e s  
m l l e r  than 0.0625 mn is due t o  t h e  use  of these  particles as mrtar 
be twen  l a r g e r  sand g r a i n s .  T k  present  s tudy a l s o  found t h a t  wrms 
tend t o  concentrate Cam i n  t h e  form of s h e l l  f r a g m n t s  i n  t h e i r  
tubes as kas found by Mu?ter & M i l l i m n  (1967 and Gram (1968 1. 

The suggestion of Gram (1968) t h a t  removal of f i n e r  sediments by 
P. lapidosa r e s u l t s  i n  an improved so r t ing  of beach s e d i m n t s  is - 
not supported by t h e  present  da ta .  Of  seven sanple mcas ions ,  beach 
s e d i m n t  ms b e t t e r  so r ted  in 3 cases, less wll- sor ted  in  3 cases, 



and equal in  s o r t i n g  i n  me case. Examination of t h e  d a t a  of Multer & 
Mill imn (1967) a l s o  f a i l s  t o  support Gram's proposal as a genera l  
case. 

Life  History 

F ie ld  s t u d i e s  of the  s a b e l l a r i i d  Phraqmatopana c a l i f o r n i c a  
(Taylor & L i t t l e r ,  1982; L i t t l e r  et al., 1983) have suqqested t h a t  
t h i s  species has an oppor tunis t ic  l i f e  h i s t o r y  strate$: T h i s  conclu- 
s ion is based on t h e  continuous occurrence of v iab le  gametes and t h e  
continuous presence of larvae  i n  t h e  plankton vhich a l low it to rapid- 
l y  colonize  space m d e  ava i l ab le  by unpredictable disturbances.  I n  
con t ras t  t o  m n y  cppor tun i s t i c  species, P. c a l i f o r n i c a  can resist 
invasion by other  species  and persist i n  areas of low disturbance.  In  
areas receiving per iodic  stress ( s a n d - h r i a l ) ,  P. c a l i f o r n i c a  can 
e s t a b l i s h  colonies ,  bu t  mor ta l i ty  from t h e  stress prevents pe r s i s t ence  

- - 
of t h e  colonies .  

Ecklebarger (1976) has shown t h a t  - P. lapidosa  a l s o  c a r r y  sex 
products durinq all m n t h s  of t h e  year, although a c t u a l  presence of 
larvae i n  the  plankton and l a r v a l  s e t t l a n t  occurred i n  cnly a few 
m n t h s  of t h e  year. Ecklebarger (1976) concluded t h a t  spawning could 
be a year-round event. Larval d e v e l q x m t a l  c h a r a c t e r i s t i c s  of - P. 
lapidosa are very similar to those  of P. c a l i f o r n i c a  
(Ecklebarger , 1977 1. Ecklebarger ( 1 9 7 q  a l s o  notes the s u s c e p t i b i l i t y  
of P. lapidosa colonies  to temperature stress h i c h  resu l t ed  in a 
die%£ of i n t e r t i d a l  colonies  i n  t h e  Seninole S to res ,  F lor ida  area. 
Clbservation of P. lapidosa  colonies  i n  inshore areas near Ocean 
Ridge, Flor ida  found the  mrm colonies  to be p a t c h i l y  distrihted, 
with an average l i f e  span of t h r e e  m n t h s ,  due t o  sand m m t  (T. J. 
Canpbell, A. V. Strock & Assm., pers. c m . ) .  

T k  s i m i l a r i t i e s  be twen  P. c a l i f o r n i c a  and P. lapidosa 
are suggest ive that the later -wies m y  a l s o  bey b a s i c a l l y  opportun- 
istic species &ich can p e r s i s t  f o r  considerable periods i n  benign hab- 
i t a t s  but  which m y  be f requent ly  r~Jnved in mre physica l ly  va r iab le  
areas by na tu ra l  causes,  p a r t i c u l a r l y  temperature stress and b u r i a l  by 
sand. 



T k  r e s u l t s  of experiments desiqned t o  test t h e  to le rance  of  
Phragmtcpam lapidosa- . to stresses &ich miqht r e s u l t  from beach 
nourishmn t are s u m r  iz& b l o w .  

1) Phraqmatopam lapidosa appears t o l e r a n t  of very hiqh 
silt loads and can t o l e r a t e  silt l e v e l s  100 tirrres n a t u r a l  
l e v e l s  f o r  a t  least four days without increased m r t a l i t y .  

2 )  Phraqmatopoma lapidosa  can t o l e r a t e  k r i a l  by 
s e d i m n t  f o r  only 24 h r s  at s u m r  temperatures. This 
species my tolerate turial f o r  a t  l e a s t  72 h r s  a t  coo le r  
winter  temperatures. 

3 Buria l  with f i n e r  s e d i m n t s  r e s u l t s  i n  s i g n i f i c a n t l y  
increased m o r t a l i t y  as compared with coarser s ~ i ~ n t s ,  
presumbly  due to t h e  decreased poros i ty  of t h e  f i n e  
sediments which limits oxygen t r anspor t  through pore water. 

4 )  P h r a p t a p a n a  lapidosa  does not appear p a r t i c u l a r l y  
wl l  adapted t o  surviving turial, txlt m y  ins tead  use an  
oppor tun i s t i c  l a r v a l  s t r a t e g y  which allows recoloniza t ion  of 
areas which have been lxried and re-exposed. 

5 )  Phragnntcpcnm lapidosa appears able to tolerate 
exposure to s u l f i d e s  f o r  24 hrs a t  l e v e l s  l i k e l y  to be 
re leased in a s i n g l e  exposure event .  R-ated exposure 
which r e s u l t s  in continuous exposure to s u l f i d e s  a t  l e v e l s  
i n  the q/l range m y  r e s u l t  in considerable m r t a l i t y .  

6 )  Phraqmatqam lapidosa  does not  appear p a r t i c u l a r l y  
s e n s i t i v e  to  t h e  g r a i n  s i z e  conposi t ion of beach sediments 
s ince  it m c u r s  ad jacen t  to teaches  with a wide range of 
rean g r a i n  s i z e s .  The m r m ' s  a b i l i t y  to select the  g ra in  
s i z e s  kith it requ i rzs ,  p r i m r i l y  i n  the range 0.5 - 0.125 
mn, which is a range p resen t  on mt beaches, m u l d  a l l c ~ w  it 
to =cur i n  mst sandy areas where bard s u b s t r a t e  f o r  a t tach-  
m n t  a l s o  c c u r s .  



RECOMMENDATIONS 

1) Use of reducing sedimmts containing H2S as beach f i l l  
mterial should be avoided. Oxidation of su l f ides  is rapid 
in oxygenated witer, kut continucus sedirrrent prrping q e r a -  
t i ons  might r e su l t  i n  exposure to su l f ides  beyond the toler- 
ance of the  animals. 

2 )  F i l l  placement m u l d  be preferable during cool wter 
periods because of the  increased p r i o d  of ti= t h a t  bur ia l  
could be survived. 

3 )  T k  presence of f i ne  s e d b n t s  in  beach f i l l  h i c h  m y  
r e su l t  i n  s i l t a t i o n  does not appear t o  be of mjor concern 
with regard to Phragmtapama lapidosa, as long as the 
silt  does not canpletely d r y  the organisms. It should ix 
recognised tha t  other organisms associated with beach rock 
outcrops hose tolerances have not been determined m y  be 
less to le ran t  of suspended silt. 

4 )  I n  areas s l a t ed  fo r  beach n o u r i s h n t ,  rrapping of in te r -  
t i d a l  and subt idal  rock outcrops and e s t i m t i o n  of percent 
coverage of P h r a p t m  lapidosa should be car r ied  c u t  
p r ior  t o  beach n o u r i s h t .  Presence of beach rock ar other 
hard substra te  is necessary fo r  e s t ab l i shmnt  of mrm 
colonies, bt is not evidence t h a t  wrm colonies are indeed 
present. Given the probable l i f e  his tory pat tern of P. 
lapidosa, mt colonies m y  be ephereral, and the 
of s ign i f ican t  coverage should be ver i f ied  before nourish- 
mt projects  are redesigned or denied kecause of spec i f ic  
coricerns m r  mnn reef .  In  mny  cases, the outcroppings 
~ i c h  are close inshore m y  be frequently kuried by sand 
natural ly  and m y  support m l y  temporary camrmnities of 
organisms. 

5) While it appears tha t  Phraqrmtqmm lapidosa adul t s  
m y  he able to tolerate to a degree sane of the stresses 
associated with beach nourishrrrent, addi t ional  information on 
the species m u l d  be highly beneficial .  C m f i m t i o n  of the  
presurred cpportunistic s t ra tegy  of P. lapidosa is need- 
ed. More extensive observations of-e seasonali ty of lar- 
val presence in the plankton and of larval settlement are 
desirable.  Evaluation of the tolerances of larvae and newly 
s e t t l e d  individuals t o  beach nourishnent stresses m u l d  
allow determination of *ether e f f ec t s  m larvae present a 
poten t ia l  problem. 

6 ) It rmt be remabred tha t  although Phraqmatqxfna lapidosa 
m y  to l e ra t e  the stresses of beach n o u r i s h n t  to sane degree, 
the  diverse group of organisms associated with wnn reef my be 
mre sensi t ive .  N o  da ta  f o r  the  tolerances of these associated 
organism is now available.  Also, even &ere Phraqmtapoma 
lapidosa is absent, there is often -extensive hard bottan 
c m i t y  whose c a n p s i t i o n ,  ecology, and tolerance to stress is 



virtually unknown. A cautious approach is advisable until these 
data gaps are filled. 
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