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I . INTRODUCTION

Several environmental studies have been completed within the last f ive

years  of fshore  of  the  greater  Tampa Bay,  F lor ida  area  in  the  Gul f  o f  Mexico.

S o m e  o f  t h e s e  s t u d i e s  h a v e  b e e n  s t r i c t l y  q u a l i t a t i v e  w i t h  r e g a r d  t o  b e n t h i c

a n i m a l  c o m m u n i t i e s  ( R i c e ,  e t  a l . ,  1 9 8 1 ;  E P A ,  1 9 8 1 ;  C C I ,  1 9 8 2 ) ,  w h i l e  o t h e r s

have inc luded quant i ta t ive  measurements  ( IEC,  1980;  Tay lor ,  1979 ,  1982;  JRB

Associates ,  1982;  Mahadevan,  1982) .  Most  of  the  quant i ta t ive  faunal  surveys

c o n d u c t e d  i n  t h e  G u l f  o f  M e x i c o  h a v e  e m p l o y e d  a  b o x  c o r e r  a s  a  s a m p l i n g

d e v i c e :  f e w e r  s t u d i e s  u t i l i z e d  a  d i v e r - o p e r a t e d  h a n d  c o r i n g  d e v i c e .  I n  n o

case (except  Mahadevan,  1982)  have the  species  saturat ion  character is t ics  of

the sampling methodologies been reported for the studies l isted above.

I n  m o s t  a l l  c o n t e m p o r a r y  b e n t h i c  f a u n a l  s u r v e y s ,  i t  i s  d e s i r a b l e  t o

assess the  adequacy of  sampl ing design and number  of  rep l icate  samples  by

construction of a standard species saturation curve for each stat ion sampled

( G l e a s o n ,  1 9 2 2 ;  H o l m e ,  1 9 5 3 ;  G a u f i n  e t  a l . ,  1 9 5 6 ;  D a u e r  e t  a l . ,  1 9 7 9 ) .  T h i s

process consists of plotting the cumulative number of species encountered with

t h e  a d d i t i o n  o f  e a c h  r e p l i c a t e  s a m p l e  s e l e c t e d  a t  r a n d o m .  T h e  r e s u l t  i s  a

curve depicting the relationship between number of replicate samples obtained

a n d  t o t a l  n u m b e r  o f  s p e c i e s  i d e n t i f i e d .  T y p i c a l l y ,  t h i s  c u r v e  r i s e s  s h a r p l y

wi th  the  f i rs t  severa l  rep l icates  analyzed,  and then begins  to  f la t ten  as  more

and more  repl icates  are  added.  An example  of  th is  process is  presented by

Dauer et  al. ,  1979. When the plotted curve becomes asymptotic,  any additional

r e p l i c a t e s  b e y o n d  t h a t  p o i n t  w i l l  a d d  f e w  n e w  s p e c i e s  t o  t h e  c u m u l a t i v e

species  l is t .  I t  is  essent ia l  to  understand the  re la t ionship  between number  of

repl icates  col lected and descr ipt ive  communi ty  parameters ,  inc luding species
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s a t u r a t i o n  c h a r a c t e r i s t i c s  f o r  e a c h  s t a t i o n  s a m p l e d ,  s i n c e  a l l  s u b s e q u e n t

faunal comparisons are based upon the assumption that each station has been

adequately sampled.

Surveys of  benth ic  communi t ies  in  the  Gul f  o f  Mexico a t  water  depths

beyond the reach of SCUBA divers can best be accomplished by use of a box

corer .  However ,  for  purposes of  impact  assessment  where  speci f ic  s ta t ions

must be sampled and resampled through time, a box corer is not the preferred

i n s t r u m e n t ,  i f  w a t e r  d e p t h s  a l l o w  f o r  d i v e r  o p e r a t i o n s .  S m a l l  s c a l e

variations in benthic habitat characteristics can have a large impact upon the

type of  organisms present .  D iver  co l lected samples  can avoid  many problems

which cannot be controlled when using remote sampling devices.

B e n t h i c  c o m m u n i t i e s  i n  t h e  G u l f  o f  M e x i c o  c a n  p r o v i d e  s e n s i t i v e

i n d i c a t i o n s  o f  p h y s i c a l  a n d  b i o l o g i c a l  p e r t u r b a t i o n s  i n  t h e  h a b i t a t .  T h e s e

communities have been repeatedly used to gauge the impact of dredged material

d isposal  (H i rsch,  D iSalvo and Peddicord ,  1978;  Tay lor ,  1979 ,  1982) .  Changes

in  the  densi ty  of  species ,  the  composi t ion of  benth ic  communi t ies ,  and the

diversity of species assemblages can reveal signif icant information concerning

spatial  and temporal effects of dredged material  disposal.

The success of a benthic sampling program aimed at impact assessment

depends upon use of a well-documented procedure for obtaining samples, and a

method for determining that the community has been sampled in a representative

m a n n e r  w i t h  r e g a r d  t o  d i v e r s i t y  a n d  d e n s i t y .  T h e  p r e s e n t  s t u d i e s  w e r e

undertaken to provide basic information on the relationship between the number

o f  r e p l i c a t e  s a m p l e s  c o l l e c t e d  b y  d i v e r s ,  a n d  t h e  s t a n d a r d  e c o l o g i c a l

parameters used when comparing spatial  or temporal differences among benthic

i n f a u n a l  c o m m u n i t i e s .  F i f t e e n  r e p l i c a t e  s a m p l e s  o f  b e n t h i c  i n f a u n a  w e r e
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col lected by  d ivers  a t  each of  two locat ions wi th in  Ocean Dredged Mater ia l

D i s p o s a l  S i t e  4 ,  w h i c h  h a s  b e e n  d e s i g n a t e d  b y  t h e  U . S .  E n v i r o n m e n t a l

Protect ion Agency as  the  d isposal  area  for  mater ia l  removed f rom the  Tampa

H a r b o r  P r o j e c t .  T h e s e  s a m p l e s  w e r e  p r o g r e s s i v e l y  a n a l y z e d  i n  o r d e r  t o

ident i fy  the  lowest  number  of  rep l icates  that  would  need to  be  co l lected and

a n a l y z e d  t o  p r o v i d e  s u f f i c i e n t  c o m m u n i t y  c h a r a c t e r i z a t i o n  f o r  s p a t i a l  a n d

temporal comparisons.

II. METHODS

A. Field Samplinq

Benthic samples were collected on May 11, 1984 from two stations within

Site 4 (Figure 1).  The two stations sampled roughly corresponded to Stations

28 and 30 from the EPA survey of May 1982, reported in JRB Associates (1982).

The coordinates of these stations were 27°31.5’  N, 83°04.9’W, and

27°30.5 ’N,  83°03 .8 ’  W.

divergent,  compared to al l  the stations sampled within Site 4.

Station 28 and 30 were selected based upon an indication in the JRB Associates

(1982)  repor t  that  sed iment  character is t ics  a t  these  two s ta t ions  were  most

natura l  var iabi l i ty  which might  be  expected in  benth ic  in faunal  communi t ies .

T w o  s a m p l i n g  s t a t i o n s  w e r e  v i s i t e d  i n  o r d e r  t o  a s s e s s  t h e  d e g r e e  o f

Samples  for  in faunal  analys is  were  col lected wi th  s ta in less  s tee l  p lug

corers (dimensions: 12.5cm x 12.5cm x 23cm, with a surface area of 0.016m3)

that were f i t ted with handles and a screen mesh (0.5mm) top to prevent loss of

organisms. This coring device was used by SCUBA divers to collect samples and

is  p ic tured in  F igure  2 .  Tay lor  (1982)  used a  s imi lar  cor ing device  to  sample

benth ic  in fauna at  two ocean dredged mater ia l  d isposal  s i tes  in  the  Gul f  o f

Mexico.
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Figure 1. Location of Dump Site and the two
benthic stations sampled for this study.



Figure 2 Sieve and Plug Sampler used for Quantitative Benthic Studies.



Fifteen core samples were collected from each of the two stations. The

sampl ing device  was pushed in to  the  substra tum to  a  depth  of  approximate ly

15cm, and removed so that the diver’s hand covered the bottom of the device.

The core  was then p laced in to  a  labe led c loth  bag and re turned to  the  sh ip .

O n  b o a r d ,  t h e  s a m p l e s  w e r e  e m p t i e d  a n d  r i n s e d  i n t o  t h e  c l o t h  b a g s ,  t i e d

s e c u r e l y ,  a n d  p l a c e d  i n t o  a  c o n t a i n e r  o f  1 0 % ,  M g C l 2  s o l u t i o n  f o r

n a r c o t i z a t i o n  o f  e n c l o s e d  a n i m a l s .  F o l l o w i n g  o n e  h o u r  i n  t h e  M g C l 2

solution, samples were washed through a 0.5mm sieve (Figure 2), and fixed with

10% formalin in seawater with rose bengal stain added. The material  remaining

on the sieve was washed into label led jars for storage.

In  the  laboratory ,  faunal  samples  were  decanted in to  l ight  and heavy

f r a c t i o n s  a n d  p r e s e r v e d  i n  7 0 %  i s o p r o p y l  a l c o h o l .  T h e  l i g h t  f r a c t i o n

contained the majority of the fauna, which were sorted into major taxa using a

Unitron ZSB Stereozoom dissection microscope. The heavy fraction, containing

p r i m a r i l y  m o l l u s c s  a n d  l a r g e r  a n i m a l s ,  w a s  s o r t e d  b y  h a n d  i n  w h i t e  e n a m e l

pans.

Taxonomic  ident i f icat ion of  species  were  accompl ished through use of

d e s c r i p t i v e  l i t e r a t u r e ,  i n v e r t e b r a t e  a r c h i v e  c o l l e c t i o n s ,  a n d  c o n s u l t a t i o n

with taxonomic experts outside the laboratory.

B. Data Analysis

O f  t h e  1 5  r e p l i c a t e  s a m p l e s  c o l l e c t e d  a t  t h e  t w o  s i t e s  ( 3 0  s a m p l e s

t o t a l ) ,  s e v e n  r e p l i c a t e s  f r o m  e a c h  s i t e  ( 1 4  s a m p l e s  t o t a l )  w e r e  i n i t i a l l y

s o r t e d ,  e n u m e r a t e d ,  i d e n t i f i e d ,  a n d  n u m e r i c a l l y  a n a l y z e d .  T h e s e  f i r s t  s e v e n

repl icates  (chosen at  random)  were  used to  ca lcu la te  faunal  densi ty ,  spec ies

d i v e r s i t y ,  s p e c i e s  r i c h n e s s ,  e q u i t a b i l i t y ,  a n d  d e g r e e  o f  s p e c i e s  s a t u r a t i o n .
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T h e s e  d a t a  i n d i c a t e d  t h a t  s e v e n  r e p l i c a t e  s a m p l e s  w e r e  n o t  a d e q u a t e  t o

d e s c r i b e  t h e  f a u n a l  c o m m u n i t y .  T h e  n e x t  t h r e e  r e p l i c a t e s  f r o m  e a c h  s i t e  ( 6

samples)  were  then analyzed and reevaluated in  combinat ion wi th  the  in i t ia l

s e v e n  r e p l i c a t e s .  T h e  s a m e  p a r a m e t e r s  a s  a b o v e  w e r e  r e c a l c u l a t e d  a n d

evaluated for adequacy.

E v a l u a t i o n  o f  t h e  c i t e d  p a r a m e t e r s  i n  t h i s  s t a g e d  a p p r o a c h  i n v o l v e d

quant i ta t ive  est imates  of  species  saturat ion ,  (as  out l ined above)  coupled wi th

q u a l i t a t i v e  a n a l y s i s  o f  c h a n g e s  i n  s p e c i e s  d i v e r s i t y ,  r i c h n e s s ,  a n d

e q u i t a b i l i t y  w i t h  e a c h  a n a l y z e d  r e p l i c a t e .  T h i s  a p p r o a c h  p r o v i d e s  t h e  b e s t

estimate possible for designing an optimal sampling strategy for the disposal

s i t e .

1. Species Saturation Curves

Because of  the  random method of  obta in ing and label ing bot tom core

s a m p l e s  ( i . e . ,  d i v e r s  c a n n o t  r e c o g n i z e  f a u n a l l y  d e p a u p e r a t e  o r  a b u n d a n t

a r e a s ) ,  t h e r e  i s  n o  r e a l  n e e d  f o r  a d d i t i o n a l  r a n d o m i z a t i o n  o f  r e p l i c a t e s  f o r

determinat ion of  species  saturat ion curves.  However ,  cer ta in  combinat ions of

r e p l i c a t e  o r d e r  w i l l  c h a n g e  t h e  c o n f i g u r a t i o n  o f  t h e  s p e c i e s  s a t u r a t i o n

c u r v e s .  T h e r e f o r e ,  e a c h  p l o t t e d  c u r v e  r e p r e s e n t s  t h e  m e a n  o f  t w o  r e p l i c a t e

c o m b i n a t i o n  o r d e r s  a s  f o l l o w s :  1 )  r e p l i c a t e s  1 - 1 0 ;  2 )  r e p l i c a t e s  1 0 - 1 .  T h e

i d e a l  s p e c i e s  s a t u r a t i o n  c u r v e  w o u l d  b e  t h e  a v e r a g e  o r  m e a n  c u r v e  o f  a l l

possible replicate orders, which would be “x factorial” combinations, where x

equals the number of replicates. The total number of possible combinations or

c u r v e s  f o r  1 0  r e p l i c a t e s  i s  3 . 6  x  1 0 6 .  W e  h a v e  f o u n d  t h a t  a  m e a n  c u r v e

u s i n g  t w o  r e p l i c a t e  c o m b i n a t i o n s  s i g n i f i c a n t l y  r e d u c e s  t h e  b i a s  o f  a  s i n g l e

curve, yet is not nearly as t ime-consuming to construct as the “ideal” curve.
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There  are  no universa l ly  accepted s tandards of  sampl ing adequacy for

the marine benthos. The species area criterion has been discussed by various

authors  (Gleason,  1922;  Holme,  1953;  Urs in ,  1960;  Wi l l iams,  1964;  and Holme

a n d  M c I n t y r e ,  1 9 7 1 )  b u t  a  u n i v e r s a l  s t a n d a r d  o f  “ s a t u r a t i o n ”  h a s  n o t  b e e n

e s t a b l i s h e d .  T h i s  i s  p a r t i a l l y  d u e  t o  t h e  f a c t  t h a t  t h e  n u m b e r  o f  s a m p l e s

r e q u i r e d  t o  “ a d e q u a t e l y ”  s a m p l e  a n  a r e a  d e p e n d s  o n  t h e  v a r i a b i l i t y  o f  t h e

i n d i v i d u a l  o b s e r v a t i o n s ,  w h i c h  i n  t u r n  i s  d e p e n d e n t  o n  t h e  s i z e  o r  s c a l e  o f

the  indiv idual  “stat ion” .  A  “ large”  s ta t ion would  require  a  greater  number  of

samples than a “small” station, presumably because the “large” station would

encompass a greater number of micro-habitats,  and therefore a greater number

of  species .  The s ta t ions sampled for  th is  s tudy appeared to  have re la t ive ly

homogeneous surface sediments, although the question of habitat size was not

d i r e c t l y  a d d r e s s e d .  H a b i t a t  p a t c h  s i z e s  a r e  k n o w n  t o  b e  q u i t e  v a r i a b l e  f o r

the west Florida continental shelf  (Gould and Stewart,  1955; Doyle and Sparks,

1980; Culter and Mahadevan, 1984, in prep.) .

R e c e n t  d e v e l o p m e n t s  i n  c o m m u n i t y  e c o l o g y  h a v e  p r o v i d e d  p o w e r f u l

analy t ica l  too ls  for  eva luat ion of  d i f ferences between b iot ic  assemblages and

changes within a community over t ime. Through careful review and application,

we have chosen the following parameters as the most rel iable and realistically

interpretable for benthic community ecology in the Gulf of Mexico.

2 .  Species  Divers i ty

M e n z i e s ,  G e o r g e ,  a n d  R o w e  ( 1 9 7 3 )  d e f i n e  d i v e r s i t y  a s  a  c o n c e p t  i n

c o m m u n i t y  e c o l o g y  w h i c h  r e f e r s  t o  t h e  h e t e r o g e n e i t y  ( o r  l a c k  o f  i t )  i n  a

community or assemblage of organisms. Thus, diversity is dependent upon the

n u m b e r  o f  s p e c i e s  p r e s e n t  ( S p e c i e s  r i c h n e s s ,  S )  a n d  t h e  d i s t r i b u t i o n  o f

indiv iduals  among species  (Equi tabi l i ty  or  Evenness) .  A  second def in i t ion of

8



d i v e r s i t y  i s  s i m p l y  t h e  n u m b e r  o f  s p e c i e s  f o u n d  i n  a  u n i t  a r e a  ( W h i t t a k e r ,

1 9 7 2 ) .  H o w e v e r ,  i n d i c e s  t o  m e a s u r e  d i v e r s i t y ,  s p e c i e s  r i c h n e s s ,  a n d

equi tab i l i ty  are  so  numerous that  confusion is  rampant  (Reviews in  Hai rs ton,

1964; Sanders, 1968; Hurlbert,  1971; Whittaker,  1972; Fager,  1972; Peet,  1974;

Pie lou,  1975;  Smith  e t  a l . ,  1979) .  Th is  pro l i ferat ion of  ind ices  has prompted

Hurlbert (1971) and Peet (1975) to recommend discarding diversity as a measure

i n  e c o l o g i c a l  s t u d i e s .  H o w e v e r ,  p l a c e d  i n  t h e  p r o p e r  p e r s p e c t i v e ,  d i v e r s i t y

indices have been shown to be useful in ‘bio-environmental” studies (Boesch,

1972;  Borowi tzka ,  1972;  Swar tz ,  1972;  Pearson,  1975;  Swar tz ,  1978) .  In  th is

s t u d y  t h e  f i n a l  d a t a  a n a l y s i s  w a s  r e s t r i c t e d  t o  t h e  m o s t  c o m m o n l y  u s e d

diversity measure: the Shannon-Weaver index.

The Shannon-Weaver  index of  d ivers i ty  (Shannon and Weaver ,  1963)  is

based upon ‘ information’ techniques, where diversity is equated to the amount

of  uncer ta inty  which ex is ts  in  the  species  ident i ty  o f  an  ind iv idual  se lected

a t  r a n d o m  f r o m  a  c o m m u n i t y .  T h e  m o r e  s p e c i e s  a n d  t h e  m o r e  e v e n  t h e i r

representat ion,  the  greater  the  uncer ta inty  of  each indiv idual ’s  ident i ty  and

h e n c e ,  t h e  g r e a t e r  t h e  d i v e r s i t y .  T h e  c o m p u t a t i o n a l  f o r m u l a  f o r  S h a n n o n ’ s

index is:

where C = 2.3026 (for units of “nats”),  N = total  number of individuals,  and

n 1  = number  of  indiv iduals  in  the  i  th  species .  L loyd e t  a l .  (1968)  have

presented the functions nlog1 0n for al l  integers from n = 1 to n = 1050 to

simplify the use of Shannon’s index.



3. Species Richness

Species richness was estimated as the Margalef’s index and as the total

number of species (S) collected per station.

a )  M a r g a l e f ’ s  I n d e x  ( M a r g a l e f ,  1 9 5 8 )

Margalef’s index of species richness was computed as follows:

w h e r e  S  i s  t h e  n u m b e r  o f  s p e c i e s  i n  t h e  s a m p l e ,  a n d  N  t h e  t o t a l  n u m b e r  o f

organisms.

b) Number of Species/Station

The tota l  number  of  spec ies  found at  each s ta t ion  for  each rep l icate

and u l t imate ly ,  for  a l l  repl icates  combined.

4 .  E q u i t a b i l i t y

E q u i t a b i l i t y  w a s  c o m p u t e d  b y  P i e l o u ’ s  ( P i e l o u ,  1 9 6 6 )  c o n v e n t i o n a l

method. The computational formula is:

J ’  ( P i e l o u ’ s  i n d e x )  =  H ’ / l o g e S

Equi tabi l i ty  is  a  measure  of  the  evenness of  d is t r ibut ion of  the  tota l

fauna found over the enumerated taxa. Values can theoretically range from 0.0

t o  1 . 0 0 ,  w h e r e  a  h i g h  v a l u e  i n d i c a t e s  a n  e v e n  d i s t r i b u t i o n ,  a n d  a  l o w  v a l u e

indicates an uneven distribution or dominance by a few taxa.

5. Faunal Density

F a u n a l  d e n s i t y  i s  a n  e s t i m a t e  o f  o r g a n i s m  a b u n d a n c e  a n d  i s

convent ional ly  expressed as  numbers  of  organisms per  uni t  sur face  area .  For

t h i s  s t u d y ,  f a u n a l  d e n s i t y  w a s  c a l c u l a t e d  a s  f o l l o w s :  F D  =  N / A ,  w h e r e  N

e q u a l s  t h e  n u m b e r  o f  o r g a n i s m s  f r o m  o n e  r e p l i c a t e  o r  a  c o m b i n a t i o n  o f

repl icates ,  and A equals  the  sur face area  of  one sample  or  a  combinat ion of

samples. The surface area of the core used for computation was 0.0156m2 .

10



I I I . RESULTS

A) Species Saturation Curves

Resul ts  of  the  species  saturat ion analys is  are  graphica l ly  presented in

F i g u r e  3 .  B o t h  s t a t i o n s  e x h i b i t e d  s i m i l a r  t r e n d s  f o r  s p e c i e s  s a t u r a t i o n .

Each station appears to be nearing the asymptote of the curve with relatively

few new species being added between replicates 9 and 10 (3.1% for Station 28

and 4 .5% for  Stat ion 30) .  A l though there  are  no genera l ly  accepted points  of

a c c e p t a b i l i t y  f o r  s a t u r a t i o n ,  t h e  a u t h o r s  h a v e  f o u n d  f r o m  p a s t  s t u d i e s  t h a t

v a l u e s  n o t  e x c e e d i n g  1 0 %  ( i n c r e a s e  i n  s p e c i e s  n u m b e r s  b e t w e e n  l a s t  t w o

repl icates)  are  adequate  for  benth ic  surveys.  Species  added beyond th is  l imi t

a r e  g e n e r a l l y  c o n s i d e r e d  “ r a r e ”  a n d  s e l d o m  o f f e r  a d d i t i o n a l  c r i t i c a l

in format ion.  In  margina l  cases,  i t  may be necessary  to  take  other  in format ion

into account in order to determine the total number of replicates needed. For

example ,  the  percentage increases  between rep l icates  6  and 7  were  7 .8  and

9.4%, levels of increase which might be considered only marginally acceptable

and graphically not appearing to have reached the asymptote. Such “marginal”

r e p l i c a t i o n could become inadequate during another season as species numbers

and concentrat ions change.  In contrast ,  the  ten  repl icate  sampl ing leaves a

w i d e  m a r g i n  o f  a c c e p t a b i l i t y  n o t  l i k e l y  t o  b e  s i g n i f i c a n t l y  c h a n g e d  b y

seasonal i ty .

B) Species Richness

A tota l  o f  244  taxa  were  ident i f ied  f rom 5881 organisms col lected for

t h i s  s t u d y .  F o r  S t a t i o n  2 8 ,  1 8 0  t a x a  w e r e  i d e n t i f i e d ,  w i t h  1 6 4  f o r  S t a t i o n

30 .  The number  of  taxa  ident i f ied  for  each rep l icate  are  presented in  Tables

1  and 2 .  Va lues  ranged f rom 49  to  71  taxa  for  Sta t ion  28 ,  and f rom 35  to  68

11



Figure 3. Species saturation curves for two benthic stations of the nearshore
Gulf of Mexico. Percentages in brackets indicate the relative
increase between replicates nine and ten.
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Table 1. Values for species richness and faunal density for Station 28 on a per
repl icate  basis .

Species Richness
Margalef’s Margalef’s Faunal Density #/m2

Replicate #Taxa w/Nematoda w/oNematoda w/Nematoda w/o Nematoda

1 68 10.55 11.39 36603 23013

2 52 9.33 9 .99 15192 10577

3 52 9 .30 10.34 15449 8910

4 62 10.39 11.42 22692 13397

5 71 11.13 12.17 37756 20192

6 55 9.60 10.32 17756 11987

7 56 9.02 10.47 28526 12244

8 49 8 .58 9.21 17244 11731

9 67 11.45 12.35 20449 13397

10 53 9 .15 9 .69 18782 13718

Mean x 5 8 . 5  9 . 8 5 10.74 23045 13917

Standard
Deviation
S 7 . 8  0 . 9 6 1.05 8408 4349
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Table 2. Values for species richness and faunal density for Station 30 on a per
repl icate  basis .

Species Richness
Margalef’s Margalef’s Faunal Density #/m2

Replicate #Taxa w/Nematoda w/oNematoda w/Nematoda w/o Nematoda

1 68 1 0 . 8 5 1 1 . 5 6 30769 21090

2 37 7 . 4 7 8 . 0 4 7949 5641

3 43 8 . 0 7 9 . 1 8 11667 6218

4 37 8 . 3 6 8 . 6 2 4744 4167

5 61 9 . 8 6 10.41 28077 20449

6 38 7 . 3 6 8 . 2 8 9477 5577

7 35 6 . 4 2 7 . 1 4 12821 7500

8 37 6 . 7 4 7 . 9 8 13333 5833

9 43 8 . 1 1 9 . 5 8 11410 5128

10 51 8 . 9 9 9 . 8 6 16667 10192

Mean x 4 5 . 0  8 . 2 2 9 . 0 7 14718 9180

S t a n d a r d
D e v i a t i o n
S 1 1 . 4  1 . 3 7 1 . 3 2 8404 6322
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t a x a  f o r  S t a t i o n  3 0 .  S t a t i o n  2 8  e x h i b i t e d  a  g r e a t e r  m e a n  v a l u e  o f  t a x a  p e r

repl icate ,  a long wi th  a  lower  s tandard devia t ion.  Cumulat ive  species  r ichness

i s  p r e s e n t e d  i n  t h e  s p e c i e s  s a t u r a t i o n  c u r v e s  ( F i g u r e  3 )  a n d  w i l l  n o t  b e

discussed further here.

M a r g a l e f ’ s  i n d e x  o f  s p e c i e s  r i c h n e s s  w a s  a l s o  c a l c u l a t e d ,  a n d  t h e

v a l u e s  f o r  e a c h  r e p l i c a t e  a r e  p r e s e n t e d  i n  T a b l e s  1  a n d  2 .  F o r  S t a t i o n  2 8 ,

values ranged from 9.02 to 11.45; Station 30 values ranged from 6.42 to 10.85.

Because this index takes into consideration the number of organisms (N) found,

as  wel l  as  the  number  of  spec ies ,  the  va lues  were  reca lcu la ted  a f ter  de le t ing

the nematode contribution. As seen in Tables 1 and 2, this serves to increase

t h e  v a l u e  o f  t h e  i n d e x .  T h e  s t a n d a r d  d e v i a t i o n  b e t w e e n  r e p l i c a t e s  w a s

r e l a t i v e l y  l o w  f o r  b o t h  s t a t i o n s .  M a r g a l e f ’ s  i n d e x  g e n e r a l l y  r e f l e c t s  t r e n d s

in  species  numbers ,  and therefore  i t  was not  deemed necessary  to  ca lcu la te

values cumulatively as was done for species saturation.

C )  D i v e r s i t y

The effect of increased replication on diversity values is demonstrated

i n  F i g u r e  4 .  I f  t o o  f e w  r e p l i c a t e s  ( 1 - 4 )  a r e  t a k e n ,  i t  w i l l  s e r i o u s l y

underestimate the community diversity for both stations, because the number of

n e w  s p e c i e s  c o l l e c t e d  b y  e a c h  a d d i t i o n a l  r e p l i c a t e  i s  i n c r e a s i n g  r a p i d l y  a t

t h i s  p o i n t .  B e y o n d  t h e  f i f t h  r e p l i c a t e ,  s p e c i e s  d i v e r s i t y  e x h i b i t s  o n l y  a

s low increase and there  is  a lmost  no d i f ference between Repl icates  S ix  and

S e v e n .  T h e  p r o b l e m s  i n  e s t i m a t i n g  “ t r u e ”  c o m m u n i t y  d i v e r s i t y  h a v e  b e e n

discussed by Pielou (1966; 1975).

The e f fects  of  de le t ing  the  Nematoda spp.  group were  a lso  examined.

Nematodes are  typ ica l ly  considered merofaunal  by  many invest igators ,  even

t h o u g h  t h e y  a r e  o f t e n  m a n y  m i l l i m e t e r s  i n  l e n g t h  a n d  r e t a i n e d  o n  a  0 . 5 m m
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Figure 4. Diversity values based upon the Shannon-Weaver index for two
nearshore benthic stations in the Gulf of Mexico. Values were
calculated with nematodes included (lower curve) and with nemo-
todes deleted (upper curves).
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s i e v e .  H o w e v e r ,  t h e  e f f e c t  o f  a  c o m p o s i t e  t a x o n  ( i . e . ,  o n e  n o t  i d e n t i f i e d  t o

g e n e r i c  o r  s p e c i f i c  l e v e l )  c a n  b e  d r a m a t i c  i f  p r e s e n t  i n  l a r g e  n u m b e r s .  T h e

net effect was to depress the overall  diversity values and make the curve more

e r r a t i c .

F o r  S t a t i o n  2 8 ,  d i v e r s i t y  a p p e a r s  t o  r e a c h  a n  a c c e p t a b l e  a s y m p t o t e

a f t e r  f i v e  r e p l i c a t e  a n a l y s e s .  S t a t i o n  3 0 ,  a l t h o u g h  l e v e l i n g  o f f  c o n s i d e r a b l y

af ter  f ive  rep l icates ,  does not  appear  to  reach a  s tab le  asymptote  unt i l  a f ter

Repl icate  E ight .

D )  E q u i t a b i l i t y

T h e  e q u i t a b i l i t y  m e a s u r e  i s  d e p e n d e n t  o n  d i v e r s i t y  a n d  t h e r e f o r e

behaves in  a  s imi lar  a l though inverse  manner ,  requir ing a  greater  number  of

r e p l i c a t e s  f o r  s t a b i l i z a t i o n  ( F i g u r e  5 ) .  A  s m a l l  n u m b e r  o f  r e p l i c a t e s  t e n d s

to  overest imate  evenness.  Equi tab i l i ty  va lues  do not  appear  to  s tabi l i ze  for

e i ther  s ta t ion  unt i l  Repl icates  8  through 10 .  The e f fects  of  Nematoda spp.  on

e q u i t a b i l i t y  v a l u e s  a r e  a l s o  s h o w n  i n  F i g u r e  5 .  T h e  n e m a t o d e s  d r a m a t i c a l l y

d e p r e s s  e q u i t a b i l i t y  v a l u e s  i n  a  n e a r l y  c o n t i n u o u s  m a n n e r .  T h i s  e f f e c t  i s

more  pronounced for  Stat ion 28 ,  which had a  re la t ive ly  greater  proport ion of

nematodes than did Station 30.

E)  Faunal  Densi ty

Faunal  densi ty  va lues  are  presented in  Tables  1  and 2 .  Va lues  ranged

from 15192 to 37756 organisms per square meter at Station 28; for Station 30

d e n s i t i e s  r a n g e d  f r o m  4 7 4 4  t o  3 0 7 6 9  o r g a n i s m s  p e r  s q u a r e  m e t e r .  A v e r a g e

f a u n a l  d e n s i t i e s  w e r e  g r e a t e r  f o r  S t a t i o n  2 8  t h a n  S t a t i o n  3 0 ,  a l t h o u g h  t h e

standard  dev ia t ion  between rep l icates  was near ly  ident ica l  for  both  s ta t ions.

The de le t ion  of  nematodes s igni f icant ly  reduces the  faunal  densi t ies  for  both

stat ions.  F igure  6  graphica l ly  presents  the  resul ts  of  the  cumulat ive  faunal
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Figure 5. Equitabil i ty (Evenness) values based on Pielou's 1966 index for
two nearshore benthic stations in the Gulf of Mexico. Values
were calculated with nematodes included (lower curves) and with
nematodes deleted (upper curves).
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Figure 6. Faunal density values (#/m2) based upon cumulative sample
replication for two nearshore stations in the Gulf of Mexico.
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densi ty  ca lcu la t ions.  Th is  graph was constructed by  successive ly  adding the

organisms for each new replicate and calculating the faunal density based upon

t h e  c u m u l a t i v e  a r e a .  T h e r e  s e e m s  t o  b e  l i t t l e  e f f e c t  u p o n  f a u n a l  d e n s i t y

est imates  beyond the  f i rs t  four  rep l icate  samples  for  e i ther  Stat ion  28  or  30 .

F) Faunal Composition

Composi te  taxonomic  l is t ings for  Stat ions 28  and 30  are  presented in

T a b l e  3 .  T h i s  t a b l e  l i s t s  t h e  n u m b e r  o f  s p e c i m e n s  c o l l e c t e d  a t  e a c h  s t a t i o n

and the relative percentage composition. Polychaetes dominated the fauna with

127  to ta l  taxa  for  the  combined s ta t ions;  101  taxa  a t  Sta t ion  28  and 86  taxa

a t  S t a t i o n  3 0 .  T h e r e  w e r e  v e r y  f e w  d o m i n a n t  t a x a  a t  e i t h e r  s t a t i o n .  T h r e e

polychaetes Armandia maculata (6.7%), Cirrophorus lyra (7.2%), and Pionosyll is

aesae (8.2%) comprised amounts which were greater than or equal to 5% of the

t o t a l  f a u n a  a t  S t a t i o n  2 8 .  F o r  S t a t i o n  3 0 ,  o n l y  t h e  b r y o z o a n  S e l e n a r i a  s p .

( 1 4 . 3 % )  o c c u r r e d  i n  l a r g e  n u m b e r s .  A l l  p e r c e n t a g e s  f o r  d o m i n a n t s  w e r e

calcula ted a f ter  de le t ing  the  nematodes.  Overa l l ,  c rustaceans contr ibuted 55

taxa, molluscs 45, and echinoderms 6 taxa.

Tables  4  and 5  present  the  percentage composi t ion  of  fauna by  major

t a x o n o m i c  g r o u p i n g s ,  w i t h  a n d  w i t h o u t  n e m a t o d e s .  P o l y c h a e t e s  w e r e  t h e

d o m i n a n t  f a u n a  f o r  b o t h  s t a t i o n s .  O l i g o c h a e t e s  w e r e  a l s o  a b u n d a n t  a t  b o t h

s t a t i o n s .  H o w e v e r ,  o l i g o c h a e t e s  w e r e  n o t  i d e n t i f i e d  t o  g e n e r i c  o r  s p e c i f i c

l e v e l s  b e c a u s e  t h e  t a x o n o m i c  s t a t u s  o f  m a r i n e  o l i g o c h a e t e s  i s  c u r r e n t l y

confused.  There  are  v i r tua l ly  no current  taxonomic  keys  to  genera  or  species

o f  m a r i n e  o l i g o c h a e t e s  ( B r i n k h u r s t ,  p e r s .  c o m m . ) .  C r u s t a c e a n s  a l s o

represented a  re la t ive ly  large  por t ion  of  the  fauna a t  both  s ta t ions (number

o f  s p e c i e s ) .  M o l l u s c s ,  a l t h o u g h  r e p r e s e n t e d  b y  r e l a t i v e l y  l a r g e  n u m b e r s  o f

species, were not present in large numbers.
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T a b l e  3 . Composite species list exhibiting the number of organisms found and
the relative percentage composition for each taxon.
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T a b l e  3 .  c o n t i n u e d .
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T a b l e  3 .  c o n t i n u e d .
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T a b l e  3 .  c o n t i n u e d .
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T a b l e  3 .  c o n t i n u e d .
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Table  3 .  cont inued.
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Table  3 .  cont inued.
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T a b l e  4 . Percentage composition by major taxonomic groupings of benthic
macroinfauna for Station 28. Percentages are presented for
total organisms and with contribution of nematodes deleted.

Taxon

Nematoda

Percentage Percentage
With Without

Nematodes Nematodes

39.7 - -

Polychaeta 37 .6 62.3

Oligochaeta 10.6 17.6

Gastropoda*

B i v a l v i a

0 .7 1.1

1.3 2.1

Crustacea 5 . 8 9 . 6

Echinodermata 0 . 6 1.1

Miscellaneous 3.7 6 . 2

TOTAL : 100.0 100.0

*Includes Polyplacophora and Scaphapoda.
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T a b l e  5 . Percentage composition by major taxonomic groupings of benthic
macroinfauna for Station 30. Percentages are presented for
total organisms and with contribution of nematodes deleted.

Taxon

Nematoda

Percentage Percentage
With Without

Nematodes Nematodes

37.6 - -

Polychaeta 30.3 48 .6

Oligochaeta 11.5 18.4

Gastropoda* 1.2 1.9

Biva lv ia 1.2 2 . 0

Crustacea 6 . 3 10.1

Echinodermata 1.1 1.8

Miscellaneous 10.8 17.2

TOTALS : 100.0 100.0

*Includes Polyplacophora and Scaphopoda.

28



IV. DISCUSSION AND CONCLUSIONS

L i t t l e  q u a n t i t a t i v e  d a t a  a r e  a v a i l a b l e  f r o m  p r e v i o u s  s t u d i e s  i n  t h e

Gul f  o f  Mexico for  compar ison wi th  the  present  s tudy.  Var ia t ions in  sampl ing

techniques and methods of  data  analys is  make d i rect  compar isons d i f f icu l t .

For example, JRB Associates (1982) sampled 20 stations in the Gulf using a box

c o r e r  a  1 . 0 m m  s i e v e  f o r  s e p a r a t i n g  f a u n a  f r o m  s e d i m e n t s .  T h e  a n n e l i d s

were  the  only  group enumerated and ident i f ied  f rom benth ic  samples .  At  JRB

(1982) Stat ion 4-28 (our Station 28),  they found 44 species of polychaetes and

a tota l  densi ty  of  418 /m 2 .  Our  samples  revea led  180  to ta l  taxa  wi th  a  mean

d e n s i t y  o f  1 3 , 9 1 7  i n d i v i d u a l s / m 2  ( e x c l u d i n g  n e m a t o d e s ) .  A t  J R B  ( 1 9 8 2 )

Stat ion  4 -30  (our  Sta t ion  30) ,  85  polychaete  taxa  were  ident i f ied  wi th  a  to ta l

d e n s i t y  o f  6 1 2 / m 2 .  O u r  S t a t i o n  3 0  c o n t a i n e d  1 6 4  t o t a l  t a x a  w i t h  a  m e a n

densi ty  of  9 ,180 /m 2  (wi thout  nematodes) .  Samples  col lected in  both  s tudies

w e r e  o b t a i n e d  i n  t h e  m o n t h  o f  M a y .  T h e  l e s s o n  t o  b e  l e a r n e d  f r o m  s u c h

discrepant  resul ts  is t h a t  c o n s i s t e n t  t e c h n i q u e s for sampling and analysis

must be used if spatial and temporal comparisons of benthic fauna are to be

meaningfu l .  In  addi t ion,  the  methods se lected,  whatever  they  may be,  need to

be fully documented and justif ied.

For maximum reproducibil i ty and reliabil i ty,  i t  is recommended that the

procedures out l ined in  th is  repor t  for  sample  col lect ion and data  analys is  be

r e p l i c a t e  s a m p l e s  b e  c o l l e c t e d  a n d  a n a l y z e d  u s i n g  d i v e r - o p e r a t e d  c o r e

samplers .  The species  saturat ion  curves  presented in  F igure  3  ind icate  that

var ia t ion in  benth ic  in faunal  communi t ies .  I t  is  fur ther  recommended that  10

employed in any subsequent studies intended to document temporal or spatial

1 0  r e p l i c a t e  s a m p l e s  w i l l  c a p t u r e  t h e  v a s t  m a j o r i t y  o f  t h e  s p e c i e s  p r e s e n t ,
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a n d  w i l l  p r o v i d e  a n  a d e q u a t e  s a m p l i n g  o f  t h e  c o m m u n i t y  c o m p o s i t i o n  f o r

purposes of comparison. Ten replicate samples may seem excessive, since the

10th  repl icate  only  accounted for  3 .1  or  4 .5% of  the  tota l  number  of  species

(F igure  3 ) .  However ,  consider ing of  natura l  var ia t ion  between sta t ions,  and

seasonal variations in species abundances, 10 replicate samples appeared to be

j u s t i f i e d .  F u r t h e r m o r e ,  b e c a u s e  t h e  i m p o r t a n c e  o f  t h e  r e g u l a t o r y  d e c i s i o n s

which may be based in part upon those benthic community analyses, a definitive

s a m p l i n g  d e s i g n  i s  w a r r a n t e d .  I n  a d d i t i o n ,  s p e c i e s  d i v e r s i t y  ( F i g u r e  4 ) ,

e q u i t a b i l i t y  ( F i g u r e  5 ) ,  a n d  f a u n a l  d e n s i t y  ( F i g u r e  6 )  a l l  i n d i c a t e  t h a t  1 0

repl icate  samples  wi l l  prov ide  fu l ly  adequate  character izat ion of  the  benth ic

community at Site 4.
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