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CHAPTER 6 

BENTHOS 

G. R. Gaston and D. P. Weston 
McNeese S t  a t e  Uni vers i t y  

Lake Charles, Lou is iana  70609 

6.1 I n t r o d u c t i o n  

The Department of Energy's S t r a t e g i c  Petroleum Reserve Program 

began d i scha rg ing  b r i n e  i n t o  the G u l f  o f  Mexico f rom i t s  West Hackberry 

s i t e  near Cameron, Louis iana i n  May 1981. The b r i n e  o r i g i n a t e s  from 

underground s a l t  domes being leached w i t h  water from the I n t r a c o a s t a l  

Waterway, making avai l a b l e  vast  underground storage caverns f o r  crude 

o i l .  The e f f e c t s  o f  b r i n e  d ischarge on macrobenthic communities i n  

Calcas ieu Lake and c o a s t a l  h a b i t a t s  off Cameron are h e r e i n  presented. 

The term "benthos" i n  t h i s  p r o j e c t  r e f e r s  t o  i n v e r t e b r a t e  species 

which l i v e  on the sediment su r face  o r  burrow beneath it. Since 

"benthos" are u s u a l l y  d i v i d e d  i n t o  seve ra l  s i t e  components, i t  should 

be i n d i c a t e d  t h a t  t he  fauna l  component o f  t he  benthos t r e a t e d  i n  t h i s  

i n v e s t i g a t i o n  are the  macrobenthos. By d e f i n i t i o n ,  macrobenthos are 

animals r e t a i n e d  on a 0.5 mm screen s ieve  f o l l o w i n g  r i n s i n g .  They 

i n c l u d e  such organisms as crustacea, mol luscs,  annelids, and a number 

of o the r  taxa. Benthic organisms which pass through a 0.5 mm s ieve  are 

termed meiobenthos, and are n o t  i nc luded  i n  t h i s  study. Benthos l a r g e  

enough t o  be c o l l e c t e d  by o t t e r  t r a w l ,  termed megabenthos, are i nc luded  

i n  Chapter 7. 
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The macrobenthos are g e n e r a l l y  considered t o  be good i n d i c a t o r s  of 

p o l l u t i o n .  They are e s p e c i a l l y  impor tan t  i n  assessing impacts o f  h igh -  

d e n s i t y  e f f l u e n t s  such as b r i n e  which would be expected t o  remain over 

t h e  seabed f o l l o w i n g  discharge. A number o f  a t t r i b u t e s  o f  ben th i c  

communities make the  benthos impor tant  f o r  i n v e s t i g a t i o n s  o f  

p o l l u t a n t s .  These inc lude:  1) t h e i r  sedentary nature;  2) t he  na tu re  

o f  t h e i r  h a b i t a t :  b a s i c a l l y  two dimensional  s ince most benthos 

concentrate a t  the sediment-water i n t e r f a c e ;  3)  t h e i r  r e l a t i v e  

l o n g e v i t y  which makes the community r e f l e c t i v e  o f  long-term o r  

" i n t e g r a l "  environmental  cond i t i ons ;  and 4 )  t h e i r  s u s c e p t i b i l i t y  t o  

p o l l u t a n t s  concentrated i n  the  sediments o r  a t  the sediment-water 

i n t e r f a c e  (Boesch, i n  press) .  Both o f  the f i r s t  two points s i m p l i f y  

q u a n t i t a t i v e  sampling o f  ben th i c  species, and toge the r  w i t h  t h e  l a t t e r  

p o i n t s ,  a i d  i n  i n t e r p r e t a t i o n  o f  these data as they r e l a t e  t o  impacts 

due t o  man's a c t i v i t i e s .  

6.1.1 O b j e c t i v e  

The p r imary  o b j e c t i v e  o f  t h i s  s tudy i s  t o  determine the  e f f e c t s  o f  

b r i n e  d ischarge on macrobenthic communities i n  the area o f  the West 

Hackberry b r i n e  d i f f u s e r .  Macrobenthic communities o f  Calcasieu Lake 

are a l s o  cha rac te r i zed  f o r  use as base l i ne  da ta  should discharged b r i n e  

e n t e r  t he  l ake  o r  i n t a k e  operat ions r e s u l t  i n  s a l t  water i n t r u s i o n .  

6.1.2 Background 

The response of ben th i c  communities t o  man-induced p o l l u t i o n  i s  

w e l l  documented i n  the  l i t e r a t u r e  (e.g. Pearson and Rosenberg, 1978). 

0 
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There is little historical literature, however, concerning the macro- 

benthos of the inner continental shelf or estuaries of southwest 

Louisiana. Most of the data now available result from brine-related 

studies made by a variety o f  institutions within the past four years, 

despite the fact that the area has for years supported both an 

extensive petroleum industry and a rich commercial fishery. With these 

industries providing additional potential impacts on the benthic 

community, the problem of detection of brine-related impacts is 

compounded. 

Most baseline studies of 

center around areas well east or 

1960, 1975) described macrobenth 

the northern Gulf continental shelf 

west of the study site. Parker (1956, 

c communities surrounding the mouth of 

the Mississippi River. Extensive data were collected during the Bureau 

of Land Management baseline studies of 1974-1978, though these studies 

concentrated on proposed oil drilling sites off south Texas, the 

Miss iss ipp i -A labama-F lor ida  (MAFLA) area, and around platforms of 

central Louisiana. Benthic baseline data of the continental shelf are 

also available through numerous investigations off Texas (e.9. 

Defenbaugh, 1973; Flint, 1979; Flint and Holland, 19801, though none of 

these may be directly comparable to habitats off Cameron. Studies are 

currently underway off Terrebonne Bay, Louisiana, in conjunction with 

the Louisiana Offshore Oil Pipeline (LOOP) (Ragan, 1978; Thomas, 1978) 

and off Freeport, Texas (S.A.I., 1978; Hann and Randall, 1980; Hann and 

Randal 1, 1981a; Hann and Randal 1, 1981b). 
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With o n l y  l i m i t e d  success, a number of at tempts have been made t o  

assess the  env i ronmenta l  impact o f  o i l  development on benth ic  

communities o f f  Lou is iana ( F a r r e l l ,  1974, 1379; K r i t z l e r ,  1979; 

Thompson, 1979; Bedinger, 1979) and Texas (Armstrong e t  al. ,  1979, 

Harper e t  al. ,  1981). Since the  s tudy s i t e  i s  a l so  w i t h i n  an area of 

a c t i v e  o i l  p la t forms,  da ta  f rom c e r t a i n  of these areas has been used t o  

p r o v i d e  i n s i g h t  i n t o  ben th i c  community p a t t e r n s  o f f  Cameron. 

The West Hackberry s tudy area was i n i t i a l l y  exzmined i n  

Q 

p r e  1 i m i  na ry  i n v e s t i g a t i o n s  by Science App 1 i c a t  ions  Incorpora ted  

(S.A.I.), f rom September 1977 through May 1978 (S.A. I . ,  1978). A 

second study o f  t h e  West Hackberry area was conducted by Parker  e t  a l .  

(1980) f rom June 1978 through May4979 employing q u a r t e r l y  sampling. 

A m u l t i d i s c i p l i n a r y  3-month base l i ne  s tudy o f  the d i f f u s e r  area, 

which inc luded i d e n t i c a l  methodology and many o f  the same sampling 

s i t e s  as those o f  t h i s  i n v e s t i g a t i o n ,  was undertaken i n  January-Apr i l  

1981 employing month ly  sampling (Weston and Gaston, 1982). The 

f o l l o w i n g  conc lus ions  were reached by Weston and Gaston concerning 

macrobenthic communities i n  t h e  West Hackberry study area: 

1. Sediment type  i n  the  o f f s h o r e  s tudy area range f rom s i l t y  

c l a y  t o  sandy mud, never w i t h  more than 48% sand. The 

percentage of sand i s  lowest a t  the d i f f u s e r  and immediately 

t o  the  nor th ,  and increases t o  the east ,  south and west. 

2 .  Comparisons w i t h  p rev ious  s tud ies  i n  the  v i c i n i t y  of the  West 

Hackberry d i f f u s e r  s i t e  by Science App l i ca t i ons  Incorpora ted  
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. . . . . . . . 

(1978) and the Na t iona l  Marine F i s h e r i e s  Serv ice  (Parker  e t  

a l . ,  1980) are u s e f u l  i n  some instances bu t  l i m i t e d  by 

d i f fe rences  i n  methodology and taxonomy. 

3. The ampharetid polychaete,  Sabe l l i des  sp. A, and t h e  

phoronid,  Phoronis  sp. A, are the  numer i ca l l y  dominant 

species throughout the  o f f s h o r e  s tudy area d u r i n g  February - 
A p r i  1 1981. 

4. The fauna o f  the d i f f u s e r  area i s  cha rac te r i zed  by s t rong  

numer ica l  dominance o f  r e l a t i v e l y  few species which show 

dramat i c popu 1 a t  i on f 1 u c t u a t  i ons bo th  spat i a1 1 y and 

tempora l l y .  In t h i s  regard  t h e  macrobenthos are more t y p i c a l  

o f  an e s t u a r i n e  community than a t r u e  c o n t i n e n t a l  s h e l f  

fauna. Such a community i s  mainta ined by the  h i g h  t u r b i d i t y  

o f  near-shore bottom waters, seasonal v a r i a t i o n s  i n  

temperature,  and genera l  inconstancy of the  area. 

5. The dramat ic,  unp red ic tab le  popu la t i on  i r r u p t i o n s  cha rac te r -  

i s t i c  o f  many of the macrobenthos w i l l  lessen the  p o t e n t i a l  

f o r  impact assessment f o l l o w i n g  b r i n e  discharge. 

6. Some h a b i t a t  d i f f e r e n c e s  based on the  percentage o f  sand i n  

t h e  sediments are revea led  by the m u l t i v a r i a t e  analyses 

between those s t a t i o n s  near the  d i f f u s e r  and the  per imeter  

s t a t i o n s  ( M l ,  M3, M11,  and CS) .  These fauna l  d i f f e r e n c e s  

are  p r i m a r i l y  i n  species abundance and n o t  i n  composi t ion o f  

species a t  the  s i t e s .  
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7. Even cons ide r ing  s u b s t r a t e - r e l a t e d  faunal d i f f e r e n c e s ,  the 

fauna o f  the s tudy area i s  remarkably homogeneous. This  

homogeneity should g r e a t l y  enhance the  c a p a c i t y  fo r  env i ron -  

mental impact assessment f o l l o w i n g  b r i n e  discharge. 

Calcas ieu Lake was n o t  i nc luded  i n  the  p r e l i m i n a r y  s tud ies  of West 

Hackberry by S.A.I. (1978) o r  Parker e t  a l .  (1980). A comprehensive 

macrobenthic s tudy o f  Calcasieu Lake benthos was conducted by S h i r l e y  

( i n  prep.),  bu t  these da ta  are n o t  y e t  a v a i l a b l e .  Weston and Gaston 

(1982) c o l l e c t e d  monthly samples 'at the same f i v e  Calcasieu Lake 

e s t u a r y  s i t e s  occupied d u r i n g  the present  i n v e s t i g a t i o n ,  and reached 

the f o l  owing conclus ions:  

1. Sediments a t  the e s t u a r i n e  s t a t i o n s  are g e n e r a l l y  c layey 

s i l t s  and sandy s i l t s ,  though t h e r e  i s  cons iderable s p a t i a l  

and temporal v a r i a t i o n  i n  and among s i t e s .  

2. Es tua r ine  fauna i s  n u m e r i c a l l y  dominated by polychaetes and 

mol luscs,  p a r t i c u l a r l y  Parapr ionospio p inna ta ,  Mediomastus 

c a l i f o r n i e n s i s ,  S t r e b l o s p i o  b e n e d i c t i ,  M u l i n i a  l a t e r a l i s ,  and 

Macoma m i  t c h e l l  i . Most species c o l  l e c t e d  are eu ry top i c ,  and 

w i d e l y  d i s t r i b u t e d  throughout e s t u a r i e s  o f  the n o r t h e r n  Gu l f  

o f  Mexico and Uni ted States East Coast. 

3. The e s t u a r i n e  s t a t i o n s ,  p a r t i c u l a r l y  s t a t i o n s  E l  and E5, 

rep resen t  d i s t i n c t  h a b i t a t  types separable from one another 

p r i m a r i l y  on the bas i s  o f  s a l i n i t y .  
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4. S ta t ion  E5, located a t  the mouth of the Calcasieu Lake 

estuary, i s  more comparable t o  the marine stat ions than t o  

the other estuarine stat ions both i n  species composition and 

abundance. 
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6.2 M a t e r i a l s  and Methods 

6.2.1 F i e l d  Sampling 

6.2.1.1 Marine 

Dur ing t h e  p resen t  study, May 1981 - A p r i l  1982, seven s t a t i o n s  

a re  sampled monthly and an a d d i t i o n a l  four  (M6, M15, DN, DS) a re  

i nc luded  i n  q u a r t e r l y  sampling (F igu re  6-11. Marine sampling s i t e s  

a re  l oca ted  p r i m a r i l y  on an east-west t r a n s e c t  along the  10 meter depth 

con tou r  t o  minimize t h e  e f f e c t s  o f  bathymetr ic  f auna l  v a r i a t i o n .  

S t a t i o n  M l O A  i s  l oca ted  100 m west o f  the cen te r  o f  t he  b r i n e  

d i f f u s e r ,  0.67 km no r theas t  o f  M10. The D s t a t i o n s  (DE, DN, DS, DW) 

a re  a l l  located i n  the  immediate v i c i n i t y  o f  the d i f f u s e r ,  0.9 km t o  

t h e  no r th ,  south, eas t  and west o f  M lOA.  S t a t i o n s  M15 and M6 are 

1.85 km east  and west ( r e s p e c t i v e l y )  o f  t h e  d i f f u s e r .  S i m i l a r l y ,  M18 

and M3 are 3.70 km t o  the  eas t  and west. S t a t i o n  M20 i s  9.25 km eas t  

o f  t h e  d i f f u s e r .  

Marine s t a t i o n s  are l oca ted  by LORAN C, and i f  i n  the  v i c i n i t y  o f  

t h e  d i f f u s e r ,  v e r i f i e d  by dead reckoning f rom the  numerous buoys i n  t h e  

area. A t  each s i t e  observat ions are made o f  t ime, sea s ta te ,  and 

weather c o n d i t i o n s .  A v e r t i c a l  p r o f i l e  a t  t h r e e  meter i n t e r v a l s  i s  

made o f  c o n d u c t i v i t y ,  temperature, d i sso l ved  oxygen and pH w i t h  a 

Hydrolab Ser ies 8000 meter. T u r b i d i t y  samples are taken w i t h  a 3 - l i t e r  

Van Dorn sampler. 

S i x  r e p l i c a t e  grab samples are taken a t  a l l  marine s t a t i o n s  us ing 

a 0.1 m2 s t a i n l e s s  s t e e l  Smith-McIntyre grab (F igu re  6-2). The 

L 
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Fi  gure 6-2. Grab samplers used i n macrobenthi c sampl i ng . 
( a )  0 . 1  m' Smith-McIntyre Grab used a t  marine stations. 
( b )  0.05 rn2 Ekman g r a b  used a t  estuarine stations. 
(af ter  Standard F?ethods, 1976) .  
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number o f  rep i c a t e s  necessary t o  adequately sample the  community was 

determined d u r i n g  a s p e c i a l  c r u i s e  i n  January 1981 (see Weston and 

Gaston, 1982). 

A f t e r  each sample i s  r e t r i e v e d ,  the upper doors o f  the grab are 

opened and depth o f  p e n e t r a t i o n  i s  measured. A 2.7 cm diameter x 12 cm 

l e n g t h  core i s  i n s e r t e d  i n t o  the  sediment t o  o b t a i n  a sample f o r  g r a i n  

s i z e  ana lys i s .  The contents  o f  the core are t r a n s f e r r e d  t o  a Whirl-Pak 

bag and s to red  on i c e .  The contents  o f  the grab are immediately 

washed through a 0.5 mm screen. The m a t e r i a l  r e t a i n e d  on the  s ieve  i s  

preserved i n  10% b u f f e r e d  f o r m a l i n  c o n t a i n i n g  Rose Bengal as a v i t a l  

s t a i n ,  and s to red  i n  a con ta ine r  l a b e l l e d  w i t h  s t a t i o n ,  r e p l i c a t e ,  and 

c r u i s e  number. 

6.2.1.2 Es tua r ine  

F i v e  e s t u a r i n e  s t a t i o n s  (F igu re  6-31 are sampled monthly f rom May 

1981 - A p r i l  1982. The l o c a t i o n  o f  e s t u a r i n e  s t a t i o n s  i s  determined by 

dead reckoning.  A t  each s i t e ,  observat ions are made of weather 

c o n d i t i o n s  and water q u a l i t y  as a t  the marine s t a t i o n s .  

F i v e  r e p l i c a t e  grab samples are taken a t  a l l  e s t u a r i n e  s t a t i o n s  

us ing  a 0.05 m2 Ekman grab ( F i g u r e  6-21, w i t h  the  except ion o f  E5, 

where a 0.1 in2 Smith-McIntyre grab i s  used. The number o f  r e p l i c a t e s  

r e q u i r e d  was determined d u r i n g  a s p e c i a l  January 1981 c r u i s e  (see 

Weston and Gaston, 19821, d u r i n g  which 10 r e p l i c a t e s  were taken near 

s t a t i o n  E4. F i e l d  process ing of t he  e s t u a r i n e  samples i s  i d e n t i c a l  t o  

t h a t  o f  the marine samples discussed above. 
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6.2.2 Laboratory  Analyses 

Benth ic  samples preserved i n  fo rma l in  are s t o r e d  i n  t h e  l a b o r a t o r y  

u n t i l  analyses begin. Analyses i n c l u d e  r i n s i n g ,  s o r t i n g  t o  major taxa, 

and i d e n t i f i c a t i o n  o f  macrofaunal species. 

The r i n s i n g  procedure i s  accomplished by p l a c i n g  the  sample i n  a 

l a r g e  enamel t r a y ,  repea ted ly  washing the sample w i t h  water, and 

decant ing the  supernatant through a 0.5 mn screen. I n  t h i s  manner, t he  

sample i s  washed f ree of the f o r m a l i n  p rese rva t i ve ,  and a l l  l i g h t -  

bodied organisms are concentrated on the  0.5 mn screen. Heavy-bodied 

organisms, such as l a r g e  mol luscs,  remain i n  the  enamel t r a y  and are 

l a t e r  removed by s o r t i n g  w i t h  the  naked eye. Organisms r e t a i n e d  on t h e  

0.5 mrn screen are examined under a d i s s e c t i n g  microscope, and so r ted  t o  

major taxa (e.g. Decapoda, Mo lusca, e t c . ) .  Each major taxon i s  p laced 

i n  an i n d i v i d u a l  v i a l  and s tored i n  70% ethanol  pending species 

determinat ion.  

I d e n t i f i c a t i o n  and enumeration o f  macrofaunal organisms i s  

performed under stereomicroscopy, and when necessary, compound micro-  

scopy. Each organism i s  i d e n t i f i e d  t o  the lowest p o s s i b l e  taxonomic 

l e v e l ,  g e n e r a l l y  species, and p laced i n  70% ethanol  f o r  long-term 

storage. Major taxonomic references used f o r  i d e n t i f i c a t i o n  o f  ben th i c  

species are l i s t e d  i n  Table 6-1. Complete re ferences of these 

c i t a t i o n s  are inc luded i n  the  b i b l i o g r a p h y .  I t should be noted t h a t  

t h i s  represents  o n l y  major re ferences and n o t  a complete l i s t  o f  a l l  

r e fe rences  used i n  ben th i c  taxonomy. The number o f  i n d i v i d u a l s  o f  each 
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Table 6-1. Major taxonomic references used f o r  i d e n t i f i c a t i o n  
o f  ben th i c  species.  

Cn i dar i a 
Car lg ren  and Hedgpeth 1952 

Anne1 i d a  
Blake 1971 
Day 1973 
Fauchald 1977 
Fos ter  1971 
Gardi ner  1976 
Hartman 1951, 1965 
Pe t t i bone  1963, 1966 

S ipuncu l a  
C u t l e r  1973 
Stephen and Edmonds 1972 

Mo 1 1 usca 
Abbot t  1974 
Andrews 1977 
Morris 1973 

Crustacea 
Barnard 1969 
Bousf i e l d  1973 
Chace 1972 
Fe lder  1973 
Manning 1969 
Menzies and Frankenberg 1966 
P i l s b r y  1916 
Schu l t z  1969 
Stuck, Perry ,  and Heard 1979 
T a t t e r s a l l  1951 
W i 11 i ams 1965 
Z u l l o  1979 

Echinodermata 
Pawson 1977 
Thomas 1965 
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species c o l l e c t e d  i n  each r e p l i c a t e  i s  recorded on l a b o r a t o r y  da ta  

sheets.  Each species i s  then i d e n t i f i e d  by a 10 d i g i t  taxonomic code, 

which i s  used i n  a l l  computer manipulat ions.  

A re fe rence,  o r  voucher, c o l l e c t i o n  o f  each species c o l l e c t e d  i s  

mainta ined t o  i nsu re  taxonomic s tandard i za t i on  w i t h i n  t h i s  study. 

Specimens are preserved i n  g lass  j a r s  c o n t a i n i n g  70% ethano l  

p r e s e r v a t i v e ,  and l a b e l l e d  i ns ide .  A l l  l a b e l s  i n d i c a t e ,  a t  a minimum, 

t h e  date, l o c a t i o n ,  depth of c o l l e c t i o n ,  and c o n t r a c t  number. A 

re fe rence c o l l e c t i o n  w i  11 be mainta ined by McNeese S ta te  U n i v e r s i t y  

u n t i l  i t s  depos i t i on  i n  the  Un i ted  States Na t iona l  Museum, Smithsonian 

I n s t i t u t i o n .  

6.2.3 Gra in  S ize  Ana lys is  

Gra in  s i z e  ana lys i s  i s  performed by the  Hydrometer and Sieve 

Method (American Soc ie ty  f o r  Tes t ing  and Ma te r ia l s ,  1972). A 50 g 

sample o f  wet sediment i s  combined w i t h  125 m l  o f  sodium 

hexametaphosphate s o l u t i o n  (40 g I-') and al lowed t o  soak 

overn igh t .  The s l u r r y  i s  t r a n s f e r r e d  t o  a d i s p e r s i o n  cup and mixed f o r  

one minute. The m ix tu re  i s  then t r a n s f e r r e d  t o  a sedimentat ion 

c y l i n d e r  and made t o  volume (1000 m l ) .  The conten ts  o f  the  c y l i n d e r  

a re  mixed by i n v e r t i n g  the  c y l i n d e r  equipped w i t h  a rubber  s topper  f o r  

one minute.  The c y l i n d e r  i s  p laced on a l e v e l  t a b l e  top  and hydro- 

meter readings (Hydrometer 152H) are taken a t  2, 5, 15, 30, 60, 250, 

and 1440 minutes. Temperature of the  l i q u i d  t o  one t e n t h  "C i s  
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recorded after each hydrometer reading. After the final hydrometer 

reading i s  taken, the contents of the cylinder are transferred to a set 

of sieves (phi size -2, -1, 0, 1, 2, 3, and 4) and wet sieved. The 

contents o f  each sieve were transferred to a preweighed vessel, dried 

overnight at 103-105°C and the vessel reweighed. The data generated by 

the procedure are used to calculate grain size ranging from a phi size 

of -2 to >lo. 

6.2.4 Statistical Analyses 

Several indices o f  community structure are employed in data 

analysis o f  the benthic collections. Diversity is measured using 

Shannon's formula (Pielou, 1966): 

where p i  is the proportion o f  the i-th species and s equals the 

number o f  species in the sample. This index i s  dependent on both 

number of species in the sample as well as their relative dominance. 

To examine these two parameters independently, species richness (SI and 

evenness ( J )  are computed separately using the formulae: 
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S.R. = 

where N equals the tot 1 number of individu Is. These indices, when 

calculated for a station, are based on the number of species and their 

mean abundances in all replicate grabs taken. 

A variety of non-parametric tests are employed in analysis of the 

data, including Kendall I s  coefficient of concordance, Wi lcoxon 

signed-ranks test and Mann-Whitney U test (Sokal and Rohlf, 1981). The 

spatial dispersion of marine organisms is usually contagious 

(nclunped"), and thus assumptions required for use of parametric tests 

(e.g. normal distribution and homogeneity of variance) often cannot be 

met. Even by transformation of the raw data, it may be impossible to 

meet these assumptions, particularly with few replicates. Non - 
parametric tests are chosen, as they are "distribution-free", requiring 

no assumptions to be made concerning the shape of the parent 

distribution. 

In order to present the large data set in an interpretable form, as 

well as determine zones o f  rapid faunal change, multivariate analysis 

techniques are employed. In analyses of the marine stations rare 

species are eliminated. Rare species are identified as those which 

occur in a single replicate sample. In analyses of the estuarine 
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stations no species are dropped, because of the smaller size of the 

data set, the low abundance of species, and the greater habitat 

heterogeneity between stations causing many species to be unique to one 

part i cu 1 ar site . 
Clustering is performed using the Virginia Institute of Marine 

Science program COMPAH (Combinatorial Polythetic Agglomerative 

Hierarchical Program). Log transformation (log X - 1 )  and the 

Bray-Curtis similarity measure (Bray and Curtis, 1957) are employed in 

the clustering. This similarity measure can be expressed as: 

n 

Sjk = 1 - 
n 

where, in normal clustering, sjk equals the similarity between 

stations j and k, and Xji and xki equal the abundances of 

species i in station j and k respectively. In inverse (species) 

clustering, the roles of the stations and species are reversed and 

sjk becomes the similarity between species j and k. 
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Two s o r t i n g  s t r a t e g i e s  are used i n  the numerical  c l a s s i f i c a t i o n  

analyses. A group average s o r t i n g  s t r a t e g y  (Sneath and Sokal, 1973, as 

an "unweighted pa i r -g roup  method us ing  unweighted a r i  t hmet i c  averages") 

i s  employed which, having c h a r a c t e r i s t i c s  i n te rmed ia te  between the 

c o n t r a c t i n g  and d i  l a t i n g  s t r a t e g i e s  discussed above, induces a minimum 

o f  space d i s t o r t i o n  i n  the dendrogram. However, i n  some da ta  sets ,  

group average s o r t i n g  causes undes i rab le  cha in ing  among the e n t i t i e s .  

F l e x i b l e  s o r t i n g  (Lance and Wi l l iams,  19671, w i t h  be ta  e s t a b l i s h e d  a t  

-0.25, i s  a l so  employed. Thdugh f l e x i b l e '  s o r t i n g .  seldom induces 

cha in ing ,  i t  has the drawback of o c c a s i o n a l l y  causing mis-  

c l a s s i f i c a t i o n s .  Both s o r t i n g  s t r a t e g i e s  are used, and the  more 

i n f o r m a t i v e  o f  t he  two presented i n  the t e x t .  

- - .  

The s t a t i s t i c a l  techniques discussed above are app l i ed  i n  order  t o  

assess the s e v e r i t y  and ex ten t  o f  environmental  impact r e s u l t i n g  from 

b r i n e  discharge. Numerical c l a s s i f i c a t i o n  i s  performed t o  d e l i m i t  

zones o f  f auna l  s i m i l a r i t y  and i d e n t i f y  c o n s i s t e n t  temporal and s p a t i a l  

t rends.  As app l i ed  i n  the present  con tex t  o f  impact assessment, should 

an impact occur, s t a t i o n s  w i t h i n  the  b r i n e  plume should be b i o l o g i c a l l y  

d i  ss imi  l a r  f rom unimpacted s t a t i o n s ,  and thereby form a d i s c r e t e  

c l u s t e r .  The s i g n i f i c a n c e  o f  these p a t t e r n s  i n  c l u s t e r  analyses, and 

i n p l i c a t i o n s  o f  br ine- induced impact, can be t e s t e d  us ing  matched s i t e  

comparisons. V a r i a t i o n s  i n  community s t r u c t u r e  between s i t e s  can then 

be q u a n t i f i e d  by i n d i c e s  o f  d i v e r s i t y ,  species r i chness  and evenness. 
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6.3 Resu l ts  

6.3.1 Sediments 

6.3.1.1 Marine 

S u r f i c  a1 sediments o f  the  o f f s h o r e  s tudy  area are g e n e r a l l y  

s i l t y - c l a y s  w i t h  approx imate ly  10% sand, 35% s i l t  and 55% c l a y  (F igures  

6-4 - 6-81. With o n l y  a few except ions (most n o t a b l y  M3) the re  i s  a 

genera l  homogeneity i n  sediment type  among t h e  s t a t i o n s .  O f  p a r t i c u l a r  

importance i s  the  s i m i l a r i t y  i n  subs t ra te  composi t ion among se lec ted  

c o n t r o l  (M18 and M20) and n e a r - d i f f u s e r  ( M l O A  and DW) s i t e s .  This  

c l o s e  s i m i l a r i t y  i n  sediment type, and the  consequent s i m i l a r i t y  i n  

fauna l  composi t ion,  enhances the  c a p a b i l i t y  f o r  d e t e c t i o n  o f  b r i n e  d i s -  

charge impact i n  matched s i t e  comparisons. 

The d i f f e r e n c e s  i n  subs t ra te  composi t ion t h a t  e x i s t  among the  

o f f s h o r e  s t a t i o n s  can bes t  be i l l u s t r a t e d  by changes i n  the  percentage 

o f  sand (F igu re  6-9).  There i s  a genera l  inc rease i n  percentage of 

sand t o  the  south, eas t  and west o f  the  d i f f u s e r  area w i t h  t h e  g r a d i e n t  

t o  the  south and west be ing t h e  s t ronges t .  Th is  same g rad ien t  has been 

found i n  p rev ious  i n v e s t i g a t i o n s  o f  the  s tudy area i n c l u d i n g  t h e  

February-Apr i  1 1981 pre-d ischarge c h a r a c t e r i z a t i o n  (Weston and Gaston, 

1982) and the  1978-1979 Texoma study (Hausknecht, 1980) , i n d i c a t i n g  

pe rs i s tence  of t h i s  g rad ien t  over a t  l e a s t  the  l a s t  f o u r  years.  

As sediment samples are taken from each o f  the s i x  r e p l i c a t e  grab 

samples, an es t imate  can be made o f  the  s p a t i a l  v a r i a b i l i t y  o r  "pa tch i -  

ness'' a t  each s t a t i o n .  Two examples o f  t h i s  i n t e r r e p l i c a t e  v a r i a b i l i t y  
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Figure 6-5 .  Ternary textural diagram o f  surficial sediments a t  the marine sampling 
stations, averaged over the three month period May - July 1981. 
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Figure 6-6. Ternary tex tura l  diagram o f  s u r f i c i a l  sediments a t  the  marine sampling 
s t a t i o n s ,  averaged over t h e  three  month per iod August - October 1981. 
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Figure 6-7. Ternary textural diagram o f  surficial sediments a t  the marine sampling 
stations, averaged over the three month period November 1981 - January 1982, 
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Fiaure  6-8. Ternary tex tura l  diaqram o f  s u r f i c i a l  sediments a t  the  marine samplinq " 

stat ions,  averaged over the three month period February - Apr i l  1'182. 
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Figure 6-9. Percentage of sand i n  surficial sediments o f  the 
marine sampling stations as measured during three 
investigations. ( a )  present study-values are means 
taken over 12 sarnpl i ng interval s ; ( b )  pre-di scharge 
study (af ter  Weston and Gaston, 1982) ; ( c )  NOAA/NMFS 
Texoma investigations (af ter  Hausknecht, 1980). 
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are i l l u s t r a t e d  i n  F igu re  6-10 i n  which cumulat ive s ize- f requency 

curves are c a l c u l a t e d  f o r  each o f  the s i x  r e p l i c a t e  grabs a t  two s i t e s .  

S t a t i o n  M20 represents  a "worst  case" s i t u a t i o n  i n  which t h e  curves are 

d i sp laced  along t h e  abscissa w i t h  very  l i t t l e  over lap  among r e p l i c a t e s .  

If o n l y  one grab sample i s  taken as rep resen ta t i ve ,  t h e  median diameter 

cou ld  be c a l c u l a t e d  as rang ing  anywhere between 4.97 0 (coarse s i l t )  

and 9.63 0 (medium c l a y ) .  A t  s t a t i o n  M3 t h e r e  i s  much less  

i n t e r r e p l i c a t e  v a r i a b i l i t y ,  w i t h  a h igh  degree of over lap  among the  

r e p  1 i cates  . 
The f a c t  t h a t  the  degree o f  i n t e r r e p l i c a t e  v a r i a b i l i t y  a t  a g iven  

s t a t i o n  i s  g e n e r a l l y  cons i s ten t  month a f t e r  month supports the  

con ten t i on  t h a t  t h i s  v a r i a b i l i t y  i s  a t r u e  r e f l e c t o n  o f  h a b i t a t  

patch iness,  r a t h e r  than a r e s u l t  of a n a l y t i c a l  v a r i a b i l i t y .  S t a t i o n  

M20 c o n s i s t e n t l y  has h igh  i n t e r r e p l i c a t e  v a r i a b i l i t y  d u r i n g  each of the  

twe lve  sampling i n t e r v a l s ,  wh i l e  t h e  sediments a t  M3 c o n s i s t e n t l y  show 

a h i g h  degree o f  homogeneity among r e p l i c a t e s .  I n  F igu re  6-11, a l l  

mar ine s t a t i o n s  are ranked according t o  the  degree o f  s p a t i a l  

v a r i a b i l i t y  a t  the  s i t e .  The degree o f  s p a t i a l  v a r i a b i l i t y  a t  a g iven  

s t a t i o n  i s  c a l c u l a t e d  by de termin ing  the  median g r a i n  s i z e  f o r  each 

r e p l i c a t e  du r ing  a g iven month and then averaging these values over t h e  

s i x  r e p l i c a t e s  t o  o b t a i n  a mean median diameter and standard d e v i a t i o n  

o f  the  median f o r  t h a t  month. These standard dev ia t i ons  are then 

averaged over the  1 2  sampling i n t e r v a l s  t o  o b t a i n  a mean standard 

6-27 



m 
I 
Iu 
a3 

80 

70 

60 

50 

40 

30 

20 

I O  

5 

I 

M 20 
B O 8 2 0 3  

--2-1 0 I 2 3 4 5 6 7 8 9 IO 

PARTICLE DIAMETER ( 0 )  

80- 

70. 

60. 

50. 

40. 

30. 

20 

I O  

5 

I - 

PARTICLE DIAMETER ( 0 )  

F i g u r e  6-10. I n t e r r e p l i c a t e  v a r i a b i l i t y  as shown by cumu la t i ve  s i ze - f requency  curves 
f o r  s i x  r e p l i c a t e  grab samples a t  s t a t i o n s  M20 and M3 i n  March 1982. 

I 
! 

, 
I 

i 
I 
! 

1 

i 
i 
I 

! 
I 
I 

! 

i 

! 

I 
i 1 

i 
! 



c 

2.0- 

0 M3 DP 
- - 5 DS MI0 M O A  5 M20 

Figure  6-11 

SPATIAL VAR I AB I L I T Y  
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Marine sampling s ta t ions  as ranked i n  order o f  s p a t i a l  sediment v a r i a b i l i t y  
among the s i x  r e p l i c a t e  samples taken during each sampling per iod.  



d e v i a t i o n  o f  t he  median diameter which i s  employed as an index o f  

s p a t i a l  v a r i a b i l i t y .  

Marine s t a t i o n s  are a l so  ranked i n  regards t o  temporal v a r i a t i o n  

o f  sediment parameters among the twelve monthly sampling per iods 

(F igu re  6-12). Th is  index i s  c a l c u l a t e d  as the  standard d e v i a t i o n  

about t h e  mean when the mean median diameters f o r  each sampling p e r i o d  

are averaged over the twe lve  sampling per iods.  S t a t i o n  M3, i n  a d d i t i o n  

t o  being the most s p a t i a l l y  homogeneous, shows the  l e a s t  temporal 

v a r i a b i l i t y .  Th is  i s  t o  be expected, s ince  the median p a r t i c l e  s i z e  a t  

M3 i s  g rea te r  than any o t h e r  s t a t i o n ,  i t  would be the l e a s t  a l t e r e d  by 

any g i ven  c u r r e n t  regime. S t a t i o n  M l O A  shows the g r e a t e s t  temporal 

v a r i a b i l i t y ,  however t h i s  may be a t t r i b u t a b l e  t o  s t a t i o n  r e l o c a t i o n  

d i f f i c u l t i e s .  This  s t a t i o n  i s  l oca ted  w i t h i n  100 meters o f  the 

d i f f u s e r  t rench.  A s t rong  g r a d i e n t  o f  sediment type may be expected i n  

t h i s  area because o f  dredging operat ions,  and s l i g h t  d i f f e r e n c e s  i n  

s t a t i o n  l o c a t i o n  may r e s u l t  i n  s i g n i f i c a n t  d i f f e r e n c e s  i n  sediment 

c h a r a c t e r i s t i c s .  Th is  v a r i a b i  l i t y ,  though c l e a r l y  s p a t i a l  i n  nature,  

would n o t  be d i s t i n g u i s h a b l e  f rom temporal changes by the study 

design. 

The temporal f l u c t u a t i o n s  i n  median g r a i n  s i z e  are i l l u s t r a t e d  i n  

F igu res  6-13 and 6-14. A t  both s t a t i o n s ,  M18 and DW, an increase i n  

median p a r t i c l e  diameter (decreased 0) i s  ev iden t  i n  the summer o f  

1981. By September, median p a r t i c l e  diameter decreases t o  

approx imate ly  9 0 a t  both s t a t i o n s  and remained a t  about t h i s  l e v e l  

through A p r i l ,  1982. Analys is  of temporal changes a t  a l l  o f f s h o r e  
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stat ions i l l u s t r a t e s  the same basic trends (Kendall's coefficient of 

concordance, a < .01) indicating that  a broad-scale phenomenon rather 

t h a n  local conditions i s  responsible for the observed changes. Bottom 

current velocity is the phenomenon most l ikely responsible and some 

correlation of current velocity and median grain s ize  i s  evident 

(Figure 6-15). Though the correlation i s  cer ta inly imperfect, the 

1981 does correspond 

ng June. 

in median grain s ize  during the summer of 

od of unusually h i g h  current velocity d u r  

6.3.1.2 Estuarine 

increase 

t o  a per 

sequence E5 > E2 > E l  > E4 > E3. Interrepl icate  

generally lower at  estuarine s ta t ions t h a n  marine s t a t  

the estuarine s i t e s  t h i s  var iab i l i ty  may periodically 

Surf ic ia l  sediments of the estuarine s ta t ions are predominantly 

sandy muds, t h o u g h  they show extreme var iab i l i ty  among s ta t ions and 

over time (F igures  6-16 - 6-19). Estuarine s t a t i o n s  generally have a 

higher percentage of sand than most marine s ta t ions ,  w i t h  t h i s  quantity 

being greatest  a t  s ta t ion E5 (x = 45.5% sand) and decreasing i n  the 

vari a b i  1 i t y  is 

ons, though a t  

be s ignif icant  

t y  among repl icates  can 

the water d e p t h  a t  the 

meter, and anchoring, 

therefore,  allows g r a b  samples t o  be taken very close t o  one another. 

(Figure 6-20). The re la t ive ly  low variabil  

probably be accounted for  by the fac t  that  

estuarine s i t e s  is commonly only about I 

Temporally, the estuarine s ta t ions show a h i g h  degree of change, 

Stations E3 and E4 are w i t h  E2 be ing  the most variable i n  t h i s  regard. 
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AUG. - OCT. 1981 

Figure  6-17. Ternary tex tura l  diagram o f  s u r f i c i a l  sediments a t  the  es tuar ine  sampling 
s ta t ions ,  averaged over the  three month per iod August - October 1981. 



NOV. 1981 - JAN. 1982 

Figure  6-18. Ternary t e x t u r a l  diagram o f  s u r f i c i a l  sediments a t  the estuar ine sampling 
s t a t i o n s ,  averaged over the  three month per iod November - January 1982. 
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FEB. -APRIL 1982 

Figure  6-19. Ternary t e x t u r a l  diagram o f  s u r f i c i a l  sediments a t  the  estuar ine sampling 
s ta t ions ,  averaged over the  three month per iod February - A p r i l  1982. 
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Figure 6-20. Interreplicate variability as shown by cumulative 
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the only sites which show concordant changes throughout the 12 month 

period. Both of these stations show an increase in the percentage of 

clay in the summer of 1981 with a concomittant decrease in the 

percentage of si It, and relatively constant proportions of the sand, 

si It and clay fractions thereafter. 

6.3.2 Hydrology 

The hydrology of the marine and estuarine study areas is discussed 

at length in Chapters 2 and 3. The brief discussion below is intended 

to provide a ge,neral characterization o f  the study area. Only 

parameters which are pertinent to later discussions of benthic 

organisms have been included. Data presented are from CTD/DO 

measurements made during biological sampling cruises. 

6.3.2.1 Marine 

Variations in bottom water physical parameters between collection 

sites (spatial variation) and between cruises (temporal variation) are 

presented. Discussion of spatial variation concerns conditions in the 

study area during benthic cruises only. Data collected by all 

disciplines are presented in discussion o f  temporal variation. For 

brevity, only the temporal data of matched sites M 1 8  and M l O A  are 

presented in this chapter. More complete data on changes in salinity 

are available in Chapter 2. 

Considerable differences in bottom salinity occur between stations 

during most months (Figures 6-21 - 6-23). The most persistent trend 

observed is the increase in salinity around the diffuser due to 
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Figure  6-21. Bottom s a l i n i t y  a t  marine s ta t ions  along the  10 m isobath May - August 1981. 
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discharge of brine. I t  should be noted t h a t  brine discharge was 

minimal when some of these d a t a  (e.g. September, January) were 

collected.  

Temporal s a l in i ty  variations i n  the study area are presented for 

s ta t ion M18 (Figure 6-24) and M l O A  (Figure 6-25) .  Bottom sa l in i ty  

varies from 25-35'/00 over the 15-month period. Such wide 

fluctuations in sa l in i ty  are typical o f  inner shelf habitats in 

Louisiana due t o  the freshwater discharge of the Mississippi and 

Atchafalaya Rivers. 

Spatial and temporal variations i n  i n t e r s t i t i a l  ( i  .e. pore water) 

s a l i n i t y ,  taken from Chapter 5 ,  are presented i n  Figure 6-26. Though 

considerable temporal v a r i a t i o n  i s  evident , there i s  remarkable 

consistency w i t h i n  con t ro l  and w i t h i n  potential impact s i t e s  d u r i n g  any 

given m o n t h ,  especially over the las t  nine months. Since August 1981, 

the i n t e r s t i t i a l  s a l in i ty  of sediments around the diffuser ( s i t e s  M l O A ,  

M10, DW) has been consistently 1-3O/oo higher than t h a t  of the 

control s i t e s .  S t a t i o n  DE is more similar t o  control s i t e s  t h a n  

diffuser  s i t e s ,  though i t  i s  only  1 k m  east  o f  the diffuser .  This i s  

consistent w i t h  resul ts  of plume tracking (Chapter 41, i n  which the 

highest s a l in i ty  of the brine plume seldom included s t a t i o n  DE. 

The variations i n  temperature i n  the study area are shown for 

s ta t ions M18 and M l O A  (Figures 6-27 and 6-28). The annual.  bottom 

temperatures vary seasonally over 2 loC ,  b u t  vary l i t t l e  (usually less 

than 0.3"C) between s ta t ions d u r i n g  any sampling period. 
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STATION MOA SALINITY (%e) 
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F i g u r e  6-25. Surface and bot tom s a l i n i t i e s  a t  s t a t i o n  MlOA d u r i n g  t h e  pre-d ischarge s tudy 
(February - A p r i l  1981) and p resen t  s tudy {May 1981 - A p r i l  1982). 
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Figure 6-26. I n t e r s t i t i a l  s a l i n i t y  a t  control s i tes  ( s t a t i o n s  M18, 
M20, D E )  and potential  impact s i tes  ( s t a t i o n s  N l O ,  
M l O A ,  DW) d u r i n g  the pre-discharge study (February - 
April 1981) and present study (?<lay 1981 - April 1982). 
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The d i sso l ved  oxygen concen t ra t i on  o f  bot tom waters e x h i b i t s  wide 

v a r i a t i o n  bo th  s p a t i a l l y  and tempora l l y .  The most no tab le  temporal 

changes are the  pe r iods  o f  low d i sso l ved  oxygen d u r i n g  the  summer of 

1981, du r ing  which bottom d i sso l ved  oxygen concent ra t ions  o f t e n  dropped 

below 1 m l  1-1 (F igures  6-29 and 6-30). These pe r iods  o f  hypoxia 

were noted i n t e r m i t t e n t l y  f rom mid-June through mid-September and 

correspond t o  a p e r i o d  o f  pronounced s a l i n i t y  s t r a . t i f i c a t i o n .  Dur ing 

t h e  l a t e r  h a l f  o f  J u l y  and e a r l y  August bottom d i sso l ved  oxygen 

concent ra t ions  a t  the d i f f u s e r  (2.5 - 3.5 m l  1'') exceeds t h a t  o f  

s t a t i o n  M18 (0.5 - 2.0 m l  1-l). This  e l e v a t i o n  o f  d i sso l ved  oxygen 

i n  the  v i c i n i t y  o f  t he  d i f f u s e r  r e s u l t s  f rom e i t h e r  a e r a t i o n  of bot tom 

water by mix ing  w i t h  the oxygenated b r i n e  e f f l u e n t  or ,  more probably ,  

f rom t u r b u l e n t  mix ing  o f  the  water column du r ing  b r i n e  d ischarge and 

t h e  consequent breakdown o f  s t r a t i f i c a t i o n .  Dur ing l a t e  August and 

September, oxygen l e v e l s  a t  the d i f f u s e r  s i t e  dropped below those o f  

c o n t r o l  s i t e s .  This  corresponds t o  per iods  du r ing  which b r i n e  

d ischarge was suspended (August 24-31; September 3-14). 

6.3.2.2 Es tua r ine  

Phys i ca l  measurements made a t  t he  e s t u a r i n e  s t a t i o n s  c o n f i r m  the  

obvious: t he re  i s  cons iderab le  s p a t i a l  and temporal v a r i a t i o n  i n  

hydro logy  of t he  Calcas ieu Lake es tuary .  The da ta  presented he re in  are 

c o l l e c t e d  on board month ly  ben th i c  c ru i ses .  Because o f  t he  h igh  

v a r i a t i o n  i n  p h y s i c a l  parameters depending on t i d a l  and weather 

cond i t i ons ,  these da ta  can o n l y  be considered approximat ions and no t  
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Figure  6-29. Su r face  and bottom d i s s o l v e d  oxygen va lues  a t  s t a t i o n  M18 dur ing  the 
pre -d i scha rge  s t u d y  (February - April 1981) and p r e s e n t  s tudy  (t4ay 1981 - 
Apri l  1982) .  
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precise characterizations of the physical environment a t  these s i t e s .  

More complete data on es tuar ine physical parameters are provided i n  

Chapter 3. 

Not unexpectedly, bottom s a l i n i t y  (Figure 6-31) increases from the 

Intracoastal  Waterway (s ta t ion  E l )  towards the mouth o f  the estuary 

( s ta t ion  E5). There is a pronounced freshwater influence on a l l  

s t a t ions ,  as indicated by the considerable temporal variation seen over 

the 15 month study period. Bottom s a l i n i t y  decreases markedly from May 

t o  June a t  a l l  s i t e s ,  !hen gradually increases unt i l  December. 

Sa l in i ty  i s  h i g h e r  a t  a l l  s i t e s  d u r i n g  the spring of 1981 than d u r i n g  

the same period in 1982, perhaps due t o  abnormally low ra in fa l l  i n  

1981. 

Mean bottom temperature (Figure 6-32) ranges from a summer h i g h  of 

30°C t o  a l a t e  winter low of 8°C. Bottom dissolved oxygen (Figure 

6-32) also varies seasonally. Highest values (5.8 - 7.0 m l  1 - l )  

occur d u r i n g  the coldest  period of the year, and lowest values (2.3 - 
3.9 ml 1 - l )  generally lag one to  two months behind  the warmest 

period. Dissolved oxygen concentrations never reach below 2 ml 1 - l  

as occurs in the offshore study area during summer. 

6.3.3 Population S t a t i s t i c s  

A to ta l  of 247 macrobenthic species have been collected d u r i n g  the 

12-month study. period. This includes 85 species of polychaetes, 73 

crustaceans, 60 molluscs, and 29 species representing numerous other 
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taxa (Table 6-2). In all, over 225,000 individual specimens have been 

identified . 
6.3.3.1 Marine 

The total number of individuals (Table 6-3) varies considerably, 

both spatially, due to habitat differences, and temporally, due to 

mortality and larval recruitment. The greatest abundances of 

macrobenthos (14,620-21,790 individuals occurs at station M3 

in May and June (Table 6-3). The lowest abundance (670 individuals 

m-') occurs at station M18 duriqg August, a time of hypoxic 

conditions on the shelf. Spatial and temporal variations in abundance 

of individuals are evident in Figure 6-33 in which data from both 

control and near-diffuser sites are presented. In general, at these 

sites greatest abundances occur during late winter and spring, and 

lowest abundances occur during summer. 

The total numbers of species (Figure 6-34) varies considerably 

with time. During summer, fewer species are present at both control 

and near-diffuser sites. The greatest numbers of species generally 

occur i n  late spring (May-June). 

Shannon diversity has been used for a number of years by 

investigators to measure environmental stress on macrobenthic community 

structure. The use of such diversity indices has decreased somewhat in 

recent years, however, as investigators have begun to realize the 

theoretical limitations in interpreting these values. Semantic 

problems have plagued the concept since its inception, to the point 
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Table 6-2. Macrobenthic species collected at marine and estuarine 
stations. 

CNIDARIA 
Anthozoa 

Anthozoa sp .A 
Anthozoa sp.B 
Ant hozoa sp . C 
Bunodactis texaensis 

Actini idae 

Actinostolidae 
Par anthus rap i f ormi s 

AiDtasiidae 
Aiptasia pallida 

PLATYHELMINTHES 
Turbel laria 

Polycladia sp.A 
Polycladia sp.B 
Polycladia sp.C 
Polycladia sp.D 
Polycladia sp.E 

NEMERTINEA 
Cerebratulus lacteus 
Nemertea sp.B 
Nemertea sp. D 
Nemertea sp .G 
Nemertea sp .K 

AN NE L I DA 
0 1 i g oc hae t a 
Polychaeta 

AmD h are t i d ae 
Ampharete cf. acutifrons 
Hobsonia florida 
Sabellides sp.A 

Amphictenidae 
CIstena reqalis 

Pseudeurythoe paucibranchiata 
Amp h i nomi d ae 

CaDitel lidae 
Capi tel la capi tata 
Heteromastus filiformis 
Mediomastus californiensis 
Notomastus hemipodus 
Notomastus latericeus 
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Table 6-2. continued * 

C h ae top t er i d ae 

ChrysoDetal idae 
Spiochaetopterus oculatus 
- .  
Paleanotus heteroseta 

Cirratu 1 idae 
Chaetozone sp. 
Cirratulus cf. filiformis 
Tharyx sp. 

Cossura delta 
Cos sur i dae 

Cossura soyeri 
Dorvi 1 leidae 

Sc h i s t omer i nq o s ru d o 1 p h i 
Eun i ci dae 

Marphysa sanguinea 

Piromis roberti 

G 1 ycer a amer i c an a 

Flabelligeridae 

Glyceridae 

Goniadidae 
G 1 yc i nde so 1 i t ar i a 

Hes i on i dae 
Gyp t i s brevi p a 1 pa 
Gyptis vittata 
Podarke obscura 

Lumbrinerides sp.A 
Lumbrineris aberrans 
Lumbrineris ernesti 

Lumbrineridae 

Lumbrineris sp.A 
Ninoe sp.A 

Maqe 1 on i dae 
w 

Maqelona cf. cincta 
Magelona cf. phyllisae 

Mal d an i d ae 
Asychis elonqata 
Axiothella sp.A 
Clymenel la torquata 

Aglaoph’amus circinata 
Ag 1 aop hamus - ierri 1 1 i 

- 
Nephtyidae 

Nephtys incisa, -- 
Nephtys simoni 
Nephtys sp.A 

-- 
Nere i d ae 

Laeonereis culveri ‘ . 
Nereis lamellosa 

-- 
Nereis microms 
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Table 6-2. continued 

Nereis succinea 
Nereis sp.A 

Diopatra cuprea 

Armand i a macu 1 at a 

Scoloplos texana 

Myriochele oculata 
Myriowenia sp.A 
Owenia fusiformis 

Onup hi dae 

Opheliidae 

Orbini idae 

Oweniidae 

P ar aon i dae 
Ar i cidea cat her i nae 
Aricidea cf. alisdairi 
Aricidea lopezi 
Aricidea pseudoarticulata 
Aricidea suecica 
Cirrophorus americanus 

Phyl lodocidae 
Eteone heteropoda 
Eumida sanquinea 
Phyllodoce arenae 

P i 1 arg i dae 
Anci strosyll is jonesi 
Parandalia fauveli 
S i  g ambr a bassi 
Sigambra tentaculata 
Si gambr a wass i 

Lepidastheni a sp .A 
Lepidonotus sublevis 
Polynoidae sp.A 

Polynoidae 

Polynoidae sp.6 
Polynoidae sp.D 

Sabel lidae 
Meqalomma bioculatum 

SerDu 1 i dae 
Hydroides protul icola 

Pholoe sp.A 
Sthenelais boa 
Sthenolepis sp. A 

S i g a 1 i on i d ae 

Sp i on i dae 
Mal acoceros sp .A 
Parapri onospi o pi nnata 
Polydora ligni 
Polydora socialis 
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Table 6 - 2 .  cont inued 

Pr ionosp io  c i r r i f e r a  
Spiophanes bombyx 
Spiophanes miss ionens is  
S t reb losDio  b e n e d i c t i  

Loimi a medusa 

Au to l y tus  d e n t a l i u s  

-- 
Syl l i d a e  

MOLLUSCA 
Gastropod a 

Ac teoc i n i dae 
Acteoc i  na canal  i cu 1 a t a  

A e o l i d i i d a e  
Cerber i  1 l a  tanna 

A r m i  n i dae 
Armina sp. A 

B ucc i n i d ae 
Cantharus cancel  l a r i u s  

Columbel l idae-  
Anachis -- catenata  
Anachis -- obesa 

Cor ab i  dae 
Dor ide l  l a  

C rep  i du 1 i dae 
Crep idu l  a 

E D i  t o n i  idae  
Epi  t o n i  um 
Epi  ton ium 
Epi  ton ium 
Epi  ton ium 

ob s c u r a 

frorn i c a t  a 

m g u  1 atum 
ap i c u 1 a t  um 
mu 1 t i  s tr i atum 
- r u p  i c o l  a 

Eul imidae 

H ami n oe i d ae 

Hydrobi  idae  

M u r  i c i d ae 

Nassar i idae 

Strombiformis - bi lineatus 

Haminoea succ inea 

Texadina sphinctostoma 

Thais  haemastoma f l o r i d a n a  

Nassar ius acutus 
Nat i c  idae  

N a t i c a  canrena 
N a t i c a  p u s i l l a  
P o l i n i c e s  d u p l i c a t u s  
Sinum perspec t ivum 

Pyramidel 1 i dae 
Odostomia c f .  weber i  
Odostomia c f .  g ibbosa  
Turboni  11 a sp .A 
T u r b o n i l l a  sp.6 
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Table 6-2. cont inued 

T u r b o n i l l a  sp.C 

V o l v u l e l l a  texas iana  
Ret us i d ae 

Terebr idae 
Terebra sp. 

V i t r i n e l  l i d a e  
Cyciost remi  scus pentagonus 
S o l a r i o r b i s  b l a k e i  
V i t r i n e l l a  f l o r i d a n a  

U n i d e n t i f i e d  
Nudibranchia sp.A 

B i v a l v i a  
Arc i dae 

Anadara ova l  i s  
An ad a r  a tr ansver s a 
Neo t i  a ponderosa 

Corbu 1 idae 
Corbu 1 a b a r r a t t  i ana 
Corbula c f .  s w i f t i a n a  

Cuspidar i  idae 
Cardiomya sp.A 

Mac tr i d ae 
Mu1 i n i  a 1 a t e r a l  i s 

Myti l i d a e  
Arnygd a 1 urn p a p y r i  urn 
Brachi  odontes exustus 

Nuculanidae 
Nuculana sp.A 

Pandora tr i l i n e a t a  
P andor i  dae 

P e t r i  co 1 i dae 
P e t r i c o l a  pho lad i fo r rn i s  

C y r t o p l e u r a  c o s t a t a  
P ho 1 ad i dae 

P i n n i  dae 
A t r i n a  s e r r a t a  

Sernelidae 
- Abra aequal i s  
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Table 6-2. continued 

Solecurtidae 

Solenidae 

Te llinidae 

Tagelus plebius 

Solen viridis 

Macoma cons tr i c t a 
Macoma mi tche 1 1  i 
Macoma tageliformis 
Macoma tenta 
Tellina alternata 
Te 1 1 i n a tamp aens i s 
Tellina versicolor 
Tellina sp.A 

Aqriopoma texasiana 
Chione cancellata 
Chione clenchi 

Vener i dae 

AR THR OPODA 
Pycnog on i d a 

Phoxichi l i  idae 
Anoplodactylus petiolatus 

C i rr iDedi a 
Bai an i d ae 

Balanus eburneus 
Bal anus improvi sus 

Squilla empusa 

Stomatopoda 

Mys i dacea 

Squi 1 lidae 

MYS i dae - 
Brasilomysis castroi 
Mysidopsis almyra 
Mysidopsis bahia  
Mysidopsis bigelow 

Cumacea 
Bodotri idae 

Diastylidae 

Par at anai dae 

Idote i d ae 

M unn i d ae 

Cyc 1 aspi s vari ans 

Oxyurostylis sp.A 

Harqeri a rapax 

Edotea tri loba 

Tanaidacea 

I sopoda 
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Table 6-2. continued 

Munna sp.A 

Cassidinidea ovalis 

Ampelisca abdita 

Arg i s s a h amat i pes 

Gitanopsis sp.A 

Grandidierella bonnieroides 
Lembos sp. 

Batea catharinensis 

Sphaeromi dae 

Ampe 1 i sc i d ae 

Agr i ss i dae 

Amphilochidae 

Aor i dae 

Amp hi poda 

Bateidae 

CaDrel lidae 
Caprella equilibra 
Paracaprella pusilla 

Corophi idae 
Cerapus benthophilus 
Corophium sp.A 
Corophium sp.B 
Corophium louisianum 
Erichthonius brasiliensis 

Gammaridae 
Gammarus mucron at us 
Melita nitida - 

I schyroceri dae 
J&sa falcata 

I sae i d ae 
Microprotopus shoemakeri 
Microprotopus sp .A 
Photis sp. 

Li lgeborgi idae 
L i s tr i e 1 1 a barnard i 

Oedicerotidae 
Monoculodes sp.A 
Synchelidium americanum 

S tenot ho i dae 

Synopiidae 

Ca 1 app i d ae 

Callianassidae 

Parametopella sp.A 

Tiron tropakis 

Hepatus epheliticus 

Dec apod a 

Callianassa (Gourretia) jamaicense 
Callianassa (Gourretia) latispina 
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Table 6-2. continued 

Upogebia affinis 
Hippolytidae 

Latreutes fucorum 
Latreutes parvulus 

Persephona crinata 
Persephone mediterranea 

Libinia sp. 

Leucosi idae 

Majidae 

Ogryididae 
Ogryides alphaerostris 

P aaur i dae 
dC 1 i banar i us vi t t at us 
Pagurus longicarpus 
Paqurus pol licaris 
Pagurus sp.B 

Leander tenuicornis 

Leptochela serratorbita 

P a1 aemon i dae 

Pas i p hae i dae 

P en ae i d ae 
Penaeus aztecus 
Sicyonia dorsalis 
Trachypenaeus constrictus 
Trachypenaeus simi 1 is 

Pinnixa chaetopterana 
Pinnixa pearsei 
Pinnixa sp.B 
Pinnixa sp.C 

P i nnot her i d ae 

Porcel lanidae 
Petrolisthes armatus 

Portunidae 

Ser 

Callinectes sapidus 
Callinectes similis 
Ovalipes floridanus 
Portunus gibbesii 

-g e s t i d ae 
Acetes americanus 
Lucifer faxoni 

Eurypanopeus depressus 
Xant h i d ae 

Hexap anopeus angus t i frons 
Neopanope texana 
Panopeus herbstii 
Rithropanopeus harrisii 
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Table 6-2. cont inued 

SIPUNCULA 
Aspidosiphon a lbus 
G o l f i n q i a  c f .  t r i c h o c e p h a l a  
Phascol ion s t rombi  

ECHI URA 
Thal  assemidae 

Thal  assema sp .A 

Phoronis  sp.A 
P HORON I DA 

BR AC H I OPODA 
G1 o t t i  dea p y r  ami d a t  a 

ECHINODERMATA 
Ophi u ro idea  

Amp h i u r  i d ae 
Hemiphol is e longa ta  
M i c r o p h o l i s  a t r a  

Hol o t  h u r o i  dea 
Phyl  lophor idae 

Synapt idae 
Pentamera sp .A 

Synapt idae sp.A 

HEM ICHOR DATA 
Bal  anoq 1 ossus aur ant  i acus 
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STATION 
r 

MY JUN JUL Cw; SEEP OCT Nov EC FEB MY3 PPR 

3- 

I 

cn 
I 
0 7  

Ttble 6-3. Total individuals (rn-') collected at each s i te  per m t h .  
Values are based on mans of 6 replicate ssrples. 

M3 14620 

M6 1320 

M10 4510 

MOA 4980 

M15 3900 

M18 3140 

-tal 1410 

DE 3570 

DN 7200 

Ds 3030 

Dw 4520 

21790 

2310 

37a 

13050 

3100 

4190 

2740 

1830 

293 

3120 

3300 

6220 

* 

2640 

1020 

* 

2150 

* 

980 

* 
* 

2780 

4790 

* 

4483 

1350 

A 

670 

* 
15x) 

* 
* 

2040 

2830 

a 2 0  

1550 

m 
1930 

1680 

2010 

1730 

1520 

lm, 

1710 

2360 

* 

2250 

x)40 

* 

1380 

1720 

2390 

* 
* 

1830 

2133 

* 

3300 

2520 

* 

1940 

1770 

1610 

* 
* 

1510 

1540 

1630 

2670 

3260 

2170 

m 
1830 

2220 

2170 

2580 

1760 

1890 3320 

* * 

2380 3420 

1960 2940 

* * 
2740 5410 

'2910 6783 

370 4730 

* * 
* * 

193 2890 

2740 

* 

3210 

4740 

5950 

210 

8840 

4730 

4130 

6200 

3940 

5610 

* 

4090 

3910 

* 

5880 

6230 

5m 

* 
* 

4890 

* no data collected 
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that some investigators have proposed dropping the term entirely 

(Hurlbert, 1971). Furthermore, one of the applications o f  diversity 

indices has been the comparison of separate studies. Variations in 

community composition, sampling methodology, and taxonomic expertise 

between studies severely limits the usefulness of this application of 

diversity indices. Shannon's index is best interpreted in light of the 

individual components of species diversity: species richness and 

species evenness. Values for species richness (Table 6-41 and species 

evenness (Table 6-51, as well as Shannon diversity (Table 6-61 are 

discussed in this investigation. 

A number of stations (e.g. M10, M6) are relatively speciose as 

evidenced in the species richness values (Table 6-4). Sampling sites 

to the east of the diffuser (e.g. stations M15, M18, M20) are generally 

less species rich than those to the west (e.g. stations M3, M6). 

Species evenness values, a measure o f  how evenly the individuals are 

distributed among the species, are presented in Table 6-5. Values at 

station M3 are consistently lower than other sites from May to August, 

and are higher than all other sites from October to March. 

More evident than spatial differences are the temporal variations 

in Shannon diversity, species richness, and species evenness which 

occur during the year (Figure 6-35]. Three representative sites 

(stations M3, MlOA, M18) are presented for this discussion. There is 

clearly a radical change in values of all three indices during summer 

hypoxia. Additionally, throughout the year values for evenness and 
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T h l e  6-4. Species richness values for marine stations. 

* no data collected 



Tzble 6-5. Species eveness values for marine stations. 

~ 

STATION MY JUN JUL A& SEP K T  Nov E C  CWV AB W PPR 

M3 

M6 

M10 

MlOA 

M15 

M18 

m 
E 

DN 

DS 

Dw 

0.13 0.16 

0.66 0.70 

0.40 0.50 

0.43 0.23 

0.41 0.59 

0.47 0.47 

0.63 0.54 

0.54 0.67 

0.28 0.46 

0.38 0.47 

0.35 0.51 

0.27 

* 

0.45 

0.75 

* 

0.49 

* 

0.75 

* 
* 

0.36 

0.36 

* 

0.56 

0.75 

* 

0.74 

* 

0.46 

* 
* 

0.61 

0.63 

0.51 

0.65 

0.68 

0.51 

0.49 

0.40 

0.53 

0.51 

0.65 

0.64 

0.70 

* 

0.68 

0.58 

* 

0.67 

0.53 

0.67 

* 
* 

0.67 

0.69 

* 

0.55 

0.62 

* 

0.69 

0.72 

0.69 

* 
* 

0.72 

0.71 

0.65 

0.56 

0.60 

0.65 

0.63 

0.62 

0.65 

0.70 

0.58 

0.69 

0.71 

* 

0.60 

0.69 

* 

0.50 

0.44 

0.54 

* 
* 

0.67 

0.70 

* 

0.60 

0.62 

* 

0.52 

0.37 

0.52 

* 
* 

0.49 

0.70 

* 

0.70 

0.58 

0.44 

0.48 

0.32 

0.55 

0.65 

0.44 

0.51 

0.56 

* 

0.59 

0.58 

* 

0.34 

0.30 

0.41 

* 
* 

0.43 

* 110 data collected 
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MY Juy Ju_ AUG SEP OCT NOV DEC JAN FEB APR 

m 
I 

w 

T b l e  6-6. Shannon diversity values for marine stations. 

M3 

M 

M10 

MlOA 

M15 

M18 

Ma 
DE 

DN 

Ds 

Lkl 

0.n 0.98 1.43 2.01 3.56 4.08 4.08 4.02 4.06 4.26 3.98 3.39 

3.50 4.19 * * 2.77 * * 3.50 * * * * 

2.3 3.06 2.43 3.34 3.57 4.02 3.31 3.46 3.59 3.65 4.11 3.41 

2.47 1.41 3.82 4.30 3.55 3.20 3.45 3.34 3.90 3.51 3.23 3.31 

2.29 3.11 * * 2.56 * * 

2.61 2.54 2.36 3.46 2.49 3.53 3.04 3.39 2.79 2.99 2.56 1.93 

2.01 2.86 3.97 3.22 2.43 2.06 1.88 1.68 3.43 3.06 * * 

3.14 3.72 3.86 2.35 2.68 3.82 3.94 3.7l 2.97 2.90 3.30 2.30 

1.54 2.47 * 

2.14 2.75 * * 3.52 * * 
2.08 3.05 1.72 3.23 3.37 3.82 3.91 3.88 3.61 2.74 2.95 2.40 

3.39 * * 2.48 * 

2.43 * * 3.76 * * 3.61 * 
3.25 * ,( * 2.57 * 

* 

* no data collected 
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Figure 6-35. Temporal vari  a t i  on i n  species d i  versi t y  , species richnes! 
and species evenness a t  three selected marine stations. 

6-74 



3 
Shannon diversity are closely correlated, indicating that temporal 

variations in diversity among the marine stations are due almost 

entirely to changes in the relative abundance of the species rather 

than to differences in the number of species inhabiting the sites. 

This results from the numerical dominance of a few species at 

particular sites, a trend that may be related to either environmental 

stress or seasonal recruitment patterns of the species. The low value 

for evenness which occurs at station MlOA in June (Figure 6-35) is 

atypical of the pattern seen at any other station, and represents a 

sudden irruption in population of a single - .. species (Phoronis sp. A) .  

6.3.3.2 Estuarine 

Values for Shannon diversity, species richness, and species 

evenness are presented in Table 6-7. Less species are present in the 

upper estuary (station El) than at the estuary mouth (station E 5 ) ,  as 

evidenced in the values for species richness. Additionally, station E5 

is numerically dominated by only a small percentage of the species in 

the community, (e.g. Phoronis sp. A, Mulinia lateralis, Streblospio 

benedicti), resulting in relatively low values for species evenness 

from May to September. Generally, however, there is little temporal 

variation in evenness at estuarine sites during the year. There are no 

temporal trends in species richness values common to all sites. 
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STATION WAY JUN JUL AUG SEP ET Nov DEC JAN FEB MaR 

Table 6-7. Shannon diversity, species richness, md species evenness values 
for estuarine sites. 

PWI 

m 
I 

m 

SPECIES RICHUESS 
E l  3.54 3.29 2.80 3.26 5.38 2.66 4.21 4.93 * 5.78 5.09 3.17 
E2 3.41 6.04 6.76 5.65 6.25 5.74 6.11 4.41 * 4.77 4.79 6.70 

E5 5.93 5.15 4.74 4.50 6.36 8.86 4.44 6.18 * 8.91 7.54 6.65 

E3 5.19 4.24 * 4.15 4.64 4.73 4.70 3.92 * 4.55 5.45 5.75 
E4 4.54 3.40 4.21 3.79 4.93 3.74 4.86 5.12 * 4.94 5.47 4.93 

SPECIES EVENNESS 
E l  0.62 0.62 0.52 0.70 0.78 0.73 0.62 0.54 * 0.46 0.85 0.51 
E2 0.53 0.67 0.67 0.88 0.88 0.72 0.59 0.66 * 0.58 0.56 0.74 
E3 0.64 0.66 * 0.69 0.74 0.73 0.63 0.81 * 0.62 0.7l 0.72 
E4 0.57 0.67 0.59 0.60 0.74 0.86 0.69 0.82 * 0.59 0.70 0.71 
E5 0.21 0.17 0.39 0.27 0.63 0.74 0.56 0.85 * 0.68 0.66 0.68 

* no data collected 



6.3.4 Species D i s t r i b u t i o n s  

6.3.4.1 Marine 

The t e n  most numer i ca l l y  dom nant  species c o l l e c t e d  each month are 

presented i n  Table 6-8. S p a t i i  1 d i s t r i b u t i o n  p a t t e r n s  o f  se lec ted  

species are analyzed by comparison of abundance v a r i a t i o n s  between 

c o l l e c t i o n  s i t e s  du r ing  p a r t i c u l a r  c ru i ses .  Temporal t rends are 

analyzed by comparion of species abundance v a r i a t i o n s  between c r u i s e s  

(i .e. over t ime) .  General temporal t rends  are a d d i t i o n a l l y  discussed 

w i t h  re fe rence  t o  base l ine  da ta  c o l l e c t e d  i n  the s tudy area by Science 

A p p l i c a t i o n s  Incorpora ted  (1978), Parker  e t  a l .  (19801, and Weston and 

Gaston (1982). 

Dur ing the t h r e e  month p e r i o d  p r i o r  t o  b r i n e  d ischarge two 

species,  Phoronis  sp. A (Phoronida) and Sabe l l i des  sp. A (Polychaeta)  

n u m e r i c a l l y  dominant the macrobenthic communities of the  s tudy area 

(Table 6-8). Though the h igh  abundance of Sabe l l i des  sp. A does n o t  

con t inue  f o l l o w i n g  the d ischarge o f  b r i n e ,  Phoronis  sp. A popu la t i on  

numbers cont inue t o  increase, t o t a l l i n g  72% o f  the  t o t a l  macrobenthos 

i n  May. Th is  p a t t e r n  o f  dominat ion by Phoronis  sp. A cont inues  through 

July. Popu la t ions  o f  Phoronis  s p .  A decrease i n  number through August 

and September. By October Phoronis  sp. A i s  n o t  among the  10 most 

n u m e r i c a l l y  dominant species. The popu la t i on  i r r u p t i o n  observed i n  t h e  

w i n t e r  and sp r ing  o f  1981 i s  n o t  repeated i n  1982. 

S p a t i a l  d i s t r i b u t i o n  of Phoronis  sp. A i s  shown f o r  f i v e  s t a t i o n s  

i n  F igu re  6-36. Dur ing pre-d ischarge sampling (February-Apr i  1 1981) 

Phoronis  i s  more common around the d i f f u s e r  than a t  c o n t r o l  s i t e s  M18 

and M20 (F igure  6-37). Dur ing June, fo l l ow ing  the  i n i t i a l  d ischarge of 
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Table 6-8. Numerically dom'nant marine species by mean abundance 
(individuals m ) and percentage o f  benthic community. 
(An = Anthozoan, B = Barnacle, C = Cumacean, M = Mollusk, 
N = Nemertean, P = Polychaete, Ph = Phoronid). 

-3 
Q 

FEBRUARY 1981 
- percent age of Cumulative 
X total individuals percent 

Sabellides sp. A (PI 1102 
Bal anus improvi sus (B) 308 
Mulinia lateralis (MI 178 

Magelona cf. phyllisae (PI 162 
110 

Mediomastus californiensis (PI 106 
Nemertea sp. B (N) 88 
Phoronis sp. A (Ph) 72 
Oxyurostylis sp. A (C) 72 
Cossura soyeri (PI 38 

Parapr i onosp i o pi nnata (P 1 

- 
MARCH 1981 X 

Sabellides sp. A (P) 1517 
Phoronis sp. A (Ph) 1402 
Bal anus improvi sus (B) 356 
Oxyurostylis sp. A (C) 137 
Nemertea sp. B (N) 111 
Maqelona cf. phyllisae (P) 93 
Mulina lateralis (MI 71 

Mediomastus californiensis (P) 70 
Paraprionospio pinnata (PI 65 
Cerebratulus lacteus (N) 40 

43.2 
12.1 

7.0 

6.3 
4.3 
4.1 
3.4 
2.8 
2.8 
1.5 

percent age of 
total individuals 

35.5 
32.8 

8.3 
3.2 
2.6 
2.2 
1.6 
1.6 
1.5 

0.9 

43.2 
55.3 
62.3 
68.6 
72.9 
77.0 
80.4 
83.2 
86.0 
87.5 

Cumulative 
percent 

35.5 
68.4 
76.7 
79.9 
82.5 
84.7 
86.4 
88.0 
89.5 

90.5 
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I Table 6-8. continued 

APRIL 1981 
Irs - 

X 

Phoronis sp. A (Ph) 2822 
Sabellides sp. A (PI 1653 
Magelona cf. phyllisae (P) 154 
Balanus improvisus (6) 134 
Nemertea sp. 6 (N) 129 

Mediomastus californiensis (P) 91 
Diopatra cuprea (PI 76 
Cossura soyeri ( P I  49 

Paraprionospio pinnata ( F )  94 

Oxyurostylis sp. A (C) 46 

MAY 1981 
- 
X 

Phoronis sp. A (Ph) 3446 
Nemertea sp. 6 (N) 183 
Par apr i onosp i o p i nn at a ( P 150 
Diopatra cuprea (PI 122 
Magelona cf. phyllisae (PI 103 
Glycinde solitaria (PI 102 
Mediomastus californiensis (PI 77 
Spiochaetopterus oculatus (PI 70 
Cirratulus cf. filiformis (P) 63 
Sthenolepis sp. A (PI 52 

percentage of 
total individuals 

50.0 
29.1 
2.7 
2.4 
2.3 
1.7 
1.6 
1.4 
0.9 
0.8 

percent age of 
total individuals 

71.9 
3.8 
3.1 
2.5 
2.1 
2.1 
1.6 
1.5 
1.3 
1.1 

Cumu 1 at i ve 
percent 

50.0 
79.1 
81.8 
84.1 
86.4 
88.0 
89.7 
91.0 
91.9 
92.7 

Cumulative 
percent 

71.9 
75.7 
78.9 
81.4 
83.6 
85.7 
87.3 
88.8 
90.1 
91.1 
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Tab l e  6-8. cont inued 

JUNE 1981 
- 
X 

Phoronis sp. A (Ph) 3980 

Par a p r i  onosp i o p i  nnata (P 263 
Mediomastus c a l i f o r n i e n s i s  ( P I  205 
Magelona c f .  p h y l l i s a e  ( P I  158 
Glyc inde s o l i t a r i a  ( P I  148 

D iopa t ra  cuprea ( P I  122 
Nemertea sp. 8 (N) 113 
Spiochaetopterus ocu la tus  ( P I  83 
Nemertea sp. D ( N )  81 
Cossura soye r i  ( P )  72 

JULY 1981 
- 
X 

percentage of 
t o t a l  i n d i v i d u a l s  

70.1 
4.6 
3.6 
2.8 
2.6 
2.2 
2.0 
1.5 
1.4 
1.3 

pe rcen t  age of 
t o t a l  i n d i v i d u a l s  

Cumu 1 a t  i ve 
pe rcen t  

70.1 
74.8 
78.4 
81.1 
83.7 
85.9 
87.9 
89.4 
90.8 
92.0 

Cumulative 
pe rcen t  

Phoronis sp. A (Ph) 1737 

Magelona cf. p h y l l i s a e  ( P I  241 
Cossura s o y e r i  ( P I  101 
Nemertea sp. B (N )  100 
Spiochaetopterus ocu la tus  ( P I  61  
Parap r i  onosp i o p i  nnata (P ) 52 
D i o p a t r a  cuprea ( P I  50 
C i r r a t u l u s  c f .  f i l i f o r m i s  ( P I  41 
A n c i s t r o s y l l i s  j o n e s i  ( P I  34 
Sigambra t e n t a c u l a t a  ( P I  29 

64.5 
9.0 

3.8 
3.7 
2.3 
1.9 
1.9 
1.5 
1.3 
1.1 

64.5 
73.4 
77.2 
80.9 
83.2 
85.1 
86.9 
88.4 
89.7 
90.8 
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Table 6-8. continued 

AUGUST 1981 

Paraprionospio pinnata (PI 
Phoronis sp. A (Ph) 
Owenia fusiformis (P) 
Anthozoa (An) 
Magelona cf. phyllisae (P) 
Diopatra cuprea (PI 
Nassarius acutus ( M I  
Sigambra tentaculata (PI 
Glycinde solitaria (PI 
Cossura soyeri (PI 

SEPTEMBER 1981 

Paraprionospio pinnata (PI 
Magelona c f .  phyllisae (PI 
Sigambra tentaculata (PI 
Diopatra cuprea (PI 
Glycinde solitaria (PI 
Phoronis sp. A (Ph) 
Owenia fusiformis (PI 
Cossura soyeri (PI 
Nereis micromma (P) 
Nassarius acutus (MI 

- 
X 

854 
798 
288 
246 
2 24 
103 
85 
76 
71 
70 

- 
X 

973 
199 
107 
100 
94 
76 
64 
61 
45 
43 

percent age of 
total individuals 

26.3 
24.6 
8.9 
7.6 
6.9 
3.2 
2.6 
2.3 
2.2 
2.1 

percent age o f  
total individuals 

47.8 
9.7 
5.3 
4.9 
4.6 
3.7 
3.1 
3.0 
2.2 
2.1 

Cumulative 
percent 

26.3 
51.0 
59.9 
67.4 
74.4 
77.6 
80.2 
82.5 
84.7 
86.8 

Cumulative 
percent 

47.8 
57.5 
62.8 
67.7 
72.3 
76.0 
79.2 
82.1 
84.4 
86.5 
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Table 6-8. continued 

OCTOBER 1981 
- 
X 

P arapri onosp i o pi nnat a (P I 825 
Magelona cf. phyllisae (PI 226 
Glycinde solitaria (PI 195 
Siqambra tentaculata (PI 142 
Owenia fusiformis (PI 121 

Pseudeurythoe pauci branchi ata (PI 84 
Diopatra cuprea (PI 83 

Mediomastus californiensis (PI 68 
Mulina lateralis (MI 58 
Cossura soyeri (PI 55 

NOVEMBER 1981 
- 
X 

Maqelona cf. phyllisae (P) 3 70 
Paraprionospio pinnata (PI 289 
Owenia fusiformis (PI 251 
Siqambra tentaculata (PI 158 

Pseudeurythoe paucibranchi ata (PI152 

Mediomastus californiensis (PI 134 
Cirratulus cf. filiformis (PI 109 
Cossura soyeri (PI 88 

Glycinde solitaria (PI 64 

Nemertea sp. B ( N )  77 

percentage of 
total individuals 

35.3 

9.7 
8.3 
6.1 
5.2 
3.6 
3.6 
2.9 
2.5 
2.4 

percent age of 
total individuals 

17.4 
13.6 
11.8 
7.4 
7.1 

6.3 
5.1 
4.1 
3.6 

3.0 

Cumulative 
percent 

35.3 
44.9 
53.3 
59.3 
64.5 
68.1 
71  
74 
77 

79 

Cumulative 
percent 

17.4 
31.0 
42.8 
50.2 
57.3 

63.6 
68.8 

72.9 
76.5 

79.5 
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Table 6-8. continued 

- 
DECEMBER 1981 X 

Magelona cf. phyllisae (PI 369 
Cirratulus cf. filiformis (P) 358 

Parapri onospio pi nnata (P 1 332 
Pseudeurythoe paucibranchiata (PI191 

Sigambra tentaculata (PI 159 
Mediomastus californiensis (PI 146 

Owenia fusiformis (P) 121 
Cossura soyeri (PI 77 
Glycinde solitaria (PI 55 
Nemertea sp. D (N) 37 

JANUARY 1982 
- 
X 

Cirratulus cf. filiformis (P) 844 

Magelona cf. phyllisae (P) 331 
Pseudeurythoe paucibranchiata (PI202 

Paraprionospio pinnata (PI 176 
Mediornastus californiensis (P) 140 

Sigarnbra tentaculata (PI 126 
Owenia fusiformis (PI 114 
Cossura soyeri (PI 90 
Cerebratulus lacteus (N) 40 

Nemertea sp. B (N) 33 

percent age of 
total individuals 

16.7 

16.3 
15.0 

8.7 
7.2 
6.6 
5.5  
3.5 
2.5 
1.7 

percent age of 

34.7 
13.6 
8.3 
7.2 
5.8 
5.2 
4.7 
3.7 
1.7 

1.4 

total individuals 

Cumulative 
percent 

16.7 
33.0 
48.0 
56.7 
63.9 
70.5 
76.0 

79.5 
82.0 
83.7 

Cumulative 
percent 

34.7 
48.3 
56.6 
63.8 
69.6 
74.8 
79.5 
83.1 
84.8 

86.2 
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Table 6-8. continued 

FEBRUARY 1982 
- 
X 

Cirratulus cf. filiformis (PI 1675 
Mulina lateralis (MI 517 

Maqelona cf. phyllisae (PI 407 
Paraprionospio pinnata (PI 254 

Mediomastus californiensis (PI 252 
Owenia fusiformis (PI 167 
Sigambra tentaculata (PI 148 

Pseudeurythoe paucibranchi ata (PI 137 
Cossura soyeri (PI 103 
Cerebratulus lacteus (NI 50 

MARCH 1982 
- 
X 

Cirratulus cf. filiformis (PI 1769 
Magelona cf. phyllisae (PI 308 

Mediomastus californiensis (PI 305 
Mulina lateralis (MI 262 
Paraprionospio pinnata (PI 195 

Pseudeurythoe pauci branchi ata (PI 138 
Sigambra tentaculata (PI 130 

Cerebratulus lacteus ( N )  36 
Cossura soyeri (PI 79 

Owenia fusiformis (PI 35 

percent age of 
total individuals 

39.5 
12.2 

9.6 
6.0 
5.9 
4.0 

3.5 
3.2 
2.4 
1.2 

percent age of 
total individuals 

48.0 
8.4 
8.3 
7 .1  
5.3 
3.7 
3.5 
2.1 
1.0 
0.9 

Cumulative 
percent 

39.5 
51.7 
61.4 
67.3 
73.3 
77.2 
80.7 
84.0 
86.4 
87.6 

Cumulative 
percent 

48.0 
56.4 
64.7 
71.8 
77.1 
80.9 
84.4 

86.5 
87.5 
88.4 
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Table 6-8. continued 

APRIL 1982 

Cirratulus cf. filiformis 
Mediomastus californiensis 
Maqelona cf. phyllisae ( P I  
Owenia fusiformis (P) 
Sigambra tentaculata (P) 
Cossura soyeri (PI 

P) 
(P 

- 
X 

2965 
423 
393 
205 
164 
141 

Pseudeurythoe p auc i branch i at a ( P  I 133 
120 

Cerebratulus lacteus *(N) 73 
Nemertea sp. D (N) 63 

Parapri onospi o pi nnata (P 

6-85 

percentage o f  
total individuals 

56.7 
8.1 
7.5 
3.9 
3.1 
2.7 

2.5 
2.3 
1.4 
1.2 

Cumulative 
percent 

56.7 
64.8 
72.3 
76.2 
79.4 
82.1 

84.6 
86.9 
88.3 
89.5 
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F i g u r e  6-37. D e n s i t y  o f  Phoronis  sp. A a t  mar ine  s t a t i o n s  sampled 
d u r i n g  t h e  p resen t  s tudy .  
f o r  g i v e n  months averaged ove r  a l l  s t a t i o n s .  Graph t o  
t h e  l e f t  i n d i c a t e s  d e n s i t y  f o r  g i v e n  s t a t i o n s  averaged 
over  a l l  months. 

Graph above i n d i c a t e s  d e n s i t y  
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br ine ,  popu la t i ons  o f  Phoronis i r r u p t  i n  number a t  s t a t i o n  MlOA, the 

M l O A  and s i t e  nearest  the d i f f u s e r .  By J u l y  d e n s i t i e s  a t  s t a t i o n  

elsewhere decrease, presumably due t o  the  e f f e c t s  o f  hypoxia. 

The polychaete,  Parapr ionospio p i n n a t a ,  increases 

i n d i v i d u a l s  m-' i n  J u l y  t o  a maximum o f  973 i n d i v i d u a l  

f rom 52 

m -2 i n  

September (F igu re  6-38). Populat ions o f  t h i s  species g r a d u a l l y  

decrease i n  number, and s t a b i l i z e  a t  approx imate ly  150 i n d i v i d u a l s  

m-2 throughout t h e  remainder o f  t he  year .  

Magelona c f .  p h y l l i s a e ,  a burrowing polychaeie,  i s  the ddminant 

macrobenthic species d u r i n g  November and December (Table 6-81 when 

p o p u l a t i o n  numbers reach 370 i n d i v i d u a l s  m". Though i t  i s  n o t  t h e  

most abundant species i n  A p r i l  1982, i t s  abundance reaches a maximum 

t h a t  month i n  the s tudy area (423 i n d i v i d u a l s  m-2). It i s  among 

t h e  ten most dominant species every month. The s p a t i a l  d i s t r i b u t i o n  

p a t t e r n  o f  - M. c f .  p h y l l i s a e  i s  shown i n  F igures 6-39 and 6-40. There 

i s  a general  t r e n d  o f  l a r g e r  popu la t i ons  around the  d i f f u s e r  than a t  

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

d u r i n g  c e r t a i n  months (see s e c t i o n  6.3.5 below). 

The most n u m e r i c a l l y  dominant species f rom January t o  A p r i l  1982 

i s  C i r r a t u l u s  c f .  f i l i f o r m i s ,  a sedentary po lychaete (Table 6-81. I t s  

popu la t i ons  reach 6400 i n d i v i d u a l s  m-2 a t  c o n t r o l  s i t e  M20 d u r i n g  

March 1982, though are o n l y  25 i n d i v i d u a l s  m-2 d u r i n g  the  same 

p e r i o d  i n  1981 (F igu res  6-41 and 6-42). I n  the  s tudy area 

- C. c f .  f i l i f o r m i s  increases d r a m a t i c a l l y  f rom October 1981 t o  March 

Q 
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F i g u r e  6-38. Dens i t y  o f  Parapr ionosp io  p i n n a t a  a t  mar ine  s t a t i o n s  
sampled d u r i n g  t h e  p resen t  s tudy .  
i n d i c a t e s  d e n s i t y  f o r  g i v e n  months averaged ove r  a l l  
s t a t i o n s .  
g i v e n  s t a t i o n s  averaged over  a l l  months. 

Graph above 

Graph t o  t h e  l e f t  i n d i c a t e s  d e n s i t y  f o r  
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Figure 6-40. Density of Ma elona c f .  phyl l i sae  a t  marine s t a t i o n s  
sampled during + e p r e s e m  Graph above 
ind ica tes  densi ty  ' for  g i v e n  months averaged over a l l  
s ta t ions.  
g i v e n  s t a t i o n s  averaged over a l l  months. 

Graph t o  the l e f t  ind ica tes  densi ty  f o r  

6-91 



~ I 

IO ,000. 

1,000 

I O  

cirrat cf. f i l i fow 

J a 

11 
ti 

0 N D J F M a J 
-1981- -19t2-” 

F i g u r e  6-41. Dens i t y  o f  C i r r a t u l u s  c f .  f i l i f o r m i s  throughout  t h e  p r e -  an p o s t -  
d ischarge i n v e s t i g a t i o n s  a t  f i v e  se lec ted  mar ine s t a t i o n s .  
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MlOA 57 38 12 3 8 3 77 303 468 718 1700 1527 

M10 72 27 28 3 15 7 15 47 357 182 213 1180 

ON 42 28 15 338 1220 

M6 57 108 7 62 

MI5 65 48 10 307 3632 

M3 130 78 150 2 7 2 15 17 177 500 353 2300 

Ml8 43 52 32 3 12 3 208 743 1278 1902 1832 4268 

MM 77 45 3 7 247 780 1742 4490 6390 4768 
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Figure 6-42. Density of Ci r ra tu lus  c f .  f i l i f o r m i s  a t  marine s t a t i o n s  
sampled d u r i n g  the present s tudy .  Graph above 
ind ica tes  density f o r  given months averaged over a l l  
s t a t ions .  
g iven  s t a t i o n s  averaged over a l l  months. 

Graph t o  the l e f t  ind ica tes  dens i ty  f o r  
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1982 a t  c o n t r o l  s i t e s ,  and i s  s i g n i f i c a n t l y  more abundant t h e r e  than i n  

n e a r - d i f f u s e r  s i t e s  (see s e c t i o n  6.3.5 below). 

Many of the species i n  the s tudy  area are o p p o r t u n i s t i c  species 

whose l i f e  h i s t o r y  i s  adapted t o  r a p i d  c o l o n i z a t i o n  o f  a h a b i t a t .  

Inc luded among these are the polychaetes,  Mediomastus c a l i f o r n i e n s i s ,  
b 

Owenia f u s i f o r m i s ,  and the phoronid,  Phoronis sp. A mentioned above. 

S p a t i a l  and tenpora l  v a r i a t i o n s  i n  abundance of - M. c a l i f o r n i e n s i s  are 

shown i n  F igures 6-43 and 6-44. I t i s  most abundant around the 

d i f f u s e r  ( s t a t i o n  M l O A )  i n  June 1981 and February - A p r i l  1982, and 

l e a s t  abundant d u r i n g  hypoxic c o n d i t i o n s  o f  the summer 1981. - 0. 

f u s i f o r m i s  i s  s im i  l a r l y  most abundant around the d i f f u s e r  (F igu re  

6-45). I t  i s  n o t  p resen t  i n  the s tudy  area i n  the  t h r e e  month p e r i o d  

before discharge begins, bu t  u n l i k e  most species i t  increases . i n  

p o p u l a t i o n  numbers d u r i n g  hypoxia. I t  i s  among the ten numerical  

dominants every month a f t e r  August 1981. 

Another o f  the polychaetes among the dominant species i s  

Pseudeurythoe paucibranchiata.  Dur ing pre-d ischarge s t u d i e s  i t  i s  more 

abundant a t  s t a t i o n s  M l O A  and DW than elsewhere (F igu re  6-46, Table 6- 

8) .  I t  i s  n e a r l y  absent f rom the  s tudy area from May t o  August 1981, 

then popu la t i ons  increase throughout the  f a l l  and w in te r .  The g r e a t e s t  

abundances are i n  January 1982 a t  s t a t i o n  M18, though no c o n s i s t e n t  

d i s t r i b u t i o n  p a t t e r n s  p e r s i s t s  from month t o  month. 

Nassar ius acutus i s  a gastropod mol lusk.  I t i s  among the  ten  most 

n u m e r i c a l l y  dominant species f o r  o n l y  two months , August and September 
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Figure 6-44. Density of  Medionastus ca l i fo rn iens i s  a t  marine 
s t a t ions  sampled during the present study. Graph 
above indicates  density for given nonths averaged 
over a l l  s t a t ions .  Graph t o  the l e f t  indicates  
density for  given s t a t ions  averaged over a l l  months. 

6-96 



300 

200 

I O 0  

F i g u r e  6-45. 

Owenia fusiformis 
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1 1981 I -p5- 

Dens i t y  o f  Owenia f u s i f o r m i s  th roughout  t h e  p r e -  and p o s t -  i s c  a rqe  
i n v e s t i g a t i o n s  a t  f i v e  s e l e c t e d  mar ine  s t a t i o n s .  
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F igu re  6-46. D e n s i t y  o f  Pseudeurythoe pauc ib ranch ia ta  th’roughout t h e  pre- and p o s t -  
discharcle i n v e s t i q a t i o n s  a t  f i v e  se lec ted  marine s t a t i o n s .  



(Table 6-8); however, i t s  s p a t i a l  d i s t r i b u t i o n  i s  noteworthy.  - N. 

acutus i s  g e n e r a l l y  more abundant a t  the  d i f f u s e r  s i t e  ( s t a t i o n  M l O A )  

than elsewhere (F igu re  6-47). Th is  t rend  i s  e s p e c i a l l y  pronounced 

du r ing  December when over 300 i n d i v i d u a l s  m-' occur a t  t h a t  s i t e ,  

w h i l e  popu la t i ons  a t  o the r  n e a r - d i f f u s e r  and c o n t r o l  s i t e s  are below 30 

i n d i v i d u a l s  m2. 

The s u s c e p t i b i l i t y  o f  amphipod crustaceans t o  p h y s i o l o g i c a l  s t r e s s  

has been demonstrated i n  recen t  East Coast i n v e s t i g a t i o n s  (Sanders 

1978, Boesch i n  press) .  Amphipods are g e n e r a l l y  p o o r l y  represented i n  

t h e  s tudy  area (F igu re  6-48), however, due i n  p a r t  t o  the  f i n e  t e x t u r e  

o f  the  sediments. Nevertheless,  they  are g e n e r a l l y  more abundant a t  

t h e  d i f f u s e r  s i t e  ( s t a t i o n  M l O A )  than elsewhere du r ing  the  two months 

f o l l o w i n g  b r i n e  d ischarge ( i . e .  May - June 1981). Since the  onset of 

hypoxia i n  Ju ly ,  very  few a m i p o d s  have been c o l l e c t e d .  Popu la t i on  

abudances o f  amphipods i n  sp r ing  1982 are below those o f  the  same 

p e r i o d  i n  1981. 

There are numerous macrobenthic species more commonly c o l l e c t e d  i n  

t h e  v i c i n i t y  o f  t h e  d i f f u s e r  than elsewhere, bu t  whose abundances are 

so low o r  occurrence so sporadic  as t o  p rec lude r i go rous  s t a t i s t i c a l  

analyses. These species are presented i n  F igures  6-49 and 6-50. The 

t o t a l  number o f  i n d i v i d u a l s  c o l l e c t e d  throughout  the s tudy area i s  

g iven  (n ) ,  and the  percentage o f  t h i s  t o t a l  c o l l e c t e d  a t  o n l y  s t a t  ons 

M10 and M l O A  i s  i n d i c a t e d  by the  shaded areas. The do t ted  i n e  

i n d i c a t e s  the  percentage o f  t he  t o t a l  i n d i v i d u a l s  expected based on t h e  
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F i g u r e  6-48. Densit!! o f  amphipod crustaceans th roughout  t h e  p re -  and pos t -d ischarge 
i n v e s t i g a t i o n s  a t  f i v e  s e l e c t e d  mar ine s t a t i o n s .  
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Figure 6-49. P i  e d i  agrams of pre-di scharge (1 e f t )  and post-di  scharge 
( r i g h t  ) abundances of selected species . 
individuals a t  stations M10 and M l O A  are expressed as a 
percentage (shaded area) of the total number of  
individuals col lected i n  the study area ( n )  . Dashed 1 i 
indicates the expected percentage of  t o t a l  individuals 
a t  M10 and MlOA based on the percentage o f  total sample 
taken (13% pre-di scharge, 24% post-discharge) . 
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n 8213 
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W 
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Figure 6-50. P i e  diagrams o f  post-discharge abundances o f  selected 
species. Number o f  i n d i v i d u a l s  a t  s ta t ions  M10 and 
M l O A  a r e  expressed as a percentage (shaded area )  o f  the  
t o t a l  number o f  i n d i v i d u a l s  c o l l e c t e d  i n  the  study area 
( n ) .  Dashed l i n e  ind ica tes  the  expected percentage o f  
t o t a l  ind iv idua ls  a t  M10 and M O A  based on the 
percentage o f  t o t a l  samples taken ( 2 4 % ) .  
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percentage o f  the samples taken a t  o n l y  M10 and M l O A  i n  p r o p o r t i o n  t o  

t h e  t o t a l  number o f  samples c o l  ected. For example, s ince  13% o f  the 

t o t a l  samples c o l l e c t e d  d u r i n g  the  pre-discharge p e r i o d  are c o l l e c t e d  

a t  s t a t i o n s  M10 and MlOA, one would expect 13% o f  the t o t a l  i n d i v i d u a l s  

t o  be c o l l e c t e d  a t  these s i t e s .  The same a p p l i e s  t o  the post -d icharge 

p e r i o d  d u r i n g  which 24% o f  the t o t a l  samples are taken a t  MI0 and MlOA. 

Pre-discharge r e s u l t s  are presented f o r  comparison w i t h  post -d ischarge 

da ta  i n  F igu re  6-49. These data are based on ly  on sampling s i t e s  i n  

common between p r e -  and post-discharge, and thus M1, M9, M 1 1  and CS are 

excluded f rom the  pre-discharge c a l c u l a t i o n .  F igure 6-50 i nc ludes  o n l y  

post -d icharge da ta  as these species were absent o r  ext remely r a r e  

d u r i n g  the  pre-d ischarge pe r iod .  

Dur ing the p re -d i  scharge per iod,  observed abundances of these 

species depar t  l ess  than 9 percentage p o i n t s  from the expected 

d e n s i t i e s .  Dur ing post -d ischarge sampling, a l l  these species show 

unexpectedly h i g h  d e n s i t i e s  i n  the  immediate v i c i n i t y  o f  the d i f f u s e r ,  

i n  some cases exceeding t h r e e  t imes the a n t i c i p a t e d  d e n s i t i e s .  Some o f  

t h e  species which show t h i s  most d r a m a t i c a l l y  are v i r t u a l l y  absent i n  

t h e  study area d u r i n g  pre-d ischarge sampling (e.g. Maqelona c i n c t a ,  

Owenia f u s i f o r m i s ,  S o l a r i o r b i s  b l a k e i ,  and Hexapanopeus a n q u s t i f r o n s ) .  

6.3.4.2 Es tua r ine  

F i v e  e s t u a r i n e  sampling s i t e s  are occupied monthly d u r i n g  t h i s  

study. These rep resen t  d i v e r s e  h a b i t a t  types from throughout the 

estuary,  ranging from low s a l i n i t y  up-estuary s i t e s  ( s t a t i o n s  E l ,  E2) 

Q 
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to a high salinity site at the mouth o f  Calcasieu Lake (station E5).  

Due to the uniqueness of each site (i.e. each community), the five 

sites are discussed independently. Spatial variations in distribution 

of estuarine species are not included in this analysis since the 

sampling sites do not represent complete gradient o f  habitats in the 

estuary. Temporal variations are discussed by site. 

Station E l  is located at the water intake site in the Intracoastal 

Waterway. A single species, Mediomastus californiensis, comprises 

38.8% of the macrobenthic organisms during the 12-month study period 

(Table 6-9). Streblospio benedicti, oligochaetes, and three nemerteans 

contribute an additional 43.5% of the total individuals. 

Paraprionospio pinnata is the only other species ever collected in 

abundance at station El. The community is generally species 

depauperate, and has the lowest number o f  individua s of any estuarine 

site. 

Most of 

erratically in 

most abundant 

the dominant species present at station El vary 

abundance (Table 6-10). Mediomastus californiensis is 

n February, but least abundant in March. Streblospio 

-- benedicti is r,dst abundant in June and least abundant in July and 

March. Such variations in abundance may indicate station location or 

methodological errors, however, station El is located adjacent to a 

concrete bulkhead at the freshwater intake site, minimizing station 

relocation problems. Therefore, these dramatic population fluctuations 

are actual events, though it is not clear whether they are naturally 
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Table 6-9. Numerically dominant estuarine species and their percentage 
of the benthic community over 12 months. 
An = Anthozoan, B = Barnacle, 1 = Isopod, M = Mollusk, 
My = Mysidacean, N = Nemertean, P = Polychaete, 
Ph = Phoronid) 

(A = Amphipod, 

percentage of cumulative 
total individuals percent 

STATION El 
Mediomastus californiensis 
Streblospio benedicti (PI 
0 1 i aochaet a - 4 -  

Nemertea sp. B (N) 
Nemertea sp. D (N) 
Nemertea sp. G (N) 
Par apri onospi o pinn 
Parandalia fauveli 
Edotea t r i l m  
Rhynchocoela 

STATION E2 
Mediomastus californiensis 
Mulinia lateralis (MI 
Cerapus bentho hilus (A) 
Parandal _ _ _ e 7 P  i a f a w e 1  i 1 
Streblospio benedicti (P) 
Glycinde solitaria ( P I  
Nereis succinea (PI 
Parapri onospi o 

Macoma mitchelli ( M I  

i nnata (P 1 
Balanus improvisus e-7- (B 

STATION E3 
S 
5 

(P 1 

(P 1 

38.8 
15.8 
8.8 
8.1 
7.8 
3.1 
2.2 
2.1 
1.7 
1.4 

34.2 
-12.1 
7.3 
7.0 
6.1 
4.4 
4.2 
4.1 
3.7 
2.0 

34.9 
18.1 
9.0 
9.0 
4.3 
4.2 
3.7 
2.5 
2.1 
2.0 

38.8 
54.6 
63.4 
71.5 
79.3 
82.3 
84.6 
86.7 
88.3 
89.8 

34.2 
46.3 
53.6 
60.6 
66.7 
71.1 
75.3 
79.4 
83.0 
85.0 

34.9 
53.0 
61.9 
70.9 
75.3 
79.4 
83.1 
85.6 
87.7 
89.7 

Q 
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Lrs 
Table 6-9. continued 

STATION E4 
Mediomastus californiensis 
Mulinia lateralis (MI 
Paraprionospi o pi nnata 
Balanus improvisus (B) 
Streblospio benedicti 
Glycinde solitaria ( P I  
Macoma mi tchell i 7 M )  
Parandalia fauveli ( P I  . .  . . .  

Nemertea SP. G (NI 

percentage o f  
total individuals 

27.2 
18.8 
15.6 
5.8 
5.6 
5.3 
3.2 
3.1 
2.9 

Pseudeurythoe paucibranchiata (PI 2.3 

STATION E5 
Phoronis sp. A (Ph) Phoronis sp. A (Ph) 
Mediomastus californiensis 
Mulinia lateralis (MI 
Parandalia fauveli (P) 
Paraprionospio p x n a t a  (PI 
Anthozoan sp. B (An) 

51.1 
7.7 
6.2 
4.6 
4.3 
4.2 

Nemertea SP. D (N) 4.0 
Streblospio benedicti (PI 
Cossura delta ( P I  
Spiochaetopterus oculatus (PI 

3.0 
1.8 
1.6 

cumulative 
percent 

27.2 
45.9 
61.5 
67.3 
72.9 
78.2 
81.4 
84.5 
87.4 
89.7 

51.1 
58.8 
65.0 
69.5 
73.8 
78.0 
82.0 
85.0 
86.9 
88.4 
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T d l e  6-10. Monthly abundance values (individuals ~TI-~) of m r i c a l l y  daninant species 
collected at station El. 

Mianastus californiensis 342 152 208 104 2 0 1 3 2 2 9 2 3 8 8  N 1188 4 9 4 0  
0 

Streblospio benedicti 436 344 4 16 64 136 80 56 216 4 176 
D 

cn 
I 
C-L 
0 
03 

01 igochaeta 

Nmr tea  sp. 6 

Nmrtea  sp. D 

Nmr tea  sp. G 

- 

172 24 52 48 28 216 140 76 A 60 36 0 

4 0 0 0 0 0 0 20 A 56 40 664 
T 

204 92 a 0 32 144 180 0 C 80 0 8 

0 28 164 100 4 0 0 0 L 0 0 0 
0 

L 
Paraprionospio pinnata 184 0 0 0 a 0 0 0 E 4 0 20 

c 
Parandal i a f auvel i 

- 
4 8 a 32 20 32 16 40 T 16 0 28 

E 
Edotea t r i loba 12 28 0 8 24 12 16 x) D 28 12 0 



occur r i ng  o r  due t o  some aspect o f  f reshwater  wi thdrawal  opera t ions  

such as sediment scour ing.  

S t a t i o n  E2 i s  l oca ted  i n  the upper p a r t  o f  Calcas ieu Lake. I t  i s  

numer i ca l l y  dominated by the c a p i t e l l i d  polychaete,  Mediomastus 

c a l i f o r n i e n s i s  and the  b i va l ve ,  M u l i n i a  l a t e r a l i s  which c o n t r i b u t e  

46.3% of the  t o t a l  i n d i v i d u a l s  c o l l e c t e d  a t  E2 (Table 6-11). The 

amphipod, Cerapus benthophi lus,  i s  n o t  i n  abundance a t  E2 most of the 

year,  bu t  i r r u p t e d  i n  abundance i n  November. No o the r  species are 

abundant du r ing  t h e  year.  The dominant species are g e n e r a l l y  i n  l e a s t  

abundance du r ing  summer months and g r e a t e s t  abundance d u r i n g  t h e  fa1 1 

and w in te r .  

S t a t i o n  E3, loca ted  i n  the  West Cove area of lower Calcasieu Lake 

i s  a l so  numer i ca l l y  dominated by Mediomastus c a l i f o r n i e n s i s .  Three 

polychaetes,  - M. c a l i f o r n i e n s i s ,  Parapr ionospio p innata ,  and Glyc inde 

s o l i t a r i a ,  and t h e  b i va l ve ,  M u l i n i a  l a t e r a l i s ,  c o n t r i b u t e  71% o f  the  

macrobenthos (Table 6-12), A l l  a re most abundant f rom February t o  

June, and l e a s t  abundant dur ing  August o r  September (Table 6-12). 

S t a t i o n  E4 i s  loca ted  near oys te r  r e e f s  i n  lower Calcasieu Lake. 

R e l a t i v e  abundances are more even ly  d i s t r i b u t e d  among the  species a t  E4 

than a t  o ther  es tua r ine  s t a t i o n s  (see sec t i on  6.3.3.2 above) as 

evidenced by the  percentage composi t ion o f  dominant species i n  Table 6 -  

13. Mediomastus c a l i f o r n i e n s i s ,  M u l i n i a  l a t e r a l i s ,  and Parapr ionosp io  

p i n n a t a  are the  most numer i ca l l y  abundant species.  L i k e  s t a t i o n  E3, 

a l l  are g e n e r a l l y  most abundant from February t o  June, though 
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Tale 6-11. Monthly abundance values (individuals m-’) of mrically dam’nant species 
collected at station E2. 

Mimastus cal i forniensi s 

hlinia lateralis 

Cerapus benthophi lus 

Parandalia fauveli 

Streblospio benedicti 

Gly3 nde soli tari a 

Nereis succinea 

Paraprionospio pinnata 

Balms inprovisus 

484 la4 504 60 92 

964 12 32 8 76 

12 0 12 48 24 

16 36 104 28 28 

92 224 64 20 28 

8 0 0 8 64 

8 a4 20 20 loo 

92 16 212 0 24 

224 24 32 0 48 

360 

8 

a4 

132 

44 

224 

28 

216 

40 

a68 

24 

1228 

140 

372 

88 

468 

148 

44 

1564 

32 

24 

316 

372 

220 

12 

132 

0 

N 1844 1872 
0 

432 568 
D 
A 112 12 
T 
A 216 276 

C 3% 56 
0 
L 132 164 
L 
E 0 a 
C 
T 28 12 
E 
D 36 72 

112 

432 

4 

208 

0 

32 

144 

0 

264 



Table 6-12. Monthly abundance values (individual m-') of mrically daninant species 
> collected at station E3. 

Medicmastus cal iforniemis 416 264 209 168 84 152 96 160 N 616 320 204 
0 

D 

T 

Parwr i onospi o pi nnata 92 280 212 60 96 140 236 76 108 100 100 

Gly5nde solitaria 188 36 16 8 28 32 36 44 A 116 76 76 

hlinia lateralis 116 40 16 16 4 0 4 316 A 216 276 M8 

Macuna mitchelli 176 72 0 4 0 4 0 0 C 8 32 12 

Streblospio benedicti 16 52 a 32 8 28 4 4 L 132 20 0 

Cossura delta 4 4 0 0 16 16 8 48 E 52 72 40 

Parandalia fauveli 36 8 4 0 4 4- 28 36 T 4 3 20 

Mysiclapsis almyra 0 0 16 12 112 12 8 4 D 0 0 4 

0 

L 

C 

E 

hrteasp. B 0 8 12 0 0 12 4 4 40 48 24 



Tale 6-13. Monthly abundance values (individuals rn-2) of m r i c a l l y  duninant species 
collected at station E4. 

Mediumstus califomiemis 

k l in ia  lateralis 

Parrprimspio pinnata 

Balms imrovisus 

Streblospio benedicti 

Glxinde solitaria 

Macana mitchelli 

Parandalia fauveli 

Nemertea sp. G 

Pseudeurythoe pauci branchi ata 

856 

500 

400 

944 

20 

144 

0 

16 

4 

36 

400 

% 

232 

0 

300 

64 

4 

232 

0 

0 

992 

40 

308 

0 

280 

12 

72 

36 

312 

4 

492 

4 

132 

0 

40 

4 

8 

20 

148 

20 

192 

12 

168 

0 

132 

56 

12 

48 

12 

48 

76 

0 

172 

0 

20 

84 

0 

44 

0 

442 

384 

100 

200 

0 

28 

44 

0 

24 

0 

8 

84 N 740 
0 

20 1388 
D 

260 A 228 
T 

0 A 0 

12 C 64 
0 

60 L 132 
L 

8 E 144 
C 

12 T 36 
E 

0 D 0 

112 28 

84 

400 

148 

0 

4 

92 

140 

8 

0 

28 

140 

508 

140 

0 

16 

180 

136 

28 

0 

48 



popu la t i ons  o f  - M. c a l i f o r n i e n s i s  reach a maximum i n  J u l y  (Table 6-13). 

Several species ( M u l i n i a  l a t e r a l i s ,  Balanus improv isus and Paranda l i a  

f a u v e l i )  are p e r i o d i c a l l y  c o l l e c t e d  i n  abundance. For - B. improv isus 

t h i s  r e s u l t s  f rom sporadic  c o l l e c t i o n  o f  hard s u b s t r a t e  (i .e. o y s t e r s ) ,  

b u t  t he  abundance o f  t h e  o t h e r  species most l i k e l y  r e f l e c t s  p o p u l a t i o n  

increases (M. - l a t e r a l i s )  and patchy d i s t r i b u t i o n  (Paranda l i a  f a u v e l i ) .  

S t a t i o n  E5, l oca ted  a t  the mouth o f  Calcasieu Lake, i s  n u m e r i c a l l y  

dominated by the phoronid Phoronis sp. A (Table 6-14). The 

overwhelming abundance o f  Phoronis f rom May t o  August ( x  = 3188 

i n d i v i d u a l s  me2) i s  n e a r l y  a degree o f  magnitude g r e a t e r  than the 

abundance of any o the r  species c o l l e c t e d  a t  s t a t i o n  E5. The next most 

n u m e r i c a l l y  dominant species are Mediomastus c a l i f o r n i e n s i s  and M u l i n i a  

l a t e r a l i s ,  both among the  dominant species a t  o the r  e s t u a r i n e  s i t e s .  

6.3.5 Matched s i t e  comparisons 

The op t ima l  s tudy design f o r  d e t e c t i o n  o f  impact f rom an opera t i on  

such as b r i n e  d ischarge r e q u i r e s  c o n t r o l s  over both space and t ime 

(Green, 1979). While pre-d ischarge s t u d i e s  were conducted, t h e i r  

a p p l i c a t i o n  as a temporal c o n t r o l  i s  l i m i t e d  by t h e i r  b r i e f  d u r a t i o n  

( t h r e e  months) and the extreme temporal v a r i a b i l i t y  o f  t he  s tudy area. 

I n  t h i s  instance, the s p a t i a l  c o n t r o l  prov ided by comparison of 

impacted vs non-impacted s i t e s  d u r i n g  a g iven t ime frame i s  o f  much 

g r e a t e r  value i n  impact de tec t i on .  Given c o n t r o l  and p o t e n t i a l l y  

impacted s i t e s  t h a t  are s i m i l a r  w i t h  respec t  t o  a l l  r e l e v a n t  b i o l o g i c a l  

and environmental  v a r i a b l e s  (matched s i t e s ) ,  any b i o l o g i c a l  change 
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Thle 6-14. Mmthly abundance values (individuals rn-’) of nmrically dominant species 
collected at station E5. 

MY JUV JUL AUG SEP OCT Nov DEC JPN FEB M PPR 

Phoronis sp. A 

Mediumstus cal i forniensis 

h l in ia  lateralis 

Parandalia fauveli 

Pargrionospio pinnata 

Anthozoan sp. B 

Nmrtea 93. D 

Streblospio benedicti 

Cossura delta 

Spiochaetapterus oculatus 

2300 3650 

42 74 

2 34 

16 14 

14 38 

0 0 

42 38 

0 10 

0 16 

38 72 

3600 

118 

4% 

84 

12 

a 
62 

674 

118 

64 

3200 

62 

174 

56 

16 

14 

114 

0 

36 

36 

48) 54 

16 12 

40 14 

116 96 

20 2 

26 6 

172 2 

12 6 

0 0 

24 10 

0 

10 

0 

12 

412 

0 

82 

4 

64 

4 

6 

202 

4 

206 

308 

0 

82 

0 

106 

44 

22 

80 

48 

156 

62 

6 

46 

0 

8 

48 

14 56 172 

376 646 396 

568 248 18 

236 116 106 

82 84 90 

176 322 518 

loo 136 194 

10 32 50 

2 0 128 

40 18 40 



beyond the  l e v e l  o f  n a t u r a l  environmental  v a r i a t i o n ,  which occurs o n l y  

a t  t he  p o t e n t i a l l y - i m p a c t e d  s i t e  and not  a t  the c o n t r o l  s i t e ,  can be 

i n f e r r e d  t o  be an impac t - re la ted  change. 

I n  t h i s  ana lys i s ,  s t a t i o n s  M l O A ,  l oca ted  a t  t he  m id -po in t  o f  t he  

d i f f u s e r ,  and DW, l oca ted  0.9 km t o  the west o f  M l O A  i n  the  d i r e c t i o n  

of predominant c u r r e n t  f low, are chosen as those s i t e s  most l i k e l y  t o  

show an impact f rom d i f f u s e r  operat ions.  S t a t i o n s  M18 and M20, l oca ted  

3.7 and 9.3 km t o  the eas t  of the d i f f u s e r ,  the d i r e c t i o n  o f  l e a s t  

f requen t  c u r r e n t  f low, are chosen as the c o n t r o l  s i t e s .  The use o f  

d u p l i c a t e  c o n t r o l  and p o t e n t i a l l y -  impact s i t e s  i s  advantageous i n  t h a t  

i t  minimizes the p o t e n t i a l  f o r  n a t u r a l  v a r i a b i l i t y  be ing a t t r i b u t e d  t o  

impact e f f e c t s .  A b i o l o g i c a l  change must be observable a t  both o f  the 

impact s i t e s  and absent a t  both c o n t r o l  s i t e s  i n  order  t o  e s t a b l i s h ,  

w i t h  a h i g h  degree o f  c e r t a i n t y ,  the change as impact- induced. 

Dur ing the th ree  month pre-discharge sampling pe r iod ,  t he  

c o m p a r a b i l i t y  o f  these s i t e s  w i t h  respect  t o  a l l  r e l e v a n t  b i o l o g i c a l  

and p h y s i c a l  v a r i a b l e s  was w e l l  es tab l i shed .  Dur ing pre-d ischarge 

s tud ies ,  temperature d i f f e r e n c e s  between these s i t e s  never exceeded 

0 . 3 O C ,  s a l i n i t y  d i f f e r e n c e s  were never g r e a t e r  than 0.4'/00, and 

d i s s o l v e d  oxygen measurements were always w i t h i n  0.3 m l  1" (Weston 

and Gaston, 1982). Greater  d i f f e rences  i n  p h y s i c a l  parameters were 

observed between these s t a t i o n s  d u r i n g  post -d ischarge s t u d i e s  bu t  as 

discussed i n  Sect ion 6.3.2.1, these d i f f e r e n c e s  are l a r g e l y  
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a t t r i b u t a b l e  t o  the b r i n e  e f f l u e n t .  Sediment type  a l so  i s  g e n e r a l l y  

comparable between these s i t e s  as p r e v i o u s l y  i l l u s t r a t e d  i n  F igu re  6-9. 

There i s  6% more sand a t  s t a t i o n  M20 than a t  e i t h e r  M18, DW o r  M l O A  b u t  

t h i s  d i f f e r e n c e  does n o t  appear t o  be b i o l o g i c a l l y  s i g n i f i c a n t .  

Fu r the r  evidence o f  the  c o m p a r a b i l i t y  i n  sediment type  i s  presented i n  

F igu re  6-51. The cumula t ive  f requency curves o f  s t a t i o n s  MlOA,  DW, and 

M18 (averaged over a l l  sampling pe r iods  and r e p l i c a t e s )  are v i r t u a l l y  

i d e n t i c a l .  The s l i g h t l y  coarser  sediments a t  M20 are ev iden t  bu t  t h i s  

d i f f e r e n c e  i s  sma l le r  than o f t e n  found among r e p l i c a t e s  ( r e f e r  t o  

... F igu re  ._ 6-10). 

With respec t  t o  b i o l o g i c a l  s i m i l a r i t y ,  the s u i t a b i l i t y  o f  these 

s t a t i o n s  f o r  matched s i t e  comparisons was es tab l i shed  du r ing  pre-  

d ischarge s tud ies .  Dur ing t h i s  per iod ,  no c o n s i s t e n t  d i f f e r e n c e  among 

these s t a t i o n s  was noted i n  t h e  d i s t r i b u t i o n  o f  any dominant species.  

Some d i f f e r e n c e s  i n  t h e  number o f  species and i n d i v i d u a l s  was noted 

w i t h  s t a t i o n  M20 commonly t h e  lowest  i n  both parameters and s t a t i o n  

M l O A  f r e q u e n t l y  among t h e  h ighes t .  

Matched s i t e  comparisons are performed on post -d ischarge da ta  i n  

t h e  f o l l o w i n g  t h r e e  ca tegor ies :  1) number o f  species, 2 )  t o t a l  macro- 

fauna l  dens i t y ,  and 3 )  se lec ted  dominant species. I n  a l l  cases 

comparisons are f i r s t  made w i t h i n  c o n t r o l  s i t e s  and w i t h i n  impact s i t e s  

be fo re  per forming any con t ro l / impac t  comparisons. 
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Figure 6-51. Cumulative size-frequency curves of  sediment g r a i n  size 
for  stations used i n  the matched s i t e  comparisons (M20, 
M18, DW, M l O A ) .  
over a l l  replicates and sampling periods. 

Data presented represent grand  means 

6-117 



6.3.5.1 Number of species 

The number of species at control sites M18 and M20 is compared to 0 
that at impact sites DW and M l O A  using Wilcoxon's signed-ranks test. 

This test considers both the magnitude and direction of the differences 

within pairs. Consequently, any difference in the number of species 

between control and impact sites must be consistent in direction 

throughout the study period to be considered significant. 

The results of this analysis are presented in Table 6-15. 

Comparisons between the two impact s tes and between the two control 

sites show no significant differences in number of species. However, 

the number of species at the impact sites are significantly greater 

( a < .01) than the number of species at the control sites. This 

difference is consistent throughout the post-discharge period but may 

not result from discharge as it is evident in pre-discharge data as 

we1 1. 

6.3.5.2 Total macrofaunal density 

Using the same statistical procedures as 

the total macrofaunal density at control sites 

for number of species, 

s compared against that 

of the impact sites (Table 6-16). No statistically significant 

differences are evident either among the impact sites, among the 

control sites, or between the impact and control sites. 

6.3.5.3 Selected dominant species 

Species chosen for analysis are selected from the dominant species 

during each monthly collection (Table 6-8). A score of 10 points is 

awarded to the dominant species in each month, and less numerous 
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Table 6-15. Number of species collected in six replicate grabs at 
selected matched sites, and results of Wi lcoxon's signed- 
ranks test performed on 5/81 - 4/82 data. 

IMPACT SITES 
- 
X - DW M l O A  

2/81 43 53 48 

3/81 42 49 45.5 

4/81 55 50 52.5 

5/81 59 58 58.5 

6/81 66 76 71 

7/81 28 34 31  

8/81 40 53 46.5 

9/81 39 38 38.5 

10/81 53 47 50 

11/81 44 49 46.5 

12/81 49 47 48 

1/82 42 49 45.5 

2/82 49 52 50.5 

3/82 53 47 50 

4/82 49 53 51 

CONTROL SITES 
- 
X - M18 M20 

35 41 38 

46 41 43.5 

49 39 44 

46 

41 

28 

25 

35 

39 

48 

43 

47 

54 

39 

52 

46 

50 

-- 
-- 
32 

42 

47 

37 

47 

47 

55 

48 

46 

45.5 

28 

25 

33.5 

40.5 

47.5 

40 

47 

50.5 

47 

50 

Wilcoxon's signed-ranks test: 
Impact (DW) v s .  Impact ( M l O A ) :  non-signif icant 
Control (M18) vs.  Control (M20): non-significant 
Impact (x - DW, M l O A )  v s .  Control (x - M18, M20): significant,=< .01 

6-119 



Table 6-16. T o t a l  macrofaunal d e n s i t y  ( i n d i v i d u a l s  me2) a t  
se lec ted  matched s i t e s ,  and r e s u l t s  o f  W i  l coxon 's  s igned- 
ranks t e s t  performed on 5/81 - 4/82 data. Q 

IMPACT S ITES 
- 
X - DW M l O A  

2/81 3600 3450 3525 

3/81 3490 5460 4475 

4/81 4800 4690 4745 

5/81 

6/81 

7/81 

8/81 

9/81 

10/81 

11/81 

12/81 

1/82 

2/82 

3/82 

4/82 

4520 

3300 

2780 

2040 

1710 

1830 

1510 

1760 

1980 

2900 

3940 

2910 

4980 

1300 

1020 

1350 

2050 

2040 

25 20 

3260 

1960 

2850 

4740 

2350 

4750 

2300 

1900 

1695 

1880 

1935 

2015 

2510 

1970 

2875 

4340 

2630 

CONTROL SITES 
- 
X - M18 M20 

1840 m 2325 

4150 3530 3840 

4220 2440 3330 

31 40 

4190 

2150 

670 

1680 

1380 

1940 

2080 

2740 

5400 

3210 

3530 

1410 

2740 

-- 
-- 
2010 

1720 

1770 

1830 

2910 

7 600 

8840 

3860 

2275 

3465 

2150 

670 

1845 

1550 

1855 

1955 

2825 

6500 

6025 

3695 

Wi lcoxon 's  signed-ranks t e s t :  
Impact (DW) vs. Impact ( M l O A ) :  n o n - s i g n i f i c a n t  
C o n t r o l  (M18) vs. C o n t r o l  (M20) : n o n - s i g n i f i c a n t  
Impact (x - DW, M l O A )  vs. Con t ro l  (7 - M18, M20): n o n s i g n i f i c a n t  

Q 
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species are g i ven  success i ve l y  lower scores. The o v e r a l l  dominance 

rank ing  i s  then determined by summing the twelJe monthly scores. The 

r e s u l t a n t  rank ing  i s  presented i n  Table 6-17 and the top f i v e  species 

chosen f o r  subsequent ana lys i s .  

The abundance o f  se lec ted  dominant species a t  c o n t r o l  and impact 

s i t e s  i s  analyzed us ing the  Mann-Whitney U t e s t .  This nonparametric 

t e s t  i s  used t o  t e s t  whether two independent groups have been drawn 

f rom the  same pa ren t  popu la t i on .  Though i t  does no t  r e q u i r e  the  same 

assumptions t o  be met as i t s  parametr ic  equ iva len t ,  the t t e s t ,  i t s  

power t o  r e j e c t  t he  n u l l  hypothesis i s  n e a r l y  as g rea t  (S iegel ,  1956). 

Comparisons are f i r s t  made between the two c o n t r o l  s t a t i o n s ,  t r e a t i n g  

each se t  o f  s i x  r e p l i c a t e s  as an independent group. Only i f  t h i s  

comparison r e v e a l s  no s i g n i f i c a n t  d i f f e r e n c e  (a es tab l i shed  a t  .05) 

among the c o n t r o l  s i t e s  i s  the t e s t  pursued f u r t h e r .  The two c o n t r o l  

s i t e s  are then considered as one t reatment  and the 1 2  r e p l i c a t e s  are 

compared against  the 12 r e p l i c a t e s  o f  the impact s i t e s .  This same 

procedure i s  f o l l owed  f o r  t he  two impact s t a t i o n s  w i t h  the excep t ion  

t h a t  s i g n i f i c a n t  d i f f e r e n c e s  between the  impact s i t e s  does no t  prec lude 

f u r t h e r  analys is ,  p r o v i d i n g  d i f f e r e n c e s  from the c o n t r o l s  are 

u n i d i r e c t i o n a l  ( i .e .  both impact s i t e s  have e i t h e r  h igher  o r  lower 

d e n s i t i e s  than the  c o n t r o l  s i t e s ) .  Th is  assumption i s  necessary t o  

account f o r  t h e  p o s s i b i l i t y  o f  a g r a d i e n t  o f  impact. Since one o f  the 

two impact s t a t i o n s  ( M l O A )  i s  much c l o s e r  t o  the d i f f u s e r ,  d i f f e r e n c e s  

i n  d e n s i t y  from the  c o n t r o l  s t a t i o n s  could be more pronounced. This  
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Table 6-17. Dominant macrobenthic species o f  t he  marine s tudy area 
d u r i n g  the  post -d ischarge pe r iod .  Score i s  based on bo th  
dominance d u r i n g  a g iven month and p e r s i s t a n c e  throughout 
t h e  s tudy p e r i o d  (see t e x t  f o r  d i scuss ion ) .  

- 

Q 

Rank 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

Magelona c f .  p h y l l i s a e  

Parapr ionospi  o p i  nnata 

Mediomastus c a l i f o r n i e n s i s  

C i r r a t u l u s  c f .  f i l i f o r m i s  

Score (max = 120) 
107 

97 

58 

58 

Phoronis sp. A 54 

S i  gambra t e n t  acu 1 a t  a 51 

Owenia f u s i f o r m i s  47 

Pseudeurythoe pauci  b ranch i  a t a  38 

D i o p a t r a  cuprea 35 

Cossura s o y e r i  35 

Glyc inde s o l i t a r i a  

Nemertea sp. B 

Mu1 i n i  a l a t e r a l  i s  

Sp i oc h aetop t e r  us ocu 1 a t  u s 

S a b e l l i d e s  sp. A 

Balanus improv isus 

30 

29 

18 

12 

9 

7 

Cerebratu 1 us 1 acteus 7 

Nassar ius acutus 5 

Nemertea sp. D , 4  

Nere is  micromma 2 

O x y u r o s t y l i s  s p .  A 1 
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ana lys i s  i s  repeated f o r  a l l  months i n  which the  p a r t i c u l a r  species i s  

among the  dominants. Pre-discharge da ta  i s  inc luded when appropr ia te .  

On an annual bas is ,  Magelona c f .  p h y l l i s a e  i s  the  most numer i ca l l y  

dominant species i n  the  s tudy  area, c o n s i s t e n t l y  appear ing i n  h igh  

numbers du r ing  every month. Dur ing the  pre-d ischarge per iod ,  no 

s i g n i f i c a n t  d i f fe rences  are found i n  the  d e n s i t y  o f  - M. cf .  p h y l l i s a e  

between the  c o n t r o l  and impact s i t e s  (F igu re  6-52). Beginning i n  May 

1981, s i g n i f i c a n t  d i f f e r e n c e s  i n  popu la t i on  d e n s i t i e s  are apparent, 

w i t h  d e n s i t i e s  a t  the  impact s t a t i o n s  h igher  than a t  t h e  c o n t r o l  s i t e s .  

The increased d e n s i t y  o f  - M. c f .  p h y l l i s a e  a t  the  impact s i t e s  i s  noted 

i n  s i x  o f  the  twe lve  months o f  post -d ischarge study. 

The d e n s i t y  o f  Parapr ionosp io  p i n n a t a  a t  the four  matched s i t e s  i s  

shown i n  F igu re  6-53. Dur ing severa l  months, the  d i f f e r e n c e s  i n  

d e n s i t y  among the  two c o n t r o l  s i t e s  are so g rea t  as t o  p rec lude f u r t h e r  

impact vs c o n t r o l  comparisons. This  was the case i n  th ree  o f  the  

twe lve  months du r ing  the  post -d ischarge per iod .  I n  o n l y  f i v e  o f  the  

remain ing n ine  months i s  t he re  a s i g n i f i c a n t  d i f f e r e n c e  i n  abundance 

between the  c o n t r o l  and impact s i t e s .  This  i s  considered c o i n c i d e n t a l ,  

and no e f f e c t  o f  the b r i n e  d ischarge on - P. p i n n a t a  d e n s i t i e s  i s  

apparent. 

Mediomastus c a l i f o r n i e n s i s  a l so  shows no c o n s i s t e n t  s t a t i s t i c a l l y  

s i g n i f i c a n t  d i f f e r e n c e  i n  d e n s i t i e s  between the  impact and c o n t r o l  

s t a t i o n s  (F igu re  6-54). Though d e n s i t i e s  a t  the  impact s i t e s  are 

g e n e r a l l y  h igher ,  t h i s  t r e n d  i s  s t a t i s t i c a l l y  s i g n i f i c a n t  i n  o n l y  t h r e e  
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I 

E 
I A p r i l ,  1981 

May, 1981 r 
June, 1981 

Ju ly ,  1981 

August, 1981 

September, 1981 

I 

$ November, 1981 

8 
December, 1981 

January, 1982 

February, 1982 

I 

March, 1982 L A p r i l ,  1982 

IMPACT CONTROL 

I- n .  S ;-1 
DW (118) M l O A  (123) M18 (115) M20 (77)  

-n.s.- -n.s.- 

I- n .  s <-I 
DW (98) M l O A  (103) M18 (108) M20 (70)  

-n.s+ L n . s . 2  

OW (203) M l O A  (150) M18 (183) M20 (105) 
I* *A -n.s.- 

1- n.s.-1 
DW (107) M l O A  (125) M18 (152) M20 (138) 

-n.s.--J -n.s.---l 

,-n. s .--I 
OW (195) M l O A  (160) M18 (210) -- 

-n.s.- 

I- n . s ..-i 
DW (157) M l O A  (117) M18 (118) -- 

-n.s.--J 

DW 

DW 

DW 

DW 

DW 

DW 

DW 

-n.s.- -n.s.- 

I-**- 
(173) M l O A  (237) M18 (142) M20 (87)  
-n.s.- -n.s.- 

I- n . s 
(382) M l O A  (295) M18 (348) M20 (330) 
-n.s.- L n . s . 2  

I-**- 
(405) M l O A  (388) M18 ( 2 7 2 )  M20 (173) 
-n.s.- L n . s . 1  

1-n . s ;-I 
(345) M l O A  (280)  M18 (282) M20 (167) 
-n.s.- L n . s . 2  

(288)  M l O A  (578) M18 (358) M20 (237) 
I* *I I* *A 

I* *I 
(362) M l O A  (443) M18 (242) M20 (163) 
-tl.s.- i n . s . -  

I* *I 
(370) M1OA (467) M18 (240) M20 (228) 
-n. s.- -n.s.- 

Figure 6-52. Popul ?tion density o f  Maqel ona cf phyl 1 i sae (average number 
per rn ) a t  selected matched s i t e s  as analyzed by Mann- 
Whitney U t e s t  (a < .05) 
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IMPACT CONTROL 

w r F e b r u a r y ,  1981 
(3 

5 - 
I 
0 
2 March, 1981 
n 
W 
K 
Q 
I A p r i l ,  1981 

-May, 1981 

June, 1981 

Ju ly ,  1981 

August, 1981 

September, 1981 

October, 1981 

November, 1981 

December, 1981 

January, 1982 

February, 1982 

March, 1982 

- A p r i l ,  1982 

,- n . s 
OW (63) M l O A  (188) M18 (53) M20 (68) 
L* *I -n.s.- 

,--fl.S. 
OW (25) M l O A  (82) M18 (38) ' M20 (40)  

-n.s.- L n . s . 2  

I- n . s :-I 
OW (112) M l O A  (125) M18 (90)  M20 (42) 

-n.s.- -n.s.-J 

DW (170) M l O A  (203) M18 (178) M20 (88) 
L n . s . -  L* *I 

I* *1 
OW (195) M l O A  (158) M18 (358) M20 (225) 

L n . s . 1  t n . s . 2  

n . s 
OW (105) M l O A  (30) M18 (65) -- 
L* *I 

I* 1' 
OW (855) M l O A  (270) M18-(187) -- 
I* *I 

-* *1 
L n . s . 2  L n . s . 2  

OW (642) M l O A  (640) M18 (998) M20 (1388) 

OW (615) M l O A  (923) MI8 (483) M20 (902) 
I* *A I* *A 

OW (175) M l O A  (923) M18 (185) M20 (128) 
I* *I -fl.s.- 

I* *1 
OW (293) M l O A  (1175) M18 (153) M20 (93) 
I* *I L n . s . 2  

r-n.S. 
OW (152) M l O A  (253) M18 (190) M20 (117) 

-n.s.- - n . s d  

OW (127) M l O A  (340) M18 (370) MZO (165) 
L* *I I* *I 

I-- n . s 
OW (183) M l O A  (337) M18 (188) MZO (163) 

L-n.5.- L n . s . 2  

I-,n. s 
OW (140) M l O A  (167) M18 (120) M20 (107) 

L n . s . 2  -n.s.--J 

Figure  6-53. Popula t ion  d9nsi t y  o f  Parap r ionosp io  p i n n a t a  ( a v e r a g e  
number per m ) a t  selected matched s i tes  as ana lyzed  by 
blann-Nhitney U t e s t  (a < . 0 5 ) .  
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W 
E 
L A p r i l .  1981 

June, 1981 

October, 1981 

L 
L, 

I January, 1982 8 

February, 1982 

March, 1982 

IMPACT CONTROL 

,-,n. s .-I 

-n.s.- -n.s.- 
OW (80) M l O A  (1551) M18 (140) M20 (102) 

n.s .  
DW (50) ' M l O A  (75 ) '  M18 (62) ' M20 (38) 

L n . s . 2  L n . s . 1  

I-,n. s. 
DW (115) M l O A  (68) M18 (98) ' M20 (25) 

L n . s . 1  L n . s . 1  

I* *I 
OW (93) M l O A  (148) M18 (80) M20 (18) 

-n.s.- L n . s . 2  

-n.s:-I 
OW (186) M l O A  (386) M18 (138) M20 (110) 

L n . s . 2  -n.s.- 

I* *I 
OW (45) M l O A  (63) M18 (0) M20 ( 3 )  

L n . s . 2  -n.s,- 

n.s: 
OW (135) I M l O A  (230) M18 (153) ' M20 (115) 

L n . s . 2  -n.s.- 

n . s .  

-n.s.- L n . 5 . -  
DW (135) ' M l O A  (183) M18 (105) ' M20 (91)  

n.s .  
DW (240) ' M l O A  (108) M18 (70) ' M20 (96) 

I n . s . -  -n.s.- 

n .s .  
DW (215) ' M l O A  (430) M18 (280) ' M20 (168) 

-n.s.- -n.s.- 

I**) 
DW (336) M l O A  (881) M18 (106) M20 (255) 

-n.s.- L n . s . 2  

n . s . 1  
DW (422) ' M l O A  (477) M18 (292) M20 (263) 

-n.s.- I n . s . 2  

Figure 6-54. Population density of2Wediomastus cal i forniensis  
(average number per m 1 a t  selected matched s i t e s  
as analyzed by Hann-Uhitney U t e s t  (a < .05). 

Q 
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months. - M. californiensis does not show the extreme patchiness of p. 
pinnata, with no significant differences evident in the within-control 

or within-impact site comparisons. 

Cirratulus cf. filiformis is only a numerically dominant species 

from November 1981 to April 1982. Prior to this time, including the 

pre-discharge period, its densities are very low and its occurrence 

sporadic. In the three month period of November 1981 to January 1982 

the Mann-Whi tney U test shows a statistically significant difference in 

the densities of - C. cf. filiformis between the impact and control 

stations (Figure 6-55). The densities at the control stations are 

about three times those at the impact sites. This trend continues 

through April 1982 though during the February and March the differences 

among the two control sites are too great 'to permit control vs impact 

comparisons. 

Phoronis sp. A is found in large numbers only during the pre- 

discharge and early post-discharge periods. Comparison of densities at 

the control and impact sites (Figure 6-56) reveals no consistent trend 

that could be interpreted as an indication of impact. All control vs 

impact comparisons made during the post-discharge period show no 

statistically significant difference. 

6.3.6 Mu 1 ti var i ate Anal ys i s 

6.3.6.1 Marine 

Numerical classification (clustering) was used to delimit habitat 

types and identify any consistent pattern of station similarity that 
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ICIPACT CONTROL 

-November, 1981 

December, 1981 

W 
(3 a 

January, 1982 
0 
rn 
0 
I 

C 
c 
C 

- 
I- February,  1982 

March, 1982 

- A p r i l ,  1982 

I-**? 
M18 (208) M20 (247) 
I 

DW (67)  M l O A  (77)  
I n . s . 1  n.s.  

F i g u r e  6-55. P o p u l a t i o n  d n s i t y  o f  C i r r a t u l u s  c f .  f i l i f o r m i s  (average 
number per  rn 1 a t  se lec ted  matched s i t e s  as analyzed by 
Mann-Whitney U t e s t  ( a < .05). 

5 
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IMPACT CONTROL 

T F e b r u a r y ,  1981 w 

n. s .  
DW (68) ' M l O A  (143) M18 (30)  ' FZ'O (25)  

-n.s.- - n.s.- 

March, 1981 - 
D 

I: a a 
I A p r i l ,  1981 

May, 1981 

w r June, 1981 
(3 
U 
I 
0 

0 
I 
I- 

a 

II Ju ly ,  1981 

I S e p t e m b e r ,  1981 

* *I 
DW (725) ' M l O A  (2708) M18 (413) M20 (155) 

-n.s.- -n.s.- 

DW (1158) M l O A  (1625) M18 (1552) M20 (258) 
-n.s.- -n.s.- 

n . s .  
DW (1833) M l O A  (10917) M18 (2417) ' M20 (1333) 
I* *1 -n.s.- 

n.s.  
DW (2083) '  M l O A  (232) M18 (1308) I -- 
L* *- 

n . s .  
DW (252 )  ' M l O A  ( 7 2 )  M18 (65)  ' -- 

-n.s.- 

F i g u r e  6-56. P j p u l a t i o n  d e n s i t y  o f  Phoronis  sp. A (average number pe r  
m a t  se lec ted  matched s i t e s  as analyzed by Mann-Whitney 
U t e s t  (a < .05). 
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may be associated w i t h  b r i n e  discharge. I t i s  p o t e n t i a l l y  u s e f u l  i n  n 

i d e n t i f y i n g  any community-w 

w i t h i n  the plume may be 

s t a t i o n s  and t h e r e f o r e  form 

de impact o f  b r i n e  discharge as s t a t i o n s  

b i o l o g i c a l l y  d i s s i m i  l a r  f rom unimpacted 

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

br ine- induced impact by c l u s t e r  a n a l y s i s  cou ld  then be i n t e r p r e t e d  by 

rev iew ing  the  species and abundances which led  t o  such c l u s t e r s .  

F igures 6-57 - 6-62 i l l u s t r a t e  numerical  c l a s s i f i c a t i o n  analyses 

( f l e x i b l e  s o r t i n g ,  B =  -0.25, B ray -Cur t i s  s i m i l a r i t y )  f o r  each o f  t he  

. t w e l v e  months s ince  i n i t i a t i o n  o f  d ischarge. C l e a r l y  ev iden t  i s  t he  

h i g h  homogeneity o f  a l l  o f f s h o r e  s t a t i o n s .  Most l inkages are formed a t  

a s i m i l a r i t y  l e v e l  g r e a t e r  than 0.70 and i n  no cases i s  the s i m i l a r i t y  

less than 0.50. This  homogeneity i l l u s t r a t e s  the absence o f  any 

dominat ing environmental  g r a d i e n t  , and consequent ly many l inkages 

r e f l e c t  i n s i g n i f i c a n t ,  o r  chance d i f f e r e n c e s  among the s t a t i o n s .  

Because o f  the h i g h  homogeneity among the s t a t i o n s ,  t h e r e  i s  

l i t t l e  month t o  month consis tency i n  the p a t t e r n  o f  l inkage.  S t a t i o n s  

MlOA,  M10 and DW f r e q u e n t l y  group toge the r  though t h i s  i s  n o t  the case 

i n  a l l  months. Notable except ions t o  t h i s  are i n  December, 1981 

( F i g u r e  6-60) and January, 1982 ( F i g u r e  6-61) i n  which M10 i s  d i s t i n c t  

f rom the remainder o f  t he  s t a t i o n s  because o f  unusua l l y  low d e n s i t i e s  

o f  Sigambra t e n t a c u l a t a  and h igh  d e n s i t i e s  o f  Owenia f u s i f o r m i s .  

S t a t i o n  M3, which, because o f  the h igh  percentage o f  sand i n  the 

s u r f i c i a l  sediments, i s  t he  most env i ronmen ta l l y  d i s s i m i l a r  s i t e ,  shows 

o n l y  s l i g h t  evidence o f  segregat ion i n  the monthly c l u s t e r s ,  and i n  
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Figure 6-57 .  Numerical c l a s s i f i c a t i o n  of marine s t a t i o n s  by 
month. May 1981 ( top ) ,  June 1981 (bottom. 
(Flexible  so r t ing ,  B = -0.25). 
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Figure  6-58. Flumerical c l a s s i f i c a t i o n  o f  marine s t a t i o n s  by 
month. J u l y  1981 ( t o p )  , August 1981 (bo t tom) .  
( F l e x i b l e  s o r t i n g ,  B = - 0 . 2 5 ) .  
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Figure  6-59. Numerical c l a s s i f i c a t i o n  o f  marine s t a t i o n s  by 
month. September 1981 ( t o p ) ,  October  1981 (bo t tom) .  
( F l e x i b l e  s o r t i n g ,  B = -0 .25) .  
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F i g u r e  6-60. Numerical c l a s s i f i c a t i o n  o f  mar ine s t a t i o n s  by 
month. November 1931 (top), December 1931 (bo t tom) ,  
( F l e x i b l e  s o r t i n g ,  B = - 0 . 2 5 ) .  
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F i g u r e  6-61. Numerical c l a s s i f i c a t i o n  o f  marine s t a t i o n s  by 
month. 
( F l e x i b l e  s o r t i n g ,  B = -0 .25) .  

January 1981 ( top)  , February 1982 (bottom).  
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Figu-re 6-62. Numerical c l a s s i f i c a t i o n  of marine s t a t i o n s  by 
m o n t h .  March 1982 ( top)  , April 1982 (bottom). 
(Flexible so r t ing ,  = -0.25). 
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fact most frequently groups with MlOA, M10 and DW. This is the case in 

September, 1981 (Figure 6-59) because of high densities of Mediomastus 

californiensis at these sites, and in February, 1982 because of low 

densities of Cirratulus cf. filiformis. The density of - C. cf. 

filiformis is an overriding factor in determining the order of cluster 

linkages during the October 1981 to April 1982 period during which M20, 

M18 and, to a lesser degree, DE, group together. Consistently higher 

densities of - C. cf. filiformis occur at these stations during this 

period. 

Numerical classification incorporating all 15 months of sampling, 

treating each month of collection at a site as a separate entity, is 

presented in Figure 6-63. Each individual entity is not labelled on 

the figure because of space limitations, however, those entities 

comprising each group are listed in Table 6-18. 

It should be noted that in interpreting short-term brine-related 

impacts, cluster analysis on a 15-month data base is less desirable 

than analyses of monthly collections, due to the high temporal 

variability o f  the study area. Analyses of such large data bases are 

most useful in viewing general trends in the communities, and 

elucidating long-term events. Because o f  the high temporal variability 

of the benthic community, groupings are formed primarily on the basis 

of month rather than station. Three major groupings, established on 

the basis of season are evident: 1) the pre-discharge period of 

February-Apri 1 1981, 2) May-October 1981 including the hypoxic period 
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F i  gure 6-63. Numeri cal cl ass i  f i ca t i  on o f  mari ne s t a t ions  i ncl udi ng 
b o t h  pre-discharge and post-discharge co l lec t ions .  
(Flexible  sor t ing ,  B = -0 .25) .  
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Table 6-18. S t a t i o n  groups formed by numerical  c l a s s i f i c a t i o n  o f  
marine s t a t i o n s  shown i n  F i g u r e  6-63. 

GROUP A 
M 1  Feb 81 
M3 Feb 81 
M6 Feb 81  
M9 Feb 81 
M l O A  Feb 81  
M 1 1  Feb 81 
M15 Feb 81 
M18 Feb 81 
M20 Feb 81 
DE Feb 81 
DN Feb 81 
DS Feb 81 
DW Feb 81  
CS Feb 81 
M6 Mar 81  
M9 Mar 81 
M15  Mar 81  
M18 Mar 81 
M20 Mar 81  
DE Mar 81 
DN Mar 81 
DS Mar 81 
DW Mar 81 

GROUP D 
M3 Jun 81 
M6 Jun 81 
M10 Jun 81 
M l O A  Jun 81  
M15 Jun 81 
M18 Jun 81 
M20 Jun 81 
DE Jun 81 
ON Jun 81 
DS Jun 81 
DW Jun 81 

GROUP B 
M 1  Mar 81 
M3 Mar 81 
M l O A  Mar 81 
M 1 1  Mar 81 
M 1  Apr 81  
M3 Apr 81 
M6 Apr 81 
M9 Apr 81 
M l O A  Apr 81 
M 1 1  Apr 81 
M15 Apr 81 
M18 Apr 81 
M20 Apr 81 
DE Apr 81 
DN Apr 81 
OS Apr 81 
DW Apr 81  

GROUP E 
M3 J u l  81 
M10 J u l  81 
M l O A  J u l  81 
DE J u l  81 
DW J u l  81 
CS J u l  81 

GROUP F 
M3 Aua 81 
MU AU; 81 
DE Aug 81  

GROUP C 
M3 May 81  
M6 May 81 
M10 May 81 
M l O A  May 81 
M15 May 8 1  
M18 May 81 
M20 May 8 1  
DE May 81 
ON May 8 1  
DS May 81 
DW May 81 

GROUP G 
M6 Sep 81 
M15 Sep 81 
M18 Sep 81 
M20 Sep 81 
DE Sep 81  
DN Sep 81 
OS Sep 81  
M18 Oct 81 
M20 Oct 81 
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Table 6-18. con t inued 

GROUP H 
M10 Auq 81 
M l O A  Aug 81 
DW Aug 81 
M3 Sep 81 
M10 Sep 81 
M l O A  Sep 81 
DW Sep 81 
M3 Oct 81 
M10 Oct 81  
M l O A  Oct 81 
DE Oct 81 
DW Oct 81 
M3 Nov 81 
M3 Dec 81 
M3 Jan 82 

GROUP K 
M10 Nov 81 

GROUP I 
M l O A  Nov 81  
M18 Nov 81 
M20 Nov 81  
DE Nov 81 
DW Nov 81 
M6 Dec 81 
M l O A  Dec 81- 
M15 Dec 81 
M18 Dec 81 
M20 Dec 81 
DE Dec 81 
DN Dec 81 
DS Dec 81 
DW Dec 81 
M l O A  Jan 82 
DE Jan 82 
OW Jan 82 
M18 Jan 82 
M20 Jan 82 

GROUP J 
M18 Feb 82 
M20 Feb 82 
DE Feb 82 
M15 Mar 82 
M18 Mar 82 
M20 Mar 82 
DE Mar 82 
DN Mar 82 
DS Mar 82 
M18 Apr 82 
M20 Apr 82 
DE Apr 82 
DW Apr 82 

M10 Dec 81 
M10 Jan 82 
M3 Feb 82 
M10 Feb 82 
M l O A  Feb 82 
DW Feb 82 
M3 Mar 82 
M10 Mar 82 
M l O A  Mar 82 
DW Mar 82 
M3 Apr 82 
M10 Apr 82 
M l O A  Apr 82 
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d u r i n g  the  summer months, and 3)  November 1981 - A p r i l  1982. The f a c t  

t h a t  the February -Apr i l  p e r i o d  of 1981 i s  more s i m i l a r  t o  May-October 

1981 than t o  the February -Apr i l  pe r iod  o f  1982 i n d i c a t e s  the  magnitude 

of faunal  change i n  the  s tudy  area and the absence o f  a repeated annual 

cyc l e .  

Though groupings are es tab l i shed  on the  bas is  o f  month o f  

c o l l e c t i o n  i n  most cases, t he re  are two instances when some s t a t i o n s  i n  

the  v i c i n i t y  of the d i f f u s e r  (M10, M l O A ,  DW) and s t a t i o n  M3 are 

d i s s i m i l a r  f rom a l l  o the r  s i t e s  c o l l e c t e d  du r ing  t h e  same t ime per iods .  

Dur ing August-October, 1981 the  d i f f u s e r  s t a t i o n s  and M3 grouped apar t  

f rom the non-d i f f use r  s t a t i o n s  because o f  h igh  d e n s i t i e s  o f  Maqelona 

c f .  p h y l l i s a e ,  Mediomastus c a l i f o r n i e n s i s  and Siqambra ten tacu la ta .  

Dur ing February-Apr i  1 1982 the d i f f u s e r  s t a t i o n s  and M3 are segregated 

l a r g e l y  due t o  low d e n s i t i e s  o f  C i r r a t u l u s  c f .  f i l i f o r m i s .  

6.3.6.2 Es tua r ine  

Numerical c l a s s i f i c a t i o n  of the es tua r ine  s t a t i o n s ,  t r e a t i n g  each 

month ly  c o l l e c t i o n  a t  a s t a t i o n  as a separate e n t i t y ,  i s  presented i n  

F i g u r e  6-64 and Table 6-19 . U n l i k e  the marine s t a t i o n s  i n  which 

groupings are formed l a r g e l y  on the  bas is  of month o f  c o l l e c t i o n ,  t h e  

e s t u a r i n e  s t a t i o n s  c l u s t e r  p r i m a r i l y  on the bas is  o f  s i t e  and o n l y  

secondar i l y  on t h e  bas is  of month. That i s ,  i n  most cases, t h e  faunal  

d i f f e r e n c e s  between the  e s t u a r i n e  s t a t i o n s  are cons iderab ly  g r e a t e r  

than the  temporal  v a r i a t i o n  a t  any g iven s t a t i o n ,  S t a t i o n s  E3 and E4 

are  t h e  o n l y  except ion  t o  t h i s ,  as they  are much more s i m i l a r  t o  each 
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Figure 6-64. Numerical c l a s s i f i ca t ion  of  es tuar lne s t a t ions  includin 
both  pre-discharge and post-discharge co l lec t ions .  
(Flexible  sor t ing ,  B = -0 .25) .  
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Table 6-19. S t a t i o n  groups formed by numerical  c l a s s i f i c a t i o n  o f  
es tua r ine  s t a t i o n s  shown i n  F igu re  6-64. 

GROUP A 
E l  Feb 81  
E l  Mar 81 
E l  Apr 81 
E l  May 81 
E l  Jun 81 
E l  J u l  81 
E2 J u l  81 
E l  Aug 81 
E2 Aug 81  
E l  Sep 81 
E l  Oct 81  
E l  Nov 81 
E l  Dec 81 
E l  Jan 82 
E l  Feb 82 
E l  Mar 82 
E l  Apr 82 

GROUP D 
E3 J u l  81 
E3 Aug 81 
E3 Sep 81 
E3  Oct 81 
E3 Nov 81 
E3 Dec 81 

GROUP B 
E 5  Feb 81 
E5 Mar 81 
E 5  Apr 81  
E5 May 81 
E 5  Jun 81 
E5 J u l  81 
E5 Aug 81  
E 5  Sep 81 
E5 Oct 81 
E5 Nov 81 
E5  Dec 81  
E 5  Jan 82 
E5 Feb 82 
E5 Mar 82 
E 5  Apr 82 

GROUP E 
E4 Jun 81 
E4 J u l  81 
E4 Aug 81 
E4 Sep 81 
E 4  Oct 81  
E4 Nov 81 
E4 Dec 81  
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GROUP C 
E 4  Feb 81 
E4 Mar 81 
E 3  Apr 8 1  
E 3  May 81 
E 3  Feb 82 
E 4  Feb 82 
E3 Mar 82 
E4 Mar 82 
E3 Apr 82 
E4 Apr 82 

GROUP F 
E2 Feb 81 
E2 Mar 81  
E2 Apr 81 
E 4  Apr 81  
E 2  May 81 
E 4  May 81  
E2 Jun 81 
E 4  Jun 81 
E 2  Sep 81 
E2 Oct 81 
E2 Nov 81 
E2 Dec 81 
E2 Feb 82 
E2 Mar 82 
E2 Apr 82 



o the r  i n  s a l i n i t y  than are any o t h e r  s t a t i o n s ,  and t h e r e f o r e  temporal 

v a r i a t i o n s  are o f  g r e a t e r  consequence. Winter months a t  bo th  E3 and E4 

(Group C) c l u s t e r  together ,  apa r t  f rom the summer and f a l l  months a t  

these same s i t e s  (Groups D and E). The reason f o r  t he  segregat ion o f  

t h e  w i n t e r  months i s  t h e  r a p i d  p o p u l a t i o n  increase o f  M u l i n i a  l a t e r a l i s  

a t  both E3 and E4, an occurrence observed i n  both the w i n t e r  o f  1981 

and 1982. 
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6.4 Discuss ion 

6.4.1 Marine 

The West Hackberry b r i n e  d i sposa l  area can be cha rac te r i zed  as a 

r e l a t i v e l y  homogeneous area i n  regards t o  both p h y s i c a l  and b i o l o g i c a l  

parameters. I t  i s  an area i n  which the  macrobenthic communities are 

h i g h l y  v a r i a b l e  w i t h  t ime as evidenced by the  r a p i d l y  changing s u i t e  o f  

I 

dominant species. I n  the  months immediately f o l l o w i n g  i n i t i a t i o n  o f  

b r i n e  discharge (May 1981 through September 1981) Phoronis sp. A 

comprises up t o  72% o f  a l l  i n d i v i d u a l s  c o l l e c t e d ,  a t t a i n i n g  an average 

d e n s i t y  among a l l  s t a t i o n s  o f  n e a r l y  4000 ind iv iduals /m2.  I n  l a t e r  

months i t s  abundance decreases t o  the p o i n t  t h a t  i t  i s  o n l y  

s p o r a d i c a l l y  c o l l e c t e d .  Dur ing November 1981 - March 1982 the  

polychaete C i r r a t u l u s  c f .  f i l i f o r m i s  dominates, a t t a i n i n g  a d e n s i t y  o f  

6400 ind i v idua ls /m2  a t  some s i t e s .  Magelona cf .  p h y l l i s a e  and 

Parapr ionospio p i n n a t a  are t h e  most c o n s i s t e n t l y  dominant species w i t h  

r e l a t i v e l y  h i g h  d e n s i t i e s  throughout the  s tudy  pe r iod .  

Though the  r e l a t i v e  abundance o f  many species shows e r r a t i c  and 

unpred ic tab le  f l u c t u a t i o n s  the re  appears t o  be some consis tency i n  the  

species composi t ion o f  t he  study area. Table 6-20 l i s t s  the t e n  

dominant species of the p resen t  s tudy and those o f  t h r e e  e a r l i e r  

s t u d i e s  i n  the  reg ion.  E i g h t  o f  t he  ten  dominant species were found as 

dominants i n  p rev ious  i n v e s t i g a t i o n s .  A l l  dominant species o f  t h e  

e a r l i e r  s t u d i e s  were present  d u r i n g  t h i s  i n v e s t i g a t i o n ,  though they  

were no t  always among the  most abundant species. This  comparison 
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Table 6-20. The ten daninant species of the present study i n  carparison to the dominant species 
of  three previous investigations of the West Hxkberry diffuser site. P r e s d  
synmany o f  species nand are indicated by parentheses. 

PRESENT STUDY WESTm & GAsTav 1981 P M E R  e t  al., 1980 S:A. I., 1978 

Magelona cf. phyllisae (Magelma cf. pacifica) (Mqelona sp. (Mqelona sp.) 
Parapr i onospio p i  nnata 
M imas tus  califomiensis Medianastus cal ifomiensi s M i m s t u s  cal ifomiensis . . . . . . . . . .  
Cirratulus cf. f i l i fo rmis  . . . . . . . . . .  (Cirriformia sp. 1 . . . . . . . . . .  
Phoronis sp. A Phoronis sp. A . . . . . . . . . .  . . . . . . . . . .  
Sigarhr-a tentaculata . . . . . . . . . .  Sigambra tentaculata Siganbra tentaculata 
M n i a  fusiformis . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  
Pseudeurythoe paucibranchi ata . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  
Diopatra clprea Diopatra clprea Dicpatra clprea 

Cossura soyeri . . . . . . . . . .  (Cossura delta) (Cossura delta) 
. . . . . . . . . .  Sabel lides sp. A (Sabellides oculta (sic)) (Sihellides oculta (sic)) 
. . . . . . . . . .  Balanus inprovisus . . . . . . . . . .  . . . . . . . . . .  
. . . . . . . . . .  Mulinia lateral is h l i n i a  lateral is h l i n i a  lateral is 

WY81-PPR82 FEB 81 - PPR 81 xB\( 78 - MY 79 SEP 77 - M4Y 78 

Parapri onospio pinnata Par apr i o n q i  o p i  nnat a P a r q r i  onosp i o p i  nnata 

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

Nmr tea  sp. B 

Oxyurostylis sp. A 

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  
Ludrineris tenuis 

Glxera d i  branchi ata 

. . . . . . . . . .  

. . . . . . . . . .  
Lunbrineris tenuis 
. . . . . . . . . .  

. . . . . . . . . .  . . . . . . . . . .  C l y ~ n e l l a  torquata 

. . . . . . . . . .  . . . . . . . . . .  k i s t r o s y l  l i s  papi 1 losa 

Q 
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indicates that, though population irruptions may be dramatic and 

annually unpredictable, there is some consistency among the species 

which exhibit these irruptions. 

The occurrence of low oxygen conditions, hypoxia, in the study 

area during summer 1981 results in reduced numbers of macrobenthic 

species, and reduced populations of most species. The effects of 

hypoxia are most dramatically evidenced in population reductions of the 

dominant species Phoronis sp. A (Figure 6-37), Mediomastus 

californiensis (Figure 6-44) and Cirratulus cf. fi liformis (Figure 

6-42). Though - M. californiensis and - C. cf. filiformis are abundant 

throughout the year, their lowest population levels occur during middle 

and late summer following conditions of hypoxia and anoxia in the study 

area. As demonstrated in Figure 6-35,. species richness values 

similarly drop dramatically during hypoxia, indicating elimination of 

numerous of the moderately abundant and rare species from the area 

(e.g. Amphipoda, Figure 6-48). Reduction of populations of dominant 

species by hypoxia is also reflected in values for species evenness 

(Figure 6-35). Evenness values are elevated during the summer since no 

species overwhelmingly dominate the communities, increasing the 

relative abundances of the other species. 

Since the primary goal of this study is the identification of any 

biological perturbation resulting from brine discharge, comparisons 

have been made of species composition and abundance between those sites 

most frequently impacted by the brine plume and the remaining stations. 
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A t  the most heavi ly- impacted s i t e  ( s t a t i o n  M l O A ) ,  b i o l o g i c a l  

a l t e r a t i o n s  are s u b t l e  and t h e r e  i s  no evidence o f  c a t a s t r o p h i c  impact 

o r  mass m o r t a l i t y  o f  macrobenthic organisms. However, the s u b t l e  

changes - i n  macrobenthic fauna, i n c l u d i n g  reduced d e n s i t i e s  o f  some 

species and increased d e n s i t i e s  of o thers,  appear t o  extend up t o  a t  

l e a s t  1 km from the d i f f u s e r  ( s t a t i o n  DW) 

Cur ious l y ,  s t a t i o n  M3, 4 km t o  the  west o f  the d i f f u s e r ,  shows the  

g r e a t e s t  s i m i l a r i t y  t o  the d i f f u s e r  s t a t i o n s  MlOA, M I 0  and DW b u t  t h i s  

i s  n o t  considered t o  be i n d i c a t i v e  o f  any br ine- induced p e r t u r b a t i o n s  

a t  t h i s  s i t e .  I n  f a c t ,  t he  fauna l  s i m i l a r i t y  between s t a t i o n s  M3 and 

M l O A  has decreased s ince  d ischarge began, though t h i s  decrease i n  

s i m i l a r i t y  has no t  been as r a p i d  as a t  many o f  the o the r  s t a t i o n s .  

A d d i t i o n a l l y ,  r e s u l t s  f rom the  plume t r a c k i n g  e f f o r t s  (Chapter 4 )  show 

l i t t l e  l i k e l i h o o d  t h a t  t he  plume extends t o  s t a t i o n  M3, making any 

suggest ion o f  br ine- induced a l t e r a t i o n  imp laus ib le .  

C i r r a t u l u s  c f .  f i l i f o r m i s  i s  the o n l y  dominant i n  which d e n s i t i e s  

are d r a m a t i c a l l y  reduced i n  the  v i c i n i t y  o f  the d i f f u s e r .  The lower 

abundances a t  the impact s i t e s  are ev iden t  no t  o n l y  i n  the e a r l i e r  

stages o f  the p o p u l a t i o n  i r r u p t i o n  (November - December) bu t  are 

c l e a r l y  apparent f o r  a t  l e a s t  s i x  months du r ing  which p o p u l a t i o n  

d e n s i t i e s  a t  a l l  s i t e s  cont inue t o  increase. I t i s  no t  known whether 

C i r r a t u l u s  c f .  f i l i f o r m i s  r e c r u i t s  by l e c i t h o t r o p h i c  l a rvae  w i t h  a 

b r i e f  p l a n k t o n i c  l i f e  o r  by d i r e c t  development (Blake, 1975).  I f  the 

former were the  case, t he  pe rs i s tence  o f  h igher  r e c r u i t m e n t  r a t e s  a t  
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the control sites would be strong evidence of unfavorab 

the vicinity o f  the diffuser. 

There are also increased densities of some species 

e cond 

in the 

tions in 

vicinity 

of the diffuser. Of the dominant species, only Magelona cf. phyllisae 

shows this trend. This tendency is much more evident in many rare to 

moderately abundant species (e.g. Hexapanopeus anqustifrons, Owenia 

fusiformis, Corophium sp. B, and Pagurus spp.). Most of these species 

are not typically considered opportunists and their elevated densities 

around the ‘diffuser may be due to either substrate modification 

resulting from dredging or the increased salinity associated with brine 

discharge. 

More than any other station, MlOA exhibits brief, but dramatic, 

irruptions of species populations, particularly during the first months 

of brine discharge (e.g. Mediomastus californiensis, Nassarius acutus, 

and Phoronis sp. A in June 1981). Population irruptions of 

opportunistic species such as these may be in response to some 

environmental stress imposed on the community, reducing thp density or 

competitive advantage of other species. While elevated salinity or 

other physical factors associated with brine discharge may be the 

causative agents for these irruptions, it is impossible to ascertain. 

Such conclusions of brine-induced population increases wou Id be 

speculative since the limited physical and biological parameters 

measured during this investigation provide little information on the 

range of variables (e.g. food availability, reproductive success, 

6-149 



competition, predation) which are responsible for such irruptions. 

6.4.2 Estuarine 

The benthic macrofauna of Calcasieu Lake are generally similar to 

other northern Gulf of Mexico estuaries. Habitats included in this 

investigation are numerically dominated by polychaetes and molluscs 

such as Mediomasutus californiensis, Paraprionospio pinnata, 

Streblospio benedicti, Parandalia fauveli, Mulinia lateralis and Macoma 

mitchelli. Stations E5, at the mouth of the estuary, additionally 

includes Phoronis sp. A, a species more abundant on the inner shelf 

than other estuarine habitats. 

Most of these species are tolerant o f  wide salinity and 

temperature fluctuations, which account for their presence in the 

estuary. Bottom salinities at station El, for instance, vary from 

Z0/oo to 2Z0/oo during the year, and temperatures range from 8°C to 

35OC. Though the bottom water of the estuarine sites never becomes 

anoxic, as periodically occurs offshore, dissolved oxygen levels are 

reduced to near 2 ml/l during late summer at station E5. 

A s  might be expected, separation of stations and species groups by 

multivariate analyses can be interpreted largely on the basis of 

salinity differences between sites sampled. Each cluster generally 

contains only collections from a particular site, indicating that the 

species and populations of that site are characteristic of only a 

single habitat. Though the sites may, over the course of the entire 

year, include many o f  the same dominant species, each habitat is unique 
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in its relative abundance o f  species and unique presence o f  rare 

species . 
Finally, it is important to note that the brine discharge did not 

reach the estuary during this investigation, and there is no evidence 

that it will reach Calcasieu Lake under the discharge rates currently 

anticipated. For this reason, projections of the effects of brine 

discharge on the estuarine macrobenthos are excluded from this report. 
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6.5 Conclusions 

6.5.1 Marine 

1. 

2.  

3 .  

4. 

5. 

The macrobenthic community o f  the West Hackberry d i f f u s e r  

area i s  n u m e r i c a l l y  dominated by a few species which undergo 

r a p i d  and unpred ic tab le  changes i n  p o p u l a t i o n  dens i t y .  

Dur ing the  course o f  the year- long i n v e s t i g a t i o n  (May 1981 - 
A p r i l  1982) the  most dramat ic changes i n  d e n s i t y  are 

e x h i b i t e d  by the phoronid,  Phoronis sp. A, and the p o l y -  

chaetous annel id ,  C i r r a t u l u s  c f .  f i l i f o r m i s .  The polychaetes 

Magelona c f .  p h y l l i s a e  and Parapr ionospio p i n n a t a  are the 

most s t a b l e  dominants, being found i n  r e l a t i v e l y  h igh  numbers 

d u r i n g  a l l  months. 

Hypoxic c o n d i t i o n s  d u r i n g  the summer months g r e a t l y  reduce 

popu la t i ons  o f  most macrobenthic species, and t o t a l l y  

e l i m i n a t e  many o f  the l e s s  common and r a r e  species. 

A number o f  species (e.g. Phoronis sp. A, Mediomastus 

c a l i f o r n i e n s i s ,  Nassar ius acutus) e x h i b i t  concurrent  

p o p u l a t i o n  i r r u p t i o n s  a t  the s t a t i o n  nearest  the d i f f u s e r  

d u r i n g  the  f i r s t  months o f  b r i n e  discharge. 

The impact o f  b r i n e  d i f f u s i o n  on the  ben th i c  community i s  n o t  

c a t a s t r o p h i c ,  though matched s i t e  comparisons o f  c o n t r o l  and 

n e a r - d i f f u s e r  s i t e s  i n d i c a t e  cons is ten t ,  s t a t i s t i c a l l y  

s i g n i f i c a n t  d i f f e r e n c e s  i n  popu la t i ons  w i t h i n  a t  l e a s t  1 km 

of t he  d i f f u s e r .  These d i f f e r e n c e s  inc lude:  

n 

6-152 



a. s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  i n  popu la t i on  

d e n s i t i e s  o f  c e r t a i n  numer i ca l l y  dominant species (e.g 

Magelona c f .  p h y l l i s a e  and C i r r a t u l u s  c f .  f i l i f o r m i s ) ;  

b. no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  i n  t o t a l  

macrof aunal d e n s i t y  between impact and c o n t r o l  s i t e s ;  

c. s i g n i f i c a n t l y  g rea te r  number o f  species a t  the  impact 

s i t e s  than a t  the c o n t r o l  s i t e s ,  ev iden t  i n  bo th  p re-  

and post -d ischarge.  
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6.5.2 Estuarine 

1. 

2. 

3.  

Data presented elsewhere in this report indicate no evidence 

of discharged brine entering Calcasieu Lake nor intake 

operations resulting in salt water intrusion. Thus , 
interpretation of macrobenthic community changes in regards 

to Strategic Petroleum Reserve Program operations wou Id be 

unjustified. The utility of this data base is limited to 

baseline monitoring should any future perturbations occur. 

Stations E3 and E4 show the greatest similarity among the 

estuarine stations, though each of the stations generally 

represent distinct habitat types, separable from the other 

sites on the basis of salinity. 

Species found in Calcasieu Lake are typical of northern Gulf 

o f  Mexico estuaries. The fauna i s  numerically dominated by 

polychaetes and molluscs such as Mediomastus californiensis, 

P arapr i onospi o pi nnat a, Streblospi o benedi ct i , Parandal i a 

fauveli , Mulinia lateralis, and Macoma mitchelli. 

Q 

. 
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CHAPTER 7 

NEKTON 

R. J. I l g ,  T.L. K i rby ,  G. Stacy I 1 1  
McNeese S t a t e  U n i v e r s i t y  

Lake Charles, Lou is iana 70609 

7.1 I n t r o d u c t i o n  

Nekton, f o r  purposes o f  t h i s  repo r t ,  can be de f ined as demersal 

f i n f i s h  and macrocrustaceans. The group inc ludes  v i r t u a l l y  a l l  

commerc ia l ly  and r e c r e a t i o n a l l y  impor tan t  marine animals. The 

p o s s i b i l i t y  o f  impact r e s u l t i n g  f rom b r i n e  d ischarge on the nekton 

community were s tud ied  over a 12 month per iod .  From May 1981 through 

A p r i l  1982, month ly  t r a w l  samples were taken f rom marine and es tua r ine  

waters  i n  southwest Louis iana. 

Sampling fo l l owed  a th ree  month p re -b r ine  d ischarge program f rom 

February through A p r i l  1981 ( I l g  -- e t  al. ,  1982). I n  the pre-d ischarge 

s tudy,  the  nekton community was descr ibed and base l i ne  i n f o r m a t i o n  was 

e s t a b l i s h e d  f rom which p o s t - b r i n e  d ischarge comparisons cou ld  be made. 

Nekton popu la t ions  a t  each sampling s i t e  were assessed t o  

determine d i s t r i b u t i o n  , abundance, s i z e  composi t ion , seasona l i t y ,  and 

d i v e r s i t y  a t  bo th  species and community l eve l s .  D e t a i l e d  s tudy  was 

d i r e c t e d  towards f i s h  and macrocrustacean species which suppor t  

commercial and r e c r e a t i o n a l  f i s h e r i e s .  

S t a t i s t i c a l  analyses were employed t o  determine the  r o l e s  o f  bo th  

b i o l o g i c a l  and p h y s i c a l  parameters i n  shaping observed t rends  i n  the  

s p a t i a l  and temporal  d i s t r i b u t i o n  o f  nekton. 
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7.1.1 Marine Environment 

Two major s o f t  bottom, demersal communities have been descr ibed 

f o r  t he  no r the rn  Gulf of Mexico. The wh i te  shrimp, Penaeus s e t i f e r u s ,  

community dominates i n  the  bathymetr ic  range between 3.7-21.9 m, and 

t h e  brown shrimp, Penaeus aztecus, community dominates between 21.9- 

109.7 m (Hi ldebrand, 1954; Chi t tenden and McEachran, 1976; Chi t tenden 

and Moore, 1977). 

W i t h i n  the wh i te  shrimp community o f f  the southeastern Texas 

coast ,  Chi t tenden et.aJ. (1980) noted t h a t  - P. s e t i f e r u s  comprised 78% 

o f  the t o t a i  penaeid shrimp ca tch  w h i l e  - P.’ aztecus and - P. duorarum 

comprised 21% and 2%, r e s p e c t i v e l y .  Dominant among the 121 i c h t h y o -  

f a u n a l  species captured i n  t h a t  s tudy were Chloroscombrus chrysurus 

(24%), Micropogonias undulatus (21%), Cynoscion nothus (12%), S t e l l i f e r  

l anceo la tus  (lo%), Cynoscion a renar ius  (4%), Anchoa m i t c h i l l i  (4%),  

P e p r i l u s  b u r t i  (3%) and -- A r i u s  f e l i s  (2%). 

Two a d d i t i o n a l  s t u d i e s  i n  the  northwest Gu l f  o f  Mexico (Landry and 

Armstrong, 1980; S c i e n t i f i c  App l i ca t i ons ,  Inc.  , 1978) revealed s i m i l a r  

dominant species c h a r a c t e r i s t i c  o f  the w h i t e  shrimp community. A t r a w l  

survey conducted over a broader bathymetr ic  range (7-82 m) y i e l d e d  

species c h a r a c t e r i s t i c  o f  both brown and wh i te  shrimp communities 

(Angelovic,  1975). 

Sediment type and bathymetry p lace  a l l  sampling s t a t i o n s  f o r  t he  

p resen t  s tudy w i t h i n  the  descr ibed range o f  t he  wh i te  shrimp community. 

The subs t ra te  throughout the sampling area i s  g e n e r a l l y  composed o f  
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unconsol idated sediments being 60-90% s i  l t / c l a y  and 10-40% sand 

(Hausknecht, 1980). Weston and Gaston (1982) repo r ted  59-97% s i l t / c l a y  

and 3-42% sand i n  the  s tudy  area. Depths range between 4.0 and 11.0 rn. 

I n  the  th ree  month pre-d ischarge s tudy  I l g  e t  a l .  (1982) repo r ted  

t h a t  - P. s e t i f e r u s  comprised 95% o f  the  t o t a l  penaeid shrimp ca tch  w h i l e  

- P. aztecus comprised 4.5%. Numer ica l l y  dominant among the  69 

i ch thyo fauna l  species captured were: Pepr i  l u s  b u r t i  (27%), Cynoscion 

nothus (18%), Trachypenaeus s im i  l i s  (7%),  L o l l i g u n c u l a  b r e v i s  (7%), 

S q u i l l a  ernpusa (7%), T r i c h i u r u s  l e p t u r u s  (5%), Micropoqonias undulatus 

(4%), C a l l i n e c t e s  s i m i l i s  ( 3 % ) ,  Urophycis f l o r i d a n u s  (3%), Penaeus 

s e t i f e r u s  (2%) and Cynoscion arenar ius  (2%). The remain ing 58 species 

comprised approx imate ly  15% of the  catch. 

7.1:2 Es tua r ine  Environment 

Es tua r ies  are g e n e r a l l y  considered t o  p l a y  impor tan t  t r o p h i c  and 

re fuge  r o l e s  f o r  many species o f  nek ters  i n c l u d i n g  those o f  commercial 

and r e c r e a t i o n a l  importance (Skud and Wilson, 1960; Rounsefe l l  , 1963; 

Sykes, 1965; McHugh, 1966; Gunter, 1967). Many nek ton ic  organisms 

spawn i n  the  open Gulf. The eggs and la rvae are c a r r i e d  by t i d e s  and 

c u r r e n t s  toward the  shore and e v e n t u a l l y  en te r  the  e s t u a r i e s  where the  

young organisms grow and develop. Other species u t i l i z e  t h e  es tua ry  as 

spawning o r  feed ing  grounds. 

Among those species t h a t  spawn i n  the  Gu l f  y e t  use the  es tua ry  as 

a nursery  are: the  wh i te  shrimp, -- Penaeus s e t i f e r u s  (L indner  and Cook, 

1970); the  brown shrimp, Penaeus j t t e c u s  (Cook and L indner ,  1970; 
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Weinstein, 1979); the p i n k  shrimp, Penaeus duorarum (Costello and 

Allen, 1970); the red drum, Sciaenops ocel la tus  (Perret  e t  a l . ,  1980); 

the menhaden, Brevoortia pa t ronus  ( Idyl l  aJ., 1968); the Atlantic 

croaker, Micropoqonias undulatus (Chao and Musick, 1977; Shenker and 

Dean, 1979); and the spot,  Leiostomus xanthurus (Chao and Musick, 1977; 

Shenker and Dean, 1979; Weinstein, 1979). Cynoscion nebulosus, the 

spotted seatrout ,  normally spend the i r  en t i r e  l ives  i n  the estuary,  

although some are found i n  coastal  waters (Perret  e t  al . ,  1980). The 

black drum, Pogonias cromis, and the s i lve r  perch, Bairdiel la  

chrysoura, spawn either i n  the estuary or offshore, b u t  use the estuary 

as a nursery (Chao and Musick, 1977; Silverman, 1979). 

Calcasieu Lake i s  the largest  estuary i n  southwest Louisiana, 

having a surface area of 42,792 acres and an average d e p t h  of 

approximately two meters. Barrett  (1971) reported s a l i n i t i e s  from f ive  

s t a t ions  i n  Calcasieu Lake ranging from 2.4'/00 t o  30.1°/oo w i t h  an 

average of 14.Oo/oo. I lg  et - a l .  (1982) reported s a l i n i t i e s  i n  

Calcasieu Lake ranging from 14O/oo t o  30°/oo w i t h  an average of 

21.4O/oo for a three month study (February t h r o u g h  April,  1981). The 

t o t a l  f i f t een  m o n t h  average of s ta t ions  E2, E3 and E4 was 18.34'/00 

w i t h  a range of 2.0°/oo t o  27.96O/oo. 

Perret  (1971) reported r e su l t s  of 198 trawl samples i n  various 

southwest Louisiana estuar ies  i n c l u d i n g  Calcasieu Lake. Dominant f i sh  

species reported were Brevoortia patronus, Cynoscion arenarius, 

Leiostomus xanthurus, Micropogonias undulatus and Anchoa mi tch i l l i .  
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Dominant macro inver tebrates i nc luded  Penaeus s e t i f e r u s ,  E. aztecus and 

C a l l i n e c t e s  sapidus. These dominant species were a l s o  p resen t  i n  se ine 

hau l  samples taken i n  Calcasieu Lake (SPR-Final Environmental Impact 

Statement, 1977). 

I l g  et a. (1982) r e p o r t e d  r e s u l t s  o f  24 t r a w l  samples i n  

Calcas ieu Lake. Dominant species ( i n  order  o f  abundance) inc luded:  

Micropogonias undulatus,  Anchoa m i t c h i l l i ,  Penaeus aztecus, C a l l i n e c t e s  

sapidus, B r e v o o r t i a  patronus, F’enaeus s e t i f e r u s  and Leiostomus 

.xanthurus.  

Al though Rounsefe l l  (1975) r e p o r t e d  t h a t  a t  s p e c i f i c  l o c a t i o n s  

w i t h i n  the  e s t u a r i n e  environment species composi t ion i s  l i k e l y  t o  be 

determined by the e x i s t i n g  s a l i n i t y  regime, I l g  e t  a l .  (1982) d i d  n o t  

f i n d  a s i g n i f i c a n t  r e l a t i o n s h i p  between species composi t ion and 

s a l i n i t y  d u r i n g  the th ree  month pre-d ischarge study. 

7.2 M a t e r i a l s  and Methods 

7.2.1 F i e l d  Procedures 

7.2.1.1 Marine 

Nekton samples were c o l l e c t e d  monthly d u r i n g  the p o s t - b r i n e  

d ischarge period--May 1981 through A p r i l  1982. A l l  c o l l e c t i o n s  f o r  

t h i s  s tudy were made d u r i n g  d a y l i g h t  hours aboard the Captain Brady 

Joseph, a 19.4 m s t e e l  h u l l e d  shrimp t r a w l e r .  

S t a t i o n s  sampled inc luded  M3, MlOA, M18, M21, M22, DE, DW, DN, and 

DS (F igu re  7-0). West and eas t  c o n t r o l  s t a t i o n s ,  M 1  and M20 
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F igu re  7-0. Loca t ion  o f  mar ine and e s t u a r i n e  sampl ing s i t e s  i n  
coas ta l  waters  o f  southwestern Louis iana.  
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pespec t i ve l y ,  were added i n  November 19181 a f t e r  evidence was presented 

t h a t  prev ious c o n t r o l  s t a t i o n s ,  M3 and M18, may o c c a s i o n a l l y  be 

i nc luded  i n  the  plume area. 

P r i o r  t o  sampling a t  each s t a t i o n ,  depth, c o n d u c t i v i t y ,  

temperature, pH and d i s s o l v e d  oxygen were measured a t  3m i n t e r v a l s  w i t h  

a Hydrolab Ser ies 8000 meter. These readings were recorded on f i e l d  

d a t a  sheets along w i t h  weather and sea s t a t e  observat ions.  T u r b i d i t y  

samples were taken a t  the surface, bottom and a t  mid-water depth us ing  

a t h r e e  l i t e r  Van Dorn sampler. T u r b i d i t y  samples were i ced  and 

r 'etained f o r  l a b o r a t o r y  analyses. 

C o l l e c t i o n s  were made us ing a s i n g l e  15.2 m commercial o t t e r  

t r a w l ,  deployed from the s te rn ,  equipped w i t h  a t i c k l e r  chain and 1.9 

cm square mesh (3.8 cm s t r e t c h  mesh) n e t t i n g .  O t t e r  boards measured 

2.1 m by 1.0 m. S t a t i o n s  were located us ing Loran C coord inates.  Tows 

were made i n  a c i r c u l a r  p a t t e r n  around the s i t e s  a t  a speed of 3.7 t o  

5.6 km hr ' l  (2-3 k n o t s ) .  Two r e p l i c a t e  tows were made a t  a l l  

s t a t i o n s  w i t h  a bottom t ime d u r a t i o n  o f  ten minutes each. 

The sampling s t r a t e g y  was a l t e r e d  i n  July, 1981 and two t r a w l s  

were deployed from 7 m booms on e i t h e r  s i d e  of the boat. While the re  

a re  advantages and disadvantages t o  bo th  techniques, bo th  methods are 

e s s e n t i a l l y  i d e n t i c a l  (Prof .  H.D. Hoese, personal  communication). 
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Catches were roughly sorted i n t o  f i sh  and invertebrates. Samples 

were then bagged, labeled and iced for transport t o  laboratory 8 
freezers.  Replicate tows were labeled A (starboard) or B (po r t )  and 

treated separately throughout the study. 

When a trawl contained a large number of a single species, the 

to t a l  number of individuals and the i r  g roup  weight were determined i n  

the f ie ld .  When th i s  occurred and the i n d i v i d u a l  fish were small 

( <  - 5091, the to ta l  weight was determined as accurately as possible i n  

the f i e ld  using a spring scale.  An aliquot was retained and an average 

we igh t  determined i n  the laboratory. The t o t a l  number of individuals 

was then calculated based on the subsample. Larger f i sh  were weighed 

as a group and counted. A m i n i m u m  o f  50 i n d i v i d u a l s  of each species 

from each trawl w i t h i n  the family Sciaenidae and the genera Brevoortia 

and Penaeus was retained f o r  more detai led laboratory analyses. 

7.2.1.2 Estuarine 

Nekton samples were collected monthly d u r i n g  the post-brine 

discharge period--May 1981 through Apri 1 1982. These collections were 

made aboard a 6.8 m f l a t  bottom aluminum outboard motor boat. After 

February 1982 the hull was modified t o  a V-hull. 

Estuarine s ta t ions  sampled included E l ,  E2, E3 and E4. Due t o  low 

water levels,  s ta t ion E3 was inaccessible d u r i n g  November 1981. 
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A CTD/DO prof i le  was made a t  each s ta t ion prior t o  sampling. 

Measurements were made at  the surface and the bottom a t  a l l  s ta t ions.  

A water sample was taken at  the surface for turbidity.  Nekton samples 

were taken w i t h  a 4.9 m commercial o t t e r  trawl equipped w i t h  a t i ck l e r  

chain and w i t h  1.9 cm square mesh netting i n  the net and a 0.6 cm 

square mesh cod end l iner .  Otter boards measured 60.5 cm by 31 cm. 

Tows were made in  a s t ra ight  l ine a t  E l  ( Intracoastal  Waterway) 

and i n  a c i rcular  pattern a t  E2, E3, and E4 at a speed of 3 . 7  to  5.6 km 

hr'l (2-3 knots). Two repl icate  tows were made per s ta t ion w i t h  a 

ten minute bottom time d u r a t i o n  for each tow. Catches were roughly 

sorted i n t o  f i sh  and invertebrates. Samples were then bagged, labeled 

and iced fo r  transport t o  laboratory frt, aezers. 

7.2.2 Laboratory Procedures 

Samples were thawed and the sample and h a u l  numbers were recorded 

on sample d a t a  sheets. After sorting, a l l  f i s h ,  squid, portunid crabs 

and penaeid shrimp were identified t o  the species level,  counted, and a 

t o t a l  species weight was obtained. Individual lengths and weights were 

recorded for  a t  least  50 representatives of each species ( i f  available) 

from the family Sciaenidae and the genera Brevoortia and Penaeus. 

Standard length (SL) for  f i sh  was measured from the t i p  of the 

snout t o  the end of the hypural plate;  to ta l  length ( T L )  for shrimp was 

measured from the t i p  of the ros t ra l  spine t o  the end of the telson. 
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I n d i v i d u a l  weights were made t o  the nearest  0.1 g, group 

nearest  1 g. 

Representat ive specimens were f i x e d  i n  10% b u f f e r e d  

t r a n s f e r r e d  t o  70% e thano l  and labe led  f o r  permanent 

r e f e r e n c e  c o l l e c t i o n .  

References f o r  f i s h  i d e n t i f i c a t i o n  were Parker 

(1975), Hoese and Moore (19771, and the U.S. F i s h  and W 

weights t o  the 

f o r m a l i n  , then 

l e t e n t i o n  as a 

(1972) , Walls 

l d l i f e  Serv ice 

(1978). For s c i e n t i f i c  nomenclature, Robins -- e t  a l .  (1980) was used. 

I n v e r t e b r a t e s  were i d e n t i f i e d  us ing the f o l l o w i n g  taxonomic keys: 

W i l l i ams  (19651, Felder  (1973) and Wood (1974). 

7.2.3 Data Analys is  

Data were analyzed on an i n d i v i d u a l  specimen b a s i s  and on a weight 

bas is .  Both measurements may be used t o  i n d i c a t e  abundance, and i t  i s  

p o s s i b l e  t h a t  analyses based on one se t  of da ta  w i l l  uncover 

d i f f e r e n c e s  t h a t  are hidden i n  the o the r  data base. This  d i d  no t  prove 

t o  be the case i n  t h i s  study and analyses on both da ta  bases were 

s i m i l a r .  Only one o f  the analyses i s  t h e r e f o r e  repor ted.  

The approach used t o  determine impact was t o  use the c l u s t e r  

analyses as i n d i c a t o r  t e s t s .  I n  the pre-d ischarge s tudy a l l  s t a t i o n s  

except M21 and M22 were homogeneous. Changes from t h a t  norm would be 

taken t o  i n d i c a t e  the p o s s i b i l i t y  o f  impact. A l l  f u r t h e r  analyses were 

used t o  e l u c i d a t e  the na tu re  and magnitude o f  any change. 
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1. C l u s t e r  ana lys i s  (Bray and C u r t i s ,  1957) 

C l u s t e r i n g  us ing  f l e x i b l e  s o r t i n g  and the  Bray-Cur t i s  s i m i l a r i t y  

c o e f f i c i e n t  w i t h  no s tandard iza t ion ,  l o g l o  ( X - 1 )  t rans format ion  and 

a b e t a  f a c t o r  o f  -0.25 was performed on a l l  pre-d ischarge data.  The 

s i m i l a r i t y  measure may be expressed as: 

where i n  normal c l u s t e r i n g ,  S j k  equals the s i m i l a r  letween 

s t a t i o n s  j and K and X j i  and Xk i  equal  the abundances o f  

species i i n  s t a t i o n  j and k r e s p e c t i v e l y .  

2 .  Species D i v e r s i t y  (Shannon -Weaver method) 

D i v e r s i t y  was measured us ing  Shannon's fo rmula  (P ie lou ,  1966): 

S 

i =1 
" = -2 Pi log2 P i  
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where Pi i s  the p r o p o r t i o n  o f  the i - t h  species and s equals the 

number o f  species i n  the  sample. 

3.  Species Richness, E q u i t a b i l i t y ,  and P r o b a b i l i t y  o f  

I n t e r s p e c i f i c  Encounters (PIE) (Hur lbe r t ,  1971) 

Species r i chness  (S.R.) and evenness ( J )  were c a l c u l a t e d  us ing  the  

formulae : 

s -1 

1nN 
S.R. = 

where N equals the  t o t a l  number o f  i n d i v i d u a l s .  

where Ni = number o f  i n d i v i d u a  

( o r  c o l l e c t i o n )  

N = ZNi = t o t a l  number o f  i n d i  

ni = N i / N ,  and 

s o f  the i - t h  species i n  the community 

r i d u a l s  i n  the community i 

s = Number o f  species i n  the community 
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4. Ana lys is  o f  Var iance 

Month ly  c o l l e c t i o n  r e s u l t s  were subjected t o  a one-way ana lys i s  of 

var iance (ANOVA) f o r  abundance o f  each1 species. S t a t i o n s  M21 and M22 

were c o n s i s t e n t l y  d i f f e r e n t  f rom the  o the r  marine s t a t i o n s  du r ing  the  

pre-d ischarge study. These two s t a t i o n s  c l u s t e r e d  separate ly ,  had 

markedly d i f f e r e n t  species composi t ion,  abundance and d i v e r s i t y  

i nd i ces .  Since t h i s  t rend  cont inued du r ing  the  post -d ischarge s tudy 

and s ince  bo th  s t a t i o n s  are ou ts ide  the observed b r i n e  plumes these 

s t a t i o n s  were no t  inc luded i n  the  analyses o f  var iance.  It was f e l t  

t h a t  r e s u l t s  i n c l u d i n g  these s t a t i o n s  would o n l y  serve t o  obscure the  

t e s t s  designed t o  determine impacts. When ANOVA demonstrated 

s i g n i f i c a n t  between s t a t i o n  d i f f e r e n c e s ,  a Student-Newman-Keuls (SNK) 

t e s t  was performed t o  determine the  p a t t e r n  o f  he terogene i ty .  

Species d i v e r s i t y  ( H I )  r e s u l t s  f o r  these s t a t i o n s  were a lso  

sub jec ted  t o  ANOVA and SNK t e s t s .  

Target  species (species o f  the  f a m i l y  Sciaenidae and the  genera 

Penaeus and B r e v o o r t i a )  were examined by means o f  a m u l t i v a r i a t e  

a n a l y s i s  o f  var iance and covar iance (MANOVA). S t a t i o n s  compared were 

M3, M l O A  and M18, the d i f f u s e r  and the  c o n t r o l  s t a t i o n s .  The 

cova r ia tes  inc luded p h y s i c a l  v a r i a b l e s  such as temperature, pH, 

s a l i n i t y  and d i sso l ved  oxygen. Percentage o f  sand, s i l t  and c l a y  p lus  

mean g r a i n  s i z e  were used t o  determine the  e f f e c t  o f  the  sediment on 

f i s h  d i s t r i b u t i o n .  
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5. Condition 

The physical condition of individual members of the target species 

n two ways: was also analyzed. Condition was determined 

K = w(Io~)/L~ 

where K is the coefficient of condition, 

W = weight in grams, and 

L = length in millimeters 

I n  addition, a linear regression of the form loglo W = a + b 

loglo L was used with b equalling the coefficient of condition. 

Standard lengths of fish species and total length of penaeid shrimp 

were used as L in these calculations. 

7.2.4 Significance Levels 

In several instances alpha levels greater than 0.05 have been 

used. While 0.05 is generally accepted as the best significance eve1 

it is not universally applicable. This level is best if one has the 

luxury of an optimum sampling strategy. Due to economic 

considerations, optimal sampling with a high number o f  replicates is 

not always poss i b le. 

Consider the following study: 

In 1979 Texas Instruments made a trawl study o f  nekton in 

Chesapeake Bay. They found that 252 samples were necessary to gain an 

80% chance of detecting a 50% difference in white perch density among 

three locations. This was established with an alpha of 0.10. 

The implication is clear that there must be some compromise in a 

cost effective moni toring program. Furthermore, the alpha level 

protects one from making a type one error in statistics. That is, 
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assuming a n u l l  hypothesis t h a t  t h e r e  i s  no d i f f e r e n c e  between 

s t a t i o n s ,  an alpha o f  0.10 g i ves  a 10% chance o f  saying t h e r e  i s  a 

d i f f e r e n c e  when i n  f a c t  t h e r e  i s  none. The r e c i p r o c a l ,  o f  course, i s  a 

t ype  two e r r o r  which i n  t h i s  case i s  t he  p o s s i b i l i t y  o f  say ing t h e r e  i s  

no d i f f e r e n c e  when i n  f a c t  t h e r e  i s  one. The p r o b a b i l i t y  o f  commit t ing 

a type two e r r o r  i s  denoted by beta. I f  one increases the  alpha l e v e l  

one decreases the be ta  l e v e l  and v i c e  versa. I f  one wishes t o  decrease 

t h e  chances o f  bo th  types o f  e r r o r s  one must increase the sample s i ze .  

Since the avowed purpose o f  t h i s  s tudy i s  t o  p r o t e c t  the environment 

our o n l y  o p t i o n  i s  t o  increase our alpha l e v e l s .  

Most b i o l o g i s t s  agree t h a t  t e s t s  s i g n i f i c a n t  a t  an alpha of 0.05 

a re  conclus ive.  This  i s  because b i o l o g i c a l  phenomena r a r e l y  occur a t  a 

f requency o f  100%. I n  t h i s  r e p o r t ,  p r o b a b i l i t i e s  as low as 75 o r  80% 

are mentioned. While we accept t h a t  such r e s u l t s  are no t  conc lus ive,  

we f e e l  t h a t  a 75 o r  80% chance o f  impact should be mentioned and a t  

t he  very l e a s t  m e r i t s  f u r t h e r  i n v e s t i g a t i o n  and cont inued moni tor ing.  

7.3 Resul ts  

7.3.1 Marine 

A t o t a l  of 324,102 organisms r e p r e s e n t i n g  99 species was c o l l e c t e d  

a t  marine s t a t i o n s  du r ing  p o s t - b r i n e  d ischarge sampling. Table 7-1  

l i s t s  the t o t a l  number o f  i n d i v i d u a l s  and t o t a l  weights f o r  each 

species c o l l e c t e d .  Fourteen species comprised 90% of the t o t a l  number 

of organisms c o l l e c t e d .  The ten dominant species by bo th  weight and 

t o t a l  number f o r  each o f  the twelve sampling months are i n  Appendix H, 

t a b l e s  H-39 through H-50. 
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Table 7-1. Total abundance of all species caught during the study at 
marine stations. 
by number of individuals. 
are also included. 

Species are listed in order o f  abundance 
Total species weights, in grams, 

SPECIES TOTAL # TOTAL WEIGHT 
I I 

Chloroscombrus chrysurus 89,716 580,312 

Stellifer lanceolatus 
Micropogoni as undulatus 
Penaeus aztecus 
Callinectes similis 
Trachypenaeus sirnilis 
Portunus qibbesii 
Lolliquncula brevis 
Anchoa mitchilli 
Peprilus burti 
Cynoscion nothus 
Cynoscion arenarius 
Squilla empusa 
Pen aeu s set i fer u s 
Arius felis 
Trichiurus lepturus 
Leiostomus xanthurus 
Etropus crossotus 
Peprilus alepidotus 
Xi p hopen aeus kroyer i 
Larimus fasciatus 
Menti c i rr hus amer i c anus 
Prionotus tribulus 

-- 

Brevoorti a patronus 
Anchoa hepsetus 
Citharichthys spilopterus 
Urophycis floridana 
Callinectes sapidus 
Prionotus rubio 
Chaetodipterus faber 

46,670 
22,346 
20,515 
20,107 
19,170 
17,564 

9,092 
8,960 
8,744 
8,634 
7,299 
7,209 
7,160 
4,346 
3,690 
3,395 
3,146 
2,974 
2,447 
2,058 
1,604 

1,373 
1,056 

915 
767 
372 
35 2 
25 9 
244 

379,902 
300,243 
143,050 
89,297 
43,549 
43,854 
88,963 
21,352 

190,217 
147,267 
161,590 

43,927 
126,200 
270,586 

74,817 
151,983 

22,279 

66,350 
10,088 

9,940 
65,941 

8,456 
41,782 
11,657 
8,744 - 

11,305 
14,467 

1,468 
2,214 
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Table 7-1. continued 

SPECIES d TOTAL # TOTAL WEIGHT 
I I 

Selene setapinnis 172 1,371 
Bagre marinus 
Porichthys plectrodon 
Polydactylus octonemus 
Loliqo plei 
Dorosoma petenense 
Harenqu 1 a jaguana 
Symphurus civitatus 
Symphurus plagiusa 
Lagodon rhomboides 
Sicyonia brevirostris 
Orthopristis chrysoptera 
Sphoeroides parvus 
Synodus foetens 
Paralichthys lethostiqma 
Lut janus synaqr i s 
Sardinella aurita 
Bairdiella chrysoura 
Opisthonema oglinum 
Centropristis philadelphica, 
Ancylopsetta quadrocellata 
Sicyonia dorsalis 
Portunus sayi 
Lu t j anu s c ampec h anu s 
Rhizoprionodon terraenovae 
Scomberomorus maculatus 
Pogonias cromis 
Car anx hippos 
Ovalipes floridanus 
Astroscopus y-graecum 
Symphurus sp. 

149 
118 

99 
95 
95 

92 
85 
77 

68 
61 
56 
50 
49 
49 
48 
38 
37 
34 
34 
32 
29 
24 
23 
21 
20 
18 
15 
14 
14 
13 

18,908 

1,135 
597 
860 

1,628 
2,220 
1,308 
1,231 
2,214 

191 
2,869 

456 
918 
75 1 

522 
669 
40 7 

730 
874 

244 
50 

123 
153 

4,434 
1,163 

111,966 
702 
38 

160 
21 9 
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Table 7-1. continued 

I I 
SPECIES I TOTAL # I TOTAL WEIGHT 

I I 

Lagocephalus laevigatus 13 108 

Chilomycterus schoepfi 
Archosargus probatocephalus 
Prionotus scitulus 
Trachinotus carolinus 
Hemi car anx amb 1 yrhynchus 
Sphyraena guachancho 
Trinectes maculatus 
Ophidion welshi 
Stenotomus caprinus 
Scomberomorus cavalla 
Portunus spinimanus 
Elops saurus 
Cynoscion nebulosus 
Monacant hus hi sp i dus 
Sphyrna tiburo 
Gobionellus hastatus 
Pomatomus saltatrix 
Sciaenops ocellatus 
Achirus lineatus 
Arenaeus cribrarius 
Etrumeus teres 
Oqcocephalus radiatus 
Syngnathus louisianae 
Caranx crysos 
Eucinostomus argenteus 
Menticirrhus littoralis 
Aluterus schoepfi 
Pteroctopus tetracirrhus 

13 
12 
11 
11 
11 
11 
10 

8 
8 
a 
7 
7 
7 
7 

6 
4 
3 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
1 

554 
22,137 

46 
1,671 

297 
176 
159 
196 

43 
649 

35 
805 
193 

33 
4,483 

64 
372 

17,100 

38 
28 
60 

285 
3 

24 
14 

231 
25 

19 
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Table 7-1. cont inued 

SPEC I ES TOTAL # TOTAL WEIGHT 

T o t a l  number of species 99 TOTAL COUNT TOTAL WEIGHT 
324,102 i n d  3,355,014 g 
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C l u s t e r i n g  was performed on the bas i s  o f  species composit ion. 

Species composi t ion was determined by numerical  and weight t o t a l s  o f  

each species i n  each t r a w l .  C l u s t e r s  were cons t ruc ted  bo th  i n c l u d i n g  

and exc lud ing  r a r e  species. Those species t h a t  were excluded were 

found i n  two t r a w l s  o r  l e s s  out  o f  the 18 monthly t r a w l s  (May through 

October)  o r  22 monthly t r a w l s  (November through March). For 

s i m p l i c i t y ,  r e p l i c a t e  t r a w l s  were combined so t h a t  o n l y  one value per  

s t a t i o n  appears on the c l u s t e r  dendograms. I n  A p r i l ,  1981 s t a t i o n  M l O A  

was sampled on both days o f  sampling. It was inc luded  t w i c e  on the 

A p r i l  dendogram and designated as M10 and MlOA.  F igures 7 - 1  through 

7-10 show r e p r e s e n t a t i v e  c l u s t e r  dendograms f o r  the p o s t - b r i n e  

d ischarge per iod.  May and Ju ly  r e s u l t s  are not given. In May, b r i n e  

d ischarge was f e l t  t o  be inadequate t o  produce d i s c e r n i b l e  changes. On 

May 14 b r i n e ,  a t  a s a l i n i t y  o f  57 O/oo, was discharged f o r  two hours 

and on May 15, 73 O/oo b r i n e  was discharged f o r  two hours. There was 

no d ischarge on May 16, 17 or  18. On May 19 41 O/oo b r i n e  was 

d ischarged f o r  t h r e e  hours. There was no d ischarge on May 20. Nekton 

sampling was conducted on May 19 and 20 i n  accordance w i t h  c o n t r a c t u a l  

o b l i g a t i o n s .  I n  J u l y  t h e r e  was a severe bottom hypoxia i n  the sampling 

area which precluded the capture o f  a l l  bu t  a few i n d i v i d u a l s  of 

p e l a g i c  species. 

A major c l u s t e r  f o r  a l l  ten months i s  g iven i n  F igu re  7-11. 

F igures 7-12 through 7-15 show enlargements o f  major c l u s t e r  elements 

i n  F igu re  7-11. 
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Figure-  7-1. Cluster dendogram o f  June 1981 marine stations. 
Stations were clustered on the basis o f  the number o f  
individuals collected a t  each station. 
were combined . Replicates 
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S I M I L A R I T Y  
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Figure 7-2 .  Cluster dendogram o f  August 1981 marine s ta t ions .  
Stations were clustered on the basis o f  the number o f  
individuals collected a t  each s ta t ion .  
were combi ned. 
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SIMILARITY ~ 
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Figure 7-3. Cluster dendogram o f  September 1981 marine stations. 
Stations were clustered on the basis o f  the number o f  
individuals collected a t  each station. 
were combined. 

Replicates 
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Figure 7-4. Cluster dendogram o f  October 1981 marine s ta t ions .  
Stations were clustered on the basis o f  the number o f  
individuals collected a t  each s t a t ion ,  Replicates 
were combined. 
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Figure 7-5. Cluster dendogram o f  November 1981 marine s ta t ions .  
Stations were clustered on the basis o f  the number of 
individuals collected a t  each s ta t ion .  
were combined. 
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SIMILARITY 
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Figure 7-6. Cluster dendogram o f  December 1931 marine s ta t ions .  
Stations were clustered on the basis o f  the number o f  
individuals collected a t  each s ta t ion .  
were combined. 
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Fiaure 7-7. Cluster dendogram of January 1982 marine stations. 
Stations were clustered on the basis o f  the number o f  
individuals collected a t  each station. Replicates 
were combi ned. 
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Figure 7-8. Cluster dendogram o f  February 1982 marine s t a t ions .  
S t a t i o n s  were clustered on the basis o f  the number o f  
individuals collected a t  each s t a t ion .  
were cornbi ned. 
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Figure 7-9. 

SIMILARITY 
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C l u s t e r  dendogram of March 1982 marine s t a t i o n s .  
S ta t ions  were c l u s t e r e d  on t h e  basis of t h e  number of 
i n d i v i d u a l s  c o l l e c t e d  a t  each s t a t i o n .  
were combi ned. 

Rep l ica tes  
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F igu re  7-10. C l u s t e r  dendogram o f  A p r i l  1982 marine s t a t i o n s .  
S t a t i o n s  were c l u s t e r e d  on t h e  bas i s  o f  t h e  number o f  
i n d i v i d u a l s  c o l l e c t e d  a t  each s t a t i o n .  
were combined. 

Rep l i ca tes  

M3 

M 1  

DE 

DW 

M 1  OA 
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Figure 7-11. C l u s t e r  dendogram f o r  t e n  months combined. S t a t i o n s  
were c l u s t e r e d  on t h e  b a s i s  of number of i n d i v i d u a l s  
caught a t  each s t a t i o n .  
and s p e c i e s  with no more than f i v e  occurrences were 
dropped. 

Replicate t r a w l s  were combined 
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Figure 7-12. Enlargement o f  upper c l u s t e r ,  represented as A i n  
Figure 7-11 showing s t a t ion  and month designations. 
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F igu re  7-13. Enlargement o f  second c l u s t e r ,  represented as B 
i n F igu re  7-1 1 showi ng s t a t i o n  and month des ignat ions  . 

7-33 



M22 
M22 
M22 
M22 
M3 
M I  
MlOA 
DW 
M 10 
DN 
DE 
D S  
M20 
M3 
MIOA 
M I  
MI0 
M20 
DW 
DE 
DN 
D S  

3/02 - 
3/02 - 

3/02 
4/02 

- 

Figure 7-14. Enlargement o f  thi rd c lus t e r ,  represented as  C i n  
Figure 7-11 showing s ta t ion  and month designations. 
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Figure 7-15. Enlargement o f  bottom c lus t e r ,  represented as D in 
Figure 7-11 showing s ta t ion  and m o n t h  designations. 
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Species were c l u s t e r e d  on the  bas is  o f  t r a w l  occurrence t o  

determine p e r s i s t e n t  species r e l a t i o n s h i p s .  Th is  c l u s t e r  i s  g iven  i n  

F igu re  7-16. Species have been g iven a numer ica l  des ignat ion  accord ing 

t o  the  l i s t  o f  a l l  species i n  Table 7-2. 

The Shannon-Weaver species d i v e r s i t y  index ( H I )  was determined f o r  

each s t a t i o n  each month (except  May and J u l y ) .  I n  add i t ion ,  species 

r i chness ,  evenness and t h e  p r o b a b i l i t y  o f  i n t e r s p e c i f i c  encounters were 

determined. These da ta  a re  g iven i n  Tables 7-3 through 7-12. Resul ts  

f rom Student-Newman-Keuls t e s t s  on H '  are g iven i n  Table 7-13; f o r  

species r i chness  the r e s u l t s  are presented i n  Table 7-14, and the 

evenness r e s u l t s  are presented i n  Table 7-15. 

Tables 7-16 through 7-25 show the month ly  r e s u l t s  o f  Student-  

Newman-Keuls t e s t s  f o r  ten  species t h a t  f r e q u e n t l y  show s i g n i f i c a n t  

ANOVA r e s u l t s  (a= 0.05). The ANOVA t e s t s  have n o t  been reproduced i n  

t h i s  r e p o r t .  ANOVAS were performed on the  d i s t r i b u t i o n  o f  a l l  species 

o f  nek ters  each month and on the  d i v e r s i t y  i n d i c e s  f o r  a l l  months, It 

was f e l t  t h a t  i n c l u s i o n  o f  these myr iad t a b l e s  would o n l y  obfuscate 

r e s u l t s .  I n  a d d i t i o n  the  ANOVA on ly  i n d i c a t e  t h a t  t he re  i s  a 

d i f f e r e n c e  i n  d i s t r i b u t i o n  each month. The SNK r e s u l t s  show what the  

d i f f e r e n c e  i s .  I f  t h e  ANOVA r e s u l t s  were n o t  s i g n i f i c a n t  t he re  would 

be no s i g n i f i c a n t  d i f f e r e n c e  between s t a t i o n s  i n  the  SNK tab les .  

The s i g n i f i c a n t  r e s u l t s  of MANOVA analyses on t a r g e t  species are 

presented i n  Tables 7-26 through 7-29. Table 7-26 shows the 

s i g n i f i c a n t  r e s u l t s  f o r  the MANOVA us ing  observed phys i ca l  cond i t i ons  
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Figure 7-16. Cluster dendogram of marine spec ies  f o r  a l l  t en  v a l i d  
sampling months. 
number of individuals  caught a t  each s t a t i o n  each month, 
Species with fewer than f i v e  occurrences are dropped. 
Species are i d e n t i f i e d  by number i n  the  t o t a l  species  
l i s t  i n  Table 7-14. 

Species are c lus t e red  on the  b a s i s  
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Table 7-2. Total species list for Nekton--February 1981 through 
April 1982. 

1. 
2. 
3. 
4. 
5. 

6. 
7. 
8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 

18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 

30. 

Lolliguncula brevis 
Loligo plei 
Pteroctopus tetracirrhus 
Squilla empusa 
Penaeus aztecus 
Penaeus duorarum 
-- Penaeus setiferus 
Trachypenaeus similis 
Sicyonia brevirostris 
Sicyonia dorsalis 
Xi p hop en aeu s k r oyer i 
Acetes americanus 
Macrobrachium ohione 
Pa 1 aemonetes’ vu lgar i s 
Lysmata wurdemanni 
Arenaeus cribrarius 
Callinectes sapidus 
Callinectes similis 
Ovalipes floridanus 
Portunus gibbesii 
Portunus sayi 
Portunus spinimanus 
Rhizoprionodon terraenovae 
Mustelus canis 
Carcharhinus isodon 
Sphyrna tiburo 
Sphyrna lewini 
Dasyatis americana 
Dasyatis sabina 
Dasyatis sayi 

31. 
32. 
33. 
34. 

35. 

36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 

48. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 

Elops saurus 
Op h i c h t hu s g ome s i 
Myrophis punctatus 
Brevoortia patronus 
Dorosoma cepedianum 
Dorosoma petenense 
Etrumeus teres 
Opisthonema oglinum 
Sardinella aurita 
Harengu 1 a jaguana 
Anchoa hepsetus 
Anchoa mitchilli 
Ictalurus melas 
Baqre marinus 
-- Arius felis 
Synodus foetens 
Opsanus beta 
Porichthys plectrodon 
Gobiesox strumosus 
Histrio histrio 
Ogcocephalus radiatus 
Urophycis floridana 
Ophidion welshi 
Cyprinodon variegatus 
Lucani a parva 
Menidia beryllina 
Syngnathus louisianae 
Prionotus scitulus 
Prionotus tribulus 
Prionotus rubio 
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Table 7-2. continued 

61. 
62. 
63. 
64. 
65. 
66. 
67. 
68. 
69. 
70. 
71. 
72. 
73. 
74. 
75. 
76. 
77. 
78. 
79. 
80. 
81. 
82. 

83. 
84. 
85. 
86. 
87. 
88. 
89. 
90. 

Centropristis philadelphica 
Serraniculus pumilio 
Pomatomus saltatrix 
Caranx hippos 
Caranx crysos 
Chloroscombrus chrysurus 
Oligoplites saurus 
Trachinotus carol inus 
Selene setapinnis 
.Hemicaranx amblyrhynchus 
Lutjanus campechanus 
Lutjanus synagris 
Lobotes surinamensis 
Eucinostomus arqenteus 
Orthopristis chrysoptera 
Stenotomus caprinus 
Lagodon rhomboi des 
Archosargus probatocephalus 
Bairdiella chrysoura 
Cynoscion nebulosus 
Cynoscion nothus 
Cynoscion arenarius 
Leiostomus xanthurus 
Larimus fasciatus 
Menticirrhus americanus 
Menticirrhus littoralis 
Micropogonias undulatus 
Poqoni as cromi s 
Sciaenops ocellatus 
Stellifer lanceolatus 

91. 
92 
93. 
94. 
95. 
96. 
97. 
98. 
99. 

100. 
101. 
102. 
103. 
104. 
105. 
106. 
107. 

108. 
109. 
110. 

111. 
112. 
113. 
114. 
115. 
116. 
117. 

Chaetodipterus faber 
Mugil cephalus 
Mugil curema 
Sphyraena quachancho 
Polydactylus octonemus 
Astroscopus y-graecum 
Gobionellus hastatus 
Gobiosoma bosci 
Trichiurus lepturus 
Scomberomorus caval la 
Scomberomorus maculatus 
Peprilus alepidotus 
Peprilus burti 
Etropus crossotus 
Paralichthys lethostigma 
Citharichthys spilopterus 
Ancylopsetta quadrocellata 
Trinectes maculatus 
Achirus 1 i neatus 
Symphurus sp. 

Symphurus plagiusa 
Symphurus civitatus 
Aluterus schoepfi 
Monacanthus hispidus 
Lagocep ha 1 us 1 aev i g at u s 
Sphoeroides parvus 
Chilomycterus schoepfi 

7-39 



Table 7-3. Indices 
are referenced in text. Also included are number o f  individuals collected at 
each station and the number of species collected at each station. 

Species diversity indices for the June marine sampling. 
Q 

STAT I ON 
NAME 

M3 

M l O A  

M18 

DE 

DW 

DN 

DS 

M21 

M22 

NUMBER 
SPECIES 

23 

24 

24 

21 

24 

20 

22 

25 

22 

TOTAL 
I N D  

4973 

4150 

3201 

3144 

4026 

2976 

3131 

9920 

641 1 

D I VERS I TY 
H ’  

2.71162 

2.86900 

2.83276 

2.93787 

2.74992 

2.68019 

2.64418 

2.08819 

2.35387 

RICHNESS 
S R  

2.58465 

2.76082 

2.84963 

2.48347 

2.77091 

2.37549 

2.60898 

2.60804 

2.39568 

EVENNESS 
J 

0.59944 

0.62574 

0.61784 

0.66887 

0.59977 

0.62014 

0.59294 

0.44967 

0.52784 

P I E  

0.81056 

0.82575 

0. a i883 

0.78171 

0.83795 

0.80106 

0.78791 

0.63556 

0.72350 
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I Table 7-4. 
Indices are referenced in text. Also included are number of individuals 
collected at each station and the number o f  species collected at each station. 

Species diversity indices for the August marine sampling. , 
STAT I ON 

NAME 

M3 

M l O A  

M18 

DE 

OW 

ON 

DS 

M21 

M22 

NUMBER 
SPECIES 

17 

19 

18 

13 

21 

15 

21 

19 

26 

TOTAL 
I ND 

1991 

3406 

1193 

2168 

4834 

3870 

391 9 

3985 

1417 

D I VERS I TY 
H i  

2.18848 

1.42252 

2.43638 

1.58725 

1.11215 

1.36115 

1.24055 

0.82333 

2.70575 

RICHNESS 
S R  

2.10626 

2.21313 

2.39970 

1.56218 

2.35754 

1.69471 

2.41733 

2.17121 

3.44528 

EVENNESS 
J 

0.53541 

0.33487 

0.58427 

0.42894 

0.25320 

0.34840 

0.28244 

0.19382 

0.57564 

P I E  

0.62717 

0.38342 

0.70309 

0.42915 

0.29376 

0.36372 

0.31827 

0.20543 

0.78897 
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Q 
Table 7-5. Species diversity indices for the September marine sampling. 
Indices are referenced in text. Also included are number o f  individuals 
collected at each station and the number o f  species collected at each statim. 

STATION NUMBER TOTAL DIVERSITY RICHNESS EVENNESS 
NAME SPECIES I ND H' S R  J P I E  

7 43 2.14605 1.59523 0.76444 0.73311 M3 

M l O A  15 89 3.40889 3.11899 0.87253 0.88943 

M18 17 4039 1.95340 1.92684 0.47790 0.64571 

DE 15 193 2.96617 2.66024 0.75922 0.81396 

0.64836 0.79708 DW 17 1061 2.65016 2.29655 

DN 12 89 2.63548 2.45063 0.73515 0.76251 

DS 15 2675 1.74094 1.77401 0.44561 0.53772 

M21 13 2768 1.05609 1.51403 0.28540 0.30744 

M22 8 20 2.77095 2.33666 0.92365 0.87368 

7-42 



I 

Table 7-6. 
Indices are referenced in text. Also included are number o f  individuals 
collected at each station and the number o f  species collected at each station. 

STATION NUMBER TOTAL DIVERSITY RICHNESS EVENNESS 

Species diversity indices for the October marine sampling. u 

NAME SPEC I ES IND H' S R  J P I E  

M3 20 1634 1.95608 2.56799 0.45259 0.51055 

I M l O A  26 4504 2.39334 2.97169 0.50917 0.68464 

M18 22 2312 2.59328 2.71112 0.58153 0.73723 

0.77878 0.84589 DE 15 195 3.04260 2.65504 

DW 18 382 3.00994 2.85934 0.72182 0.83963 

DN 17  368 3.17485 2.70815 0.77673 0.85923 

DS 13 227 3.09629 2.21200 0.83674 0.85954 

0.64169 0.82723 M21 20 2767 2.77335 2.39732 

M22 13 327 2.17980 2.07255 0.58906 0.62070 . 
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Table 7-7. Species d i v e r s i t y  i n d i c e s  f o r  t h e  November marine sampling. 
I nd i ces  are re fe renced i n  t e x t .  A l so  i nc luded  are number of i n d i v i d u a l s  
c o l l e c t e d  a t  each s t a t i o n  and t h e  number o f  species c o l l e c t e d  a t  each s t a t i o n .  

STAT I O N  
NAME 

M3 

MlOA 

M18 

DE 

DW 

DN 

DS 

M 20 

M2 1 

M22 

M1 

NUMBER 
SPECIES 

19 

18 

21 

19 

19 

18 

18 

20 

22 

26 

20 

TOTAL 
I ND 

1390 

2544 

2895 

2730 

1216 

1405 

1549 

1630 

3492 

778 

483 

D I V ERS ITY 
" 

2.74493 

2.47963 

2.37426 

2.29915 

2.57373 

2.67187 

2.37386 

2.53279 

2.69851 

3.32734 

2.8921 7 

RICHNESS 
S R  

2.48720 

2.16795 

2.50918 

2.27501 

2.53403 

2.34554 

2.31438 

2.56884 

2.57409 

3.75560 

3.07442 

EVENNESS 
J 

0.64618 

0.59465 

0.54055 

0.54124 

0.60588 

0.64075 

0.56928 

0.58603 

0.60513 

0.70788 

0.66918 

P I E .  

0.73864 

0.76290 

0.70358 

0.71159 

0.73127 

0.79100 

0.70765 

0.72155 

0.77002 

0.86705 

0.76911 

Q 
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Table 7-8. Species d i v e r s i t y  indices f o r  the December marine sampling. 
Indices are referenced i n  tex t .  Also .included are number o f  indiv iduals  
co l lec ted  a t  each s t a t i o n  and the number of species co l lec ted  a t  each stat ion.  

STAT I ON 
NAME 

M3 

M l O A  

M18 

DE 

DW 

DN 

DS 

M20 

M21 

M22 

M 1  

NUMBER 
SPECIES 

17 

21  

18 

18 

17 

19 

18 

19 

20 

20 

21 

TOTAL 
I ND 

642 

485 

826 

5 14 

348 

915 

474 

492 

1868 

367 

606 

D I VERS I TY 
H '  

3.02813 

3.14633 

3.25951 

3.15242 

3.16901 

3.10027 

3.28227 

2.64431 

2.97313 

2.98270 

2.62283 

RICHNESS 
S R  

2.47502 

3.23407 

2.53104 

2.72339 

2: 73401 

2.63971 

2.75920 

2.90394 

2.52236 

3.21741 

3.12164 

EVENNESS 
J 

0.74083 

0.71633 

0.78167 

0.75599 

0.'77530 

0.72983 

0.78713 

0.62250 

0.68792 

0.69013 

0.59714 

P I E  

0.82361 

0.83369 

0.86831 

0.84483 

0.86805 

0.82860 

0.86717 

0.70941 

0.81842 

0.77177 

0.72851 
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0 
Table 7-9. 
Indices are referenced in text. Also included are number of individuals 
collected at each station and the number o f  species collected at each station. 

Species diversity indices for the January marine sampling. 

STAT I ON 
NAME 

M3 

M l O A  

M18 

DE 

DW 

DN 

DS 

M 20 

M21 

M22 

M 1  

NUMBER 
SPECIES 

20 

2 1  

26 

23 

2 1  

23 

24 

23 

22 

20 

22 

TOTAL 
I ND 

4843 

131 39 

10953 

12378 

9046 

13916 

11479 

17232 

5627 

2450 

3774 

DIVERSITY 
" 

3.30568 

3.15544 

3.09034 

3.27040 

3.37440 

3.44020 

3.14473 

3.29059 

2.95279 

3.54393 

3.00685 

RICHNESS 
S R  

2.23917 

2.10896 

2.68778 

2.33455 

2.19537 

2.30589 

2.46035 

2.25536 

2.43187 

2.43470 

2.54982 

EVENNESS 
J 

0.76486 

0.71840 

0.65746 

0.72297 

0.76825 

0.76051 

0.68588 

0.72743 

0.66215 

0.81999 

0.67427 

\ 

P I E  

0.85402 

0.83352 

0.79319 

0.83766 

0.87117 

0.87066 

0.81359 

0.83658 

0.78409 

0.88422 

0.81050 
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Table 7-10. Species d i v e r s i t y  i n d i c e s  f o r  t h e  February marine sampling. 
I n d i c e s  are referenced i n  t e x t .  A lso i nc luded  are number o f  i n d i v i d u a l s  
c o l l e c t e d  a t  each s t a t i o n  and the  number o f  species c o l l e c t e d  a t  each s t a t i o n .  

STAT I ON 
NAME 

M3 

M l O A  

M18 

DE 

DW 

DN 

DS 

M20 

M21 

M22 

M 1  

NUMBER 
SPECIES 

16 

21 

22 

21 

20 

22 

19 

19 

21 

18 

18 

TOTAL 
I ND 

332 

1699 

998 

1105 

971 

913 

727 

500 

481 

228 

323 

D I VERS ITY 
" 

2.80845 

2.97565 

2.99026 

3.25806 

3.35890 

2.90565 

2.98524 

3.26776 

3.53965 

2.61876 

3.24598 

RICHNESS 
S R  

2.58392 

2.68897 

3.04094 

2.85404 

2.76230 

3.08065 

2.73186 

2.89640 

3.23841 

3.13113 

2.94237 

EVENNESS 
J 

0.70211 

0.67747 

0.67055 

0.74176 

0.77718 

0.65157 

0.70275 

0.76926 

0.80587 

0.62801 

0.77843 

P I E  

0.80059 

0.82644 

0.82234 

0.86424 

0.88052 

0.76738 

0.82005 

0.87149 

0.88526 

0.69159 

0.86610 
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Table 7-11. 
are referenced in text. 
each station and the number of species collected at each station. 

Species diversity indices for the March marine sampling. Indices 

Q Also included are number of individuals collected at 

STAT ION 
NAME 

M3 

M l O A  

M18 

DE 

DW 

DN 

DS 

M 20 

M21 

M22 

M 1  

NUMBER 
SPECIES 

25 

24 

19  

20 

22 

23 

23 

23 

24 

26 

2 1  

TOTAL 
I ND 

1852 

1464 

1213 

1100 

2027 

983 

953 

1372 

2488 

743 

643 

DIVERSITY 
H '  

2.63383 

2.62929 

2.74799 

3.29054 

2.45643 

3.17398 

2.94940 

2.72449 

1.47429 

3.16743 

3.4491 9 

7-48 

RICHNESS 
S R  

3.18978 

3.15547 

2.53491 

2.71310 

2.75796 

3.19275 

3.20718 

3.04539 

2.94146 

3.78175 

3.09303 

EVENNESS 
J 

0.56717 

0.57346 

0.64690 

0.76136 

0.55084 

0.70166 

0.65201 

0.60229 

0.32155 

0.67386 

0.78528 

P I E  

0.76213 

0.70274 

0.75013 

0.86365 

0.71643 

0.81589 

0.80745 

0.74803 

0.36595 

0.83118 

0.87132 



Table 7-12. 
are referenced in text. Also included are number o f  individuals collected at 

Species diversity indices for the April marine sampling. Indices 

each station and the number o f  

STATION NUMBER TOTAL 
NAME SPECIES I ND 

M3 23 601 

M l O A  19 400 

M18 14 181 

DE 18 621 

DW 22 699 

DN 25 2992 

DS 14 100 

M20 17 710 

M 2 1  19 2377 

M22 24 719 

M 1  19 40 7 

M10 22 321 

species collected at each station. 

DIVERSITY RICHNESS EVENNESS 
" S R  J 

3.12745 3.43825 0.69137 

3.04445 3.00427 0.71669 

3.24515 ' 2.50072 0.85234 

2.79095 2.64331 0.66930 

3.16976 3.20628 0.71080 

2.43204 2.99861 0.52371 

3.18702 2.82291 0.83707 

2.87648 2.43707 0.70373 

1.31322 2.31553 0.30914 

2.59903 3.49658 0.56686 

3.06593 2.99560 0.72175 

3.54013 3.63861 0.79385 

P I E  

0.84261 

0.76920 

0.86a08 

0.76605 

0.85581 

0.67768 

0.85818 

0.80890 

0.37693 

0.72669 

0.81641 

0.88442 

7-49 



I 
- 

Table 7-13. Resu l ts  o f  Student-Newman-Keuls t e s t s  for east-west t r a n s e c t  s t a t i o n s .  Resu l ts  
are f o r  those months t h a t  show s i g n i f i c a n t  var iance of t h e  Shannon-Weaver 
d i v e r s i t y  index ( H I )  i n  an ANOVA ( a  = 0.05). 

SPECIES DIVERSITY ( H I )  

I 
cn 
0 

Aug 81 

Sep 81 

Nov 81 

Dec 81 

Jan 82 

Mar 82 

M3 M l O A  DW 
2.733 1.757 1.633 

M18 
1.233 

DE 
1.131 

DE 
2.544 

M18 DW 
2.447 1.948 

M l O A  M3 
0.159 0.083 

M3 DW 
3.08 2.83 

M l O A  
2.713 

DE M18 
2.489 2.48 

M l O A  
3.481 

DE 
3.425 

M18 
3.373 

M3 
3.263 

DW 
2.824 

M3 
3.522 

M18 
3.425 

DE 
3.412 

DW 
3.265 

M l O A  
3.074 

DE 
3.55 

M18 M l O A  M3 
3.099 2.958 2.873 

DW 
2.767 



____ 

c c 

Table 7-14. Resul ts o f  Student-Newman-Keuls t e s t s  f o r  east-west t r a n s e c t  s t a t i o n s .  Resu l ts  
are f o r  those months t h a t  show s i g n i f i c a n t  var iance of t h e  species r i chness  i n  
an ANOVA ( 0: = 0 .05) .  

S P E C I E S  RICHNESS 

Aug 81 M3 
2.945 

DW 
2.938 

M l O A  M18 DE 
2.733 2.342 2.092 

Sep 81 DE M18 
3.349 3.066 

DW M l O A  
3.006 2.167 

M3 
0.849 

I 
cn 
c-l 

Oct 81 DW M l O A  M18 
3.304 3.195 2.852 

M3 
2.713 

DE 
2.5 



~ 

Table 7-15. Resul ts  of Student-Newman-Keuls t e s t s  f o r  east-west t r a n s e c t  s t a t i o n s .  Resul ts  
are f o r  those months t h a t  show s i g n i f i c a n t  var iance o f  t he  evenness i n  an 
ANOVA ( a = 0.05). 

EVENNESS 

4 
I 
cn 
Iu 

Aug 81 

Sep 81 

Nov 81 

Dec 81 

Jan 82 

Mar 82 

Apr 82 

M3 
0.613 

M l O A  
0.397 

DW 
0.361 

M18 
0.286 

DE 
0.266 

DE 
0.585 

M18 
0.521 

DW 
0.422 

M l O A  
0.037 

M3 
0.028 

~~ 

M3 
0.676 

DW 
0.646 

M l O A  
0.639 

~ 

DE 
0.806 

M18 
0.787 

DE M18 
0.554 0.539 

M l O A  M3 DW 
0.77 0.769 0.667 

M3 
0.802 

M18 
0.752 

DE 
0.744 

DW 
0.733 

~~ ~ 

M l O A  
0.690 

M18 
0.718 

M l O A  
0.642 

M3 
0.637 

DW 
0.608 

M18 DE M3 
0.856 0.763 0.741 

DW 
0.719 

M l O A  
0.691 



T 'able 7-16. Student-Newman-Keuls m u l t i p l e  range t e s t  f o r  L o l l i g u n c u l a  b r e v i s .  Results 
are  presented f o r  those months which show s i g n i f i c a n t  var iance i n  abundance 
a t  the 10 m s t a t i o n s  according t o  an ANOVA ( a =  0.05). 

Ju l  81 M3 DN DS DW M l O A  DE M18 
359 317 139.5 90 70 1 0 

Aug 8 1  DE M18 DS M3 DN M l O A  DW 
24.5 15 8.5 7.5 5.5 2.5 2 

Dec 81 DN 
155 

M3 M18 DE M l O A  DS Dw 
100 90.5 79 73.5 62 36 

Jan 82 DN M l O A  DS DW M18 DE M3 
46 40.5 29 24.5 21 20.5 19  

Feb 82 DW M l O A  M3 DE M18 DN DS 
64.5 57.5 56.5 28.5 13.5 12.5 9 



Table 7-16. con t inued 

Mar 82 DW 
80 

Apr 82 

\ 

DE M l O A  M3 DN M18 DS 
56 48.5 31 28 20.5 18 

DN 
34 

M3 DW DE M l O A  DS M18 
18.5 18.5 17.5 9.5 7 5 



Table 7-17. Student-Newman-Keuls m u l t i p l e  range t e s t  f o r  Penaeus s e t i f e r u s .  Results 
are presented for those months which show s i g n i f i c a n t  var iance i n  abundance 
a t  the 10 m s ta t ions  according t o  an ANOVA ( - a = 0.05). 

Jun 81 DW M3 DE DS MlOA M18 DN 
45 35.5 26.5 20 18.5 17.5 14 

Sep 81 M18 
42.5 

DS DN DW MlOA DE M3 
21 19.5 15 11 9.5 5 

Oct 81 DW DN MlOA DE M3 DS M18 
48 37.5 28 27 26.5 24.5 6 

Jan 82 M18 DE MlOA DS DN DW M3 
148 147.5 144 142.5 131.5 72.5 45 

Apr 82 DW DN DE MlOA M18 
19.5 12.5 9 5 4.5 

M3 DS 
3.5 1.5 



Table 7-18, Student-Newman-Keuls m u l t i p l e  range t e s t  f o r  Cynoscion nothus. 
presented f o r  those months which show s i g n i f i c a n t  var iance i n  abundance a t  
t h e  10 m s t a t i o n s  according t o  an ANOVA ( a = 0.05). 

Resul ts  are 

Sep 81 

Nov 8 1  

M18 DS DW DE M l O A  DN M3 
375.5 192.5 112.5 11 5 1 .5 

M3 DN M18 M l O A  DW DS DE 
13.5 5.5 3 1.5 0 0 0 

Feb 82 M l O A  DE DW M18 M3 DN DS 
97.5 87.5 84.5 51 37 19 14 

U 
I 
cn 
0, 

Mar 82 DW M3 DS DE M l O A  M18 DN 
193 177 161 104 101.5 89 74 



c, c 

Table 7-19. Student-Newman-Keuls m u l t i p l e  range t e s t  f o r  Cynoscion arenar ius.  Resul ts  are 
presented f o r  those months which show s i g n i f i c a n t  var iance i n  abundance a t  t h e  
10 m s t a t i o n s  according t o  an ANOVA ( a = 0.05). 

Jun 8 1  

Aug 81 

Oct 81 

M3 DN DW DS M18 M l O A  DE 
172 132.5 76.5 70 65 63 63 

M3 DS DW DE DN M18 M l O A  
96 74.5 59.5 49 45.5 29.5 27 

DN MlOA DE M3 DW DS M18 
23 9 6 5 3.5 3.5 2.5 

Nov 81  M18 M3 M1 OA DN DE DW DS 
38.5 29 24 13 10.5 8 2 

Dec 81 DW 
27.5 

M3 
10 

M l O A  DE M18 DN DS 
9.5 7 5 5 0 

Feb 82 DE M18 DW DN M l O A  
16.5 15.5 11.5 11 9 

DS 
5 

M3 
1 

a 



Table 7-19. continued 

Apr 82 DN 
26.5 

DW DE M1 OA M3 M18 DS 
5 3.5 2.5 1.5 1.5 1.5 



c 
Table 7-20. Student-Newman-Keuls m u l t i p l e  range t e s t  f o r  Lar imus fasc ia tus .  

presented f o r  those months which show s i g n i f i c a n t  var iance i n  abundance a t  
the  10 m s t a t i o n s  according t o  an ANOVA ( 0: = 0.05). 

Resul ts  are 

Apr 82 DN M3 DE M18 DW MlOA DS 
60.5 53.5 12.5 10.5 10 4.5 2.5 

I 
Ln 



Table 7-21. Student-Newman-Keuls m u l t i p l e  range t e s t  f o r  Leiostomus xanthurus. Resul ts  are 
f o r  those months which show s i g n i f i c a n t  var iance i n  abundance a t  t he  10 m 
s t a t i o n s  according t o  an ANOVA (a = 0.05). 

Jun 81 DW DS M l O A  DE M3 M18 DN 
92.5 41 34 33 15.5 13.5 8.5 

I 
0-l 
0 

Sep 81 DW DS M18 DE MlOA M3 DN 
152 53 51.5 10.5 3.5 0 0 

Nov 81 DS M18 DW DE M3 M l O A  DN 
3.5 .5 .5 .5 0 0 0 

Feb 82 DE M l O A  M18 M3 DW DS DN 
4.5 1 .5 0 0 0 0 

Mar 82 DE M18 M l O A  DN DW DS M3 
52.5 21.5 19 15.5 14 11 1.5 



I G c 
T 'able 7-22. Student-Newman-Keuls m u l t i p l e  range t e s  f o r  Micropogonias undulatus.  Resul ts  

are presented f o r  those months which show s i g n i f i c a n t  var iance i n  abundance a t  
t he  10 m s t a t i o n s  according t o  an ANOVA ( OC = 0.05). 

May 81 

Jun 81  

Sep 8 1  

M l O A  DW M3 M18 DE DS DN 
814.0 355.0 354.5 231 .O 173.0 170.5 122.0 

M3 DW DS M l O A  DN DE M18 
443 300 263.5 190.5 161.5 103 67.5 

DS M18 DW DN DE M l O A  M3 
75 53 30 8 5 2 0 

I cn Apr 82 DN DE DW M3 M18 DS M l O A  
799 135.5 72.5 59.5 24 15 10.5 



Table 7-23. Student-Newman-Keuls m u l t i p l e  range t e s t  f o r  S t e l l i f e r  lanceolatus.  Resul ts  are 
presented f o r  those months which show s i g n i f i c a n t  var iance i n  abundance a t  t h e  
10 m s t a t i o n s  according t o  an ANOVA ( a = 0.05). 

U 
I 

OI 
Iu 

May 81 

Jun 81  

Nov 81  

Apr 82 

M18 OW DE M l O A  DS DN M3 
764 591 544 362 258 229.5 128.5 

M3 DS DN M l O A  DE DW M18 
67 9 310.5 293 204 141.5 140.5 70 

M18 
29 

DE M l O A  DS DW M3 DN 
15 6 4.5 1.5 1 .5 

DN 
11 

M l O A  DW DE DS M3 M18 
4 2.5 2.5 1 .5 0 



c 
Table 7-24. Student-Newman-Keuls m u l t i p l e  range t e s t  f o r  T r i c h i u r u s  l ep tu rus .  Resul ts  are 

presented f o r  those months which show s i g n i f i c a n t  var iance i n  abundance a t  t h e  
10 m s t a t i o n s  according t o  an ANOVA ( O c  = 0.05). 

May 81 DS DN DE M18 M l O A  M3 DW 
71.5 52 34 10 8 6 6 

Jun 81 DS M 18 DN M3 DW M l O A  DE 
31.5 3.5 3 2 1 .5 .5 

Aug 81 

Nov 81 

DE M18 M l O A  DN M3 DS DW 
12.5 8.5 4.5 3 1 1 .5 

M3 DN M18 DW DE DS M l O A  
42 19 7 4 4 2 0 

Dee 81 DW M l O A  DE DS M3 M18 DN 
218.5 37.5 24.5 11.5 10 7.5 1.5 



Table 7-24. continued 

Feb 82 DW M l O A  
68.5 49.5 

Apr 82 

M3 DE DN DS M18 
13 2 1.5 1 0 

DW M3 DE M l O A  DN M18 DS 
144.5 103.5 77.5 45 45 35.5 8 

v 
I m 
P 



Table 7-25. Student-Newman-Keuls m u l t i p l e  range t e s t  f o r  P e p r i l u s  b u r t i .  Resul ts  are 
presented f o r  those months which show s i g n i f i c a n t  var iance i n  abundance a t  
t he  10 m s t a t i o n s  according t o  an ANOVA ( = 0.05). 

May 81 DN DS M18 DE M l O A  DW M3 
502.5 349 169 123 100 93 32.5 

Sep 81 DS M18 DW DE M l O A  M3 DN 
289.5 193 98 16.5 3 0.5 0 

Dec 81 M l O A  DW M18 DE DS M3 DN 
61.5 5 1  17 11.5 10 6.5 4.5 

Feb 82 DW MlOA DE DN DS M18 M3 
22.5 20 10 5 3.5 0.5 0 

Apr 82 M l O A  DS DN DW M3 DE M18 
177.5 120.5 77.5 48.5 43 24.5 16.5 

I 



Table 7-26. Multivariate analysis of variance and covariance for Penaeus setiferus, 
Cynoscion nothus, Menticirrhus anericanus and physical variables. (P i s  
probabi lit-ignificance based on F values) 

M3 Mlw M18 
Cell mans for variable 1 - Penaeus setiferus 20.04999 34.14999 3.7oooo 

Cell mans fo r  variable 2 - Cynoscion nothus 38.m 23.04999 61.34999 

Cell mans for variable 3 - Menticirrhus anericanus 9.15000 13.50000 5.20000 

Cell mans fo r  variable 4 - Salinity 30.58798 31.34299 

Analysis of covariance for dependent variable 1 - Penaeus setiferus 

SaRCE 
Mean 
Cruise 
Stat im 
Covariates 
Covariate 2 Cynoscion nothus 
Covariate 3 kn t ic i r rhus  mricanus 
Covariate 4 Salinity 
Covariate 5 Terperature 
Covariate 6 Dissolved oxygen 
Ful l  Model 

Adjusted c e l l  mans 

SUvl OF SQUoRES 
3.4414 

157%. 0742 
1653.9805 
1754.3086 
524.6489 
199.2345 
327.7542 
114.2949 
402.2427 

6064.5742 

OEGREES OF FREEWM 
1 
9 
2 
5 
1 
1 
1 
1 
1 

13 

* ns i s  not significant at a level of 0.75 or greater 

M3 MlQ4 
15.63616 35.77338 

31.14494 

MAN SQWE 
3.4414 

1755.626 
826.9902 
350.8616 
524.6489 
199.2345 
327.7542 
114.2949 
402.2427 
466.5056 

M18 
33.48946 

F 
0.0074 
3.7630 
1.7727 
0.7521 
1.1246 
0.4271 
0.7026 
0.2450 
0.8622 

p* 
ns 
.975 

ns 

ns 

ns 
ns 

.a 
M 

ns 



Table 7-26. continued 

Analysis of covariance for dependent variable 2 - Cynoscion nothus 

mcE 
Mean 
Cruise 
Station 
Covariates 
Covariate 1 Penaeus setiferus 
Covariate 3 Menticirrhus mricanus 
Cwariate 4 Salinity 
Covariate 5 Tenperature 
Cwariate 6 Dissolved oxygen 
Ful l  Model 

Adjusted c e l l  mans 

su4oFsQw\REs 
1300.8750 

68167.6875 
21114.8125 
26270.8750 
6209.7148 

10034.4414 
148.2267 

1283.9312 
3046.4297 

71779.9375 

DEGREES OF FREEDOM 
1 
9 
2 
5 
1 
1 
1 
1 
1 

13 

M3 MloA 
53.35051 -1.74471 

Analysis of covariance f o r  dependent variable 3 - bnt ic i r rhus mricanus 

Mean 
Cruise 
Station 
C o w  i ates 
Cwariate 1 Penaeus setiferus 
Covariate 2 Cynoscion nothus 
Covariate 4 Salinity 
Covariate 5 Tenperature 
Cwariate 6 Dissolved oxygen 
Ful l  Model 

Adjusted ce l l  mans 

173.0342 1 
860.4128 9 
246.8782 2 
471.0054 5 
16.8512 1 
n. 7064 1 

128.2347 1 
44.5379 1 
16.0510 1 

512.9412 13 

M3 Mlm 
10.3133) 12.59031 

tv€PN SQUPRE 
1300.8750 
7574.1875 

10557.4063 
5254.1719 
6209.7148 

10034.4414 
148.2267 

1283.9312 
3046.4297 
5521.5313 

M18 
71.75258 

173.8042 
95.6014 

123.4391 
94. xlll 
16.8512 
n. 7064 

128.2347 
44.5379 
16.0510 
39.4570 

M18 
4.94462 

F 
0.2356 
1.3718 
1.9120 
0.9516 
1.1246 
1.8173 
0.0268 
0.2325 
0.5617 

4.4049 
2.4229 
3.1284 
2.W4 
0.4271 
1.8173 
3.2500 
1.1288 
0.4068 

P* 
ns 

.8 
ns 
ns 

ns 

ns 

ns 

ns 

ns 

.9 

.9 

.% 

.9 
ns 
.8 
.90 

ns 
ns 



T&le 7-27. Multivariate analysis of variance and covariance for Penaeus setiferus 
d just ing fa- sediment attributes, sa l in i ty  and tenperature (P i s  
probability of significance based on F values) 

M3 MlOA 
Cell mans for variable 1 - Species abundance 18.33333 35.88889 

I 
m 
a2 

Cell mans fo r  variable 2 - shell 0.99778 0.14333 

Cell means for variable 3 - Sand 40.21886 11.69444 

Cell mans fo r  variable 4 - S i l t  25.82999 33.73219 

Cell mans for variable 5 - Clay 32.94884 54.42216 

Analysis of covariance for dependent variable 1 - Species abundance 

mCE 
Mean 
Cruise 
Station 
Covari ates 
Cwariate 2 Shell 
Covariate 3 Sand 
Cwariate 4 S i  It 
Covariate 5 Clay 
Covariate 6 Salinity 
Covariate 7 Tenperature 
Ful l  Model 

Adjusted c e l l  means 

* ns - not significant at  the 0.75 level 

MI OF SQUPRES 
4651 .ma 

23056.8555 
954.4834 

5256.7969 
3881.7051 
4660.5781 
4748.5195 
4739.8047 

0.41% 
63.0727 

1897.6289 

DEGREES OF FREEUm 
1 
8 
2 
6 
1 
1 
1 
1 
1 
1 

10 

M3 
7.19545 

MlOA 
44.68924 

M18 
32.16666 

0.04444 

8.72444 

37.12106 

54.15549 

bfAN SQW 
6 1  .m 
2882.1069 
477.2417 
876.1328 

3881.7051 
4660.5781 
4748.5195 
4739.8047 

0.41% 
63.0727 

189.7629 

M18 
34.42009 

F 
24.900 
15.1879 
2.5149 
4.6170 

20.4556 
24.5600 
25 .@34 
24.9775 
0.0022 
0.3324 

P* 
> .9995 >. 9995 

.85 

.975 
> .m 
> .9995 
> .m 
> .9995 
ns 
ns 

Q 



c 

Table 7-28. Multivariate analysis of variance and covariance for knt ic i r rhus mricanus 
ajjusting for sediment attributes, sal in i ty and tenperature (P i s  
probability of significance based on F values) 

M3 Mlm 
Cell mans fa- variable 1 - Species dwndance 9.77778 14.22222 

Cell means for variable 6 - Salinity 30.761O9 31.60220 

Analysis of covariance for dependent variable 1 - Species &mdance 

SaRCE 
Mean 
Cruise 
Station 
Cavariates 
Covariate 2 Shell 
Cwariate 3 Sand 
Covariate 4 S i l t  
Cwariate 5 Clay 
Covariate 6 Salinity 
Cavariate 7 Terperature 
Ful l  Model 

Adjusted c e l l  means 

W OF S Q M E S  
89.0310 

993.9565 
275.5200 
498.9028 
43.3204 
71.5378 
76.2243 
75.4018 

1Ol. 4571 
37.763 

483.2402 

DEGREES OF FREEDOM 
1 
8 
2 
6 
1 
1 
1 
1 
1 
1 

10 

M3 MlcA 
17.92723 10.16905 

M18 
5.72222 

31.33333 

S Q M E  
89.0310 

124.2446 
137.7a 
83.1505 
43.3204 
71.5378 
76.2243 
75.4018 
la. 4571 
37.7630 
48.3240 

Ml8 
1.61465 

F 
1.8424 
2.5711 
2.8508 
1.7207 
0.8965 
1.4804 
1.5774 
1.5603 
2.0995 
0.7815 

P" 
.75 
.90 
.90 
.75 

ns 

ns 
> .a0 
ns 

rn 

ns 

* 11s - not significant a t  the 0.75 level 



Table 7-29. Multivariate analysis of variance and covariance for Micrqmgonias undulatus 
djusting for sediment attributes, salinity and tenperature (P is  
probability of significance based on F values) 

M3 MloA Ml8 
Cell means for variable 1 - Species dundance 9.44444 6.50000 17.00000 

Cell means for variable 2 - Shell 0.99778 0.14333 0.04444 

Cell means for variable 6 - Salinity 33.76109 31.6om 31.33333 

Pnalysis of covariance for dependent variable 1 .- Species m a n c e  

mcE 
Mean 
Cruise 
Station 
Covariates 
Cwariate 2 shell 
Covariate 3 Sand 
Covariate 4 Silt 
Covariate 5 Clay 
Cwariate 6 Salinity 
Covariate 7 Tenperature 
Full Model 

Mjusted cell means 

m OF S Q M E S  
353.1716 
6621.5% 
709.6926 

2619.6450 
816.0732 
295.2029 
303.9883 
3al.0989 

1835.2759 
39.3512 

1348.6011 

DEGREES OF FREED3 
1 
8 
2 
6 
1 
1 
1 
1 
1 
1 

10 

M3N SQW 
363.1716 
827.6948 
354.8462 
436.6074 
816.0732 
295.2029 
303.9883 
300.0989 

1835.2759 
39.3512 

134.8601 

M3 MOA M18 
-5.17920 12.38487 25.71797 

F 
2.6118 
6.1374 
2.6312 
3.2375 
6.0513 
2.1890 
2.2541 
2.2253 

13.6087 
0.2918 

P* 
.8 
.995 
.8!1 
.95 
> .95 
.8 
.8 
.8 
> .95 
175 

* rn - not significant at  the 0.75 level 



as variables. Tables 7-27 through 7-29 show the results corrected for 

sediment attributes. 

To analyze any effect of salt discharge on the physical condition 

of the nekters, the condition of the animals at station MlOA was 

compared to the condition at the control stations (M3 and M18). The 

condition coefficients for shrimp proved to be bi-modal rather 

than normally distributed. Therefore, the non-parametric Wilcoxon's 

sign-rank test (Sokal and Rohlf, 1969) was performed on the data. 

Significant results for Penaeus aztecus are presented in Table 7-30. 

The coefficients of condition for Sciaenid species did prove to be 

normally distributed and a paired t-test was run on each species for 

which we had sufficient data. The significant results are presented in 

Tables 7-31 through 7-34. 

7.3.2 Estuarine 

A total of 83,434 organisms representing 59 species was collected 

at estuarine stations during the post-brine discharge period. Table 

7-35 lists the total number of individuals and the total weights for 

each species collected. Eight species comprised 98% of the total 

number of organisms collected. The ten dominant estuarine species by 

both weight and total number for each of the twelve sampling months are 

listed in Appendix H, tables H-51 through H-62. 

The estuarine clustering results are shown in Figures 7-17 through 

7-28. Replicate trawls for each station are identified as A or B. In 
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Table 7-30. Wilcoxon's signed-rank t e s t  on c o e f f i c i e n t  o f  c o n d i t i o n  
i n  Penaeus aztecus. 

MONTH CONTROL STATION DIFFERENCE RANK 
STAT I O N S  M l O A  

8/81 1.213015 

9/81 0.904055 

10/81 0.90293 

11/81 1.083605 

12/81 0.77236 

1/82 0.61665 

2/82 1.22125 

3/82 0.72136 

Absolute sum o f  neg. ranks 
sum o f  pos. ranks 

n = 8  Ts = 6 

C r i t i c a l  values 
a = .0391 C.V. = 5 

a = .0547 C.V. = 6 

0.83168 

0.76884 

0.76562 

1.03819 

0.73341 

0.85718 

0.68815 

0.70124 

6 
30 

0.381335 7 

0.135215 4 

0.13731 5 

0.045415 3 

0.03895 2 

-0.24053 -6 

0.5331 8 

0.02012 1 

D i f f e r e n c e  a t  - > .0547 
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Table 7-31., Paired t-test on coefficient o f  condition in 
Cynoscion arenarius u 

MONTH CONTROL STATION DIFFERENCE 
STATIONS M l O A  (D)  

DI F F E ~ E N C E ~  
(D ) 

6/81 1.7555 1.769 -0.0135 0.00018225 

8/81 1.423 1.496 -0.073 0.005329 

10/81 1.618 1.451 0.167 0.027889 

11/81 1.842 1.602 0.24 0.0576 

12/81 1.7465 1.689 0.0575 0.00330625 

1/82 1.606 1.609 -0.003 0.000009 

0.012 0.000144 2/82 1.554 1.542 

4/82 1.619 1.558 0.061 0.003721 

I D  = 0.448 z D2 = 0.09289 

n = 8  
- 
D = 0.448/8 = 0.056 

Si = , .0361278 

ts = ZT = 1.55 - 
s i  

critical value 

df = 7 a = .05 cv = 1.895 
a = .10 cv = 1.415 
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Table 7-32. Pa i red  t - t e s t  on c o e f f i c i e n t  o f  c o n d i t i o n  i n  
Larimus f a s c i a t u s  

MONTH CONTROL STAT I ON DIFFERENCE DI F F E ~ E N C E ~  
STAT I ONS M l O A  (D) ( D  ) 

1.125 1.265625 11/81 3.676 2.551 

12/81 2.2595 2.979 -0,7195 0.51768 

1/82 2.9475 2.781 0.1665 0.02772 

2/82 2.5935 2.423 0.1705 0.02907 

3/82 2.7475 2.488 0.2595 0.06734 

4/82 2 1757 2.649 0.108 0.011664 

I D  = 1.11 I D 2  = 1.919102 

n = 6  
- 
D = 1.11/6 = 0.185 

S E  = .239 

ts = .774 

c r i t i c a l  va lue 

d f  = 5 O C =  .20 cv = .920 
O C =  .25 cv = .727 
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Table 7-33. Pa i red  t - t e s t  on c o e f f i c i e n t  o f  c o n d i t i o n  i n  
M e n t i c i r r h u s  arnericanus 

MONTH CONTROL STATION DIFFERENCE DI F F E ~ E N C E ~  
STATIONS M l O A  (D) ( D  1 

8/81 1.8815 1.897 -0.0155 0.00024 

10/81 1.551 1.591 -0.04 0.0016 

11/81 1.9225 1.920 0.0025 0. 05625 

12/81 1.893 1.805 0.088 0.007744 

1/82 1.7655 1.796 -0.0305 0.00093 

2/82 1.83 1.674 0.156 0.024336 

3/82 1.843 1.827 0.016 0.000256 

4/82 1.915 1.555 0.36 0.1296 

C D  = 0.5745 ZD2 = 0.16615675 

n = 9  

= 0.5745/9 = 0.063833 

S D  = .0424073 

ts = = 1.505 - 

so 
c r i t i c a l  va lue 

d f  = 8 a = .05 cv = 1.860 
a = .10 cv = 1.397 
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Table 7-34. Pa i red  t - t e s t  on c o e f f i c i e n t  o f  c o n d i t i o n  i’n 
Leiostomus xanthurus. 

MONTH 
I I I I 

CONTROL STAT I ON DIFFERENCE DI F F E ~ E N C E ~  
STATIONS M l O A  ( D )  D 

J 

I I I I 

6/81 2.36155 2.07254 0.28901 

8/81 2.71531 2.83088 -0.11557 

11/81 3.689395 2.55140 1.137995 

12/81 2.863775 2.54310 0.320675 

1/82 2.527355 2.40748 0.119875 

3/82 2.642355 2.59491 0.047445 

4/82 2.75703 2.64937 0.10766 

I D  = 1.90709 I D 2  = 1.52296 
- 

n = 7  D = 1.90709/7 = 0.27244 

Si = .154564 

ts = - D = 1.7626 
- 

s i  
c r i t i c a l  va lue 

d f  = 6 a = .05 cv = 1.943 
a = .10 cv = 1.440 
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0.01 3356 

1.295 

0.10283 

0.01437 
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Table 7-35. Total abundance of all species caught during the study at 
estuarine stations. Species are listed in order of 
abundance by number of individuals. Total species 
weights, in grams are also included. 

SPECIES I TOTAL # 1 TOTAL WEIGHT 

Anchoa mitchilli 
Micropoqonias undulatus 
Penaeus aztecus 
Penaeus setiferus 
Callinectes sapidus 
Cynoscion arenarius 
Brevoortia patronus 
Leiostomus xanthurus 
Arius felis 
Symphurus plagiusa 
Stellifer lanceolatus 
Chloroscombrus chrysurus 
Citharichthys spilopterus 
Polydactylus octonemus 
Poqoni as cromi s 
Sphoeroides parvus 
Caranx hippos 
Para1 ichthys lethostigma 
Palaemonetes vulgaris 
Prionotus tribulus 
Callinectes similis 
Dorosoma petenense 
Lolliquncula brevis 
Bairdiella chrysoura 
Mugil cephalus 
Cynoscion nebulosus 
Anchoa hepsetus 

-- 

48 ¶ 003 
13,287 
6,765 
5,133 
3,752 
1,981 
1,437 
955 
425 
137 
129 
124 
124 
121 
102 
97 
86 
83 
70 
57 
53 
47 
46 
44 
41 
40 
27 

33 ¶ 438 
41 , 480 
29 , 972 
28 , 213 
83 , 714 
7 , 847 
2 , 739 
17,661 
14 , 711 

593 
664 
229 
718 
223 

15 , 992 
21 9 
550 

10 , 666 
39 
157 
150 
463 
162 

1,084 
3,463 
1 , 495 

85 
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Table 7-35. continued 

SPECIES TOTAL # 

Q 
TOTAL WEIGHT 

Gobionellus hastatus 
Achirus lineatus 
Dorosoma cepedianum 
Squilla empusa 
Trachypenaeus sirnilis 
Porichthys plectrodon 
Selene setapinnis 
Sciaenops ocellatus 
Xiphopenaeus kroyeri 
Mugil curema 
Urophycis floridana 
Syngnat hus 1 ou i s i anae 
Symphurus civitatus 
Myrophis punctatus 
Ophidion welshi 
Menidia beryllina 

6 
6 
5 
4 
4 
4 
4 
4 

3 
3 
2 
2 
2 
1 
1 
1 

4 
20 

762 
42 
11 
45 
26 

261 
17 

134 
9 

3 
6 
1 

23 
3 

7-78 



Irs 
SPECIES 

Table 7-35. con t inued 

TOTAL # TOTAL WEIGHT 

T o t a l  number o f  species 59 TOTAL COUNT TOTAL WEIGHT 
83,434 305,028 g 
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SIMILARITY 

I 
0.81 

I 
0.75 

I 
0.69 

I 
0.62 

I 
0.56 

E 1A 

E16 

E 2A 

E 2 6  

E 4A 

E4B 

E 3A 

E 36 

Fiqure 7-17. Cluster dendogram o f  Flay 1981 estuarine stations. 
S t a t i o n s  are clustered on the basis o f  number o f  
individuals caught i n  each trawl a t  each station. 
S t a t i o n  suff4xes ( A  o r  B )  represent replicate trawls. 
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SIMILARITY 

I I I I I 
0.26 0.39 0.53 0.66 0.79 

I 

Figure 7-18. Cluster dendogram o f  June 1981 estuarine stations. 
Stations are clustered on"the basis o f  number o f  
individuals c a u g h t - i n  each trawl a t  each station. 
Station suffixes ( A  o r  6) represent replicate trawls. 

E1A 

E 1 B  

E 2A 

E 3A 

E3B 

E26 

E 4A 

E4B 

7-81 
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E 1 A  

E 1 6  

E 2 A  

E26 

E 3 A  

E 38 

E 4 A  

E 4 6  

Figure 7-19. Cluster dendogram of J u l y  1981 estuarine stations. 
Stations are clustered on the basis of number o f  
individuals caught in each trawl a t  each station. 
Station suffixes ( A  o r  6) represent replicate trawls. 
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E 1 A  

E 1 B  

E 2A 

E 2 B  

E 3 A  

E 38 

E 4 A  

E 4 B  

F igu re  7-20. C l u s t e r  dendogram o f  August 1981 e s t u a r i n e  s t a t i o n s .  
S t a t i o n s  a re  c l u s t e r e d  on t h e  bas is  o f  number o f  
i n d i v i d u a l s  caught i n  each t r a w l  a t  each s t a t i o n .  
S t a t i o n  s u f f i x e s  ( A  o r  B )  represent  r e p l i c a t e  t r a w l s .  
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E26 
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E 4 A  
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Figure 7-21. Cluster dendogram of September 1981 estuarine s ta t ions .  
Stations are clustered on the basis of number of 
individuals cauaht i n  each trawl a t  each s ta t ion .  
Station suffixes ( A  or 6 )  represent repl icate  trawls. 
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SIMILARITY 

I 
0.76 

I 
0.69 

I 
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I 
0.56 

I 
0.49 

-1 I 
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E 4A 

E 4B 

Figure 7-22. Cluster dendoqram of October 1981 estuarine stations. 
Stations are clustered on the basis of number o f  
individuals cauoht  i n  each trawl a t  each station. 
S t a t i o n  suffixes (A or 8) represent replicate trawls. 
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E 1 A  r 

7 E2A I 
E26 I I 

Figure 7-23 .  Cluster dendogram of November 1981 estuarine s ta t ions.  
Stations are  clustered on the basis of number o f  
individuals caught i n  each trawl a t  each s ta t ion .  
Station suffixes ( A  or  6 )  represent repl icate  trawls. 
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S I M I L A R I T Y  

I 
0.71 

I 
0.61 

I 
0.50 

I 
0.40 

I 
0.29 
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E 3A  

E 3 6  

Figure 7-24. Cluster dendogram of December 1981 estuarine stations. 
Stations are clustered on the basis o f  number o f  
individuals caught i n  each trawl a t  each station. 
Station suffixes ( A  o r  6) represent replicate trawls. 
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SIMILARITY 

-0.02 d. 15 d. 31 0.48 0.64 
I I I 

r 

- E4A 

- €46 

Figure 7-25. Cluster dendogram of January 1982 estuarine s ta t ions .  
Stations are clustered on the basis o f  number of 
individuals caught i n  each trawl a t  each s ta t ion .  
Station suffixes ( A  o r  E )  represent repl icate  trawls. 
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SIMILARITY 

0.06 0.22 0.37 0.53 0.69 
I I I r---T- 

I I 

I 1 
L 

E1A 

E1B 

E 4A 

E 4B 

E 2A 

E26 

E 3A 

E 3B 

Figure  7-26. C l u s t e r  dendogram o f  February 1982 e s t u a r i n e  s t a t i o n s .  
S t a t i o n s  a r e  c l u s t e r e d  on t h e  bas i s  o f  number o f  
i n d i v i d u a l s  caught , i n  each t r a w l  a t  each s t a t i o n ,  
S t a t i o n  s u f f i x e s  ( A  o r  B)'  r ep resen t  r e p l i c a t e  t r a w l s .  
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SIMILARITY 
I I I I 0!7 2 
0.14 0.28 0.43 0.57 
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Figure 7-27. Cluster dendogram o f  March 1982 estuarine stations. 
Stations are clustered on the basis o f  number o f  
individuals caught  i n  each trawl a t  each station. 
Station suffixes ( A  or B) represent replicate trawls. 
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I 

Fiqure 7-28. Cluster dendogram of  April 1982 estuarine s ta t ions .  
Stations are clustered on the basis o f  number of  
individuals caught i n  each trawl a t  each s ta t ion .  
Station suffixes ( A  or 6) represent repl icate  trawls. 
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t h i s  case, o n l y  f o u r  s t a t i o n s  are inc luded and the separa t ion  o f  Q 
r e p l i c a t e  t r a w l s  does n o t  n o t i c e a b l y  confirse the r e s u l t s .  

7.4 Discuss ion 

De tec t i ng  an env i ronmenta l  impact on nekton i s  d i f f i c u l t  un less 

t h a t  impact i s  ca tas t roph ic .  The p r imary  reason f o r  t h i s  d i f f i c u l t y  i s  

v a r i a b i l i t y  i n  d i s t r i b u t i o n  and abundance. Much o f  the v a r i a t i o n  seen 

i n  samples can be ascr ibed t o  the random na tu re  o f  f i s h  assemblages. 

Many species of nek ters  school o r  aggregate, lead ing  t o  patch iness i n  

d i s t r i b u t i o n .  V a r i a b i l i t y  may a l so  be caused by phys i ca l  f a c t o r s  such 

as temperature, d i sso l ved  oxygen, s a l i n i t y  o r  subst rate,  and 

b i o l o g i c a l  f a c t o r s  such as presence o r  absence o f  prey and/or 

p redators .  Several  s t a t i s t i c a l  analyses are designed t o  a t t r i b u t e  

v a r i a t i o n  t o  p h y s i c a l  o r  b i o l o g i c a l  va r iab les .  A m u l t i v a r i a t e  ana lys i s  

o f  var iance and covar iance (MANOVA) i s  one o f  the  more usefu l  analyses. 

Th is  technique analyzes severa l  v a r i a b l e s  s imu l taneous ly  and assesses 

t h e  p o s i t i v e  o r  negat ive  e f f e c t s  o f  each one. The s imp ler  ana lys i s  of 

var iance (ANOVA) assoc iated w i t h  a Duncan's m u l t i p l e  range t e s t  o r  a 

Student-Newman-Keuls t e s t  can a l so  be use fu l .  Whi le these t e s t s  he lp 

i n v e s t i g a t e  some va r iab les ,  the  o v e r a l l  problem may be insurmountable.  

For example, i n  a recen t  comprehensive study, Yoshiyama - -  e t  a l .  

(1982) analyzed the  s p a t i a l  and temporal  p a t t e r n s  o f  d i s t r i b u t i o n  and 

abundance ex- h i b i t e d  by ben th i c  ichthyofauna.  The s tudy covered t h r e e  

years of da ta  and 569 t raw ls .  The s tudy area was l a r g e  (19,250 km2) 

and covered a g rea t  depth range (15-134 m). Despite t h i s  wide range o f  

A 
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habitats fewer than one third of the species collected (51  of 160) were 

captured frequently enough tc be subjected to statistical analyses. Of 

these only one third showed a significant relationship to measured 

abiotic or biological variables. Of these species the amount of 

explained variation ranged from 30-57%. A maximum of 16% of the 

variation for one species was related to salinity. Spatial and 

temporal variability was related to salinity in only 3% of the species. 

Such studies serve to demonstrate the difficulty in attributing 

variability in species distribution to a single environmental factor. 

Salinity variations affect fish in different fashions both 

physiologically and ecologically. Most o f  the fish found in estuaries 

and the shallow Gulf of Mexico waters are euryhaline. The degree of 

euryhalinity or the tolerance of salinity variations for a species 

varies considerably. In addition, a species tolerance for salinity is 

affected by the size of the fish. Non-optimal salinity is a stress. 

Farmer and Beamish (1969) found that in Tilapia nilotica the metabolic 

cost of osmoregulation was 20% of total metabolism at 10°/oo on 

either side of the optimum salinity and reached a total of 30% of total 

metabolism at extreme tolerance levels. This metabolic cost of 

osmoregulation decreases the amount of energy that a fish can devote to 

non-maintenance activities such as growth or reproduction. Thus 

salinity stress can lead not only to'mortality but to lower fecundity 

and lower recruitment. 
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I n  an open body o f  water i t  i s  c e r t a i n l y  p o s s i b l e  f o r  a nek te r  t o  

escape adverse c o n d i t i o n s .  However, i t  i s  unknown i f  o r  a t  what l e v e l  

o f  s t r e s s  a f i s h  w i l l  avo id t h a t  s t r e s s .  Laboratory  experiments have 

i n d i c a t e d  t h a t  a few species o f  f i s h  e x h i b i t  a behavor ia l  preference 

f o r  an '80ptimum88 s a l i n i t y .  Whi l e  such preferences may be demonstrated 

i n  a l a b o r a t o r y  where a l l  o the r  c o n d i t i o n s  are equal, i n  the w i l d  a l l  

o the r  c o n d i t i o n s  are seldom equal and i t  i s  impossib le  t o  p r e d i c t  what 

w i  11 happen. 

Another problem t h a t  should be addressed i s  the v a r i a b i l i t y  o f  

d ischarge r a t e .  Table 7-36 shows the hours pumped, s a l i n i t y ,  b a r r e l s /  

day and s a l t  loading fo r  t he  nekton sampling dates. 

The week o f  May 18, 1981 was scheduled f o r  i n t e n s i v e  sampling a t  

t he  beginning o f  d ischarge. Nekton was sampled p r i m a r i l y  on May 19 

when d ischarge occurred f o r  t h r e e  hours a t  a s a l i n i t y  o f  4lo/oo. On 

May 20 when sampling was completed t h e r e  was no discharge. Discharge 

occurred around the c lock  d u r i n g  June sampling. I n  J u l y  discharge 

again was conducted around the c lock  bu t  the marine waters were 

ext remely hypoxic and few demersal nek te rs  were c o l l e c t e d .  I n  August 

t h e r e  was no d ischarge d u r i n g  nekton sampling. I n  September, d ischarge 

occurred f o r  an average o f  13.5 hours/day d u r i n g  our sampling. I n  

October, d ischarge occurred f o r  approximately 16 hours each day o f  

sampling. I n  November and December we had f u l l  t ime discharge but  i n  

January, d ischarge dropped back t o  n ine  hours. February had f u l l  t ime 

d ischarge as d i d  A p r i l  bu t  March d ischarge d u r i n g  the pr imary sampling 

7-94 



Table 7-36. B r i n e  d ischarge on Nekton sampling dates. 

DISCHARGEITIME SAL I N  I T Y  VOLUME LOAD I NG 
DATE HR DAY' 9 0 0  BBL DAY-' 103 M E T R ~ C  TONS 

DAY - 

19 May 
20 May 

10 June 
11 June 

24 J u l y  

27 August 
'28 August 

24 September 
25 September 

20 October 
21 October 

19 November 

9 December 
10 December 

15 January 

24 February 
25 February 

23 March 
24 March 

14 A p r i l  
15 A p r i l  

3 
0 

24 
24 

24 

0 
0 

15 
12 

16.5 
16 

24 

24 
24 

9 

24 
24 

19.5 
24 

24 
24 

41 
0 

179 
180 

187 

0 
0 

236 
223 

235 
236 

209 

210 
20 7 

250 

220 
20 9 

244 
242 

245 
245 

89,796 
0 

565,920 
549,517 

716,681 

0 
0 

322,500 
255 , 694 

371,250 
376,000 

557 , 500 

516,000 
516,000 

201,788 

588,000 
732,000 

744,800 
700,400 

796 , 200 
847,500 

583.9 
0 

16,066.1 
15 , 687.6 

21,255.5 

0 
0 

12,071.0 
9,043.3 

13,836.9 
14,073.5 

18,479.7 

17,185.9 
16,940.4 

8,000.9 

20,516.5 
22,522.5 

28,822.6 
26,882.2 

30,937.9 
32,931.3 
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Q day was down t o  19.5 hours. 

was back up t o  f u l l  t ime. 

The second day o f  March sampling d ischarge 

Some o f  these da ta  are t h e r e f o r e  d i f f i c u l t  t o  use i n  showing 

impact. While we are i n t e r e s t e d  i n  p resent ing  as much da ta  as 

poss ib le ,  M a y  da ta  i s  excluded f rom t h i s  r e p o r t  because d ischarge had 

e s s e n t i a l l y  n o t  begun. The J u l y  da ta  was a l so  excluded f rom t h i s  

r e p o r t .  Dur ing nekton sampling, hypoxia was so severe t h a t  v i r t u a l l y  

a l l  demersal nek ters  had disappeared from the sampling area (Table 

H-41). It was f e l t  t h a t  no u s e f u l  r e s u l t s  cou ld  be garnered f rom such 

data. 

Yet another u n c o n t r o l l a b l e  v a r i a b l e  i s  f i s h i n g  pressure.  The 

d i f f u s e r  i s  l oca ted  i n  t h e  center  o f  the  apparent ly  p r e f e r r e d  along 

s h e l f  t r a n s e c t  o f  commercial shr impers.  The d i f f u s e r  i s  p ro tec ted  f rom 

shr impers by f i v e  buoys and an ins t rument  p la t fo rm.  The nor theas t  t o  

southwest c o n f i g u r a t i o n  o f  the d i f f u s e r  tends t o  p r o t e c t  some o f  the D 

s t a t i o n s  as w e l l .  S t a t i o n  DN i s  p ro tec ted  f rom shr imping due t o  i t s  

p r o x i m i t y  t o  the  p i p e l i n e .  S t a t i o n  DW appears c l o s e r  t o  the  d i f f u s e r  

buoys than does DE. Th is  i s  p robab ly  due t o  the  l o c a t i o n  o f  the  Texas 

A & M buoy loca ted  somewhat west (approx imate ly  270 m> o f  the  o the r  

d i f f u s e r  buoys. Shrimpers tend t o  shrimp i n  an east-west o r  west-east 

d i r e c t i o n .  When approaching the  d i f f u s e r  they  d e f l e c t  t h e i r  course t o  

t r a v e l  j u s t  south o f  the buoy c o n f i g u r a t i o n .  This  would make s t a t i o n  

DS the  l e a s t  p ro tec ted  s t a t i o n .  
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Another v a r i a b l e  t h a t  deserves ment ion i s  sediment type. I t has 

been known f o r  some t ime t h a t  c e r t a i n  species vary w i t h  sediment 

v a r i a b l e s  (Ca ldwe l l ,  1955; Moore -- e t  al . ,  1970). Recent ly  t h i s  v a r i a b l e  

has rece ived g rea te r  a t t e n t i o n  (Chi t tenden and McEachran, 1976; F l i n t  

and Rabelais,  1980; Yoshiyama - e t  -*, a1 1982). The sediment composi t ion 

i n  the  present  s tudy has a g rea t  deal  o f  w i t h i n  s t a t i o n  and between 

s t a t i o n  v a r i a b i l i t y .  Th is  v a r i a b l e  i s  addressed t o  some ex ten t  i n  the  

MANOVA analyses on t h e  t a r g e t  species.  The v a r i a b i  l i t y  o f  the  sediment 

composi t ion and the  r e l a t i v e l y  sho r t  d u r a t i o n  o f  t h i s  s tudy prec lude a 

complete ana lys is ,  however. 

Th is  s tudy i s  l a r g e l y  p red ica ted  on the  assumption t h a t  f i s h  w i l l  

avo id an impacted area. The b r i e f  pre-d ischarge s tudy i n d i c a t e d  t h a t  

a l l  the marine s t a t i o n s  except M21 and M22 are homogeneous. The t h r u s t  

o f  t h i s  s tudy t h e r e f o r e  i s  on between s t a t i o n  comparisons. Some p re -  

d i  scharge versus pos t -d i  scharge comparisons are made, however. S ince 

i t  i s  p o s s i b l e  t h a t  impact w i thou t  avoidance has occurred, some at tempt  

i s  a l so  made t o  examine the c o n d i t i o n  o f  the commerc ia l ly  impor tan t  

nek ters  captured a t  the d i f f u s e r  versus those captured a t  c o n t r o l  

s t a t i o n s  . 
7.4.1 Marine Environment 

The month ly  s t a t i o n  c l u s t e r  analyses (F igures  7-1 through 7-10) 

show p e r s i s t e n t  c l u s t e r i n g  o f  the d i f f u s e r  s t a t i o n  ( M l O A )  w i t h  one o r  

more o f  the near f i e l d  s t a t i o n s .  Th is  represents  a change from the 

pre-d ischarge pe r iod  when no s i g n i f i c a n t  c l u s t e r i n g  o f  the 10 m 
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Q s t a t i o n s  was seen. I n  genera l ,  the c l u s t e r i n g  of the d i f f u s e r  s t a t i o n  

w i t h  near f i e l d  s t a t i o n s  f o l l o w s  the  bottom c u r r e n t  data f rom s i t e  D 

( d i f f u s e r ) .  The c u r r e n t  da ta  i s  h i g h l y  v a r i a b l e  f rom hour t o  hour. 

However, an i n s p e c t i o n  o f  t h e  da ta  from s i t e  D on nekton sampling dates 

i n d i c a t e s  t h a t  i f  the  cu r ren ts  were g e n e r a l l y  wes te r l y  (as was u s u a l l y  

t h e  case) the  d i f f u s e r  was more s i m i l a r  t o  s t a t i o n  DW than t o  o ther  

s ta ions .  Th is  type  o f  ana lys i s  i s  h a r d l y  q u a n t i t a t i v e  and cou ld  n o t  be 

seen s t a t i s t i c a l l y  b u t  i t  d i d  p rov ide  an i n d i c a t i o n  t h a t  b r i n e  f rom the  

d i f f u s e r  might  be causing a change i n  some aspect of the nekton 

community. 

One would expect an adverse env i ronmenta l  c o n d i t i o n  t o  reduce 

r a t h e r  than inc rease the  number of species present ,  bu t  changes i n  the  

r e l a t i v e  abundance o f  severa l  species are n o t  p r e d i c t a b l e .  I f  the  most 

abundant species i s  a l so  most s e n s i t i v e  t o  an adverse cond i t i on ,  the  

p o p u l a t i o n  s i z e  o f  r a r e r  species cou ld  increase and equa l i ze  o v e r a l l  

abundance. The response o f  a species n o t  sub jec t  t o  p reda t ion  i s  

l i k e l y  t o  be a change i n  the  s i z e  o f  the popu la t ion .  Popu la t i on  

changes f o r  species sub jec t  t o  p reda t ion  can be buf fered because 

decreases i n  p rey  can a l so  reduce the  number o f  p redators  a f t e r  a lag  

t ime.  

Increased d i v e r s i t y  a t  a g iven  t r o p h i c  l e v e l  can lead t o  smal le r  

changes i n  t o t a l  biomass as cond i t i ons  f l u c t u a t e  w i t h i n  a range t h a t  

may o r  may n o t  be op t ima l  f o r  d i f f e r e n t  species. I t  can a l so  lead t o  

g r e a t e r  f l u c t u a t i o n s  i n  t h e  composi t ion of species. A d is tu rbance i s  

n 
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usually most severe at  the upper levels of a food chain b u t  uneven 

ef fec ts  are possible. I f  impact reduces the a b i l i t y  of prey t o  avoid 

predators then there can be an increase i n  predators despite a decrease 

in prey. 

Our sampling technique tends t o  limit our catch to  species i n  

lower trophic levels. Due t o  imperfect understanding of l i f e  h i s tor ies  

i t  is  d i f f i c u l t  to  assign most collected species t o  a specific trophic 

level. Generally, pelagic f i sh  are f i l t e r  feeders and can be 

ecologically separated from demersal f i sh .  I n  a d d i t i o n , ,  the o t t e r  

trawl i s  designed to  capture demersal nekters and 'the catch of pelagic 

f i s h  may not accurately re f lec t  their  true dis t r ibut ion.  Cluster 

analyses and divers i ty  studies on demersal species alone were e i ther  

similar t o  the studies documented i n  t h i s  report or showed no trends 

that  would indicate an impact. Results, therefore, have not been 

included i n  th i s  report .  

The overall c lus te rs  (Figures 7-11 t h r o u g h  7-15) are quite similar 

t o  the monthly resul ts  b u t  differences are not as well defined. 

Clustering reflected temporal var iab i l i ty  t o  a greater extent than 

spa t ia l  var iab i l i ty .  Only s ta t ions M 2 1  and M22 differed from th i s  

pattern.  Often these stations would c lus te r  w i t h  the same s ta t ion  from 

one or more different  months. This indicates t h a t  s ta t ions M21 and M22 

are quite dissimilar from the balance of the marine s ta t ions.  Since 

the clustering i n  Figures 7-11 t h r o u g h  7-15 are seasonal i t  i s  possible 

t o  c luster  on a seasonal basis b u t  the resul ts  would be expanded 
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vers ions  of F igures 7-12 through 7-15. With minor except ions,  the Q 
r e s u l t s  c l u s t e r  month ly  be fore  they  c l u s t e r  seasonal ly  and these 

r e s u l t s  have been presented. 

An ana lys i s  o f  var iance was performed on the east-west t ransec t  

s t a t i o n s  f o r  species d i v e r s i t y ,  species r i chness  and evenness. The 

r e s u l t s  showed s i g n i f i c a n t  d i f f e r e n c e s  i n  August, September, October, 

November, December, January, March and Apr i  1. However, the SNK 

m u l t i p l e  range t e s t  r e s u l t s  (Tables 7-13 through 7-15) d i d  n o t  agree 

w i t h  the  c l u s t e r i n g  r e s u l t s  i n  any way. Nor d i d  they show any 

cons i s tency  over t i  me. 

An ana lys i s  o f  var iance was then conducted on each species 

c o l l e c t e d  each month. Genera l l y  speaking, the species t h a t  showed 

s i g n i f i c a n t  r e s u l t s  were the most abundant and/or the  l e a s t  abundant. 

For those species t h a t  showed f r e q u e n t l y  s i g n i f i c a n t  r e s u l t s  SNK 

m u l t i p l e  range t e s t s  were run  on the  month ly  da ta  (Table 7-16 through 

7-25). Again, these r e s u l t s  d i d  n o t  agree w i t h  t h e  c l u s t e r i n g  r e s u l t s .  

These , s i g n i f i c a n t  ANOVA r e s u l t s  must t h e r e f o r e  be ascr ibed t o  random 

v a r i a t i o n .  

It i s  conceivable t h a t  an impact cou ld  cause numerous d i v e r s i t y  

and popu la t i on  changes t h a t  cannot be separated by these t e s t s .  The 

c l u s t e r  analyses repo r ted  above i n d i c a t e  a change from the p re -  

d ischarge per iod .  However, i t  may be a cumulat ive r e s u l t  o f  many smal l  

changes t h a t  are masked t o  o the r  analyses by random v a r i a t i o n .  

7-100 



. . . . . . . . . . . 

F i n a l l y ,  analyses o f  var iance and covar iance were run on our 

t a r g e t  species. Due t o  the l i m i t e d  amount o f  data, o n l y  s t a t i o n s  M3, 

M l O A  and M18 were compared. S i g n i f i c a n t  r e s u l t s  are based on between 

s t a t i o n  d i f f e r e n c e s .  Between c r u i s e  o r  monthly d i f f e r e n c e s  are 

s i g n i f i c a n t  i n  most instances but  would n o t  show an impact. The 

between s t a t i o n  r e s u l t s  were s i g n i f i c a n t  f o r  Penaeus s e t i f e r u s ,  

M e n t i c i r r h u s  arnericanus and Cynoscion nothus 

s e t i f e r u s  and M e n t i c i r r h u s  americanus were 

g r e a t e r  abundance a t  MlOA, and Cynoscion 

(Table 7-26). Penaeus 

found i n  s i g n i f i c a n t l y  

nothus was found i n  

s i g n i f i c a n t l y  fewer numbers a t  s t a t i o n  M l O A .  There i s  a s l i g h t  i n t e r -  

a c t i o n  between - M. americanus and C. nothus. However, the o n l y  

s i g n i f i c a n t  measured p h y s i c a l  v a r i a b l e  was s a l i n i t y  which i n d i c a t e s  

t h a t  1. arnericanus might be a t t r a c t e d  t o  the h ighe r  s a l i n i t y  water a t  

t h e  d i f f u s e r .  

In c o n s i d e r a t i o n  o f  the impor tant  r o l e  t h a t  the sediment seems t o  

p l a y  i n  determin ing species composi t ion,  another s e t  o f  MANOVA analyses 

were r u n  on the  t a r g e t  species us ing monthly sediment da ta  c o l l e c t e d  by 

the  ben th i c  d i s c i p l i n e  as va r iab les .  In a d d i t i o n ,  observed bottom 

s a l i n i t y  and bottom temperature a t  the t ime o f  sampling was inc luded  as 

a v a r i a b l e .  Var iab les then were species abundance, percent  she1 1, 

pe rcen t  sand, percent  s i l t ,  pe rcen t  c lay ,  bottom s a l i n i t y  and 

temperature. Resul ts  were s i g n i f i c a n t  f o r  t h r e e  species, Penaeus 

s e t i f e r u s ,  Micropogonias undulatus and M e n t i c i r r h u s  americanus. 
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For Penaeus s e t i f e r u s ,  the  f o u r  sediment a t t r i b u t e s ,  percentage o f  G 
s h e l l ,  sand, s i l t  and c lay ,  were a l l  s i g n i f i c a n t  (Table 7-27). When 

d i f f e r e n c e s  i n  the sediment a t t r i b u t e s  are ad jus ted  the re  i s  a 

s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  abundance of wh i te  shrimp a t  these t h r e e  

s t a t i o n s .  White shrimp abundance i s  p o s i t i v e l y  c o r r e l a t e d  t o  c l a y  and 

s i l t  and n e g a t i v e l y  c o r r e l a t e d  t o  s h e l l  and sand. 

Sediment a t t r i b u t e s  do n o t  a f f e c t  the abundance o f  M e n t i c i r r h u s  

americanus (Table 7-28). The o n l y  s i g n i f i c a n t  c o v a r i a t e  i s  s a l i n i t y  

which was a l s o  seen i n  Table’7-26. Abundance o f  southern k i n g f i s h  i s  

p o s i t i v e l y  c o r r e l a t e d  t o  s a l i n i t y  a t  a p r o b a b i l i t y  g rea te r  than 80%. 

The abundance o f  M i  cropoqoni  as undu 1 atus i s  n e g a t i v e l y  c o r r e l  a ted 

t o  percentage o f  s h e l l  and s a l i n i t y  (Table 7-29). There i s  a l so  a 

lower l e v e l  of s i g n i f i c a n c e  t o  the percentage o f  sand, s i l t  and c lay .  

Croaker abundance i s  n e g a t i v e l y  r e l a t e d  t o  percentage o f  sand and c l a y  

b u t  p o s i t i v e l y  r e l a t e d  t o  percentage of s i  It. When these d i f fe rences  

a r e  ad jus ted  t h e r e  i s  a s i g n i f i c a n t  d i f f e r e n c e  i n  the abundance o f  

c roaker  a t  the t h r e e  s t a t i o n s  examined. The ad jus ted  abundance o f  

c roaker  a t  the  d i f f u s e r  i s  i n te rmed ia te  between the  two c o n t r o l  

s t a t i o n s .  

To summarize the MANOVA studies,  t h e r e  were s i g n i f i c a n t  r e s u l t s  

f o r  f o u r  species:  Penaeus s e t i f e r u s ,  Cynoscion nothus, Men t i c i r rhus  

americanus and Micropogonias undulatus.  

S a l i n i t y  was a s i g n i f i c a n t  c o v a r i a t e  f o r  two species: M e n t i c i r r h u s  

americanus and Micropogonias undulatus.  Sediment a t t r i b u t e s  a l so  
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af fected o n l y  two species:  Penaeus s e t i f e r u s  and Micropoqonias 

undulatus.  None o f  these species showed c o n s i s t e n t  d i f f e r e n c e s  i n  the  

ANOVA and SNK t e s t s  bu t  do show s i g n i f i c a n t  r e s u l t s  when cova r ia tes  are 

accounted f o r .  Other cova r ia tes ,  such as f i s h i n g  pressure,  cannot be 

q u a n t i f i e d  and used as a cova r ia te .  While these s tud ies  do no t  show 

impact t he re  i s  a l i k e l i h o o d  t h a t  the  p r o t e c t e d  na tu re  o f  the d i f f u s e r  

has skewed these r e s u l t s .  The p r o t e c t e d  d i f f u s e r  s t a t i o n  and lack o f  

f i s h i n g  pressure would account f o r  g r e a t e r  abundance a t  the d i f f u s e r  

f o r  some species.  

The analyses o f  c o e f f i c i e n t  o f  c o n d i t i o n  are s i g n i f i c a n t  f o r  

Penaeus aztecus, Cynoscion arenar ius,  Larimus f a s c i a t u s ,  M e n t i c i r r h u s  

americanus and Leiostomus xanthurus (Tables 7-30 through 7-34). These 

r e s u l t s  i n d i c a t e  t h a t  a t  l e a s t  some species are no t  avo id ing  the  

d i f f u s e r  area. Furthermore, these r e s u l t s  r e f l e c t  a s t ress  i n  the  

v i c i n i t y  of  s t a t i o n  MlOA. 

Based on l eng th  weight regress ions  (Log lo  W = a + b l o g l o  

L) ,  these r e s u l t s  mean t h a t  a 125 mm long ‘brown shrimp would weigh 

15.6 g a t  the d i f f u s e r  and 19.9 g a t  the  c o n t r o l  s t a t i o n s .  A 100 mm 

long sand sea t rou t  would weigh 14.5 g a t  the  d i f f u s e r  and 15.4 g a t  the  

c o n t r o l  s t a t i o n s .  A 50 nun long banded drum would weigh 3.2 g a t  the 

d i f f u s e r  and 3.5 g a t  the  c o n t r o l  s t a t i o n s .  A 17.1 g, 100 mm long 

southern k i n g f i s h  a t  the  d i f f u s e r  would be 18.5 g a t  the c o n t r o l  

s t a t i o n s .  A t y p i c a l ,  75 mm long spot  would weigh 8.2 g a t  the  d i f f u s e r  

and 9.7 g a t  the  c o n t r o l  s t a t i o n s .  These weights represent  a 21.6% 
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decrease i n  weight f o r  brown shrimp, 6% f o r  the sand sea t rou t ,  8.6% f o r  

t h e  banded drum, 7.7% f o r  t he  southern k i n g f i s h  and 15.5% f o r  the spot.  

These values f o r  weight decrease may n o t  be s t a t i s t i c a l l y  meaningful .  

They are prov ided t o  i n d i c a t e  the  probable magnitude o f  impact on ly .  

7.4.2 Es tua r ine  Environment 

General ly,  the e s t u a r i n e  s t a t i o n s  serve as a s a l i n i t y  g r a d i e n t  

(Table 7-37]. That i s :  s t a t i o n  E l  has the lowest s a l i n i t y ,  E2 i s  

i n te rmed ia te  and e i t h e r  E3 o r  E4 i s  most s a l i n e .  There were a few 

except ions t o  t h i s  however. I n  June 1981, s t a t i o n  E2 had the lowest 

s a l i n i t y  f o l l owed  by E4, s t a t i o n s  E l  and E3 were h ighest .  The 

r e s p e c t i v e  s a l i n i t i e s  were 5.5, 6.5, and 9.5O/oo. I n  A p r i l  1981, 

s t a t i o n  E2 had a lower s a l i n i t y  than d i d  E l  (8.5 t o  9.33O/oo). 

I n  November 1981 E2 had the  h i g h e s t  s a l i n i t y ;  however, E3 cou ld  n o t  be 

sampled t h a t  month due t o  low water c o n d i t i o n s .  Aside from these 

events the h ighes t  s a l i n i t y  was observed a t  s t a t i o n  E3 o r  s t a t i o n  E4. 

C l u s t e r  analyses (F igu res  7-17 through 7-28) were compared t o  

p h y s i c a l  v a r i a b l e s  t o  a s c e r t a i n  any genera l  c o r r e l a t i o n .  I n  September 

and November the  c l u s t e r  r e s u l t s  agreed somewhat w i t h  the bottom 

s a l  i n i  t y  . I n  October the c l u s t e r i n g  r e s u l t s  agreed w i t h  the 

temperature. Only i n  January was the re  a good c o r r e l a t i o n  between 

c l u s t e r  r e s u l t s  and s a l i n i t y .  These r e s u l t s  agree w i t h  the 

pre-d ischarge r e s u l t s  which a l so  showed no c o r r e l a t i o n  o f  ca tch  t o  

s a l i n i t y .  The data d isagree w i t h  Rounsefe l l  (1975) who found species 

composi t ion determined by the  e x i s t i n g  s a l i n i t y  regime. This i s  l i k e l y  
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due t o  the fac t  that  Rounsefell sampled s ta t ions that  showed no overlap 

i n  s a l in i ty  regime. Species would then occur i n  a preferred area. In  

this study area no such zonation occurs (Table 7-37). Species in t h i s  

estuary must therefore be more euryhaline. Rounsefell's study area 

allows the presence of stenohaline species. In  addition, euryhaline 

species can remain i n  a preferred sa l in i ty  regime. 

Average s a l i n i t i e s  t h i s  year are somewhat higher t h a n  reported 

h is tor ica l  values b u t  t h i s  i s  determined primarily by r a in fa l l .  

Physical oceanography d a t a  indicate no plume ef fec ts  are possible i n  

the estuarine environment. I t  i s  conceivable that  the withdrawal of 

freshwater a t  the intracoastal  waterway could cause a greater s a l t  

water incursion and elevated s a l i n i t i e s .  

The estuarine community structure i s  dominated both numerically 

and i n  terms of biomass by only a few species (Tables H-51 through 

H-62). The anchovy, Anchoa mi t ch i l l i ,  ranks f i r s t  or second 

numerically every month. The Atlantic croaker, Micropogonias 

undulatus, is among the t o p  three in terms of numbers each m o n t h  from 

November through June and ranks f o u r t h  to s i x t h  numerically from July 

through October. T h i s  species is always in  the t o p  ten in  b omass as 

well. Callinectes sapidus, the blue crab, is i n  the t o p  three i n  terms 

of biomass each m o n t h  except December. I t  i s  also i n  the t o p  four  

numerically from January th rough  A p r i l .  Penaeus se t i fe rus  i s  another 

year round dominant b u t  i s  par t icular ly  abundan t  from July th rough  

December. - P.  se t i fe rus  was also a dominant species i n  A p r i l  1981 as 
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Table 7-37. Near-bottom measurements o f  p h y s i c a l  v a r i a b l e s  a t  
e s t u a r i n e  s t a t i o n s  on nekton sampling dates. 

BOTTOM BOTTOM 

o/oo "C 
DATE/STAT I ONS SALINITY TEMPERATURE 

BOTTOM 
DISSOLVED OXYGEN 

ml/l 

May 26, 1981 
E l  
E2 
E3 
E4 

June 25 
E l  
E2 
E3 
E4 

July 15 
E l  
E2 
E3 
E4 

August 13 
E l  
E2 
E3 
E4 

September 21 
E l  
E2 
E3 
E4 

October 26 
E l  
E2 
E3 
E4 

19.00 
21 .oo 
25.00 
25.00 

9.50 
5.50 
9.50 
6.50 

1.50 
2.00 
7.00 
7.50 

2.50 
20.50 
21.00 
23.50 

7.68 
20.85 
20.50 
21.48 

7.30 
21.55 
24.23 
21.55 

25.10 
25.90 
25.50 
25.40 

28.70 
29.40 
28.20 
28.40 

30.90 
29.60 

29.70 
29. 80 

30. 80 
30.40 
29.50 
30.30 

24.90 
24.00 
22.30 
23.20 

18. 50 
18.60 
15.50 
16.10 

3.57 
4.01 
4.18 
4.29 

3.59 
2.44 
4.30 
4.17 

3.61 
2.77 
4.14 
3.40 

3.78 
3.31 
3.79 
3.03 

4.74 
4.94 
4.65 
4.95 

5.61 
5.07 

5.89 
5.87 
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Table 7-37. cont inued 

DATE/STATIONS 

~~ ~ 

BOTTOM BOTTOM BOTTOM 

O/OO "C m l / l  
SALINITY TEMPERATURE DISSOLVED OXYGEN 

November 13 
E l  
E2 
E3 
E4 

December 7 
E l  
E2 
E3 
E4 

January 28, 1982 
E l  
E2 
E3 
E4 

February 19 
E l  
E2 
E3 
E4 

March 18 
E l  
E2 
E3 
E4 

A p r i l  9 
E l  
E2 
E3 
E4 

7.74 
24.02 

20.64 
-- 

11.93 
25.66 
27.96 
26.16 

13.99 
18.62 
23.24 
24.66 

5.45 
5.82 

21.34 
20.78 

11.08 
13.86 
17.45 
16.49 

9.33 
8.50 

13.72 
12.66 

16.20 
17.70 

15.40 
-- 

15.00 
16.50 
13.50 
13.90 

13.40 
12.60 
13.00 
11.30 

16.50 
15.50 
15.90 
15.20 

22.00 
22.80 
21.90 
21.10 

21.20 
22.30 
23.00 
22.80 

5.88 
4.94 

5.93 
-- 

6.37 
5.20 
5.79 
5.79 

4.37 
5.01 
4.47 
5.22 

4.99 
5.00 
5.95 
6.59 

4.48 
5.07 
5.12 
4.56 

4.64 
4.85 
5.19 
4.79 



w e l l  as i n  A p r i l  1982 b u t  n o t  i,n May o r  June. Therefore i t  may be t h a t  

t h e  wh i te  shrimp i s  dominant f rom A p r i l  through December. Penaeus 

aztecus was i n  t h e  top  t h r e e  species i n  terms o f  biomass from A p r i l  

through J u l y  and i n  t h e  t o p  t e n  i n  terms o f  numbers f rom March through 

December. 

Cynoscion arenar ius ,  the  sand sea t rou t ,  i s  a summer dominant and 

appears i n  t h e  top ten  f rom May through December. B r e v o o r t i a  pat ronus 

i s  a sp r ing  dominant and appears i n  the  top ten  from January through 

Ju ly .  

The b lack  drum, Pogonias cromis,  o f t e n  appears i n  the top ten  i n  

terms o f  biomass as does t h e  spot, Leiostomus xanthurus, the  southern 

f l ounder ,  P a r a l i c h t h y s  le thost igma,  and the  sea c a t f i s h ,  A r i u s  f e l i s .  

These species were captured year-round i n  the  es tua ry  except f o r  A r i u s  

f e l i s  which was n o t  caught f rom November through February. 

I t  must be remembered t h a t  t h i s  i n f o r m a t i o n  i s  based on t r a w l  n e t  

c o l l e c t i o n s  which tend t o  miss the  la rge ,  h i g h l y  mobi le  f i s h .  For 

instance,  the  sand sea t rou t  was caught i n  g rea t  numbers i n  the  lake, 

b u t  the  average weight  was l e s s  than ten  grams. C e r t a i n l y  l a r g e  

i n d i v i d u a l s  are p resent  i n  the  es tua ry  bu t  are r a r e l y  captured w i t h  a 

t r a w l .  Marry o f  these species w i l l  be discussed i n  g rea te r  d e t a i l  i n  

t h e  sec t i on  on our t a r g e t  species.  Since the  species d iscuss ion  does 

n o t  r e l a t e  t o  impact i t  i s  presented, along w i t h  suppor t ing  data, i n  

Appendix H. 
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Grs 7.5 Conclusions 

1. The post -d ischarge p e r i o d  shows p e r s i s t e n t  c l u s t e r i n g  o f  the 

d i f f u s e r  s t a t i o n  ( M l O A )  w i t h  one o r  more o f  the near f i e l d  d i f f u s e r  

s t a t i o n s  based on species composit ion. This  represents  a change from 

t h e  pre-d ischarge p e r i o d  when a1 1 s t a t i o n s  were homogeneous. 

2 .  ANOVA and SNK analyses o f  species d i v e r s i t y ,  species r ichness,  

evenness and i n d i v i d u a l  species cou ld  n o t  be r e l a t e d  t o  the c l u s t e r i n g  

r e s u l t s .  We must conclude t h a t  n a t u r a l  v a r i a b i l i t y  obscures the 

reasons f o r  the c l  us t e r  resu 1 t s .  

3 .  Resu l t s  o f  MANOVA s tud ies  on t a r g e t  species and p h y s i c a l  

v a r i a b l e s  were s i g n i f i c a n t  f o r  o n l y  t h r e e  species: Penaeus s e t i f e r u s ,  

M e n t i c i r r h u s  americanus and Cynoscion nothus. These r e s u l t s  do no t  

appear t o  be r e l a t e d  t o  b r i n e  discharge. 

4. MANOVA s tud ies  on t a r g e t  species t h a t  ad justed f o r  sediment 

a t t r i b u t e s  as w e l l  as s a l i n i t y  and temperature were a l s o  s i g n i f i c a n t  

f o r  t h r e e  species: Penaeus s e t i f e r u s ,  Micropogonias undulatus and 

M e n t i c i r r h u s  americanus. No adverse e f f e c t s  were deduced from these 

ana lyses.  

5. S i g n i f i c a n t  d i f f e r e n c e s  i n  c o e f f i c i e n t  o f  c o n d i t i o n  between 

animals caught a t  the d i f f u s e r  s t a t i o n  versus those caught a t  c o n t r o l  

s t a t i o n s  are perhaps the most i n t e r e s t i n g  r e s u l t s  f rom t h i s  study. 

Based on s i g n i f i c a n t  decreases i n  c o n d i t i o n  c o e f f i c i e n t  Penaeus 

aztecus, Cynoscion arenar ius,  Larimus f a s c i a t u s ,  M e n t i c i r r h u s  

americanus and Leiostomus xanthurus, i t  would appear t h a t  a t  l e a s t  some 

species are not  avoid ing the d i f f u s e r  area. Furthermore, one must 
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deduce from the lowered c o n d i t i o n  c o e f f i c i e n t s  t h a t  animals i n  the 

d i f f u s e r  area are exper ienc ing  a s t ress .  

6. Based on comparisons o f  l eng th  vs weight  regress ions  obta ined 

f o r  a f fec ted  species a t  the  d i f f u s e r  and a l so  a t  the  c o n t r o l  s t a t i o n s  

t h e  probable magnitude of the  s t r e s s  v a r i e s  w i t h  d i f f e r e n t  species. 
I 

I 

The weight  decrease f o r  animals a t  the  d i f f u s e r  was g rea tes t  f o r  brown 

shrimp. Th is  species weighed 21.6% l e s s  i n  the v i c i n i t y  o f  the 

d i f f u s e r  than a t  c o n t r o l  s t a t i o n s .  Stresses o f  these magnitudes would 

be expected t o  decrease fecund i t y  and growth. I n  the  case of brown 

shrimp i n  p a r t i c u l a r ,  the  magnitude of d i f f e r e n c e  must be c lose  t o  

causing m o r b i d i t y .  The values f rom these regress ions  have n o t  been 

s t a t i s t i c a l l y  proven and may o n l y  be used t o  es t imate  probable degree 

o f  impact. 

7. Abundance records f o r  t a r g e t  species r e f l e c t  n a t u r a l  

v a r i a b i l i t y  r a t h e r  than impact. For example, pos t  study pe r iod  

sampling r e f l e c t s  a g rea t  change i n  shrimp abundance i n  1982 versus 

1981. Our s tud ies  i n d i c a t e  t h i s  change i s  n o t  due t o  b r i n e  d ischarge 

b u t  t o  n a t u r a l  v a r i a t i o n .  

8. Impact, i n d i c a t e d  by c l u s t e r i n g  r e s u l t s  and c o e f f i c i e n t s  of 

c o n d i t i o n  comparisons, i s  l i m i t e d  t o  near f i e l d  e f f e c t s  ( w i t h i n  a h a l f  

m i  l e  rad ius  1. 

9. Due t o  the f a c t  t h a t  t he re  i s  a s t r e s s  on a t  l e a s t  some 

species,  increased d ischarge wou I d  be expected t o  increase the  

magnitude of s t ress  and t h e  area s t ressed.  
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Grs 10. No estuarine impacts were investigated because there were no 

abnormal s a l t  water incursions into the estuarine area. 

11. Differences i n  estuarine species composition are not 

determined by any physical variables. This conclusion agrees w i t h  the 

e a r l i e r  indications of the pre-discharge study. 
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irs CHAPTER 8 

PHYTOPLANKTON 

R. Maples 
McNeese S t a t e  U n i v e r s i t y  

Lake Charles, Louis iana 70609 

8.1 I n t r o d u c t i o n  

8.1.1 I n t r o d u c t o r y  Remarks 

Phytoplankton as de f i ned  i n  t h i s  s tudy i s  a heterogeneous 

a s s o c i a t i o n  o f  a u t o t r o p h i c ,  pho tosyn the t i c  algae, which may e x i s t  as 

ben th i c ,  tychoplankton o r  t r u e  p lank ton  forms i n  aquat ic ,  es tua r ine ,  o r  

marine h a b i t a t s .  Algae are e c o l o g i c a l l y  impor tant  because o f '  t h e i r  

r o l e  i n  the energy budgets o f  aquat ic  and marine ecosystems. The i r  

s i g n i f i c a n c e  l i e s  i n  both t h e i r  a b i l i t y  t o  f i x  carbon and f o r  t h e i r  

c o n t r i b u t i o n  t o  complex food webs. Round (1981) found t h a t  oceanic 

p roduc t i on  by p r imary  producers i s  as much as 31 x lo9 tons o f  carbon 

pe r  year, which exceeds est imates o f  t e r r e s t e r i a l  f i x a t i o n .  

Phytoplankton i s  a l so  a major food i tem i n  the d i e t s  o f  copepods 

(Cushing and Vucet ic,  1963) and f o r  p e l a g i c  f i l t e r  feeders such as the 

commercial ly impor tant  menhaden, B r e v o o r t i a  spp. (June and Carlson, 

1971). 

8.1.2 Other Studies 

Phytoplankton and p r imary  p r o d u c t i v i t y  s t u d i e s  o f  the Gulf o f  

Mexico nearshore r e g i o n  are few. El-Sayed e t  a l .  (1972) reviewed the 

p e r t i n e n t  taxonomic l i t e r a t u r e  f o r  t he  Gu l f  o f  Mexico. P r o d u c t i v i t y  

s tud ies  f o r  the Chenier P l a i n  Coastal  ecosystem o f  Louis iana and Texas 
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are discussed by Gossel ink e t  a l .  (1979). Selected areas along the  

Louis iana,  M i s s i s s i p p i  and Texas coasts  have been surveyed f o r  phy to-  

p lank ton  by Freese (19721, Fucik and El-Sayed (19791, Housley (19761, 

Lob le i ch  and Matthews (19811, Maples (19811, Simmons and Thomas (19621, 

S u l l i v a n  (1982), and Wood (19631. Lob le i ch  and Matthews (19811 

eva lua ted  the impact o f  b r i n e  d isposa l  on Gu l f  phytoplankton du r ing  

Bryan Mound SPR p r o j e c t  i n  Texas. 

8.1.3 Ob jec t ives  o f  the  Present Study 

The present  s tudy was designed t o :  

1. Prov ide  seasonal da ta  f o r  c h l o r o p h y l l  (phaeopigment 

co r rec ted )  l e v e l s  i n  the  v i c i n i t y  o f  the  b r i n e  d i f f u s e r  and Calcasieu 

Lake. 

2. Prov ide  samples o f  preserved phytoplankton f o r  .taxonomic 

ana lys i s ,  a n c i l l a r y  t o  c h l o r o p h y l l  - a measurements. 

3. Determine the  composi t ion,  s tand ing  crop and d i v e r s i t y  o f  

phy top lank ton  monthly f o r  a p e r i o d  o f  one year (May 1981 - A p r i l  19821. 

4. Prov ide  a n c i l l a r y  da ta  on s a l i n i t y ,  temperature, d i sso l ved  

oxygen and water t ransparency.  

5. Determine whether any o f  the above parameters are 

demonstrably a f f e c t e d  by the  opera t i on  of the  b r i n e  d i f f u s e r .  

6. Prov ide  s t a t i s t i c a l  ana lys i s  o f  the exper imenta l  and c o n t r o l  

s i t e s  near the  d i f f u s e r  i n  the  Gu l f  o f  Mexico and ana lys i s  o f  p o t e n t i a l  

impact a t  s e l e c t  e s t u a r i n e  s i t e s  near and i n  Calcasieu Lake. 
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8.1.4 Reporting Format 

T h i s  study i s  treated as two subunits: the marine habitat and the 

estuarine habitat .  The f i n d i n g s  for b o t h  units will  be reported i n  

three sections: species composition, species divers i ty ,  and biomass. 

Biomass w i l l  be further divided i n t o  ce l l  numbers and chlorophyll - a 

values . 
8.2 Material and Methods 

8.2.1 Field Procedures 

Monthly phy top lank ton  samples were collected a t  nine marine 

s ta t ions  and f ive  estuarine s ta t ions ,  Figure 8-1. The dates for the 

marine and estuarine cruises are presented i n  Table 8-1. Water samples 

were collected at  two levels i n  the water column, near surface and one 

meter off the bottom, at  a l l  marine s ta t ions and two of the estuarine 

s ta t ions  ( E l  and E 5 ) .  Only near surface samples were taken a t  three 

estuarine s ta t ions (E2, E3 and E4). Water samples were coilected w i t h  

a three l i t e r  Van Oorn sampler and three samples were procured a t  

each sampling level for b o t h  marine and estuarine s ta t ions.  One l i t e r  

of each sample was preserved w i t h  Lugols iodine and used for species 

ident i f icat ion and enumeration. For determination of pigments, one 

l i t e r  water samples were vacuum f i l t e r ed  a t  25 ps i ,  t h r o u g h  47 mm 

Gelman glass f i l t e r s  (GF/C) .  Each f i l t e r  was wrapped i n  a l u m i n u m  f o i l ,  

placed i n  a Petri dish and frozen. The f i l t e r s  were then transported 

t o  the laboratory and placed i n  a freezer u n t i l  processed. C T D / D O  

p rof i les  were taken at  three meter intervals  a t  a l l  s ta t ions ,  except 
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Figure8-1 Location o f  marine and estuarine sampling s i tes  in 
coastal waters o f  southwestern Louisiana. 
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Table 8-1. Sampling dates f o r  marine and e s t u a r i n e  c ru i ses .  

MARINE CRUISES ESTUARINE CRUISES 

May 21, 1981 

June 17-18, 1981 

J u l y  8, 1981 

August 13-14, 1981 

September 14-15, 1981 

October 7-8, 1981 

November 3-4, 1981 

December 3-4, 1981 

January 18-19, 1982 

February 16-17, 1982 

March 17-18, 1982 

A p r i l  26-27, 1982 
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May 13, 1982 

June 26, 1981 

J u l y  14, 1981 

August 10, 1981 

September 9, 1981 

October 1, 1981 

November 11, 1981 

December 10, 1981 

January 5, 1982 

February 10, 1982 

March 29, 1982 

A p r i l  23, 1982 
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E2, E3, and E4. A t  these s t a t i o n s  near sur face  and bottom readings 

were recorded. 

8.2.2 Laboratory  Procedures 

Water samples were analyzed i n  the  l a b o r a t o r y  fo r  ch lo rophy l l -a ,  

phaeopigments, phy top lank ton  number and dominant organisms. Pigment 

e x t r a c t i o n s  were accomplished by mechan ica l l y  g r i n d i n g  the samples and 

f i l t e r  i n  a Wheaton t e f l o n - g l a s s  t i s s u e  g r i n d e r  w i t h  two m i l l i l i t e r s  of 

c h i l l e d  90% acetone and 0.1 g o f  magnesium carbonate.  This  m ix tu re  was 

ground f o r  one minute t o  achieve complete e x t r a c t i o n .  The volume of 

t h i s  e x t r a c t  was brought t o  f i v e  m i l l i l i t e r s  w i t h  90% acetone and 

c e n t r i f u g e d  f o r  one minute.  These tubes were then a l lowed t o  reach 

room temperature i n  the  dark.  The f luorescence o f  the  supernate 

s o l u t i o n  was measured w i t h  a Turner Model #111 Flourometer equipped 

w i t h  a h igh  i n t e n s i t y  F4T-5 b lue  lamp, p h o t o m u l t i p l i e r  tube R-136 ( r e d  

s e n s i t i v e ) ,  s l i d i n g  window o r i f i c e s  o f  l x ,  3x, l o x  and 30x and f i l t e r s  

f o r  l i g h t  emiss ion (p r imary  - 430; secondary - 650 N ) .  The fo rmula  f o r  

c a l i b r a t i n g  the  Turner Fluorometer are found i n  Standard Methods (19751 

and the  procedures and pigment c a l c u l a t i o n  methods are descr ibed i n  

S t r i c k l a n d  and Parsons (1968). 

I d e n t i f i c a t i o n  o f  the organisms was aided by the works o f  Van 

I Heurck (18961, H. and * M. Pe raga l l o  (1897-19081, K o f o i d  and Swezy 

(19211, Hustedt (1930 e t .  seq.), Cupp (19431, Smith (19501, Hustedt 

(1955), Cur l  (19591, Hendey (19641, P a t r i c k  and Reimer (19661, Wood 

(19681, Saunders and Glenn (19691, S t e i d i n g e r  and Wi l l iams (19701, 
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d P a t r i c k  and Reimer (19751, Housley (19761, and Tes ter  and S te id inge r  

(1979). I n  the  l a b o r a t o r y  the  preserved one l i t e r  samples were a l lowed 

t o  s e t t l e  f o r  96 hours. A t  the  end o f  t h i s  p e r i o d  the supernate was 

siphoned leav ing  200 m l  o f  concentrate.  Each b o t t l e  was mixed by 

i n v e r t i n g  severa l  t imes and a 10 m l  a l i q u o t  was c e n t r i f u g e d  f o r  ten  

minutes a t  1000-1200 RPM i n  a Beckman Model T5-6 c e n t r i f u g e .  The 

r e s u l t a n t  p e l l e t  was resuspended i n  0.05 m l  o f  supernate and p laced 

under a 22 x 22 mm coverglass.  Organisms were examined w i t h  a L i e t z  

Dia lux-20 phase c o n t r a s t  compound microscope us ing  a 25x phaco 

o b j e c t i v e  w i t h  a 0.50 N.A. The normal procedure was t o  count a s i n g l e  

t r a n s e c t  through the center  o f  the coverg lass and two a d d i t i o n a l  

t r a n s e c t s  equ id is tance f rom the i n i t i a l  one. By knowing the area 

examined and us ing  the known volume, a c a l c u l a t i o n  o f  the number o f  

organisms per  l i t e r  was made f o r  each species.  The dominant species 

and number o f  organ sms per  l i t e r  were recorded. Th is  procedure i s  a 

mod i f i ed  method descr ibed by Campbell (1973). 

Data ana lys i s  was accomplished by the use o f  Ana lys is  o f  Variance 

(ANOVA), Duncan's New M u l t i p l e  Range Test (DMRT) and M u l t i p l e  Ana lys is  

o f  Covariance (Brunning and K i n t z ,  1977). C e l l  numbers were 

t ransformed t o  l o g l o  t o  f a c i l i t a t e  da ta  process ing and t o  normal ize 

t h e  da ta  (Sournia,  1978). Standard d e v i a t i o n s  and ranges were 

determined f o r  bo th  c e l l  numbers and ch lo rophy l l -a .  - Species d i v e r s i t y  

values were c a l c u l a t e d  us ing  the Shannon-Weaver d i v e r s i t y  fo rmula  

(Sournia,  19781. 
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Because o f  t he  v a r i a b i l i t y  found a t  s t a t i o n s  M21 and M22, i t  was 

decided t o  exclude them f rom the da ta  ana lys i s .  It i s  be l i eved  t h a t  

t h e  cause o f  t h i s  v a r i a b i l i t y  a t  these s t a t i o n s  i s  due t o  t h e i r  

l o c a t i o n  i n  d i f f e r e n t  hydrographic reg ions f rom the o the r  s tudy 

s t a t i o n s .  The s t a t i o n s  se lec ted  f o r  the purposes o f  da ta  a n a l y s i s  are 

b a s i c a l l y  l oca ted  on the along-shore t r a n s e c t .  I t  was thought t h a t  

these s t a t i o n s  (M3, M18, MlOA,  DN, DE, DW and DS) were more s u i t a b l e  

f o r  comparison s ince  they  are a l l  near the 10 meter isobath.  A matched 

s i t e  s tudy design us jng M3 and M18 as c o n t r o l  s i t e s  was the i n t e n t  of 

t h i s  i n v e s t i g a t i o n ,  however the da ta  a n a l y s i s  c u r t a i  l e d  the development 

o f  t h i s  concept. 

Two a n a l y t i c a l  approaches were used f o r  da ta  ana lys i s .  F i r s t ,  

comparisons were made on a monthly regime us ing  an ANOVA f o l l o w e d  by a 

Duncan's t e s t  when deemed approp r ia te .  A l l  Duncan's t e s t  were run  w i t h  

a p r o t e c t i o n  l e v e l  o f  0.05. Because the near bottom community i s  more 

l i k e l y  t o  be s u b j e c t  t o  the e f f e c t  o f  the b r i n e  plume, the  surface and 

bottom samples f o r  each month were separated f o r  ana lys i s .  Second, 

comparisons were made f o r  t h r e e  v a r i a b l e s  ( c ru i ses ,  s t a t i o n s ,  and 

s a l i n i t i e s )  by M u l t i p l e  Analys is  o f  Covariance. This  mathematical 

model prov ided a n a l y s i s  o f  s t a t i o n  d i f f e r e n c e s  over t ime whi l e  

a d j u s t i n g  f o r  the s a l i n i t y  v a r i a b l e .  

8.3 Resul ts  

8.3.1 Marine 
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8.3.1.1 Spec i e s I: onip o < i t i on 

There were 144 taxa  o f  phytoplankton i d e n t i f i e d  d u r i n g  t h i s  study. 

F o r t y - f o u r  (44) genera, one hundred (100) species and two v a r i e t i e s  of 

diatoms were i d e n t i f i e d .  Ten (10) genera, twenty-one (21) species and 

two v a r i e t i e s  o f  d i n o f l a g e l l a t e s  were i d e n t i f i e d .  Among the minor 

members o f  the assemblage, two cryptophytes,  two euglenoids,  e i g h t  

greens, f o u r  blue-green, one chrysophyte and one s i  l i c o f  l a g e l  l a t e  were 

i d e n t i f i e d .  Diatoms dominated the phytoplankton f o r  most o f  the year 

w i t h  s u b s t a n t i a l  popu la t i ons  o f  d i n o f  l a g e l  l a t e s  and m i c r o f  l a g e l  l a t e s  

o c c u r r i n g  i n  the  l a t e  s p r i n g  and summer months. The major diatoms were 

Skeletonema costatum, C e r a t a u l i n a  pe laq i ca ,  A s t e r i o n e l l a  g l a c i a l i s ,  

Lep tocy l i nd rus  danicus, Hemaulis s i n e s i s  and Rh izoso len ia  f r a g i l i s s m a .  

Species o f  N i t z s c h i a ,  Chaetoceros and Rh izoso len ia  formed impor tant  

secondary assoc ia t i ons .  The d i n o f  l a g e l l a t e  community was dominated by 

species o f  Prorocentrum, n o t a b l y  - P. compressum, Ceratium, and 

Dinophysis.  It i s  o f  i n t e r e s t  t o  note t h a t  f i v e  species o f  red  t i d e  

organisms were found. These are Prorocentrum minimum, Glenodinum 

splendens, N o c t i l u c a  m i l a r i s ,  O s c i l l a t o r i a  e r y t h r a e a  and Gonyaulax 

moni la ta.  A bloom o f  - G. m o n i l a t a  

occurred i n  the l a t e  summer and e a r l y  f a l l  o f  1981. This  i s  unusual 

s ince  t h i s  organism i s  r a r e l y  r e p o r t e d  i n  o f f s h o r e  waters. 

Only Gonyaulax i s  known t o  be t o x i c .  

I n  general  the species composi t ion o f  the phytoplankton was 

t y p i c a l  of assemblages found i n  c o a s t a l  waters o f  the Gu l f  o f  Mexico. 

A systemat ic l i s t  o f  a l l  species i d e n t i f i e d  i n  t h i s  s tudy i s  presented 

i n  Table 8-2. 



Table 8-2. Systematic list of phytoplankton species found in the 
marine and estuarine study areas. 

Cyanop hyt a 

Osci 1 latori aceae 

P yrr op hyt a 

Prorocen traceae 

Gymnodi n i aceae 

Nocti lucaceae 

Dinophysi aceae 

Peridinaceae 

Gonyau 1 ace ae 

Cerat i aceae 

Pyrop hacace ae 

Microcoleus lynqbyacea 
Osci 1 latoria erythraea 
Schizothrix arenaria 
SDirulina subsalsa 

Prorocentrum 
P. aracile ~~ - 
P. minimum - 

compressum 

Glenodinium splendens 
Gymnodinium sp. 
Gyrodinium sp. 

Noctiluca milaris 

Dinophysis caudata 
- D. caudata var. acuminiformis 
D. ovum 

Peridinum sp. 
Oxytoxum milneri 
0. scolopax 

- -  

- 
Gonyaulax polyqramma 
- G. monilata 
Gonyau 1 ax sp. 

Ceratium furca 
c. fusus 
- C. massi liense 
- C. trichoceros 

- -  

C. tripos 
- C. tripos var. atlanticum 
- 

Pyrophacus horologium 
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Table 8-2. cont inued 

Chlorophyta 

Chl amydomonadaceae 

Pedi nomonad ace ae 

Pyramimonaceae 

Tetraselmiaceae 

Oocyst aceae 

S cen ed esmace ae 

E ug 1 enop h y t  a 

E ug 1 en aceae 

Cryptophyta 

Cryp t o p  hys i d aceae 

C hrysophyt  a 

C hrysop hyceae 

D i c t yoc h ac e ae 

Tha 1 a s s i  os i r aceae 

Chlamydomonas sp. 

Heteromast ix  p y r i f o r m i s  

Pyramimonas sp. 

Te t rase lmis  sp. 

Ankistrodesmus f a l c a t a  
Oocys t is  sp. 

Scenedesmus sp. 

Euqlena sp. 
E u t r e p i a  sp. 

Chroomonas sp. 
Cryptomonas sp. 

Calycomonas o v a l i s  

Dic tyocha f i b u l a  

C y c l o t e l l a  atornus 
C. k u t z i n q i a n a  
C. s t r i a t a  
- 
Lauder ia  b o r e a l i s  
Ske letonema costatum 
S. t roDicum .~ . - 
T h a l a s s i o s i r a  dec ip iens  
T. SFav i d a 
? 

T. s u b t i l i s  . -  - - T. excen t r i cus  
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Table 8-2. cont inued 

Me 10s i r aceae 

Cosci nod i  scaceae 

Hemi d i  scaceae 

He1 i ope1 taceae 

R h i zos o 1 en i zce ae 

B i dd u 1 p h i ace ae 

Corethron c r i o p h i l u m  
L e p t o c y l i n i d r u s  danicus 
- L. minimus 
M e l o s i r a  d i s t a n s  
- M. g r a n u l a t a  
M. m o n i l i f o r m i s  - 
Stephanopyxis pa lmer iana 

Coscinodiscus 
C. g r a n i i  
- C. l i n e a t u s  
C. r a d i a t u s  
- C. r o t h i i  
C. wai l e s i  i 
Coscinodiscus 

- 

- 

- 

c e n t r a l  i s  

SP. 

Palmeri  ana hardmani anus 

Act inoptychus senar ius 

Dac t v 1 i os0 1 en an t  a r c t  i c :us - 

i ma - 

- R. cas t racane i  
- R. f r a g i l i s s i m a  
- R. i m b r i c a t a  
- R. robus ta  
- R. s e t i q e r a  
- R. s t o l t e r f o t h i i  

B i  ddu l p  h i a a1 ternans 
B. a u r i t a  - 
- 6. mobi l i e n s i s  
- B. s i n e s i s  
Campylosira cymbe l l i f o rm is  
Ceratau 1 i na pe 1 ag ica  
EucamPia cornu ta  
- E. zoodiacus 
Hemiaulus h a u c k i i  
- H. membranaceus 
- H. s inens is  

Q 
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crs Table 8-2. con t inued 

C h ae t ocer  ace ae 

L i  thodesmiaceae 

D i  atomaceae 

Ac hnan t haceae 

Naviculaceae 

Bac te r ias t rum d e l i c a t u l u m  
- 6. va r ians  
Chaetoceros a f f i n e  
e 
L. - 
- C. 
- C. 

- C. 
C. 

C. 
C. 
C. 

C. 
C. 

- 

- 
- 
- 
- C. 
- 
- 

breve 
coarctatum 
compressum 
curv ise tum 
danicum 
d i dymum 
l o r e n z i  anum 
p e r u v i  anum 
soc i  a l e  
s u b t i  l i s  
t o r t i ss imum 

Be l le rochea mal leus 
D i t y l u m  b r i q h w e l l i  
Lithodesmium undulatum 
StreDtotheca thamesis 

A s t e r i o n e l l a  g l a c i a l i s  
Grammatophora marina 
Licmophora abbrev ia ta  
Synedra sp. 
Thalassionema n i t z s c h i o i d e s  
T h a l a s s i o t h r i x  f r a u e n f e l d i i  
- T. lonq iss ima 
- T. medi ter ranea var.  p a c i f i c a  

Achnanthes brev ipes  
- A. longipes 

Amphiprora a l a t a  
Amphiprora sp. 
Anomoeoneis SD. . ~ _ _  - 

D ip  l o n e i  s smi t h i  i 
Gyrosigma b a l t i c u m  
D. w e i s s f l o g i i  - 
Nav icu la  abunda 
N. d i s t a n s  

.~ - 
Nav icu la  sp. 
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Table 8-2. continued 

Nitzchiaceae 

Surirel laceae 

P haeophyt a 

Sarg as s aceae 

Rhodophyta 

R hodome 1 aceae 

Pleurosigma anqulatum 
- P. formosum 
- P. normanii 
Pleurosigma sp. 
Stauroneis membranacea 

Bacillaria paxillifer 
Cylindrotheca gracilis 
Cymatonitzschia marina 
Nitzschia closterium 
- N. lonqissima 
- N. panduriformis 
N. Dunaens var. atlantica 
- N. seriata 
- N.. siqma 
- N. subfraudulenta 

Surirella fastuosa 

Sarqassium natans 

Polysiphonia sp. 
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8.3.1.2 Temporal D i s t r i b u t i o n  of Phytoplankton 

Temporal da ta  o f  species blooms revea led  severa l  major t rends.  

The diatoms tend t o  dominate i n  the  spr ing ,  f a l l  and w i n t e r ,  w h i l e  the 

blue-greens and d i n o f  l a g e l  l a t e s  are more prominant i n  the summer 

months. These t rends  are c o r r e l a t e d  w i t h  seasonal water temperature 

(F igu re  8-21. 

A l l  o f  the dominant diatoms occurred throughout  the year.  Three 

o f  the dominants, Rh izoso len ia  f r a g i l i s s i m a ,  Hemaulis s ines i s ,  and 

Lep tocy l i nd rus  danicus,  bloomed i n  the  f a l l  and w i n t e r  months. 

Skeletonema costatum, Cera tau l i na  p e l a g i c a  and A s t e r i o n e l  l a  g l a c i a l i s  

had impor tan t  popu la t i on  increases i n  the s p r i n g  and w i n t e r  months 

(F igu re  8-3).  The popu la t i on  graph ic  (F igu re  8-3) features two events 

o f  i n t e r e s t .  F i r s t  the summer blooms o f  Skeletonema and Cera tau l i na ,  

and secondly the popu la t i on  depression o f  a l l  t h ree  species dur ing  

February,  1982. These two events are p robab ly  the r e s u l t  o f  f reshwater  

i n t r u s i o n ,  f rom land r u n o f f ,  i n t o  the s tudy area (F igu re  8-41 and the  

accompanying pulses o f  n i t r a t e  (NO3) concent ra t ions  i n  the  s tudy area 

(F igu re  8-5). Measurements o f  o ther  n u t r i e n t s  e.g. n i t r i t e ,  NO2, 

(F igu re  8-61, ammonia, NH3, (F igu re  8-71, and phosphates, PO4, 

(F igu re  8-8) would i n d i c a t e  t h a t  the s tudy  area i s  a n i t r a t e - n i t r o g e n  

dependent system. The dominant d ino f  l a g e l  l a t e s  are species of 

Prorocentrum and these are present  throughout  t h e  year .  The occurrance 

o f  - 0. e ry th raea  and - G. mon i l a ta  d u r i n g  the summer months has been 

p r e v i o u s l y  descr ibed by Maples e t  a l .  (1982). En v i r onme n t a 1 
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cond i t i ons  p r i o r  t o  these blooms were: low r a i n f a l l ,  s t r a t i f i e d  water 

column, low n i t r a t e -  n i t r o g e n  (2.0-3.0 p g  a t .  L-'), h i g h  water 

temperature (29-3OoC), h i g h  s a l i n i t y  (30-32 O/oo), and bas ic  pH 

(8.0). The seasonal d i s t r i b u t i o n  o f  phy top lank ton  i s  c h a r a c t e r i ' s t i c  o f  

near shore temperate and s u b t r o p i c a l  marine ecosystems. A l l  o f  the  

unusual events (blooms) can be exp la ined w i t h i n  the framework o f  the 

env i ronmenta l  parameters associated w i t h  such occurrances. 

8.3.1.3 Species D i v e r s i t y  Values 

Reports o f  species d i v e r s i t y  values f o r  marine phytoplankton are 

n o t  common. Housley (1976) r e p o r t e d  a Marga le f ' s  species r i chness  

index f o r  h i s  s tudy on Bay S t .  Louis,  M i s s i s s i p p i  and the  M i s s i s s i p p i  

R i v e r  d e l t a  reg ion  o f  the  Gulf o f  Mexico. Br iand (1975) c a l c u l a t e d  

Shannon-Weaver d i v e r s i t y  values f o r  a phy top lank ton  community i n  

c o a s t a l  waters of C a l i f o r n i a .  S u l l i v a n  (1978) repo r ted  a Shannon- 

Weaver i n f o r m a t i o n  index f o r  the  d ia tom community i n  a s a l t  marsh under 

t i d a l  i n f l u e n c e  i n  coas ta l  M i s s i s s i p p i .  

Species d i v e r s i t y  values f o r  t h i s  s tudy were c a l c u l a t e d  us ing  the  

Shannon-Weaver formula.  These values ranged from 0.25 t o  3.5 d u r i n g  

t h e  study. The d i s t r i b u t i o n  o f  these values showed no d r a s t i c  

v a r i a t i o n  throughout  most o f  the  s tudy pe r iod ,  F igure  8-9. 

8.1.3.4 Biomass 

Biomass values were determined by two methods: 1) d i r e c t  c e l l  

counts and 2 )  c h l o r o p h y l l  - a measurements. C e l l  counts i n  t h i s  study 

r e f e r  t o  morphologica l  u n i t s ,  i .e.  d i s t i n c t i o n  was n o t  made between 
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single c e l l s ,  colonies, or trichomes. Cell t o t a l s  ranged from 3000 t o  

600,000 ce l l s  per l i t e r  for  t h i s  study. As mentioned e a r l i e r  i n  t h i s  

report ,  the ce l l  t o t a l s  were transformed t o  a loglo base t o  

f a c i l i t a t e  data analysis. The seasonal dis t r ibut ion of the mean for 

loglo ce l l  t o t a l s  by s ta t ions and depth are presented i n  Table 8-3. 

Counts were generally higher i n  the winter months, however large spring 

and f a l l  blooms occurred, Figure 8-10. I t  should be noted that  i n  the 

winter months the diatoms were the prevalent species. 

In general, the ce l l  counts for  the study area compare favorably 

w i t h  others reported for coastal areas of the G u l f  of Mexico, although 

there i s  a tendency for some species, e.g. Rhizosolenia a l a t a ,  t o  be 

less dense than reported elsewhere. 

A n  analysis of variance was performed for the ce l l  t o t a l s  

( loglo) per l i t e r  for b o t h  the surface and bottom marine s ta t ions 

by monthly cruise.  For the surface s ta t ions i t  was f o u n d  that  i n  a l l  

b u t  two m o n t h s ,  July and September, there were s ignif icant  (a < .05) 

differences between s ta t ions ,  Tables 8-4 through 8-15. For the bottom 

stat ions i t  was found t h a t  in a l l  b u t  one m o n t h ,  July, there were 

s ignif icant  (0: < .05) differences between s ta t ions ,  Tables 8-4 through 

8-15. A multiple comparison of means was performed us ing  Duncan's New 

Multiple Range Test ( D M R T )  fo r  those cruises h a v i n g  s ignif icant  ANOVA's 

for ce l l  t o t a l s  ( loglo) .  The resu l t s  of the DMRT's are presented 

i n  Tables 8-4 t h r o u g h  8-15. 
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T&le 8-3. Distribution of means for c e l l  tota1s.L-I (loglo) 
by stat im, depth and date o f  co l lect im i n  coastal waters 
of  southwestern Louisiana. 

DATE I wTH( M3 MlO M18 DE IN DN E 
WY 81 *s 2.8084 2.9474 3.1780 2.6198 2.5978. 2.7561 3.4583 

JUY 81 

JUL 81 

PIG81 

SEP 81 

OCT 81 

NOV 81 

DEC 81 

JpN82 

FEB82 

M P R @  

Am82 

*“B 

S 
B 

S 
B 

S 
B 

. s  
B 

S 
B 

S 
B 

S 
B 

S 
B 

S 
B 

S 
B 

S 
B 

3.0449 

3.1170 
2.9798 

3.0706 
3.0331 

3.4590 
3.4819 

3.7277 
3.5685 

3.3391 
2.9170 

3.4072 
3.1480 

2.6806 
2.7784 

3.6933 
3.9233 

3.2820 
3.1936 

3.4505 
3.1227 

3.6102 
3.4374 

3.1608 

3.0644 
2.8125 

3.1936 
3.4274 

3.40% 
3.2831 

3.8230 
3.0848 

3.1223 
3.3367 

3.1421 
3.1623 

2.8638 
2.9542 

4.11a 
4.0570 

3.1421 
3.1145 

3.5074 
3.1348 

3.769 
3.8865 

3.5155 

3.0125 
2.8831 

3.1803 
2.8590 

3.1885 
3.0908 

4.1456 
3.7l48 

3.5127 
3.3356 

3.4654 
3.5571 

2.7736 
2.8345 

3.9978 
4.0105 

3.6630 
3.6974 

3.4279 
3.3441 

3.7441 
3.7336 

. 

*s=swlface 
** B = Battan 

8-26 

2.9181 

2.7602 
2.6578 

3.1616 
3.1530 

3.2326 
3.3661 

3.6758 
3.2878 

3.0970 
3.3994 

3.4458 
3.4178 

2.7273 
2.8431 

3.3653 
3.6759 

3.5626 
3.2505 

3.8114 
3.4412 

3.4115 
3.6694 

2.5648 

3.2991 
2.8236 

3.0973 
3.2947 

3.4453 
3.3294 

3.8579 
3.2574 

3. W17 
3.5460 

3.3232 
3.5239 

2.8622 
2.8405 

3.9187 
4.0415 

3.4033 
2.3916 

3.3941 
3.3921 

3.1994 
3.4570 

3.0578 3.2183 

3.4101 3.0824 
2.6903 2.7002 

3.2708 2.9903 
3.1212 3.5986 

3 . m  3.3293 
3.3986 3.17% 

4.0963 4.1123 
32036 3.4104 

3.0938 3.2324 
3.2849 3.3748 

3.4020 3.3961 
3.2849 3.3701 

2.9107 2.7569 
2.8100 2~5999 

3.9566 4.0481 
4.0528 4.1139 

3.1499 3.3570 
3.2478 3.3493 

3.2475 3.6795 
3.5969 3.1622 

3.4554 3.5830 
3.4967 3.6395 
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Fiaure  8-10. Seasonal d i s t r i b u t i o n  of means w i t h  ranges and one s tandard  
devia t ion  f o r  c e l l  t o t a l s  .L '1  ( l o g  a t  a l l  marine s u r f a c e  
and bottom s t a t i o n s .  



Table 8-4. ANOVA f o r  c e l l  t o t a l s  ( l o g l o )  pe r  l i t e r  among marine 
s t a t i o n s ,  May 1981. 
New M u l t i p l e ,  Range Test  (DMRT) are presented. 

For s i g n i f i c a n t  (*I  ANOVA's, Duncan's 

Source o f  v a r i a t i o n  

SURFACE 
Among s t  a t  i ons 
W i t h i n  s t a t i o n s  

d f  ss MS FS 

6 1.902 0.317 25.005" 
14 0.177 0.126 

T o t a l s  20 2.079 

F.05 (6,14) = 2.85 

DMRT r e s u l t s :  
S t a t i o n s  DS M18 M10 DW DN M3 DE 
Means 4.460 4.377 4.104 3.815 3.807 3.762 3.624 

Source o f  v a r i a t i o n  

BOTTOM 
Among s t a t i o n s  6 1.602 0.267 12.427* 
W i t h i n  s t a t i o n s  14 0.300 0.215 

- 
T o t a l s  20 1.902 

F.05 (6,141 = 2.85 

DMRT r e s u l t s :  
S t a t i o n s  M18 DS M10 M3 DN DE DW 
Means 4.650 4.419 4.284 4.216 4.094 3.981 3.734 

Q 
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Table 8-5. ANOVA for cell totals ( l o g l o )  per liter among marine 
stations, June 1981. For significant (*) ANOVA's, Duncan's 
New Multiple Range Test (DMRT) are presented. 

Source of variation 

S UR F AC E 
Among stations 
Within stations 

df ss MS - F S  

6 0.415 0.669 7.821* 
14 0.124 0.009 
- Totals 20 0.539 

F.05 (6,141 = 2.85 

DMRT results: 
Stat ions DN DW M10 *M18 M3 DS DE 
Means 4.300 4.279 4.202 4.075 4.031 4.004 3.894 

Source of variation 

BOTTOM 
Among stations 
Within stations 

6 0.269 0.045 4.634* 
1 4  0.135 0,010 
- 

Totals 20 0.404 

F.05 (6,141 = 2.85 

DMRT resu 1 ts : 
Stat ions M3 M10 DS DN M18 DE DW 
Means 3.852 3.773 3.748 3.683 3.669 3.531 3.623 
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Table 8-6. ANOVA f o r  c e l l  t o t a l s  ( 1 0 g l Q )  p e r  l i t e r  among mar ine 
s t a t i o n s ,  J u l y  1981. 
New M u l t i p l e  Range Tes t  (DMRT) are  presented.  

For s i g n i f i c a n t  ( * 1  ANOVA's, Duncan's 

Source o f  v a r i a t i o n  

S UR F AC E 
Among s t a t i o n s  
W i t h i n  s t a t i o n s  

T o t a l s  

Source o f  v a r i a t i o n  

BOTTOM 
Among s t a t i o n s  
W i t h i n  s t a t i o n s  

T o t a l s  

ss MS FS d f  

6 0.439 0.073 2.6205 
14 0.391 0.028 
- 

20 0.830 

F.05 (6,141 = 2.85 

6 0.303 0.051 1.443 
14 0.490 0.035 
- 

20 0.793 

F.05 (6,141 = 2.85 
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Table 8-7. ANOVA f o r  c e l l  t o t a l s  ( l o g l o )  pe r  l i t e r  among marine 
s t a t i o n s ,  August 1981. 
New M u l t i p l e  Range Test (DMRT) are presented. 

For s i g n i f i c a n t  ( * )  ANOVA's, Duncan's 

ss - Source o f  v a r i a t i o n  d f  

SURFACE 
Among s t a t  i ons 
W i t h i n  s t a t i o n s  

6 0.285 
1 4  0.071 
- 

T o t a l s  20 0.356 

F.05 (6,141 = 2.85 

DMRT r e s u l t s :  
S t a t i o n s  M 3  DN M10 DE M18 
Means 4.740 4.635 4.572 4.485 4.480 

MS - 

0.048 
0.005 

DW 
4.436 

FS 

9.330* 

DS 
4.373 

Source o f  v a r i a t i o n  

BOTTOM 
Among s t a t i o n s  
W i t h i n  s t a t i o n s  

T o t a l s  

6 
14 

0.564 0.094 34.488* 
0.038 0.003 

- 
20 0.602 

F.05 (6,141 = 2.85 

DMRT results: 
S t a t i o n s  
Means 4.639 4.469 4.425 4.357 4.290 4.184 4.119 

M3 DW DE DN M10 DS M18 
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Table 8-8. ANOVA f o r  c e l l  t o t a l s  ( l o g 1  1 p e r  l i t e r  among marine 

New M u l t i p l e  Range Test  (DMRT) are presented. 
s ta t i ons ,  September 1981. P o r  s i g n i f i c a n t  ("1 ANOVA's, Duncan's 

J 

- MS FS Source o f  v a r i a t i o n  d f  ss 
S UR F AC E 

Among s t a t i o n s  
W i t h i n  s t a t i o n s  

6 0.079 0.013 0.937 
14 0.197 0.014 
- 

T o t a l s  20 0.276 

F.05 (6,141 = 2.85 

Source o f  v a r i a t i o n  

BOTTOM 
Among s t a t i o n s  
W i t h i n  s t a t i o n s  

6 1.080 0.180 9.108* 
14 0.277 0.020 

T o t a l s  20 m 
F.05 (6,141 = 2.85 

DMRT r e s u l t s :  
S t a t  i o n s  M18 DE M3 DS DN DW M10 
Means 4.544 4.221 4.212 4.183 4.098 3.915 3.778 
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Table 8-9. ANOVA f o r  c e l l  t o t a l s  ( log101 pe r  l i t e r  among marine 
s t a t i o n s ,  October 1981. 
New M u l t i p l e  Range Test (DMRT) are presented. 

For s i g n i f i c a n t  ("1 ANOVA's, Duncan's GIPS 

T o t a l s  

DMRT resu 1 t s :  
S t a t  ions  M18 
Means 4.434 

d f  ss MS FS 

- 
0.370 20 

F.05 (6,141 = 2.85 

DW M3 DS DE DN M10 
4.294 4.250 4.232 4.141 4.097 4.072 

Source o f  v a r i a t i o n  

S UR FACE 
Among s t a t i o n s  
W i t h i n  s t a t i o n s  

6 0.286 0.048 7.931* 
14 0.084 0.006 

Source o f  v a r i a t i o n  

BOTTOM 
Among s t a t i o n s  6 1.178 0.196 
Wi th in  s t a t i o n s  14 0.242 0.017 

11.345* 

- 
T o t a l s  20 1.420 

F.05 (6,141 = 2.85 

DMRT r e s u l t s :  
S t a t i o n s  DW DE M10 M18 DS DN M3 
Means 4.319 4.316 4.276 4.080 4.031 3.980 3.601 
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Table 8-10. ANOVA f o r  c e l l  t o t a l s  ( l o g  01 pe r  l i t e r  among marine 
s t a t i o n s ,  November 1981. 
New M u l t i p l e  Range Test (DMRT) are presented. 

For s i g n i f i c a n t  (*I  ANOVA's, Duncan's 

Source o f  v a r i a t i o n  

S UR F AC E 
Among s t a t i o n s  
Wi th in  s t a t i o n s  

T o t a l s  

d f  - 

6 
14 

ss - MS F S  

0.287 0.048 3.517" 
0.190 0.014 

- 
20 0.477 

F.05 (6,141 = 2.85 

M10 
DMRT r e s u l t s :  
S t a t  i ons 
Means 

DE M18 DS M3 DN DW 
4.491 4.483 4.398 4.385 4.255 4.204 4.194 

Source o f  v a r i a t i o n  

BOTTOM 
Among s t a t i o n s  
W i t h i n  s t a t i o n s  

T o t a l s  

6 
14 

0.479 0.080 16.865* 
0.066 0.005 

- 
20 0.545 

F.05 (6,141 = 2.85 

DMRT r e s u l t s :  
S t a t  i ons 
Means 4.443 4.425 4.412 4.400 4.348 4.087 4.067 

M18 DW DN DS DE M3 MI0 

n 
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Table 8-11. ANOVA f o r  c e l l  t o t a l s  ( l o g  0) pe r  
s t a t i o n s ,  December 1981. For s i g n  
New M u l t i p l e  Range Test (DMRT) are 

crs 
Source o f  v a r i a t i o n  

' SURFACE 
Among s t a t i o n s  
W i t h i n  s t a t i o n s  

i t e r  among marine 
f i c a n t  (*) ANOVA's, Duncan's 
presented. 

d f  - ss - MS 

6 0.454 0.076 
14 0.073 0.005 

0.527 - 
T o t a l s  20 

F.05 (6,141 = 2.85 

DMRT r e s u l t s :  
S t a t i o n s  DN M10 DE M18 DW DS 
Means 4.211 3.988 3.956 3.906 3.893 3.866 

Source o f  v a r i a t i o n  

BOTTOM 
Among s t  a t  i ons 
W i t h i n  s t a t i o n s  

6 0.777 0.129 
14 0.050 0.004 
- 

T o t a l s  20 0.827 

F.05 (6,141 = 2.85 

DMRT r e s u l t s :  
S t a t i o n s  M18 DN M10 DE DW M3 
Means 4.372 46111 4.105 4.064 4.016 3.930 

F S  

14.469* 

M3 
3.681 

36.476" 

DS 
3.684 
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Table 8-12. ANOVA f o r  c e l l  t o t a l s  ( l o g l o )  per  l i t e r  among marine 
s t a t i o n s ,  January 1982. For s i g n i f i c a n t  (*)  ANOVA's, Duncan's 
New M u l t i p l e  Range Test  (DMRT) are presented. 

Source o f  v a r i a t i o n  d f  ss MS 

SURFACE 
Among s t a t i o n s  6 1.952 0.325 
Wi th in  s t a t i o n s  14 0.099 0.007 

2.051 - 
T o t a l s  20 

F.05 (6,141 = 2.85 

DMRT r e s u l t s :  
S t a t i o n s  M10 DS M18 DW DN M3 
Means 5.092 4.979 4.923 4.715 4.621 4.550 

Source of v a r i a t i o n  

BOTTOM 
Among s t a t i o n s  
W i t h i n  s t a t i o n s  

6 1.274 0.212 
14 0.042 0.003 

1.316 - 
T o t a l s  20 

F.05 (6,141 = 2.85 

DMRT resu  1 t s :  
S t a t i o n s  DS M10 DW DN M3 M18 
Means 5.194 5.127 5.031 4.975 4.842 4.841 

FS 

45.942* 

DE 
4.115 

70.461* 

DE 
4.392 

8-36 



Table 8-13. ANOVA f o r  c e l l  t o t a l s  ( l o g  0) per  l i t e r  among marine 
s t a t i o n s ,  February 1982. 
New M u l t i p l e  Range Test (DMRT) are presented. 

For s i g n i f i c a n t  ( * I  ANOVA's, Dun Grs 

Source o f  v a r i a t i o n  

S UR F AC E 
Among s t a t i o n s  
W i t h i n  s t a t i o n s  

T o t a l s  

DMRT r e s u l t s :  
S t a t  i o n s  M18 DE 
Means 4.767 4.751 

Source o f  v a r i a t i o n  

BOTTOM 
Among s t a t i o n s  
W i t h i n  s t a t i o n s  

T o t a l s  

DMRT r e s u l t s :  
S t a t i o n s  M18 M3 
Means 4.976 4.415 

d f  ss MS - F S  

6 1.471 0.245 42.886* 
14 0.080 0.006 

1.55 - 
20 

F.05 (6,141 = 2.85 

M3 M10 DW DS DN 
4.563 4.347 4.283 4.154 4.038 

6 1.550 0.258 17.099* 
14 0.212 0.015 
- 

20 1.762 
F.05 (6,14) = 2.85 

DS DE DN DW M10 
4.311 4.280 4.278 4.236 4.038 
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Table 8-14. ANOVA f o r  c e l l  t o t a l s  ( log101 pe r  l i t e r  among marine 
s t a t i o n s ,  March 1982. For s i g n i f i c a n t  ( *1  ANOVA's, Duncan's 
New M u l t i p l e  Range Test  (DMRT) are presented. 

Source o f  v a r i a t i o n  d f  ss MS 

SURFACE 
Among s t  a t  i ons 
Wi th in  s t a t i o n s  

6 1.094 0.182 
14 0.210 0.015 
- 

T o t a l s  20 1.304 
F.05 (6,141 = 2.85 

DMRT r e s u l t s :  
S t a t  i o n s  DE M10 M3 DW DS M18 
Means 5.085 4.692 4.687 4.590 4.583 4.535 

Source o f  v a r i a t i o n  

BOTTOM 
Among s t a t i o n s  
W i t h i n  s t a t i o n s  

T o t a l s  

DMRT r e s u l t s :  
S t a t i o n s  M18 DE 
Means 4.615 4.535 

6 1.248 
14 0.015 

1.263 20 
- 

F.05 (6,141 = 2.85 

DS DW DN 
4.440 4.422 4.214 

0.208 
0,001 

M3 
4.030 

F S  

12.123* 

DN 
4.258 

190.566* 

M10 
3.915 
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Table 8-15. ANOVA for cell totals (loglo) per liter among marine 
stations, April 1982. For significant (*) ANOVA's, Duncan's 
New Multiple Range Test (DMRT) are presented. 

d 

Source of variation - - MS F S  ss - d f  

S UR F AC E 
Among stations 
Within stations 

6 
14 

0.688 0.115 16.795* 
0.096 0.007 

Totals 20 0.784 
F.05 (6,141 = 2.85 

DMRT results: 
Stat ions DS M18 M10 DE M3 DN DW 
Means 4.764 4.649 4.630 4.514 4.419 4.357 4.195 

Source o f  variation 

BOTTOM 
Among stations 6 1.228 0.205 5.0809* 
Within stations 14 0.564 0.045 

Totals 20 1.192 
F.05 (6,141 = 2.85 

DMRT results: 
Stations DE DS M 1 8  DN M10 DW M3 
Means 5.136 4.863 4.798 4.680 4.643 4.612 4.284 
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It was the intent of the experimental design to apply ANOVA's  in 0 
combination with DMRT's  on a matched station study grid to monitor 

brine impact on the phytoplankton community. Stations M3 and M 1 8  were 

selected to serve as control sites, station M l O A  as the treatment site, 

and stations DN, DE, DW and DS possibly showing disturbance depending 

upon current directions and plume characteristic. Examination of the 

results of the DMRT's  shows that the mean of the treatment site ( M l O A )  

is significantly different from the control sites (M3 or M 1 8 )  in only 

four months for the surface stations and six months at the bottom 

stations. There are three possible interpretations of these results. 

First, the experimental model is only sensitive to potential impact for 

short term studies, e.g. a monthly regime, and may lose its sensitivity 

in long term studies. This interpretation may be possible if one 

supports the concept that new populations of phytoplankton are 

presented to the experimental model each month, due to seasonal 

oscillations, and that these new populations have different 

interactions with the environmental parameters encountered. This 

interpretation may be tested by a long term study which bridges 

seasonal oscillations of phytoplankton species over several years. 

Second, the effect of brine discharge into the study area is greater 

than anticipated by the experimental model, and third, the magnitude of 

the seasonal biological and environmental variability within each 

station is larger than the variability between stations. The second 

interpretation can be tested by modifying the experimental design so 

A 
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t h a t  the c o n t r o l  s i t e s ,  are p laced a t  a g r e a t e r  d i s t a n c e  (e.g. M1 and 

M20) f rom the t reatment  s i t e  ( M l O A ) .  The t h i r d  i n t e r p r e t a t i o n  can be 

t e s t e d  by a p p l i c a t i o n  o f  a M u l t i p l e  Analys is  o f  Covariance. An 

a n a l y s i s  o f  covar iance f o r  c e l l  t o t a l s  ( log10)  f rom b o t h  the 

su r face  and bottom s t a t i o n s  i n  the s tudy area was performed. The 

r e s u l t s  are presented i n  Tables 8-16 and 8-17. The F s t a t i s t i c  f o r  

between s t a t i o n s  i n  both su r face  and bottom samples was n o t  s i g n i f i c a n t  

( a  > .05). The o n l y  s i g n i f i c a n t  values ( a < .05) f o r  both su r face  and 

bottom s t a t i o n s  were between cru isFs.  This  i s  n o t  unexpected because 

o f  observed seasonal d i f f e r e n c e s  i n  seve ra l  environmental  parameters , 

e.g. temperature (F igu re  8-21 and s a l i n i t y  (F igu re  8-4), and the , 

s e a s o n a l i t y  o f  the phytoplankton, F igu re  8-3. Therefore,  the t h i r d  

i n t e r p r e t a t i o n  appears t o  be a v i a b l e  explanat ion,  b u t  the f i r s t  and 

second remain t o  be tested.  

The second method o f  examining biomass i s  by phaeopigment 

c o r r e c t e d  c h l o r o p h y l l  - a measurements. C h l o r o p h y l l  - a values were 

determined us ing  t h e  -- i n  v i t r o  f l u o r o m e t r i c  technique descr ibed e a r l i e r  

(see Methods s e c t i o n  o f  t h i s  chapter) .  Measurements of biomass by 

pigment a n a l y s i s  are cons ide rab ly  l ess  s u s c e p t i b l e  t o  the subsampling 

and human e r r o r  assoc iated w i t h  the more d i r e c t  c e l l  count method. It 

should be noted t h a t  n e i t h e r  o f  the two methods can account f o r  t h e  

i n h e r i t  e r r o r  o f  d i f f e r e n t i a l  c e l l  volumes and v a r i a b l e  pho tosyn the t i c  

e f f i c i e n c y .  Therefore,  biomass cannot be construed t o  imp ly  
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Table 8-16. Analys is  o f  covar iance f o r  c e l l  t o t a l s  ( log10)  i n  
sur face  samples f rom marine s t a t i o n s .  

SUM OF DEGREES OF MEAN F 
SOURCE SQUARES FREEDOM SQUARE 

Me an 941.3508 1 941.3508 26704.7578 
Cru i  ses 8.8726 11 0.8066 22.8820* 
S t a t  ions  0.3391 6 0.0565 1.6032 
Cruises & S ta t i ons  2.3265 66 0.0353 

Q 

* S i g n i f i c a n t  ( a <  ,051 
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Table 8-17. Ana lys is  o f  covar iance for  ce l l  t o t a l s  ( l o g l o )  i n  
bottom samples f rom marine s t a t i o n s .  

SUM OF DEGREES OF MEAN F 
SQUARES FREEDOM SQUARE SOURCE 

907.4646 25740.0547 
Cru i ses 7.9236 11 0.7203 20.4318* 
S t a t i o n s  0.1855 6 0.0309 0.8771 
Cruises & S ta t i ons  2.3268 66 0.0353 

Me an 907.4646 1 
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measurements of community func t i on ,  but  r a t h e r  o n l y  one aspect o f  

community s t r u c t u r e  w i t h i n  the l i m i t s  o f  known e r r o r .  

C h l o r o p h y l l  - a values ranged d u r i n g  the s tudy from 0.5 - 60.0 F-lg.  

L-'. The l a r g e s t  values o c c u r r i n g  d u r i n g  a bloom o f  Prorocentrum 

minimum a t  marine s t a t i o n  M21 d u r i n g  March 21, 1982. The seasonal 

Q 

d i s t r i b u t i o n  o f  the mean f o r  c h l o r o p h y l l  - a 

depths are presented i n  Table 8-18. 

pg.L" by s t a t i o n  and 

Monthly p l o t s  o f  i n t e g r a t e d  c h l o r o p h y l l  values showed severa l  

i m p o h a n t  t rends. F i r s t  t he  c h l o r o p h y l l  - a values i n  general  are 

g r e a t e r  i n  the surface samples as opposed t o  the bottom samples, 

F igu res  8-11 and 8-12. Second, d u r i n g  the s p r i n g  and e a r l y  f a l l  months 

t h e r e  was a tendency for the c h l o r o p h y l l  - a values t o  be l a r g e r .  A 

comparison o f  the values i n  January, February, March and A p r i l  (F igures 

8-11 and 8-12) show the impact o f  the n i t r a t e - n i t r o g e n  (NO3) pu lses 

descr ibed e a r l i e r  i n  t h i s  sect ion.  The c h l o r o p h y l l  values found i n  

t h i s  s tudy compare f a v o r a b l y  w i t h  those of Fucik and El-Sayed (1979) 

and S k l a r  and Turner (1981) f o r  Lou is iana  c o a s t a l  waters. 

An a n a l y s i s  o f  var iance was performed f o r  t he  c h l o r o p h y l l  - a 

( u g . L - l )  values f o r  bo th  the su r face  and bottom marine s t a t i o n s  by 

monthly c ru i se .  For t h e  su r face  s t a t i o n s  i t  was found t h a t  i n  every 

month, except March, t h e r e  were s i g n i f i c a n t  ( a  < .05) d i f f e r e n c e s  

between s t a t i o n s ,  Tables 8-19 through 8-30. For the bottom s t a t i o n s  i t  

was found t h a t  i n  a l l  bu t  two months, November and A p r i l ,  t he re  were 

s i g n i f i c a n t  ( a < .05) d i f f e r e n c e s  between s t a t i o n s ,  Tables 8-19 
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Table 8-18. Distribution of mans for  chlorophyll 2 i n  ug.L-' by 
stat im, depth, and date of collection i n  coastal waters 
of s o u t k s t e r n  Louisiana. 

cars 
DATE I oEplH( M3 

MY 81 *s 3.8133 
*B 3.0067 

DS 
2.7300 

MlO M18 
2.8067 5.2433 
1.6967 4.0467 

DE 
1.6933 

Dw DN 
2.4500 1.6600 

1.1Ooo 0.8567 1.4367 2.1333 

1.4833 1.0100 
0.1467 0.630 

2.4933 
0.7867 

3.6700 7.7967 
0.9533 0.6800 

7.2633 
1.1167 

JUN 81 s 3.5000 
B 1.8967 

3.5333 6.5600 
2.967 2.2300 

4.3300 
2.2400 

JUL 81 s 5.3800 
B 2.1167 

5.7900 5.8600 
2.0633 2.8900 

4.2433 
4.7333 

1.5567 2.5333 
1.4333 1.5733 

1.5733 
1.0133 

M81 S 2.9767 
B 1.4ooo 

2.0633 11.5833 
0.9933 1.3667 

2.8800 
1.4167 

3.7600 3.8933 
0.7500 1.0267 

3.4100 
1.2433 

sEP81 s 11.1133 
B 2.6667 

4.9867 
0.9100 

8.0467 8 . W  
0.9700 1.8867 

OCT 81 S 4.3767 4.8733 5.6300 5.4330 4.7767 4.3233 6.6833 
B 1.900 2.9267 1.5300 3.4767 1.6900 2.7900 1.7100 

Nov 81 S 4.1733 3.3700 2.8667 4.2733 3.0167 3.0167 3.7200 
B 2.0100 3.oxx) 3.0200 2.9167 3.0200 2.8167 4.2000 

DEC 81 S 
B 

5.1767 
2.4300 

4.5733 
2.0900 

3.4200 
1.8700 

4.0700 
2.0700 

3.8167 
1.8300 

4.1200 
3.0667 

3.6700 
1.9300 

7.0900 
6.3367 

5.6300 
5.4267 

6.1300 
6.3133 

5.1300 
5.6300 

6.2300 
6.2833 

6.2333 
7.4400 

6.7367 
7.1567 

M82 S 
B 

7.5800 
7.4400 

11.4367 
8.9800 

8.6300 
92233 

10.8767 
9.1200 

9.7500 
8.4200 

m82 S 
B 

9.7567 
6.8767 

9.4700 
7.7900 

8.2100 
3.6133 

w82 S 
B 

7.2267 
1.3167 

6.4600 
2.0333 

5.1900 
3. SI67 

7.9267 
2.1400 

7.1600 
3.7533 

15.1600 
3.9300 

6.5961 
3.0500 

m82 S 
B 

7.2300 
4.3467 

10.1033 
3.2267 

16.0867 
4.7733 

9.6833 
3.7533 

11.5867 
5.3667 

9.3300 
4.4567 

* S = Surface 
* * B = Bottcm 
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Table 8-19. ANOVA f o r  c h l o r o p h y l l  a pg.L'l among marine s t a t i o n s ,  
May 1981. 
Range Test (DMRT) are presented. 

For s i g n i f i c a n t  ("1 ANOVA's, Duncan's New M u l t i p l e  

Source o f  v a r i a t i o n  d f  ss 

Among s t a t i o n s  6 29.637 
W i t h i n  s t a t i o n s  14  14.973 

T o t a l s  20 43.610 

SUR FACE 

- 

F.05 (6,141 = 2.85 

DMRT r e s u l t s :  
S t a t i o n s  M18 M3 DS DW M10 
Means 5.243 3.813 2.730 2.450 2.307 

MS FS 

4.940 4.745* 
1.041 

DE DN 
1.693 1.660 

Source o f  v a r i a t i o n  

BOTTOM 
Among s t a t i o n s  
W i t h i n  s t a t i o n s  

6 23.207 3.868 8.5706* 
14  6.318 0.451 
- 

T o t a l s  20 29.525 

F.05 (6,141 = 2.85 

DMRT r e s u l t s :  
S t a t i o n s  M18 M3 DS M10 DN DE DW 
Means 4.047 3.007 2.133 1.697 1.437 1.100 0.857 

c 
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Table 8-20. ANOVA f o r  c h l o r o p h y l l  a Ug.L-l  among marine s t a t i o n s ,  
June 1981. 
Range Test (DMRT) are presented. 

For s i g n i f i c a n t  (*) ANOVA's, Duncan's New M u l t i p l e  c3 

Source o f  v a r i a t i o n  

SURFACE 
Among s t a t i o n s  
W i t h i n  s t a t i o n s  

T o t a l s  

DMRT r e s u l t s :  
S t a t i o n s  DN DS 
Means 7.797 7.263 

Source o f  v a r i a t i o n  

BOTTOM 
Among s t a t i o n s  
W i t h i n  s t a t i o n s  

T o t a l s  

DMRT r e s u l t s :  
S t a t i o n s  M3 DS 
Me an s 1.897 1.117 

d f  ss - MS 

6 128.637 21.439 17.610* 
14 17.044 1.217 

20 145.681 
F.05 (6,141 = 2.85 

DW M3 - DE M10 M18 - 
3.670 3.500 2.493 1.483 1.010 

6 5.645 0.941 23.00* 
14 5.726 0.041 

11.3711 - 
20 

F.05 (6,141 = 2.85 

DW DE M18  DN M10  
0.953 0.787 0.630 0.453 0.147 
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Table 8-21. ANOVA f o r  c h l o r o p h y l l  a pg .L- l  among marine s t a t i o n s ,  
J u l y  1981. 
Range Test (DMRT) are  presented. 

For s ign i fTcan t  (*> ANOVA's, Duncan's New M u l t i p l e  

Source o f  v a r i a t i o n  d f  ss 
SUR FACE 

Among s t a t i o n s  6 21.135 
W i t h i n  s t a t i o n s  1 4  11.930 

T o t a l s  20 33.065 
- 

F.05 (6,141 = 2.85 

DMRT resu 1 t s :  
S t a t i o n s  DN M18 M10 M3 . DS 
Means 6.560 5.860 5.790 5.380 4.336 

MS - 

3.522 
0.852 

DE 
4.243 

FS 

4.134* 

DW 
3.533 

Source o f  v a r i a t i o n  

Among s t a t i o n s  
W i t h i n  s t a t i o n s  

BOTTOM 
6 16.141 2.690 9.205* 

14 4.092 0.292 

T o t a l s  20 20.233 
F.05 (6,141 = 2.85 

DMRT resu  1 t s :  
S t a t i o n s  DE M18 DW DS DN M3 M10 
Means 4.733 2.890 2.517 2.240 2.230 2.117 2.063 
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Table 8-22. ANOVA f o r  c h l o r o p h y l l  a ,g.L-l among marine s t a t i o n s ,  
August 1981. 
Range Test (DMRT) are presented. 

For s i g n T f i c a n t  (*) ANOVA's, Duncan's New M u l t i p l e  crs 
Source o f  v a r i a t i o n  - d f  ss MS Fs 

SURFACE 
Among s t a t i o n s  6 229.267 38.211 33.451* 
Within s t a t i o n s  14 15.992 1.142 

T o t a l s  T 245.199 

F.05 (6,141 = 2.85 

DMRT r e s u l t s :  
S t a t i o n s  M18 M3 DE DN M10 DS DW 
Means 11.583 2.977 2.880 2.533 2.063 1.573 1.557 

Source of v a r i a t i o n  

BOTTOM 
Among s t a t i o n s  6 0.886 0.148 2.9833* 
W i t h i n  s t a t i o n s  14 0.693 0.049 

T o t a l s  1.579 - 
20 

L O 5  (6,141 = 2.85 

DMRT resu 1 t s :  
S t a t i o n s  DN DW DE M 3  M18 DS MI0 
Means 1.573 1.433 1.417 1.400 1.367 1.013 0.993 
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c3 Table 8-23. ANOVA f o r  c h l o r o p h y l l  a ,g.L-l among marine s t a t i o n s ,  
September 1981. 
Range Test (DMRT) are presented. 

For s T g n i f i c a n t  (*I ANOVA's, Duncan's New M u l t i p l e  

MS - ss - Source of v a r  i a t  i on d f  

SURFACE 
Among s t a t i o n s  6 162.305 27.051 
Wi th in  s t a t i o n s  14 6.934 0.495 

T o t a l s  20 169.239 
F.05 (6,141 = 2.85 

DMRT resu 1 t s :  
S t a t  i ons  M3 DN DW DE M18 M10 
Means 11.113 8.660 8.047 4.987 3.893 3.760 

F S  

54.62* 

DS 
3.410 

Source o f  v a r  i a t  i on 

Among s t a t i o n s  
W i t h i n  s t a t i o n s  

BOTTOM 

T o t a l s  

DMRT r e s u l t s :  
S t a t i o n s  M3 DN 
Means 2.667 1.88 

6 8.507 1.418 15.479* 
14 1.282 0.091 
- 

20 9.789 

F.05 (6,141 = 2.85 

DS M18 DW DE M10 
1.243 1.027 0.970 0.910 0.750 

Q 



Table 8-24. ANOVA f o r  c h l o r o p h y l l  a pg.L-l  among marine s t a t i o n s ,  
October 1981. 
Range Test (DMRT) are presented. 

For s i g n i f i c a n t  ( * )  ANOVA's, Duncan's New M u l t i p l e  u 
ss - Source o f  v a r i a t i o n  d f  

SUR FACE 
Among s t a t i o n s  
W i t h i n  s t a t i o n s  

6 12.471 
14 9.028 

T o t a l s  2u 21.499 

F.05 (6,141 = 2.85 

DMRT r e s u l t s :  
S t a t  i ons  DS M18 DE M10 DW 
Means 6.683 5.630 5.430 4.873 4.777 

- MS F S  

2.078 3.23* 
0.645 

M3 DN 
4.377 4.323 

Source o f  v a r i a t i o n  

BOTTOM 
Among s t a t i o n s  
W i t h i n  s t a t i o n s  

6 11.770 1.962 3.1104* 
14 a. 830 0.631 
- 

T o t a l s  20 20.600 

F.05 (6,141 = 2.85 

DMRT r e s u l t s :  
S t a t  i o n s  DE M10 DN DS DW M18 M3 
Means 3.477 2.927 2.790 1.710 1.690 1.530 1.510 
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Table 8-25. ANOVA f o r  c h l o r o p h y l l  a ug.L-' among marine s t a t i o n s ,  
November 1981. 
Range Test (DMRT) are presented. 

For s i g n i f i c a n t  ("1 ANOVA's,  Duncan's New M u l t i p l e  

Source o f  v a r i a t i o n  d f  ss 

Among s t a t i o n s  6 5.953 
Wi th in  s t a t i o n s  14  2.715 

SURFACE 

- 
T o t a l s  20 8.668 

F.05 (6,141 = 2.85 

DMRT resu  1 t s :  
S t a t  i o n s  DE M3 DS M10 DW 
Means 4.273 4.173 3.720 3.370 3.017 

- MS FS 

0.992 5.116* 
0.194 

DN M18 
3.017 2.867 

Source o f  v a r i a t i o n  

BOTTOM 
Among s t a t i o n s  
W i t h i n  s t a t i o n s  

T o t a l s  

6 7.530 1.255 2.455 
14  7.157 0.511 
- 

20 14.687 
F.05 (6,141 = 2.85 
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Table 8-26. ANOVA f o r  c h l o r o p h y l l  a vg.L" among marine s t a t i o n s ,  
December 1981. 
Range Test (DMRT) are presented. 

For s i g n i f i c a n t  ( *> ANOVA's, Duncan's New M u l t i p l e  G3 

Source o f  v a r i a t i o n  

SURFACE 
Among s t a t i o n s  
W i t h i n  s t a t i o n s  

d f  

6 
14 

ss - 

6.327 
5.041 

11.368 - 
T o t a l s  20 

F.05 (6,141 = 2.85 

DMRT r e s u l t s :  
S t a t  ions  M3 M10 DN DE DW 
Means 5.177 4.573 4.120 4.070 3.817 

MS - 

1.054 
0.360 

DS 
3.670 

F S  

2.929* 

M18 
3.420 

Source o f  v a r i a t i o n  

BOTTOM 
Among s t a t i o n s  
W i t h i n  s t a t i o n s  

T o t a l s  

6 
14 

3.450 0.575 5.3197* 
1.513 0.108 

- 
20 4.963 

F.05 (6,141 = 2.85 

DW 
DMRT r e s u l t s :  
S t a t i o n s  
Means 3.067 2.430 2.090 2.070 1.930 1.870 1.830 

DN M3 M10 DE DS M18 
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Table 8-27. ANOVA f o r  c h l o r o p h y l l  a ug.L-l among marine s t a t i o n s ,  
January 1981. 
Range Test (DMRT) are presented. 

For s i g n i f i c a n t  (* I  ANOVA's, Duncan's New M u l t i p l e  

Source o f  v a r i a t i o n  d f  ss 
SUR FACE 

Among s t a t i o n s  6 7.650 
W i t h i n  s t a t i o n s  14 2.617 

10.267 T o t a l s  20 
- 

F.05 (6,141 = 2.85 

DMRT r e s u l t s :  
S t a t  i o n s  M 3  DS DN DW M18 
Me an s 7.090 6.737 6.233 6.230 6.130 

MS 

1.275 
0.187 

M10 
5.630 

FS 

6.820* 

DE 
5.130 

Source o f  v a r i a t i o n  

BOTTOM 
Among s t a t i o n s  
W i t h i n  s t a t i o n s  

6 9.639 1.606 2.9918* 
14 7.518 0.537 

17.157 - 
T o t a l s  20 

F.05 (6,14) = 2.85 

DMRT r e s u l t s :  
S t a t i o n s  DN DS M3 M18 DW DE M10 
Means 7.440 7.157 6.337 6.313 6.283 5.630 5.427 
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Table 8-28. ANOVA f o r  c h l o r o p h y l l  a pg.L-l among marine s t a t i o n s ,  
February 1981. 
Range Test (DMRT) are presented. 

For s i g n i f i c a n t  ( * )  ANOVA's, Duncan's New M u l t i p l e  kls 

Source o f  v a r i a t i o n  d f  ss MS 

S UR FACE 
Among s t a t i o n s  6 30.227 5.038 
W i t h i n  s t a t i o n s  14 20.426 1.459 

- 
T o t a l s  20 50.653 

F.05 (6,141 = 2.85 

DMRT r e s u l t s :  
S t a t i o n s  DE DN M3 DS M10 DW 
Me an s 11.437 10~877 9.757 9.750 9.470 8.630 

FS 

3.453* 

M18 
7.580 

Source o f  v a r i a t i o n  

BOTTOM 
Among s t  a t  i ons 
W i t h i n  s t a t i o n s  

6 19.433 3.234 2.912* 
14 15.570 1.112 

m - 
T o t a l s  20 

F.05 (6,141 = 2.85 

DMRT r e s u l t s :  
S t a t i o n s  DW DN DE DS M10 M18 M3 
Means 9.823 9.120 8.980 8.420 7.790 7.440 6.877 
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Q Table 8-29. ANOVA f o r  c h l o r o p h y l l  a pg.L-' among marine s t a t i o n s ,  
March 1981. 
Range Test (DMRT) are presented. 

For s i g n i i i c a n t  (*) ANOVA's, Duncan's New M u l t i p l e  

Source o f  v a r i a t i o n  

SUR FACE 
Among s t  a t  i ons 
W i t h i n  s t a t i o n s  

T o t a l s  

d f  ss - MS - F S  

6 18.368 3.061 2.782 
14  15.407 1.100 
- 

20 33.775 

F.05 (6,14) = 2.85 

Source o f  v a r i a t i o n  

BOTTOM 
Among s t a t i o n s  
W i t h i n  s t a t i o n s  

T o t a l s  

DMRT resu  1 t s :  
S t a t  i ons  DW DS 
Means 3.753 3.613 

6 16.053 2.675 4.748* 
14  7.889 0.563 

20 23.942 
F.05 (6,141 = 2.85 

M18 DN DE M10 M3 
3.507 3.050 2.140 2.033 1.317 
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Table 8-30. ANOVA f o r  c h l o r o p h y l l  a pg.L-' among marine s t a t i o n s ,  
A p r i l  1981. 
Range Test  (DMRT) are presented. 

For s i g n i i i c a n t  ( * )  ANOVA's, Duncan's New M u l t i p l e  Grs 

Source o f  v a r i a t i o n  

SUR FACE 
Among s t a t i o n s  
W i t h i n  s t a t i o n s  

T o t a l s  

d f  ss - MS FS 

6 187.153 31.192 5.627" 
14 77.601 5.543 

264.754 
- 

20 

F.05 (6,141 = 2.85 

DMRT resu 1 t s :  
S t a t  i ons  
Means 16.087 15.160 11.587 10.103 9.683 9.330 7.230 

M18 DW DN M10 DE DS M3 

Source o f  v a r i a t i o n  

BOTTOM 
Among s t a t i o n s  
W i t h i n  s t a t i o n s  

T o t a l s  

6 8.903 1.484 1.646 
14 12.619 0.901 

21.522 - 
20 

F.05 (6,141 = 2.85 
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t h r o u g h  8-30. A multiple comparison of means was performed using 

Duncan's New Multiple Range Test ( D M R T )  for those cruises hav ing  

s ignif icant  ANOVA's for chlorophyll - a values. The resul ts  of the 

DMRT's are presented i n  Tables 8-19 t h r o u g h  8-30. Examination of the 

resu l t s  of the DMRT's shows that  the mean of the treatment s i t e  ( M l O A )  

i s  s ignif icant ly  d i f fe ren t  from the control s i t e s  (M3 or  M18) i n  only 

one m o n t h ,  May, for the bottom s ta t ions and never for the surface 

s ta t ions .  The possible intrepretat ions of these resul ts  have already 

been presented and discussed w i t h  the ce l l  t o t a l  report of this 

section. For the reasons previously stated an analysis of covariance 

was performed for chlorophyll - a values from b o t h  surface and bottom 

stat ions i n  the study area. The resu l t s  are presented i n  Tables 8-31 

and 8-32. The only s ignif icant  values ( a  < .05) for bo th  surface and 

bottom s ta t ions were between cruises.  Seasonality for b o t h  biological 

and environmental factors  can account for the var iab i l i ty  measured i n  

the analysis of covariance. The F - s t a t i s t i c  f o r  between s ta t ions i n  

both surface and bottom samples was not  s ignif icant  ( a >  .05). 

The mean chlorophyll values for both surface and bottom s ta t ions 

were plotted over the 12  month study for those s ta t ions on the 10 M 

isobath. This observation of the chlorophyll a d a t a  revealed an 

important trend for the biomass data. The chlorophyll a values i n  the 

surface samples a t  the treatment s i t e ,  M l O A ,  are lower t h a n  those of 

s i t e s  M3 and M18, b u t  the chlorophyll values i n  the bo t tom samples were 

not  much different  except for the s l i gh t ly  lower values a t  s ta t ions 

- 

- 
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Table 8-31. Analys is  o f  covar iance f o r  c h l o r o p h y l l  5 values i n  
su r face  samples f rom marine s t a t i o n s .  

SUM OF DEGREES OF MEAN F 
SOURCE SQUARES FREEDOM SQUARE 

2741.1465 Me an 
511.6218 11 46.5111 Cruises 

S t a t i o n s  14.2058 6 2.3676 
Cruises & S t a t i o n s  265.4961 66 4.0227 

1 2741.1465 681.4248 
11.5622* 
0.5886 

* S i g n i f i c a n t  ( a  < .05) 
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Table 8-32. Analys is  o f  covar iance f o r  c h l o r o p h y l l  - a values i n  
bottom samples f rom marine s t a t i o n s .  

SUM OF DEGREES OF MEAN F 
SOURCE SQUARES FREEDOM SQUARE 

Me an 818.2698 1 818.2698 1372.8975 
Cruises 376.2891 11 34.2081 57.3945" 
S t a t i o n s  4.2425 6 0.7071 1.1863 
Cruises & S ta t i ons  39.3371 66 0.5960 

* S i g n i f i c a n t  (a < .05) 
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M l O A  and DW ( F i g u r e  8-13). Although these d i f ferences are not  

s t a t i s t i c a l l y  s i g n  

t h e  magnitude of 

s u b s t a n t i a l  base 1 

Environmental  

oxygen, pH, temper 

f i c a n t ,  these observat ions are impor tant  cons ide r ing  

the between c r u i s e  v a r i a b i l i t y  and the lack of 

ne da ta  f o r  t h i s  study area. 

da ta  were c o l l e c t e d  on the parameters o f  d i s s o l v e d  

t u r e ,  and s a l i n i t y .  The values f o r  d i sso l ved  oxygen 

and pH are n o t  considered here but  presented elsewhere i n  t h i s  r e p o r t ,  

see Appendix F. The values f o r  water temperature and s a l i n i t y  do no t  

exceed the known t o l e r a n c e  ranges f o r  marine phytoplankton. The 

h ighes t  recorded water temperature on the phytoplankton c r u i s e s  was 

30.5"C i n  the sur face waters on August 14, 1981. The lowest recorded 

water temperature on the phytoplankton c r u i s e s  was 8.6"C i n  the water 

column on January 18, 1982. The h ighes t  recorded s a l i n i t y  was 38 

O/oo on January 18, 1982, but  t h i s  was unusual and o n l y  i n  the 

immediate v i c i n i t y  o f  the d i f f u s e r  a t  s t a t i o n  M l O A .  The lowest 

recorded s a l i n i t y  was 11.0 O/oo i n  the sur face water on March 18, 

1982. I n  general ,  the mean values f o r  s a l i n i t i e s  were g r e a t e r  a t  the 

bottom s t a t i o n s  throughout the s tudy per iod,  Table 8-33. Analys is  of 

covar iance f o r  s a l i n i t y  values from bo th  su r face  and bottom s t a t i o n s  i n  

the  s tudy  area was performed. The r e s u l t s  are presented i n  Tables 8-34 

and 8-35. There were s i g n i f i c a n t  values ( a <  .05) f o r  bo th  surface and 

bottom s t a t i o n s  between c ru i ses .  This  i s  no t  unexpected and the 

seasonal v a r i a b i l i t y  i s  e a s i l y  seen i n  F i g u r e  8-4. The F - s t a t i s t i c  f o r  

between s t a t i o n s  was no t  s i g n i f i c a n t  ( a >  .05) f o r  the sur face samples, 
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Figure 8-13. Mean chlorophyll a values fo r  surface and bottom 
marine s t a t ions  located on the 10 meter isobath. 



Table 8-33. Distribution of means fo r  sal in i t ies i n  O / o o  by station, 
depth, and date of collection i n  coastal waters of 
southestem Louisiana 

DATE I DEPTH( M3 M l O  M18 DE Dw DN Ds 
M4Y 81 *s 27.33 27.500 27.500 27.33 27.333 27.500 27.33 

JlN 81 

JUL 81 

m8l 

SEP81 

ocT81 

w8l 

E C  c1 

m82 

w82 

FnpR82 

Am82 

**B 

S 
B 

S 
B 

S 
B 

S 
B 

S 
B 

S 
B 

S 
B 

S 
B 

S 
B 

S 
B 

S 
B 

* S = S u r f a c e  
** B = Bottcm 

31.800 

15.m 
33.500 

27.500 
28.500 

33.m 
33.000 

26.33 
28.000 

25.m 
29.630 

28.400 
30.790 

3.940 
34.240 

3.320 
31.890 

25.950 
29.700 

11.470 
28.400 

21.760 
28.900 

31.500 

15.m 
34.500 

27.500 
28.m 

32.m 
34.m 

26.200 
29.900 

25.230 
31.230 

28.4m 
31.520 

29.340 
3.390 

3.820 
37.880 

29.m 
31.0110 

9.910 
27.240 

19. m 
31.600 

29.m 

l5.m 
34.m 

26.500 
28.ooo 

33.m 
33.500 

26.m 
28.m 

26.810 
29.850 

28.970 
31.380 

31.890 
34.170 

31.m 
31.890 

26.880 
28.970 

10.820 
26.520 

19.590 
28.900 

31.500 

14.500 
34.m 

27.500 
28.500 

9.m 
33.Ooo 

26.m 
27.500 

24.660 
30.283 

28.470 
33.140 

31.890 
34.240 

31.820 
31.820 

29. m 
3.m 

9.777 
3.660 

19.520 
3.90 

3l.m 

15.m 
34.m 

27.500 
28.m 

32.m 
33.m 

26.200 
29.600 

25.590 
31.230 

28.614 
3.670 

31.450 
34.170 

31.740 
33.500 

29.m 
3.m 

10.165 
28.470 

19.870 
30.060 

31.m 

18.500 
33.500 

26.500 
28.m 

32.500 
33.m 

26.200 
27.500 

26.020 
29.m 
28.400 
31.600 

29.480 
34.830 

31.740 
31.740 

29.m 
30.m 

8. gP 
28.190 

25.020 
28.760 

31.800 

18.500 
35.m 

26.m 
25.500 

32.m 
35.500 

26.500 
29.600 

26.810 
31.610 

28.610 
311.300 

29.190 
34.390 

31.960 
9.040 

29.030 
30.m 

9.520 
29.340 

19.380 
30.210 
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Table 8-34. Analys is  o f  covar iance f o r  s a l i n i t y  va lues i n  
sur face  samples f rom marine s t a t i o n s .  

SUM OF DEGREES OF MEAN F 
SOURCE SQUARES FREEDOM SQUARE 

54164.6953 48687.3984 
Cruises 3430.3093 11 31 1.8462 280.3113* 
S t a t i o n s  3.0801 6 0.5134 0.4614 
Cruises & S ta t i ons  73.4250 66 1.1125 

Me an 54164.6953 1 

* S i g n i f i c a n t  ( a <  .05) 

Q 
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'os Table 8-35. Ana lys i s  o f  covar iance f o r  s a l i n i t y  values i n  
bottom samples from marine s t a t i o n s .  

SUM OF DEGREES OF MEAN F 
SOURCE SQUARES FREEDOM SQUARE 

Me an 81 132.6875 1 81132.6875 104729.8125 
Cru i ses 417.7654 11 37.9787 49.0246"' 
S t a t i o n s  25.7531 6 4.2922 5.540sk 
Cruises & S t a t i o n s  51.1293 66 0.7747 
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b u t  i t  was s i g n i f i c a n t  ( a < .05) f o r  the bottom samples. This 

s i g n i f i c a n t  value i s  n o t  s u r p r i s i n g  s ince  the  b r i n e  plume i s  l oca ted  

near t h e  bottom, see the plume t r a c k i n g  chapter, o f  t h i s  r e p o r t .  Since 

s a l i n i t y  v a r i a b l e s  a r e . s i g n i f i c a n t  (" < .05) a t  the  bottom s t a t i o n s ,  i t  

becomes approp r ia te  t o  determine i f  these s a l i n i t y  values a f f e c t e d  the 

Q 

c e l l  t o t a l  and c h l o r o p h y l l  - a data.  A m u l t i p l e  ana lys i s  o f  covar iance 

was used which adjusted the c o v a r i a n t  s a l i n i t y  across a l l  s t a t i o n s .  

Th is  a l lows f o r  a t e s t  o f  s i g n i f i c a n c e  o f  the v a r i a b i l i t y  f o r  the 

c o v a r i a n t s  c e l l  t o t a l  and c h l o r o p h y l l  2 between c r u i s e s  and s t a t i o n s .  

The r e s u l t s  o f  t h i s  a n a l y s i s  o f  covar iance are presented i n  Tables 8-36 

and 8-37. There are s i g n i f i c a n t  values ( a <  .05) f o r  bo th  c e l l  t o t a l s  

and c h l o r o p h y l l  - a between c ru i ses .  The F - s t a t i s t i c  f o r  between 

s t a t i o n s  f o r  both c e l l  t o t a l  and c h l o r o p h y l l  2 was not  s i g n i f i c a n t  

(a > .05). Because o n l y  s i n g l e  observat ions were made o f  s a l i n i t i e s  

each month, i t  was necessary t o  u t i l i z e  means f o r  a l l  biomass 

observat ions i n  the mathematical model. Th is  s t a t i s t i c a l  procedure 

when app l i ed  t o  the exper imenta l  des ign removed any w i t h i n  s t a t i o n  

v a r i a b i l i t y  f rom the da ta  ana lys i s .  Thus any i n t e r p r e t a t i o n  o f  the 

a n a l y s i s  o f  covar iance i s  no t  w i t h o u t  rese rva t i ons .  

There does n o t  appear t o  be any se r ious  annual d e p l e t i o n  o f  t he  

n u t r i e n t s  i n  the s tudy area (F igures 8-5 through 8-81 nor does t h e r e  

seem t o  be h i g h  concen t ra t i ons  of harmful chemicals i n  the coas ta l  

waters, see Chapter on Specia l  P o l l u t a n t s  i n  Volume 11. It i s  p o s s i b l e  

t h a t  the lower c h l o r o p h y l l  values may be a n a t u r a l  phenomenon 
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Table 8-36. Ana lys is  o f  covar iance fo r  c e l l  t o t a l  va lues i n  
bottom samples f o r  which t h e  c o v a r i a n t  s a l i n i t y  
has been ad j u s  ted.  

REGRESSION COEFFICIENTS UNDER EACH HYPOTHESIS 

COVAR IATE MEAN C S FULL MODEL 

3 0.10569 -0.03452 -0.00350 -0.00027 

SUM OF DEGREES OF MEAN F 
SOURCE SQUARES FREEDOM SQUARE 

Mean 0.5753 1 0.5753 16.0704 
Cru i ses 7.3648 11 0.6695 18.7032* 
S t a t i o n s  0.1846 6 0.0308 0.8595 
Covar i ates 0.0000 1 0.0000 0.0001 
Covar ia te  S a l i n i t y  0.0000 1 0.0000 0.0001 
F u l l  Model 2.3268 65 0.0358 
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Table 8-37. Ana lys is  o f  covar iance f o r  c h l o r o p h y l l  a values i n  
bottom samples f o r  which t h e  c o v a r i a n t  s a l i n i t y  
has been adjusted.  

n 

REGRESSION COEFFICIENTS UNDER EACH HYPOTHESIS 

COVAR I A T E  MEAN C S FULL MODEL 

S a l i n i t y  0.10027 -0.14273 -0.17896 -0.14926 

SUM OF DEGREES OF MEAN F 
SOURCE SQUARES FREEDOM SQUARE 

Mean 3.1859 1 3.1859 5.4212 
Cru ises  367.8757 11 33.4432 56.9091* 
S a l i n i t y  2.9192 6 0.4865 0.8279 
Covar i  a tes 1.1392 1 1.1392 1.9385 

1.1392 1.9385 
F u l l  Model 38.1979 65 0.5877 
Covar ia te  S a l i n i t y  .- 1.1392 1 

* S i g n i f i c a n t  ( a <  .05) 
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of the  area o r  t h a t  water f l o w  from the d i f f u s e r  may be d i s t u r b i n g  the  

morpho log ica l  s t r u c t u r e  o f  the community through increased tu rbu lence 

o r  t u r b i d i t y .  I t  i s  a l so  p o s s i b l e  t h a t  t he re  are s e l e c t  species 

s e n s i t i v i t e s  t o  increased s a l i n i t i e s ,  n o t a b l y  the  m i c r o f l a g e l l a t e s .  

There fore  the  observed d i f f e r e n c e s  i n  s tand ing  crop f o r  t h i s  s tudy  

remain specu 1 a t  i v e .  

8.3.2 Es tuary  

The pr imary  o b j e c t i v e  o f  t h i s  s tudy was t o  assess the p o t e n t i a l  

impact o f  s a l t  water i n t r u s i o n  i n t o  Calcas ieu Lake and the  p o t e n t i a l  

impact o f  water wi thdrawal  f rom the i n t e r c o a s t a l  waterway o r  the 

r e s i d e n t  phytoplankton community. The f i v e  e s t u a r i n e  s t a t i o n s  are 

w i d e l y  separated no t  o n l y  by d is tance,  F igu re  8-1, bu t  i n  t h e i r  

p h y s i c a l  nature,  p h y s i c a l  parameters, and phy top lank ton  composi t ion.  

The lower s a l i n i t i e s  a t  s t a t i o n s  E l  and E 2  r e f l e c t  the  i n f l u e n c e  o f  

dra inage from the  Calcas ieu and Sabine basins,  Table 8-38. These lower 

s a l i n i t i e s  are r e f l e c t e d  i n  the f reshwater  assemblages of 

phytoplankton,  namely Navicu la,  M e l o s i r a  and C y c l o t e l l a ,  which occur a t  

t he  two Nor th most s t a t i o n s .  S t a t i o n s  E3, E 4  and E5 possessed h igher  

s a l i n i t i e s ,  Table 8-38, and common e s t u a r i n e  phy top lank ton  species,  

e.g. species o f  Cera tau l ina ,  N i t zsch ia ,  A s t e r i o n e l l a ,  Rhizosolen ia,  

Skeletomena and Chaetoceros. S t a t i o n  E 5  which i s  loca ted  near the  G u l f  

of Mexico had the h ighes t  s a l i n i t i e s ,  Table 8-38, and f r e q u e n t l y  

possessed phy top lank ton  species f rom the adjacent  n e r i t i c  community, 

e.g. species o f  Prorocentrum, Di ty lum, T h a l l a s s i o s i r a ,  Coscinodiscus, 
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Table 8-38. D i s t r i b u t i o n  o f  s a l i n i t i e s  i n  O/oo by s t a t i o n  and date 
o f  c o l l e c t i o n  i n  the  Calcas ieu Lake and adjacent  waters. A 

DATE E l  E2 E3 E4 E5 
MAY 81 17.50 23.20 26.50 25.50 30.50 

JUN 81 

JUL 81 

AUG 81 

SEP 81 

OCT 81 

NOV 81 

DEC 81 

JAN 82 

FEB 82 

MAR 82 

APR 82 

8.50 

1.00 

10.00 

9.00 

10.10 

8.50 

8.94 

12.06 

15.47 

7.55 

8.12 

6.00 

4.00 

16.00 

20.00 

21.13 

23.52 

22.39 

10.29 

21.76 

14.50 

8.94 

10.00 

6.50 

18.00 

20.00 

23.67 

-- 

25.16 

26.23 

24.23 

15.40 

13.32 

7.00 

7.00 

16.00 

19.00 

20.92 

19.31 

23.03 

25.09 

23.74 

15.34 

15.07 

19.00 

17.00 

31.00 

22.50 

23.10 

27.38 

28.61 

25.23 

25.52 

22.46 

20.29 
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Navicula,  Chaetoceros and Guinardia.  Both the species composi t ion and 

temporal  d i s t r i b u t i o n  o f  species i n  the es tua ry  and adjacent s t a t i o n s  

were no t  unusual cons ide r ing  the  d i v e r s i t y  of environments represented. 

One noteworthy event o f  the s tudy p e r i o d  was a bloom of the t o x i c  red  

t i d e  organism, Gonyaulax moni l a t a ,  i n  the  southern end o f  Calcasieu 

Lake d u r i n g  l a t e  summer and e a r l y  f a l l  o f  1981. Th is  i s  probably  a 

n a t u r a l  phenomenon w i t h i n  an annual c y c l e  and no t  r e l a t e d  t o  the SPR 

p r o j e c t .  

Mean c h l o r o p h y l l  a values ranged from a low o f  3.67 ug.L" i n  

t h e  bottom samples a t  s t a t i o n  E l  i n  June 1981 t o  a h i g h  o f  61.03 l~ g. 

L" i n  the su r face  samples a t  s t a t i o n  E4 i n  February 1982. 

An a n a l y s i s  o f  covar iance was performed on the surface c h l o r o p h y l l  

data.  Only su r face  data were u t i l i z e d  s ince  bottom samples were no t  

r o u t i n e l y  c o l l e c t e d  except a t  s t a t i o n s  E l  and E5. Low t i d e  c o n d i t i o n s  

prevented the sampling a t  s t a t i o n  E3 i n  November, 1981. I n  order  t o  

f a c i l i t a t e  s t a t i s t i c a l  ana lys i s ,  da ta  f rom E3 were a l s o  omi t ted  f rom 

the  a n a l y s i s  o f  covar iance. Since s t a t i o n  E4 i s  b i o l o g i c a l l y  and 

env i ronmen ta l l y  s i m i l a r  t o  s t a t i o n  E3 the  omission o f  E3 f rom the da ta  

a n a l y s i s  was n o t  deemed i n a p p r o p r i a t e .  The r e s u l t s  f o r  t he  a n a l y s i s  o f  

covar iance f o r  c h l o r o p h y l l  - a are presented i n  Table 8-39. The o n l y  

s i g n i f i c a n t  values ( a < .05) were f o r  t he  between c r u i s e  data.  

Seasona l i t y  can account f o r  t h i s  measured v a r i a b i l i t y .  The F - s t a t i s t i c  

f o r  between s t a t i o n s  was n o t  s i g n i f i c a n t  ( a >  .05). 
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Table 8-39. Analys is  of covar iance f o r  c h l o r o p h y l l  a values i n  
sur face  samples f rom e s t u a r i n e  stations, 

SUM OF DEGREES OF MEAN F 
SOURCE SQUARES FREEDOM SQUARE 

Me an 6992.2422 1 6992.2422 70.6399 
Cruises 4340.0859 11 394.5532 3.9860* 
S t a t i o n s  665.4512 3 221.8170 2.2409 
Cruises & S ta t i ons  3266.4824 33 98.9843 

* S i g n i f i c a n t  (a < .05) 

8-74 



crs An analysis of covariance was performed on the ce l l  t o t a l  data. 

The ce l l  counts were transformed t o  log lo  i n  order t o  ease the data 

analysis and normalize the data. For the reasons s ta ted above the 

data for,  s ta t ion  E3 were omitted from the analysis.  The annual 

loglo means for ce l l  t o t a l  varied l i t t l e ,  e.g. E l  = 3.853, E2  = 

3.745, E4 = 4.270 and E5 = 4.103. The resu l t s  of the analysis of 

covariance f o r  ce l l  t o t a l s  are presented i n  Table 8-40. The between 

cru ise  va r i ab i l i t y  was found t o  be s ign i f icant  ( a < .05), b u t  the 

s ta t ion  va r i ab i l i t y  was not s ign i f icant  ( a  > .05). 

I t  was concluded from these analysis tha t  neither the discharge of 

brine i n t o  the nearby Gulf of Mexico nor the withdrawal of water from 

the intercoastal  waterway has had a demonstrable e f f ec t  on the estuary 

p hyt op 1 ank t on as semb 7 age. 

8.4 Summary 

8.4.1 Estuary Study 

Diatoms dominated the phytoplankton community, while micro- 

f l age l l a t e s  and dinoflagel la tes  formed an important secondary 

association. Freshwater forms were found a t  the n o r t h  s ta t ions .  

Neither the composition nor temporal d i s t r i b u t i o n  o f  species was u n -  

expected, considering the d ivers i ty  o f  environments represented. The 

only noteworthy event of the year was a bloom of the t o x i c  red t ide  

organism Gonyaulax monilata in Calcasieu lake d u r i n g  the summer and 

ear ly  f a l l  of 1981. 
,,’ 
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Table 8-40. Analys is  o f  covar iance f o r  c e l l  t o t a l s  ( l o g l o )  i n  
su r face  samples f rom e s t u a r i n e  s t a t i o n s .  

SUM OF DEGREES OF MEAN F 
SOURCE SQUARES FREEDOM SQUARE 

Me an 765.0632 1 765.0632 2973.3604 
Cruises 10.0592 11 0.9145 3.5540* 
S t a t  i ons  2.0343 3 0.6781 2.6354 
Cruises & S t a t i o n s  8.4911 33 0.2573 

Q 

* S i g n i f i c a n t  ( a  < .OS) 
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It is my finding that there has been no detectable damage to the 

phytoplankton community in the study area due to the activity of the 

brine line project. 

8.4.2 Marine Study 

Diatoms were found t o  dominate the phytoplankton community with 

the development of a dinoflagellate and microflagellate association in 

the spring and summer months. In general, the phytoplankton of the 

study area compare well with other reports for the Gulf of Mexico for 

both compos i ti on and number 

Based on analysis of species composition, seasonal distribution, 

and species diversity values, it would appear that the discharge of 

brine has had little effect on the phytoplankton community structure. 

Although there were observed differences in the biomass levels 

based on chlorophyll - a values, these observations are not supported by 

statistical analysis and any conclusions concerning this phenomenon 

remain speculative at this time. 

Based on statistical analysis the discharge of brine into the 

study area at the current levels does not appear t o  have any adverse 

inpact on the biomass of the phytoplankton community. 

8.5 Recommendations 

Based on the findings of this investigation, I recommend 

suspension of  the estuary phase of the study. A short term 

investigation should be used in the event some unusual phenomenon 
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occurs, e.g. a fish or shellfish kill, which may be attributable to 

this project. 

Sound ecological investigations, regardless of purpose, must 

include studies of all the interactions of the ecological unit. 

Ecologists recognize that all communities are composed o f  three 

elementary units, i .e. biomass (standing crop), structure (species 

diversity and food webs), and function (energy flow and budgets). 

Studies which neglect any of these facets in ecosystem analysis suffer 

inherent error and must necessarily be inconclusive. 

Although the present study found no impact on community structure 

o r  standing crop, any assessment or conclusions about impact on the 

phytoplankton community are inhibited by the lack of data on community 

function. The final assessment of impact must be reserved until 

further analysis are complete. In the spirit of the purpose of this 

study, I recommend continuation of the marine investigation for a 

period of one year. An investigation of primary productivity should be 

supported. Such a study would allow the investigator to draw sound 

ecological conclusions about the status of the ecosystem (study area) 

and the impact o f  brine discharge on the phytoplankton community. 

The sampling protocal and study design need to be modified. I 

recommend that at minimum the along shore transect be retained to 

include the following stations: M1, M3, MlOA, M18, M20, DE, DW, DS and 

DN. The field analysis should include measurements of pH, DO, 

temperature and conductivity at each station at one meter intervals. 
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CHAPTER 10 

DATA MANAGEMENT 

S. Swetharanyam and M. P. Langley 
McNeese S t a t e  U n i v e r s i t y  

Lake Charles,  Lou is iana 

Gary Wolf 
Texas A & M U n i v e r s i t y  
Col lege S ta t i on ,  Texas 

10.1 MSU Data Management 

10.1.1 Need and Funct ions 

The o f f i c e  o f  Data Management a t  McNeese S ta te  U n i v e r s i t y  was 

es tab l i shed  t o  meet the  S t r a t e g i c  Petroleum Reserve (SPR)  Program's 

requi rement ,  as descr ibed i n  Chapter 1. F i e l d  s t r a t e g i e s  were 

developed t o  s tudy the impact o f  b r i n e  on benth ic ;  nekton, 

phytoplankton,  and zooplankton communities, and the p h y s i c a l  and 

chemical  marine environment. P r i n c i p a l  i n v e s t i g a t o r s  were assigned t o  

ga ther  and analyze da ta  i n  each o f  the above mentioned d i s c i p l i n e s .  

The da ta  management o f f i c e  was designated t o  i n d i v i d u a l l y  coord ina te  

t h e  da ta  c o l l e c t i o n  a c t i v i t i e s  o f  each d i s c i p l i n e .  Thus, i t  was 

necessary t o :  

( a )  design and s tandard ize  record ing ,  hand l ing  and r e p o r t i n g  o f  
both f i e l d  and l a b o r a t o r y  da ta  

( b )  i n t roduce  c r i t e r i a  f o r  i n f o r m a t i o n  needed by var ious  users 
and f o r  a r c h i v i n g  

design inexpensive and e a s i l y  access ib le  da ta  f i l e s  ( c )  

( d )  e s t a b l i s h  norms o f  q u a l i t y  c o n t r o l  

( e )  produce s c i e n t i f i c a l l y  sound da ta  ana lys i s  
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Data management a c t i v i t i e s  c o n s i s t  of c o o r d i n a t i n g  and schedul ing 

t h e  c o l l e c t i o n ,  v a l i d a t i o n ,  and s torage of data; a r c h i v i n g  w i t h  

Environmental  Data and In fo rma t ion  Serv ice ( E D I S )  and Center f o r  

Wetland Resources, LSU; and s t a t i s t i c a l  ana lys is .  I n  o rde r  t o  a rch ive  

da ta  w i t h  E D I S ,  r e v i s i o n s  i n  r e p o r t i n g  format  became e s s e n t i a l .  I t  was 

t h e  r e s p o n s i b i l i t y  of the  da ta  management o f f i c e  t o  propose, discuss, 

and ob ta in  approval  o f  such changes f rom the Program Data Manager o f  

E D I S  and the  Na t iona l  Oceanographic and Atmospheric Admins t ra t ion  

(NOAA).  

Q 

10.1.2 L ia i son  

One o f  many impor tan t  f u n c t i o n s  o f  the da ta  management o f f i c e  was 

t o  a c t  as a l i a i s o n  between p r o j e c t  coo rd ina to r  and EDIS. A c t i v i t i e s  

o f  a l l  es tua r ine  and marine c r u i s e s  were repo r ted  on a p resc r ibed  form 

ROSCOP-I1 (Report  o f  Observat ions and Samples Co l l ec ted  by 

Oceanographic Programs) t o  t h e  Department of Energy 's  Technica l  P r o j e c t  

O f f i c e r  (TPO) and the  rep resen ta t i ves  of EDIS/NOAA. A l l  ROSCOP-11, 

tapes, data documentation forms, and l e t t e r s  of t r a n s m i t t a l  were 

d e l i v e r e d  as requ i red  by  D O E ' S  program o f f i c e .  

10.1.3 

McNeese Sta te  U n i v e r s i t y ' s  computing f a c i l i t i e s  c o n s i s t  o f  I B M  

1130 and I B M  System/34 computers. System/34 which has a d i s k  s to rage 

c a p a c i t y  of 128 megabytes, and main s torage s i z e  o f  256 K B  was used by 

t h e  data management o f f i ce .  The da ta  e n t r y  and process ing were done 

us ing  I B M  5251 model 11 and 12 Cathode Ray Tube (CRT) te rmina ls .  These 

C R T ' s  were l i n k e d  t o  the main computer through telephone l i n e s .  This  

Fac i 1 i t i e s  

L 
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e l i m i n a t e d  t h e  use of computer cards and magnetic tapes, thereby 

reduc ing  the cos t  o f  opera t ion .  F a c i l i t i e s  o f  a l o c a l  da ta  center  were 

used on a c o n t r a c t u a l  bas is  t o  t r a n s f e r  da ta  f rom d i s k e t t e s  t o  magnetic ’ 

tapes. 
-, 

S t r i c t  s e c u r i t y  o f  da ta  was, o f  course, mainta ined a t  a l l  t imes. 

Access t o  da ta  f i l e s  was pe rm i t ted  o n l y  t o  au thor ized  personnel .  Since 

access t o  the  computers was on an o n - l i n e  bas is ,  no t ime loss was 

invo lved  i n  process ing the lab  da ta  as i s  i nvo l ved  i n  t h e  case of batch 

processes. 

10.1.4 Data Process ing 

A f t e r  a sample was c o l l e c t e d  by the p r i n c i p a l  i n v e s t i g a t o r ,  i t  was 

analyzed i n  the l abo ra to ry ,  da ta  was compiled on preformated coding 

forms and t h e  raw data  was sent t o  the  da ta  management o f f i c e .  Through 

da ta  f i l e  u t i l i t i e s  t h i s  r a w  da ta  was entered i n t o  the  computer and 

v a l i d a t i o n  checks performed. Cycles o f  v e r i f i c a t i o n  and v a l i d a t i o n  

were repeated by the  da ta  management o f f i c e  and respec t i ve  p r i n c i p a l  

i n v e s t i g a t o r s  u n t i l  the  s to red  da ta  was e r r o r  f r e e .  This  e r r o r  f r e e  

da ta  was made a v a i l a b l e  f o r  fo rward ing  t o  EDIS, LSU, backup storage, 

s t a t i s t i c a l  analyses, and r e p o r t  generat ion.  The cyc les  and f low of 

da ta  and i t s  process ing are i l l u s t r a t e d  i n  F igu re  10-1. 

F i l e s  o f  species names and t h e i r  taxonomic codes were made us ing  

t h e  tape obta ined f rom V i r g i n i a  I n s t i t u t e  of  Marine Sciences, 

Gloucester  Po in t ,  V i r g i n i a .  When new species were i d e n t i f i e d ,  new 

names and new taxonomic codes were assigned. These were added t o  the 
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I 1-9 Disk  F i l e s  
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Backup 
D i sket t tape f o  

Figure 10-1. Flowchart o f  data e n t r y ,  v e r i f i c a t i o n ,  storage and 
r e t r i e v a l ,  and a r c h i v a l  of d a t a  f o r  EDIS. 

Q 

10-4 



existing l i s t  and o l d  and unwanted taxonomic codes and names were 

deleted. The f i  les were updated periodically. 

10.1.4 Software Deve 1 opmen t 

10.1.4.1 Computer Programs and Files 

The function of the Data Management g roup  was threefold: a )  t o  

provide data t o  EDIS i n  an unambiguous standardized format; b )  t o  allow 

easy retr ieval  and manipulation of data; and c )  s t a t i s t i c a l  data 

analysi s. 

To standardize data reporting procedures and formats and t o  

determine the method of recording data,  meetings were held between the 

sc i en t i s t s ,  the technical director ,  and the data manager. Irrelevant 

information was discarded from the forms and duplicate recording was 

modified t o  one time recording. As a resu l t  o f  cycles of 

modifications, f inal  reporting forms were designed for each sc i en t i s t  

separately. A programmer was assigned t o  design flow charts ,  write and 

code data entry programs and t e s t  them. A t  t h i s  point the capabi l i t i es  

and the o u t p u t  of the program were submitted t o  the sc i en t i s t s  for 

the i r  review. Changes and revisions were incorporated, i f  necessary. 

The f ina l  programs were stored i n  the system l ibrary i n  the form of 

load modules and were used by the data entry s ta f f  t o  key in the data. 

T h u s  a l l  the software for  the data entry was indigenously developed. 

All aspects of d a t a  entry were menu-driven. 

To al low easy retr ieval  and manipulation of data,  the dis t r ibuted 

information system technique was used and separate l ib rar ies  were 
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assigned t o  the programmers. Th is  al lowed s t r i c t  s e c u r i t y  and 

p r o t e c t i o n  f rom unauthor ized users g e t t i n g  i n t o  var ious  p ro tec ted  

f i l e s ,  i n a d v e r t e n t l y  e ras ing  programs, removing load modules, o r  

d e l e t i n g  da ta  f i l e s .  Each programmer used h i s  own l i b r a r y  t o  w r i t e ,  

t e s t  and mod i fy  programs, t o  s t o r e  o r  d e l e t e  unwanted programs o r  load 

modules. Whenever access t o  a p ro tec ted  systems program was requested 

by a programmer, i t  was copied i n t o  h i s  l i b r a r y ;  thus m in im iz ing  loss 

o f  t ime i n  o b t a i n i n g  f i l e s  and procedures i f  m u l t i p l e  requests  were 

made f o r  us ing the  same f i l e s  o r  procedures. For the  c o n t r o l  and 

s e c u r i t y  o f  f i l e s  each da ta  f i l e  was assigned a s i x  o r  e i g h t  charac ter  

alphanumeric code. A p a r t i a l  l i s t  o f  f i l e s  i s  g iven  i n  Table 10-1 and 

i t  exp la ins  how each f i l e  was assigned a unique name. The f i r s t  t h r e e  

charac ters  o f  master f i l e s  were BR., s i g n i f y i n g  f i l e  f o r  B r i n e  L ine  

P ro jec t ,  f o l l owed  by the d i s c i p l i n e ' s  format  code; f o r  example, 123 f o r  

nekton, 124 f o r  zooplankton. All i n f o r m a t i o n  needed by EDIS was 

recorded on these master f i l e s .  S p e c i f i c  work f i l e s  f o r  s t a t i s t i c a l  

analyses were named w i t h  f i r s t  f o u r  charac ters  BRK., f o l l owed  by one 

l e t t e r  f o r  d i s c i p l j n e ,  and the  l a s t  t h r e e  charac ters  i n d i c a t i v e  of 

purpose and/or contents  o f  f i l e .  There were twe lve  master f i l e s  and 

many d i f f e r e n t  work f i l e s  f o r  da ta  ana lys i s  and syn thes is .  

Each s c i e n t i s t  was asked t o  s e l e c t  the va r iab les  f o r  h i s  s tudy 

area and approp r ia te  s t a t i s t i c a l  ana lys is .  To c o n f i r m  i f  the under- 

l y i n g  cond i t i ons  f o r  the  requested s t a t i s t i c a l  analyses were s a t i s f i e d ,  

e x p e r t i s e  i n  s t a t i s t i c s  was sought f rom p r o f e s s i o n a l  s t a t i s t i c i a n s .  

A 
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Table 10-1. Nomenclature f o r  computer f i l e s .  

Name o f  f i l e  

BR. 004 

BR. 028 

BR. 029 

BR. 032 

BR. 123 

BR. 124 

BR. 144 

BRK. BO02 

BRK. BIB2 

BRK. NOW5 

BRK. 2135 

BRK. ZA55 

D e s c r i p t i o n  

Master f i l e  f o r  CTD/DO data, NOAA format  code 004 
Master f i l e  f o r  Phytoplankton data,  NOAA format  code 028 
Master f i l e  f o r  Phytoplankton data, NOAA format  code 029 
Master f i l e  f o r  Benthos data, NOAA fo rmat  code 032 
Master f i l e  f o r  Nekton data, NOAA fo rmat  code 123 
Master f i l e  f o r  Zooplankton data,  NOAA format  code 124 
Master f i l e  f o r  Spec ia l  P o l l u t a n t  data, NOAA format  code 2 
- Benthos - Of fshore  - February da ta  

- Benthos - Inshore February  da ta  

- Nekton - Of fshore  Weight da ta  f o r  May 

- Zooplankton - -  1 s t  Rep l i ca tes  Mesh 333 May da ta  

- Zooplankton - -  A l l  Rep l i ca tes  Mesh 205 May da ta  
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n 
Pertinent information was extracted from master f i l e s  and a f te r  

reformatting them, specif ic  purpose f i l e s  were obtained. S o r t i n g  and 

merging of f i l e s  was necessary t o  construct usuable specif ic  purpose 

f i l e s .  These a c t i v i t i e s  are i l l u s t r a t ed  i n  Figure 10-2. 

Two basic types of s t a t i s t i c a l  analyses were performed. F i r s t ,  

variables were analyzed t o  study their  dis t r ibut ional  charac te r i s t ics ,  

such as, mean, median, 'variance, standard deviation, abundance and 

tabulation. Second, variables were grouped t o  study the in te r -  

relationships.  S t a n d a r d  s t a t i s t i c a l  analyses i n  t h i s  g roup  include 

analysis of variance, l inear regression, correlation analysis, and 

f a c t o r  ana lys i s ,  whereas, special  purpose s t a t i s t i c a l  analyses s u i t a b l e  

fo r  the area of ecology and marine b io logy  include cluster  and 

o r  d i n a t  i on' an a 1 ys e s . 
To study dis t r ibut ional  character is t ics  a l l  computer programs were 

written and tested by data management programmers. Factor analysis and 

analysis of variance programs supplied by International Business 

Machines (IBM) were used whereas indigenous programs for simple linear 

regression analysis,  Shannon-Weaver (1949) divers i ty  index, Simpson's 

index of evenness (1949) and Margalef (1958) index of species richness 

were written. 

For c luster  analysis as described by Anderberg (1973) and 

o r d i n a t i o n  analysis edited by Gauch (19771 ,  programs were obtained from 

L 
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S t a r t  w 
/ R e t  ri eve f 

Data From 
Mas te r  F i  1 es 

S t a t i s t i c a l  

A n a l y s i s  

V i  sua1 
V e r i  f i  ca- 

t i o n  b y  
c i  e n t i  s t s  

F igu re  10-2. C o n s t r u c t i o n  of  s p e c i f i c  purpose f i l e s  and s t a t i s t i c a l  
ana lyses .  
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V i r g i n i a  I n s t i t u t e  of Marine Science ( V I M S )  and Cornel1 U n i v e r s i t y ,  

r e s p e c t i v e l y .  Both of these programs, COMPAH and ORDIFLEX, are l a r g e  

programs and r e q u i r e  very  l a r g e  s i z e  main memory computers. They were 

w r i t t e n  f o r  computer systems such as I B M  360 o r  I B M  370. The programs 

used some i n s t r u c t i o n s  which are n o t  acceptable t o  I B M  System/34; such 

as, format  s p e c i f i c a t i o n s  a t  execut ion  t ime, b lock  data, and e n t r y  

p o i n t s  i n  subrout ines.  Thus bo th  programs had t o  undergo ex tens ive  

m o d i f i c a t i o n s .  I t  took pa ins tak ing  e f f o r t s  and cons iderab le  t ime t o  

make these programs usable on t h e  I B M  System/34 computer. Commercially 

supp l ied  programs, such as S t a t i s t i c a l  Analys is  System (SAS) ,  

S t a t i s t i c a l  Programs f o r  t he  S o c i a l  Science (SPSS) and t h e  l i k e  cou ld  

n o t  be adapted due t o  lack  o f  l a r g e  memory s i z e  a t  t h i s  f a c i l i t y .  

10.1.4.2 Benth ic  Data 

One master f i l e  was mainta ined and da ta  f rom each c r u i s e  was added 

and a lso  repo r ted  t o  E D I S .  Separate f i l e s  f o r  d i v e r s i t y  i nd i ces ,  

c l u s t e r  ana lys i s  and o the r  analyses were c rea ted  f rom t h i s  master f i l e .  

In-house programs were w r i t t e n  t o  he lp  summarize da ta  and descr ibe  t h e  

Benth ic  popu la t i on  a t  each s t a t i o n  f o r  each c ru i se .  Species evenness, 

r i chness ,  and d i v e r s i t y  were a l so  c a l c u l a t e d  each month f o r  marine and 

e s t u a r i n e  data.  

Separate e s t u a r i n e  and marine c l u s t e r  analyses were completed f o r  

each c r u i s e  each month, normal and inve rse  c l u s t e r  analyses were 

performed on e s t u a r i n e  and marine da ta  separa te l y  f o r  each month and 

then combined f o r  a l l  months. Species occur ing  i n  o n l y  one r e p l i c a t e  
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were deleted.  Log t ransformed da ta  were employed i n  the  c l u s t e r  

analyses w i t h  the  Bray-Cur t i s  ( C l i f f o r d  and Stephenson, 1975) 

s i m i l a r i t y  measure and c l u s t e r i n g  s t r a t e g y  " f l e x i b l e "  w i t h  be ta  = 

-0.25, (Boesch, 1977). Two types o f  r e s u l t s  were obta ined:  1) groups 

o f  species which tended t o  co-occur were i d e n t i f i e d ,  and 2 )  groups of 

s t a t i o n s  w i t h  s i m i l a r  species were i d e n t i f i e d .  

The r e s u l t s  are descr ibed i n  the  Benthos sec t i on  elsewhere. 

Taxonomic codes and names o f  species were t h e  same as used by VIMS. 

10.1.4.3 Nekton Data 

Master f i l e s  were cons t ruc ted  t o  i nc lude  da ta  from a l l  c ru i ses .  

C l u s t e r  ana lys i s  was employed on es tua r ine  and marine da ta  f o r  each 

month keeping r e p l i c a t e s  separate and then on da ta  w i t h  r e p l i c a t e s  

combined f o r  each month, t a k i n g  t h e  op t i ons  which were descr ibed i n  t h e  

Benth ic  da ta  sec t ion .  Regression analyses were performed on 

l o g a r i t h m i c  t ransformed data  f o r  i n d i v i d u a l  l eng th  and weight of 

species.  Species abundance, d i v e r s i t y  i n d i c e s  and d i s t r i b u t i o n a l  

- 

charac ter  i s t i cs s t  a t  i s t i cs were computed. 

Histograms d e p i c t i n g  l eng th  f requenc ies  were produced f o r  

c o n t r o l  s t a t i o n s ,  one exper imenta l  s t a t i o n ,  and o v e r a l l  s t a t  

sampled. 

Cond i t i on  fac to rs  were c a l c u l a t e d  f o r  c e r t a i n  spec 

D i f fe rences  between c o n d i t i o n  f a c t o r s  o f  species a t  c o n t r o l .  

exper imenta l  s i t e s  were tes ted  by Wi lcoxon 's  Signed-rank t e s t .  

two 

on s 

es. 

and 

Ana lys is  of var iance technique was used t o  de tec t  d i f f e r e n c e s  i n  
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species occurrences and weights a t  s t a t i o n s  each month. Student- 

Newman-Keuls m u l t i p l e  range t e s t  was used t o  i d e n t i f y  where the 

s i g n i f i c a n t  d i f f e r e n c e s  occurred. 

M u l t i v a r i a t e  a n a l y s i s  of var iance and covar iance technique was 

used t o  evaluate e f f e c t s  o f  p h y s i c a l  parameters on species occurrence. 

Some o f  t he  p h y s i c a l  parameters used i n  t h i s  ana lys i s  were temperature, 

s a l i n i t y ,  d i sso l ved  oxygen and sediment s izes.  

10.1.4.4 Phytoplankton Data 

Two master f i l e s  were maintained: 1) the  number of c e l l s  per  

i i t e r  f o r  each species, and 2)  f o r  c h l o r o p h y l l - a  and phaeopigment 

concen t ra t i on .  Ana lys i s  o f  var iance technique was used t o  f i n d  

i n t e r r e l a t i o n s h i p  among f l o r a .  Duncan's New M u l t i p l e  Range t e s t  was 

used t o  i d e n t i f y  s i m i l a r  s t a t i o n s .  

10.1.4.5 Zooplankton Data 

One master f i l e  was mainta ined f o r  zooplankton data, and monthly 

c r u i s e  da ta  was e x t r a c t e d  f rom t h i s  f i l e  t o  t r a n s m i t  da ta  t o  E D I S .  The 

samples were c o l l e c t e d  a t  va ry ing  depths w i t h  two d i f f e r e n t  mesh s i z e  

sampling devices. D i f f e r e n c e s  i n  biomass and species abundances 

between s t a t i o n s  were t e s t e d  f o r  each depth and each mesh s i z e  us ing 

analys i s o f  var i ance technique. Student -Newman-Keu 1s mu 1 t i p  l e  range 

t e s t  was used t o  d e t e c t  where the  s i g n i f i c a n t  d i f f e r e n c e s  occurred. 

C l u s t e r  ana lys i s  was performed each month on f o u r  marine da ta  

f i l e s  and two e s t u a r i n e  da ta  f i l e s .  The f o u r  marine da ta  f i l e s  

cons is ted  o f  two f i l e s  f o r  each mesh size;  one w i t h  o n l y  f i r s t  
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r e p l i c a t e  a l l  species data, the second con ta in ing  a l l  r e p l i c a t e s  

se lec ted  species data. The f i r s t  o f  the two e s t u a r i n e  da ta  f i l e s  

conta ined f i r s t  r e p l i c a t e  a l l  species data, and the  second conta ined 

a l l  r e p l i c a t e  se lec ted  species data. The op t i ons  taken f o r  these 

c l u s t e r  analyses were t h e  same as those descr ibed i n  t h e  Benth ic  da ta  

sec t i on  w i t h  t h e  except ion  o f  dropping species which occurred i n  l e s s  

than 5% o f  t h e  s t a t i o n s  sampled. 

10.1.4.6 CTD/DO Data 

Whenever a sampling c r u i s e  took place, measurements on some 

p h y s i c a l  parameters, such as, temperature, s a l i n i t y ,  pH, t u r b i d i t y  and 

d i sso l ved  oxygen were made a t  each s t a t i o n .  One master f i l e  was 

c rea ted  and e x t r a c t s  o f  month ly  da ta  were sent  t o  E D I S .  

One spec ia l  work f i l e  was created from t h i s  master f i l e  which 

conta ined a l l  p e r t i n e n t  da ta  f o r  analyses on one record  type. One 

add i t i on a 1 parameter , d i s so 1 ved oxygen sa t  u r a t i on , was e s t  i mated f rom 

t h e  measured parameters and inc luded i n  t h i s  spec ia l  work f i l e .  

D i f f e rences  between s t a t i o n s  were evaluated us ing  ana lys i s  o f  var iance 

techniques. For each v a r i a b l e  a t  each s t a t i o n ,  d e s c r i p t i v e  s t a t i s t i c s  

were c a l c u l a t e d  t o  s tudy  d i s t r i b u t i o n a l  c h a r a c t e r i s t i c s  and then on a l l  

s t a t i o n s  combined t o  s tudy t h e  o v e r a l l  d i s t r i b u t i o n  o f  t h e  v a r i a b l e .  

10.1.4.7 Spec ia l  P o l l u t a n t s  Data 

A master f i l e  was c rea ted  t o  reco rd  da ta  f o r  pH, Eh, major ions,  

t o t a l  metals,  p e s t i c i d e s ,  and h igh  molecular  weight  hydrocarbons. Only 

t h r e e  sampling c r u i s e s  took p lace  du r ing  the  pos t  d ischarge per iod .  
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S t a t i s t i c a l  analyses were no t  performed f o r  these l i m i t e d  data. 

D e t a i l e d  d e s c r i p t i o n s  o f  r e s u l t s  and i n t e r p r e t a t i o n s  of the 

s t a t i s t i c a l  analyses performed f o r  each o f  the d i s c i p l i n e s  were 

discussed i n  the  p rev ious  chapters.  

10.2 Texas A & M U n i v e r s i t y  Data Management 

10.2.1 I n t r o d u c t i o n  

The p r i n c i p a l  r e s p o n s i b i l i t i e s  o f  the data management s e c t i o n  are 

t h e  maintenance o f  a c e n t r a l i z e d  da ta  s torage and r e t r i e v a l  system, the 

p r o t e c t i o n  o f  the data system, the t ransmiss ion o f  the v a l i d a t e d  da ta  

t o  the Env ronmental  Data and In format ion Serv ice ( E D I S )  i n  Washington, 

D.C. ,  and p r o v i d i n g  programming support  f o r  p r o j e c t  s c i e n t i s t s  and 

engineers.  Va l i da ted  da ta  i s  a l so  t r a n s m i t t e d  t o  the S ta te  o f  

Lou is iana  designee, D r .  R ichard Condrey, Louis iana S ta te  U n i v e r s i t y  

Center f o r  Wetland Resources, i n  Baton Rouge, Louis iana.  Other 

requests  are submit ted through the  p r o j e c t ' s  managment d i v i s i o n .  I n  

o rde r  t o  meet these requirements the da ta  management s e c t i o n  must 

moni tor  and a c c u r a t e l y  document the  f l o w  o f  da ta  f rom the  i n i t i a l  

sampling, through v a l i d a t i o n  t o  i t s  f i n a l  t ransmiss ion  and storage. 

A 
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10.2.2 Facilities 

The SPR Project has at its disposal the facilities of Texas A&M 

University's Data Processing Center (DPC). It is equipped with an Amdahl 

470 V/6 and an Amdahl 470 V/7b. 

computers, from micros through large scale, many of which along with about 

1600 terminals of various types, access the main computer system via 

dial-up or dedicated communication lines. Approximately 800 terminals can 

be active at one time. The facility fulfills the academic, research and 

,administrative needs of Texas A&M, while simultaneously functioning as a 

regional center to other educational institutions and state and federal 

agencies. 

There are approximately 200 other 

The Amdahl processors are each configures with 16 data channels and 8 

megabytes of monolithic memory. The memory for each processor is prefixed 

with a high speed cache memory that is used to provide fast access to 

frequently used data instructions. 

kilobytes, and the V/7b size is 32 kilobytes. 

The VI6 cache memory size is 16 

Both Amdahl processors and all peripherals are combined into a loosely 

coupled, multiple processor complex that is connected to shared disks and 

tapes and is controlled by the IBM operating system MVSlJES3 (Multiple 

Virtual Storage/Job Entry Subsystem 3 ) .  

scheduling of all resources required for a job'and provides the computer 

system operator with status information on the utilization and availability 

The operating system controls the 

of these resources. 

The following peripheral equipment is connected t o  the Amdahl 
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p r o c e s s o r s :  

24 IBM 3350 Disk Drives  (317 megabytes each)  

24 STC 8650 Disk Drives  (634 megabytes each)  

16 CALCOMP 230 Disk Drives  (100 megabytes each )  

1 CALCOMP 9-track Tape Drive (800/1600 b p i )  

1 CALCOMP 7-track Tape Drive (200/556/8800 b p i )  

8 STC 3670 9- t rack Tape Drive (1600/6250 b p i )  

4 IBM 1403-N1 P r i n t e r s  

2 IBM 3211 P r i n t e r s  

2 Versatec 1200A P r i n t e r s  

1 Houston Ins t rumen t s  36" P l o t t e r  

1 Xerox Laser P r i n t e r  

WYLBUR, a text man ipu la t ion  system developed a t  S tan fo rd  U n i v e r s i t y ,  

p rov ides  t h e  major p o r t i o n  of t h e  i n t e r a c t i o n  between t h e  computer systems 

and t h e  d a t a  management s e c t i o n .  It o f f e r s  an  on - l ine  i n t e r a c t i v e  

c a p a b i l i t y  f o r  p r e p a r i n g  and submi t t i ng  jobs  f o r  execu t ion .  Also provided 

i s  t h e  a b i l i t y  t o  have t h e  ou tpu t  from t h e  job  h e l d .  WYLBUR can  then  be 

used t o  f e t c h  and examine t h i s  o u t p u t .  I n  many cases, t h i s  preview i s  a l l  

t h a t  is  r e q u i r e d ;  t h e  o u t p u t  i s  purged. These e d i t i n g ,  j ob  submission and 

o u t p u t  previewing c a p a b i l i t i e s  a re  provided by WYLBUR w i t h  r e l a t i v e l y  l o w  

overhead. A s  a r e s u l t ,  t h e  u s e r  s aves  bo th  t i m e  and money. 

WYLBUR i s  used a l s o  by p r o j e c t  personnel  as an  a i d  i n  r e p o r t  

g e n e r a t i o n .  Using o f f i c e  t e r m i n a l s ,  t e x t  can be e n t e r e d ,  e d i t e d  and, i n  

con junc t ion  wi th  a series 1620 o r  1650 Xerox word p rocesso r  t e r m i n a l ,  a 

h i g h  q u a l i t y  copy can be produced. The o r i g i n a l  t e x t  i s  s t o r e d  on d i s k  
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files and can be retrieved at any time for revision. 

1 0 . 2 . 3  Data Processing 

Data are received from all components of the project (physical 

oceanography, water chemistry, sediment chemistry, grain size, sea state) 

on formatted data sheets o r  on-line data files (e.g. physical 

oceanography). 

component of the project. 

programs which arrange the data into a format compatible with existing 

files and programs. 

The data are stored as one or more data sets for each 

In some cases, the raw data are processed by 

After entering the data on-line, a cycle of validation is initiated 

through the appropriate principal investigator and the data management 

section to check for errors. With each cycle, the data are corrected by 

data management until they are error free. The data are then available for 

forwarding to EDIS, statistical analyses and report generation (see Figure 

10-3). The status of the data from each of the project's components is 

shown in Table 10-2. 

The ACF2 protection system, recently installed at the computer 

facility, enables access to project data files to be specifically 

controlled by data management and personnel with project accounts. 

Flexibility in controlling the type of access permitted (reading from files 

or editing files) and the degree of access permitted (limited from a 

specific portion of a file to the entire contents of the account) enables 

the authorized use of project data to be selectively controlled. This 

system is particularly useful with large computer accounts in which 
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Figure  10-3. Flow c h a r t  shows d a t a  p rocess ing  a c t i v i t y .  
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Table 10-2. Cumulative status of project  data sets from January 1981 through 
September 8 ,  1982. (id 

DATA SET:SURFACE WEATHER OBSERVATIONS 

DATA SET NAME 
MET.MAY81 
MET. JUN8 1 
MET. JUL8 1 
MET. AUG8 1 
MET. SEP8 1 
MET. OCT8 1 
MET. NOV8 1 
MET. OEC8 1 
MET. J A N 8 2  
MET. F E B 8 2  
MET. MAR82 
MET. APR82 
MET. MAY82 
MET. JUN82 
MET. J U L 8 2  
MET. AUG82 

DATA SET NAME 
SEA. MAY81 
SEA. JUNE 1 
SEA. JUL8 1 
SEA. AUG8 1 
SEA. SEP8 1 
SEA. OCT8 1 
SEA. N O W  1 
SEA. DEC8 1 
SEA. J A N 8 2  
SEA. F E B 8 2  
SEA. MAR82 
SEA. APR82 
SEA .MAY82 
SEA. JUN82 
SEA. J U L 8 2  
SEA. AUG82 

DATA SET NAME 
DTS.MAY81 
DTS . JUN8 1 
OTS . J U L 8  1 
OTS . AUG8 1 
OTS . SEP8 1 
OTS . OCT8 1 
OTS . NOV8 1 
OTS . OEC8 1 
OTS. J A N 8 2  
OTS. F E B 8 2  
OTS . MAR82 
OTS . APR82 
OTS . MAY 82 
O T S .  JUN82 

MONTH 
MAY 1 9 8 1  

JUNE 1981 
JULY 1981 

AUGUST 1 9 8 1  
SEPTEMBER 1 9 8 1  

OCTOBER 1 9 8 1  
NOVEMBER 1 9 8 1  
DECEMBER 1 9 8 1  

JANUARY 1982 
FEBRUARY 1 9 8 2  

MARCH 1 9 8 2  
A P R I L  1 9 8 2  

MAY 1 9 8 2  
JUNE 1 9 8 2  
JULY 1 9 8 2  

AUGUST 1982 

COOED 
X 
X 
x 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

VALIDATED 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

DATA SET:SURFACE SEA OBSERVATIONS 

MONTH 
MAY 1 9 8 1  

JUNE 1 9 8 1  
JULY 1 9 8 1  

AUGUST 1 9 8 1  
SEPTEMBER 1 9 8 1  

OCTOBER 1 9 8 1  
NOVEMBER 1 9 8  1 
DECEMBER 1 9 8 1  

JANUARY 1982 
FEBRUARY 1982 

MARCH 1 9 8 2  
A P R I L  1982 

MAY 1 9 8 2  
JUNE 1982 
JULY 1 9 8 2  

AUGUST 1982 

CODED VALIDATED 
X X 
X ' X  
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 

TRANSMITTED 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

DATA SET: OVER THE S I D E  MEASUREMENTS 

TRANSMITTED 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

MONTH 
MAY 1 9 8 1  

JUNE 1981 
JULY 1 9 8 1  

AUGUST 1 9 8 1  
SEPTEMBER 1 9 8 1  

OCTOBER 1981 
NOVEMBER 1 9 8  1 
DECEMBER 1 9 8 1  

JANUARY 1 9 8 2  
FEBRUARY 1982 

MARCH 1982 
A P R I L  1 9 8 2  

MAY 1 9 8 2  
JUNE 1 9 8 2  

CODED 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

V A L I D A T E D  TRANSMITTEO- 
X X 
X -X 
X Y 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
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Table 10-2. Continued. 

DATA S E T :  SEDIMENT QUALITY MEASUREMENTS Q 
DATA SET NAME 

SED.MAY81 
SED. JUN8 I 
SED. J U L 8  1 
SED. AUG8 I 
SED.SEP81 
SED. OCT8 I 
SED. NDV8 I 
SED. DEC8 1 
SED. JAN82  
SED. FEB82  
SED. MAR82 
SED. APR82 
SED. MAY82 
SED. JUN82 
SED. J U L 8 2  

DATA SET NAME 
P H I .  MAY81 
P H I  . JUN8 1 
P H I  . J U L 8  1 
P H I  . AUG8 I 
P H I .  SEP81 
P H I .  OCT8 I 
P H I  . NOV8 1 
P H I  . DEC8 1 
P H I .  J A N 8 2  
P H I .  FEB82  
P H I .  MAR82 
P H I  . APR82 
P H I .  MAY82 
P H I .  JUN82  
P H I .  J U L 8 2  

DATA SET NAME 
WATER.MAY81 
WATER.JUN81 
WATER.JUL81 
WATER.AUG81 
WATER.SEP81 
WATER.OCTB1 
WATER.NOV81 
WATER.DEC81 
WATER.JAN82 
WATER.FEB82 
WATER.MAR82 
WATER.APR82 
WATER.MAY82 
WATER.JUN82 

MONTH 
MAY 1 9 8 1  

JUNE 1 9 8 1  
JULY 1 9 8 1  

AUGUST 1 9 8 1  
SEPTEMBER 1 9 8 1  

OCTOBER 1 9 8 1  
NOVEMBER 198 1 
DECEMBER 1 9 8 1  

JANUARY 1982 
FEBRUARY 1 9 8 2  

MARCH 1982 
A P R I L  1982 

MAY 1 9 8 2  
JUNE 1982 
JULY 1 9 8 2  

CODED VALIDATED 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 

DATA SET: P H I  ,GRAIN S I Z E  ANALYSIS  

MONTH 
MAY 1 9 8 1  

JUNE 1 9 8 1  
JULY 198 1 

AUGUST 1 9 8 1  
SEPTEMBER 1981 

OCTOBER 1 9 8 1  
NOVEMBER 1 9 8 1  
DECEMBER 1 9 8 1  

JANUARY 1 9 8 2  
FEBRUARY 1 9 8 2  

MARCH 1 9 8 2  
A P R I L  1 9 8 2  

MAY 1 9 8 2  
JUNE 1982 
JULY 1982 

CODE0 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

VALIDATED 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

TRANSMITTED 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

DATA SET:  WATER QUALITY MEASUREMENTS 

TRANSMITTED 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

MONTH 
MAY 1 9 8 1  

JUNE 1 9 8 1  
JULY 1 9 8  1 

AUGUST 1 9 8 1  
SEPTEMBER 1 9 8 1  

OCTOBER 1 9 8 1  
NOVEMBER 1981 
DECEMBER 198 1 

JANUARY 1 9 8 2  
FEBRUARY 1 9 8 2  

MARCH 1 9 8 2  
A P R I L  1 9 8 2  

MAY 1 9 8 2  
JUNE 1 9 8 2  

CODED VALIDATED 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 

TRANSMITTED 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

DATA SET:  MAJOR IONS I N  WATER QUALITY MEASUREMENTS(QUARTERLY) 

DATA SET NAME MONTH CODED VALIDATED TRANSMITTED 
ION.WATER.MAY81 MAY 1 9 8 1  X X X 
ION.WATER.JUN81 JUNE 1 9 8 1  X X X 
IDN.WATER.SEP81 SEPT. 1 9 8 1  X X X 
IDN.WATER.DEC81 DECEMBER 1 9 8 1  X X X 
ION.WATER.MAR82 MARCH 1 9 8 2  X X X 

8 
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Table 10-2. Continued. 
CIS 

DATA SET: MAJOR IONS I N  SEDIMENT QUALITY MEASUREMENTS(QUARTERLY) 

DATA SET NAME MONTH CODED VALIDATED 
IDN.SED.MAY8I MAY 1 9 8 1  X X 
ION.SED.JUN81 JUNE 1 9 8 1  X X 
ION.SED.SEP81 SEPTEMBER 1 9 8 1  X X 
ION.SED.DEC81 DECEMBER 1 9 8 1  X X 
ION.SED.MAR82 MARCH 1 9 8 2  X X 

DATA SET NAME 
JAMES. F I 
JAMES. F 2  
JAMES. F 3  
JAMES. F 1 
JAMES. F 2  
JAMES. F 3  
JAMES. F 1 
JAMES. F 2  
JAMES. F 3  
JAMES. F 1 
JAMES. F 2  
JAMES. F 3  

DATA SET NAME 
FLTRAVG.DT601211 
FLTRAVG.DT602171 
FLTRAVG.DT603061 
FLTRAVG.DT604041 
FLTRAVG.DT604281 
FLTRAVG.DT605121 
FLTRAVG.DT606241 
FLTRAVG.DT607091 
FLTRAVG.DT607231 
FLTRAVG.DT608131 
FLTRAVG.DT609031 
FLTRAVG.DT609291 
FLTRAVG.DT610221 
FLTRAVG.DT611191 
FLTRAVG.DB601211 
FLTRAVG.DB602171 
FLTRAVG.DB603141 
FLTRAVG.DB604041 
FLTRAVG.DB604281 
FLTRAVG.DB605121 
FLTRAVG.DB606241 
FLTRAVG.DB607091 
FLTRAVG.DB607231 
FLTRAVG.DB608131 
FLTRAVG.DB609031 
FLTRAVG.DB609291 
FLTRAVG.DB610221 
FLTRAVG.DB611191 
FLTRAVG.DB601242 

DATA SET:  WES 

MONTH 
AUGUST 1 9 8 1  
AUGUST 1 9 8 1  
AUGUST 1 9 8 1  

NOVEMBER 1 9 8 1  
NOVEMBER ‘1981 
NOVEMBER 1 9 8 1  

JANUARY 1982 
DECEMBER 1 9 8 1  

JANUARY 1982 
FEBRUARY 1 9 8 2  
FEBRUARY 1 9 8 2  
FEBRUARY 1 9 8 2  

JAMES DATA-- 

CODED 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

-JAMES. FX 

VALIDATED 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

DATA SET:  FRANK KELLY’S F I L T E R  AVERAGE 

MONTH CODED 
FEB. 1 9 8 1  

MARCH 1 9 8 1  
APRIL  1 9 8 1  
A P R I L  1 9 8 1  

MAY 1 9 8 1  
JUNE 1 9 8 1  
JULY 1981 
JULY 1 9 8 1  

AUGUST 1 9 8 1  
SEPT. 1981 
SEPT. 1 9 8 1  

OCT. 1 9 8 1  
NOV. 1 9 8 1  
DEC. 1 9 8 1  
FEE.  1981 

MARCH 1 9 8 1  
A P R I L  1 9 8 1  
A P R I L  1 9 8 1  

MAY 1 9 8 1  
JUNE 1 9 8 1  
JULY 1 9 8 1  
JULY 1 9 8 1  

AUGUST 1 9 8 1  
SEPT. 1981 
SEPT. 1 9 8 1  

DCT. 1 9 8 1  
NOV. 1 9 8 1  
DEC. 1981 
FEB. 1 9 8 2  

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

VALIDATED 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

TRANSMITTED 
X 
X 
X 
X 
X 

TRANSMITTED 
2 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

TRANSMITTED 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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Table 10-2. Continued. 

FLTRAVG.DB603142 
FLTRAVG.DB612151 
FLTRAVG.DB605162 
FLTRAVG.DX605162 
FLTRAVG.DB604012 
FLTRAVG.DT601242 
FLTRAVG.DT603142 
FLTRAVG.DT604012 
FLTRAVG.DT605162 
FLTRAVG.NB604281 
FLTRAVG.NB605121 
FLTRAVG.NB606241 
FLTRAVG.NB607231 
FLTRAVG.NB608131 
FLTRAVG.NB609041 
FLTRAVG.NB709291 
FLTRAVG.NB610221 
FLTRAVG.NB611181 
FLTRAVG.NB601242 
FLTRAVG.NB602172 
FLTRAVG.SB702171 
FLTRAVG.SB603061 
FLTRAVG.SB604041 
FLTRAVG.SB604281 
FLTRAVG.SB605201 
FLTRAVG.SB606231 
FLTRAVG.SB607231 
FLTRAVG.SB608131 
FLTRAVG.SB609031 
FLTRAVG.SB609291 
FLTRAVG.SB610221 
FLTRAVG.SB611181 
FLTRAVG.SB612151 
FLTRAVG.SB601242 
FLTRAVG.SB602172 
FLTRAVG.SB603142 
FLTRAVG.ST603061 
FLTRAVG.ST604041 
FLTRAVG.ST604281 
FLTRAVG.ST605201 
FLTRAVG.ST606231 
FLTRAVG.ST607231 
FLTRAVG.ST609031 
FLTRAVG.ST609291 
FLTRAVG.ST610221 
FLTRAVG.ST611181 
FLTRAVG.ST612151 
FLTRAVG.ST601242 
FLTRAVG.ST602172 
FLTRAVG.ST603142 
FLTRAVG.ST604012 
FLTRAVG.ST605162 
FLTRAVG.WB602261 
FLTRAVG.WB604041 
FLTRAVG.WB606021 
FLTRAVG.WB607091 
FLTRAVG.WB608131 
FLTRAVG.WB609031 
FLTRAVG.WB609291 
FLTRAVG.WB611181 
FLTRAVG.WB612151 
FLTRAVG.WB601242 
FLTRAVG.WB602172 
FLTRAVG.WB603142 
FLTRAVG.WB604012 
FLTRAVG.WB605162 

A P R I L  1982 
AUGUST 1 9 8 2  
AUGUST 1982 

MAY 1 9 8 2  
A P R I L  1 9 8 2  

JAN. 1 9 8 2  
MARCH 1 9 8 2  
A P R I L  1982 

MAY 1 9 8 2  
A P R I L  1 9 8 1  

MAY 1 9 8 1  
JUNE 1 9 8 1  
JULY 1 9 8 1  

AUGUST 1 9 8 1  
SEPT. 1 9 8 1  
SEPT. 1 9 8 1  

OCT. 1 9 8 1  
NOV. 1 9 8 1  

AUGUST 1 9 8 2  
AUGUST 1 9 8 2  

FEB. 1 9 8 1  
MARCH 1 9 8 1  

AUGUST 1 9 8 2  
AUGUST 1 9 8 2  
AUGUST 1982 
AUGUST 1 9 8 2  
AUGUST 1 9 8 2  
AUGUST 1 9 8 2  
AUGUST 1 9 8 2  
AUGUST 1 9 8 2  
AUGUST 1 9 8 2  
AUGUST 1 9 8 2  
AUGUST 1 9 8 2  
AUGUST 1 9 8 2  
AUGUST 1 9 8 2  
AUGUST 1 9 8 2  

MARCH 1 9 8 1  
A P R I L  1 9 8 1  
A P R I L  1 9 8 1  

MAY 1 9 8 1  
JUNE 1 9 8 1  
JULY 1 9 8 1  

SEPT. 1 9 8 1  
SEPT. 1 9 8 1  

OCT. 1 9 8 1  
NOV. 1 9 8 1  
DEC. 1 9 8 1  
JAN. 1 9 8 2  
FEE. 1 9 8 2  

MARCH 1 9 8 2  
A P R I L  1 9 8 2  

MAY 1982 
FEE. 1 9 8 1  

A P R I L  1 9 8 1  
JUNE 1 9 8 1  
JULY 1 9 8 1  

AUGUST 1 9 8 1  
SEPT. 1 9 8 1  
SEPT. 1 9 8 1  

NOV. 1981 
DEC. 1 9 8 1  
JAN. 1 9 8 2  

AUGUST 1 9 8 2  
AUGUST 1 9 8 2  
AUGUST 1 9 8 2  
AUGUST 1 9 8 2  

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
x 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
x 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
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, \  numerous subaccounts (principal investigators and support personnel) are 

interactively maintained, as in the SPR project. 

The data files are protected from inadvertent loss through a series of 

programs which copy the data to magnetic tape of a monthly basis. 

copies of the project's complete data files are maintained in a fire-proof 

Two 

vault. Documentation of the contents of the backup is kept by the data 

management section so that any data file which is lost (e.g. hardware 

failure, operator error) can be restored to on-line use. Appendix J 

contains the validated project data to date. 

10.2.4 Software Development 

Specifications for the development of a computer program are forwarded 

from a principal investigator to the data management section. At that time 

the feasibiliiy of developing the program is considered and recommendations 

are made to the requestor as shown in Figure 10-4. After discrepancies are 

resolved, a programmer is assigned to the project. The programmer's 

responsibilities are to design the program, draw a flow chart, and code and 

test a program. 

continue the development process. 

At that point, additional programmers may be requested to 

After the program is flow charted, a structured walk through is 

conducted in the presence of a programmer who is not involved with the 

program to insure the program undergoing development is indeed the program 

requested. Major design flaws can also be detected at this point. 

The program is then coded and tested. If the program constitutes part 

of a system of programs, a system test is then performed. At this point 

10-23 



SOFTWARE DEVELOPMENT 

ASSIGN CHIEF 
PQMER TEAM 

SPECIFICATIONS a 
FLOW CHART 

I FEASIBILITY I 

f 

4 REFINE DESIGN 

STRUCTURED 
WALK 

THROUGH 
\ - 

I UNIT TEST I 

EVIEW WITH P I  * 
(IF REQ'D)  

REFINE DESIGN 

t 

1 
1 

LOAD MODULE LJ 
OPERATION 8 
MAINTENANCE 

Figure  10-4. Flow c h a r t  shows s o f t w a r e  development. 
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c3 the capabilities and output generated by the program are presented to the 

requestor .for his review. Changes are then incorporated, if necessary. 

After the program is accepted by the requestor, it is compiled into a 

private job library and a procedure is stored on-line which will use the 

stored load module during production processing. The program is then 

maintained through the life of the project. 

Direct on-line storage of data is convenient for the researcher's 

processing needs, but can lead to rather large disk storage requirements, 

particularly for data which is continuously collected (e.g. physical 

oceanography). The data management section is developing a data file 

management and inventory system which will substantially reduce the storage 

space requirements, and consequently the expense, of on-line data while 

approaching the convenience of direct access files. 

The program allows a researcher, through a response to a series of 

prompts, to determine the daily cost of  each file, to load files, to 

magnetic tape or scratch them, to store and cross-reference the files on 

each tape, and to restore files to on-line access from tape. All of these 

features are incorporated into the program, in a user inter-active system 

which requires no knowledge of various utility programs required to 

accomplish these tasks. A s  the project's data files continue to expand, 

on-line storage costs can be controlled with this system. 

The data management section has developed programs that convert raw 

data into suitable format f o r  use in commercial statistical packages such 

as SAS (Statistical Analysis System). Data management also acquires and 

develops programs and statistical packages that can significantly enhance a 
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principal investigator's capabilities for data reduction and analysis. 

This software allows the generation of graphics as well as tables. Among 

the graphics generated from such programs are those for water chemistry and 

brine discharge parameters shown in Figures 10-5 and 10-6, respectively. 

The data used in producing Figure 10-6 is generated in Table 10-2. 

Data management has also acquired a set of computer programs from 

Harvard University's Laboratory of Computer Graphics and Spacial Analysis. 

These programs have been adapted to run on the AMDAHL computer and are 

useful for plotting a variety of surface contours and reliefs. 

SYMAP (Synagraphic Mapping) plots several kinds of maps on the line 

printer. ASPEX (Automated Surface Perspective) produces plots of 

three-dimensional surfaces, with different perspective views, on the 

Versatec plotter. Both of these programs are user-oriented. Input to 

SYMAP is such that data values must be entered in precisely delimited 

fields for each feature of the program. ASPEX requires two types of input: 

a data matrix and a sequence of control commands which permit altitude, 

azimuth, detail and various other features to be specified (Figure 10-7). 

10.2.5 Data Documentation and Transmittal 

One of the primary responsibilities of the data management section is 

the monthly transmittal of validated data to EDIS. 

describes the process, forms and documentation involved. 

The following section 

Each month the newly validated data on-line is copied to magnetic tape 

and forwarded to the data manager at EDIS. Included with the tapes are the 

following : 
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WA'I'E R C 0 LV Id N 
CHANGES IN kIFIJO3 I i j i l  F i ; t T I O  

SURFACE 5R:lPLES 

11.5- 

11.0- 

10.5- 

10.0- 

9.5- 

9.0- 

8.5- 

0.0- 

7.5- 

7.0- 

6 . 5 -  . 

Figure  10-5. Example of a computer genera ted  g raph ic  showing water 
chemistry parameters. 

10-27 



V I 
I 

F igure  10-6. Example of a computer genera ted  g raph ic  showing b r i n e  
d i scha rge  parameters .  
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Table 10-3. Example of  a computer gene ra t ed  t a b l e  showing b r i n e  d i s c h a r g e  
pa rame te r s .  

DATE T I M E  OF FLOW RATE TOTAL AVERAGE AVERAGE 
OPERATION D A I L Y  B R I N E  B R I N E  P I T  B R I N E  P I T  

' TEMP E R ATUR E 
(HOURS 

05/27/81 NO DATA 
05/28/81 NO DATA 
05/29/81 NO DATA 
05/30/81 NO DATA 
05/31/81 NO OATA 
06/01/81 24.00 
OC/O2/81 24.00 
06/03/81 24.00 
06/04/81 24.00 
06/05/81 24.00 
06/06/81 24.00 
06/07/81 24.00 
06/08/8 1 24.00 
06/09/8 1 24 .OO 
06/ lO/8 I 24.00 
06/11/81 24.00 
06/12/81 24.00 
06/13/81 24.00 
06/14/81 24.00 
OC/15/01 24.00 
06/16/01 24.00 
06/17/81 24.00 
06/ 18/61 24 .OO 
06/19/81 2C.00 
06/20/8 1 24 .OO 
06/21/81 24.00 
06/22/81 24.00 
06/23/81 24.00 
06/24/8 1 24.00 
06/25/8 I 24 .OO 
06/26/81 24.00 
06/27/81 24.00 
06/28/81 24 .OO 
06/29/81 24.00 
06/30/81 24.00 
07/01/81 24.00 
07/02/13 1 24 .OO 
07/03/8 1 24 .OO 
07/04/81 24.00 
07/05/81 23.00 
07/06/8 I 24.00 
07/07/81 24.00 
07/08/81 24.00 
07/09/8 1 24.00 
07/ 10/8 1 24.00 
07/11/81 24.00 
07/12/81 24.00 
07/13/81 24.00 
07/14/81 24.00 
07/15/81 24.00 
Q7/16/81 2 4 , W  
07/17/81 24.00 
07/18/81 24.00 
07/19/81 24.00 
07/20/8 1 24.00 

D I SCHARGE 
(BARRELS (BARRELS) 
PER HOUR) 

NO OATA 
NO DATA 

NO DATA 
NO DATA 
29465 
23790 
23833 
27914 
24532 
23995 
23693 
23580 
23580 
23580 
22897 
269 17 
269 17 
26917 
27832 
27263 
262 14 
24544 
27098 
27098 
27096 
26977 
25452 
28208 
26152 
271 19 
27119 
271 19 
2727 1 
28307 
28 129 
27142 
27142 
27 142 
27142 
2739 1 
25655 
25988 
25319 
24655 
24653 
24653 
22018 
27923 
27266 

2 1675 
21675 
2 1675 
27305 

NO -DATA 

24848 

NO DATA 
NO DATA 
NO DATA 
NO OATA 
NO OATA 
707 160 
570960 
57 1992 
669936 
588768 
575880 
568632 
565920 
565920 
565920 
549528 
646008 
646008 
646008 
667968 
654312 
629 136 
589056 
650352 
650352 
650352 
647448 
6 10848 
676992 
627648 
650856 
6 508 56 
650856 
654504 
679368 
675096 
65 1408 
651408 
65 1408 
624266 
657384 
6 15720 
6237 12 
607656 

591672 
591672 
528432 
670152 
654384 
596352 
520200 
520200 
520200 
655320 

5s 46'11 

S A L I N I T V  
( 0/00) 

86 
76 
76 
8 4  
97 
115 
123 
134 
144 
164 
164 
164 
176 
178 
170 
180 
186 
186 
186 
186 
185 
189 
193 
194 
194 
194 
20 1 
204 
205 
2 06 
207 
207 
207 
208 
208 
205 
208 
208 
208 
208 
217 
217 
215 
213 
213 
213 
213 
213 
212 
2 10 
212 
2 14 
2 14 
2 14 
215 

(0 C )  

27 
28 
28 
29 
28 
29 
29 
29 
29 
29 
29 
30 
30 
31 
31 
28 
30 
30 
30 
31 
31 
31 
31 
32 
32 
32 
33 
32 
31 
32 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
32 
32 
31 
31 
31 
31 
31 
33 
33 
32 
32 
33 
33 
33 
33 
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Table 10-3. Continued. 

DATE T I M E  OF FLOW RATE TOTAL AVERAGE AVERAGE 
OPERATION D A I L Y  B R I N E  B R I N E  P I T  B R I N E  P I T  

(HOURS 1 

01/21/01 2 4 . 0 0  
01/22/01 2 4 . 0 0  
01/23/01 2 4 . 0 0  
07/24/01 2 4 . 0 0  
0 7 / 1 5 / 0 1  2 4 . 0 0  
01/26/01 2 4 . 0 0  
07/21/01 2 4 . 0 0  
07/28/01 2 4 . 0 0  
01/29/01 2 4 . 0 0  
07/30/81 2 4 . 0 0  
07/31/81 2 4 . 0 0  
08/01/01 2 4 . 0 0  
08/02/81 2 4 . 0 0  
00/03/01 2 4 . 0 0  
00/04/01 2 4 . 0 0  
08/05/01 2 4 . 0 0  
08/06/01 2 4 . 0 0  
0 0 / 0 1 / 0 1  2 4 . 0 0  
00/00/01 2 4 . 0 0  
08/09/0 1 24 . 00 
00/ 10/0 1 2 4 . 0 0  
08 /11 /81  2 4 . 0 0  
08 /12 /81  2 4 . 0 0  
08 /13 /81  2 4 . 0 0  
08 /14 /81  2 4 . 0 0  
08/15/81 2 4 . 0 0  
08/16/81 2 2 . 0 0  
00/11/01 2 1 . 0 0  
08/18/81 2 2 . 0 0  
08/19/8l 2 0 . 0 0  
08/20/81 2 3 . 0 0  
08/21/81 2 4 . 0 0  
08/22/01 2 4 . 0 0  
08/23/13 1 2 4 . 0 0  
08/24/01 NO OPR 
08/25/81 NO OPR 
08/26/01 NO OPR 
0 0 / 2 1 / 0 1  NO OPR 
00/20/01 NO OPR 
08/29/81 NO OPR 
00/30/01 NO OPR 
08/31/81 NO OPR 
OS/OI/Bl NO DPR 
09 /02 /01  NO OPR 
09 /03 /01  NO OPR 
09/04/81 NO OPR 
09/05/81 NO OPR 
09/06/01 NO OPR 
09/01/81 NO OPR 
09 /00 /01  NO OPR 
OS/OS/81 NO OPR 
09/10/01 NO OPR 
09/11/01 NO OPR 
09/12/01 NO OPR 
09/13/01 NO OPR 

01 SCHARGE 
(BARRELS (BARRELS)  
PER HOURI  

2605 ?,, 
27357 
22964 
29062 
29062 
29062 
29206 
27674 
216 12 
274 1 1  
267 16 
267 16 
267 16 
260 15 
25223 
25109 
2591 1 
21360 
27360 
27360 
27549 
27047 
25643 
26659 
24 190 
24 190 
24 190 
23524 
2252 1 
21955 
24402 
26111 
261 1 1  
26111 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

644560 
656560 
551 136 
7 16600 
7 1 6680 
7 16600 
102064 
664 116 
662600 
657864 
641 184 
64 1 I 0 4  
64 1184 
624360 
605352 
617016 
62 1864 
656640 
656640 
656640 
661 116 
649 120 
6 15432 
6390 16 
500752 
500752 
532356 
494004 
495462 
439100 
56 1246 
626664 
626664 
626664 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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S A L I N I T Y  
(0/00 1 

213 
216 
2 16 
107 
107 
1 07 
193 
202 
200 
2 1 0  
212 
212 
2 12 
2 1 3  
2 15 
223 
220 
2 10 
2 10 
218  
226 
228 
220 
223 
226 
226 
226 
23 1 
22 1 
218 
215 
215 
215 
215 

NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 

TEMPERATURE 
(0 C )  

33 
34 
34 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
34 
33 
33 
32 
33 
33 
33 
33 
33 
34 
33 
34 
34 
34 
33 
33 
33 
33 
33 
33 
33 

NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO D A T A  
NO OATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 

n 



Table 10-3. Continued. 

DATE T I M E  OF FLOW RATE TOTAL AVERAGE AVERAGE 
OPE RAT I ON D A I L Y  B R I N E  B R I N E  P I T  B R I N E  P I T  

(HOURS ) 

09/14/01 NO OPR 
09/15/01 24.00 
09/16/01 21.00 
09/17/01 20.00 
09/10/01 24.00 
09/19/01 24.00 
09/20/01 12.00 
09/21/01 14.00 
09/22/01 7.00 

09/24/01 15.00 
09/25/01 13.00 
09/26/81 12.00 
09/27/01 12.00 
09/28/13 1 9.00 
09/29/0 1 14.00 
09/30/01 24.00 
10/01/01 23.00 
10/02/01 24.00 
10/03/R1 3.00 
10/04/01 NO OPR 
10/05/0 1 1 I .OO 
10/06/01 11.00 
10/07/01 NO DATA 
10/00/01 11.50 
10/09/01 14.00 
10/10/01 NO OPR 
10/11/01 NO OPR 

10/13/01 NO OPR 
10/14/01 7.00 

10/16/01 24 .OO 

10/10/01 NO OPR 
10/19/01 16.00 
10/20/01 16.50 
10/21/01 16.00 
10/22/01 13.00 
10/23/01 24.00 
10/24/01 24.00 
10/25/01 1.70 
10/26/01 24.00 
10/27/8 1 24.00 
10/28/01 23.00 
10/29/01 24.00 
10/30/01 24.00 
10/31 /01  24.00 
11/01/31 24.00 
11/02/01 22.00 
11/03/81 2 1 . 0 0  
11/04/81 24 .OO 
11/05/01 24.00 
11/06/81 24.00 
11/07/01 24.00 

09/23/81 8.00 

10/12/01 0.00 

io/i5/a1 14.00 

10/17/ai 23.00 

DISCHARGE 
(BARRELS (BARRELS)  
PER HOUR) 

0 
27684 
24250 
31096 
25029 
25029 
25029 
16018 
23904 
2 1000 
21500 
21917 
21917 
21917 
2261 1 
22500 
NO DATA 
NO DATA 
24 100 
24 1 0 0  
24 1 0 0  
21444 
2 1622 
21591 
2 1500 
22556 
22556 
22556 
2 1500 

0 
2 1500 
2 1500 
22060 
22060 
22060 
23500 
22500 
23500 
23500 
22500 
2 2 500 
2 2 500 
25000 
24958 
24500 
24730 
23930 
23930 
23930 
23500 
22435 
2 1500 
2 1708 
2 1666 
2 1666 

0 
6644 16 
509250 
637920 
600696 
600696 
300340 
224252 
167320 
174400 
322500 
20492 1 
2 6 3004 
263004 
203499 
315000 

NO DATA 
NO DATA 
570400 
72300 

0 
235804 

NO CIATA 
247250 
3 15704 

0 
0 

172000 
0 

150500 
301000 
529440 
525020 

0 
376000 
37 1250 
376000 
324300 
540000 
54oooo 
30250 
600000 
590992 
563500 
5937 12 
5745 12 
574512 
5745 12 
517000 
471135 
5 16000 
520992 
5 19904 
5 19904 

237842 

S A L I N I T Y  TEMPERATURE 
( O / O O )  (0 C )  

NO DATA 
250 
258 
250 
24 7 
247 
247 
232 
2 19 
227 
236 
223 
223 
223 

244 
NO DATA 

NO DATA 
NO DATA 

250 
2 50 
250 
222 
222 
219 
2 19 
12 1 
22 1 
22 1 
12 1 
22 1 
12 1 
245 
22 t 
22 I 
22 1 
220 
235 
2 36 
232 
232 
232 
132 
235 
2 30 
225 
232 
13 1 
23 1 
23 1 
2 10 

230 
210 
2 16 
2 16 

218 

NO DATA 
33 
33 
33 
31 
31 
31 
30 
30 
31 
31 
32 
32 
32 

NO DATA 
33 

NO DATA 
NO DATA 

33 
33 
33 
31 
31 
30 
29 
30 
30 
30 
30 
30 
30 
32 
30 
30 
30 
27 
30 
31 
29 
26 
26 
26 
27 
27 
29 
26 
20 
28 
28 
25 
24 
26 
25 
26 
26 
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Table 10-3. Continued. 

DATE ,T IME OF FLOW RATE TOTAL 
OPERAT I ON D A I L Y  B R I N E  

01 SCHARGE 
(HOURS) (BARRELS (BARRELS)  

PER HOUR) 

1 1 / o 0 / 0  1 

11/10/01 
11/11/01 
11/12/01 

1 1 /09/0 1 

11/13/01 
11/14/01 
1 1/ 15/0 1 
1 1/ 16/0 I 
11/17/01 

1 1 / 19/0 1 
11/ 10/0 1 

11/20/01 
11/21/01 
1 1 /22/0 1 
11/23/01 
11/24/0 1 
11/25/81 
11/26/01 

1 1/28/0 1 
1 1 /29/0 1 
1 1  /30/0 1 

11/27/01 

12/01 / 0  1 
12/02/0 1 
12/03/0 1 
12/04/0 1 
12/05/13 1 
12/06/0 1 
12/07/0 1 

12/09/0 1 
12/08/81 

12/ l0/0 1 
12/11/01 
12/ 12/0 1 
12/ 13/8 1 
12/14/01 
12/ 15/43 1 
12/16/01 
t2/17/0 1 
12/ 18/81 
12/19/01 
l2/20/0 1 
1212 1/8 1 
12/22/0 1 
12/23/a I 
12/24/0 1 
12/25/0 1 
12/26/01 
12/27/01 
12/20/8 1 
l2/29/0 1 
12/30/0 1 
12/31/01 
0 1 /01/02 

24.00 
24.00 
24.00 
24 .OO 
24.00 
24 .OO 
24.00 
24.00 
23.50 
24.00 
24.00 
24 .OO 
24.00 
24 .OO 
24.00 
24.00 
19.00 
24.00 
24.00 
24 .OO 
24 .OO 
24.00 
24.00 
24.00 
20.00 
24 .OO 
24 .OO 
24 .OO 
24 .OO 
24 .OO 
24 .OO 
24.00 
24 .OO 
24 .OO 
24.00 
20.00 
19.00 
19.00 
17.00 
16.00 
24 .OO 
24 .OO 
14.09 
17 .OO 
17 .OO 
24.00 
24 .OO 
24 .OO 
24.00 
22.00 
24 I 00 
24 .OO 
24.00 
24 .OO 
24 .OO 

2 1666 
' 24298 
23017 
21427 
22263 
2276 1 
2276 1 
2276 1 
22262 
21563 
21979 
23219 
21283 
2 1283 
21283 
2 1500 
22052 
2 1680 
21680 
2 16610 
2 1680 
20680 
2 1500 
22 104 
21681 
21788 
2 1639 
21639 
2 1639 
2 1500 
2 1500 
2 1500 
2 1500 
21050 
21050 
21050 
21552 
2 1500 
2 1500 
2 1500 
21653 
2 1653 
2 1653 
2 1500 
2 1500 
2 1500 
2 1708 
21708 
2 1700 
21700 
22625 
23 167 
22586 
22586 
22586 

5 19904 
503152 
552408 
5 14240 
5343 12 
546264 
546264 
546264 
523 157 
517512 
527496 
557496 
5 10792 
5 10792 
5 10792 
516000 
4 10900 
520320 
520320 
520320 
520320 
496320 
516000 
530496 
433620 
5229 12 
5 19336 
5 19336 
5 19336 
516000 
516000 
5 16000 
5 16000 
524400 
524400 
437000 
409480 
400500 
365500 
344000 
519672 
519672 
303142 
369960 
365500 
5 16000 
520992 
520992 
520992 
477576 
543000 
556000 
542064 
542064 
542064 
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(0/00) 

216 
2 16 
210 
214 
206 
21 1 
21 1 
211 
21 1 
217 
2 10 
209 
215 
215 
215 
213 
207 
209 
209 
209 
209 
209 
2 10 
205 
2 10 
212 
212 
212 
212 
200 
2 10 
2 10 
207 
204 
204 
204 
207 
21 1 
202 
205 
204 
204 
204 
207 
203 
205 
213 
213 
213 
213 
2 18 
222 
222 
222 
222 

to C )  

26 
22 
24 
27 
10 
26 
26 
26 
26 
23 
25 
24 

NO DATA 
NO DATA 
NO DATA 

25 
25 
23 
23 
23 
23 
23 
24 
22 
21 
23 
21 
21 
21 
21 
20 
20 
19 
19 
19 
19 
19 
17 
10 
17 
15 
15 
15 
18 
19 
17 

NO DATA 
NO DATA 
NO DATA 
NO DATA 

21 
18 
10 
18 
10 

AVERAGE AVERAGE 
B R I N E  P I T  B R I N E  P I T  
S A L I N I T Y  TEMPERATURE 



da3 Table 10-3. Continued. 

DATE T IME OF FLOW RATE TOTAL AVERAGE AVERAGE 
OPERATION D A I L Y  BRINE B R I N E  P I T  BRINE P I T  

(HOURS ) 

01 /02/02 
01 /03/02 
0 1 /04 /02 
01/05/02 
01/06/02 
01 /07/02 

01/09/82 
0 1 /08 / 02 

01 / 10/02 
01/11/82 
0 1 /  12/82 
01 / 13/02 
01 / 14/02 
01/ 15/02 
01/16/02 
01/17/02 

01/ 19/02 
01 / 18/02 

01/20/02 
01/2 1/02 
01/22/02 
01 /23/02 
01 /24/02 
01/25/02 
0 1/26/82 
01/27/02 
01/28/82 
01 /29/02 
01 /30/02 
01/30/82 
01 /3 1/02 

02/03/02 
02 /04 / 82 
02/05/ 02 
02 /06 / 0 2 
02/07/02 
02/08/02 
02 /09/ 02 
02/ 10/02 
02/ 1 1 /a2 
02/ 12/02 
02/ 13/82 
02/ 14/82 
02/ 15/02 
02/ 16/02 
02/ 17/82 
02/ 18/02 
02/ 19/02 

02 /02 /a2 

02 / 20/02 
02/2 1 /e2 
02/22/02 
02/23/82 
02/24 /82 
02/25/02 

13.00 
13.00 
9.00 
7 .OO 
3.00 
4.00 
24.00 
0.00 
7 .OO 
12.00 
11.00 
12.00 
9.00 
9.00 
9.00 
9.00 
9.00 
12.00 
15.00 
14 .OO 
14 .OO 
12.00 
12.00 
13.00 
14.00 
14.00 
15.00 
15.00 
19.00 
19.00 
10.00 
24 .OO 
24 .OO 
24 .OO 
24 .OO 
24 .OO 
24 .OO 
24 .OO 
24 .OO 
24.00 
24.00 
24 .OO 
24.00 
24 .OO 
24.00 
14.00 
24.00 
24.00 
24 .OO 
24 .OO 
16.00 
24.00 
24 .OO 
24 .OO 
24.00 

01 SCHARGE 
(BARRELS (BARRELS) 
PER HOUR) 

12506 
22506 
2 1500 
2307 1 
22000 
2 1500 
22359 
22359 
22359 
21542 
2 1955 
21542 
22420 
22320 
22420 
22420 
22500 
22300 
2 1660 
2??50 
22563 
22563 
22563 
22500 
22500 
22500 
23167 
23167 
227 13 
22713 
22713 
23500 
2 3500 
2 3 500 
23500 
2 3500 
23500 
23500 
22000 
2 2 000 
23000 
23096 
23896 
23896 
23096 
26500 
22604 
24000 
19444 
19444 
19444 
2 1937 
21937 
24500 
30500 

2935 10 
2936 18 
193500 
161497 
66000 
06000 
5366 16 
170872 
156513 
258504 
24 1505 
250504 
201700 
201780 
201780 
20 1780 
202500 
268800 
324900 
31 1500 
3 15802 
270756 
270756 
292500 
3 15000 
315000 
347505 
347505 
43 1547 
431547 
400834 
564000 
564000 
564000 
564000 
564000 
564000 
564000 
528000 
528000 
552000 
573504 
573504 
573504 
573504 
37 1000 
542496 
576000 
466656 
466656 
31 1104 
526408 
526400 
588000 

S A L I N I T Y  
( 0/00 1 

222 
222 

244 
NO DATA 

NO DATA 
NO DATA 

2 50 
250 
2 50 
25 1 
245 
252 
250 
250 
2 50 
2 50 
249 
254 
253 
249 
240 
240 
240 
239 
244 
240 
243 
243 
234 
2 34 
2 34 
200 
200 
215 
217 
217 
2 17 
222 
227 
229 
229 
217 
2 17 
217 
217 
137 

190 
199 
199 
199 
228 
220 
220 

NO DATA 

732000 220 

TEMPERATURE 
( 0  C) 

10 
10 
18 
23 

NO DATA 
NO DATA 

17 
17 
17 
14 
13 
1 1  
14 
14 
14 
14 
14 
18 
20 
21 
10 
18 
10 
16 
16 
18 
19 

NO DATA 
NO DATA 
NO DATA 
NO DATA 

14 
14 
13 
1 1  
1 1  
1 1  
17 
10 
13 
14 
16 
16 
16 
16 
17 
19 
17 
18 
18 
18 
19 
19 
20 
10 
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Table 10-3. Continued. 

DATE T I M E  OF FLOW RATE TOTAL AVERAGE AVERAGE 
OPERATION D A I L Y  BRINE BRINE P I T  BRINE P I T  

(HOURS 

0 2 / 2 6 / 8 2  2 4 . 0 0  
0 2 / 2 7 / 8 2  2 4 . 0 0  
0 2 / 2 8 / 8 2  2 4 . 0 0  
0 3 / 0 1 / 8 2  2 4 . 0 0  
0 3 / 0 2 / 8 2  2 4 . 0 0  
0 3 / 0 3 / 8 2  2 4 . 0 0  
0 3 / 0 4 / 8 2  2 4 . 0 0  
0 3 / 0 5 / 8 2  2 4 . 0 0  
0 3 / 0 6 / 8 2  2 4 . 0 0  
0 3 / 0 7 / 8 2  2 4 . 0 0  
0 3 / 0 8 / 8 2  13.00 
0 3 / 0 9 / 8 2  1 3 . 0 0  
0 3 /  1 0 / 8 2  2 4 . 0 0  
0 3 / 1 1 / 8 2  2 4 . 0 0  
0 3 / 1 2 / 8 2  2 4 . 0 0  
0 3 / 1 3 / 8 2  2 4 . 0 0  
0 3 / 1 4 / 8 2  2 4 . 0 0  
0 3 / 1 5 / 8 2  2 4 . 0 0  
0 3 / 1 6 / 8 2  2 4 . 0 0  
0 3 / 1 7 / 8 2  13 .50  
0 3 /  1 8 / 8 2  1 3 . 0 0  
0 3 / 1 9 / 8 2  2 4 . 0 0  
0 3 / 2 0 / 8 2  2 4 . 0 0  
0 3 / 2 1 / 8 2  2 4 . 0 0  
0 3 / 2 2 / 8 2  2 4 . 0 0  
0 3 / 2 3 / 8 2  1 9 . 5 0  
0 3 / 2 4 / 0 2  2 4 . 0 0  
0 3 / 2 5 / 8 2  2 4 . 0 0  
0 3 / 2 6 / 8 2  2 4 . 0 0  
0 3 / 2 7 / 8 2  2 4 . 0 0  
0 3 / 2 8 / 8 2  2 0 . 5 0  
0 3 / 2 9 / 8 2  2 4 . 0 0  
0 3 / 3 0 / 8 2  2 4 . 0 0  
0 3 / 3 1 / 8 2  2 1 . 0 0  
0 4 / 0 1 / 8 2  2 4 . 0 0  
0 4 / 0 2 / 8 2  2 4 . 0 0  
0 4 / 0 3 / 8 2  24  .OO 
0 4 / 0 4 / 8 2  2 4 . 0 0  
0 4 / 0 5 / 8 2  2 1 .00 
0 4 / 0 6 / 8 2  2 4 . 0 0  
0 4 / 0 7 / 8 2  2 4 . 0 0  
0 4 / 0 8 / 8 2  24  .OO 
0 4 / 0 9 / 0 2  2 3 . 0 0  
0 4 /  1Q/02 2 3  .OO 
0 4 / 1 1 / 8 2  2 3 . 0 0  
0 4 / 1 2 / 8 2  2 4 . 0 0  
0 4 /  1 3 / 0 2  2 4 . 0 0  
0 4 / 1 4 / 8 2  2 4 . 0 0  
0 4 / 1 5 / 8 2  2 4 . 0 0  
0 4 / 1 6 / 8 2  NO DATA 
0 4 / 1 7 / 8 2  NO pATA 
0 4 / 1 8 / 8 2  NO DATA 
0 4 / 1 9 / 8 2  2 4 . 0 0  
0 4 / 2 0 / 8 2  2 4 . 0 0  
0 1 / 2  1 / 8 2  2 4 . 0 0  

01 SCHARGE 
(BARRELS (BARRELS) 
PER HOUR) 

3 1 3 9 5  
3 1 3 9 5  
3 1395 
3504 2 
3 5 3 9 6  
3 4 5 6 3  
3 3 3 6 7  
3 2 7 5 0  
3 2 7 5 0  
3 2 7 5 0  
4 4 6 4 5  
2 4 6 9 2  
2 8 2 5 3  
3 1 2 7 1  
3 1283 
3 1283 
3 1 2 8 3  
3 0 0 0 0  
2 9 6 7 9  
15309 
15305 
3 2 1 7 8  
3 2 1 7 8  

3 3 5 2 4  
3 8 1 9 2  
2 9 1 8 2  
3 2  127 
33  167 
3 3 1 6 7  
3 3  167 
3 3 5 4 2  
3 3 3 3 3  
3357 1 
3 3 5 4 2  
3 3 5 4 2  
3 3 5 4 2  
3 3 5 4 2  
3 3 9 0 5  
3 1 7 7 9  
3 1 7 6 3  
3 308 7 
3 3 1 0 1  
3 3  10 I 
3 3  10 1 
3 2 0 9 6  
31867 
3 3 1 7 5  
3 5 3  12 
3 1722 
3 1 1 2 2  
3 1 7 2 2  
2 9 0 8  3 
3 2 7 9 2  
3 4 0 8 3  

32 178 

7 5 3 4 8 0  
7 5 3 4 8 0  
7 5 3 4 8 0  
8 4  1008 
0 4 9 5 0 4  
8 2 9 5 1 2  
8 0 0 8 0 8  
7 8 6 0 0 0  
7 8 6 0 0 0  
7 8 6 0 0 0  
5 8 0 3 8 5  
3 2 0 9 9 6  
6 7 8 0 7 2  
7 5 0 5 0 4  
7 5 0 7 9 2  
7 5 0 7 9 2  
7 5 0 7 9 2  
7 2 0 0 0 0  
7 1 2 2 9 6  
2 0 6 6 7 2  
1 9 9 0 1 7  
7 7 2 2 7 2  
7 7 2 2 7 2  
7 7 2 2 7 2  
8 0 4 5 7 6  
7 4 4 7 4 4  
7 0 0 3 6 8  
7 7  1048 
7 9 6 0 0 8  
7 9 6 3 0 8  
6 7 9 9 2 4  
8 0 5 0 0 8  
7 9 9 9 9 2  
70499 1 
8 0 5 0 0 8  
8 0 5 0 0 8  
8 0 5 0 0 8  
8 0 5 0 0 8  
7 1 2 0 0 5  
7 6 2 6 9 6  
7 6 2 3  12 
7 9 4 0 8 8  
7 6  1323 
7 6 1 3 2 3  
7 6 1 3 2 3  
7 7 0 3 0 4  
7 6 4 8 0 8  
7 9 6 2 0 0  
8 4 7 4 0 8  

NO DATA 
NO DATA 
NO DATA 

6 9 7 9 9 2  
7 8 7 0 0 8  
8 1 7 9 9 2  
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S A L I N I T Y  TEMPERATURE 
( 0 / 0 0 )  

16 1 
161  
16 1 
180 

198 
2 1 2  
2 2 0 '  
2 2 0  
2 2 0  
204 
2 2 5  
2 2 5  
2 2 3  
2 3 2  
2 3 2  
2 3 2  
2 30 
2 3 5  
2 3 6  
2 3 6  

NO DATA 

NO DATA 
NO DATA 
NO DATA 

2 4 6  
2 4 4  
242 
2 4 9  
24  1 
24  1 
2 4  1 
2 4 6  
2 4 2  
2 5 0  
2 5 4  
2 4 8  
2 4 8  
248 
2 4 8  
2 3 3  
2 3 6  
2 3 7  
2 4 0  
240 
2 4 0  
24  1 
2 4  1 
2 4 5  
2 4 5  
2 2 2  
2 2 2  
222 
2 3 2  
2 3 4  
2 3 5  

(0 C) 

14 
14 
14 
16 
18 
2 0  
2 0  
16 
16 
16 
14 
17 
17 
2 0  
2 1  
2 1  
2 1  
2 3  
24  
2 4  

NO DATA 
NO DATA 
NO DATA 
NO DATA 

2 3  
2 3  
24  
2 3  
16 
16 
16 
19  

NO DATA 
2 2  
2 3  
2 2  
2 2  
2 2  
2 2  
2 1  
22  
2 2  
2 1  
21 
2 1  
2 2  
23 
2 4  
2 6  
2 3  
2 3  
2 3  
2 6  
2 6  
2 3  



ws Table 10-3. Continued. 

DATE T I M E  OF FLOW RATE 
OPERAT I O N  

(HOURS) (BARRELS 
PER HOUR)  

04 / 22 /82 
04 / 2 3/82 
04 / 24 /82 
04 /25/ 8 2 
04 /26/ 82 
0 4  /27/82 
0 4  / 28 /82 
04 / 29/ 82 

24 .OO 
24 .OO 
2 3 . 0 0  
21 .oo 
24 .OO 
1 9 . 0 0  
2 4 . 0 0  
18 .oo 

34063 
33042 
3304 2 
33042 
33876 
30870 
234 17 
23315 

TOTAL AVERAGE 
D A I L Y  B R I N E  B R I N E  P I T  
DISCHARGE S A L I N I T Y  
(BARRELS) (O/OO) 

8 17992 
793008 
759966 
693882 
813000 
586530 
562008 
4 19670 

23 1 
NO DATA 
NO DATA 
NO OATA 

228 
236 

229 
NO DATA 

AVERAGE 
B R I N E  P I T  
TEMPERATURE 
(0 C )  

21 
23 
23 
23 
23 
23 

NO OATA 
23 
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Figure  10-7. Three-dimensional p l o t  of West Hackberry b r i n e  d i s p o s a l  s i t e  
genera ted  from ASPEX/SYMAP program. 
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, t  1) Letter of Transmittal - a form which briefly states the contents of 
the tapes which is signed by EDIS staff personnel and returned to the data 

w 
management section as verification that the tapes have been received. 

2)  Cover letter and copy of Letter of Transmittal - this is sent 
separately and simply informs EDIS that a tape is en route. 

3 )  Tape dump - a hard copy of the actual contents of the data 
contained on the tape. 

4 )  Data Documentation/Data Format - a form which gives specific 
information on the sampling parameters (location, type of vessel, etc.) and 

describes the data's format and variables. 

5) File List - identifies the sequential location of a specific file 
contained on the tape. 

Copies of these forms are kept by the data management section as well 

as the project manager for every data transmittal. The tapes are sent by 

certified mail in clearly marked mailing cartons which describe the 

contents. The certified mail receipt serves as verification that tapes 

were sent to EDIS and the returned certified postcard, as well as the 

letter of transmittal, verifies that EDIS received the tapes. A continuous 

monitoring of the data from validated data copied onto magnetic tapes to 

their arrival at EDIS is thus established. 

Two additional documentation forms are used in the monthly summary of 

project data collection and analysis. 

Collected by Oceanographic Programs (ROSCOP), which describes the data 

variables and collection parameters in an encodable form for the data base 

at EDIS, is sent monthly at the conclusion of each sampling cruise. The 

A Report of Observations/Samples 
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data management section also generates and updates monthly an inventory 

listing of the status of each project investigator's data files (see Table 

10-1). This file contains information on the current status of each 

section's data and is used as a cross-reference between the data management 

section and EDIS to insure the project's data is completely transmitted and 

accurately identified. With the exception of a portion of the physical 

oceanography data (current vectors), all of the project's data has been 

transmitted to EDIS through July 1982. 

*U.S.GOVERNMENTPRINTINGOFFICE:1983 -646 - 0 6 9  2075REGIUNNO.4 

n 
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