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PREFACE 

This community prof i le ,  I I ke o the r s  
developed in t n i s  s e r r e s ,  i s  lntcnded t o  
provide an introduction to the ecology o f  
sub t i da l  bay bottoms, a  biotope whrch 
dominates the  e s t u a r i e s  of the  nor th -  
we~ te rn  Gulf of Mexico region and T ~ L ~ S I -  
ca l  ly  the  e s t u a r i e s  of Texas. I t  i s  I n  
these  e s t u a r i e s  t h a t  t h e  m a j u r r  t y  of t he  
in-bay cornrnercial f i n f  lsh and s h e l l f i s h  
harvest  i s  tdken,  and r t  i s  froin t he se  
e s t u a r i e s  t h a t  most of the  nor thwrs te rn  
gulf cornrnercial harvest m i  grates t o  become 
available offshore. While t h i s  community 
prof i le  i s  s p e c i f i c  t o  t he  bays of Texas, 
the  physical ,  chemical ,  and biological 
processes descr ibed  a r e  si ir~i  lar to those 
in o ther  open-bay sys tems  such s s  5an 
Francisco Bay on t h e  west  cods t ,  Chesa- 
peake Bay, Delaware Bay, and o t h e r s  on t he  
e a s t  coast .  What mdkes Texas e s t u a r i e s  
unique and d i s t i n c t  i s  the  tremendous 
grddient  in p r e c i p i t a t i o n  froilt the upper 
t o  lower c o a s t  and indeed ac ross  the  
drainage basins t o  these estuaries proauc- 
ing brackish water es tuar ies  with very low 
res idence  t ~ r n e s  11ke Sabine L a k e  and 
hypersaline systems w i t h  very long r e r i -  
dence t imes ? ike  t he  Laguna Madre. Fol-  
lowing the wetland c l a s s i f i c a t l o n  system 
of Cowardin e t  a l .  (l!4?9), these open bdy 
bottom systems could be c l a s s i f t e d  as 
follows: SYSTEM Estuarine, SU8SY3T tM  Sub- 
t i da l ,  CLASS Unconsolidated Bottom, L U 8 -  
CLASSkS Sand and Mud, W A T k R  K t 6 i M E  h u b -  
t i d a l ,  WATER C H E M I S T R Y  M ~ x o s a l  rne t o  
Hypersaline. 

The text  of t h i s  report  i s  orgdnifed 
in t he  Following way. The phys~ographi r :  
c h a r a c t e r i s t i c s  of t h e  bays i n  dhlch the  
open-bay bottom sys tems  a r e  found dre  
descr i sed  + n  Ch2pter 1 f o l l o w e d  by a 
physical-chemical c h a r a c t e r i z a t ? o n  i n  
Chapter 2. In Chapter 3, t n e  iyenerdl 
ecology of these open-bay bottom systems 

i s  descr 1 bed f o  1 lowed by detai led descri p- 
t i o n s  of the  s t r u c t u r e  of the benth ic  
communr t i e s  (Chapter 4)  and the i r  function 
(Chapter 5). F ina l l y ,  t h e  f a c t o r s  one 
must consider in mandqinq open-bay bottom 
sys tems are discussed i n  Chapter 6. R .  
Warren F 1 r n t ,  p rev i ous l y  w i t h  t h e  Univer- 
s i  t y  trf Texa5 Marine Science Ins t i tu te  a t  
F o r t  Aransds  and now w i t h  the Research 
Center d t  S ta te  University a t  New York a t  
U%wt.qo, suppl ied  t h e  early d ra f t s  for  
Chaptt8r'ft 3 ,  4 ,  drtd 5 and par ts  o f  Chapter 
Cr . 

As o the r  community p r o f i l e s  have 
shown, no one part  of an estuarine ecosys- 
tem ex i s t s  i n  isolatSon b u t  in fact  in te r -  
faces with other parts. This i s  probably 
no t r u e r  than w i t h  the  open-bay bottom 
system which exchanges strongly with the 
in te r t ida l  areas on the estuary periphery, 
w i t h  t h e  ocean through t h e  t i d a l  i n l e t ,  
and with  the  r i v e r i n e  systems br ing ing  
f r e s h  water t o  them. T h i s  f a c t  becomes 
e s p e c i a l l y  ev iden t  in the  d i scuss ions  af 
n u t r i e n t  budgets f o r  e s t u a r i e s  in which 
the external and internal nutrient sources 
d r e  d i scussed  i n  Chapters 2 and 5. The 
dominant r o t e  of phytoplankton in prov i -  
ding organic  ma t e r i a l  t o  the open-bay 
bottorn systerns i s  discussed along with t he  
emerging real  I zation of the  importance of 
t n e  oentnos In recyc l ing  n u t r i e n t s  t u r -  
t h e r ;  t h e  r o l e  t h a t  s a l t w a t e r  marsh sys -  
terns play in the nutrient buaget is  recog- 
n ~ z e d .  Yet, t h e  s e n s i t i v i t y  of t h e  e s t u -  
a r y  l a  n u t r i e n t s  Drought i n t o  t he se  sys-  
tems wi th  f r e shwa te r  inf lows h e l p s  one 
realize t h a t  the ultimate source of n u t r i -  
ent.; to an estuary is  external t o  i t ,  but. 
t h a t  ndtr ienf :  c y c l i n g  w i t h i n  the  estuary 
-iinvolves a substant i  a1 I y g r e a t e r  mass of 
nutrients t h a n  t h a t  i n  t h e  e x t e r n a l  
sources.  T h e  r o t e  o f  t h e  b i o t a  i n  t h t s  
cyc l i ng  anu t h e  e f f e c t s  of n u t r i e n t  ey- 
c l i n g  on t h e  b i o t a  a r e  d i s c u s s e d  d t  



length.  I t  i s  i n  t h i s  c o n t e x t  t h a t  t h e  directed t o :  
t i e s  between open-bay bottom systems and 
o t h e r  p a r t s  of t h i s  e s t u a r y  become q u i t e  
c l e a r ,  and i t  i s  hoped t h a t  t h i s  p i c t u r e  
of the  physical, chemical, and biological  
s t ruc tu re  and function of  these systems i s  
described c lea r ly  herein. 

Any q u e s t i o n s  o r  comments about o r  
r e q u e s t s  f o r  t h i s  p u b l i c a t i o n  should be 

Information Transfer Spec ia l i s t  
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U.S. Fish and Wildlife Service 
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C0NVEtPS181U TABLE 

Metric t o  U.S. Customary 

Mu1 t i p l y  5 To Obtain 

millimeters (mm) 
centimeters (cm) 
meters (m) 
meters (m) 
ki 1 ometers (km) 
kilometers (km) 

square meters (m2) 10.76 
square kilometers ( km2) 0.3861 
hectares (ha) 2.471 

l i t e r s  (1)  
cubic meters (m3) 
cubic meters (m3) 

inches 
inches 
f e e t  
fathoms 
s t a t u t e  miles 
nautical  miles 

square f e e t  
square miles 
acres 

gal 1 ons 
cubic f e e t  
acre- f e e t  

0.00003527 ounces m i  11 i grams (mg) 
0.03527 ounces grams (9) 
2.205 pounds kilograms (kg) 

2205.0 pounds metric tons ( t )  
1.102 shor t  tons metric tons ( t )  

k i localor ies  (kcal) 
Celsius degrees (OC) 

inches 
inches 
f e e t  ( f t )  
fathoms 
s t a t u t e  miles (mi) 
nautical miles (nmi) 

U.S.  Customary t o  Metric 

square f e e t  ( f t 2 )  0.0929 
square miles (mi2) 2.590 
acres 0.4047 

gal Ions (gal 3.785 
cubic f e e t  ( f t 3 )  0.02831 
acre-feet  1233.0 

ounces (oz) 
ounces (oz) 
pounds ( l b )  
pounds ( l b )  
short  tons ( ton)  

Br i t i sh  thermal un i t s  
Fahrenheit degrees 

mi 11 imeters 
centimeters 
meters 
meters 
ki 1 ometers 
ki 1 ometers 

square meters 
square kilometers 
hectares 

1 i t e r s  
cubic meters 
cubic meters 

milligrams 
grams 
ki 1 ograms 
metric tons 
a e t r i c  tons 

Br i t i sh  thermal un i t s  (Btu) 0.2520 k i l o c a l o r i e s  

Fahrenheit degrees (OF) 0.5556(OF - 32) Celsius degrees 





CONTENTS 

Page 

PREFACE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i i i  
CONVERSION TABLE v . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
FIGURES . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i x  
TABLES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  x i  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ACKNOWLEDGMENTS x i i  

CHAFTER 1 . THE PHYSICAL ENVIRONMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.1 D e f i n i t i o n  o f  Open-Bay Bottoms 1 

1.2 Bay D e s c r i p t i o n s  1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 . 2 . 1  Sabine Lake Es tuary  1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1.2.2 Galveston Bay Es tuary  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 
1.2.3 Matagorda Bay Es tuary  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 
1.2.4 San An ton io  Bay Es tuary  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 .2 .5  Copano-Aransas Bays Estuary  5 
1.2.6 Corpus C h r i s t i  Bay Es tuary  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 
1.2.7 Laguna Madre Es tuary  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 

1 .3  Geolog ic  H i s t o r y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 
1 .4  C l imate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 
1 . 5  Hydrographic  Cond i t ions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11 

1 .5 .1  T i d a l  Exchange . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11 
1.5.2 Freshwater I n f l o w s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12 

CHAPTER 2 . PHYSICAL-CHEMICAL DESCRIPTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14 
2 . 1  Temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14 
2 .. 2 S a l i n i t y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14 
2.3 N u t r i e n t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 

2 . 3 . 1  N u t r i e n t  Loading Budgets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 .3 .2  N u t r i e n t  C y c l i n g  16 

2.4 Contaminants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16 

CHAPTER 3 . GENERAL BAY ECOLOGY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18 
3 . 1  Es tuar ine  H a b i t a t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18 
3.2 Open-Bay Bottorn Pr imary Producers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 
3 . 3  Open-Bay Bottom Zooplankton . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 
3.4 Open-Bay Bottom Benthos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28 
3.5 Open-Bay Bottom Nekton . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32 
3.6 Open-Bay Bottom Marine B i r as  and Mammals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  41 
3.7 General Comments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  44 

CHAPTER 4 . BENTHIC COMMUNITY STRUCTURE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45 
4 . 1  I n t r o d u c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45 
4.2 Ben th ic  Producers, Decomposers, and Micro iMeiofauna . . . . . . . . . . . . . . . . . . .  46 
a ~ 3  Benth ic  Macro in fauna . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  48 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  4 .3 .1  Temporal V a r i a t i o n  .- 48 
4.3.2 S p a t i a l  V a r i a t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 .3 .2 .1  Ho r i  zon ta  l Var i  a t i o n  50 

vii 



Page 

.............................................. 4.3.5.2 V e r t i c a l  VarSat ion 52 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.4 Mob i le  Benth ic  Epifauna 53 

4.5 Environmental E f f e c t s  on Community S t ruc tu re  . . . . . . . . . . . . . . . . . . . . . . . . . .  54 

CHAPTER 5 . BENTHIC COMMUNITY FUNCTION ......................................... 58 
5 . 1  I n t r o d u c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  58 
5.2 Biomass Produc t ion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  58 
5.3 N u t r i e n t  Regenerat ion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 1  
5.4 Food Chain Re la t i onsh ips  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  65 

5 .4 .1  Organic Carbon Source . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  67 
.................................... 5.4.2 Secondary Carbon Produc t ion  70 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.5 Benth ic  Role i n  Ecosystem Func t ion  7 1  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  CHAPTER 6 MANAGEMENT CONSIDERATIONS 75 
6 .1  Na tu ra l  Impacts . . . .................................................... 75 
6 . 2  Human Impacts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  76 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.3 Recommendations f o r  Management 77 
6 .3 .1  Impact Assessment .............................................. 78 
6.3.2 Dec is ion  Making ................................................ 79 

REFERENCES ...................................................................... 83 
APPENDIX ........................................................................ 92 

w i i i  



FIGURES 

Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Page 

Loca t ions  of Texas es t t i a r i es  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 

Sabine Lake system . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 

Galveston Bay system . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 

Matagorda Bay system . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 

San An ton io  Bay systent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 

Corpus C h r i s t i ,  Redf ish,  and Copano Bay systems ....................... 7 

Corpus C h r i s t i  Bay system . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 

Laguna Madre e s t u a r i n e  system . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 

Sedimentary depos i t s  i n  Texas Bays . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 

C l u s t e r  ana l ys i s  o f  ben th i c  macro in faunal  spec ies assemblages from t h e  
Corpus C h r i s t i  Bay Estuary  over  a p e r i o d  f rom September 1974 t o  J u l y  
1983 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  49 

P l o t s  o f  ben th i c  macroinfaunal species number, t o t a l  abundance, and 
t o t a l  biomass f o r  a s tudy s i t e  i n  Corpus C h r i s t i  Bay Estuary  . . . . . . . . . .  50 

Seasonal measures o f  sediment redox p o t e n t i a l  d i s c o n t i n u i t y  (RPD) 
depth, t o t a l  b e n t h i c  macro in faunal  spec ies number, and t o t a l  ben th i c  
macro in faunal  biomass a t  a midbay s tudy  s i t e  i n  t h e  Corpus C h r i s t i  
Bay Es tuary  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  56 

To ta l  s tudy p e r i o d  (1981-83) average measures f o r  sediment s t r u c t u r e  
c h a r a c t e r i s t i c s ,  redox p o t e n t i a l  d i s c o n t i n u i t y  (RPD) depth, ben th i c  
macroinfaunal biomass, and sediment metabol ism a t  t h ree  s t a t i o n s  i n  
t h e  Corpus C h r i s t {  Bay E ~ t u a r y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  59 

Photograph o f  a sediment core ( s p l i t )  t a ken  i n  Corpus C h r i s t i  Bay a t  
a mid-estuary  sampl i n g  s i t e  a f t e r  c o l o n i z a t i o n  o f  Schizocardium 
sp. . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - . . . . . . . . . - . . .  66 

Hypothesized pr imary-producer-based food c h a i n  f o r  Texas open-bay 
bot tom b io topes  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  67 

Hypothesized de t r i t u s -based  food c h a i n  f o r  Texas open-bay bot tom 
b i o t opes  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  68 



17 Hypothesized food chain f o r  the Corpus Chr is t i  Bay Estuary showing 
flow of carbon between t rophic  l eve l s  ................................. 73 

18 Conceptual model i l l u s t r a t i n g  the ro le  of the es tua r ine  benthos i n  
food chain dynamics and nu t r i en t  recycling ............................ 74 

19 Conceptual model i l l u s t r a t i n g  the  potential  processes t h a t  go on in 
t h e  benthos, how community s t ruc tu re  can a f f e c t  these ,  how the benthic 
processes a re  linked t o  dynamics in  the overlying waters,  and the  

....... e f f e c t  on a l l  these processes from an environmental disturbance 78 

20 Multiyear data from t h e  Corpus Chr is t i  Bay Estuary on f i she ry  y i e l d s ,  
benthic biomass, r a i n f a l l ,  benthic production, r ive r ine  nitrogen 

.... input,  benthic nu t r i en t  regeneration,  and phytoplankton production 60 



TABLES 

Number --- 
1 Phy*,iographic data f o r  Texas es tua r i es  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 

Ci ima to l oq i ca l  da ta  f a r  Texas es tua r i es  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 

Hydro log ic  d a t a  f o r  Texas es tua r i es  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - -  12 

Annual average water  q u a l i t y  i n  Texas es tua r i es  . . . . . . . . . . . . . . . . . . . . . . .  14 

Carbon, n i  t roqen ,  and phosphorus load ing  budgets f o r  Texas 
es tua r i es  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16 

Summar-y o f  t h e  major  c h a r a c t e r i s t i c s  o f  phy top lank ton  assemblages i n  
t he  open-bay bot tom b io topes o f  Texas e s t u a r i e s  . . . . . . . . . . . . . . . . . . . . . . .  24 

Summary o f  t h e  major  pa t t e rns  f o r  zooplankton assemblages i n  t h e  
open-bay bot tom b io topes  o f  Texas e s t u a r i e s  .............-.....-....... 28 

Summary o f  t h e  nra j a r  c h a r a c t e r i s t i c s  o f  ben th i c  i n ve r t eb ra te  
assemblages i n  t he  open-bay bottom b io topes  o f  Texas e s t u a r i e s  . . . . . . . .  33 

Dominant nekton ( i n ve r t eb ra tes  and f i s h )  i n  t he  open-bay bottoms o f  
lexas e s t u a r i e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  37 

B i r ds  known t o  i n h a b i t  t he  open-bay bottoms o f  Texas e s t u a r i e s  ........ 42 

Mean annual shrimp y i e l d s  (head-on weight )  f o r  a i l  Texas e s t u a r i e s  
between 1970 and 1982 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  62 

Mean annual b e n t h i c  f 1 uxes o f  ammoni um-ni t rogen  from se l ec ted  
es tua r i ne  and coas ta l  systems .........................-.--.............. 63  

Compdrison o f  Nueces R i ve r  ino rgan ic  n i t r o g e n  i n p u t s  t o  t he  Corpus 
Ch r - i s t i  Bay Es tuary  w i t h  sediment ammonium-nitrogen regenera t ion  
du r i ng  the  months o f  January, A p r i l ,  Ju l y ,  and October . . . . . . . . .... ... . 65 

Organic carbon sources t o  the Corpus C h r i s t i  Bay Estuary ,  w i t h  
comparison o f  o t h e r  es tua r i es  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - . . . . . . .  68 

Est imates o f  f i n f i s h  carbon p roduc t i on  f o r  t h e  Corpus C h r i s t i  Bay 
Estuary  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 1  

Benth ic  community data otztained from a channel s t a t i o n  i n  t h e  Corpus 
C h r i s t i  Bay Es tuary  be fo re  and a f t e r  dredging ......... ...... ..... ..... 51 



I g r e a t l y  appreciate the  reviews and support o f  Michael Brody, Nicholas 
comments o f  my col leagues a t  t h e  Univer- F u n i c e l l i ,  and Wi ley Kitchens o f  t h e  F i sh  
s i t y  o f  Texas Marine Science I n s t i t u t e  i n  and W i l d l i f e  Serv ice and t h e  p a r t i c i p a t i o n  
P o r t  Aransas and t h e  U n i v e r s i t y  o f  Texas i n  the  e a r l y  d r a f t s  o f  t h i s  r e p o r t  o f  
a t  Aust in  and o f  my f r i ends  i n  the  Texas R. Warren F l i n t  o f  t he  Research Center 
Department o f  Water Resources i n  Aust in.  a t  S ta te  U n i v e r s i t y  of New York a t  
I a lso  appreciate the  encouragement and Oswego. 

xii 



CHAPTER 1. 
THE PHVSllCAfi ENVIRONMENT 

1.1 DEFINITION 81" OPEN-BAY BOPTOMS 

Open-bay bottoms represent  one of the  
most extensive h a b i t a t s  i n  any e s t u a r i n e  
sys tem,  and w h i l e  o t h e r  h a b i t a t s  such a s  
s a l t  marshes and seagrass beds a r e  impor- 
t a n t  and a r e  discussed r e l a t i v e  t o  the  
open-bay bot toms sys tems ,  most of t h e  
a t tent ion i s  given t o  the  benthic communi- 
t i e s  t h a t  e x i s t  i n  t h e  unvegeta ted  sub- 
t i d a l  bottoms. Like t h e  i n t e r t i d a l  f l a t s  
described by Peterson and Peterson (1979), 
the open-bay bottoms a r e  a l so  open systems 
and i n t e r a c t  s t r o n g l y  wi th  ocean w a t e r s  
through the  t i d a l  i n l e t ,  with marshes and 
i n t e r t i d a l  f l a t s  on t h e  p e r i p h e r y  of t h e  
estuary,  and with r ive r ine  systems where 
t h e y  e n t e r  t h e  e s t u a r y .  Thus, t h e s e  s y s -  
tems are  included and discussed herein t o  
t h e  e x t e n t  they  a r e  needed t o  e x p l a i n  
processes occurring within the  open bay. 

Open-bay bottom sys tems  may be de-  
f i n e d  a s  t h e  s u b t i d a l  p o r t i o n  of t h e  e s -  
tuary  lying below the  extreme low spring 
t ide.  Bottom types a r e  typ ica l ly  sand o r  
mud, va ry ing  c o n s i d e r a b l y  from a r e a  t o  
area depending on proximity t o  hign-energy 
i n l e t s  where sandy bot toms dominate,  t o  
d e l t a  areas associated w i t h  r i v e r  inflows 
in which consolidated sediments a r e  preva- 
l e n t ,  t o  t h e  open-bay a r e a s  where muddy 
bottoms a r e  found. 

The l i v i n g  t h i n g s  i n  t h e s e  sys tems 
a r e  predominantly animals although in t h e  
very s ha1 low areas  with good transparency, 
seagrasses may f l o u r i s h  over large  areas. 
Usually,  they  a r e  l i m i t e d  t o  t h e  sha l low 
peripheral areas where l i g h t  transmission 
i s  great  enough t o  support them. The most 
i m p o r t a n t  b i o l o g i c a l  components of t h e  
open-bay bottoms are  the  benthic (battom- 
dwelling) animals c o n s i s t i n g  o f  t h e  e p i -  
f auna  and t h e  very  complex i n f  aunal  com- 
munity. 

The Texas e s t u a r i e s  a r e  used t o  exem- 
p l i f y  t h e  open-bay bottom system i n  t h i s  
repor t ,  and a descr ip t ion of these systems 
w i l l  be h e l p f u l  in  unders tand ing  t h e i r  
n a t u r e ,  a s  w e l l  as  p rov id ing  background 
f o r  the discussion on t h e i r  general ecolo- 
gy and the  ecology of the benthic commun- 
i ty .  

1.2 BAY DESCRlPTlONS 

Seven es tuar ine  systems with open-bay 
bottoms l i e  on t h e  Texas c o a s t :  Sabine 
Lake, Galves ton Bay, Matagorda day, San 
Antonio Bay, Copano-Aransas Bays, Corpus 
C h r i s t i  gay, and t h e  Laguna Madre ( s e e  
Figure 1). Three minor r ive r ine  e s t u a r i e s  
a l s o  l o c a t e d  i n  t h e  a r e a  a r e  t h e  Brazos, 
San Barnard, and Rio Grande Estuaries, but 
t h e i r  open-bay bottoms have been f i 1 led by 
sed imenta ry  d e p o s i t i o n ,  and t h e  r i v e r s  
t h a t  f e e d  t h e s e  e s t u a r i e s  now empty d i r -  
e c t l y  i n t o  the gulf. These three  r i v e r i n e  
e s t u a r i e s  contain minimal amounts of open- 
bay bottom system compared t o  t h e  o t h e r  
seven e s t u a r i e s  and a r e  n o t  d i s c u s s e d  i n  
d e t a i l  i n  t h i s  r epor t .  The o t h e r  seven 
es tua r i es  have a t o t a l  water surface area 
of about 623,756 ha. A more d e t a i l e o  
discussion of each of these seven systems 
f o l l o w s .  Much of t h e  i n f o r m a t i o n  i s  
taken from the  excel lent  repor ts  f o r  these  
systems prepared by t h e  Texas Department 
of d a t e r  Resources (1488a, 1980b, i981a,  
1981b, 1981c, 1983). Some of t h e  phys ia -  
graphic data  a r e  summarized i n  Table 1. 

1.2.1 Sabine Lake E s t u a r l  

The Sabine-Neches Estuary 1 Ses along 
the fexas-lotmi siana b r d e r ,  h%s a surf ace 
area of 11,798 ha, and receives t h e  Sabine 
and Meches Rivers.  The Sabine  Lake Es- 
t u a r y  i n c l u d e s  Sab ine  Lake, t h e  Sabine-  



Figure I. Locations of Texas estuaries (Armstrong 1982). 



78ble 1 Physiographic data for Yewas rstuartes (Texas Uepartn~ent of Water Resources l W a ,  
l W b .  ?%la. I B l b ,  PMQllc, 338.3) 

Estuary 

Average 
Surface area Valume dep th  Marsh 

(ha1 02 (kin3> ( m  3 (ha 1 

Sabine Lake 

Gal veston Bay 143.153 23.0  2.911 2.1  5,420 

Matagorcia Bay i1)I ,368 16.2 2. 134 2 . 3  ! 1,430 

San A n t o ~ i o  Bay 56,162 9.0 0.754 1 . 4  4,833 

Corpbs Christi Bay 144,451 1 .  I 1.147 2 .4  5,350 -7 1 

south  atad wes t  o f  Sabine Lake, w i l  i l c  t he  
balance p a r a l l e l s  the  Sabine b n d  Neches 
Rivers  a t  t h e  head o f  t h e  es tua ry .  The 
urban areas l i e  pr imar i ly  t o  the west and 
north o f  Sdbine Lake and have a population 
o f  329,300 people (1980 census). 

1.2.2 Galveston Bay Estuary 

To t h e  west  of Sabine Lake l i e s  Gal- 
veston Bay, which i s  great ly  influenced by 
t h e  u r b a n i z a t i o n  on i t s  west ,  south ,  and 
north boundaries. The Houston-Texas City- 
Galveston metropolitan and associatea in-  
dus t r i a l  areas  make up the urban complex; 
and t h e  1980 popula t ion i s  approximately 
2,994,500. This estuary (shown in Figure 
3) is  t h e  second l a r g e s t  on t h e  Texas 
coast  with a surface a rea  of 143,153 ha or  
about 23% of  the  t o t a l  e s t u a r i n e  s u r f  ace 
area of Texas, I t  has an average depth of 
2.1 m, although i t  i s  t raversed by a major 
navigation channe 1, the  Houston Ship Chan- 
nel,  which ex tends  from t h e  mouth of t h e  
e s t u a r y  (Bol ive r  Roads) through t h e  bay 
and in to  t h e  San Jacinto  River Channel. A 
shor t  distance in to  t h i s  channel i t  turns 
west i n t o  Buffa lo  Bayou and f i n a l l y  ends 
on t h e  e a s t  s i d e  o f  Houston. Most of t h e  
i n d u s t r i a l  complex i n  t h e  Houston a r e a  
borders  t h i s  n a v i g a t i o n  channel ,  from 

Morgdn C 3  t y ,  iouisidnd,  where the channel 
e n t e r s  t h e  San J a c i n t o  River Channel, t o  
Ilolrston. 

The t o t a l  wet land a r e a  around t h i s  
e s t u a r y  i s  some 20,200 ha, a t  though o n l y  
about 5,420 ha can be cons ide red  t o  be 
c o n t r i b u t i n g  marsh o r  marsh a f f e c t e d  by 
t i d a l  ac t ion .  Like Sabine  Lake, t h e  Gal- 
ves ton Bay Es tua ry  l i e s  i n  t h e  c o a s t a l  
p r a i r i e  and c o a s t a l  marsh l and- resource  
areas, but t h i s  area i s  probably changing 
more rapidly due t o  man's a c t i v i t i e s  than 
any other area on the Texas coast. 

The major freshwater inflows t o  Gal- 
veston Bay come from the  Tr ini ty  River and 
the San Jacinto  River. Sedimentary d e l t a s  
are  forming a t  the mouths of both o f  these 
r i v e r s ,  and i t  i s  on t h e s e  d e l t a s ,  e spe -  
c i a l l y  t h a t  of t h e  T r i n i t y  River,  where 
extensive marsh lands may be found. 

1.2.3 Matagorda Bay Estuarx 

Matagorda 8ay i s  t h e  t h i r d  l a r g e s t  
e s t u a r y  on t h e  Texas c o a s t  (see Figure  4) 
wi th  a s u r f a c e  a r e a  of 101,368 ha. its 
average depth i s  2 , J  m and i t s  voTume i s  
2.134 ~ m " .  Like the Galveston Bay Es- 
tua ry ,  Matagarda Bay i s  t r a v e r s e d  by a 



navigat ion channel tha t  extends from a c u t  
th rough  t h e  b a r r i e r  i s l a n d  up t o  Lavaca 
Bay i n  t he  nor thwes t  co rner  o f  t h e  es- 
tuary. Major freshwater sources t o  Mata- 
gorda Bay include the Lavaca Kiver, f l ow-  
i n g  i n t o  Lavaca Bay, and t h e  Colorado 
River, which f lows i n t o  the northeast arm 
o f  Matagorda Bay. Because o f  the conf i g -  
u r a t i o n  o f  t h e  Colorado R iver  de l t a ,  the  
proport ion o f  the r i v e r  f l ow t ha t  ac tua l l y  
reaches the estuary i s  la rge ly  unknown. A 
channel d redged th rough  t h i s  r i v e r  d e l t a  
p e r m i t s  t he  r i v e r  t o  d ischarge  d i r e c t l y  
i n t o  t h e  G u l f  o f  Mexico, b u t  t h e r e  are 
points o f  access between the r i v e r  channel 
and the bay which do permit  some water t o  
f l ow i n t o  the  estuary as long as a hydrau- 
l i c  g r a d i e n t  ex i s t s .  On occasion, bay 
water f lows i n t o  the r i v e r  channel and out 
t o  t h e  g u l f  through these same access 
points. Most o f  the marshes are found i n  

Sabine River 

the iavaca say area and the Colorado River 
de l t a  at-ea, and they t o t a l  some 11,430 ha. 

Despite i t s  s ize and location, Mata- 
gorda Bay has r e l a t i v e l y  l i t t l e  urban 
development around i t s  p e r i  phery. Smal I 
c i t i e s  are scattered along i t s  western and 
northern boundaries, and some major indus- 
t r y  i s  l o ca ted  on t h e  shores o f  Lavaca 
Bay. Despite the i ndus t r i a l i za t i on  taking 
place, i t  should  be some t i m e  be fo re  t h e  
amount begins t o  approach t h a t  o f  Corpus 
Ch r i s t i  Bay or Galveston Bay. The popula- 
t i o n  i n  urban areas sur round ing  t he  Bay 
t o t a l s  123,700 people. More d e t a i  l e d  
i n f o r m a t i o n  about t h i s  es tua ry  i s  con- 
t a i n e d  i n  t h e  Texas Department o f  Water 
Resources (1980b) r epo r t .  

1.2.4 San Antonio Bay Estuary 

The San Anton io  Bay Es tuary  l i e s  
immediately west o f  Matagorda Bay and has 
a t o t a l  surface area o f  56,162 ha o r  9% of 
t he  t o t a l  su r f ace  area o f  Texas bays (see 

Galveston Bay 

ULF OF MEXICO 

o 8 16km . 
Figure 2. Sabine Lake system. Figure 3. Galveston Bay system. 
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Matagorda Bay GULF OF MEXICO 

O ' ? * f) NAUTICAL MILES 

Figure 4. Matagorda Bay system. 

Figure 5). I t  i s  f ed  by t h e  Guadalupe 
River, which has b u i l t  a l a rge  d e l t a  a t  
t h e  head of t h e  es tuary .  This e s t u a r y  
exchanges waters with Matagorda Bay t o  the 
eas t  and the Copano-Aransas Bays es tuar ine  
system to  the  west; i t  has no d i r ec t  open- 
ing t o  the  Gulf of Mexico. The average 
depth in t h i s  e s t u a r y  i s  on ly  1.4 m and 
t h e  volume i s  0.754 km3.  Land use around 
t h e  bay i s  p r i m a r i l y  a g r i c u l t u r a l  and 
ranching ac t iv i t i es .  Rice i s  the princi-  
pal i r r i g a t e d  crop,  b u t  o t he r  c rops  such 
a s  g r a in  sorghum, corn,  and co t t on  a r e  
dry-land crops produced in the area. Some 
forested areas,  primari ly oak, are  found. 
On t h e  southwest  shore  of t h i s  e s t u a r y  
l i e s  t h e  Aransas Wi ld l i f e  Refuge, an i m -  
portant area where the ondangered whooping 
crane overwinters. 

Wetlands a r e  found pr imari  l y  on t h e  
d e l t a  a t  t h e  head of t h e  e s t u a r y  b u t  a l s o  
nn t h e  n n r t h a a r t  and ctn~rthwact  ~ d n e c  n f  

only 102,600 people. Industrial  a c t i v i t i e s  
around the estuary include manufacturing, 
agricul ture-forestry-f isheries ,  and min- 
ing, Manufacturing ac t i v i t y  involves p r i -  
mary metals (mainly aluminum), chemicals, 
and a l l i e d  products. Crude o i l  and n a t -  
u r a l  gas production comprise t h e  mining 
ac t i v i t i e s .  

1.2.5 Copano-Aransas Bays Estuary 

The Copano-Aransas Bays Estuary is  
made u p  primari ly  of Copano t3ay and Aran- 
s a s  Bays as  shown in  Figure 6. Mission 
Bay i s  a very smal l  a rea  immediately 
northwest o f  Copano Bay. Major freshwater 
flows into  these es tuar ies  come from the 
Mission and Aransas Rivers  although, a s  
shown l a t e r ,  t h e se  i npu t s  a r e  r e l a t i v e l y  
small. This es tuar ine  system has a t o t a l  
su r f ace  a r ea  of 46,279 ha, an average 
r t ~ n t h  of 2 m.. and  a volume of O.Y2f; k m 3 -  vl* -a,\. a # - s  * v v r u a r  u a s u  a v r r x s r . c a *  L - 3 r d  u s  - - r -  - z -  - - - .* ... - 

the  primary bay and on the lee  s ide  o f  the 
b a r r i e r  i s l and .  Although t h e r e  i s  some The Copano-Aransas Bays Estuary i s  
urban development on t h e  no r thea s t  shore  found i n  the  coastal p ra i r i e  . iand-resource . 
of t h i s  e s t u a r y ,  i t  i s  q u i t e  sma l l ,  t h e  area.  Land use i s  dom~na t ed  Dy a g r i c u l -  
populat ion around t h e  e s t u a r y  t o t a l i n g  t u r a l  and ranching a c t i v i t i e s  wi th  only 
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Figure 5. San Antonio Bay system 

the west s ide  of the  estuary and dominates 
land use i n  t h a t  area.  There i s  an addi - 
t i o n a l  i n d u s t r i a l  complex on t h e  nor th  
shore of Corpus Christ i  Bay in the Ingle- 
s i d e  region.  The i n d u s t r i a l  a c t i v i t y  i s  
mainly aluminum production and chemicals 
and petroleum refining. The port of Cor- 
pus C h r i s t  i s  ranked t h i r t e e n t h  i n  cargo 
handled in the United States ( i n  1370) and 
t he  second l a r g e s t  i n  Texas, and i t  i s  
l inked v i a  t h e  I n t r a c o a s t a l  Waterway t o  
other major ports i n  Texas. Crude o i l  and 
na tu r a l  gas product ion c o n s t i t u t e  t h e  
p r i nc ipa l  mining a c t i v i t i e s  in  t h e  a r ea ;  
agriculture,  fores t ry ,  and f i sher ies  con- 
t r i b u t e  s i g n i f i c a n t l y  t o  t h e  economy of 
t he  area.  The populat ion i n  t he  coun t i e s  
joining the  Nueces estuarine system t o t a l s  
314,400 people. 

1.2.7 Laguna Madre Estuary 

The Laguna Madre Estuary consists of 
Upper and Lower Laguna ~ a d r e i  Baffin Bay, 
and p a r t  of Arroyo Colorado (Figure 8). 
The surface area i s  214,545 ha which makes 
i t  the largest  estuary in the Sta te  based 
on s u r f a c e  a rea  a t  mean s e a  l eve l .  Be- 
cause of i t s  shai lowness  [average depth 

minor areas of i r r igated crops* The large 1.2 m)l however, i t s  water surface area a t  
amount of a g r i c u l t u r a l  a rea  around t h i s  mean low water  i s  l e s s  than t h a t  of Gal- 
e s t u a r y  and t h e  lack of u rban iza t ion  a r e  veston Bay Estuary. This estuary extends 
ref lected in the small population of about 150 miles south from Corpus Christ i  Bay t o  
21,300 people in  the  coun t i e s  ad jo in ing  t he  lower t i p  of Texas. W i t h  i t s  shal low 
t h i s  es tuary.  water  and l a rge  s u r f a c e  a rea ,  i t s  volume 

i s  2.574 km3.  

1 .  Corpus Christ i  Bay Estuary 

The Corpus C h r i s t i  Bay e s t u a r i n e  
system, shown in  Figure 7, i s  made up of 
Nueces Bay, Oso Bay, and Corpus C h r i s t i  
Bay, wi th  a t o t a l  su r f ace  a r e a  of 44,451 
ha o r  7.13% of t h e  t o t a l  bay a r e a  i n  
Texas. The average depth i s  about 2.4 m 
and t h e  volume i s  1.147 km" Like o the r  
Texas bays, Corpus C h r i s t i  Bay i s  a l s o  
t raversed  by a major nav iga t ion  channel 
tha t  begins in Aransas Pass where i t  cuts 
through the b a r r i e r  i s l and  t r a v e r s i n g  
Corpus Christ i  Bay and ends i n  the port o f  
Carpus Chr i s t i .  The Nueces Estuary a l s o  
l i e s  i n  the coastal  p ra i r i e  area, and land 
use drOUnd i t  i s  a l s o  dominated by a g r i -  
cul ture  and ranching. The c i t y  of Corpus 
C h r i s t i ,  w i t h  i t s  a s soc i a t ed  por t  and 
industr ia l  complex, however, i s  located on 

The Laguna Madre Estuary l i e s  in the  
west gulf  c o a s t  land resource  a r ea ,  an 
undulating t o  rol l ing,  moderately d i s sec t -  
ed, brush-covered pla in .  Land use around 
t he  e s t u a r y  i s  p r i m a r i l y  agriculture and 
ranching with c o t t o n ,  g r a i n  sorghum, 
f r u i t s ,  and vege tab les  as t h e  p r i n c i p a l  
i r r i g a t e d  crops. Major urban and indus- 
t r i a l  a r ea s  l i e  a t  t h e  southern t i p  of 
t h i s  estuary in the Brownsville area. The 
population there  plus the very small popu- 
l a t i o n  border ing t h e  r e s t  of the  e s t u a r y  
t o t a l  252,000 people. 

1.3 GEOLOGlC HISTORY 

Sedimentary m a t e r i a l s  in Texas bays 
were deposited by fo rmer ly  and p r e sen t l y  
a c t i v e  geologic  processes  i n  d e l t a ,  fan.  



Figure 6. Corpus Christi. Redfish. and Copano Bay systems. 

Figure 7. Corpus Christi Bay system. 
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iver, bay-estuarine, and barr ier - is land-  m i  1 1  i o n  y r  ago; younger P le i s t ocene  Age 
h o r e l  i n e  systems (K ie r  and White 1978). d e p o s i t s  ( 3  m i  1 1  i o n  t o  approx imate ly  
he o l d e s t  s u b s t r a t e  i n  t he  c o a s t a l  zone 18,000 y r  o l d )  compose most o f  t h e  coast  
ras depos i ted as a  f a n  approx imate ly  3  p l a i n  (Figure 9). These deposits accumu- 

l a t e d  i n  r i v e r ,  de l ta ,  and de l ta -marg in  
environments d u r i n g  one o f  the in te rg la -  
c i a l  i n te rva ls .  

Dur ing t he  e a r l y  Wisconsin g l a c i a -  
t i o n ,  which was t h e  l a s t  major  pe r i od  o f  
g l a c i a t i o n ,  sea l e v e l  was as much as 450 

- -------  f t  lower  than  i t  i s  today. The ances t ra l  
r i v e r s  reaching the coast cut  deeply i n t o  
the coastal p l a i n  and discharged sediment 
f a r  ou t  on the  Cont inen ta l  Shelf,  which 
was as much as 50 m i  o f f s h o r e  f r om  t h e  
present shoreline. Between the ea r l y  and 
l a t e  Wisconsin g l ac i a l  periods, sea leve l  
apparen t l y  r e tu rned  t o  today's level, and 
o ld  de l ta  deposits were reworked by waves 
and marine cur rents .  Lakes and lagoons 
developed landward o f  these deposi ts.  
Then some 30,000 yr ago, a f t e r  the cont in-  
e n t a l  g l a c i e r s  had once a g a i n  begun 
advancing and sea l e v e l  was about 400 f t  
below today's l eve l ,  r i v e r s  c ross i ng  t h e  
coas ta l  p l a i n  again  c u t  downward. About 
18,000 y r  ago, sea l e v e l  began t o  r i s e  
g radua l l y  as t h e  l a s t  g l a c i a t i o n  pe r i od  
diminished. R i ve r  v a l l e y s  began t o  f i l l  
w i t h  sediment, but  sea leve l  r i s e  exceeded 
sed imenta t ion  and t he  lower  p o r t i o n s  o f  
the  v a l l e y s  were drowned. Shore l ines o f  
t he  modern bays and e s t u a r i e s  o f t e n  r e -  
f l e c t  the pos i t i on  o f  o l d  r i v e r  and stream 
meanders (Kier and White 1978). 

Port Mansfield About 4,500 yr ago when sea leve l  was 
approximately 15 f t  lower than a t  present, 
modern geo log ic  processes became active. 
Upon reaching present sea leve l  approxima- 
t e l y  2,500 y r  ago,several natura l  changes 
began t o  occur: (I) the estuar ies began t o  
f i l l  w i t h  s e d i m e n t  f r o m  r i v e r s  and 
streams, f rom bay marg ins and oys te r  
ree fs ,  and f rom the  G u l f  o f  Mexico; (2) 
smal l  streams extended t h e i r  courses head- 
ward; (3) o f f s h o r e  shoals coalesced i n t o  
ba r r i e r  islands, gradually r e s t r i c t i n g  the 
bays and e s t u a r i e s  b e h i n d  them; (4) 
marshes became es tab l i shed ;  and (5) wind 
a c t i o n  m o d i f i e d  severa l  sandy areas t h a t  
were depos i ted e a r l i e r  ( K i e r  and White 
1978). The s h o r e l i n e  w i t h i n  t h e  Texas 
estuarine systems and t h e  beaches f a c i n g  
the Gulf o f  Mexico continue t o  experience 
e ros ion  and sedimentat ion.  Extens ive 

Figure 8. bguna Madre estuarine system. s tud ies  by t h e  U n i v e r s i t y  o f  Texas a t  



Corpua Christ1 Ray 

EXPLANATION 

t n r r a  d.parflo 

Figure 9. Ssdimantar~ deposits im Texas beys. 



A u s t i n  Bureau of Economic Geology have 
d e t e r m i n e d  t h e s e  a reas  o f  e r o s i o n  and 
a c c r e t i o n ,  and t h e s e  areas  have been r e -  
p o r t e d  by t h e  Texas Department  o f  Water 
Resources (1980a, 1980b, 1981a, 1981b, 
19a lc ,  1983). N a t u r a l l y ,  t h e  s u b s t r a t e  
w i t h i n  es tuar ine  systems r e f l e c t s  t o  some 
ex tent  these geologic processes w i t h i n  t he  
estuar ies.  

1.4 CLIMATE 

The Texas c o a s t  may be d i v i d e d  i n t o  
t w o  ma jo r  c l i m a t i c  reg ions ,  t h e  upper 
coast c l i m a t o l o g i c a l  reg ion  extending f rom 
the  San Antonio Bay Estuary no r th  and the  
s o u t h  c e n t r a l  c l i m a t o l o g i c a l  d i v i s i o n  
l y i n g  s o u t h  o f  t h e  San An ton io  Bay Es- 
t ua ry .  The upper c o a s t  c l i m a t o l o g i c a l  
r e g i o n  l i e s  I n  t h e  warm tempera te  zone. 
I t s  c l i m a t i c  type i s  c l a s s i f f e d  as subtro-  
p i c a l  (humid and warm summers), bu t  i t  I s  
a l s o  p r e d o m i n a n t l y  mar ine because o f  t he  
p r o x f m i t y  o f  the  Gu l f  o f  Mexico. P r e v a i l -  
i n g  w inds  a r e  s o u t h e a s t e r l y  t o  s o u t h -  
s o u t h e a s t e r l y  t h r o u g h o u t  t h e  year, and 
day- to -day  weather  d u r i n g  t h e  summer 
varies l i tt l e  except f o r  occasional thun- 
derstorms. Summer d a y t i m e  tempera tu res  
a r e  moderated because o f  t h e  sea breeze, 
and w in ters  are m i l d  because the  moderate 
polar a i r  masses which push r a p i d l y  south- 
ward i n t o  the g u l f  b r i n g  cool, cloudy, and 
r a i n y  weather f o r  b r i e f  periods. 

The south c e n t r a l  c l i m a t o l o g i c a l  d i -  
v i s i o n  i s  c l a s s i f i e d  as subt rop ica l  (humid 
and h o t  summers w i t h  m i  Id ,  d r y  w i n t e r s ) ,  
Again the  c l i m a t e  i s  predominantly marine 
because o f  t h e  p r o x i m i t y  o f  t h e  G u l f  o f  
Mexico, and p r e v a i  1 i n g  w inds  a r e  s o u t h -  
e a s t e r l y  t o  south-southeaster l y  throughout 
t h e  year .  Some o f  t h e  h e a v i e r  r a i n f a l l s  
occur dur ing  l a t e  summer and e a r l y  f a l l  i n  
c o n j u n c t i o n  w i t h  t r o p i c a l  d i s tu rbances .  
M i l d  w i n t e r  t empera tu res  and ho t ,  humid 
summer weather are due t o  the warm, t rop -  
i c a l  a i r  from the  Gul f  o f  Mexico. 

P r e c i p i t a t i o n  changes d r a s t i c a l l y  
from no r th  t o  south along the Texas coast, 
r a n g i n g  f r o m  151.7 c m l y r  i n  Sabine Lake 
down t o  74.4 c m l y r  i n  t h e  Laguna Madre 
area. Values i n  between a r e  g i v e n  i n  
Table 2. Qn the other  hdnd, evaporat ion 
ra tes  are o p p o s ~ t e  t o  those o f  p r e c i p i t a -  
t i o n  w i t h  e v a p o r a t i o n  a m o u n t i n g t o  112.4 
cm/yr  i n  t h e  Sabine Lake area and i n -  
c r e a s i n g  t o  158.3 c m l y r  i n  t h e  Laguna 
Madre. As a consequence, t h e r e  i s  a n e t  
water gain f rom p rec ip i  tat ion-evaporat ion 
i n  t h e  Sabine Lake t s t u a r y  o f  39.3 cm/yr, 
w h i l e  i n  t h e  Laguna Madre t h e r e  i s  a n e t  
l o s s  o f  $3.9 cmly r .  Th i s  tremendous l o s s  
i n  t h e  Laguna Madre coup led  w i t h  ve ry  
s m a l l  f r e s h w a t e r  i n f l o w s  produces t h e  
hypersal ine cond i t ions  found i n  t h a t  sys- 
tem, 

Table 2. CIirnatological data for Texas estuaries (Texas Department of Water Resources 1980a, 19$0b. 1981a. l O l b ,  1981~. 19831. 

Estuary 
P r e c i p i t a t i o n  Evaporation Net 

(km3/yr) (cm/y r) (km3/yr) (cm/y 1.1 ( cm/y r ) 

Sabine Lake 0.263 151.7 0.196 112.4 +39.3 

Gal ves ton  Bay 1.926 134.8 1.696 118.8 +16.0 

tjta tagarda Bay 1.058 105.6 1.490 143.0 -37.4 

San Antonio Bay 0,543 9J ,6  0.794 142.4 -44.8 

Copano-Aransas Bays 0,405 88.6 0.690 151.3 -62.7 

Corpus C h r i r t i  Bay 0.326 

taguna Madre 1.596 74.4 3.396 158.3 -83.9 



1.5 HYDROGRAPHIC CONDlYlOMS 

M i t h  p r e c i p i t a t i o n  and e v a p o r a t i o n  
v a r y i n g  so w i d e l y  a l o n g  t h e  coas t1  i n e  as 
w e l l  as across the drainage basins t o  the  
v a r i o u s  e s t u a r i e s ,  i t  i s  n o t  s u r p r i s i n g  
t h a t  there  i s  a la rge  v a r i a t i o n  o f  f resh-  
wa te r  i n f l o w s  t o  each es tuary .  Coup l i ng  
the f reshwater  i n f l ows  wf t h  bay geomorph- 
o l o g y  and t i d a l  m ix ing ,  i t  i s  aga in  n o t  
s u r p r i s i n g  t h a t  large changes i n  s a l i n i t y  
e x i s t  from estuary t o  estuary. O f  course, 
as i n  o t h e r  e s t u a r i n e  systems, t hese  
f r e s h w a t e r  i n f l o w s  i n t e r a c t  w i t h  w a t e r s  
b r o u g h t  i n t o  t h e  e s t u a r y  f r o m  t h e  ocean 
th rough  t i d a l  i n l e t s  t o  produce s p a t i a l  
and temporal va r i a t i ons  i n  s a l i n i t y .  Be- 
cause t h e  f r e s h w a t e r  i n f l o w  and t i d a l  
reg imes  a re  v e r y  d i f f e r e n t  f r o m  o t h e r  
r e g i o n s  o f  t h e  U.S. c o a s t l i n e ,  ~t Js ap- 
p rop r ia te  here t o  discuss these two impor- 
t a n t  h y d r o l o g i c  and hydrographic f ac to rs  
i n  more de ta i  1.  

1.5.1 T ida l  Exchanqe 

T ida l  exchange i n  Texas estuar ies i s  
due t o  a s t r o n o m i c a l  t i d e s  (i.e. , t r u e  
t i d e s ) ,  m e t e o r o l o g i c a l  phenomena (w inds  
and b a r o m e t r i c  p ressure) ,  and d e n s i t y  
s t r a t  i f  {cat ion. O f  these inf luences, winds 
are the most important  and produce "wind- 
t i des "  which over long periods can account 
f o r  subs tan t i a l  exchange o f  water between 
t h e  g u l f  and t h e  e s t u a r i e s  (Ward e t  a l .  
1982). Other in f luences can be important 
l o c a l l y  a t  c e r t a i n  times. 

As t ronomica l  t i d e s  i n  t h e  G u l f  o f  
Mexico are dominantly d iu rna l ;  consequent - 
ly ,  i t  i s  the dec l i na t i on  o f  the moon t h a t  
p r i m a r i l y  governs t h e  t i d a l  range. A t  
minimum decl inat ion,  the  d iu rna l  component 
becomes s m a l l  enough so t h a t  t h e  t i d e  i s  
e f f e c t i v e l y  semid iu rna l .  The t i d a l  range 
a t  maximum dec l i na t i on  (d iu rna l )  i s  about 
0.8 m, and a t  minimum d e c l i n a t i o n  ( semi -  
dicmrnal) about  O . L  in. Thus, t i d e s  i n  t h e  
n o r t h w e s t e r n  Gu l f  o f  Mexico a r e  q u i t e  
f e e b l e  i n  compar ison t o  those o f  t h e  A t -  
l a n t i c  and P a c i f i c  coas ts  and e x e r t  a  
r e l a t i v e l y  s m a l l  i n f l u e n c e  on m i x i n g  i n  
t hese  e s t u a r i n e  systems as compared t o  
those elsewhere (Ward e t  a?. 1982). 

AS a gene ra l  r u l e ,  t h e  Texas es -  
t u a r i e s  a r e  meteorologic ail^ dominated 
p r i m a r i l y  as a  consequence of t h e i r  la rge  

sur f  ace-area-to-volume r a t i o s  and the  pre-  
d o m i n a n t l y  south  t o  s o u t h e a s t e r l y  w inds  
from the  Gul f  o f  Mexico dur ing  the  spring, 
summer, and f a l l  seasons. D u r i n g  t h e  
winter, s i g n i f i c a n t  no r the r l y  winds occur 
as c o l d  f ron ts  pass through the  g u l f  coast 
region. This meteorological dominance has 
two consequences. F i r s t ,  the wind-driven 
waves t h a t  a r e  generated o v e r  t h e  long 
ove rwa te r  f e t c h e s  develop i n t o  r a t h e r  
intense surface waves under even l i g h t  t o  
moderate winds, Again, because o f  t h e  
sha l lowness,  t h e  m i x i n g  a c t i o n  o f  t h e  
waves r e s u l t s  i n  wa te r  t h a t  i s  u s u a l l y  
v e r t i c a l  l y  homogeneous and r a t h e r  tu rb id .  
The second e f f e c t  i s  t h e  r i s e  i n  wa te r  
surface i n  t he  d i r e c t i o n  of the  winds, o r  
den iv i  1 l a t ion .  The "setup" and "setdown" 
are common, and the resu 1  t i n g  "windtides" 
f requent ly  overshadow t h e  weaker astrono- 
m i c a l  t i d e s .  Du r ing  p e r i o d s  o f  s t r o n g  
n o r t h e r l y  winds, f o r  example, i t  i s  common 
f o r  la rge  areas o f  the shal lower po r t i ons  
o f  t h e  e s t u a r i e s  t o  become exposed as 
water  i s  l i t e r a l l y  b lown o u t  o f  t h e  es-  
tudry .  Under such c o n d i t i o n ,  t h e  t o t a l  
change i n  wa te r  l e v e l  i n  t h e  bay system 
can be in excess of a  meter  w i t h i n  a 
r e l a t i v e l y  s h o r t  p e r i o d  o f  t ime .  It has 
been observed t h a t  t h e  amount o f  wa te r  
moved out  o f  the bay system dur ing  a  mod- 
e r a t e  f r o n t a l  passage i s  on t h e  o r d e r  o f  
t h e  g r e a t - d e c l  i n a t i o n  t i d a l  p r i s m  (i,e., 
the volume of water between mean low water 
and mean h i g h  wa te r  a t  maximum t i d a l  
range)  and may even be l a r g e r  t han  t h i s  
f o r  an intense meteorological  system (Ward 
e t  a l .  1982). 

O f  g r e a t  impor tance t o  t h e  exchange 
o f  wa te r  t h a t  occurs  d u r i n g  t i d a l  e x c u r -  
s i o n  a re  s a l i n i t y  s t r a t i f i c a t i o n  and t h e  
dens i ty  cur ren ts  developed because of t h i s  
s t r a t i f i c a t i o n .  These cur ren ts  a r i s e  from 
the pressure-gradient  a c c e l e r a t i o n  asso- 
c i a t e d  w i t h  t h e  h o r i z o n t a l  v a r i a t i o n  i n  
density. This dens i ty  cur ren t  i s  the  mean 
c u r r e n t  f rom t h e  mouth o f  t h e  e s t u a r y  t o  
i t s  head. I t  i s  f o r c e d  by t h e  seaward 
grddient  i n  s a l i n i t y .  Whi l e  t h i s  dens i t y  
cur ren t  i s  genera l ly  an order o f  magnituds 
s m a l l e r  i n  i n t e n s i t y  t han  t h e  t i d a l  c u r -  
rent ,  under condi t ions o f  weak t i d a l  c w -  
rents, such as smal l  lunar d e c l i n a t i o n  o r  
around s l a c k  water ,  d e n s i t y c u r r e n t s  can 
tte measured d i r e c t  ty. baa~d (1980) sumrrtar- 
izes the  physics o f  the dens i t y  cur ren t  by 
f o u r  p r i n c i p l e s :  ( 1 ) t h e  i n t e n s i t y  of t h e  



density current  i n c r e a s e s  w i t h  t h e  h o r i -  
zontal gradient of s a l i n i t y ;  (2) a l l  o ther  
f ac to r s  being equal, t h e  in tens i ty  of the 
density current  increases approximately as  
the  cube of water depth; (3) in an e q u i l i -  
brium c o n f i g u r a t i o n ,  the  densi ty  current  
must force a r e tu rn  flow from the  head of 
the  estuary t o  the  mouth; and (4) v e r t i c a l  
s t r a t i f i c a t i o n  i s  no index t o  t h e  e x i s t -  
ence of a densi ty  current ,  f o r  a pronounc- 
ed d e n s i t y  c u r r e n t  can,  and f r e q u e n t l y  
does,  e x i s t  i n  a v e r t i c a l  l y  homogeneous 
es tua ry .  Because of p r i n c i p l e  number 2 
( t h e  d r a m a t i c  i n c r e a s e  i n  c u r r e n t  i n t e n -  
s i t y  with water depth), the dredged nav1- 
gat  ion channels t ransect ing the bays have 
s i g n i f i c a n t l y  g r e a t e r  depths  than  sur- 
rounding wa te r ,  making them e f f e c t i v e  
conveyences f o r  densi ty  currents  (Ward e t  
a l .  1982). Nard (1983) s t a t e s  t h a t  a 
dredged channel twice the natural  depth of 
an e s t u a r y  w i l l  c a r r y  a d e n s i t y  c u r r e n t  
whose in tens i ty  i s  e ight  t imes as great  as  
t h e  c u r r e n t  a t  t h e  n a t u r a l  depth ,  and i n  
some gulf coast e s tua r i es  these navigation 
channels a r e  three  t o  four t imes the nat -  
ural  depth. Two types of density-current 
c i r cu la t ions  can be dist inguished corres-  
ponding t o  the confined and the unconfined 
channel.  In t h e  conf ined channel conf i- 
guration, the channel i s  bounded on e i t h e r  
s ide  by shore so  t h a t  l a t e r a l  currents  a r e  
very  s m a l l  r e l a t i v e  t o  t h o s e  a long t h e  
longitudinal dimension. In such channels, 
the return flow i s  in  the surface layer so  
t h a t  net c i r cu la t ion  i s  two-layered, i.e., 

flow up the  es tuary  i n  the  lower layer and 
down t h e  e s t u a r y  i n  t h e  upper layer .  In 
the unconfined channel which i s  so  common 
t o  Texas es tua r i es ,  a unidi rec t ional  land- 
ward c u r r e n t  i n  t h e  channel  occurs  and, 
wi th  v e r t i c a l  mixing and f r e e  a c c e s s  t o  
the open water e i t h e r  s ide  of the channel, 
the re turn  flow i s  found in  the shallower 
open-bay waters. 

The n e t  i n c r e a s e  in  s a l i n i t y  i n  an 
e s t u a r y  because of enhanced ocean wa te r  
in t rus ion via a navigation channel can be 
s i g n i f i c a n t .  In a r e c e n t  s t u d y  of Mata- 
gorda Bay (Ward e t  a ? .  1982),  t h e  changes 
i n  base s a l i n i t y  due t o  t h e  dredging of a 
navigation channel was 5 ppt, a substant-  
i a l  increase in an es tuary  which receives 
only moderate freshwater inflows as des- 
c r i  bed below. 

1.5.2 Freshwater Inflows 

Using the  extensive analyses summar- 
i zed  i n  t h e  Texas Department af  Water 
Resources r e p o r t s  on each Texas e s t u a r y  
(Texas  D e p a r t m e n t  of Water Resources 
1980a, 1980b, 1981a, 1981b, 1981c), Arrn- 
strong (1982) summarized these data whi Ie 
r e l a t i n g  the responses of Texas es tua r i es  
in  terms of f i n f i s h  and s h e l l f i s h  harvest 
t o  the freshwater inflows. These data a re  
p resen ted  i n  Table 3 a long  wi th  more r e -  
cent  data  from the  Laguna Madre taken from 
Texas  D e p a r t m e n t  of  Water  R e s o u r c e s  

Tabla 3. Hydrologic data for Texas estuaries (Texas Department of Water Resources l W a ,  198Qb. 1981a. 1981b. 1981~. 1983). 

- --- 
Gaged unga@d combined Prec i pi - Evapo- Net Drainage 

inflows inflows inflowsa t a t ion  ra t ion inflows area Yield 
Estuary (km3/yr) (km3/yr) (km3/yr) (km3/yr) (km3/yr) (km3/yr) ( km2 ) (m3/ha) 

Sabine Lake 13.18 2.41 16.05 0.26 0.20 16.11 53,421 3,004.4 
Gal veston Bay 8.48 3.13 12.06 1.93 1.70 12.29 62,015 2,256-0 
ivlatagarda Bay 2.34 1 .19  3.62 1.06 1.44 3.24 114,600 315.9 

San Antonio Bay 2.23 0.57 2.80 0.54 0.79 2.54 28,614 978.5 

Copano~Aransas Bays 0.13 0.34 0.48 0.40 0.63 0.22 6,800 705.9 

Corpus Chr is t i  Bay 0-71 0.10 0.84 0.33 0.66 0.51 44,963 186.8 
Laguna Madre 0.40 0.41 0.83 1.60 3.40 -0.97 10,499 790.6 

Total s 27.47 8.15 36.68 
.-. -------- -- -.-- 6.12 

--- 
8.88 33.94 -- 

a Inc?udes diversions. 
b~ombined i n f low  plus p rec ip i t a t ion  m i  nus evaporation. 



(1383). The combined inflaw o f  fresh~a"ir  
from overland runoff ,  re turn  flaws, and 
diversions ranges from 16.05 km3/yr i n t o  
the Sabine Lake Estuary down t o  0.48 
km3/yr i n t o  the Copano-Aransas Bays Es- 
tuary. When one takes into account preci- 
pitation onto the water surface and evap- 
orat ion from the  es tua r i e s ,  the net in-  
flows that  result  range from 16.14 kms/yr 
in the  Sabine Lake Estuary down t o  0.19 
km3/yr in the Copano-Aransas Bays Estuary. 
The halving of prec ip i ta t ion  from the  
Sabine Lake Estuary down t o  the  Laguna 
Madre, the 34% increase in evaporation i n  

the same direction, the location and size  
of the drainage basin areas, and in parti- 
cular the dramatic decrease in precipi ta-  
t ion  and land runoff from the eastern 
portions of the s ta te  t o  the west (annual 
rainfal l  amounts diminish 10 m m  for every 
9.5 k m  as  one moves e a s t  t o  west) produce 
these tremendous changes in net freshwater 
inflow. These large differences in fresh- 
water inflows coupled with the tidal r e -  
gime described above help produce the  
large d i f ferences  in s a l i n i t i e s  and n u -  
t r i en t  budgets described in the next chap- 
te r .  



CHAPTER 2. 
PHYSICAL-CHEMICAL DESGRlPTlOM 

2.1 TEMPERATURE 

Temperature v d r i a t ~ o n s  i n  Texas el;- 
t u a r i e s  a r e  p r i m a r i  l y  t e m p o r a l  and 
s p c c i f  i c d  1 l y  seasonal. There 1s ve ry  
l f t t l e  v d r i a t i o n  s p a t i a l l y  w i t h i n  an 
estuary e i t n e r  ho r i zon td l l y  o r  v e r t i c a l l y .  
Ve r t i ca l  var t t f t ions are essen t i a l l y  damped 
becsure o t  the intense v e r t i c a l  mix ing o f  
the wdter column due t o  wind-wave action. 
H o r i z o n t a l  g rad ien ts ,  i f  they  e x i s t  a t  
411, arc; found f n  the t j d a l  i n l e t ,  k t w e e n  
very  s h a l  l a w  and deep areds, and near 
t h e r ~ f i a i  d i%charges.  For t h e  most p a r t ,  
wcater tetrvrptzraturt:s l o 1  low d i r  tempera-  
tu res ,  and i t  has been shown i n  Corpus 
C t t r i s t i  Bay thd t  a  regression between a i r  
temper&tur<: dnd water  tempera ture  hdd a 
~ o s r r  l r t t  f r r r ~  coc*ff i c  i c n t  uC u.91 (Eienning- 
son, Durban,, ar~rl Nictrardson 197lf). 

Matdqorccla Bdy, whtcl.1 l i e s  t n  t h e  
middle o f  the Texas c o d r t ,  has t y p i c a l  

temporal and s p a t i a l  va r i a t i ons  i n  temper- 
ature. hnnual average bay temperature i s  
approximately 23 OC w i t h  minimum tempera- 
tu res  averaging 12 Oh: i n  January and maxi- 
mum temperatures i n  Ju ly  and August w i t h  
an average o f  29 OC (Ward and Armst rong 
1980). Geographic v a r i a t i o n  o f  annual  
average temperatures i n  the  bay are demon- 
s t rd ted  by the  range from 21.6 OC near Pass 
Cavallo t o  24.6 "C i n  East Matagorda Bay, a 
confined, shallow reg ion  o f  the estuary. 

2.2 SALINITY 

Large v a r i a t i o n s  i n  annual  average 
s a l i n i t i e s  i n  Texas e s t u a r i e s  have been 
no ted  by  Armstrong (1982). He found  v a l -  
ues r a n g i n g  f r o m  2.3 p p t  i n  t h e  Sabine 
Lake t s t u a r y  t o  36.2 p p t  i n  t h e  Laguna 
Madre. Average s a l i n i t i e s  f o r  o ther  estu- 
a r i es  are given i n  Table 4. 

Ttrlrln 4 Aotrtrnl rrverngltr wfttur qareitty t t i  Texas e t i t U H r l t 3 s  (after Arrnstrong 1982. Texas Department 
of Watw Rcmourccai IS@&, t W b ,  lWf87a, 198Ib. 19Rlc. 1983) 

I OC Total N T o t a l  P Sal i n i  t y  
(mg/ 1 ---- --- 

( % / I  ( P P ~ )  

0 3 0.07 2 . 3  



Seasonal  v d r ~ d t l o n s  i n  sa t  l n l t y ,  u i  
course ,  r e f l e c t  f r e s h w a t e r  ~ n t  l aws  ana 
vary  cons iderdb ly  f rom es tuary  t o  es tuary  
as well as i ? r l l h ~ n  each estuary. 

Nutrients i n  es tua r i es  have r c c e i  ved 
much a t t e n t i o n  over t h e  years, b u t  p d r t i -  
c u l d r  i n t e r e s t  I n  n u t r l e n t  c y c l i n g  h a s  
emerged i n  r e c e n t  years .  An e x c e l l e n t  
sumnlary o f  cu r ren t  thought on n u t r i e n t s  i n  
e s t u a r i e s  i s  c o n t a i n e d  i n  Nei  l s o n  and 
C r o n i n  j1981), and t h e  paper  by  Mixon 
(1981) p r e s e n t s  t h e  h i s t o r i c a l  change i n  
thought about these processes. W l t h i n  t h e  
l a s t  10 years ,  some v i ews  on t n e  i m p o r -  
t a n c e  o f  emergen t  marhhes I n  p r o v i d i n g  
n u t r i e n t s  t o  open bay bot tom systems have 
changed markedly. Even more r ecen t l y ,  the  
r e a l i z a t i o n  o f  t he  importance o f  t h e  ben- 
thos i n  open bay bot tom systems t o  i i u t r i  - 
e n t  r e c y c l i n g  has become e v i d e n t .  The 
c a l c u l a t i o n  o f  n u t r i e n t  budge t s  has r e -  
v e a l e d  t h e  m a j o r  e x t e r n a l  sou rces  of n u -  
t r i e n t s  t o  e s t u a r i n e  systems,  and t h a t  
i n f o rma t i on  coupled w i t h  n u t r i e n t  c y c l i n g  
p r o c e s s  d a t a  has  p r o v i d e d  a  c l e a r e r  p i c -  
t u r e  o f  n u t r i e n t  dynam ics  i n  e s t u a r i e s  
than ever before. 

2.3.1 N u t r i e n t  Loading B u d s t s  - 

N u t r i e n t  l o a d i n g  uudge t s  were p r e -  
pared f o r  t h e  Texas es tua r i es  by Armstrong 
(1982) f o r  carbon, n  i trogen, and phospho- 
rus.  The c a r b o n  budge t  i n c l u d e s  p a r t i c u -  
l a t e  and d i s s o l v e d  o r g a n i c  ca rbon ,  t h e  
n i t r o g e n  budget i n c l u d e s  t h e  pd r  t i c u l  a t e  
and d i s s o l v e d  f o r m s  o f  o r g a n i c  and I n -  
o r g a n i c  (ammonia, n i t r i t e ,  and n i t r a t e )  
n i t r o g e n ,  and t h e  phosphorus budge t  i n -  
c l u d e s  p a r t i c u l a t e  and d i s s o l v e d  t o t a l  
phosphorus. These chernica 1 n u t r i e n t  forms 
are avai  l a b l e  e i t h e r  immed ia te ly  o r  even- 
t u a l  l y  t o  p r i m a r y  p r o d u c e r s  i n  t h e  e s t u -  
a r i n e  systems. The budgets accounted f o r  
t h e  f l u x  o f  n u t r i e n t s  t o  t h e  e s t u a r i e s  
w i t h  f reshwate r  i n f l ows  and wet f l u x  w i t h  
p r e c i p i t a t i o n  t o  t h e  bay w a t e r  s u r f a c e  
d i r e c t l y .  They a l s o  i n c l u d e d  n u t r i e n t s  
r e l e a s e d  t o  t h e  e s t u a r y  f r om  p e r i p h e r a l  
marshes e i t h e r  w i t h  t i d a l  exchange o r  
d u r i n g  f l o o d  events  i n  which f l o o d  waters 
inundate t h e  b rack i sh  marshes a t  the  head 
o f  t h e  e s t u a r y  and f l u s h  o u t  n u t t j e n t s .  

They do no t  inc lude  t he  rtrovement o f  n u t r -  
l e n t s  i n  bromass l a r g e r  t han  p l a n k t o n .  
F l n d l  ly, t o  compare one es tua r y  t o  anoth- 
e r ,  the n u t r i e n t  f tux da ta  were n o r n ~ a i  ? r e d  
by c a l c u l a t i n g  an a r e a l  l oad ing  r a t e  which 
was simply t h e  n u t r i e n t  f l u x  t o  the es tu -  
d r y  d i v i d e d  b y  i t s  w a t e r  s u r f a c e  area. 
Tht? u n i t s  f o r  t h e  d r e d l  l o a d i n g  were  e x -  
p r e s s e d  as grams o f  carbon,  n i t r o g e n ,  o r  
phosphorus reach ing  the es tudry  per square 
m e t e r  o f  w a t e r  s u r f a c e  pe r  year .  These 
budge t s  a re  upda ted  h e r e  t o  i n c l u d e  t h e  
Ldguna Madre. 

From C h ~ s  n u t r i e n t  l o a d i n g  i n f o r -  
m a t i o n  p r e s e n t e d  i n  Tab le  5, s e v e r a l  
i n t e r e s t i n g  cornpar  i s o n s  may be made. 
F i r s t ,  because o f  i t s  l a r g e  f r e s h w a t e r  
in f lows ,  the Sabine Lake t s t u d r y  rece ives  
t h e  h i g h e s t  a r e a l  l o a d i n g  of any o f  t h e  
e s t u a r i e s  cons i de red .  T h i s  p a t t e r n  h e l d  
t r u e  f o r  n i t r o g e n  and phosphorus also, and 
t h e r e  was a  g e n e r a l  ddc redse  i n  a r e d l  
l oad ing  r a t e s  as one moved from t h e  Sabine 
Lake t s t u a r y  down t o  t h e  Laguna Mddre. 
The second observa t ion  was t h a t  n u t r i e n t s  
der i ved  from f reshwate r  i n f l o w s  dominated 
t h e  n u t r i e n t  budgets o f  a l l  es tudr ies.  I n  
f a c t ,  f r e s h w a t e r  i n f l o w s  accoun ted  t o r  
o v e r  80% o f  t h e  n u t r i e n t s  r e a c h i n g  each 
system. Marshes con t r i bu ted  o n l y  a  s m a l l  
f r a c t i o n  o f  t h e  n u t r i e n t s  r e a c h i n g  t h e  
es tua r i es  e i t h e r  through t i d a l  exchange o r  
through f l o o d  i n u n d a t i o n  and d e w a t e r i n g .  
P r e c i p i t a t i o n  a l s o  accoun ted  f o r  a v e r y  
s m a l l  amount o f  n u t r i e n t s ,  a l t h o u g h  i n  
some cases i t  con t r i bu ted  as much o r  more 
n i t r o g e n  and phosphorus as marshes. The 
t h i r d  o b s e r v a t i o n  was t h a t  t h e  amount of  
n u t r i e n t s  d e r i v e d  f r o m  i n u n d a t i o n  and 
dewater ing o f  d e l t a  marshes was less  than 
those ob ta ined  f rom t i d a l  exchange. While 
t h e  n u t r i e n t s  f l u s h e d  From these nrarsfres 
d u r i n g  f l o o d i n g  e v e n t s  was substantial, 
the events occurred o n l y  r a r e l y  d u r i n g  the 
yedr and t i d a l  inundat ion, becduse o f  i t s  
r e g u l a r i  t y ,  even tua l  l y  dominated. In  sum- 
mary then, f reshwdter  i n f l o w  i s  the dami- 
n a n t  e x t e r n a l  sou rce  o f  n u t r i e n t s  t o  e s -  
t u d r i n e  systems (Armstrong 1382). 

When one  c o n s i d e r s  i n t e r n a l  sou rces  
o f  n u t r i e n t s ,  i t  becomes v e r y  c l e a r  t h a t  
the c y c l i n g  o f  n s t r i e n t s  w lek in  t he  es tu -  
a r i n e  system dccounts f o r  a  s u b s t a n t i a l l y  
g r e a t e r  mass o f  r t u t r i e n r s  t h a n  t h o s e  
com ing  i n  w i t h  e x t e r n a l  sources. For  
exdmp le ,  A r m s t r o n g  a n d  H inson  (1972) 



Table 5. Carbon, nitrogen, and phosphorus loading budgets for Texas estuaries (Armstrong 1 s ) .  

Nutrient Estuary 

Freshwater Marshes Precipi- Areal 

inflows Tidal  Flood tat ion T o t a l  loading 
(106kg/yr)  (10"gglyr) ( l o 6  kglyr) (10"glyr) (106kg/yr) (g/m2/yr) 

Carbon Sabine Lake 115.70 2.50 1.44 
Gal veston Bay 103.44 4.02 0.14 
Matagorda Bay 75.75 5.35 0.14 
San Antonio Bay 17.95 0.88 0.30 
Copano-Aransas Bays 5.98 
Corpus Christi Bay 8.21 9.11 0.42 
Laguna Madre 6.00 

Nitrogen Sabine Lake 9.32 0.02 0.36 0.04 9.75 54.80 
Gal veston Bay 11.58 0.1 2 0.04 0.34 12.08 8.40 
Matagorda Bay 3.58 0.05 0.04 0.51 4.33 4.30 
San Antonio Bay 5.80 0.01 0.08 0.14 6.02 10.70 
Copano-Aransas Bays 0.44 0.11 0.55 2.00 
Corpus Christi Bay 0.55 0.02 0.01 0.1 1 0.68 1.52 
Laguna Madre 0.61 0.61 .28 

Phosphorus Sabine Lake 0.74 0.50 0.41 0.01 1.21 6.82 
Gal veston Bay 3.63 0.09 0.04 0.04 3.81 2.66 
Matagorda Bay 1.31 0.11 0.04 0.04 1.54 1.52 
San Antonio Bay 1 .OO 0.02 0.09 0.02 1.12 2.00 
Copano-Aransas Bays 0.07 0.01 0.08 0.18 
Corpus Christi Bay 0.22 0.18 0.12 0.01 0.53 1.20 
Laguna Madre 0.72 0.72 0.34 

showed t h a t  phytoplankton cont r ibu ted over 
98% o f  t h e  o r g a n i c  carbon coming t o  o r  
produced i n  Galves ton Bay d e s p i t e  t h e  
la rge amount o f  organic carbon coming 
from waste discharges and r i v e r  f lows. 
S im i la r l y ,  Ward and Armstrong (1980) 
showed t h a t  phytoplankton produced over 
95% o f  the organic carbon i n  Matagorda 
Bay, and F l i n t  (1984) has shown t h a t  
phytoplankton cont r ibu ted 52% o f  the 
t o t a l  est imated product ion f o r  Corpus 
Ghr i s t i  Bay. With t h i s  tremendous 
product ion o f  organic carbon v i a  the  
phytoplankton, there must be a comparable 
recyc l i ng  o f  inorganic nu t r i en ts  t o  
su,,port t h i s  production. And i t  i s  
the n u t r i e n t  cycl  ing  processes which 
become o f  primary i n t e r e s t  a t  t h i s  po in t .  

2.3.2 N u t r i e n t  Cycl ing 

Nut r ien t  c y c l i n g  per se has received 
l i t t l e  d e t a i l e d  a t ten t i on  i n  Texas estua- 
r i e s .  A d e s c r i p t i o n  o f  t h e  work t o  d a t e  

and t h e  magni tude o f  n u t r i e n t  c y c l i n g  
processes a r e  d iscussed l a t e r  i n  S e c t i o n  
5.3. 

2.4 CONTAMINANTS 

L i t t l e  i n f o r m a t i o n  i s  a v a i l a b l e  on 
contaminants such as heavy metals, p e s t i -  
c ides,  and complex o r g a n i c s  i n  Texas es -  
tuar ies.  Galveston Bay, which receives the 
e f f l u e n t s  o f  ve ry  l a r g e  i n d u s t r i a l  com- 
plexes, has been examined f o r  heavy metal 
con tamina t ion .  Lavaca Bay, wh ich  has a 
l a r g e  aluminum p l a n t  on i t s  shores, has 
a l s o  r e c e i v e d  a t t e n t i o n  because o f  h i g h  
mercury concentrat ions there .  Armstrong 
(1980) summarized t h e  ava i  l a b l e  heavy 
m e t a l  d a t a  f o r  Ga lves ton Bay and showed 
t h a t  i n  many s e c t  i o n s  o f  t h a t  e s t u a r i n e  
system U.S. E n v i r o n m e n t a l  P r o t e c t i o n  
Agency c r i t e r i a  f o r  heavy metals i n  sedi-  
ments were being exceeded by such metals 
as mercury, lead, and o the rs .  Data f r o m  
t h e  Texas Department o f  Heal th have shown 



t he  h i g h  mercury concentrat ions i n  Lavaca cent ra t ions  of pes t ic ides  have been n ~ t e d  
Bay and t h e  h i g h  leve ls  i n  b i o t a  found  i n  and t h e i r  impact on f i n f i s h  and s h e l l f i s h  
t h e  reg ion  (Texas  Department  o f  Water d iscussed.  Other s c a t t e r e d  d a t a  add t o  
Resources 1977) .  t h e  d a t a  base, b u t  l i t t l e  i s  known abou t  

t he  t o x i c  contaminants i n  Texas es tua r ies  
I n  t h e  l o w e r  Laguna Madre, s p e c i f i -  and whether  t h e y  pose a prob lem t o  f i s h  

c a l l y  t h e  Arroyo Colorado, excessive con- and w i l d l i f e  i n  these systems. 



CHAPTER 3. 
GENERAL BAY ECOLOGY 

3.1 ESTUARINE HABITATS presen t  approximately  80% of t h e  t o t a l  
e s t u a r i n e  s u r f a c e  a r e a  of t h e  Laguna 
Madre, which i s  t h e  l a r g e s t  of Texas e s -  

As def ined  by P r i t c h a r d  (1967),  an t u a r i e s .  
e s t u a r y  i s  a semienclosed body of wa te r  
a long t h e  c o a s t  of a land-mass, wi th  a 
permanent connection t o  the  open ocean and 
w i t h i n  which t h e  ocean ic  wa te r s  a r e  d i -  
l u t e d  w i t h  f r e s h w a t e r  de r ived  from t h e  
land-mass drainage. The es tuar ine  ecosys- 
tem i s  n o t  just a s i m p l e  over lapp ing  of 
environmental  f a c t o r s  extending from the  
sea and land, however, b u t  i s  a unique s e t  
of f ac to rs  which in tegrate  t o  form several 
b io topes  ( h a b i t a t  t y p e s ,  t h a t  i s ,  a r e a s  
homogeneous i n  both phys ica l  c o n d i t i o n s  
and i n h a b i t a n t s )  w i t h i n  t h e  ecosystem. 
All of these  biotopes in te rac t  t o  provide 
an important environrnent f o r  the evolution 
of t rue  es tua r ine  organisms as well as the  
habitat ion by euryhal  i n e  and o l i g o h a l  i n e  
plants and animals. Included in the  var- 
ious biotopes a re  r i v e r  mouths, sa l twa te r  
marshes, mud and sand f l a t s ,  s e a g r a s s  
beds, oyster reefs ,  and open-bay bottoms, 
o f t e n  r e f e r r e d  t o  as  bay p l a n k t o n i c  s y s -  
tems. Within t h e  open-bay bottoms a r e  
h a b i t a t s  t h a t  have been c r e a t e d  by man's 
a c t i v i t i e s  in es tua r ies ,  including dredged 
c h a n n e l s ,  j e t t i e s  and bulkheads,  and 
dredge-spoi 1 disposal banks. 

Northwestern Gulf of Mexico es tua r ies  
and associated s a l t w a t e r  marshes cover a 
t o t a l  s u r f a c e  a r e a  of 10,820 km2 (Diener 
1975). Qf t h i s  t o t a l ,  4,619 km2 i s  emer- 
gent sa l twater  marsh vegetation; open-bay 
bottoms comprise  4,322 km2 (67.7%) and 
t h u s  c h a r a c t e r i z e  t h e  m a j o r i t y  of t h e  
Texas e s t u a r i n e  s u b t i d a l  environment.  
Seq r a s s  beds make up another 16.3% (1,009 
km 7 of t h e  t o t a l  es tuar ine  surface area, 
whi  l e  sandfmud f l a t s  contribute 14.0% (870 
kmZ).  A large proportion of the seagrass 
and sandimud-flat surface area  i s  found in  
the Laguna Madre; t h e s e  two b io topes  r e -  

Although open-bay bottoms a r e  t h e  
dominant habi ta t  type in Texas es tuar ies ,  
a l l  of the others l i s t e d  above contribute 
t o  t h e  dynamics of l i f e  w i t h i n  t h e  hab i -  
t a t .  Thus, a summary of t h e s e  o t h e r  b io -  
t o p e s  i s  given here  a s  background f o r  a 
description of the biota  t h a t  a re  found in 
t h e  open-bay bottoms. This  w i  11 h e l p  in 
unders tanding t h e  d i s c u s s i o n  of open bay 
bottom communi t y  function with respect t o  
t h e  t o t a l  e s t u a r i n e  ecosystem i n  a l a t e r  
chapter. 

The r i v e r  mouth i s  a l o w - s a l i n i t y  
area ranging from 0 t o  10 ppt where f resh-  
water  i s  d i scharged  i n t o  t h e  es tua ry .  
Bottom sed iments  a s s o c i a t e d  w i t h  t h i s  
f l u c t u a t i n g  s a l i n i t y  regime a re  predomi- 
nantely muds and sandy muds; the  water i s  
u s u a l l y  t u r b i d .  Heavy surges  of f r e s h -  
water  and p a r t i c u l a t e  m a t t e r  (usual  l y  
resuspended sed iment )  dur ing  per iods  of 
heavy ra in  followed by surges o f  s a l t -  
wa te r  i n t r u s i o n  dur ing  exceptional t i d e s  
and low r i v e r  discharge periods, make t h i s  
b io tope  unfavorab le  f o r  suppor t ing  a d i -  
verse community of organisms. This area 
i s  a l s o  u s u a l l y  c h a r a c t e r i z e d  by high 
humic a c i d  c o n c e n t r a t i o n s  from upstream 
runoff. Plant species in these areas may 
inc lude  t h e  f r e s h w a t e r  g r a s s e s  Najas sp. 
and Potamogeton sp. and the  widgeon grass 
Ruppia mari tima. Dinof lagel  1 a t e s  usual ly  
dominate t h e  phytoplankton assemblages.  
Commonlv found animal s ~ e c i e s  include the 
c l a m s  K a n g i a  c u n e a t d ,  Polymesoda sp., 
Macoma sp., and % sp., and s e v e r a l  gen- 
e r a  of ostracods. Young crabs [Callinec- 
t e s )  and shr imp (Penaeus and Macrobra- - 
chium) w i l l  often seek out the protective 



cover o f  submerged grasses i n  t h i s  h a b r t d t  
wh) ie Feeding.  

S a l t  marshes sut-rounding Texas t..stu- 
d r i e s  are n o r m a l l y  dominated by t h e  co rd -  
grass %ar t ina ,  - .- a l though  i n  some dreds t h e  
b lack  mangrove Av icennia germinans preda- 
m ina tes .  These marshes a r e  s u b j e c t  t o  
i n t e r m i t t e n t  i n u n d a t i o n  due t o  t i d a l  a c -  
t i o n  and h i g h  l e v e l s  o f  f r eshwa te r  ~ n f f o w .  
F l u c t u a t i o n s  i n  t empe ra tu re ,  s a l i n i t y ,  
w a t e r  dep th ,  and s e d i m e n t  compus i  t i o n  
l x e r t  a  s t r ong  s e l e c t i v e  e f f e c t ,  l i m i t i n g  
the number o f  species found. Other p l a n t s  
found i nc l ude  Salicorn* b i g e l o v i i  (woody 
g l a s s w o r t ) ,  D i s t i c n l i s  s p i c a t a  f s a l t -  
g rass ) ,  B a t i s  m a r i t m  ( s a l t w o r t ) ,  and 
C r o t o n  p u n c t a t n ( b e a c h  tea) .  The sub -  
s t r a t e  s u p p o r t s  numerous a n n e l i d s  and 
nematodes; t h e  scavengers are dominated by 
t h e  f i d d l e r  c r a b s  (%a sp,) and h e r m i t  . - -  
c rab ,  Pagurus sp. L i t t o r i n a  k ~ o r - t ~ ,  
t h e  common pe r iw ink l e ,  grazes on t h e  sed i -  
ment su r face  and on grass blades. Numer- 
ous b i r d s  n e s t  and feed i n  t h e  s a l t  marsh- 
tas i n r  1 ud i  I I ~  b j a i d  a j a j a  (ro5edt.e spoon- 
b I l 1 ) ,  Ardea "--- -- herodi  as ( g r o a t  b l  rre heron) ,  
Rutor  itfe5 s t r i a t u ~ ,  (yreen heron) ,  C'ismer- ----- - 
odium a1 bus ( g rea t  egret.), k 3 1  111s !cs- - --- 
r o s t r i  s  (c lapper  r a l  1 ) , and C i s t o t h a r u i  - ---- --a- - -- -- ---. 
p_r?J.g.r!? ( t e r r y  b i l l e d  mdr5h wren). A 1 -  
t hough  t h e  s d l t  marsh b i o t a  1s n o t  v e r y  
diverse, these h a b i t a t s  are thought  t o  be 
some o f  t h e  most p roduc t i ve  i n  the  e n t i r e  
a q u a t i c  e n v i r o n m e n t  w i t h  r e s p e c t  t o  t h e  
p r ima ry  p roauc t i on  o f  carbon. Mann ( 1 9 1 L )  
es t imated  t h a t  t he  annual r a t e  o f  p r i m d r y  
p roduc t ion  f o r  s a l t  marsh b io topes  ranged 
between ZOO and 800 g ~ /m" l y .  Oppenhei- 
mer e t  a l .  (1975)  c a l c u l a t e d  t h a t  s a l t  
marsh  c a r b o n  p r o d u c t i o n  I n  severa l  Texas 
e s t u a r i e s  r anged  be tween 0.3 and 7.4 y 
C/mL/day w i  t h  an average annual product  1on 
es t ima te  o f  1,350 g t/m"yr. 

W h i l e  t h e  mos t  d o m i n d n t  F e a t u r e  o f  
e s t u a r i n e  sys tems i s  s a l  l n i  t y  variation, 
o the r  parameters a re  i m p o r t a n t  i n  d e t e r -  
m i n i n g  w h i c h  p a r t s  o f  t h e  open-bay  wi 11 
develop as sand/mud f l a t s ,  seagrass beds, 
o y s t e r  r e e f s ,  o r  open-bay bo t t oms .  These 
o t h e r  p a r a m e t e r s  i n c l u d e  w a t e r  dep th ,  
c u r r e n t  v e l o c i t y ,  w a t e r  c l a r l  t y ,  and 
amount o f  w ind - re l a t ed  wave d c t i v i t y .  

SandJmud f l a t s  d r e  c h a r a c t e r i z e d  as 
f l a t  a reas  exposed a t  l ow  t i d e  and i n u n -  
d a t e d  by e x c e s s i v e  h i g h  t i d e s  o r  w i n d -  
i n d u c e d  wave a c t i o n ,  w i t h  a b o t t o m  con -  

s l s t l n g  o f  u n s t a b l e  sand o r  m o b i l e  f i n e  
s i l t .  Larger spec ies do n o t  s t a b i l i z e  t h e  
s u b s t r d t e ,  dnd c o n s e q u e n t l y  mos t  o f  t h e  
u r y a n i s m s  a r e  subsu r f  ace s e d i m e n t  d w e l -  
l e r s .  These s e d i m e n t  d w e l l e r s  a r e  q u i t e  
p roduc t i ve  and can i n c l u d e  t u b e - d w e l t  i n g  
annel ids, nematodes, copepods, amphipods, 
r a z o r  c l ams ,  a e r o b i c  and a n a e r o b i c  bac -  
t e r i  a  drld b e n t h i c  diatoms. Occasional ly .  
an imals  f rom t h e  open-bay bot tom such as 
c r a b s  and s h r i m p  w i  11 be f o u n d  o n  i n u n -  
d a t e d  f l a t s ,  r e t r e a t i n g t o  deeper  w a t e r s  
when t h e  t i d e  r-ecedes. Many b i r d s  are 
common v i s i t o r s ,  i n c l u d i n g  -- C a l i d r i s  
mauri , Lin~r~odt*omus 5 ~ 0 1  ~ p a c e ~ ~ ~ ,  Arenar ia  
i r l t e r ~ ~ s ,  -- Cai  i d r i  s aUb3 ,  Haematopus paJ- 
1 i a t u s ,  and J r i  r~ga melanaleuca. 
-.- 

When water  regu l a r l  y  i n u n d a t e s  t h e  
sand/mud f l a t s  t o  a  depth of perhaps 10 cin 
o r  less, b lue-green a l g a l  mats  o f t e n  domi- 
n d t e  on t h e  s u r f a c e  sed imen t s ,  and d i s -  
s o l v e d  oxygen  l e v e l s  o f  t h e s e  p e r i o d i c  
s h a l  low w a t e r s  f l u c t u a t e  w i d e l y  be tween  
supe rsd tu ra t i on  d u r i n g  t he  day and anaero- 
b i c  c o n d i t i o n s  d t  n i g h t .  When t h e  a l g a l  
ma t s  on t h e s e  f l a t s  a r e  c o v e r e d  w i t h  
w a t e r ,  t h e  a l q d e  can p roduce  gas b u b b l e s  
through pho tosyn thes is  i n  t h e  mats, caus- 
i n g  them t o  b r e a k  away f r o m  t n e  s e d i m e n t  
s u r f a c e  dnd t o  be washed b y  t i d a l  a c t i o n  
i n t o  ad jdcent  areas o f  the  estuary.  These 
a l q a l  mats a c t  as n u t r i e n t  concentrators ,  
d r a w i n g  up n u t r i e n t  b y p r o d u c t s  f r o m  t h e  
deeper sediments  o f  t h e  f l a t  by t h e  c a p i l -  
l a r y  a c t i o n  ~ n h e r e n t  i n  t he  a l g a l  composi- 
t i on .  Excess ive n u t r i e n t  c o n c e n t r a t  i o n s  
d e v e l o p  a t  t h e  mat  s u r f a c e ,  and d u r i n g  
per iods  o f  inunddt  i on  these n u t r i e n t s  a re  
washed l n t o  a d j a c e n t  wa te rs*  Blcre-green 
a l g a l  m a t s  c o v e r i n g  t h e  f l a t s  c o n s i s t  of  
numerous s ~ e c i e s  o f  b l u e - w e e n  a l sae ,  
i n c l u d i n g  ----*- i o d u  l a n i a  spp. and ~ - t ~ ~ o p < d i i  
i ~ r e q u l a r i s ,  as we1 1 as s e v e r a l  b e n t h i c  
d ~ a t o m  specler .  Many o f  t h e  same species 
of d n ~ m a l s  t h d t  i n h a b i t  t he  bare sandlrnud 
f l a t s  a l s o  l i v e  I n  the sediments of b l ue -  
green a l g a l  f l d t s .  The b i r d s  i nc l uae  t h e  
herons ,  e g r e t s ,  and many o t h e r  wad ing  
i pec i es .  

i n  acreper w a t e r s  (up  t o  a m e t e r  o r  
t w o )  where i i g h t  may s t i  l f p e n e t r a t e  t o  
t h e  bo t tom and s a l i n i t y  i s  n o t  excessive, 
ex tens i ve  submerged meadows of seagrasses 
mhy dcve i op  ar id Serve  as a s h e l t e r  and 
b r e e d i n g  g round  f o r  f i s h  and v a r i o u s  in- 
Verfebratdk, .  Such g rass  a reas  u s u a l l y  



p e r s i s t  o n l y  where t h e  morphology of t h e  
estuary i s  such t h a t  t he  f e t c h  o f  p r e v a i l -  
i n g  w inds  rema ins  r e l a t i v e l y  s m a l l ,  and 
t u r b i d  c o n d i t i o n s  do n o t  u s u a l l y  r e s u l t  
f rom resuspension o f  shal low bottom sed i -  
ments by wind-generated waves. I n  Texas 
estuaries, t he  t y p i c a l  grass f l a t  i s  char- 
ac ter ized by t u r t l e  grass (Thalassia t e s -  
tudinum), shoal grass (Halodule w r i  h t m ,  
and widgeon g rass  (Ruppi a m a r i  t j*m- 
b i n e d  w i t h  t h e  heavy g rowths  o f  a t t a c h e d  
p l a n t s  ( e p i p h y t e s )  and an imals ,  t h e  b i o -  
mass represented by grass f l a t s  i s  large, 
and when autumn d i e - o f f  occu rs  t h i s  b i o -  
mass cont r ibu tes  la rge amounts o f  d e t r i t u s  
t o  t h e  open-bay bo t tom o f  t h e  es tua ry .  
E s t i m a t e s  o f  carbon p r o d u c t i o n  f o r  t h e  
seagrass beds i n  Texas es tuar ies  ( inc lud-  
i n g  associated epiphytes) range from 2.86 
g C/m2/day (Mark Morgan, pers. comm.) t o  
3.83 g C/m2/day (Qppenheimer e t  al.  1975). 
Because of t h e  q u i e t i n g  a c t i o n  o f  t h e  
g rass  beds and r e s u l t a n t  accumulation of 
organic matter, t he  sediments upon which 
they  grow are o f t e n  anaerobic. This hab i -  
t a t  tends t o  serve the  larger,  more mobi le 
m i g r a t o r y  s p e c i e s  o f  t h e  e s t u a r y  as a 
t e m p o r a r y  h a b i t a t ;  thus,  v e r y  few  l a r g e  
organisms are observed i n  these beds on a 
~e rmanen t  basis. S ~ e c i e s  inc luded i n  t h i s  
group a r e  t h e  grass  sh r imp  (Palaemonetes 
v u l  a r i s ) ,  t h e  penae id  s h r i m p  (Penaeus 

the b lue  crab (Ca l l inec tes  s m  + 
t h e  h e r m i t  c r a b  ( C l i b a n a r i u s  v i t t a t u s  _f , 
and t h e  gas t ropod  Melampus sp. F i shes  
observed on occas ions  i n  t h e  a rass  beds 
inc lude B r e v o o r t ~ a  patronus (&l f menha- 
den). Cvnoscion nebulosus ( s ~ o t t e d  sea- 
trait), - ~ i c r o ~ o ~ o n i a s  undul a t i s  (At1 a n t i c  
croaker), Sciaenops ocel l a t u s  ( red  drum), 
and M u g i l  cepha lus  ( s t i p e d  m u l l e t ) .  The 
p i n f  ish, La odon rhomboides, t he  longnose 
k i  l l i f i s h ' ~ 1 u s  s i m i i )  the  sheeps- 
head minnow, Cypr inodon v a r i e g a t u s ,  and 
t h e  bay anchovy, Anchoa m i t c h i l l i ,  a r e  
mote oermanent members o f  t he  f i s h  fauna 
i n  the  grass beds. Numerous annelids and 
nematodes i n h a b i t  t h e  sed iments  of sea- 
a rass  beds as do s e v e r a l  b u r r o w i n s  m o l -  " - 
lusts, i n c l u d i n g  Chione cancel lata,  Ensis 
m i n o r  Phacoides pec t i na tus ,  and T e l l i n a  
-9 

Wherever c u r r e n t s  s t r o n g  enough t o  
carry suspended m a t e r i a l  a r e  found  i n  
combination w i t h  s o l i d  substrates, seden- 
t a r y  f 1 l t e r - f e e d i n g  animals tend t o  c l u s -  
ter. This i s  t r u e  f o r  b istopes created i n  

t h e  open-bay w a t e r s  by such human-made 
features  as j e t t i e s  and bulkheads. Oyster 
reefs, numerous throughout Texas estuar ies 
except  i n  t h e  Laguna Madre, a l s o  occur  
under these  c o n d i t i o n s .  Genera l l y ,  t h e  
r e e f  w i l l  become a shoal ,  r i s i n g  as much 
as a meter  f r o m  t h e  bot tom, w i t h  l i v e  
o y s t e r s  c o v e r i n g  t h e  su r face .  T y p i c a l  
assaciated r e e f  p lan ts  are  Cladophora sp., 
U l v a  l a c t u c a  and Hypnea m u s i f o r m i s ,  a71 - 
macroalgae. Other s e s s i l e  species i n  the 
r e e f  h a b i t a t  i n c l u d e  b a r n a c l e s  (Balanus 
sp.), anemones, hyd ro ids ,   mussel^ 
i o l u s  a m e r i  cana) ,  and a n n e l i d s  (e.g., 
~ o l ~ d o r -  ~ ~ d r o i d e s  sp.). Predo- 
m i n a n t  g r a z e r s  i n  o y s t e r  r e e f s  i n c l u d e  
Busycon -con t ra r i  um (whel k) , Pal aemonetes 
sp. (grass shrimp), Ischnochi t i n  p a p i l -  
losus (chi ton),  and Oph io t r i x  sp. ( b r i t t l e  
s ta r ) .  F ish  normal l v  associated w i t h  
these reefs  inc lude the Pogonias cromis 
(b lack drum), the  Opsanus beta ( g u l f  
toadf ish) ,  t he  Hypleurochi 1 us geminatus 
(crested blenny), and the Gobiesox 
strumosus ( s k i 1  l e t f i s h ) .  When these ree fs  
are  exposed a t  extreme low t ides,  var ious 
b i r d s  such as herons, eg re ts ,  l a u g h i n g  
g u l l s ,  and w h i t e  p e l i c a n s  use them as a 
r e s t i n g  p lace.  For  a r e c e n t  account  o f  
l o c a t i o n s  o f  t h e s e  o y s t e r  r e e f s  i n  Texas 
estuaries, see Diener (1975). 

As wa te r  dep th  and t u r b i d i t y  i n -  
crease, a s h i f t  t o  a p l a n k t o n i c - b a s e d  
h a b i t a t  occurs.  The absence o f  b e n t h i c  
p l a n t s  o r  o t h e r  s t a b i l i z i n g  s t r u c t u r e s  
such as oys ter  r e e f s  r e s u l t  i n  a d i f f e r e n t  
sediment composit ion i n  the  open-bay bo t -  
tom t h a n  i n  t h e  sand/mud f l a t s ,  t h e  sea- 
grass  beds, o r  t h e  o y s t e r  r e e f s ,  a l o n g  
w i t h  changes i n  the  abundance and species 
composit ions o f  t h e  c h a r a c t e r i s t i c  commu- 
n i t i e s .  The open-bay bottoms, which domi- 
n a t e  Texas e s t u a r i e s ,  may v a r y  f r o m  v e r y  
un i fo rm chemical and b i o t i c  c o m p o s i t i o n s  
t o  mosaics o f  d i s t i n c t i v e  patches. The 
open bays, c o m p r i s i n g  most  o f  t h e  e s t u -  
a r i ne  surface area along the Texas coast, 
a re  examined i n  the  f o l l o w i n g  pages, which 
present a comparison o f  the  b i o t a  inhab i -  
t i n g  t h e  v a r i o u s  e s t u a r i e s  o f  t h e  Texas 
coast. 

3.2 OPEN-BAY BOTTOM PRIMARY 
PRODUCERS 

Phytoplankton a r e  t h e  m a j o r  p r i  mary 
producers i n  the  open-bay bottoms biotope, 



and c e r t d l n  plankton assoclatrons a re  i t s  
most , o n s t a n t  5io:og i c a :  f p d t u r r ,  These 
f l o r a  f ~ x  carbon by pkotosynthe5ls  ano 
pass  I: t n r sugh  t h e  f o o d  i n a l n ,  e l t h e r  
d ~ r e c t l y  t o  oe i i i g ~ c  consumers o r  Irldlrect- 
l y  as d e t r ~ l u s  t a  a e n t h ~ c  consumers. l n  
m o s t  Texas  es tua r i es ,  diatoms caorn~nate the  
w l n t e r  f l o r d  of t h i s  b lo tape  ana share u r  
y i e l d  aominance t o  t h e  d - i n o f i a g e l l a t e s  
during tne stimmer. Green a lgae  a re  dsually 
present tnroughout the year an(! may exhl- 
b 7 t  spr lng  or  f a l l  blooms. 

I n  a s t u d y  from September 1974  t o  
August 1975, Espey, Huston and Associates 
(1976) found Sabine Lake phytoplankton 
communities composed o f  a mix tu re  of 
f r e s h w a t e r  and marine popu la t ions  with 
d ia toms (49%) and qreen a l q a e  (36.4%) 
dominating. The diatom  clotel el -- l a  mene%l 
hinjana was observed throughout the study, 
whi le  --- Skeletonema costa tum and !+Jelosira 
c r e n u l a t a  dominated i n  t h e  s p r i n g  ana -- 
e a r l y  summer. Green a l g a e  ( C h  lamydomonas 
sp. and Chlorococcum sp.) maintained high 
w i n t e r  popu la t ions ,  whi le  K i r c h n e r i e l l a  
sp. was dominant i n  t h e  sp r iny .  Maximum 
t o t a l  abundances f o r  t h e  Sabine Lake 
phytoplankton comnluni t y  rdnged from 180 
c e l l s / m l  in  t h e  f a l l  t o  200 c e l l s / m l  in  
the ear ly  summer. Minimum abundances of 
70 ccl ls/ml were observed in e a r l y  winter. 

From a 12-mo s t u d y  of T r i n i t y  Bdy, a 
component of t h e  Galveston Bay Estuary  
(Texas  D e p a r t m e n t  o f  Water Resources 
1Y8lbj the fo l lowing seasona 1 success ion  
of phytoplankton populations was observed. 
The diatom component peaked i n  t h e  e a r l y  
s p r i n g  and was dominates by Skeletonema 
costatum, Thalassionema nitzschoides, and 
Navicula abunda. Over t h e  e n t i r e  s tudy,  
diatoms comprised 41.6% of a1 l phytoplank- 
ton popula t ions .  The green a l g a e  (24.2%) 
peaked i n  t h e  f a 1  l as  t h e  Ankistrodesmus 
sp. popula t ion reached peak abundances. 
Blue-green algae (23.0%) r e p r e s e n t e d  p r i  - 
mari l y  by Osci 1 l a t o e  sp. reached maximum 
abundances durinq the  summer. The fresh- 
water diatom ~ y c l o t e l  l a  meneqhiniana was 
dominant in January durinq peak freshwater 
inflows. Total abindances f o r  the Tr ini ty  
Bay phytoplankton community e x h i b i t e d  a 
peak mean abundance of  approximately 480 
celfs/rnl in l a re  summer and a second peak 
mean abundance of 400 c e l ? s / m l  i n  l a t e  
w in ter -ear ly  spring. Minimum mean abun- 

eldnces of approximately 50 cells/ml were 
observed in the l a t e  f a l l .  

Severa l  s t u d i e s  in  Lavaca Bay, a 
compnent of the Matagorda Bay e s t u a r i n e  
system, exhibited contras t ing r e s u l t s  con- 
cerning the  d i s t r ibu t ion  of phytoplankton. 
According t o  a 1970 s t u d y  (Blanton e t  a l .  
1971) phfloplankton c o n c e n t r a t i o n  maxi ma 
were charac te r i s t i c  of winter  months and 
t o  a l e s s e r  e x t e n t  i n  t h e  e a r l y  f a l l ,  
w h i  1e minimum concentrations were observed 
i n  the  summer. The diatoms were observed 
in peak abundances i n  l a t e  w i n t e r ,  whi l e  
the d inof lagel la tes  reached maxi mum con- 
c e n t r a t i o n s  i n  t h e  summer. In a s tudy  
r e p o r t e d  by Davis e t  a l .  (1373), s t and ing  
c r o p s  of phytoplankton peaked i n  January 
(3,400 c e l l s / m l )  and d e c l i n e d  t o  lowest  
c o n c e n t r d t i o n s  i n  J u l y  (150 c e l  l s /ml ) .  
Gilmore e t  a l .  (1974), i n  a 12-mo s tudy  
d u r i n g  1973-74, r e p o r t e d  t h a t  peak abun- 
dances  of phytoplankton occur red  dur ing  
l a t e  s p r i n g - e a r l y  summer, w i t h  minimum 
abundances i n  t h e  win te r .  Their  peak 
concentrations were around 9,000 cells/ml 
and t h e i r  mini mum concentrations averaged 
2,000 celis/rnl. Dinoflagellates comprised 
t h e  m a j o r i t y  of s p e c i e s  observed by G i  1 - 
more, e t  al .  whi l e  diatoms were the  second 
most abundant. During a s t u d y  in  Cox Bay, 
an embayment o f f  Lavaca Bay, Moseley and 
Copeland ( 1 9 7 4 ) a l s o  r e p o r t e d  t h e  domin- 
ance of d ia toms  i n  t h e  phytoplankton . . 

throughout most of the  year. Skeletonema 
costaturn, Chaetoceros aff i n i s ,  and Thalaz- 
s i o t h r i x  f r a u e n f e l d i i  were  t h e  dominant 
forms and were responsible f o r  the  winter 
maxima during the  study. The dinof lagel-  
l a t e s  Ceratium f u s e s  and Ceratium f u r c a  
were the dominant populations observed in 
summer. Chlorophyll  5 maxima f o r  t h e  
Lavaca Bay s t u d i e s  appeared t o  l ag  t h e  
peak c e l l  c o n c e n t r a t i o n s  by s e v e r a l  
months. Davis e t  al.  (1973) reported peak 
chlorophyll 2 concentrations in  t h e  spring 
s e v e r a l  months  a f t e r  t h e i r  o b s e r v e d  
January peak c e l l  concentrations. G i  lmore 
e t  al .  (1974) reported higher chlarophyll 
a concentrat ions i n  l a t e  spring and e a r l y  - 
summer, well  a f t e r  the  maximum c e l l  con- 
c e n t r a t i o n s  observed, 

In an 1 1 - m s  study of the  San Antonio 
Bay phytoplankton d i s t r ibu t ions ,  Matthews 
ilt 81, (1974) observed t h a t  t h e  green 
algae dominated the community in the f a ?  1 
w h i l e  t h e  d i n o f l a g e l l a t e s ,  r a t h e r  than 



dia toms,  dominated t h e  community i n  t h e  
l a t e  w i n t e r  and s p r i n g .  O v e r a l l ,  t h e  
d inof lage la t t e s  dominated dur ing  t h e  en- 
t i r e  s t u d y  per iod.  Minimum mean c e l l  
c o n c e n t r a t i o n s  of 549 c e l  l s /ml  were ob- 
served in  the f a l l  during the  green a lga l  
dominance. Maximum c o n c e n t r a t  i o n s  were 
observed i n  w i n t e r  when 19,000 c e l l s / m l  
were recorded.  In c o n t r a s t ,  minimum 
c h l o r o p h y l l  a c o n c e n t r a t i o n s  (8.1 y g / l )  
were measured i n  January w h i l e  maximum 
c o n c e n t r a t i o n s  (37.2 y g / l )  were measured 
just a month l a t e r ,  i n  February,  a t  t h e  
s t a r t  of observed peak c e l l  dens i t i e s  f o r  
the  system. The dominant dinof lagel  l a t e s  
were Chroomonas sp. and E u t r e p t i a  sp., 
while abundant green algae included A n k i s -  
trodesmin f a l c a t u s ,  6. convo lu ta  and 
Chlorella sp. 

A s t u d y  by Freese  (1952) i n  Aransas 
Bay indicated t h a t  diatoms were the  domi- 
nant  f l o r a  of t h e  phytoplankton assem- 
blages.  He noted t h a t  t h e  w i n t e r  peak i n  
phytoplankton abundance was compri sed 
mostly of Coscinodiscus sp. A second peak 
of diatoms was observea in  July when Rhi- 
zosolenia a l a t a  was t h e  dominant s p e c x s .  
Other dominant d ia tom s p e c i e s  inc luded  
Thalassiothrix f r a u e n f e l d i  i  and S k e l e t o -  
nema costatum. The f a l l  appeared t o  be a - 
period of minimum abundances f o r  diatoms 
i n  the phytoplankton community. Holland e t  
a l .  (1975) i n  a 3-yr s t u d y  of Aransas Bay 
phytoplankton, observed highest mean con- 
c e n t r a t i o n s  of 214 and 584 c e l l s / m l  f o r  
the months of January during two sampling 
years. During the o ther  year of study the  
peak occurred e a r l i e r  (October) and exhi- 
b i t e d  a mean of 179 c e l l s / m l .  Minimum 
abundances observed by Holland e t  a l .  
(1975) occurred in the mid and l a t e  summer 
of each y e a r  and ranged from a mean of 2 
e e l  l s /ml  t o  10  c e l  l s l m l .  Again, d ia toms  
were t h e  dominant group compr i s ing  t h e  
phytoplankton assemblages  d u r i n g  t h i s  
study. 

A 3-yr s t u d y  by Holland e t  a l .  (1975) 
indicated t h a t  in  the phytoplankton assem- 
b lages  of  Nueces and Corpus C h r i s t i  Bay, 
t h e  dominant f l o r a  was diatoms. ~ h a l a s -  - 
sionema 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 ,  and Chaetoceros  sp. were 
dominant,  w h i l e  t h e  d ia toms  i n  a e n e r a l  
comprised- more than 7% o f  t h e  t o t > l  com- 
munity over the  study period. Exceptions 
t o  t h i s  t r e n d  were t h e  dominance of t h e  

blue-green algae Anabaena sp. and Osci 1 la -  
t o r i a  sp. i n  t h e  f a 1  1 of 1973 a n d m n  
Nueces Bay. O s c i l l a t o r i a  sp. were a l s o  
observed t o  dominate i n  Corpus Chr is t i  Bay 
in the  spring and summer of 1974. Accor- 
d i n g  t o  H o l l a n d  e t  a ? .  ( 1 9 7 5 ) ,  t h e s e  
p e r i o d s  of b lue-green a l g a l  dominat ion 
corresponded wi th  g r e a t e r  n i t r o g e n  con- 
t e n t s  in  these bay waters. In another 
s t u d y  of Nueces Bay (Murry and J i n n e t t e  
1974), diatoms were found t o  comprise the 
m a j o r i t y  of phytoplankton i n  Nueces Bay 
dur ing  1972 and 1973. Dinof l a g e l  l a t e s  
were t h e  o n l y  o t h e r  a l g a l  group observed 
i n  any number. For Corpus C h r i s t i  Bay, 
Holland e t  a l .  (1975) observed mean maxi- 
mum phytoplankton abundances i n  February 
and April 1973 (1,100 cel ls /ml) ,  in Decem- 
ber 1973 (1,041 ce1 ls/ml),  and i n  December 
1974 (468 cells/ml).  M i n i m u m  mean abun- 
dances occurred in the summer of 1973 (77 
c e l  l s / m l ) ,  February  1974 (20 c e l  l s / m l ) ,  
and October 1974 (60 cel ls jml) .  In Nueces 
Bay t h i s  same s t u d y  i n d i c a t e d  t h a t  peak 
mean abundances of phytoplankton occurred 
again  i n  February  and Apr i l  1973 (418 
c e l  l s / m l ) ,  February  1974 (139 c e l  l s / m l ) ,  
and September 1974 (513 cells/ml).  Mini- 
m u m  mean abundances occurred i n  the  summer 
o f  1 9 7 3  ( 6  c e l l s / r n l ) ,  March 1474  ( 7  
ce l  ls /ml),  and November 1974 (7 ce l  ls/ml). 

Hi ldebrand and King (1978) observed 
t h a t  d ia toms  were t h e  dominant f l o r a  
dur ing  a 6-yr s t u d y  of Oso Bay and t h e  
upper Laguna Madre Estuary. Maximum abun- 
dances were normally observed i n  December 
through March of each y e a r  w i t h  minimum 
coun t s  recorded dur ing  t h e  summer. The 
dominant diatoms were Chaetoceros a f f i n i s ,  
Thalass ionema 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 rauenfeldi i  and Nitzschia sp. The 
only dominant d inof laqe l l a t e  observed was 
~ e r - a t  ium fu rca .   he-maxi m u m  abundance 
recorded  f o r  t h e  t o t a l  phytoplankton a s -  
semblage was 1,600 c e l l s / m l  i n  January 
1976 i n  0so Bay. Hildebrand and King 
(1978) i n d i c a t e d  t h a t  s a l i n i t y  was t h e  
apparent control l ing f a c t o r  of phytoplank- 
ton dynamics in these  areas. They obser- 
v e d  t h a t  blooms g e n e r a l l y  occur red  f o l -  
lowing s a l i n i t y  changes,  b u t  never i n  
s a l i n i t i e s  exceeding 40 ppt. Simi l a r l y ,  
Simmons (1957) observed t h a t  i n  t h e  higher 
s a l i n e  a r e a s  (equal  t o  o r  g r e a t e r  than  60 
p p t )  of t h e  upper Laguna Madre, phyto- 
plankton were usually nonexistent. 



As I n  t h e  p r e v i o u s  s tudy ,  Erpey, 
Muston ana Assoc ia tes  (1377) founu t h a t  
diatoms were the dominant f l v r a  i n  a  study 
they  conducted i n  t h e  l ower  Fagunn ~ d d l - t !  

Estuary .  U n f o r t u n d t e l y ,  t h i s  s tudy  co-  
vered o n l y  t he  sunlrner m o n t h  o f  J u l y  f o r  
one year and d i d  no t  inc lude w in ter -spr ing  
maxima t h a t  occur  i n  o t h e r  T e x a s  es t ,a-  
ar ies. Observed phytoplankton abundances 
d u r i n g  t h i s  s h o r t  s t u d y  ranged f rom 23 
ce l  ls/ml t o  Id1 c e l  ls lrnl .  

Other rhan the  blue-green a lga l  mats 
t h a t  o f t en  occur on f l a t s  w i t h i n  the Texas 
e s t t l a r i e s ,  t h e  o n l y  b e n t h i c  m l c r o a l g a e  
t h a t  were ever  observed were d~a to r r r s  i n  
t he  surface sediments by Oppenhei mer and 
Wooa (19bS). It i s  q u e s t i o n a b l e  dhe the r  
these were a c t u a l l y  hea l thy  and capable of 
photosynthesi5 or  whether they were s imply 
i n d i v i d u a l s  t h a t  had s e t t l e d  o u t  o f  t he  
water column. It was observed dur ing  t h i s  
s tudy,  however, t h a t  t h e  l a r g e s t  c e l l  
coun ts  occu r red  i n  sed iments  f r o m  water  
depths  o f  l e s s  t h a n  a  meter  w h i l e  t h e  
smal l e s t  counts were observed i n  sedi ~nents 
from 2-m water depth. 

Severa l  o b s e r v a t i o n s  have been made 
i n  Texas es tuar ies  concerning d r i f t  a l ga l  
communities t h a t  con t r i bu te  t o  the d i ve r -  
s i t y  o f  t h e  open-bay bo t tom areas. Unat- 
tached a lgae  on an open coas t  wou ld  soon 
be washed o u t  t o  sea o r  s t randed  on t h e  
upper shore. I n  t h e  q u i e t e r  wa te rs  of 
many Texas bays, however, extensive com- 
muni t ies  o f  unattached o r  loose ly  attached 
seaweeds o f t e n  d e v e l o p .  Edwards  and 
Kapraum (1973) observed f l o a t i n g  macro- 
a l g a l  communities i n  Redfish Bay made up 
o f - s p e c i e s  such as G r a c i  l a r i a  E u c o s a ,  
Digenia simplex, and Chondria cnicophyrra. 
Thev noted t h a t  these a lqa mats were o f ten  
a t t a c h e d  t o  s m a l l  she lys ,  b u t  s i n c e  t h e  
subs t ra tum had a  low s p e c i f i c  g r a v i t y ,  
t h e y  were e a s i l y  moved. H i l d e b r a n d  and 
K i n g  (1978) reco rded  a  d r i f t  mac roa lga l  
community i n  the upper Laguna Madre made 
uo c h i e f l y  o f  t h e  r e d  a lgae  G r a c i l a r i d  
b l o d g e t t i ,  G r a c i l a r i a  foliifera, and m- 
r e n c i a  p o i  t e i .  Another d r i f t  cornmunity 
t h a t  o f t en  enters Texas es tuar ies  f rom t h e  
Gulf o f  Mexico i s  associated w i t h  f l o a t i n g  
Sargassurn sp. These Sargassum cornmuni t i e s  
are most o f t e n  observed i n  the summer near 
t he  oceanic i n l e t s  t o  t he  estuar iesb 

The p h y t o p l a n k t o n  a re  an i m p o r t a n t  
source o f  carbon i n  the estuar ine ecosys- 
tern and a r e  the mayor pr imary producers o f  
the open-bays. Despite the apparent abun- 
dance o f  n u t r i e n t s  i n  estuaries, however, 
these prirnary producer communities do no t  
h d v e  sidcir a doininant r o l e  as, f o r  example, 
p l~y top ldnk ton i n  ocean ic  env i ronmen ts  o r  
f r e s h w a t e r  takes,  becduse o t h e r  f a c t o r s  
bes ides  n u t r i e n t s  (e-g., 1 i g h t  p e n e t r a -  
t i o n )  rrray l i m i t  t h e  p r o d u c t i o n  o f  e s t u -  
d r i n e  phy top lank ton .  The carbon produc-  
t i o n  o f  open-bay phytoplankton provide one 
rneans o f  compdr ing  t h e  dynamics between 
va r i  aus es tua r ine  systems. Oppenheimer e t  
a1. (1975) summari zed t h e  i n f o r m a t i o n  on 
p r i r n a r y  p r o d u c t i o n  f o r  Galveston,  San 
Antonio, and Corpus C h r i s t i  Bay Estuaries, 
measured by  t h e  oxygen method, and found 
va lues  o f  5.87, 1.0, and 2.52 g c/m2 
f o r  g ross  p h y t o p l a n k t o n  p r o d u c t i o n  i n  
t hese  t h r e e  e s t u a r i e s .  Odurn e t  a l .  (1974) 
measured gross phytoplankton product ion by 
t h e  oxygen method i n  t h e  upper, m idd le ,  
and lower Laguna Madre. H is  values, con- 
v e r t e d  t o  ca rbon  p r o d u c t i o n  (Oppenheimer 
e t  a1. 1975), i n d i c a t e d  t h a t  t h e  upper 
Laguna was character ized by product ion of 
2.75 g  C/mnjday, the middle Laguna by 0.37 
g  C/m*/day, and the  lower Laguna by 1.79 g 
C/rn"day. I n  general, these s tud ies  over- 
e s t i m a t e d  carbon p r o d u c t i o n  by  p h y t o -  
p lankton because o f  t h e i r  use o f  t h e  oxy- 
gen method f o r  measurement. 

A more r e c e n t  2 -y r  i n v e s t i g a t i o n  o f  
p r i m a r y  p r o d u c t i o n  r a t e s  i n  Nueces and 
Corpus C h r i s t i  $ays, u s i n g  t h e  carbon-14 
method o f  measurement ( F l i n t ,  1984) and 
c o n v e r t i n g  t h e  mean e s t i m a t e s  t o  gross  
p r o d u c t i o n  ( R i l e y  and Chester  1971: p, 
235) i n  o r d e r  t o  compare t o  o t h e r  s t u d y  
r e s u l t s  y i e l d e d  t h e  f o l l o w i n g  carbon pro- 
duc t ion  rates.  From 17 measurements over 
t h e  2 - y r  s tudy ,  i t  was e s t i m a t e d  t h a t  
gross pr imary  proauct ion i n  dueces Bay was 
0.52 g  C/m2/day. I n  Corpus C h r i s t i  Bay, 
where a t o t a l  o f  45 measurements were made 
over the  same period, a  mean gross produc- 
t i o n  r a t e  o f  0.91 g  C/m2/day was e s t i -  
mated. 

Tab le  6 summarizes t h e  m a j o r  c h a r -  
a c t e r i s t i c s  o f  phytopf ankton i n  t h e  open- 
bay bottoms o f  Texas estuaries. With the  
e x c e p t i o n  o f  San An tan io  Bay. d ia toms  
d o m i n a t e  t h e  c o m m u n i t y  a s s e m b l a g e s  
throughout the  year, In most systems t h e  



peak diatom abundances occur i n  t h e  winter  
and e a r l y  spring, which c o r r e s p n d s  with 
t h e  o v e r a l l  peak abundances f o r  t o t a l  
phytoplankton i n  t h o s e  sys tems  f o r  which 
we have da ta  (Table 6). Minimum abundances 
in  these e s t u a r i e s  appear t o  be much more 
varied, but occur pr imar i ly  i n  t h e  summer 
and f a l l .  The minimum i n  t o t a l  phyto- 
plankton counts usually corresponded with 
peaks i n  d i n o f l a g e l l a t e  o r  green a l g a l  
p o p u l a t i o n s  i n  t h e  e s t u a r i e s  s t u d i e d .  As 
f a r  as  t h e  diatom populations a r e  concern- 
ed in  Texas es tua r i es ,  Cyclotel l a  appeared 
t o  be f r e q u e n t  i n  t h e  e a s t e r n  e s t u a r i e s  
t h a t  normal ly  r e c e i v e  more f r e s h w a t e r ,  
w h i l e  Thalassionema, Chaetoceros,  and 
T h a l a s s i o t h r ~ x  were more common i n  t h e  

sou the rn ,  more s a l i n e  e s t u a r i e s .  Blue- 
green algae appeared t o  dominate only the 
assemblages  i n  t h e  upper r e a c h e s  of t h e  
Galveston Bay Estuary (Tr in i ty  Bay) and i n  
Nueces Bay, aga in  a s s o c i a t e d  wi th  l e s s  
sa1 ine waters. 

According t o  Table  6 ,  plank ton  p r i -  
mary p roduc t ion  of carbon i s  h i g h e s t  in  
Galveston Bay, d e c r e a s e s  a l ~ n g  t h e  Texas 
c o a s t ,  and i n c r e a s e s  a g a i n  i n  t h e  upper 
Laguna Madre. Another means of assessing 
plankton p roduc t ion  p o t e n t i a l  i s  t o  exa-  
mine c h l o r o p h y l l  2 c o n c e n t r a t i o n s .  For 
open-bay bottoms, Zein-Eldin (1961) indi - 
cated t h a t  Texas e s t u a r i e s  generally yield 
between 43 and 200 mg c h l o r o p h y l l  a/m2, 

Table 6. Summary of the major chara~teristics of phytoplankton assemblages in the open-bay bottom biotopes of Texas 
estuaries. 

Seasonal phytoplankton 
abundance Primary production 
(ce l l  s/ml )a - Dominant groups est imate 

Estuary Minimum Max i mum (by % o f )  (O c / m * / d a ~ ) ~  

Sabine Lake 70 ( w )  200 (S)  

Gal veston Bay 50 (0 400 (W-Sp) 
(Tr in i ty  Bay) 

Lavaca Bay 150 (S) 4,500 (W) 

San Antonio Bay 549 ( F )  19,000 ( W )  

Aransas Bay 6 ( s )  381 (W) 

Corpus Chr is t i  Bay 50 (S-F) 900 (W-Sp) 

Nueces Bay 7 (S-F) 300 (W-Sp) 

050 Bay and ( 5 )  
Upper Laguna EIadre 1,600 (M) 

Lower baguna Madre ND ND 

Diatoms (45%) ND 
Green algae (36%) 

Diatoms (41 %) 5.87 
Green algae (25%) 
Bl ue-green a1 gae (23%) 

Diatoms 

Dinoflagel 1 a t e s  1 .0  

Diatoms 

Diatoms 2,52 ( 0  
Blue-green algae 

Diatoms 0.52 
B l  ue-green a1 gae 

Diatoms 2-75 

Diatoms 1.79 

a bSeasons are: S = summer, F = fa1 1 ,  hl = winter, Sp = sprjrrg. 
Carbon f i x a t i o n  based on oxygen method of measurement. 

c Carbon f i x a t i o n  based upon I4C method of measurement and converted t o  gross 
production. 



while  -in one stuay Galveston d a y  waters 
y- ie ldeu  370 rng chlorophy' i l  a/m? .This 
certainly f i t s  t h e  p a t t e r n  s u c g e s t e d  by 
Table 6 f o r  higher carbon production by 
phytoplankton i n  t h e  more eas te rn  of the  
Texas estuaries. 

3.3 OPEN-BAY BOTTOM ZOOPLAMKTON 

In general, the  zooplankton of estu- 
aries are limited by two features .  The 
f i r s t  i s  turbidity, which can limit phyto- 
p lankton p r ~ d u c t i o n  and t h u s  l i m i t  t h e  
food available for  zooplankton; and the 
second is currents, which can carry zoo- 
plankton both out  t o  sea  and away from 
concentrated food masses t h a t  otherwise 
were  within c lose  swimming d i s t ance .  
Within the  zooplankton one can recognize 
two groups: the holoplankton, which are 
t rue  permanent zooplankton (e-g., cope- 
pods, cladocerans, chaetognaths),  and the  
meroplankton,  which a r e  animals whose 
e a r l i e s t  l i f e  s t a g e s  a r e  p l a n k t o n i c  ana 
thus are  temporary members of t h e  zou- 
plankton community (e.g., la rval  s tages  of 
fish, crabs, shrimp, etc.) .  

Zooplankton communities in estuaries 
can serve as  valuable .indicators of pru- 
cesses going on in the es tuar ine  complex. 
They a p p e a r  t o  be q u i t e  s e n s i t i v e  t o  
changes in t h e  estuary, especially changes 
in salinity. Freshwater inflow influences 
zooplankton i n  several  ways. I t  can carry 
i n  f reshwater  species and t ranspor t  food 
into the  estuary ( thus  enhancin t h e  pro- 
duction of estuarine assemblages 3 . O n  the 
o t h e r  hand. sudden i n c r e a s e s  in inflow 
r a t e s  can Flush resident populations out 
of t h e  e s t u a r y ,  d e c r e a s i n g  s t and ing  
stocks. Perkins (1974) r e p o r t s  t h a t  the  
primary f a c t o r  affecting t h e  composition 
and abundance  of estuarine zooplankton 
communities is deve lopment  r a t e  versus  
flushing time. 

Peak abundances in zooplankton spe- 
cies assemblages in Sab ine  Lake dur ing 
1374 and 1975 (Espey, Huston and Asso- 
c i a tes  1976) occurred in the summer and 
e a r l y  f a i l  ( 1 5 - 2 0  x 103 organisms/m3},  
wheni salinities were observed t o  be a t  
the i r  highest. Acartia tonsa was recorded 
as the  dominant zooplankton species (85% 
of t o t a l )  in %his estuary and, along with 

several a t h e r  marine ccapepods, was found 
in greates t  numbers a t  t h e  lowest  reaches  
of t h e  estuary. In contrast ,  ro t i f e r s  and 
cladocerans characterized a s  "'fresh@ a t e r  
forms" were found closer t o  the  mouth of 
t h e  river. Minimum mean abundances f o r  
zooplankton in th is  estuary were 0.4 x 10" 
organisms/m3 recorded in t h e  winter and 
spring. 

The dominant organisms found during a 
study in Trinity Bay i n  1975-76 (Texas 
Department of Water Resources 1981) were 
the barnacle nauplii and calanoid copepod 
Acartia tonsa. These organisms contri-  
buted more than 701  t o  the  t o t a l  observed 
standing crop of zooplankton. Freshwater 
zooplankton assemblages  inc luded  such  
organisms as the  cyclopoid copepods (Q- 
c lops  sp.) and r o t i f e r s  (Asp lancha  and 
Brachionus sp.), Besides Acartia tonsa 
Z u a r i n e  and marine forms included t h e  
copepods Oithona sp., Labidocera aestiva, 
and t h e  protozoan dinoflagellate goct i luca  
scintillans. Peaks in standing crop abun- 
dances occurred in April and l a t e  summer 
w i t h  mean densities of 190 x l o 3  srgan-  
isms/rn.hnd 16 x 10' organisms/m3, rrespec- 
tively. The April peak was almost exclu- 
sively composed of Moctiluca, while t h e  
August peak was composed of species  simi- 
lar  t o  those observed i n  t h e  Sabine Lake 
summer-fall peaks. Minimum mean abundan- 
ces of 1.2 x 10.' organisms/m3 were obser- 
ved in the  winter. According t o  Holt and 
Strawn (1983), two major seasons were 
distinguishable f o r  t h e  zooplankton assem- 
blages of Trinity Bay. A warm season 
dominated by crustacean larvae and cope- 
pods when temperatures were above 22 OC 

was identified using numerical classifica- 
tion, while a coot season was found domi- 
nated by larval fish. Besides t h e  holo- 
plankton, the re  investigators found t h a t  
larval and .juvenile c r u s t a c e a n s  such a s  
~alaemonete; zoeae, brachyuran zoeae, x- - 
f i n e c t e s  megalops, Penaeus  s e t i f e r u s  -- 
z o e a e ,  and P e t r o l i s t h e s  a r m a t u s  z o e a e  
dominated t h e  rarm-season catch,  Larvae 
of f i s h e s  such a s  Brevoctrt ia pa t ronus ,  - 
Leiosttlmus xanthurus, Micropogonias &- --- 
latus, and Myrophis punctatus dominated 
the  caot-seasan catch,  Kalke (1972) con- 
cluded From studies i n  Trinity Bay t h a t  
low salinit ies a n d  t e m p e r a t u r e s  of l a t e  
fa l l  and *.inter produce a favorable  envis- 
onment f o r  fa5h la rvae ,  while t h e  higher 



s a l t n t t ~ e s  dnd te rn  p e r a t u r e s  thrCugn the  
l a t e  spring and summer a r e  rdeal cundi-  
l ions  f o r  l a r v d l  t r u s t d i e a n s .  

In Grrect con t r a s t  t o  t ne  two e s t u -  
drne l  discusz,rc; aljcrve, uliincarr e t  d l .  

( 1 9 f 4 j  found t k d t  i n t n r m u m  medn dbufiddnce 
f o r  aoitpionktcln coiiimunltles I n  t h e  L d v a c d  
Bny LsLudry (1.9 x 10, ortldnisrnslin ) l n  

t h e  f a l l  and  cnaxirnum mcan hbundances oc -  
c u r r e d  In e c w  Z;prrng (L11 ;( ii, o r g h n -  
~ s ~ n s / m . ~ ) .  BdrnilcEt? n d ~ i p 3 1 1  d n d  i c a r t t t  
tansd were t h e  two domrnarit forms of zao-  
s n x t o n ,  comyrrslng over  15% of t he  corn-  
munity d u r ~ n g  t h e  en t i r e  study. The barn-  
acles,  presumeo t u  be ldrvae from grtld"_.i55 
eburneur;, pret.torn t n d t e d  I n  sdm y lezI-f^rruin 
rii:L.-e';%~ter d n i l  Spring, witrle i c j - ~ t ; ~  
Lq-nsa was doininant I n  ld te  summer and 
e d r T  fa l l .  btdntlrny crops l n  t t ~ e  bny Mere 
alwi4y";r~(~ater t h d l l  r rver-~nflut lnccd s t d -  
Llons. Ihta r o t i f e r  k r s h ~ o n u > -  qt.-ad_ri~e__"__"- 
Q t a  a n d  t he  copepod sp. were 
t ~ 6 n  found associatect w l t h  t h e r e  r l ve r -  
rrlfltrenced rtirtlons. Accordjng t o  Museley 
clt d l .  t iY r ' s )  lrr n stuny ot  Cox Bay, a 
component of the Ldvaca Bay systotn, &r- 
t~d_ t ~ r t ~ g  was the  dorrtlndnt roopldnkter ,  
bu t  Its peak ataundanctls occurred r n  t he  
sprrny rd the r  than the  fd l l  as in L d v d ~ a  
May proper. 

The copeyod A ~ r ? r r - +  tz$k$ wds also 
t h e  daminant  roopGng te r  of San Antonio 
Bay (Matthews t a t  a l ,  1914). Mdny of t he  
roapldnkbon taund in t h i s  es tuary ,  how - 
ever ,  werr freshw n l e r  forms. Matthews e t  
dl .  (1994)  cnncluded t h d t  t h e  re la t ive ly  
tarye larnnunt of freshw a t e r  ?nf low coupled 
w i th  r ~ s t r i c t e d  a c c e s s  t a  t h e  Gulf of 
MexJco had  s u b s l a n t i d l i y  inf luenced t he  
xooplnnkesn assemblages. Besides !cartid 
toftsa tlatanus aburneus ldrvde were also -, --** ---- --_____ 
uuite  dbundinnt durinu t h e  12-{no studv. 
X E I ~ "  r e % ~ l t %  o f  411 Co~luctiruns 1ftilicat;d 
t h a t  peaks un sknndtng  c r o p  ( 4 6  x 10," 
urgtwnismx/in,') occurrerr in January, asc;o- 
cJatcd with higher sal ini t ies ,  while mini-  
mum mean abundances {U.tl x 10.) organ-  
Ismrfnr:') werr  observe0 in June when sa l i -  
n l t j es  were law. 

Over tf 3--yr. ~ t u t l y  of Cclpdrlu dnd 
Arbnsas fj&yrr Holland el- ale (1975) found 
t h a t  e i n l m u n o  mrarr tcloplarlkiuri aijlundatices 
general ly  o c c u r r e d  i n  t h e  f a l l ,  w h ~ l e  
waxjmum mean abundances were obwrrea  in 
the winter and spring,  Acart ia  tonsti was 

d e t e r m ~ n e d  t o  De t h e  dominant  spe.cirs.  
Cyctopoid copepod (Uithona. sp.) appeared 
t o  peak during t he  warmer rnontrls of -;n 
these  estuaries .  

The dominant zooplankton i n  t he  Cor- 
pus Christi Bay a n d  Nueces Bay Estuaries  
over a 3-yr s tudy  perlod was Acart ia  m n s a  
and b a r n a c l e  naupl i r  (Ho l l an t l  e t  31. 
( 1 9 7 5 ) .  These  o r g a n l s  n s  d o m i n a t e d  IR  

every  season e x c e p t  l a t e  winter  and e a r l y  
spring where t he  dinof l age l l a t e  ----- Noct+luca 
scint i l lans was most abundant .  Holland 
speculated t h a t  t h i s  organlstn was brought  
into t he  e s tua r i e s  by inclusions of cool 
Gulf of Mexico vrater during t h ~ s  period. 
Peaks in mean abundance f o r  e ach  bay were 
observed in l a t e  winter  and edr ly  spr ing  
of each  year;  an average  of 1,139 x 20.5 
organisms/m.' were recorded for  Nueces Bay 
and an average of 11,705 x 1 0 '  o ryan-  
ismr/m:? were observed i n  Corpus Christi  
Bdy. Minirnu~n abunddnces usually occu r r ed  
in t h e  fal l .  Average abunddnce e s t i m a t e s  
fo r  Nueces Bay during t h i s  period were 3.3 
x 10.: o r y a n i s n ~ s / m ~ ,  and f o r  Corpus Chris t i  
Bdy es t imates  were 5.2 x 10.' organisms/rn-'.. 
Freshwater  zooplankton o b s e r v e d  in the 
upper reaches  of the e s tua ry  during t h i s  
s tudy included Cyclops sp. and Daphnia 
sp. More typ ica l ly  marine spec ies  oose r -  
ved were Centropaqes hamatus, Labidocera 
aes t ive  and Noctiluca scint i l lans.  Hol- 
land e t  al. (19"rl-57--c?luded t h a t  t empe ra -  
t u r e  and sa i in i ty  .were t h e  t w o  most impor-  
t a n t  f a c t o r s  regula t ing  spec i e s  composi- 
t ion, seasonal  occu r r ence ,  and geog rap t~ i c  
dis t r ibut ion of zooplankton populat ions i n  
t he  Corpus Christi  Bay and Nueces Bay 
open-bay bottoms. 

In Oso Bay and  t t l e  u p p e r  Laguna  
Madre, a 6-yr s tudy  (t-lildebrand ana King, 
1918) revea led  t h a t  t h e  calanoid copepods, 
especial ly  Hcart ia  tonsa,  were t he  domi- 
nant holoplankton. Other  major genera  
of calanoid copepods included Pseudodiap - 
tomus and Centropages. In genera l ,  Peak 
abundances f o r  t h e s e  as  well a s  t h e  e n t i r e  
zoaplankton assemblage occur red  i n  the 
spring of each  s tudy  year .  The meroplank- 
ton,  dominated by t rocophor  larvae,  b i -  
va lve  l a r v a e ,  g a s t r o p o d  v e l i g e r s ,  a n d  
barnacle  nauplii, cont r ibu ted  heavi ly  t o  
the  spring peaks each  year. The po?ychae-  
t c u s  annelids were also counted  as  mero- 
plankton and made a major cont r ibu t ion  t o  
one spec ies  diversi ty  of t h e  c o l l e ~ t i o n s .  



A!r,hough s a i ~ n i t r e s  a r e  o f t e n  much 
tligher i n  the lower  Laguna Madre, Medgpelil 
(1367)  n o t e d  t n d t  A c a r t i a  t onsa  wds s t i l l  

v- 

t h e  d o i n i n a n t  s p e c i e s  i n  t h e s e  w a t e r s .  
Ano ther  copepoa, Met is  &ot~ica, wds also 
observed i n  t h e  l o w e r  Lasuria Madre, b u t  
n o t  i n  as g r e a t  numbers i s  A c a r t i a  ionsa.  
H e d s ~ e t h  observed  t h a t  t h e  occu r rence  of 
~ c a & i a  t ansa  i n  sa l i n i t i e s  exceed ing  80 
p p t  was i n t e r e s t i n g  i n  l i g h t  o f  i t s  d i s -  
t r i b u t i o n  as a bay  and coas ta l  w a t e r  spe-  
c ies as f a r  n o r t h  as Cape Cod. He c o n -  
c luded  t h a t  t h i s  zoop lank ton  spec ies has a 
w ider  s a l i n i t y  r a n g e  t h a n  most  o t h e r  f auna  
and c e r t a i n l y  a  w ide r  range  t hdn  r e p o r t e d  
p rev i ous l y .  

The e c o l o y i c a l  n iches f o r  zoop lank ton  
i n  t h e  open-bay bo t t oms  o f  es tuar ies  a re  
such t h a t  o p t i m a l  cond i t i ons  f o r  g r o w t h  
and s u r v i v a l  o c c u r  a t  d i f f e r e n t  t i m e s  of 
t h e  yea r  f o r  d i f f e r e n t  species. Op t ima l  
cond i t i ons  f o r  a  g i ven  spec ies r e s u l t  i n  
h i gh  abundances f o r  t h a t  species ds l o n g  
as f a v o r a b l e  cond i t i ons  pers is t .  I f  c o n -  
d i t i ons  a r e  f a v o r a b l e  f o r  inore t h a n  one 
species a t  t h e  same time, usua l l y  t h e  more 
competitive s p e c i e s  w i l l  be f o u n d  i n  
greatest abundance. i3ecause t h e  zoop lank-  
t o n  c a n  v a r y  i n  a b u n d d n c e  d n d  s p e c i e s  
compos i t i on  b o t h  seasonal ly and f r o m  yea r  
t o  year, r e l i a b l e  conc lus ions conce rn i ng  
these  open-bay bo t t oms  assemblages can be 
d r a ~ n  o n l y  on t t le  bdsis o f  l ong- te rm i n -  
vest igat ions.  Stud ies on open-bay bo t t om  
h a b i t a t s  in  Texds have  y e t  p rov i ded  t h e  
l ong - t e rm  da ta  needed t o  adequa te ly  assess 
zoop lank ton  dynamics. 

Enough i n f o r m a t i o n  hds been c o l l e c t e d  
on t h e  open-bay bo t toms o f  Texas es tu -  
arles, t o  d e t e c t  some interesting pd t t e rns  
i n  t h e  zoop lank ton  communities. I n  se- 
v e r a l  o f  t h e  Texas es tuar ies  it has been 
observed t h a t  t h e  z o o p l a n k t o n  s t a n d i n g  
c rops  a re  i n v e r s e l y  r e l a t e d  t o  w a t e r  t emp-  
e ra tu re  and d i r e c t l y  r e l a t e d  t o  sa l i n i t y .  
G i l m o r e  e t  a f .  ( 1 9 7 4 )  n o t e d  t h i s  f o r  
Lavaca  Bay, Mat thews e t  al. (1974)  obser-  
ved t h e  p a t t e r n  f o r  Sdn Antonio iJay, dnd 
as a l r eady  ment ioned above, Ho l land  e t  al. 
(1975)  f ound  t h e  same t r e n d  f o r  Corpus 
Ch r i s t i  and Nueces  Bays. I n  c o n t r a s t ,  
how ever, t h e  more eas te rn  estuar ies, Gal- 
v e s t o n  B a y  a n d  Sab ine  Lake ,  e x h i b i t e d  
opposi te  trends. 

Another  common t r e n d  among many o f  
the  stud ies r e p o r t e d  f o r  Texas es tuar ies  
has been t h e  r e l a t i onsh ip  observed be tween 
l a r g e  abundances f o r  t h e  zoop lank ton  com-  
m u n i t i e s  o c c u r r i n g  s i r n u f t a n e o u s l y  w i t h  
decreases i n  phy top l ank ton  counts. Ma t -  
thews  e t  d l .  (1974) observed t h a t  peak 
zooplankton abundances o c c u r r e d  i n  t h e  
sp r ing  when phy top l ank ton  dens i t ies  were  
depressed. The t remendous  dep le t i on  o f  
p l l y top lank ton  i n  Corpus Ch r i s t i  Bay and 
Aransas Bay each  sp r i ng  observed b y  Hol- 
l and  e t  al. (1975)  was c o r r e l a t e d  w i t h  
peak abundances i n  zoop lank ton  species, 
e s p e c i a l l y  t h e  p r o t o z o a n  d i n o f l a g e l l a t e  
Noc t i l u ca  sc in t i l l ans .  E x t e n d i n g  t h i s  
p a t t e r n  one more t r o p h i c  leve l ,  Gi lmore e t  
al. (1974)  i n  Lavaca  Bay observed t h a t  
peak abundances o f  copepods and barnac le  
l a r v a e  i n  t h e  zoop lank ton  occu r red  i n  t h e  
sp r ing  a t  approx imate ly  t h e  same t i m e  as 
l a r v a l  and j uven i l e  f ish,  p o t e n t i a l  p reda-  
t o r s  OF these sma l le r  forms.  

A n u m b e r  o f  t h e  s t u d i e s  o f  T e x a s  
es tuar ine  zoop lank ton  asseinblages, besides 
i d e n t i f y i n g  A c a r t i a  tansa as t h e  dominant  
species, i n d i c a t e d  t h a t  i n  t h e  sp r ing  t h e  
p ro tozoan  d i n o f l a g e l l a t e  N o c t i l u c  a c- 
t i l l a n s  i s  o f t e n  t h e  dominant  zoop lhnk ton  
species. This spec i es  t a x o n o m i c a l l y  b e -  
longs t o  a  bo rde r l i ne  group o f  b i o t a  t h a t  
con ta ins  b o t h  p l an t s  and animals. I t  i s  
o f t e n  i d e n t i f i e d  a n d  assoc- ra ted  w i t h  
phytoplankton communi t ies  r a t h e r  t han  zoo-  
p l a n k t o n .  N o c t i l u c a  a r e  voracious 
feeders, however,  e n g u l f i n g  p a r t i c u l a t e  
f o o d  such as d ia toms and o t h e r  srnall md-  
t e r i a l  (Sverdr'up e t  dl. 1964) and should 
be c lass i f i ed  as a vernber o f  zonpldnktot i  
communi ty .  This species reproduces  b y  
b i na r y  f i s ~ l o n ,  wh i ch  enables i t  t o  pro- 
duce rnasses o f  ~ n d i v i d u a i s  when conditions 
a r e  favorable.  Th is  i s  t h e  p r ima ry  reason  
M hy t h ~ s  organism becomes dornindnt I n  t h e  
es tuar ine  zoop lank ton  du r i ng  t h e  spr ing, 
t d k i n g  ddvantage o f  and d r a s t i c a l l y  de -  
press ing phy top l ank ton  densit ies.  

Table 7 summarizes t h e  major  t r ends  
f o r  zooplankton i n  t h e  open-bay bo t t oms  of 
Texds e s t u a r i e s  f o r  w h i c h  i n f o r m a t i o n  
exists, I n  general ,  t h e  sou thern  estci- 
ar ies  appear  t o  sinpport l a r g e r  numbers of 
organisms t h a n  t h e  mo re  e a s t e r n  w a t e r  
b o d i t i ~ ,  kith t h e  excep t i on  o f  these east-  
e r n  estuar ies, the most abundant  per iods 
f o r  zoop lank ton  appear  t o  be i n  t h e  w i n t e r  



and spring,  while t h e  minima usual ly occu r  
i n  t h e  summer and e a r l y  fdl l .  The r e v e r s e  
i s  t r u e  f o r  Sabine Lake and Galveston Bay, 
which may be r e l a t e d  t o  t h e  g r e a t e r  f r e s h -  
w a t e r  in f luence  on  t h e s e  es tuar ies .  This 
i s  e v i d e n c e d  i n  s t u d y  r e s u l t s  s h o w i n g  
g r e a t e r  abundances  of f r e s h w a t e r  species .  

3.4 OPEN-BAY BOTTOM BENTHOS 

The bottom s e d i m e n t s  o f  e s t u a r i e s  
deve lop  communit ies  of i n v e r t e b r a t e  ani-  
mals t h a t  l ive  on and in t h e s e  sediments.  
Included in t h e s e  f auna ,  r e f e r r e d  t o  a s  
the benthos, a r e  annel id worms, c lams and 
o t h e r  rno'liusks, and  many kinds of c r a b s  
and smal le r  c rus taceans .  The majori ty  of 
these animals ob ta in  t h e i r  f oods  t rom the 

wa te r s  above a n d  from each  other. The 
f l a t  expanse of submerged mud and sand ,  
with t h e i r  assoc ia ted  biota ,  a r e  some of 
the  most i m p d a r a t  components of the open- 
bay  c o m m u n i t i e s  b e c a u s e  of t h e  l a r g e  
amounts  of food  resources  and nu t r i en t s  
t h e y  contr jbute .  In addi t ion,  s i nce  many 
benth ic  organisms a r e  of l imited mobility 
o r  even comple t e ly  s e d e n t a r y ,  s t a n d i n g  
s t o c k  and  d i v e r s i t y  f l u c t u a t i o n s  n a v e  
o f t en  been inves t iga ted  in o r d e r  t o  demon- 
s t r a t e  h a b i t a t  c h a n g e s  t h a t  may u p s e t  
eco'logical balances. Benthic b io ta  pro-  
vide a good r eco rd  of r e c e n t l y  pa s t  hap-  
penings in an e s t u a r i n e  system. 

The proport ion of po lychae te  annel ids  
appears  g r e a t e s t  a t  t h e  Gulf of Mexico- 
i n f l u e n c e d  s t u d y  s i t e s  in S a b i n e  L a k e  

Table 7 .  Summary of the rnajor patterns for zooplankton assemblages in the open-bay bottorri 
biotopes of Texas estuaries. 

Mcan seasonal 
zooplankton abundance 

animal slrn')  S'R - - - - - -  - 
Estuary Minimum Max i niurrr Dominant fauna --- - - - - - - - - -  - " -  - - -  - . - - - - - - . - - - - --- - - - - - - 
Sdbint. Lake 0.4 ( w - s ~ ) ~  17.2 (S-P)  ND 

Gal vcston Bay 1.2  ( W )  16.0 ( F )  Barnacle naupl i i 
( T r i n i t y  ~ a y )  Acar t ia  tonsa 

190.0 ( 5 ~ ) ~  NCciTIUca--s5fiillans - -  

Lavaca Bay 1.9 (F) 27.9 (Sp)  Barnacle naupl ii 
Acar t ia  tonsa - -- -- - - - 

San Antonio Bay 0.8 (Sf  46.0 ( W )  Acart i a  ---- tonsa 

Copano Bay 1.3 (F) 53.6 ( w )  Acar t ia  tonsa 

Aransas Bay 653.5 ( W )  Acar t ia  - - - tonsa -A -- 

Corpus Ghristi Ray 5.2 { F )  11,705.0 (kl-Sp) Acar t ia  .-- tonsa 
Barnacle n a u ~ l  i i 
Noctiluca s c i n t i l  l an s  

Nueces Bay 3.3 ( F )  2,139.0 (kl) Acar t ia  -- tonsa 
Barnacle naupl i i 

Upper taguna Madre ND ND (Sp) Acar t ia  -- tonsa 

a bSeasons are: S = summer, F = fa1 1 ,  W = win te r ,  Sp = spr ing .  
Peak abundance f o r  sp r ing  was comprised almost e n t i r e l y  of Nact i luca 

s c i n t i l l a n s  bloom Otherwise peak abundances fol low those f o r  Sabine 
lake .  i n  t h e  f a l l .  



( f s p ~ y ,  t i lus ton  a n d  9 ~ ~ , 1 i r a t e s ,  4916). 
Closer t;, thc  hdbane T I V C ~ I -  a n d  tilore fi.et3f1- 
wa te r  tnfFuence, tee  polychseWes domrna tea  
only dpirang t h e  f d l l ,  h h ~ l e  LLrte mrzilur3ks 
wcTe must. daeanddnl: d ~ r r r t l y  CPIQ :-eindlrlOer of 
e k e  y e a r .  T h e  b f ~ a l v e  m c 1 4 1 u ~ k  1Laj31-g 
cune i l t a  a long  w l t h  i i n ~ c l e r ~ l l f  led  : a p 9 -  - -"+ --w-" 

t e i i l  ci p u l y c h a e t e  were  t h e  $nost dbundane  
faun& ooservtld aver- the i c - i t t i )  study. Arm- 
s t r o n g  (li382) c d l c u l a t e d  t h a t  t h e  mean 
~bw?s-ved cdtsunaance tor 13sstrre Rdkc ber\thos 
w 95 QttB osydnlsmaim". 

A g e n e r d l  s u r v e y  d;lr iagrr. Lialveston 
Bay by k%olland e t  31. j1VIS) i n d i c a t e d  
t h a t  f ou r  benthsc s p e a l e s  weye ubiqultcttls 
a t  a l l  sttes s t u d i e d .  These includezl t h e  
go l y c h a e t c s Kkrt; '~~ sp-gcrn$c;, kt~$&j$>&o- 
b~n&!g&_".~ rn nd Mgd 1 a s&z c i a x t r  n 1 en  5 
and the brslrrtdcle g-!wzer~ &urney2-. An- 
o t h e r  set o f  T ; ~ @ c o ~ " s  0 6 s e r v e d  a t  m o s t  
s t u d y  srtes inc luded  the polychdet t !  @- 
E_&\ra c$j=$ a n d  the in o llusk E.SuJ?i$ 2- 
t e r a l ~ s .  Millidms' ( l V I 2 )  Itst OF a o m r n a n t  - -*--"" 
b c n t h i ~  f a u n &  f o r  T r l n i t v  B a v  i n c l u d e d  
Med io rndr tu r ;  - - -- - a n d  zLgb&2-rall b u t  a lso  
i n d i c a t e d  t h a t  m ~ g  c&ggLts and  t h e  o l i -  
g o c h d e t e  ~ l ~ ~ c o l o s  ab r re lkaz  were dbun-  
d a n t  In t h e s e  E s m  w a t e r s  of t h e  
e s t u a r y .  Accord ing  t o  a r e p o r t  Crorn t h e  
T e x a s  D e p a r t m e n t  o f  W a t e r  R e s o u r c e s  
( i 9 8 1 b ) .  p o l y c t ~ a e t r : c  d o f n i n d t e d  b e n t h i c  
c o l l e c t i o n s  Prom Tr in i ty  Bay, compr i s tng  
14% OF a l l  f a u n a  otsservttd. Mollusks e c -  
c o u n t e d  For a n o t h e r  15-f t h e  o r g a n i s m s  
c o l l e c t e d  f rom t h ~ s  e s t u a r y .  An u n r d e n t i -  
f ied c a p i t e l l i d  p o i y c h a e t e  and  E g g k % & % L u ~  
*f~"_$snsr& were t n t .  d a m i n a n t  b i o t a  
o b s e r v e d  t h r o u g h o u t  t h e  b a y  d u r i n g  t h e  
s t u d y  pe r iod .  & k n ~ $ ~ l z  sp.  o f  frel;liw a t e r  
g a s t r o p o d s  Here dom i n a n t  a t  r i v e r - i n f l u  - 
e n c c d  s t d t i u n s  d u r i n g  the  r p r l n g .  A l -  
t h o u g h  t h e r e  was  c o n s i d c ~ d b l e  v a r i a t i o n  i n  
t o t d l  b e n t h o s  a b u n d a n c e  a t  a l l  co l l ee t io r r  
sites o v e r  t h e  s t u d y  d u r a t i o n ,  in g e n e r a l ,  
t h e  bentkros a p p e a r e d  t o  peak  in  t h e  l a t e  
w i n t e r  a n d  sp r ing ,  a r o u n d  a n  a v e r a g e  o f  
1,200 orgdnisms/m< MMinrinum d b u n d a n c e s  
o c c u r r e d  in  t h e  e a r l y  slrmmer d n d  f a l l  
a r o u n d  400 organisrrr~i'm'. 

Mackin (1971)- s t u d i e d  t h e  e f f e c t  of  
o i l - f ie ld  b r i n e  e f f l u e n t s  o n  b e n t h i c  o r -  
gan i sms  in t a v d c d  Bay. Dur inq these s tu -  
dies, "sktrfsiusyio t ~ g ~ i i t . k t ,  ~ u U i t n i ~  later- 
a l i s ,  t i l e  nmphtpod Coroph4um a c h e r u s i c s ,  - 
a n d  t h e  o l i g o c h a e t e s  ~ r n n o d r l 7 u s  s p ,  were 
d o a i n a n t  i n  t h e  r i v e r - i n f l u e n c e d  a r e a .  In 

t h e  bay,  R a n &  l a t e r a l i s ,  P I e d i o m a s t u s  
cdllf o rn lens i s ,  the  c u m a c e a n  R e t u s a  c a n a l -  
Emrdnd h e  p o l y c h a e t e  .. 
Ta-amar'tated - "-- c o l l e c t i o n s  t 

( 14) observes t h a t  b e n t h i c  s p e c i e s  
d i v e r s i t y  g e n e r a l l y  d e c r e a s e d  f r o m  t h e  
1uwe.r r edches  of the Lavaca Bay Estuary t o  
the n ighe r ,  more  r i v e r - i n f l u e n c e d  a r e a s .  
'I h e y  n o t e d  t h s t  diversities w e r e  g r e a t e s t  
i n  the  spr in i t  when f r e s h w a t e r  i n f lows  w e r e  . - 
low. The tnollusks c u n e a t a  and 
L - L L t a n 2  5 m c t o s t o m a  and  chironorrrid 
Id rvde  d o m i n a t e d  d t  r i v e r - i n f l u e n c e d  c o l -  
Iec t ion  s i t e s ,  whi le  Medigmastus  c a l i f o r n -  
l e n s l s  a n d  eLidg h & ~ a >  w e r e  m o s t  - -- 
abundant a t  t h e  middle bay sites. Maximum 
abunrfances of benthos were observed in t h e  
s p r i n g  a t  a m e a n  o f  3i10 u r g a n i s m s / m 2 ,  
while lnlnimufn abundances  w e r e  r e c o r d e d  in 
t h e  f a l l  a t  a p p r o x i m a t e l y  1 0 0  o r g a n -  
~sms/m". in Cox Bay, a c o m p o n e n t  of  t h e  
L a v a c a  Bay E s t u a r y ,  Moseley e t  al .  ( 1 9 7 5 )  
n o t e d  t h a t  mol lusks  and  p o l y t h d e t e s  corn- 
p r i s e d  9 5 %  oP t h e  b e n t h i c  b i o t a .  T h e  
s p e c i e s  f o u n d  in L a v a c a  S a y  were a l so  
dburrdant  h e r e ,  d long wi th  t h e  p o l y c h a e t e  
Pard_e_rrlonospio p t n n a t a  a n d  t h e  b i v a l v e  
; t o T f u s C * $ ~ ~ ~  m _ i t c t ~ n .  

The o n l y  r e p o r t e d  s t u d y  of  b e n t h i c  
me.iufaunrt ( t h o s e  sma l l  b i o t a  of t h e  b e n -  
t h u s  t h a t  wi l l  p a s s  t h r o u g h  a 0.62-mn mesh 
s c r e e n )  f o r  T e x a s  e s t u a r i e s  w a s  c o n d u c t e d  
in San Anton40 Bay ( R o g e r s  1916). 7 h e  
meiofauni t  com p o n e n t  o f  t h e  b e n t h o s  i n  t h i s  
e s t u a r y  c o n s i s t e d  of n e m a t o d e s ,  o s t r a c o d s ,  
copepods ,  k ino rhynchs ,  p o l y c h a e t e s ,  g a s -  
t r o p o d s ,  pe l ecypods ,  and  pycnagon ids .  The 
nematodes #ere cons i s t en t ly  t h e  most  domi -  
n a n t ,  r e p r e s e n t i n g  8 J X  o f  t h e  t o t a l .  
O r t r a c o d s  and  c o p e p o d s  e a c h  a c c o u n t e d  f o r  
a n o t h e r  5 % .  T o t a l  meiof a u n a l  a b u n d a n c e  
w a s  o b s e r v e d  t o  b e  low i n  t h e  s p r i n g  
( R o g e r s  1 ~ 7 6 )  and  t o  i n c r e a s e  t h r o u g h  t h e  
s u m  rner a n d  f a l l  t o  w i n t e r  maximums. 
Roger s  conc lu t l ed  t h a t  t h j s  t r e n d  was  d u e  
t o  p r e d a t o r y  p r e s s u r e  f rom t h e  m a c r a f a u n a l  
b e n t h o s  s i n c e  d a m i n a n t  m e i o f a u n a i  popu la -  
t i o n s  n o r m a l l y  s p a w n  t h r o u g h o u t  t h e  y e a r .  
He a l s o  n o t e d  t h a t  s e d i m e n t  s t r u c t u r e  
a p p e a r e d  t o  be t h e  p r i m a r y  f a c t o r  inf lu-  
e n c i n g  g e o g r a p h i c a l  d i s t r i b u t i o n  o f  meio-  
f a u n a ,  w i th  h i g h e r  s i l t  f r a c t i o n s  usua l ly  
supporting g r e a t e r  a h u n d a n c e s ,  

Peak abundance3 of benthic marnofauna 
in ban An ton io  Bay w e r e  o b s e r v e d  by M a t -  
t h e w s  e l  dl ,  (1974) t o  beg in  in  t h e  s p r i n g  



(mean of 450 organisms/m2) and continue 
in to  ear ly summer, Minimum mean benthic 
abundances were recorded a t  approximately 
SO organisms/mVn the  f a l l  months. Mol- 
luscan gastropods and bivalves dominated 
faunal assemblages i n  the r iver- inf luenced 
upper bay area while the polychaetes again 
were most abundant i n  the more saline 
middle bay area. L i t tor id ina sphinct0,- 
stoma and Rangfa cuneata were again the 
dominant bivalves o f  the less saline areas 
while Mediomastus californiensis, Streblo- 
y& benedict i  and Mulinia lateral is domi- 
nated a t  hiqher s a w c o -  sites. 
Matthews e< al, (1974) observed tha t  al -  
though t he  smallest num ber o f  species were 
taken from the river-inf luenced regions o f  
the bay, this area usually supported the 
largest benthic abundances. Harper and 
Hopkins (1976) also noted t ha t  peak abun- 
dances occurred i n  areas o f  lower sal in i ty 
and recorded the same dominant species as 
observed by Matthews e t  a l .  (1974). They 
f u r t h e r  observed t h a t  Mul in ia  l a t e r a l i s  
normally exhibited peak population abun- 
dances fn  t he  w in te r  and e a r l y  spr ing.  
Harper hnd Wopkins (197b) at t r ibuted the 
increased benthic abundances i n  the  r i ve r -  
influenced areas t o  the fncreased inf low 
of  fresh w ater-associated nutrients, since 
accord inq  t o  t h e  investiqators, benthic 
organisms l ike Rangia cuneata and L i t t o r i -  
dina are known t o  spawn i n  - 
response t o  fncreased nutrients and rap id  
decreases I n  sal inity. 

Holland e t  al, (1975) recorded peak 
benthic faunal abundance f o r  Aransas Bay 
i n  late winter and spring o f  each year 
during a 3-yr study. Mean peak abundances 
fa r  th is perJod were approximately 2,500 
arganisms/mE. Minimum mean abundances of 
approxlm ately 8610 organlsms/m2 occurred in  
the f a i l  o f  each study year. Mediomastus 
ca l f f o rn i ens i s  and Streblospio benedict i  
were the most abundant and also the most 
ubiquitous blota observed. Calnan e t  al. 
119831 indicated t ha t  the dominant oolv- 
chaete i n  t h i s  bay was 
pinnata, and the dominant 
t h e  amphipod A m  e l rsca 
study was of extrelne --eT- v 1 

~ a r a ~ r i o n o s $ o  
crustacean was 
v e r r i l l i ,  This 
mited duration. 

~ h e i e  investigators f uii.her observed t h a t  
the open-bay bottom supported the  lowest 
abundance of b iota o f  all  habitats inves- 
t fgated i n  Aransas Bay. 

Calnan e t  al. (1983) found character- 
jst ic benthic species of Copana Bay t o  be 
t ne  po lychaetes E l  c inde  s o l i t a r i a  and 

- 
--&-xi Paraprionospio pinna a, e mollusks &- 

coma mi tche l l i  and Mulinia lateralis, and 
crustacean Lepidactylus sp. Holland ' e t  al. 
(1975) observed peak benthic abundances t o  
occur i n  Gopano Bay during l a t e  winter to  
spring over a 3-yr study with mean abun- 
dance equalling 500 organisms/m2. Minimum 
benthic mean abundances consistently oc- 
curred i n  the f a l l  a t  180 organisms/m2. 
Those polychaetes t ha t  dominated i n  Hol- 
land's Aransas Bay samples were most abun- 
dant here also. 

The Corpus Christ i  Bay system, inc lu-  
ding Nueces Bay, has probably been the 
most heavily studied o f  Texas estuaries 
with respect t o  benthic populations o f  the 
open-bay bottom. Holland e t  al. (1975) 
took monthly bottom samples a t  a t o t a l  of  
20 col lection sites wi th in these two bays 
between the f a l l  o f  1972 and spring of 
1975. O f  the 331 species col lected during 
the  study, polychaetes were the most abun- 
dant group. Dominant i n  th is group were 
Plediomastus ca l i fo rn iens is ,  ~ t r e b l o s p i o  
benedicti, Paraprionospio pinnata, Cossura 
delta, and Glycinde solitaria. Dominant 
a s k s ,  the second most abundant sroup 
observed i n  these estuar ies,  inc iuded 
Mulinia lateralis, Lyonsia hyalina f l o rd i  - 
dana and Macoma mitchell i .  Benthic faunal 
-8 

abundances peaked i n  the winter of each 
study year i'n Corpus Christ i  Bay, exhibi- 
t i n g  mean abundances o f  5,000 organ-  
isms/m2. Minimum abundances usually occur- 
r e d  i n  la te  summer and f a l l  around 1,750 
organisms/m2. I n  Nueces Bay these trends 
were s imi lar ,  excep t  t h a t  du r i ng  some 
study years there appeared to  be a second- 
ary peak i n  benthic abundance i n  midsum- 
mer. The spring peak mean abundances i n  
Nueces Bay were much greater than i n  
Corpus Christ i  Bay, averaging approximat- 
e ly  15,000 organismsf m2, while minimum 
abundances occurrina i n  the f a l l  averaaed 
1,200 organisms/m2*. W h i le Medioma&.is 
californiensis and St reb losp io  bened i c t i  
were consistently the dominant fauna i n  
Corpus Christ i  B;~, Holland e t  al. (1975) 
observed t h a t  Mu l in ia  l a t e ra l i s ,  a b i -  
valve mollusk, dominated ear l ier  col lec- 
t ions o f  the studv i n  Nueces Bay. The 
amphipod ~orophium" acherusicum also domi- 
na ted  s a m ~ l e s  dur ina  one c o l l e c t i o n  i n  
Nueces 8ay, specie; d iversi ty i n  these 



t w o  bays  g a s  obse rve i l  t o  peaK i r a  tile 
s p r i n g  of' each  yecat-; Corpus Chr i s t i  Bay 
H a s  c o n c ~ b t e n t l y  ~ i g t ~ t : . r  In specrex d i v e r -  
s a t y  t h a n  Ntieces Bay. I n  ccantr-&st t o  most 
a t n e r  T e x a s  e ~ t . \ i d v 3 t ? ~ ,  J l n w e t t e  j lY7b) 
rcportea e o a t  malldsiis rdtner t h d n  poly-  
chaetel; were the  dsfonn~nant f,%irnn for Nt jece  
Bsy. r(e i nd lcd fad  rh~ae 16% of t h e  t3t31 
benthic ~ D u n c l d n c e  o v e r  h!b s t u d y  was  Corn- 
prlserl af mollusks, efirte o n l y  1Yg wcrc? 
po ' iychdeter .  M u l ~ n r a  l a t e r a l i r  w d s  t h e  --~ ---*-- - 
doanlndnt moll us^, whale E$jug-&bAg2- $2~3- 
fornxerlsis  P a r a p i o n o s k ~ z  pj!_n_nktA, a n d  
*------ B - ----_-- 
b>~?ncfg s o l f t & ? z  Here  sorrie o f  %nr d o r i r l -  
n a n t  p o i y c h ~ e t e s .  J i n n e t t e  ( 1 3 7 6 )  d n d  
Murrdy d n b  J lnnet fc ;  (1916) 'inctlcdteid t n d t  
wak Nueces Bdy ben tn ic  a b u n d a n c e s  o c c u r -  
r e d  rn t h e  wtrlter arlu e a r ly  s p r i n g  and  
were usua l ly  i n f l u e n c e d  b y  l a r g e  popu la -  
t i o n s  uf Wulinid l a t e r a l i s .  in c o n t r d s t ,  
t h e y  n o t e 3 3 d t  *-%%G l a t e r a l i s  ----- w a s  
a b s e n t  f rom c o l l e c t w i n  t h e  fa l l ,  whicn 
o f t e n  exhibited maxlrnurn d b u n b a r r c e s  OF 
N m e r t e a n s .  

The most  i r ~ t e n s i v e  s t t ~ d y  of  b e n t h i c  
i n v e r t e b r a t e  p o p u l ~ t i o n s  alortg t h e  T e x a s  
c o a s t  was  t h a t  r e p o r t e d  by F l i n t  a n d  Younk 
(19133) f o r  a  s i n g l e  a r e a  of Corpus  Chr i s t i  
Bay t h d t  i nc luded  & s h o a l  h a b i t a t  and  a  
c h a n n e l  h d b i t a t  o f  t h e  o p e n - b a y  bo t tom.  
This  s t u d y ,  p i u s  c o n t i n u e d  s a m p l i n g  t o  t h e  
p r e s e n t ,  c o v e r e d  t h e  pe r iod  of 1 9 7 4 - 1 9 8 3  
and  i n c l u d e d  mortthly c o l l e c t i o n s  a t  t h e  
s a m p l i n g  s i t e s  f rom 19 /4 -1979 .  k t o t a l  of 
313 t d x a  r e p r e s e n t i r r g  1 3  phy la  w a s  t o l -  
l e c t e d  d u r i n g  t h i s  s t u d y  of b e n t h i c  m a c r o -  
i n v e r t e b r d t e s  in  Corpus  Chr i s t i  8 d y .  The 
o o l y c h a e t e s  were t h e  most: a b u n d a n t  g r o u p  

o v e r  a i l  o t h e r  s p e c i e s  in  t h e  g r a b  s a m -  
p l e s .  S e v e r a l  p t ? l e c y p ~ d  m o l l u s k s  a l s o  
o c c a s i o n a l l y  p r e d o m i n a t e d  in  g r a b  samples ,  
e s ~ e c i a l l v  o n  a  s e a s o n a l  b a s i s .  T h e s e  

. t e r a l i s  (41+7/rn2j, L o n -  
/ and%fi 

h i g h e r  ahundances .  Obv ious  peaks ,  e s p e -  
c i d l l y  f o r  the s h o a l  s i tes,  o c c u r r e d  i n  
t h e  w i n t e r s  o f  1 9 7 5 ,  1 3 7 7 ,  a n d  1 9 7 9 .  
P hest; w r n t e r  p e a k s  were alw a y s  a s s o c i a t e d  
w r t l t  i n c r e a s e d  s b u n d d n c e s  o f  m o l l u s k s ,  
s u c n  a s  H u i ~ n i ~  i d t e r a l i s  a n d  A b r a  
a e q u a l i s  t h a t  r e y u l d r ' i y  o c c u r r e d  i n  
w l n t e r .  

A l t h o u g h  t h i s  s t u d y  F o c u s e d  o n  a  
r e l a t i v e l y  s m a l l  a r e a  o f  t h e  C o r p u s  
C h r i s t i  o p e n - b a y  b o t t o m ,  t h e  h a b i t a t  
s t u d i e d  ( s k u d l  and c h a n n e l )  s h o w e d  r e s u l t s  
corlrpardble t o  a p r e v i o u s  s t u d y  o f  s i m i l a r  
t t a b i t a t s  ( t i o l l a n d  e t  dl. 1975) .  In  t h e  
e a r l i e r  s t u d y ,  a c e n t r a l  Bay s t a t i o n  w h e r e  
e n v i r o n m e n t a l  c o n d i t i o n s  were s i m i l a r  t o  
t h e  s h o a l  s t a t i o n s  o f  t h e  1974-1383  s t u d y  
e x h i b i t e d  f a u n a l  d b u n d a n c e s  b e t w e e n  1,767 
and d,bUU organismsfn1"ith an annual  mean 
s p e c i e s  d i v e r s i t y  o f  3.61. In  c o n t r a s t ,  
s h o a l  s t a t i o n s  s a m p l e d  b y  F i i n t  and  Younk 
( 1 9 8 3 )  e x h i b i t e d  mean a b u n d a n c e s  b e t w e e n  
2,000 dnd 18,960 o rgan i smsfm%i th  a  mean 
s p e c i e s  d i v e r s i t y  o f  3.76. Ano the r  s t a t i o n  
f rom t h e  e a r l i e r  s t u d y  (1972-1975)  war; 
s i m i l a r  Sn d e p t h  a n d  s h i p  t r a f f i c  a c t i v i t y  
t o  t h e  1974-1983 c h a n n e l  s t a t i o n s .  This 
s t a t i o n  e x h i b i t e d  b e n t h i c  communi ty  a b u n -  
d a n c e s  b e t w e e n  8 6 7  and 8 ,580 organisms/mz 
wi th  a n  a n n u a l  mean s p e c i e s  d i v e r s i t y  of 
1 .84 .  In  t h e  F l i n t  a n d  Younk  ( 1 9 8 3 )  
s t u d y ,  t h e  c h a n n e l  s t a t i o n s  e x h l b ' l t e d  
a b u n d a n c e s  b e t w e e n  390 and  6,450 o r g a n -  
ismslm" and  a mean d i v e r s i t y  o f  2.96. 

Mildebrand a n d  King ( 1 9 7 8 )  s t u d l e d  
t h e  Dso Bay b e n t h o s  f o r  a  6 -y r  p e r i o d  and 
a s  wi th  o t h e r  ~ t u d l e s  n o t e d  t h a t  t h e  poly- 
c h a e t e s  were t h e  m o s t  a b u n d a n t  f a u n a ,  
They  o b s e r v e d  t h a t  S t r e b l o r  i o  b e n e d i c t i  
was t h e  most abundant --TP po ychaete,  followed 
b y  Aren ico la  c r i s t a t a ,  C a p i t e l l a  c a p i t a t a ,  
Mediont a s t u s  m n i e i n s i s ,  a n d  H e t e r o -  
m a s t u s  filliform>. P a l y c h a e t e s  a p p e a r e d  
t o  r e a c h  maximum a b u n d a n c e s  i n  t h e  w i n t e r  
a n d  minimums d u r i n g  the summer .  The  most 
a b u n d a n t  c r u s t a c e a n  o b s e r v e d  i n  058 Bay 
was  t h e  amphipod Ampe l i sca  a b d i t a ;  Mulinia 
l a t e r a l i s  was  t h e  d o m i n a n t  m-k. 

T o t d l  b e n t h i c  a b u n d a n c e  was generally 
q u i t e  v a r i a b l e  o v e r  t h e  s t u d y  p e r i o d .  In t h e  Upper Laguna Ma&@, Hfldebrand 
Peak a b u n d a n c e s  a v e r a g e d  1 ,700  o r g a n -  a n d  K i n g  ( 3 9 7 8 )  o b s e r v e d  t h e  g r e a t e s t  
kms/m2 while minimums went almost down t o  n u m b e r  of b e n t h i c  speclets and t o t a l  m a c r o -  
35Q srganisss f a" SSignificarlt differences i n f a u n a  1 a brtndartc~c  i n  f h e  winter and  
were o b s e r v e d  b e t w e e n  t h e  s h o a l  a n d  c h a n -  e a r l y  sp r ing .  The  p o l y c h a e t e s  were t h e  
n e l  sites, with t h e  s h o a l  s i t e s  s h o w i n g  mos t  v a r i e d  and  a b u n d a n t  group,  f o l l o w e d  



by the mollusks. Mediomastus californ- 
iensis and Streblospio benedicti were the 
dominant polychaetes while Mulinia later- 
alis was the dominant mollusk in the open- 
bay bottom. Parker (1959) found that a 
distinct physiographic and biologic envi- 
ronment existed in the Laguna Madre due to 
the  high salinities,  high summer water 
temperatures, and minimal water exchange 
with either Corpus Christi Bay or the Gulf 
of Mexico. Consequently, he and others 
(e.g., Hedgpeth 1967) have reported that 
Invertebrate populations of the benthic 
sediments differ from the brackish- w ater 
organism -dominated assemblages found in 
less  saline estuaries. Simmons (1957) 
observed that Penaeus aztecus was the only 
penaed shrimp able to  withstand salinities 
above 45 ppt .  He further observed that  
amphipods were extremely numerous in 
hiqher salinities but that only four bi- 
vaive mollusks occurred, with Anomalo- 
cardia cuneimeris most abundant. Although 
observations on polychaetes in the Lower 
Laguna Madre have not  been reported, the 
dominant mollusks of th is  hypersaline 
environment appear to  be ~ u l i n i a  lateralis 
and Tellina tampaensis. 

A summary of benthic faunal data for 
the open-bay bottoms along the Texas coast 
is presented in Table 8. Two trends are 
evident from this summary. First, the 
observed abundances generally seem to  
increase as one moves along the coast from 
the  more freshw ater-influenced eastern 
estuaries  t o  the  more saline southern 
estuaries. Second, in al l  the  estuaries  
where there are data available, peak ben- 
thic abundances occur in the winter and 
spring with minimum abundances usually 
occurring in the late sumer and fall. An 
examination of the dominant species obser- 
ved for each estuary (Table 8) indicates 
that  the more freshwater-influenced sys- 
tems support fauna that are often char- 
acteristic of less saline waters, such as 
R angia cuneata and Littoridina sphincto - 
stoma as well a s  many oligochdetes. 
-9 

Ttese species disappear from the dominant 
lists in. the more saline southern estu- 
aries along the coast. For the majority 
of Texas estuaries  where benthic data 
exist,  the  polychaetes usually dominate 
the species assemblages, while Mediomastus 
californiensis and Streblospio benedicti 
are normally the most abundant populations 
found. Paraprionospio pinnata, one of the 

most dominant polychaetes of Corpus 
Christi Bay, is indicative of the higher 
salinity in this estuary, since this spe- 
cies is  normally observed as a member of 
coastal-shelf benthic communities. 

3.5 OPEN-BAY BOTTOM NEKTON 

Nekton is a collective term for all 
organisms which swim in the water column 
and which can move in any direction, 
rather than a direction governed by the 
currents. The nekton of the  open-bay 
bottoms include the epibenthic crustaceans 
t h a t  live on the  sediments and in the  
water overlying the sediments, large jel- 
lyfish, and the numerous fish species that 
live throughout the water column. The 
nekton encompass the majority of secon- 
dary-consum er bio m ass that  inhabits estu- 
aries. These organisms derive most of 
their  nutrition e i ther  from the  biotic 
components of the open-bay bottom already 
discussed or  from juveniles and smaller 
fauna of the nekton themselves. The nek- 
ton serve as the primary link between man 
and the open-bay bottom since many of the 
species comprising this component are of 
commercial or recreat ional  importance. 
One characteristic of the estuarine nekton 
is tha t  many of the species included in 
the group are not permanent residents, b u t  
r a the r  spend only part  of the i r  l ife 
cycles in the estuary. Because migrations 
and spawning cycles can affect the diver- 
sity of the nekton a t  any time during the 
year, knowledge of the life-history pat- 
te rns  of these fauna is  important in 
assessing the overall trends of the nekton 
in estuaries. 

In a summary of trawl surveys of East 
Bav. a Dart of Galveston Bay, Reid (1957) 
fo ihd tha t  Micro o onias -undulatus and 
Anchoa . i t c h - o m  the 
dominant nekton (33.7% and 31.0%) of the 
total fishes, respectively, during summer. 
Cham bers a n d  Sparks (1959) recorded m- 
soma cepedianum, Micropogonias undulatus, 
Penaeus set iferus,  Brevoortia patronus, 
and Leiostomus xanthurus as the five domi- 
n a n t  nekton soecies durinq an ecoloqical 
survey of t h e '  Houston ~ h i p  channel in 
Galveston Bay over a 10-mo period. Parker 
(1965), in a general survey of all Galves- 
ton Bay, found that  eight estuarine-depen- 
dent species comprised over 80% of the 
total nekton collected. These, in order of 



Table 8 Surtrrrrdry af the rnapr chnrsetsristics of barlfhse rttvurterhrrate ia8semblscq~8 En the open-bey bottom biotopes of 
Texas estuaares 

Medn sedsond'i benthic dhuilddnce 

Doriti n a n t  fauna 
- --- 

Sahinc L d k c  3.1" R a n ~  -. i -- a cunea -.-- t a  "- 

Gal ves ton Bdy 4 0 (s f '  17 0 {bl-sft) StreblpsgI~ -- --- b~besdjctj 
j l r l n ~ t y  Bdy) Mediortia_st_us - - cal i forniensis  -- ---- .- 

B_a 12 n_u_s e& r ~ e u ?  
 MU^ R- -- --<-- inia -* 1ateraTis - 

angia cuneata - - -  - -  --- - - - -  

Lavaca Bay 1 - 0  ( F )  

fan Antonio Bay 0 6 ( F )  

Aransas Bdy 8 .0  ( F )  

Capanu Bay 1.8 ( F f  

Lit tor idina sphinct$s_t_.o&a --- - - - - - -  
f?dniJj_a cse>.tg- 
~>diornastus ca l  i forniensis - ---- - -  ------ 
~ f r e b l a s  io benedicti - -- + -- - -- 
Mu7 inia ater'a7 i s  - - - * ---- 
Mediamastus cal i forniensis  - .  
~ < r e  b-I 6ioir'd bZn$d i c  t'i- 

- -  Med - ion~astus cal iforniensis 
st - -  rebi os$% b@ned"i ĉ t i- 

" &  - - -  - - - - -  

Mediarriastus cal iforriiensis - -- 
g<r~6losff i ,  ben<d"fct i 

Nueces Bdy 17 0 ( T j  IS0 0 { S p )  M t ~ l  inid Idteral-is 
C6rn$7vm acherusicum 
!&ai%nia"<tus cal-i foGien3is  
S?febto-<$o benedicti - - --" - 

'~stirnatec; fro111 H o l l a n d  e t  d l  (1375) for  t h e  e n t ~ r r  c>av, 

d~stinrate?s from F l  l n t  and vounk (3987) f o r  d $,mall ;ona[innPnt of  the  e n t i r e  b a y .  



their abundance, are Micropogonias undula- 
t u s  Anchoa m i t c h i l l i ,  Penaeus aztecus 
~en'ieus setiferus, Leiostomus xa- 
-on arenarius (sand -: 
Cal l  inectes sapidus, and Arius fel i s  
(hardhead cat f ish) .  O f  the e igh t  species, 
only the bay anchovy, Anchoa m i t c h i l  l i ,  a 
forage species, was not o f  d i r e c t  commer- 
c i a l  importance. Micropogonais undulatus 
were most abundant i n  the spr ing o f  each 
sampling year. Peaks i n  t h i s  species' 
abundance were fol lowed by maximum abun- 
dances f o r  Penaeus aztecus (May) and 
lesser peak abundances f o r  Leiostomus 
xanthurus (May-July) and Cynoscion 
arenarius (May-September). Penaeus 
se t i fe rus  exh ib i ted peak abundances i n  
Galveston Bay i n  summer and f a l l  (July-  
November) as d i d  Arius f e l i s  (July- 
September). Anchoa m i  t c h i  11 i exhib i ted 
two peak abundance ~ e r i o d s :  May-June and 
October-November. Cal l inectes sapidus was 
most abundant i n  the winter  o f  each year. 
Bechtel and Copeland (1970), i n  a quar- 
t e r l y  survey o f  nekton i n  Galveston 
Bay, observed t h a t  M i  cropogoni as a- 
la tus and Anchoa m i t ch i l l i  were again the  
most dominant species throughout most o f  
t he  year. The one exception was t h a t  
Arius f e l i s  was observed t o  be dominant i n  -- 
t h e  f a l l  w i th in  many areas o f  Galveston 
Bay. Johnson (1973). besides recordins 
t h e  dominance o f  ~ i&opogonias undulatui  
and Anchoa mitchi l l i ,  noted t h a t  Brevoor- 

is extremely abundant i n  
.y a p a r t  o f  t he  Galveston Bay 

system. H e  also observed t h a t  three per-  
manent residents of the  estuary, Cyprino- 
don varieqatus, Muqil cephalus, and m- 

bery l i ina ( t ide w a ter  si lverside) w ere 
co l lec ted i n  larae numbers. Gallowav and 
Strawn (1974),-in a 2-yr study of i p p e r  
Galveston Bay, recorded Micropogonias E- 
du la tus  as t h e  dominan t  nekton species 
which, together w i th  Anchoa m i t ch i l l i  and 
Arius fe l i s  comprised over f5% the 
tm n M n  catch. Odum e t  al. (1974) 
repor ted t h a t  i n  a study o f  Clear Lake, an 
extension o f  ~a l ves ton -  Bay, ~ i c r o ~ o ~ o n i a s  
undulatus was again the  dominant nekton 
species, fo l lowed by t he  shrimp species 
~ ' e n a e u s  a r t e c u s  and Penaeus setiferus. 
According t o  Chapman (=clear Lake 
was t h e  prime hab i ta t  area o f  t he  Galves- 
t on  Bay system f o r  these shrimp, which 
comprised 44% o f  the  t o t a l  nekton catch 
compared t o  only 22% i n  T r in i t y  Bay. I n  
contrast, t he  f i v e  dominant f i sh  f rom the 

n,ekton, Anchoa mitchi l l i ,  Micropogonias 
undulatus, Cynoscion Brevoort ia 

atronus and Leiostomus xanthurus con t r i -  b % t o  t o t a l  nekton abundance i n  
T r in i t y  Bay and only 50% i n  Clear Lake. 
Besides the  shrimp and blue crab, Schmidt 
(1972) observed t h a t  three other species 
comprised the  epibenthic crustacean con- 
t r i b u t i o n  t o  n e k t o n  t o t a l  abundance i n  
T r in i t y  Bay. These species included t he  
grass shrimp Palaemonetes pugio and Palae- 
monetes vulgaris, and the mud crab M- 
thropanopeus h a r r i s i i .  

The most extensive survey o f  Galves- 
ton Bay f i s h  species was reported by  Sher- 
idan ( in  preparation). He observed 96 
species o f  f ish  among 364,815 individuals 
over a 24-mo study period. Six species 
t h a t  accounted f o r  91.3% o f  t he  t o t a l  f i sh  
abundance were Micro o onias undulatus 
(51.2%), Anchoa m*3%- 
l i f e r  lanceolatus ( m ~ e i o s t o m u s  xan- 
thurus (4.1%), C noscion arenarius (3.m, 
and Ar ius  f e l i h .  Micropogonias 
undulatus was t he  dominant species during 
14 winter through summer months. Anchoa 
m i t c h i l l i  was t h e  dominan t  f i s h  du r i ng  
eiqht f a l l  and ear l y  winter months, and 
s te l l i f e r  lanceolatus (star drum) predomi- 
nated i n  t w o  l a t e  summer months durino t he  
t o t a l  study period. Fish t o t a l  abundsnce 
showed peaks i n  t he  spring (Apr i l  and May) 
and minimums i n  the fal l .  Seven fishes, 
including the  s ix  most abundant species, 
comprised 73.8% of the  t o t a l  f ish biomass 
observed i n  Galveston Bay during t he  2-yr 
study period. Micropogonias undulatus was 
the dominant biomass contributor, compri- 
sing 36.5% o f  t o t a l  biomass. Besides the  
other most abundant f i sh  l i s ted  above, the  
s t r i pped  mul le t ,  Mug i l  cephalus, was a 
dominant biomass cont r ibutor  wi th 7.6% o f  
t o t a l  biomass o f  population. I n  general, 
during t h i s  study, Sheridan observed t h a t  
fishes were most abundant i n  the  upper 
reaches o f  the  estuary and t h a t  most spe- 
cies were recorded i n  waters close t o  t h e  
oceanic inf luence o f  t he  Gulf of Mexico. 
Ste l l i fe r  lanceolatus was t h e  most abun- 
dan t  f i s h  i n  t h e  channe l  areas of t h e  
open-bay bottom, while i n  most other areas 
o f  th i s  estuary, Micro o onias undulatus 
and Anchoa m i t c h ~ l l ~  ----I- usua l y  dominated 
co l lec t ions.  

Moseley e t  al. (1975) conducted a 
mult iyear study o f  the  nekton i n  Cox Bay, 



a past  o f  kavacd Bdy, Tney observed tha t  
the highest mean biomass catch o f  nekton 
occurred during the la te  winter dnd  spring 
months and concluded tha t  this was proba- 
bly a reflection of an influx of the  young 
o f  such species as Micropogonias undulatus 
and leios~omus xanthurus. They recorded a 
!nidsummer biomass peak, comprised primar- 
ily of Penaeus sp. Anchoa mitchil l i ,  
Arius felis and Micropogonias undulatus -- -3 

were collected in most trawls dur'ing the 
study and did not appear to show a prefer-  
ence for sa l in i ty .  These inves t iga tors  
observed, however, tha t  the other dorninant 
nekton, including B-revoortia patronus,  
Penaeus az tecus ,  C nascion a renar ius ,  ---- 
Penaeus setiferus, a ~ h c t e s  sapidus 
preferred low er-salinity waters. The bsy 
squid, L o ~ ~ ~ g u n c u l a  brevis, was recorded 
i n  high numbers during the suinrner d n d  fa l l  
in the open-bay bottom biotope of Cox Bay. 

ldarper and Hopkins (1976) noted tha t  
unlike other studies, nekton in San Anto- 
nio Bay reached maxirnum abundances in the 
fa17 with a winter  decl ine  and spring 
increase. mitchilliJ Micropogonias_ 
undulatus, Brevoortia patronus, and the  
sergesti d shrimp Acetes dmericanus com - 
pribed 90% of the to ta l  nekton abundance 
for this estuary. w s  m_itchilli, which 
was abundant during the  e n t i r e  s tudy ,  
accounted For 74% of this total. Micropo- 
gonias undulatus reached peak abundances 
in the  spring, and Brevoortia patronus was 
most abundant in the winter. The shrimp, 
Acetes americanus exhibited peak abundan- -- 
ces i n  f a n d r l y  winter. 

In  a study of Aransas Bay from 1966- 
1973, Moore ( 1 9 1 8 )  reported tha t  3,000- 
4,000 rnd-ividuals of fish per hour were 
collected and between 24 and 28 specjes 
were ooserved each year. The s ix  most 
dominant species observed were Micro - 

the Shannon- Wiener species diversity index 
for FSsh of the open-bay areas of Aransas 
day rdnged between 1.38 and 2.13 w i t h  an 
overall study mean of 1.80. He concluded 
from the patterns observed t h d t  climatolo- 
.;ical changes ,  especia l ly  temperature,  
exerteu a major influence over the  dyna- 
mics of the  fish populations in Ardnsas 
Bay. 

A study of nekton over a 53-1110 period 
in  Corpus Chrilsti Bay (5. Ray, Texas A & M  
tl niversity, pers. comm.) indicated t h a t  
most o f  the dominant species were those 
observed in other open-bay bottom areas of 
Texas. The 10 most abundant species col- 
l e c t e d  during t h i s  s tudy  were Trach - 
penaeus sirnilis (roughback s h r i m p ~ d -  
l i f e r  l a n c e o l a t u s ,  Anchoa mitchil l i ,  - 
Micropogonias undulatus, Leiostomus E- 
thurus ,  Penaeus az t ecus ,  Ca l l inec tes  
sirnilis, C noscion a renar ius ,  S in hurus  
plsgiusa ?-- blackcheek tonguefish)*- 
linectes sapidus. These species ,  along - 
w i t h  Penaeus set i ferus  and Squilla empusa, 
were also the most frequently caught nek- 
ton  during the  study period. ~ u r i n g  t he  
study, differences were noted between t h e  
nekton assemblages in the shallower shoal 
waters of the  open-bay bottom and t he  
channel areas. I n  general, the  shoal areas  
exhibited much lower to ta l  abundances and 
smal ler  spec i e s  d ivers i ty  measures than 
t h e  channel waters. Anchoa mitchilli was 
the  most abundant species i n  the  shoal 
collections. A creel  census of t h e  Corpus 
Christi ilay Estuary (Uowman e t  al. 1976) 
identified high abundances of several game 
fish in the  open-bay bottoms t ha t  for one 
reason or another had not been collected 
in larse numbers by trawl surveys. In- 
cludedsin this list were  n no scion nebulo- 
sus, Sciaenops ocellatus, Pogonias cromis, 
P a r a l i c h t h y s  l e t h o s t i  ma ( s o u t h e r n  
fFlEKGT. Bagrh-fftoprail c a t -  
f ish),  and Laqodon rhomboides. 

Murray and Jinnette (1974) conducted 
a nekton survey in the  Nueces Bay Estuary 
and recorded  f i ve  dorninant spec i e s  i n  
thei r  collections. These included Penaeus 
s e t i f e r u s ,  whose populat ions  peaked i n  
summer and fall ;  Brevoortia patronus, with 
peak abundances in spring; Anchoa mitch- 
3 occurring all year round; Leiostomus 
xanthurus, with peak abundances i n  spring 
and winter; and Micropogonias undulatus, 
whose aouulations exhibited a l a te  winter 
and spring peak. 

Hi lde~rand and King  (1978) reported 
on the nekton observed in a 6-yr study of 
Oso Bay and the  upper Laguna Madre. In 
Oso Bay, ei ther according t o  abundance or 
biornasr contribution t o  to ta l  catch, they 
noted t he  followina s ~ e c i e s  as i m ~ o r t a n t :  
Anchoa r n i t c h i l ~ i , ~  C'allinectes iapidus ,  -- 
Penaeus artecus,  Mugil cephalus, Micropo- 



setiferus, @- 
atronus,  and 

i k a g u n a  
ns r e v e a l e d  t h a t  

according t o  the  same c r i t e r i a  the f o l -  
lowing were t h e  most  i m p o r t a n t  n e k t o n  
species: Lagodon rhomboides, Anchoa mitch - 
illi C a l l i n e c t e s  sap idus ,  Penaeus  -* 
a z t e c u s ,  u s a n u s  b e t a ,  L e i s t o m u s  
xanthurus ,  M u q i l  cephalus,  Neopanope 
texana Menidia beryl l ina, and -* 
n ias unduxtus.  Hedgpeth (1957 
7 

t h a t  t h e  above spec ies  were g e n e r a l l y  
Found throughout t h e  Laguna Madre along 
wi th  the  impor tant  commercial and recrea-  
t i o n a l  species Sciaenops oce l la tus ,  Pogo- 
nias cromis, and Cynoscion nebu'losus. 
w 

From t h e  above comparisons o f  domi- 
nant  species recorded f rom various nekton 
s t u d i e s  i n  e s t u a r i e s  a long  t h e  Texas 
coast ,  i t  appears  t h a t  t h e r e  i s  g r e a t  
s im i la r i t y  among the  nekton assemblages 
t h a t  i nhab i t  these Texas open-bay bottoms, 
i r respect ive  o f  t he  d i f ferences i n  sal in - 
i t y  reg imes.  The dominan t  spec ies  o f  
Texas estuaries appear t o  be able t o  t o l -  
e ra te  qu i te  a wide range o f  sal ini ty. One 
species, ha wever, which was n o t  repor ted 
as dominant f r o m  any o f  t he  studies sum- 
marized above, was t h e  sheepshead, Archo- 
sargus probatocephalus. From numerous 
u n d e r w a t e r  o b s e r v a t i o n s  i n  t h e  Corpus 
Christ4 Bay Estuary ( W. F l in t ,  unpublished 
data), this species i s  known t o  ex i s t  i n  
l a r g e  numbers  i n  t h e  open-bay bottom. 
Because o f  i t s  la rge size, t h e  sheepshead 
probably makes a considerable cont r ibu t ion  
t o  t o t a l  nekton biomass i n  estuaries it 
inhabi ts,  

I n  general, t he  repo r t s  summarized 
above ind i ca te  t h a t  t he  seasonal pa t te rn  
o f  v a r i a t i o n  s f  n e k t o n  p o p u l a t i o n s  i n  
Texas estuaries i s  such t h a t  f a l l  popula- 
t t o n s  a r e  u s u a l l y  t h e  s m a l l e s t  i n  b o t h  
n u m b  and biomass. For the nonpermanent 
species t h a t  spawn i n  the Gul f  of Mexico, 
this i s  t h e  per jod when most adults are 
absent from Ute apen-bay bottom area. The 
n e w l y  spawned f i s h  and s h e l l f i s h  b e g i n  
migra t ing  i n t o  the  estuaries through t h e  
w in ter  and e a r l y  spring, and t h e  numbers 
and biomasser of these populat ions corres-  
pondingly increase: t a  a maximum i n  the  
spr ing .  A l though  m o r t a l i t y  i s  u s u a l l y  
h igh  fa r  t h e  juveniles, g rowth  i s  so r a p i d  
t h a t  f o r  t he  ma jo r i t y  of nekton species 

maximum biomasses a r e  obse rved  d u r i n g  
sum mer months. 

The s i m i l a r i t y  o f  d o m i n a n t  n e k t o n  
species t h a t  i n h a b i t  t h e  open -bay bot toms 
of Texas e s t u a r i e s  i s  e v i d e n t  f r o m  t h e  
informat ion presented i n  Table 9, This 
informat ion i s  a summary o f  prel iminary 
data co l lec ted f r o m  a 12-rno t r a w l i n g  sur -  
vey o f  a l l  Texas estuar ies b y  the  Texas 
Parks and Wild1 i f e  Department (R .  L. 
Benefield, Texas Parks and W i l d l i f e  
Department, Austin; pers. comm. ). A t o t a l  
o f  161 taxa were co l l ec ted  dur ing  t h i s  
survey from a l l  es tuar ies  along the Texas 
coast i n  1982. For comparison, Parker 
(1965) reported 151  taxa co l l ec ted  i n  a 
t rawl  i ng survey of  Gal veston Bay alone. 
Table 9 l i s t s  the dominant nekton 
organisms, as suggested by  a l l  the  repor ts  
summarized above, and shows the Texas 
estuar ies where these fauna were co l l ec ted  
i n  the  1982 survey. I t  i s  obvious t h a t  
most o f  the dominant fauna t h a t  probably 
p lay  a major r o l e  i n  the  general dynamics 
o f  the open-bay bottoms o f  Texas estuar ies 
are f a i r l y  ubiqui tous.  Furthermore, from 
e x i s t i n g  in format ion  concerning t h e i r  peak 
periods o f  abundance i n  the  estuar ine 
ecosystem, i t  appears t h a t  many o f  the 
populat ions are tempora l ly  separated, thus 
e l  im inat ing  o r  decreasing compet i t ion f o r  
food resources. 

As indicated ear l ier ,  nek ton species 
are t h e  major consumers o f  biomass pro-  
duced b y  o ther  inhab i tan ts  o f  t h e  open-bay 
bottoms. The dominant nekton tha t  general- 
l y  i nhab i t  Texas es tuar ies  represent  many 
d i f f e r e n t  f e e d i n g  s t a t e g i e s  and inc lude 
planktivores, de t r i t i vores ,  and producers. 
Examples o f  some o f  t h e  food i tems t h a t  
these dominant nekton feed upon are l i s ted  
i n  Table 9. Some of t h e  most abundant 
species o f  t h e  open-bay bot tom are p lank- 
tivores, feeding p r i m a r i l y  on phytoplank - 
t o n  and zoop lank ton .  I n c l u d e d  i n  t h i s  
group are Anchoa m i t c h i l l i  and Brevoor t ia  
patronus. Anchoa m i t c h i l l i  i s  also known 
t o  ea t  de t r i tus  and smal l  shrimp t h a t  are 
found i n  the  water  column. Menidia be ry l -  
'lina i s  a n o t h e r  a b u n d a n t  f i s h  of Texas - 
estuar ies t h a t  i s  c o n s i d e r e d  a p l a n k t i -  
vore. Because these fishes feed  so low i n  
t h e  f o o d  chain, t h e y  s t a y  r e l a t i v e l y  abun- 
d a n t  i n  t h e  open-bay  b o t t o m s  ( D a r n e l l  
1958). The s t r i ped  mullet, Mugi l  cepha- 
lus, i s  a pr ime example of a d e t r i t i v o r e  
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among Texas es tua r i ne  f i s h .  T h i s  spec ies  
feeds by t a k i n g  mo i i t i l f  u1s o f  s u r f a t e  3sedl- 
ment-s i n  t h e  open-bay bo t t oms  and d i ges t -  
i n g  wha t  i t  can. A l though La- odon r h u m -  
bo ides i s  cons idered d resiben%.-=- @G- 
f l a t  communit ies,  t h i s  f j sh  1s also f ound  
on t h e  open-Day bo t t om  i e ~ d 1 1 1 9  O P T  t h e  
s u r f a c e  s e d i m e n t s  i n  t h e  f a s h i o n  o f  a 
d e t r i t i v o r e .  A l though t he  penaeid shrirrlps 
a re  o f t e n  cons idered  predators ,  t h e y  can  
a l so  be c l a s s e d  as J e t r i t i v o r e s  because 
t h e y  w i l l  o f t e n  t a k e  po r t i ons  o f  sed iment  
and s i l t  w i t h  t h e i r  mouth par ts ,  r emov ing  
and i nges t i ng  wha t  i t e m s  may be o f  f o o d  
value. 

The  m a j o r i t y  o f  s p e c i e s  l i s t e d  i n  
Table 9 a re  cons idered  p reda to r s  o f  t h e  
open-bay bot toms.  The crustaceans, w- 
l i n e c t e s  sp. and Squ i l l a  empusa, a c t u a l l y  
seek o u t  b i va l ve  mollusks, sma l l e r  c r u s t a -  
ceans, and po l ychae te  worms. M ic ropogo-  
n ias  undulatus, a  vo rac ious  bo t t om  " feed ing  - 
predator, and Leiostomus xan thurus  a re  t w o  
o f  t h e  most  abundan t  f i shes  i n  Texas es-  
tuar ies;  b o t h  a re  p reda to r s  p r i  rn a r i l y  on  
t h e  i n v e r t e b r a t e s  i n  t h e  sediment .  O the r  
corn mon p r e d a t o r s  i n c l u d e  P a r a l i c h t h y s  
l e t hos t i gm  a, Poqonias cromis, and Cynos- 
c i o n  arenarius. Pogonias c rom is  i s  known  - 
t o  f e e d  h e a v i l y  on  t h e  dominant  b i va l ve  i n  
rn any  Texas estuar ies, Mu l in ia  l a t e ra l i s .  

3.6 OPEN-BAY BOTTOM MARINE BIRDS 
AND M A M M A L S  

Al though p robab l y  n o t  obv ious t o  t h e  
casua l  observer,  b i r d s  and ~n a r i ne  m am m als, 
wh ich  a c t  as h i ghe r  o rde r  consumers, p l a y  
an i m p o r t a n t  r o l e  i n  t he  t r o p h i c  dynamics 
o f  t h e  open-bay bo t t oms  i n  Texds es tu -  
aries. One o f  t h e  p r ima ry  reasons why 
b i r ds  may n o t  be t h o u g h t  o f  ds i m p o r t a n t  
t o  t h e  open-bay bo t t oms  i s  t h a t  t h e  wa te r  
i s  o f t e n  mare than  L o r  ? meter<, deep. 
Many f l o a t i n g  and d i v i ng  birds, such as 
ducks, cormorants ,  and geese, however,  are 
known t o  l i v e  here. I n  addi t ion,  a e r i a l -  
search ing  birds, such  as t h e  terns, gulls, 
p e l i c a n s ,  and  s k i m  mers, r o u t i n e l y  v i s i t  
t h i s  a rea  o f  t h e  es tua r y  f o r  food.  Even 
such b i r d s  of p r e y  as t h e  osprey  and marsh 
hawk o f t e n  d i ve  be low t h e  su r f dce  of open-  
b a y  wate rs  t o  c a p t u r e  good-s ized l a r g e  
f i sh .  bowman e t  d l .  j i Y i b )  e s t i s a k d  t n a t  
t h e  a v e r a g e  f i sh-edtirrq b i  rtj coilsumeu 
450 g f i s h / d a y .  As descr ibed  by Peter.son 

~ n r f  i'etersofi (14791, t h e  brt-ds t h a t  
rryularly i i v e  i n  the open-bay bottom 
areas  can be c l a s s e d  i n t o  t o u r  groups 
p r r i w r i I y  r e l a t e d  t o  t h e i r  feeding 
s t r a t eg ies .  These t ou r  groups are the  
wdders , ae r i  a1 seat*chers, f l o a t e r s  and 
d i v e r s ,  and b i r d s  o t  prey;  t h e  b i r d  
sper les  ~n Texas es tua r i es  t h a t  may be so 
c l a 5 s i f i c d  are l i s t e d  i n  Table 10. 

The l eas t  obv ious o f  these groups are 
t h e  waders, which a r e  o f t e n  seen s tand ing  
i n  wa te r  more than  h a l f  a  mete r  deep o r  
perched on p i l i ngs  and oys te r  r e e f s  asso- 
c i a t e d  w i t h  t h e  open-bay  bottom. The 
wading b i rds  around t h e  pe r i phe ry  of t h e  
open-bay bottorn can e x e r t  ds rnuch t r o p h i c  
p r e s s u r e  o n  t h i s  h a b i t a t  as a n y  a n i m a l  
f ound  i n  deeper waters.  Many o f  t h e  sarne 
f i s h  and ben th ic  i n v e r t e b r a t e  popu la t ions  
l i v e  b o t h  a t  t h e  pe r i phe ry  and i n  deeper  
wa te r s ;  t h e s e  b i r d s  f e e d  p r i m a r i l y  on  
sma l l  Fish and l a r g e r  c rus taceans  such as 
penaeid and grass shrimp. Probably  t h e  
most no t i ceab le  mcrnber o f  t h i s  group i s  
t h e  g rea t  b lue  heron, Ardea herodias. 

The f l o a t i n g  and d i v i n g  b i rds  p roba-  
b l y  e x e r t  t h e  most feed ing  pressure upon 
t h e  ben th ic  h a b i t a t  o f  t h e  open-bay b o t -  
t o m .  These  b i r d s  u s u a l l y  f l o a t  o n  t h e  
su r face  o f  t h e  wa te r  and e i t h e r  d ive  below 
t h e  s u r f a c e  t o  f e e d  o n  p e l a g i c  f i s h  o r  
d ive  a l l  t h e  way t o  t h e  bottorn t o  r e t r i e v e  
l a rge  numbers o f  ben th i c  mollusks. The 
c o r m o r a n t s ,  loons,  and  qrebes no rma l l y  
f e e d  on  pe lag ic  dnd demersal  f ish. The 
scdup, redhead, and r uddy  duck f e e d  on 
ben th i c  i n v e r t e b r a t e s  and submerged vege- 
t a t i o n .  The m a j o r i t y  o f  t h e s e  b e n t h i c  
feeders  occu r  i n  Texas es tuar ies  i n  t h e  
winter ;  the  per iod  o f  peak abundance f o r  
o n e  o f  t h e i r  p r e f e r r e d  f o o d  i t e m s ,  t h e  
b i va l ve  mollusks, Mu l in ia  la te ra l i s .  

411 t h e  g u l l s  dnd  t e r n s  assoc . ia ted  
w ~ t h  t h e  open-bay bo t t oms  belong t o  t h e  
group ca l l ed  ae r i a l  search ing birds. The 
t e rns  d i v e  f rorn f l i g h t  t o  p i c k  up t h e i r  
Food a t  t h e  w a t e r  s u r f a c e  o r  benea th .  
Gu l l s  d ~ v e  f r o m  F l i g h t  d s  w e l l  d s  d i v e  
benea th  t n e  wate r  su r f ace  f rom a  f l o a t i n g  
posi t ton.  Also included I n  t h i s  group are 
such Texas r es i den t s  as t h e  b rown pel ican, 
t h e  b lack  skimmer, and t h e  b e l t e d  k i n g -  
f isher .  A l l  o f  these  b i r ds  seek f ~ s h  as 
t h e i r  p r ima ry  diet ,  clnd t h e  s ize o f  f i s h  



Table IQ. Birds known to inhabit the opm-bay battoms of Texas estuaries. Information for diet from 
Peterson and Peterson (1979) and Terres (1980). 

S c i e n t i f i c  name 
(Common name) 

Most abundant 
occurrence D i e t  

Waders 

Ardea herod i a s 
m t b l u e r o n )  

Bu to r i des  s t r i a t u s  
( g r e e n r o n )  

Casmerodius a1 bus 
( g rea t  e g r e t )  

E r e t t a  ru fescens 
r edd i sh  e g r e t )  P- 

E g r e t t a  t r i c o l o r  
( t r i c o l o r e d  heron) 

Year round Small f i s h  

Spring-Fa1 1 Small f i s h  

Year round Small f i s h  

Year round 

Year round 

N c t i c o r a x  n y c t i c o r a x  Year round 
b ac -crowned n igh t -heron)  * 

f l e g a d i s  c h i h i  
whi te- faced i b i s )  

A j a i a  a j a j a  
( rosea te  spoonbi 11 ) 

F l o a t i n g  and d i v i n g  b i r d s  

Gavia immer 
( c o m m o n n )  

Podice s n i g r i c o l l  i s  
-(&rebe) 

Podilymbus od i ce  s 
( p i ed -b i  l i :&j 

Pelecanus e r  t h r o r h  nchos 
-I*- 

Phalacrocorax a u r i  t u s  
(double-crested cormorant )  

A t h  a a f f i n i s  
1 e s s e r s c a u p J  F 

A t h  a m a r i l a  
M e - p )  

Year round 

Spr ing-  Summer 

Winter 

Winter 

Winter  

Win te r  

Winter  

Winter  

Winter  

Small f i s h  and 
crustaceans 

Small f i s h  and 
shrimp 

Sniall f i s h  

Crustaceans and 
small f i s h  

F ish  

Small f i s h  

Small f i s h  

F ish  

F ish  

F i sh  

Mol lusks 

( continued) 
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'Table 10. iConcluded1. 

Scientific name 
(Common name) 

Most abundant 
occurrence Diet 

Aythya arnericana 
( red h e a r  

Winter Seagrasses , 
moll usks, 
crustaceans 

Chen caerulescens 
( s n o w  goose) 

Spring - Fa1 1 Submerged grasses, 
crustaceans and 
f ish 

Ox ura jamaicensis & duck) 
Winter Benthic 

invertebrates 

Aerial-searching birds 

Pel ecanus occidental i s  
7-1 i can) 

Year round Fish 

Sterna ni lotica 
-billed tern) 

Year round Small fish, pelagic 
invertebrates 

Sterna antillarum 
( leas t  tern) 

Summer Small fish 

Sterna hi rundo 
E n t e r n )  

Spring-Fa1 l Small fish 

Sterna maxima 
(roya'l Giq- 

Spri ng-Fa1 1 Small fish 

Sterna sandvicensi s 
(sandwich tern) 

Summer Small fish 

Larus a t r i c i l l a  
( l a u g h 5 @ - g i T  

Winter Fish, mollusks, 
and carion 

Larus del awarensi s 
(ring-billed gull)  

Winter Fish 

R ncho s niger 
~ M k i n n n e r )  

Spring- Summer Small fish 

Cer le  alcyon Winter 
be1 ted kingfisher) + Small fish 

Birds of prey 

Circus cyaneus 
(northern harrier) 

Winter Fish and 
small birds 

Pandion ha1 iaetus 
'(osprey)-- -- 

Year round Large fish 
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CHAPTER 4. 
BENTNlC CBMMUWallTV STRUCTURE 

Estuaries wi th  t he i r  extensive open- 
bay bottoms are highly productive aquatic 
environments; throughout the  world they  
sustain impor tan t  she l l f i sh  c u l t u r e s  and 
fisheries. A major contr ibut ion t o  t h i s  
high production o f  biomass, which supports 
ex tens ive  es tuar ine  f o o d  chains, comes 
from secondary production o f  the benthos 
in  the open-bay bottom (Wolff 1977). High 
benthic production great ly enhances t he  
r o l e  t h a t  e s t u a r i e s  p l a y  as nursery  
grounds f o r  juveni le nekton, which of ten 
derive t he i r  nu t r i t i on  from the  benthos. 

Benthic organisms are i n  an interme- 
d ia te  posit ion i n  estuarine food chains, 
funct ion ing as a  " t rap"  f o r  a l l  sources o f  
f o o d  from p r i m a r y  t r o p h i c  l e v e l s  (i.e., 
phy top lank ton ,  macrophytes,  and l and -  
derived det r i tus)  and providing a mechan- 
ism o f  energy t rans fe r  t o  higher consumers 
such as shrimp and f ish. Benthic organ- 
isms are t h e  most important pr imary consu- 
mers of  the open-bay bottom because strong 
t i d a l  c u r r e n t s  and/or r i v e r i n e  f l u s h i n g  
plus high t u rb i d i t y  o f  the water column 
diminish t he  r o l e  of  zooplankton i n  t h e  
estuarine ecosystem. Because o f  t he  r e l a -  
t i v e l y  small primary consumer populations 
i n  t he  water column, much o f  t he  p lant  
carbon product ion and de t r i t a l  mater ia l  o f  
the  estuary reaches t he  bottom, where it 
i s  available f o r  ben th i c  process ing and 
cyc l ing t o  higher t roph ic  levels. 

Invertebrates t h a t  l i v e  i n  the  estu- 
arine sediments o f  t he  open-bay bottom 
form an in tegra l  pa r t  o f  t he  biotope be- 
cause o f  t h e i r  r o l e  i n  ben th i c -pe lag i c  
coupling. Although r iver ine input  o f ten 
serves as a  substant ia l  supply o f  nu t r -  
i en ts  t o  the  estuary, there i s  now good 
evidence t h a t  bottom sediments p lay an 

impor tant  r o l e  i n  t h e  supply o f  nutr ients 
t o  euphotic (upper water layer)  primary 
product ion (Zei tzschel  1980). Rowe e t  al. 
(1975), Rowe and Smith (1977), and Har- 
grave and Connolly (1978) have calculated 
t h a t  the  release o f  nut r ients  f rom shal- 
low -na te r  sediments may make up between 
30% and 100% o f  phytoplankton nut r ient  
requirements i n  coastal ecosystem euphotic 
zones. Ev idence i s  accumula t ing  t h a t  
suggests t h e  a c t i v i t i e s  o f  the sediment 
i n h a b i t a n t s  o f  these  shal low h a b i t a t s  
regulate the f low o f  nutr ients from the 
sediments t o  t h e  o v e r l y i n g  waters  (e.g., 
Rhoads 1974; Al ler  1978). Such act iv i t ies  
as sediment mixing by  the benthos have the 
potent ia l  o f  great ly  modifying the  biolo- 
gical, physical, and chemical a t t r ibutes 
o f  the  sands and muds. Besides al ter ing 
t h e  abundance patterns o f  other sediment 
inhabitants, these ac t i v i t i es  also change 
sediment s t a b i l i t y ,  v e r t i c  a1 p r o f i l e s  of 
chemical materials, and t he  movement o f  
these across the mud-water boundary. 

Green (1968)  i l l u s t r a t e d  t h a t  t h e  
biomass o f  benthic fauna increases as the 
genera l  p r o d u c t i v i t y  o f  t h e  es tuar ine  
ecosystem increases. Since many benthic 
organisms are o f  l im i ted  mobi l i ty  or  even 
completely sedentary, biomass, abundance, 
and d ivers i ty  f luc tuat ions are o f ten moni- 
to red  f o r  these fauna i n  order t o  detect  
changes which may upset the  f i ne  ecolo- 
g ica l  balance o f  the biotope. Thus, the 
animals t h a t  l i v e  i n  the  sediments o f  the 
open-bay bottom serve no t  only as an i m -  
por tant  l i nk  i n  estuarine food webs and 
a c t  as an in tegra l  pa r t  o f  estuarine ben- 
th ic-pelagic coupling through t he i r  regu- 
l a t o r y  r o l e  i n  sediment nu t r ien t  regenera- 
tion, bu t  they  also provide ar! i dea l  bara- 
meter of the condit ions t h a t  ex is t  i n  the 
habi tat ,  



For these reasons, de ta i l ed  knowledge 
o f  t h e  dwel le rs  i n  t h e  benth ic  h a b i t a t  o f  
t he  open-bay bot tom i s  i m p o r t a n t  t o  ob- 
t a in ing  a good understanding o f  t h e  dyna- 
mics o f  t h i s  c o m m u n i t y  and t o  b u i l d  a 
basis upon whSch t o  develop a rea l i s t i c  
c o m m u n i t y  p r o f i l e .  The d e t a i l s  i n c l u d e  
in fo rmat ion  on com muni ty  s t ruc tu re  o f  t h e  
benthos, i n fo rma t ion  on f a c t o r s  t h a t  a f -  
f e c t  t h i s  s t ructure,  and speci f ic  in fo rma-  
t i on  on t h e  func t i ons  o f  t he  benthos t h a t  
p lace i t s  r o l e  i n  perspect ive w i t h  respect  
t o  t h e  t o t a l  ecosystem picture.  

F rom t h e  t i m e  o f  e a r l y  c l a s s i c a l  
studies i n  benth ic  ecology, t h e  creatures 
t h a t  l i v e  i n  c l o s e  a s s o c i a t i o n  w i t h  t h e  
substrata have been div ided i n t o  gener- 
a l ized groups based upon mode o f  l i fe. 
Animals t h a t  l i v e  on t h e  sediment sur face 
are te rmed  epi fauna and inc lude bo th  i n -  
v e r t e b r a t e s  and v e r t e b r a t e s .  Most  o f  
these organisms are mobile and many occa- 
s iona l ly  swim i n  t h e  water  column. The 
o the r  general  group o f  sediment-associated 
b io ta  i s  t h e  infauna,  organisms t h a t  l i v e  
i n  t h e  sediment. Inc luded i n  t h i s  group 
are t h e  microfauna, those animals t h a t  
pass th rough a 0.062-rnm mesh; meiofauna, 
organisms tha t  pass through a 0.50-mm mesh 
bu t  a re  r e t a i n e d  on a 0.062-mm mesh; and 
macrofauna, those r e t a i n e d  o n  a 0.50-mm 
mesh. The i n fauna l  animals t h a t  i nhab i t  
open-bay bot tom sediments can be t roph i -  
ca l l y  d iv ided i n t o  s e v e r a l  g r o u p s  based 
upon how t h e y  de r i ve  t h e i r  food. These 
groups inc lude t h e  suspension feeders t h a t  
usual ly ob ta in  f o o d  f r o m  t h e  w a t e r  column; 
deposi t  feeders  t h a t  i nges t  sediment  and 
o b t a i n  t h e i r  n u t r i t i o n  f rom any organic 
m a t t e r  ( l i v i n g  o r  dead) associated w i th  
t h e  s e d i m e n t  i n g e s t e d ;  predators which 
ac t i ve l y  seek o u t  l i v e  p rey  i n  t h e  benthos 
f o r  food; and scavengers, wh ich  inc lude 
most mobile gastropods t h a t  move around on 
the  sediment su r face  ingest ing  dy ing  o r  
dead animal  tissue. D is t inc t ions  among 
t h e s e  v a r i o u s  t r o p h i c  g roups  i s  o f t e n  
compl ica ted b y  t h e  d i v e r s i t y  o f  ways i nd i -  
v ioua l  benth ic  organisms go about  ob ta in -  
i n g  t h e i r  food. I n  general, however, most 
in fauna l  animals i n  t h e  open-bay bot tom 
d e r i v e  t h e  m a j o r i t y  o f  t h e i r  n u t r i t i o n  
from organic m a t e r i a l  i n  t he  sediments o r  
from each o t h e r  t h r o u g h  bo th  a c t i v e  preda- 
t i o n  and/or deposit- feeding, which of ten 
inc ludes t h e  ingest ion  o f  smal l  l i v e  o r -  
ganisms. Suspension feed ing  i n  the  estu- 

ar ine benthic i ~ a t a i t a t  i s  sizriiewhat l i m i t e d  
because o f  t h e  high ctegree o f  sed iment  
resuspension a n d  t u r b i d  ~ a t e r s ,  espec ia l l y  
i n  Texas estuaries. 

4.2 BENTHlC PRODUCERS, DECOMPOSERS, 
AND MICRBIMEIOFAUNA 

I n  general, t he  waters  o f  t h e  open-  
bay bottoms o f  Texas estuar ies a r e  t o o  
t u r b i d  t o  pass s u f f i c i e n t  l i g h t  t o  t h e  
sediments t o  support  v iab le  pr imary  pro- 
ducers. The euphot ic  zone o f  most  of 
these waters i s  'less than  2 m deep. F o r  
example, f rom numerous periods o f  p h o t o -  
synthesis measurements o f  phy top lank ton  i n  
Corpus Chr is t i  Bay, F l i n t  (1984) has o b -  
served t h a t  pr imary p r o d u c t i v i t y  r a t e s  a r e  
o f ten  decreased by  50%, and o f t e n  u p  t o  
80% i n  t h e  s h a l l o w e r  and more  t u r b i d  
waters of Nueces Bay i n  measurements made 
between 0.5 and 1.0 m depth. Since most 
o f  t h e  open-bay  b o t t o m  a reas  i n c l u d e  
deeper waters w i t h  a h igh occu r rence  of 
t u rb id  conditions, benth ic  algae, i n c l u -  
ding phytoplankton, a re  probably n o t  a n  
i m p o r t a n t  com p o n e n t  o f  t h e  corn mun i t y .  
However, Oppenheimer and Wood (1965) d i d  
r e p o r t  t he  presence o f  d iatom p o p u l a t i o n s  
on s u r f a c e  sed imen ts  o f  s e v e r a l  T e x a s  
bays. Because o f  t h e  absence o f  a cons-ls- 
t e n t  deep euphot ic  zone, these o c c u r r e n c e s  
of sediment diatom populat ions p r o b a b l y  
r e f l e c t  t h e  accumulat ion of d e t r i t u s  f r o m  
the  over ly ing  w a t e r  column. 

Probably one o f  t h e  most i m p o r t a n t  
components o f  t h e  open-bay benthos i s  t h e  
decomposer population, most n o t a b l y  t h e  
fungi  and bacteria. These organisms w i l l  
use any a v a i l a b l e  o r g a n i c - m a t t e r  s u b -  
strate. Because o f  t h e  l a rge  amounts  o f  
resuspended sediments i n  estuar ies a n d  t h e  
l a r g e  i n p u t s  o f  a l lochthonous ( e x t e r n a l )  
d e t r i t a l  mater ia l  f rom surrounding w a t e r -  
sheds, many substrates are ava i l ab le  f o r  
decomposers t o  a t t a c h  to, m u l t i p l y  on, a n d  
mineralize. These organisms serve as t h e  
mqior l ink  between p r imary  carbon p r o d u c -  
t i o n  (plants) and t h e  consumpt ion o f  the 
carbon by  animal populat ions (Odum and  d e  
l a  Cruz 1967), s i n c e  v e r y  l i t t l e  ' l i v i n g  
p lan t  mater ia l  i s  consumed d i r e c t l y  within 
the  benthic hab i ta t  ( W h i t l a t c h  1982). 

The decomposers o f  t h e  open-bay b o t -  
toms are impor tan t  t o  t h e  e n t i r e  corn m u n i t y  



because: (1) t hey  mineral ize organic mat- 
ter ,  re leasing impor tan t  nut r ien ts  t o  be 
reused by  pr imary  producers; ( 2 )  t hey  ac t  
as t roph ic  l i nks  between pr imary producers 
and pr imary consumers; and ( 3 )  they  can 
also aggregate dissolved organics wi th in  
estuarine waters, thus provid ing another 
source o f  pa r t i cu la te  mater ia l  f o r  consu- 
mers (Peterson and Peterson 1973). I n  
genera l ,  t h e  d e c o m p o s i t i o n  o f  d e t r i t a l  
mater ia l  w i th in  t h e  sediments, and i n d i r -  
ectly, the abundance o f  decomposer popula- 
t ions t h a t  perform those tasks, i s  re la ted  
t o  t h e  p a r t i c l e  s ize  o f  the  sediments o r  
resuspended material.  Smaller par t ic les  
such as s i l t s  and c l a y s  u s u a l l y  c o n t a i n  
la rger  populat ions o f  bacter ia  and fung i  
than sands because t h e i r  smaller size and 
greater  surface-to-volume r a t i o  ( New e l l  
1970)  p r o v i d e  a l a r g e r  overa l l  surface 
area f o r  colonization. I n  addi t ion t o  the 
s i z e  o f  p a r t i c l e s ,  t h e  k i n d  o f  o r g a n i c  
mater ia l  avai lable d ic ta tes  the  success o f  
decomposers i n  prov id ing the above func -  
t ions i n  the community. Ter res t r ia l  mater- 
i a l  e n t e r i n g  open-bay bottom waters i s  
usually more r e s i s t a n t  t o  decompos i t i on  
than indigenous organic mater ia l  because 
o f  a higher con ten t  o f  s t r u c t u r a l  polymers 
( W h i t l a t ch  1982). Fungi, because they  
e x t e n d  t h e i r  hyphae  i n t o  t h e  d e t r i t a l  
m a t e r i a l ,  a r e  o f t e n  more s u c c e s s f u l  a t  
decompos ing t e r r e s t r i a l  m a t e r i a l  and 
l a r g e r  p a r t i c l e s  t h a n  b a c t e r i a ,  wh ich  
usually colonize on ly  t h e  surface o f  par- 
t icles. Animal populat ions feeding on the 
det r i tus  tend t o  a id  t h e  bac te r ia l  decom- 
posi t ion o f  t h i s  ma te r ia l  by breaking the 
det r i tus  i n t o  s m a l l e r  p a r t i c l e s  i n  t h e i r  
grazing processes (Lopez e t  al. 1977). 

The presence o f  f u n g i  and bacter ia  i n  
t h e  open-bay bottoms o f  Texas estuaries 
he lps  t o  s t a b i l i z e  t h i s  b io tope.  The 
decomposer populat ions are always breaking 
down the  ever-present organic mat ter  o f  
t h e  estuary and prov id ing a food  source t o  
pr imary  consumers o f  t h e  community. Thus, 
these consumers a r e  l e s s  dependen t  on 
e i the r  the seasonal pr imary  product ion o r  
t h e  p e r i o d i c  and unpred ic tab le  r i v e r i n e  
i n p u t  o f  t e r r e s t r i a l l y  o r i g i n a t e d  m a t e r -  
ials. I n  short, t h e y  assure a constant  
source of energy t o  t h e  animal popula- 
t ions.  

The combinat ion o f  smal l  size wi th  
d i f f i c u l t y  i n  s a m p l i n g  h a s  s e v e r e l y  

'bimited our  knowledge o f  t h e  microfauna 
and meiofauna o f  Texas estuaries. Id h a t  
i n f o r m a t i o n  i s  a v a i l a b l e  i s  p r e s e n t e d  
here, because t h e  micro and meiofauna are 
most closely l i nked  t o  t h e  decomposers o f  
t h e  s e d i m e n t  h a b i t a t  because o f  t h e i r  
small  size, feeding strategies, and 
st imulat ion o f  decomposition by  bacter ia  
through pa r t i c le  breakup (Barsdate e t  al. 
1974). 

M i c r o f a u n a  i n c l u d e  t h e  protozoans 
such as t h e  c i l i a tes  and foraminiferans. 
These groups can be ex t remely  abundant, 
especial ly i n  f i n e r  sands ( W h i t l a t c h  1982) 
close t o  t h e  sediment surface. Although 
l i t t l e  i s  known o f  t h e i r  ecological  signi- 
f i cance  i n  open-bay bottoms it i s  specu- 
l a ted  t h a t  they  feed  on bacter ia  and i n  
t u r n  may provide a food  source f o r  meio- 
fauna and macrofauna o f  sediment hab i ta ts  
(Fenchel and Jorgensen 1977). 

As i s  t y p i c a l  o f  shallow marine sed- 
iments  w orld-wide, nematodes are t h e  most 
abundant populat ions c h a r a c t e r i z i n g  t h e  
meiofauna i n  Texas estuaries. Harpact i -  
coid copepods are  usually second i n  abun- 
dance. Other important meiofauna o f  open- 
bay bot tom sediments i n  Texas estuaries 
a r e  u s u a l l y  c h a r a c t e r i z e d  as tem porary 
because t h e y  are juveni les o f  what are 
normal ly repor ted  as m acrofaunal  popula- 
t ions.  

Rogers (1976) observed tha t  nematodes 
were t h e  most abundant group o f  meiofauna 
i n  t h e  San Antonio Bay sediments, compri- 
sing more than 83% o f  t o t a l  meiofaunal 
counts. The harpact ico id  copepods repre-  
sented an addi t ional  5%. Rogers (1976) 
s p e c u l a t e d  t h a t  p r e d a t i o n  pressure b y  
l a r g e r  fauna o f  t h e  benthic hab i ta t  was 
responsible f o r  t h e  annual abundance pa t -  
te rns  o f  t h e  t o t a l  meiofauna community. 
Minimum abundances were observed i n  t h e  
spr ing when peak populat ions o f  many o ther  
benthic consumers were com mon. Rogers 
(1976) ind icated t h a t  meiofaunal popula- 
t ions can be la rge throughout t h e  year 
because t h e y  are  constant ly  reproducing 
and have s h o r t  l i f e  c y c l e s  w i t h  l a r g e  
turnover rates. Because o f  these la rge 
turnover  rates, Gerlach (1978) est imated 
t h a t  the  meiofauna may comprise f rom 1 2 %  
t o  30% o f  t h e  l i v i n g  biomass i n  many aqua- 
t i c  sediments. Meiofaunal group abundan- 
ces i n  the  community are  usually regu la ted 



by t h e  sediment par t ic le  s ize  and depth of 
the  oxygenated surface  layers. For  exam- 
ple, Rogers (1976) observed t h a t  nematodes 
were more abundant i n  sediments with high 
s i l t  c o n t e n t s .  

Meiof a u n  a1 Sam p les  c o l l e c t e d  in 
Corpus Christi Bay in January 1982 showed 
t h a t  these  benthic fauna prefer  sandier 
sediments t o  a reas  t h a t  contain more s i l t  
and clay (R. Kalke, University of Texas 
a t  Austin; pers. comm.). A t  two s i tes  
where  t h e  s e d i m e n t  sand c o n t e n t  was 
greater  than  50%, t o t a l  meiofaunal abun- 
dances f o r  January in t h e  surface  sedi- 
ments (0-2 cm) were 1.73 x 106/m2 and 2.01 
x 106/m2, with nematodes comprising grea- 
t e r  than 72% of these  totals. In contrast ,  
a third s i t e  t h a t  contained sediments with 
more than 70% c lay  exhibited t o t a l  surface  
meiofaunal counts  of 0.51 x I06/m2. Again, 
nematodes com prised more than 72% of the 
to ta l .  The samples taken a t  these s i tes  
were  s e c t i o n e d  e a c h  2 cm of s e d i m e n t  
depth. Surprisingly, counts of meiofaunal 
organisms in  t h e  second (2-4  cm) and third 
(4-6 cm) sediment sections a t  each s ta t ion 
were similar. Second -section abundances 
were 0.55 x 10"/m2, 0.54 x 106/n2, and 
0.71 x 10"/m2; where the  l a s t  count was 
f o r  t h e  s t a t ion  w i t h  g rea te r  clay content .  
Similarly, t h e  th i rd  section counts were 
0.21 x 10"/m2 and 0.15 x 10'/m2 f o r  the  
two sandier s t a t ions  and 0.26 x 106/m2 f o r  
t h e  s ta t ion with a higher clay content. 
In both t h e  second and third sections, the  
nematodes were again t h e  dominant taxa,  
representing more than 90% of t o t a l  abun- 
dance. With r e s p e c t  t o  vert ical  distribu- 
t ion of meiofaunal populations in Corpus 
Christi Bay, seven ty  percent  of t h e  to ta l  
abundance a t  t h e  s t a t ions  containing more 
sand occurred in t h e  f i r s t  2 cm. In con- 
t r a s t ,  a t  t h e  s t a t i o n  with a high c l a y  
c o n t e n t  a f a i r l y  e v e n  d i s t r i b u t i o n  of 
t o t a l  abundance from t h e  surface  down t o  4 
cm sediment depth  was observed, with a 
s l ight  increase  in t h e  deeper sediments. 

4.3 BENTHIC MACROINFAUNA 

The benthic macroinfauna of the open- 
bay bottoms of Texas es tuar ies  contribute 
a much higher proportion of t o t a l  corn m u n -  
i t y  production and a r e  larger  and more 
easi ly studied than  micro and meiofauna. 
Thus, a g r e a t  deal  more information on 

composition, d i s t r i b u t i o n ,  a n d  abundance 
of these  species assernblag~s  i s  known f o r  
Texas estuaries. General taxonomic d i s -  
t r i b u t i o n  d a t a  f o r  t h e s e  e s t u a r i e s  has 
already been presented (Chapter 3) and a 
complete listing of those t a x a  found i n  
a l l  T e x a s  e s t u a r i e s  i s  p r e s e n t e d  i n  
the A p p e n d i x ,  l o  d e v e l o p  a f u l l e r  
understanding of the  dynamics o f  t h e s e  
populations, however, in-depth inves t iga -  
tions covering severa l  years are  r equ i red .  
Texas estuaries lack such coverage,  w i t h  
t h e  excep t ion  of Corpus C h r i s t i  Bay.  
T h u s ,  most of wha t  f o l l o w s  c o n c e r n i n g  
macroinfauna com m unity s t r u c t u r e  comes 
from extensive long-term studies i n  Corpus  
Christi Bay. 

Unders tanding t h e  dynamics of t h e  
macroinfaunal populations in open-bay b o t -  
tom requires knowledge of both t h e i r  tern  - 
pora l  and t h e i r  s p a t i a l  v a r i a t i o n s .  ( I n  
addi t ion,  v e r t i c a l  d i s t r ibu t ion  of t h e s e  
fauna may differ  under various s e d i m e n t a r y  
c h a r a c t e r i s t i c s . )  T h e r e f o r e ,  t h e  f o l -  
lowing description of benthic c o m m u n i t y  
structure i s  given in terms of t e m p o r a l  
and s p a t i a l  ( h o r i z o n t a l  and v e r t i c a l )  
variations observed f o r  the  Corpus Christ 
Bay Estuary, which includes Nueces Bay. 
Although t h i s  d e s c r i p t i o n  will f o c u s  o n  
only one of the seven major Texas e s t u -  
a r i n e  sys tems,  t h e  p a t t e r n s  of b e n t h i c  
d i s t r ibu t ion  a p p e a r  t o  be corn p a r a b l e  
across all these es tuar ies  with t h e  same 
dominant organisms usually occurr ing a n d  
all estuaries showing similar peak a b u n -  
dance periods during t h e  year. 

4 . 3 . 1  Temporal Variation 

A study of benthic macroinfauna was 
conducted in one 0.25-km2 a r e a  of C o r p u s  
Christi Bay between 1974 and 1979 ( F l i n t  
and Younk 1983) t o  identify va r i a t ions  i n  
species assemblage dynamics from m o n t h l y  
sample collections over a long-term i n v e s -  
tigation. This study covered both a s h o a l  
(1.6 m deep) and a channel (15 m d e e p )  
h a b i t a t  s i t e  in t h e  open-bay  bottom, 
Cluster analysis procedures d i s t i n g u i s h e d  
dist inct  spec ies  a s semblages  of rn a c r s  - 
i n f a u n a  f o r  t h e  s h o a l  and t h e  c h a n n e l  
habitats. Channel s ta t ions  genera l ly  e x -  
hib i t ed  smal ler  s p e c i e s  numbers ,  l o w e r  
t o t a l  abundances, and lower spec ies  d i v e r -  
s i ty  measures. The channel habi ta t ,  how - 
ever, exhibited a more even d i s t r i b u t i o n  



of species dbundances than the  shoal habi- 
tab w whose macroinf aufial assemblages were 
usually dominated by a f e w  species. Be- 
cause the  channel habi ta t  was affected by 
d i s t u rbances  such as  dredging and ship 
t raff ic ,  a more realist ic picture of long- 
term patterns of t he  benthic macroinfauna 
can be obtained from information on t he  
shoal habitat. 

Cluster analysis performed on da ta  a t  
t h i s  s i t e  cover ing 5 y e a r s  ( F l i n t  and 
Y ounk 1983) as well as data from la te r  
s t u d i e s  a f t e r  t h i s  period ( F l i n t  1983)  
indicated t h a t  the re  was a great  deal  of 
temporal variability in t he  benthos over 7 
y e a r s  (F i gu re  10) .  The g r e a t e s t  dis-  
similarity was between t he  earl ier  years 
of study (1974-1978) and more recent years 
(1979-1981), which was re la ted t o  differ-  
ences in rainfall patterns fo r  th is  estu- 
a r y  ( F l i n t  e t  al. 1981).  In general ,  
within small clusters of Figure 10  tha t  
covered  s imilar  years ,  t h e  win te r  and 
spring month groupings usually separated 
from t h e  summer. This indicated t ha t  there  
were differences in species assemblages of 
macroinfauna not only over years but also 
within a year. 

T w enty-four groups of benthic macro- 
inf auna were associated w i t h  t h e  patterns 
observed in Figure 10. The most ubiquitous 
over t h e  ent i re  study were the polychaete 
Mediomastus californiensis and a Paraonid 
group of polychaetes .  Another group, 
including t h e  po lychae tes  S t reb losp io  
benedicti, Tharyx setiqer, and Glycinde 
soli taria and the  mollusks Mulinia l a te r -  
alis and Lyonsia hyalina floridana, were - 
almost always present and dominated during 
winter and sprinq. More oceanic species 
such as the  polychaetes Maqelona pe t t i -  
boneae, Sigambra tentaculata,  and - Para- 
prionospio pinnata were abundant during 
t h e  earlier, higher salinity years in the  
estuary. The mollusk Abra aequalis and 
t h e  enteropneust B alanoglossus sp. were 
extremely seasonal, occurring only i n  the  
winter and spring and often dominating the  
infaunal assemblages. Species such as the 
polychaete Glycera capi ta ta ,  t he  amphipod 
Corophium acherusicum, and t he  bivalve 
moll usk  p and o r  a t r i  l i  n e a t a  appea red  in Figure 10. Cluster analysis of benthic macroinfaunal species 

variable abundances only a f te r  1979. assemblages from the Corpus Christi Bay Estuary over a 
period from September 1974 to July 1W3. Major clusters are 
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in Corpus Christi Bay varied considerably are indicated and the seasonal groups marked (*I. 



over the 7 years o f  sample col lect ion (A, 
Figure 11). The only repeatable pat tern 
t o  th i s  var iat ion appeared t o  be a f a i r l y  
consistent increase during the l a t e  win- 
ter -ear ly  spring o f  most years (January t o  
March). Some years, however, exhibi ted 
species number increases i n  t he  summer 
(e.g., 1976). The w inter-spr ing species 
num ber increases were a1 w ays correlated 
w i t h  t h e  appearance o f  several bivalve 
mol lusks i n  t h e  s tudy  a rea  (e.g., Abra 
ae ualis), and these fauna usually d- 
k e  species assemblages. Species 

( , 1 , , , 1 ,  1 1 1 1 1 ~ ' ' ' 1 ' ' 1  
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Figure 11. Plots of benthic macroinfaunal species number 
(At, total abundance (B), and total biomass IC) for a study 
sl. * in the Corpus Christi Bay Estuary. 

oumber also increased la te r  i n  tne 7-yr 
period, wl th higher numbers s f  infaunal  
species observed from 1979-1981. 

Data from F l i n t  and Younk (1983) as 
we11 as informat ion on macroinfauna abun- 
dance a f t e r  1979 ( R .  W. F l i n t ,  State 
Univers i ty  o f  New York, Oswego; pers. 
comm. ) and from 1972-1975 (Holland e t  a l .  
1975) were combined t o  give 9 years o f  
data on long-term var ia t ion  (B, Figure 
11). Macroinfaunal abundance exh ib i ted a 
consistent trend of m axi in u  m nu m bers during 
t he  winter and spring period o f  each year. 
These peak abundance per iods  showed 
increases from 1976 t o  1980 and then the 
maximum abundance decreased again in 1981. 
These periods o f  maximum macroinfaunal 
abundance were always associated wi th  the 
appearance o f  several dominant mollusks 
during th i s  period (e.g., Abra aequalis). 

Data on macroinfaunal t o t a l  biomass 
from these studies exhibited patterns ( C  
Figure 11) t h a t  were similar t o  species 
number and t o t a l  abundance. Standing 
stocks were greatest  i n  the winter and 
ear ly  spring o f  each year. The benthic 
i n f a u n a  which e x h i b i t e d  t h e  g rea tes t  
increases i n  biomass were t h e  mol lusks 
Abra aequalis, Lyonsia hyalina floridana, 
Lucina mult i l ineata,  and Mu l in ia  l a t e r -  
alis. the  enteropneust Ba'lanoglossus sp. 
-9 

and Rhynchocoels. 

As indicated above, f o r  the period 
t h a t  in format ion i s  available on the ben- 
t h i c  macroinfaunal populations of  Corpus 
C h r i s t i  Bay a t  one s i t e  (1972-1981),  
changes i n  r a r e  species occurred, usually 
r e l a t e d  t o  changes i n  env i ronmenta l  
cha rac te r i s t i c s .  The overr id ing pat tern 
o f  the  in faunal  species assemblages asso- 
c iated with changes over time, however, 
d id no t  arise f rom species changes f o r  the 
ra re r  species i n  the  community, but  ra ther  
from changes i n  abundance patterns o f  the  
dominan t  f auna  t h a t  regu la r l y  occurred 
over the  ent i re  period. 

4.3.2 Spat ia l  Var iat ion 

4.3.2.1 Horizontal var ia t ion.  A1 - 
though a number o f  benthic studies i n  
openzbay bottoms o f  Texas estuaries have 
been conducted, most have not  covered 
a large enough bottom area t o  obtain a  



good p i c t u r e  of s p a t i a l  v a r i a b i l i t y  i n  
benthic community s t ruc tu re  o r  t h e  d a t a  
from these  studies have not been adequate- 
ly analyzed. Holland e t  al. (1975) per-  
formed cluster  analyses on 1Q4 se lected 
benthic macroinfauna species  from Copano, 
Aransas, Corpus Christi, and Nueces Bays, 
covering s t a t ions  which had been sampled 
f o r  3 y e a r s .  They found  t h a t  Corpus 
Chr i s t i  and Nueces Bay b e n t h o s  were  
d i s t i n c t l y  d i f f e r e n t  from Copano and 
Aransas Bay benthos. In Corpus Christi 
and Nueces Bays t h e  dominant and ubiqui- 
tous  benthic infauna included t h e  pofy- 
c h a e t e s  M e d i o m a s t u s  ca l i fornie- ,  
S t r e b l o s p i o  b e n e d i c t i ,  Cossura  d e l t a ,  
Pa rapr ionosp io  p i n n a t a ,  Gypt i s  v i t t a t a ,  
and Glycinde s o l i t a r i a .  The dominan t  
rnollusks were  Mul in ia  l a t e r a l i s  a n d  
Lyonsia hyalina floridana. In Copano and 
Aransas Bays t h e  benthos was observed t o  
be l e s s  c o n s i s t e n t  in  g e n e r a l  p a t t e r n s .  
Mediomastus californiensis and Streblospio 
benedicti were again observed t o  be t h e  
dominan t  and ub iqu i tous  po lychae tes .  
Other polychaete species  occurring in high 
numbers which differed from Corpus Christi 
and Nueces Bays included Capitella a- 
t a t a  Driloneris magna, Lumbrineris parva- -' 
pedata,  Neanthes succinea, and Pectinaria 
aouldii. In addition t o  t h e  species a s -  - 
semblage t rends  being less co i s i s t en t  i n  
Aransas and Copano Bays, Holland e t  al. 
(1975) also observed lower t o t a l  inf aunal 
abundances f o r  these  es tuar ies  than f o r  
Corpus Christi and Nueces t3ays. 

The most intensive s tudy of spat ia l  
v a r i a t i o n  in b e n t h i c  i n f a u n a l  s p e c i e s  
a s semblages  has been c o n d u c t e d  in t h e  
Corpus Christi Bay es tuar ine  system, which 
includes pa r t  of Nueces Bay ( F l i n t  and 
Kalke 1985). In t h i s  inves t igat ion th ree  
s t a t i o n s  c h a r a c t e r i s t i c  of d i f f e r e n t  
sedimentary and sa l  in i  t y  environments 
wi t h i  n t h e  estuary a r e  being monitored 
f o r  benthic macroinfaunal species abun- 
darrce and biomass. The lower-bay col lec-  
t i o n  s i t e  i s  characterized by sedimertts 
containing in  excess of 90% sand, usually 
exhibi t ing a water content  of 20% t o t a l  
weight, and t h i s  s i t e  i s  s t rongly  inf lu-  
enced by gulf waters. The midbay collec- 
t i o n  s i t e  contains sediments t h a t  a r e  
predomi nant'iy clay (g rea te r  than 70x1, 
exhibit  a water content  of 50%-70% t o t a l  
weight and a r e  extremely f locculent .  This 
c o l l e c t i o n  s i t e  i s  usua l ly  character ized 

by salini t ies from 24-31 ppt. The upper- 
bay collection s i t e  is c h a r a c t e r i z e d  by 
sediments containing 50% sand, 20% clay, 
and 20%-30% s h e l l ,  with water content 
averaging around 35% t o t a l  weight. Sal i n -  
i t y  a t  t h i s  s i t e  var ies  the  most and can 
range from 5-32 ppt,  depending upon ra in-  
fa1 1 and Nueces River flow. 

With r e s p e c t  t o  b e n t h i c  i n f a u n a l  
species assemblages a t  these  si tes,  they  
a r e  all dominated bv the  deposit-feedina 
p o l y c h a e t e  ~ e d i o m i s t u s  ca i i forniensis :  
The s i m i l a r i t y  b e t  ween s i t e s ,  however, 
ends with th i s  species. The upper bay 
s i t e  e x h i b i t s  a b u n d a n c e s  of Streblospio 
benedicti during July, October, and Jan-  
uary. The bivalve mollusks Tagelus divi- 
sus, Mulinia lateral is ,  and Mysella planu- - 
l a t a  d o m i n a t e  c o l l e c t i o n s  in t h e  winter  - 
and s p r i n g  a t  t h e  upper  bay s i t e .  The 
c a p i t e l l i d  p o l y c h a e t e  Heteromastus f i l i -  
formis is abundant in t h e  winter a n d s  
u s u a l l y  d e e p e r  i n  t h e  s e d i m e n t s .  
When salini t ies go up a t  th i s  s i t e ,  Diop- 
a t r a  cuprea is often observed. Standing - 
stock biomass of benthic infauna a t  th is  
s i t e  ranges from lows around 0.4 g/m2 in 
lower sal ine summer periods t o  highs of 
151.8 g/;n2 during t h e  winter and spring. 

The midbay s ta t ion,  besides exhibi- 
t i n g  Mediomastus c a l i f o r n i e n s i s  a s  t h e  
dominant polychaete, also supports  popula- 
t i o n s  of  Pa rapr ionosp io  p i n n a t a  in t h e  
spring and summer and t h e  bivalve mollusk 
Mysella planulata in t h e  winter. During 
t h e  monitoring period a t  th i s  s i t e  sa'iini- 
t i e s  increased t o  and s tayed around 30 
ppt. With the  occurrence o f  higher sa l i -  
nities, t h e  enteropneust  Schizocardium sp. 
colonized a t  t h e  midbay collection si te,  
and while th i s  species became more abun- 
dan t  i n  t he  sediment,  o the r s  such as the  
p o l y c h a e t e s  Gypt is  -v i t ta ta  and Polydora 
so. also beqan t o  auuear in abundance. 
~ e m e r t e a n s  a lso  became more abundant i n  
t h e  surface  sediments a f t e r  t h e  develop- 
ment of large Schizocardium populations. 
Total infaunal standing stock biomass a t  
th i s  s i t e  ranged from a low o f  0.05 g/m2 
in t h e  absence of Schizocardium t o  a high 
of 157.0 g / m 2  during summer peak abun- 
dances of Schizocardiu m.  

The lower bay s ta t ion generally exhi- 
bited a much more diverse group of benthic 
infaunaf species tnan e i the r  of t h e  o the r  



t w o  c o l l e c t i o n  s i tes .  Although Hedio- 
mastus ca l i forn iens is  again dominated the  
t o t a l  co l lec t ions from th i s  site, a group 
o f  Paraonid po l ychae tes  were o f ten  as 
abundant as M. californiensis, especially 
i n  w i n t e r  and spr ing.  Other  abundant 
polychaetes a t  t he  lower  bay s i te  included 
Bopr ionospio  pyqmaea, Clymenel'ia tor- 
guata, Streblospio benedict i  and Magelona 
phyllisae. Abundant mollusks were Lucina 
multil ineata, and on occasion Abra aequal- -- 

Tota l  i n f a u n a l  standing stock biomass - 
a t  th is  co l lec t ion  s i te  ranged from a low 
o f  15.4 g/m2 i n  October 1981 t o  a high of 
47.1 g/m2 i n  January 1982. 

The r e s u l t s  o f  t h i s  ongoing s tudy  
ind icate  t h a t  t h e  Corpus Christi Bay Es- 
tua ry  i s  an ex t reme ly  dynamic environment 
wi th  a great deal  o f  var iat ion spat ia l ly  
wi th in t h e  open-bay bottom i n  the  benthic 
species assemblages. Much o f  the temporal 
var iat ion i n  dominant populations discus- 
sed ear l ie r  i s  again apparent here. With- 
i n  the same system the  fauna1 assemblages 
d i f f e r  great ly  and much o f  the di f ference 
can be l inked t o  sediment property dif- 
ferences. I n  addition, as i l lus t ra ted by 
resul ts o f  the midbay s ta t ion monitoring, 
a large pa r t  o f  t he  temporal  var iat ion i n  
species assemblages can be l inked t o  
changes i n  s a l i n i t y  patterns as wel l  4s 
changes i n  dominant fauna i n  the  sediment. 

4.3 .2 .2  Ver t i ca l  var ia t ion.  Most 
benthic macroinfauna l i v e  i n  the upper 
layers o f  the sediment, probably r e f l ec t -  
i ng  the g rea te r  quant i t ies  o f  food 
and oxygen ava i lab le  i n  t h i s  zone. Mc- 
I n t y re  and E l e f t h e r i o n  (1968)  observed 
t h a t  macrofauna i n  subt idal  sands and muds 
were most abundant i n  t he  f i r s t  4 cm of 
sediment. Johnson (1967) noted t h a t  the 
largest numbers o f  macroinfauna i n  a sand- 
f l a t  community l i ved  i n  the t o p  10 cm. 
Xh i t l a tch  (19821 indicated t h a t  i n  tem- 
p e r a t e  e s t u a r i n e  mudf la ts ,  most o f  the 
polychaetes are i n  t he  f i r s t  3 cm o f  sedi- 
ment, amphipods are even closer t o  the  
surface in  t h e  f i r s t  2 cm, and bivalves 
spread ou t  more i n t o  the f i r s t  4 cm o f  
sediment. 

A l though  m o s t  s tud ies o f  estuarine 
benthos do n o t  consider ve r t i ca l  d istr ibu- 
t i o n  o f  the fauna  wi th in  the sediments, 

there i s  usuafly corrsiderable knowledge t o  
be gained from examining ver t ica l  struc- 
tu r ing  o f  t he  species assem bfages, which 
can be re la ted no t  only t o  the i r  own eco- 
logy bu t  also t o  the  overa l l  dynamics of  
t he  biotope. For example, Peterson (1977) 
investigated the pat tern o f  depth s t r a t i -  
f i c a t i o n  f o r  dominan t  i n f a u n a  i n  s o f t -  
bottom benthic com munities o f  Cali fornia 
lagoons. He found very l i t t l e  overlap i n  
abundance o f  these dominant species and 
concluded t h a t  t h e i r  d i s t r i b u t i o n s  were 
such t h a t  competit ive interact ions would 
be minimized since competit ion i s  usually 
a predominant corn m uni ty structuring mech- 
anism (Woodin 1976; W h i t lach 1982). 

I n  s tud ies  o f  v e r t i c a l  d i s t r i b u t i o n  
o f  benthic macroinfauna i n  Corpus Christ i  
Bay sediment  ( R .  W .  F l i n t ,  i n  prep.), 
observations have been made concerning the 
enhancement o f  deep-burrowing species 
abundances by the presence of one dominant 
species l i v ing  deep i n  t h e  sediments. The 
funnel-feeding enteropneust Schizocardium 
sp., a major sediment bioturbator i n  es- 
tuar ine muds, colonized a study s i te  i n  
Corpus Christ i  Bay i n  Apr i l  1982. Prior 
t o  th i s  species' appearance, no macrofauna 
were observed below 3 cm sediment depth 
and biomass o f  t h e  t o t a l  macrobenthos 
ranged from 0.05 g/m2 t o  4.01 g/m2. Af ter  
colonization by Schizocardium and movement 
o f  t h i s  species i n t o  the deeper sediment 
(10-20 cm), other organisms were observed 
i n  sed iment  depths as g r e a t  as 20 cm, 
including t he  polychaetes Gyptis v i t t i t a ,  
Mediomastus californiensis, and Polydora 
sp. i n  abundances up t o  1,320 i n d i v i -  
duals/m2. Macro in fauna l  biom asses i n  
these sediments also exhibi ted large i n -  
creases throughout the sediment column, 
b u t  i n  p a r t i c u l a r  i n  t h e  deeper s t r a t a  
(58.9 g/m2 t o  146.0 g/m2) where species 
were extremely abundant on account o f  the  
sed iment  r e w o r k i n g  ab i l i t i es  o f  Schizo- 
cardium. 

I n  contrast  t o  the  resul ts observed 
a t  t h i s  study s i te  i n  Corpus Christ i  Bay, 
other open-bay bottom sites investigated 
( F l i n t  and Kal  ke 1985) wi th in the 
same estuary showed more o f  the normal 
p a t t e r n  o f  ben th i c  i n f a u n a l  v e r t i c a l  
distr ibution, wi th the m a jo r i t y  o f  species 
abundances occurring i n  the  t op  3-5 cm of 
sediment. For example, a t  an upper 
bay co l lec t ion s i t e  t o t a l  macro in fauna l  



abundance averaged 2,037 individua1s/m2 i n  
s e d i m e n t  d e p t h s  o f  0 - 3  cm, 1,245 
individuals/m2 i n  depths o f  4-10 crn, and 
283 i n d i v i d u a l s / m 2  f r o m  10-20 sediment 
depth  over  2 years  o f  sample col lect ion.  
Co r respond ing l y ,  t o t a l  in fauna? average 
b iomass f o r  t h e  same t h r e e  s e d i m e n t  
sect ions was 51.5 g/m2 f o r  0-3 cm, 14.8 
g/m2 f o r  4-10 cm, and 3.3 g/m2 f o r  10-20 
cm. Thus ,  as  i l l u s t r a t e d  b y  t h e s e  
examples as we l l  as t h e  l i t t l e  i n fo rma t ion  
i n  t h e  l i t e r a t u r e ,  i t  appears  t h a t  t h e  
e x t e n t  o f  f a u n a l  v e r t i c a l  d i s t r i bu t i on  i n  
t h e  open-bay bot tom sediments i s  r e l a t e d  
t o  t h e  k i n d s  o f  f a u n a  p r e s e n t  i n  t h e s e  
sediments and t h e  k inds o f  f unc t i ons  t h a t  
t h e y  p e r f o r m  i n  t h e  c o m m u n i t y  (e.g., 
b io turbat ion) .  T h i s  k i n d  o f  i n f o r m a t i o n  
serves t o  p inpo in t  t h e  types o f  eco log ica l  
re la t ionsh ips  t h a t  e x i s t  among s e d i m e n t  
dwel le rs  and emphasizes t h e  importance o f  
d i f f e r e n t  k inds o f  f auna  t o  t h e  open-bay 
bottom com munity. 

4.4 MOBILE BENTHIC EPIFAUNA 

This component o f  the benthic commu- 
n i t y  p r o b a b l y  e x e r t s  t h e  most  t r o p h i c  
pressure upon t h e  m acro in fauna l  popula- 
t i ons  described above. A number o f  t h e  
o rgan isms  i n c l u d e d  i n  t h e  e p i f a u n a  o f  
Texas  e s t u a r i e s  a r e  a c t i v e  p r e d a t o r s ,  
feed ing  on  t h e  l i v e  biomass o f  sediment 
dwellers. These a c t i v e  predators usual ly  
inc lude t h e  shrimps and crabs, as we l l  as 
o t h e r  dominan t  c r u s t a c e a n s  - w i t h i n  t h i s  
h a b i t a t .  The e p i f a u n a  a l so  i n c l u d e  a 
group o f  gas t ropods t h a t  r e p r e s e n t  t h e  
l a rges t  group o f  fauna i n  t h e  scavenger 
class i n  t h e  open-bay bottom. Many o f  t h e  
g a s t r o p o d  mo l l usks  found  i nhab i t i ng  t h e  
surface sediments seek ou t  dead and dy ing  
animal  t issue f o r  food. I nd i rec t l y ,  these 
animals also a f f e c t  t h e  in fauna o f  these 
same s u r f  ace s e d i m e n t s  because o f  t h e  
d is turbance t o  these sediments these mo- 
b i l e  g a s t r o p o d s  cause  i n  t h e i r  f o o d -  
searching movements. Dur ing d ives t o  t h e  
bot tom sediment  sur face o f  estuaries, one 

penaeid shr imp such as Penaeus aztecus and 
Penaeus set i ferus, and t h e  b lue crab g- 
l i n e c t e s  sapidus.  These f a u n a  u s u a l l y  
cause s u b s t a n t i a l  m o r t a l i t y  among t h e  
b e n t h i c  i n f a u n a ,  e s p e c i a l l y  among t h e  
shallow bu r rowers  and  s u r f a c e  d w e l l e r s  
t h a t  can be eas i ly  excavated and consumed 
b y  shrimp and crabs. The shrimp burrow 
i n t o  t h e  sediment as means o f  p ro tec t i on  
a g a i n s t  d e m e r s a l  f i s h  p r e d a t o r s .  Th i s  
e x c a v a t i o n  and  d i s t u r b a n c e  o f  s u r f a c e  
s e d i m e n t s  c a n  a l so  cause m o r t a l i t y  t o  
smal ler  subsurface-dwel l ing fauna. 

Other  ep i fauna l  crustaceans t h a t  have 
a t  l eas t  been observed on t h e  open-bay 
bot tom sediments o f  t h e  Corpus Chr is t i  Bay 
Estuary (R. Kal ke, Un ive rs i t y  o f  Texas 
Marine Science I n s t i t u t e ,  P o r t  Aransas; 
unpubl. data) inc lude the  amphipod 
 amm mar us mucronatus, t h e  mud ' crab 
Neopanope texana, t h e  hermi t  crab Pagurus 
annul ipes, t h e  mantis shrimp S q u i l l a  
emDusa. several o ther  xan thu r id  crabs. 
I, 

and on many occasions t h e  arass shrimp 
~alaemonete; pugio which moves o f f  adjaL 
cent  grassbeds t o  the  open-bay bottom. 
Many o f  these fauna  are de t r i t us  feeders, 
i nges t i ng  sur face sediments and obta in ing 
f o o d  f r o m  whatever animal mater ia l  and 
o the r  organic m a t t e r  accompanies t h e  sedi- 
ment. Squi l la empusa, however, i s  a very  
a c t i v e  p r e d a t o r ,  u s u a l l y  s i t t i n g  i n  t h e  
ent rance o f  i t s  sediment burrow and p rey -  
ing  upon whatever comes close. 

The o the r  group o f  common ep i fauna l  
organisms i n  t h e  open-bay bot tom are t h e  
gastropod mollusks. Most obvious among 
these fauna are the whelk Busycon contrar- 
ium and t h e  moon sna i l  Pol inices dup l i -  - 
catus. Both o f  these ep i fauna l  popula- 
t i ons  a re  predators. The whelk feeds on 
clams such as Chione cance l la ta  and E- 
cenar ia  campechiensis. The moon sna i l  has 
a much broader diet,  feed ing  sn clams as 
w e l l  as o the r  gastropod species b y  using 
i t s  r a s p i n g  r a d u l a  t o  d r i l l  t h r o u g h  t h e  
she l l  o f  t h e  mollusk prey. 

can observe deep f u r r o w s  and o the r  t ypes  
o f  t r a c k s  l e f t  on  these sur face sediments Other  mollusk gastropods common i n  
b y  searching gastropods. Texas estuar ies inc lude t h e  dwar f  o l i ve  

shel ls O l i ve l l a  dealbata and on  occasion 
Several of t h e  dominant  epifauna of Thais sp. The o l i v e  shel ls are though t  t o  

Texas open-bay bot tom estuar ies are of be  d e t r i t i u o r e s ,  i n g e s t i n g  t h e  surface 
corn m e r c i a l  i m p o r t a n c e  because of t h e i r  s e d i m e n t s  and a n y  a s s o c i a t e d  o r g a n i c  
f i s h e r y  value. These species inc lude t h e  matter, 



A few o t h e r  e p i f a u n a l  species are 
occas iona l l y  observed o n  t h e  sediment  
surface o r  taken i n  benthic trawls. For 
instance, t axa  belonging t o  the  Echinoidea 
such as the sand dollars and urchins are 
o f ten present on t he  sediment surface of  
t he  open-bay bottoms. Sand dollars w i l l  
f o r a g e  a t  t h e  sed iment  su r f ace  o r  j u s t  
below t h e  surface by  plowing along a t  a 
f a i r l y  rap id  pace. They normally feed on 
organic deposits, bu t  l i ke  so many o f  the 
larger epifauna, t he i r  feeding act iv i t ies  
i n  the surface sediments must also have a 
large impact upon many smaller infauna 
t h a t  l i ve  there. 

4.5 ENVIRONMENTAL EFFECTS ON 
COMMUNITY STRUCTURE 

The c lose assoc ia t ion  o f  ben th i c  
organisms w i t h  sed iment  f e a t u r e s  i s  a 
resu l t  o f  l imi ted mobil i ty. Benthic fauna 
no t  only r e l y  on sediments f o r  shelter, 
protection, and areas t o  reproduce, but  
also f o r  food. One fea tu re  o f  macroinfau- 
laal species assemblages i s  the long-recog- 
nized association o f  par t icu lar  groups of 
spec ies w i t h  p a r t i c u l a r  sediment types. 
P a r t i c l e  s i ze  i s  usua l l y  cons idered t h e  
most impor tant  in f luen t ia l  f ac to r  o f  sedi- 
ments upon species distributions. Other 
p rope r t i es  of sediments, how ever, t ha t  
e i t h e r  d i r e c t l y  o r  i n d i r e c t l y  i n f l u e n c e  
the  distr ibut ion patterns o f  macroinfauna, 
on both hor i zon ta l  and v e r t i c a l  scales, 
include sedimentation rates, sediment sta- 
b i l i t y ,  f o o d  a v a i l a b i l i t y  and dep th  o f  
oxygenated sediments. The depth o f  oxy- 
genated sediments i s  usually delineated by 
t h e  redox  p o t e n t i a l  d iscont inui ty (RP D)  
where the  sediment Eh mv reading equals 
zero (Rhoads 1974). 

Rogers (1976) noted t h a t  there was a 
d is t inc t  d i f ference i n  benthic meiofauna 
o f  the open-bay bottom i n  San Antonio Bay, 
which he concluded was re la ted  t o  d i f f e r -  
ences i n  sed iment  s t ructure.  Meiofauna 
were more abundant i n  the  s i l t y  sediments 
o f  t h i s  estuary,  r a t h e r  t han  t h e  sandy 
sediments. Meiofaunal surveys i n  Corpus 
Christ i  Bay ( R .  Kalke, pers. comm.) ind i -  
ca ted  t h a t  abundances i n  t h e  sandier  
sediments were higher than i n  sediments 
containing a higher c lay  fraction. This 
difference, ra ther  than being re la ted  t o  
t he  actua l  sediment grain size, may have 

been re la ted  more t o  the  ins tab i l i t y  o f  
t h e  sil ty c lay surface sediments, which 
were ex t r eme l y  f l o c c u l e n t  and o f t e n  
contained more than 60% water. These 
sediments c o u l d  be much more eas i l y  
resuspended than sandier sediments, resul-  
t i ng  i n  an extremely unpredictable envir-  
onment f o r  small-sized meiofauna. As the  
sediment  dep th  i nc reased  a t  t h i s  s i t e  
containing large amounts o f  clay, abundan- 
ces o f  meiofauna were much closer i n  num- 
ber t o  the deeper sediments o f  the sandier 
c o l l e c t i o n  sites. 

Study sites i n  the Corpus Christ i  Bay 
Estuary which have been invest igated over 
the  l as t  few years (F l i n t  1982) show some 
interest ing comparisons concerning fauna 
and sediment  cha rac te r i s t i c s .  Two o f  
t h e s e  s i t e s  h a v e  e x h i b i t e d  s i m i l a r  
s a l i n i t y  pa t te rns ,  b u t  c o n t a i n  w ide l y  
d i f f e r e n t  sediments:  a l o w e r  bay  s i t e  
characterized by more than 90% sand and a 
midbay s i te  wi th sediments consisting o f  
more than 70% clay. Over 2 years o f  moni- 
toring, 82 species o f  macroinfauna have 
been observed from the  sandier s i te  wi th  a 
t o t a l  mean abundance o f  1,924.5 organ- 
isms/m2 and t o t a l  mean biomass o f  26.7 
g/m2. I n  con t ras t ,  a t  t h e  s i t e  w i t h  a 
high clay content, 22 species have heen 
observed wi th  a t o t a l  mean abundance o f  
2,237.6 organisms/m2 and a t o t a l  mean 
biomass o f  62.8 g/m2. The sandier s i te  
supported a more diverse group of  macro- 
infauna wi th  lower abundances and much 
lower  biomass t h a n  t h e  s i t e  con ta i n i ng  
more clay. Therefore, t he  long-recognized 
notions (1) t h a t  d i f f e ren t  species assem - 
blages ex is t  i n  d i f f e ren t  sediment types 
and ( 2 )  t h a t  fewer  species normally occur 
i n  muddier sediments bu t  are usually more 
abundant and are more p r o d u c t i v e  t h a n  
sand ie r  sed i  ment populat ions ( W h i t la tch  
1982)  appear t o  app l y  t o  t h e  Corpus 
C h r i s t i  Bay Es tuary  and probably other 
open-bay bottoms along t h e  Texas coast. 

The depth o f  oxygenated sediments i s  
another f ac to r  i m p o r t a n t  i n  i n f l u e n c i n g  
t h e  d i s t r i b u t i o n  o f  benth ic  taxa, espe- 
c ia l l y  those t ha t  do no t  maintain consis- 
t e n t  connections (i.e., burrows and tubes) 
wi th  the  sediment sur face.  As Rhoads 
(1974) has shown, t h i s  character ist ic o f  
sediment ve r t i ca l  s t ructure can of ten be 
determined by making Eh (redox) p ro f i l e  
measurements t h rough  t h e  sediments  t o  



determine the redox potential discontinu- 
i ty  j R P  D f layer. W hen the  voltage reaches 
zero, tnis usually defines the depth of 
the R P D  layer and the  beginning of anoxic 
sediments. Kalke e t  al. (1982) observed 
tha t  as laboratory exper imenta l  benthic  
species assemblages were subjected to  t he  
disturbance of oil l ayered  over s u r f a c e  
sediments (thus decreasing the depth of 
oxygenated sediments by causing a shal- 
lower sediment R P D  layer to  occur), macro- 
infaunal populations dec reased  in abun- 
dance. The investigators concluded t h a t  
the migration of the  R P D  layer closer t o  
the sediment surf ace decreased the habitat  
space for many of the  abundant subsurface 
fauna such as Mediomastus californiensis 
which did not maintain permanent connec- 
t ions w i t h  t h e  s ed imen t  su r f ace ,  t h u s  
forcing t h e i r  p o p u l a t i o n  n u m  b e r s  t o  
decline. 

Numerous observations have been made 
in the  Corpus Christi Bay Estuary ( R . W .  
Flint, pers. comm.) where the depth of 
t he  R P D  i s  d i r e c t l y  r e l a t ed  t o  t h e  
abundance and biomass of macroinfauna. 
Figure 1 2  i l l u s t r a t e s  how t h e  benthic  
macroinfauna changed over time a t  a midbay 
s i te  as the depth of the R P D  changed. As 
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Figure 12. Seasonal measures of sediment redox potentiai 
discontinuity (RPD) depth. tatal benthic macroinfaunal 
species number, and total benthic macroinfaunal biomass 
at a midbay study site in the Corpus Christi Bay Estuary. 

the habitat space deepened, the number of 
species increased and the standing-stock 
biomass also increased.  Since t h e r e  
generally appeared t o  be a lag between the 
deepening of the R P  D and the macroinfaunal 
response, especially for biomass, one can 
speculate tha t  the increase in oxygenated 
sed iment  s p a c e  was i n f l u e n c i n g  t h e  
response the fauna exhibited. 

In addition t o  the  conditions in the 
sediment, other physical factors  limit the 
dis t r ibut ion of benthic  fauna. Primary 
among these would be salinity. Numbers of 
benthic species were observed t o  decline 
in Lavaca Bay as salinities declined in 
the upper reaches (Gilmore e t  al. 1974). 
Not only were the n u m  bers of benthic spe- 
cies low for areas of the Bay t h a t  consis- 
t e n t l y  exhibi ted lower sa l in i t ies ,  b u t  
when high river discharge lowered salini- 
t i es  throughout the estuary Gilmore e t  af. 
(1974) noted decreases in benthic species. 

In con t r a s t ,  Harper and Hopkins 
(1976) observed increases in San Antonio 
Bay benthic  populations in response t o  
lowered salinities. They concluded t h a t  
these responses were directly related to  
t h e  inflow of more nutrients from the same 
river discharge t h a t  decreased salinities. 
Consistent with the  observations on San 
Antonio Bay benthos were long-term data 
collected by Flint e t  al. (1981) on ben- 
thic  rnacroinfaunal populations a t  a sandy 
shoal sampling s i te  in Corpus Christi Bay. 
Species number and total  abundance both 
exhibi ted inc reases  during t h e  winter 
periods of 1974-1975 and 1976-1977 (Figure 
11, A and 6 )  which corresponded t o  two of 
t h e  lowes t  sa l in i ty  periods during t h e  
e n t i r e  s tudy duration. These periods 
corresponded t o  extremely wet winters, as 
illustrated by increased flow r a t e s  f o r  
the Nueces River (Texas Department of 
Water Resources, Austin; unpubl . 1. The 
corresponding 1 ower sa l in i t i e s  were 
assumed to  be correlated with increased 
riverine inputs o f  nutrients,  causing 
higher production i n  the system as 
reflected by the benthos during these 
periods. 

Also during this  same study Flint e t  
al. (1981) sampled the benthos during and 
after a major storm (September 1979) in 
Corpus Christi Bay which was accompanied 
by high-intensity rains ( 3 3  cno in 24 hr). 



This rainfall resulted in freshwater In-= 
flows t o  the Corpus Christi Bay Estuary 
which surpassed all previously recorded 
inputs t o  t h i s  system and dramatically 
lowered the salinity of the estuary below 
normal for more than a month. Four months 
after the September 1979 storm, the total 
abundance and biomass of benthic macro- 
infaunal populations increased dramati-  
cally (Figure l l B  and 11C). The increased 
production was in existing dominant popu- 
lations, rather than a complete shift in 
benthic species assemblages as had been 
observed f o r  o ther  es tuar ies  receiving 
major fresh w aer inflows and accompanying 
salinity sh i f t s  (e.g., Thomas and White 
1969; Boesch e t  al. 1976). These in- 
creases in benthic abundance and biomass 
correlated with the storm suggested that 
production of the open-bay bottom macro- 
fauna h i d  been stimulated by the  rainfall 
with i t s  associated input of nutrients and 
detrital material t o  t h e  Corpus Christi 
Bay Estuary (Flint 1983). 

A more subtle effect  of salinity on 
open-bay bottom fauna was observed from 
investigations on benthic macroinfaunal 
species assemblages a t  a midbay collection 
s i t e  in t h e  Corpus Christi Bay Estuary 
(Flint and Kalke 1985). For all of 1981, 
s a l i n i t i e s  in t h i s  e s t u a r y  w e r e  
consistently low, usually ranging between 
2 2  and 26 ppt during quarterly sampling 
cruises. The lower salinities were caused 
by above-normal rainfall and were much 
lower than the  average range f o r  this  
portion of the Corpus Christi Say Estuary 
(Holland e t  al. 1975). During the 1981 
period of lower sal ini t ies ,  the  midbay 
sediments supported a depauperate macro- 
infaunal assemblage with total abundances 
of 1,500 organisms/m2 in July and 37 
organisms/m2 in October, and the species 
assemblages were dominated by Streblospio 
benedicti, a polychaete associated with 
the  less  saline upper reaches  of Texas 
estuaries. 

In 1982 the salinities a t  this mid- 
bay collection site increased 27-32 pp t ,  
caused by normal and slightly below normal 
rainfall .  These t rends  continued into 
1983, Associated with these  sal ini ty 
changes were substantial changes in the 
open-bay bottom m acroinf aunal species as- 
semblage. In April 1982 the deep-burrow- 
ing enteropneust Schizocardium sp, ap- 

peared in collections. Mot only did the  
species represented a t  the  midbiny site 
increase in association with Schizocardium 
(Figure 121, b u t  biomass and total abun- 
dance of the macroinfauna also increased 
and several  polychaete species became 
codominant with Schizocardium, including 
Mediomastus californiensis and the higher 
saline species Paraprionospio pinnata. The 
Streblospio benedicti population decreased 
to very small numbers during dominance by 
these other fauna and the continued pre- 
sence of Schizocardium, the major biomass 
contributor to  the benthos. These pat- 
terns have continued a t  this site through 
the period of elevated salinities. 

Thus, fo r  t h e  Corpus Christi Bay 
Estuary, two examples of how changes in 
estuarine salinity will affect the open- 
bay bottom benthos have been documented. 
In one instance the salinity change was 
sudden and dramatic, associated with re-  
cord rainfalls. The benthos responded by 
taking advantage of increased resource 
inputs to  the estuary and exhibited record 
production rates. In the  second case, the 
salinity changes t o  the estuary were more 
subtle and prolon ed. The benthos respon- 
ded t o  this set  o 9 circumstances by going 
through a complete change in species as- 
semblages, which over the long term also 
appeared t o  stimulate benthic production. 

Individual species of the  benthos 
often interact strongly enough with one 
another t o  affect distributions and abun- 
dance pat terns  of al l  t he  population. 
These in terac t ions  can represent  both 
direct and indirect effects, and the  ef- 
f e c t s  can be in terms of inhibition o r  
stimulation of other fauna. 

The major form of indirect interac- 
tion among benthic macroinfauna of the  
open-bay bottom is  what Rhoads and Young 
(1970) termed "trophic group amensalism." 
According t o  this phenomenon, the subsur- 
face deposit feeders of open-bay bottom 
sediments increase the water content of 
surface sediments, t h u s  creating a floccu- 
lent, easily resuspended surf ace. Large 
quantities of material suspended in t h e  
water overlying the sediments tend t o  clog 
the  f i l te r ing  apparatus of suspension 
feeders in the benthos. Therefore, the 
action of the deposit feeders upon the  



sediments limits the distribution of sus- 
pension feeders and often reduces their 
abundance in the open-bay bottom. 

In addition to  interacting indirectly 
through effects on the sediments, macro- 
infauna can ac t  directly to  inhibit one 
another. Woodin (1976) observed that  adult 
infauna in a benthic species assemblage 
feed on the larvae of potential colonizers 
to the assemblage. Suspension feeders  
capture larvae of many infaunal species 
while they are still in the water column. 
Deposit feeders  a f fec t  the  survival of 
ne w'ly settled infaunal larvae by consuming 
these  as part  of the i r  d ie t ,  disrupting 
settlement processes or causing mortality 
by their sediment reworking during feed- 
ing. Woodin (1976) concluded tha t  direct 
in terac t ions  by the  infauna a re  strong 
enough and frequent enough to determine 
which species can coexist in the benthos, 
thus limiting the membership of any dense 
infaunal assemblage. 

Another form of indirect interaction 
among macroinfauna is  stimulatory rather 
than inhibitory. Woodin (1982) demon- 
strated tha t  the  tubes of Diopatra cuprea, 
an onuphid polychaete abundant in Texas 
open-bay bottoms, provide refuges for  
other  macroinfauna of the  sediments 
against predation from such species as 
Callinectes, the blue crab. Eckman e t  al. 
(1981) has also shown that  tubes a t  the 
surface  of sediments tend to  vary the  
local hydrodynamic environments of these 
sediments, thus creat ing a more s table  
sediment habitat for other infaunal spe- 
cies around certain areas of the tubes. 

The burrowing and reworking of deeper 
sediment in the open-bay by large macro- 
infauna have been observed t o  
stimulate the presence o f  a more diverse 
species assemblage in sediments where this 
bioturbation occurs. For example, repli- 
cate cores taken a t  a sandy site in Corpus 
Christi Bay for meiofaunal analysis r e -  
vealed interesting differences in vertical 
distribution of fauna ( R .  Kalke, pers. 
comm.). Two of the three cores taken 
side-by-side from the sediment by scuba 
divers exhibited mean peak abundances of 

4.9 x for infauna in the 
top 2 cm of sediment. 111 sediments 2-4 cm 
deep in these  cores, mean infaunal 
abundance  d e c r e a s e d  t o  0 .4  x l o 5  
organisms/m2, and in sediments 4-6 cm deep 
no infauna were observed. The third cors 
of the three taken side-by-side exhibited 
similar abundances of infauna fo r  the 
first  2 cm of surface sediments. In con- 
t rast  to  the other two cores, however, 
this  core contained a large burrowing 
ophuroid (brittle s t a r )  a t  a depth of 5 cm 
in the sediments. The second core section 
(2-5 cm depth) contained 5 different in- 
faunal species, exhibiting a total  abun- 
dance of 4.5 x l o 5  organisms/m2, and the 
third sediment sect ion ( 4 - 6  cm depth)  
where the ophuroid w as present, contained 
9 different infaunal species and a total 
abundance of 3.0 x l o 5  organisms/m2. The 
third core, in contrast t o  the first  two, 
contained brow n-colored sediments through- 
out, indicative of oxygenated sediments, 
due primarily t o  the sediment reworking 
abilities of the ophuroid, 

For a further example of sediment 
infaunal bioturbation and i t s  positive 
effect upon the benthic species assem - 
blages of the open-bay bottom, the effects 
of the  burrowing enteropneust  Schizo- 
cardium sp. can be examined further. 
' m n  prep.) observed that the coloni- 
zation and ultimate habitation of Cor~us  
C hristi  8 ay sediments by ~chizocardium 
deepened the R P D  and increased the amounl 
of oxygenated sediment available for  co- 
lonization by o ther  fauna  (Figure 1 2 ) .  
The result of these activities was a di- 
versification of species assemblages ob- 
served deeper in the sediment and a t re-  
mendous increase in m acroinfaunal abun- 
dance and biomass 'in deeper sediment than 
at other bay sites having a shallow R P D  
layer. Thus, as these t w o  examples il- 
lustrate, reworking of sediments by larger 
infauna, besides interfering with the life 
cycles of other fauna, can also have a 
positive effect upon the abundance distri- 
bution of many populations by increasing 
their oxygenated habitat space. Effect is 
most apparent on popu1a"ions of infauna. 
that do not maintain a consistent connec- 
tion with the sediment surface  through 
tubes and open  burrows- 



CHAPTER 5. 
BENTHIC COMIVIUNIW FUNCTlORB 

In the  past  20 years, important ad- 
vances have been made in studying benthic 
community s t r u c t u r e  in marine and es tu -  
arine environments. The great s tr ides in 
describing the  benthic communities of a 
particular environment, however, have of - 
ten obscured the fact  that the benthos i s  
a changing, dynamic subsystem of t h i s  
environment, whose functioning i s  extrem- 
ely important to the total  estuarine sys- 
tem. For example, d i f f icul t ies  that have 
arisen in attempting t o  model marine eco- 
systems indica te  a need t o  be t t e r  under- 
stand the effect on benthic production of 
changing energy t r ans fe r  between trophic 
levels and the resultant impact that these 
changes might represent to  fishery yields. 
In addition, the benthos i s  now being 
considered as an in tegra l  part  of marine 
ecosystems because of interest in benthic- 
pelagic coupling and the potential role of 
the  benthos in regula t ing  sediment pro- 
cesses that contribute to  pelagic produc- 
tion. 

Recently, the importance of the ben- 
thos to marine ecosystems, and especially 
those systems supporting major commercial 
f i s h e r i e s ,  has been emphasized ( M i  11s 
1975). Data col lec ted  from several  s t u -  
d i e s  suggest a f i n e  balance between the 
benthos as a food source for  f i s h e r i e s  
(Mcintyre and Murison 1973; Wolff 1977; 
Arntz 1980) and the benthos as a regulator 
of dynamics within the ecosystem as a 
whole v ia  benthic-pelagic coupling pro- 
cesses, emphasizing nutrient regeneration 
(Davis e t  al .  1975; Rowe and Smith 1977; 
Hargrave and Connolly 1978; Zeitzschel 
1980). Evidence has a lso  accumulated 
implicat ing northwestern Gulf of Mexico 
marine benthos in foodweb dynamics of the 
s h r i m ~  f i s h e r y  ( F l i n t  and Rabalais 1981) 
and the  f lux  of n u t r i e n t s  from subtidal  

sediments t h a t  a re  important t o  pelagic 
producers (Fl i n t  and Kamykowski 1984). 
Thus, the indication i s  that benthic com- 
munities po ten t i a l ly  cont r ibute  t o  eco- 
system production through both the trans- 
f e r  of energy and the  regulat ion of pro- 
cesses such as mud-water in te r face  n u -  
t r ient  fluxes, which help to maintain and 
stabil ize the base of foodwebs. 

The benthic communities of Texas 
open-bay bottoms have a number of func- 
tions that are now considered important to 
the general dynamics of the e n t i r e  e s tu -  
ary. Most obvious of these functions, from 
what i s  known about l i f e  o n  and in the 
sediments of marine environments, include 
the production of biomass as food resour- 
ces f o r  higher t rophic  levels  and the  
bioturbating of estuarine sands and muds. 
The f i r s t  i s  self-explanatory. The se-  
cond, bioturbat ing of sediments, as wi l l  
be presented in d e t a i l  l a t e r ,  i s  an a c t i -  
vity of the benthos that directly affects 
the  r a t e  of production by the  community 
and i s  thought to  enhance nutrient regen- 
eration by the estuarine sediments. Since 
very l i t t l e  information exists concerning 
benthic secondary production and nutrient 
regeneration (including regulat ing fac-  
t o r s )  fo r  Texas e s tua r i e s ,  much of the  
following discussion i s  based on research 
r e s u l t s  of F l in t  e t  a1. (1982) covering 
inves t iga t ions  in the Corpus Chr is t i  Bay 
Estuary, a s  well as  more recent ,  a s  ye t  
unpublished, research r e s u l t s  from the 
continuation of these investigations. 

5.2 BlOMASS PRODUCTION 

The most important component of bio- 
mass production i n  a71 biotopes of the  
estuary, including the open-bay bottom, i s  
t h a t  produced by the  primary consumers. 
These organisms, which include the  ben- 
thos, a re  the  e s s e n t i a l  l i n ~  between the  



photosynthetic carbon production i n  p lants  
and the t ranster  o f  t h i s  energy t o  higher 
L roph ic  l e v e l s  such as important f i she r -  
ies. The benthos serve as a  "trapl ' in the 
open-bay bottom, t a k i n g  t h e  energy f r om 
a17 t h e  d i f f e r e n t  m a t e r i a l s  p rov ided  i t  
(i.e., phytop lankton,  t e r r e s t r i a l  organic 
d e t r i t u s ,  and e s t u a r i n e  d e t r i t u s )  and 
concen t ra t i ng  t h i s  energy i n t o  biomass 
packages ready f o r  consumption (and energy 
t r a n s f e r )  by secondary consumers i n  t h e  
complicated estuarine food chains. 

f rom 1981 t o  1983, t h r e e  d i s t i n c t l y  
d i f f e r e n t  sampl ing s i t e s  were mon i to red  
f o r  ben th i c  community processes i n  t h e  
Corpus C h r i s t i  bay Estuary. These s i t e s  
are characterized as fo l lows:  

a. Stat ion 2 - Upper bay, w i t h  
sediment more than 
50% sand; average 
RPD depth 2.9 cm 

b. Stat ion 7 - Midbay; sediment 
more than 70% clay; 
RPD depth 4.5 cm 

c. Stat ion 10- Lower bay; sediment 
more than 90% sand; 
RPD depth 3.3 cm; 
water more sa l ine 
than other two 

A summary o f  t h e  f i n d i n g s  a t  t h e  t h r e e  
s ta t ions i s  shown i n  Figure 13. 

Standing s tock  biomass o f  ben th i c  
macro in f  auna was g rea tes t  a t  t h e  midbay 
s i t e  and lowest a t  the more oceanic lower 
bay s i t e  over t h e  2 years  o f  observa t ion  
(Figure 13). A t  the midbay s i te ,  however, 
t h e r e  was a g r e a t  dea l  o f  v a r i a t i o n  i n  
these l a r g e r  s t and ing  stocks. Dur ing  t h e  
f i r s t  year o f  observat ion,  t h i s  s t a t i o n  
supported an average o f  l e s s  than 4 g/m2 
o f  ben th i c  biomass. Dur ing t h e  second 
year, these same sediments harbored macro- 
i n f  aunal biomasses exceeding IOU g/m2. The 
upper bay c o l l e c t i o n  s i t e  c o n s i s t e n t l y  
showed minimum standing stocks o f  benthic 
macroinfauna i n  the summer and f a l l  (0.4 - 
20.1 g/m2) and maximum biomasses i n  t h e  
winter and spr ing (49.4 - 151.8 g/m2). The 
standing stock biomass o f  b e n t h i c  macro- 
in fauna  a t  t he  lower  bay s i t e  was much 
l e s s  v a r i a b l e  than  biomass a t  t h e  o the r  
two sampling stat ions,  probably because of 
the environmental ly s t a b i l i z i n g  inf luences 
06 oceanic waters  f r om  t h e  g u l f .  The 

max-ijrnum biomass, o f  47.1 g/m2 was observed 
i n  the  w i n t e r  o f  1382 and t he  minimum, 
16.1 g/rn2, i n  t he  w i n t e r  o f  1983, i n d i c a -  
t i n g  t h a t  c o n s i s t e n t  seasonal c y c l e s  i n  
s tand ing  s tock o f  t he  benthos d i d  n o t  

CLhY 
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Figure 13. Total study period (111-83) average measures for 
sediment structure characteristics, redox potential 
discontinuity (RPB) depth, benthic macroinfaunal biomass, 
and sediment metabolism at three stations in the Corpus 
Christi Bay Estuary. Bars represent 95% confidence intemals 
around the means. 



occur here as they did a t  the other Corpus 
Christ i  Bay locations. 

Measurement of benthic sediment meta- 
bolism i ?  t h e  open-bay bottom provides  
i n f o r m a t ~ o n  about fauna l  r e s p i r a t i o n ,  
f e ed ing ,  reproduc t ion ,  b io tu rba t i on  and 
overall  mineralization of organic material 
(decomposi t ion) .  Data on sediment oxygen 
uptake permit comparison of the amount of 
benthic a c t i v i t y  in various kinds o f  sedi-  
ments i n  an estuary or between es tuar ies ,  
and a l s o  e s t i m a t e s  of t h e  amount of p r i -  
mary consumer carbon production by t he  
benthos (Rowe and Smith 1977). 

The upper bay sampling s i t e  in Corpus 
Christ i  day showed the lowest mean sedi-  
ment metabolism over t h e  2-year s tudy  
period (F igure  13). The maxim~lm average 
sediment  oxygen uptake r a t e  a t  t h i s  s i t e  
was 144.8 ml 02/m2/hr in  Ju ly  1381; the  
minimum was 44.5 m l  02/m2/hr i n  January 
1982. The midbay s i t e ,  a s  i t  did wi th  
s tand ing  s tock  biomass, exh ib i t ed  the  
h ighes t  average r a t e  of sediment meta- 
bolism. These higher  r a t e s  were charac-  
t e r i z e d  by a  low of 54.1 ml 02/m2/hr in 
Oc tobe r  1981  and a  maximum 181.2 ml 
0,/m2/hr in July 1982. The lower bay col-  
lection s i t e  exhibited no seasonal trends 
fo r  sediment metabolism with a  low of b6.8 
ml 0,/m2/hr measured in both October 1381 
and A p r i  1 1982 and a maximum recorded in 
January 1982 (171.7 ml 02/m2/hr). 

Estimates of benthic production from 
the sediment metabol ism measures indicated 
t ha t  the upper bay sediments were capable 
of producing an average of O.9b t 0.37 g  
C/m2/day. In c o n t r a s t ,  t h e  more a c t i v e  
sed iments  of t h e  midbay a r e a  e x h i b i t e d  a  
?as:: benth ic  carSon pro"~c t inn  o f  1-30 f 
0.54 g  C/m2/day. The more ocean -  
i n f l u e n c e d  l ower  bay s i t e  of Corpus 
Christ i  day exhibited a  mean benthic pro- 
duc t ion  r a t e  of 1.23 rt 0.46 g  C/m2/day. 

In assessing the  qual i ty  of food from 
pr imary  consumers of t h e  benthos f o r  t h e  
secondary consumers t h a t  r e l y  upon them, 
the standing stock biomass i s  not always a  
good measure. Many slow-growing l a r g e r  
animals  such as  b iva lve  mollusks have 
large biomasses,  but  even when t he  heavy 
she l l s  are discarded, the remaining t i s sue  

may have a  low potential  fo r  production as 
expressed by t he  tu rnover  r a t i o  (Produc- 
t i o n  RateIAverage i3iomass o r  P / B )  of t h e  
organism. Other organisms such a s  poly- 
chaete worms and amphipod crustaceans are 
f a s t e r  growing and s h o r t e r  l i ved  and may 
o f t en  achieve food production l e v e l s  f o r  
the next trophic level which are  over f i ve  
times the i r  standing stock biomasses. 

The t h r e e  s i t e s  i n v e s t i g a t e d  i n  
Corpus Chr i s t i  8ay revea led  some very 
interes t ing trends with r e s p e c t  t o  t u r n -  
over r a t i o s  of var ious  ben th ic  s p e c i e s  
assemblages. The lowest turnover r a t i o  was 
ca l cu l a t ed  f o r  t h e  upper bay s i t e ,  a t  
0.019. Simi l a r  c a l c u l a t i o n s  produced a  
turnover r a t i o  of 0.021 a t  the midbay s i t e  
and 0.046 a t  t he  lower bay s i t e .  The 
lower bay s i t e  supported t h e  lowest  av- 
e rage  s tand ing  s tock  over the  s t udy  ( F i -  
gure 13) ,  y e t  t he  ben th i c  popula t ions  in  
these sandy sediments were the most pro- 
ductive as judged by calculation of turn- 
over r a t i o s .  These t r ends  a r e  c o n s i s t e n t  
w i t h  t h e  kinds o f  benth ic  macroinfauna 
observed a t  t he se  t h r e e  c o l l e c t i o n  s i t e s  
in Corpus Christ i  Bay. The upper bay s i t e  
o f t e n  supported dominant popula t ions  of 
larger mollusks such as Mulinia l a te ra l  i s  
(Holland e t  a l .  1975). The midbay s i t e  was 
dominated by popula t ions  of t h e  l a r g e r  
enteropneust _Schizocardium sp. ( F l  i n t  
and Kalke 1985), especially a f t e r  the 
winter of 1982. In contras t ,  the  more 
productive lower bay s i t e  was usually 
dominated by smaller sized polychaetes 
such as Mediomastus cal i forniensis  (F l in t  
and Younk 1983). Thus, as i l l u s t r a t ed  
here, the only way t o  t ru ly  understand 
the dynamics of the benthos in  assessing 
the production of biomass in  an open-bay 
bottom i s  t o  have information not only on 
species composition b u t  also on standing 
stocks and productivit ies.  Only then can 
one rea l ly  determine the importance of 
benthic species assemblages between 
open-bay bottom habi ta ts  with respect t o  
the  provision of biomass t o  secondary 
consumers. 

Another major biomass production com- 
ponent of t h e  open-bay bottoms of Texas 
e s t u a r i e s  i n c l u d e s  t h o s e  fauna,  both 
s h e l l f i s h  and f i n f i s h ,  which a r e  f i s h e d  
commerci a1 l y .  Commercial c a t ches  of 
shr imps,  c rabs ,  o y s t e r s ,  and f i n f i s h  a r e  
recorded by various governmental agencies; 



t h e s e  annua l  tabu la tdoras  can be Used t o  
make a compar ison o f  secondary  consunier 
biomass product ion  by these species across 
a l l  t h e  Texas es tua r ine  open-bay bottoms. 
S ince t y p i c a l  f i s h e r y  s t a t i s t i c s  r e p o r t  
t h e  t o t a l  c a t c h  w e i g h t  f o r  a p a r t i c u l a r  
w a t e r  body, however,  i n  compar ing  wa te r  
bod ies  t h i s  t o t a l  may be m i s l e a d i n g  be- 
cause t h e  e f f o r t  expended (i.e., number of 
t r i p s )  t o  o b t a i n  t h e  poundage d i f f e r  be- 
tween e s t u a r i e s .  There fore ,  i n  o r d e r  t o  
a r r i v e  a t  a  more r e a l i s t i c  compar ison o f  
shrimp f i s h e r y  y i e l d s  between Texas estua- 
r i e s  and t o  a t t e m p t  t o  remove f i s h i n g  
b iases ,  a d j u s t m e n t s  were made t o  c a t c n  
s t a t i s t i c s  f o r  1970-1962, r e p o r t e d  by 
N a t i o n a l  Oceanic and A tmospher i c  Agency 
(G. K i n k l e ,  N a t i o n a l  Mar ine  F i s h e r i e s  
Serv ice ,  NOAA, Miami,  F l o r i d a ;  pers. 
comm.). These adjustments i nc  1  uded making 
co r rec t i ons  t o  t h e  annua l  s h r i m p  f i s h e r y  
y i e l d s  f o r  each Texas e s t u a r y  based upon 
t h e  assumpt ion  t h a t  t h e  o v e r a l l  mean 
c a t c h / e f f o r t  v a l u e  o f  b9.1 k g / t r i p )  f o r  
t h e  13-year  d a t a  base gave a  good r e p r e -  
s e n t a t  i o n  o f  t h e  g e n e r a l  open-bay bottom 
d e n s i t y  o f  s h r i m p  (g/m2) f o r  t h e  Texas 
estuaries, whi 1e a l so  t a k i n g  i n t o  account 
t h e  b i a s e s  o f  s h r i m p  s t a t i s t i c s  f o r  d i f -  
f e r e n t  e f f o r t s  bo th  between es tua r ies  and 
between years.  Thus, i f  an annua l  mean 
c a t c h / e f f o r t  value f o r  a  p a r t i c u l a r  estu-  
a r y  f e l l  be low t h i s  g rand mean, wh ich  
meant t h a t  t h e  r a t i o  o f  t he  two was below 
1, then the t o t a l  y i e l d e d  shrimp poundage 
f o r  t h i s  e s t u a r y  was decreased by  t h i s  
p r o p o r t i o n  ( m u l t i p l i e d  by t h e  r a t i o ) .  
This adjustment assumed t h a t  c a t c h l e f f o r t  
was l ess  because t h e  dens i t y  o f  shrimp may 
have been l e s s  i n  t h i s  e s t u a r y  t h a n  t h e  
dens i t y  assumed present  t o  y i e l d  the over- 
a l l  g rand mean c a t c h / e f f o r t .  C o r r e -  
s p o n d i n g l y ,  e s t u a r i e s  e x h i b i t i n g  
c a t c h / e f f o r t  r a t i o s  above 1 had t h e i r  
y i e l d s  increased assuming t h a t  t h e  f i s h e r y  
was c a t c h i n g  more because t h e i r  o v e r a l l  
e s t u a r i n e  d e n s i t y  was g r e a t e r .  These 
adjustments were made t o  a l l  Texas estuary 
s h r i m p  y i e l d s  be tween 1970-1382 and pro- 
duced the  r e s u l t s  i 1  l u s t r a t e d  i n  Table 11. 

The h i g h e s t  annual  y i e l d  o f  s h r i m p  
biomass f o r  open-bay bo t toms  o f  Texas 
e s t u a r i e s  came f r o m  t h e  Ga lves ton  Bay 
Estuary. Th is  estuary 's  y i e l d  was almost 
double any o ther  a long t h e  coast. Next i n  
t o t a l  y i e l d  was t h e  Matagorda Bay Estuary. 
The lowest  y i e l d s  came f rom e i t h e r  end of 

the  Texas c o a s t  w i t h  Sabine Lake and t h e  
Upper Laguna Madre each y i e l d i n g  l ess  than 
10"kgyr. P r o d u c t i o n  o f  s h r i m p  biomass 
caught  by man on an a r e a l  b a s i s  f o r  Texas 
e s t u a r i e s  showed a  s l i g h t l y  d i f f e r e n t  
p a t t e r n  (Sab le  11). Again, t h e  most  
p r o d u c t i v e  e s t u d r i n e  open-bay bottom was 
Galveston Bay. I n  con t ras t  t o  t o t a l  estu- 
ary y ie lds ,  nowever, t h e  second most pro- 
d u c t i v e  Texas e s t u a r y  on a  p e r  u n i t  a rea  
b a s i s  was t h e  Copano-Aransas e s t u a r i n e  
system. Sabine Lake and the  Upper Laguna 
Madre again exh ib i t ed  extremely low pro- 
duc t ion  values and the  Corpus C h r i s t i  Bay 
E s t u a r y  a l s o  showed a  s h r i m p  p o p u l a t i o n  
value below 1 g/m2/yr. 

It should be noted t h a t  shrimp f i s h -  
e ry  y i e l d  s t a t i s t i c s  present biomass pro-  
d u c t i o n  e s t i m a t e s  f o r  o n l y  a  p o r t i o n  o f  
shrimp populat ions i n  Texas estuar ies.  An 
a d d i t i o n a l  q u a n t i t y  o f  s h r i m p  biomass 
product ion serves as food f o r  h igher  t r o -  
p h i c  l e v e l s  o f  t h e  e s t u a r y  b e s i d e s  man, 
such as f i n f i s h  and b i r d s .  I n  a d d i t i o n ,  
an unknown p r o p o r t i o n  o f  s h r i m p  biomass 
produced i n  t h e  e s t u a r i e s  i s  s u b j e c t  t o  
n a t u r a l  m o r t a l i t y  f r o m  disease each year 
as w e l l  as main tenance c o s t s  i n  s h r i m p  
growth ,  s u r v i v a l ,  and r e p r o d u c t i o n .  Fo r  
example, F l i n t  and R a b a l a i s  (1981) e s t i -  
mated t h a t  22% o f  t h e  o f f s h o r e  s h r i m p  
stocks served as brood stock f o r  t h e  next  
yea r ' s  spawn and egg supply.  F i n a l l y ,  a  
l a rge  p o r t i o n  o f  t he  shrimp populat ions i n  
t h e  e s t u a r i e s  c o n t r i b u t e  biomass t o  o f f -  
shore shrimp product ion. For the  major; t y  
o f  t h e  above l o s s e s  f o r  b iomass produced 
by shrimp i n  Texas estuaries, t he re  i s  no t  
enough i n f o r m a t i o n  t o  make even an edu- 
c a t e d  guess as t o  t h e  va lues  o f  t hese  
losses. 

5.3 NUTRIENT REGENERATION 

The b a s i c  r e q u i r e m e n t s  f o r  main-  
t a i n i n g  a  h e a l t h y  e s t u a r i n e  environment, 
r e s u l t i n g  i n  maximum product ion o f  f i s h -  
er ies,  inc lude h igh  r a t e s  o f  p r imary  pro- 
d u c t i o n  and s u f f i c i e n t  s u p p l i e s  o f  nu-  
t r i e n t s .  Although r i v e r i n e  i npu t  and land 
r u n o f f  o f t e n  r e s u l t  i n  an adequate supply 
o f  n u t r i e n t s  t o  d r i v e  e s t u a r i n e  p r i m a r y  
p r o d u c t i o n  o f  t h e  open-bay bot tom,  t h e r e  
i s  now good evidence t h a t  t he  sediments a t  
t he  bottom o f  these shal low h a b i t a t s  p lay  



Table 11. Mean annual shrimp yields (head-on weight) for all Texas estuaries between 5976 and 7 9 8 2 .  

Open-bay bottom Total converted Annual Contribution t o  to ta l  
surface area yi  e l  da productionb es tua r ine  production 

Estuary ( l o 6  km2) (1 o6 kg/yrf (g/m2/yr) ( % I  

Sabine Lake 183.41 

Gal veston Bay 1,416.89 

Matagorda Bay 1,157.19 

San Antonio Bay 551.36 

Copano- Aransas Bays 452.77 

Corpus Christ i  - 
Nueces Bays 432.98 

Upper Laguna Madre 276.65 

Total shrimp production f o r  
a1 1 es tuar ies  

a Total shrimp yie ld  converted t o  account f o r  ef for t -biases  between e s t u a r i e s  (see  t ex t  
for  explanation). 
Annual production only based upon f ishery y ie lds ,  and does not include shrimp biomass 
taken by other  predators o r  migration from the  es tuar ine  systems. 

an impor tan t  r o l e  i n  t h e  n u t r i e n t  supply  
t o  euphotic primary production (Zestzschel 
1980). 

While a t o t a l  p i c t u r e  of n u t r i e n t  
p a t t e r n s  and s t r a t e g i e s  f o r  e s t u a r i n e  
nutr ient  cycling i s  s t i  11 lacking, quanti- 
t a t i v e  data on major pathways of nutr ient  
f l u x  a r e  now. being c o l l e c t e d .  As +Nixon 
(1981) has pointed ou t ,  our pe rspec t~ve  on 
t h e  ~ m p o r t a n c e  of var ious  components and 
mechanisms of nu t r i en t  cycling has changed 
markedly over the pas t  decade. One of the  
most s t r i k i n g  o f  t h e s e  changes has been 
t h e  widespread documentation of ben th ic  
remineralization a s  a source  of recyc led  
nu t r i en t s  avai lable  f o r  primary producers 
i n  s e v e r a l  d i f f e r e n t  t y p e s  of a q u a t i c  
systems (e.g., Davis 1975; Hale 1975; Rowe 
e t  af .  1977). This  i s  i n  d i r e c t  c o n t r a s t  
t o  the thought t h a t  water-column processes 
dominate es tuar ine  reminera l  i z a t  ion (Mc- 
Carthy e t  al. 1974). I t  has recent ly  been 

suggested t h a t  b e n t h i c  r e m i n e r a l i z a t i o n  
and n u t r i e n t  r e g e n e r a t i o n  from the  sedi-  
ments in e s t u a r i e s  may be t h e  pr imary 
fac to r  control l ing the  r e l a t i v e  ava i l ab i l -  
i t y  of nitrogen and phosphorus fo r  photo- 
s y n t h e s i s  (Nixon e t  a l .  1976, 1380). 

The s ignif icance of the  bottom sedi-  
ments' supplying nu t r i en t s  t o  Texas estua- 
r i e s  becomes apparent when one c o n s i d e r s  
t h e  s e m i a r i d  c l i m a t e  t h a t  many of t h e s e  
es tua r ies  a r e  subject  t o  and t h e  variable 
r i v e r i n e  f low i n t o  t h e s e  systems. A t -  
though r i v e r i n e  i n p u t s ,  and t o  a l e s s e r  
extent,  exchanges with t h e  open gulf ocea- 
n i c  w a t e r s ,  r e s u l t  i n  p e r i o d i c  n u t r i e n t  
i n p u t s  t o  t h e  e s t u a r i n e  h a b i t a t ,  t h e  r e -  
c y c l i n g  of n u t r i e n t s  r e g e n e r a t e d  i n  t h e  
bottom sediments may be most important t o  
t h e  open-bay bottoms over  t h e  long term. 
The cont inuous  i n p u t  of organic material  
t o  the  sediments from the  water column and 



m i n e r a l i z a t i o n  o f  c h i s  l i t a t e r i a l  w i  t n  u l t i -  
mate r egene ra t i on  o f  n u t r i e n t s  a t  the mud- 
w a t e r  i n t e r f a c e ,  r e f e r r e a  ti, as  b e n t h i c -  
p e l a g i c  c o u p l i n g ,  may a c t u a l l y  b u f f e r  
n u t r i e n t  d v d i l a b i  l ~ t y  t o  t h e  e s t u a r y ,  
t h e r e b y  dampen ing  t h e  e f f e c t  on p r  i rna ry  
p r o d u c t i o n  o f  p e r i o d i c  e x t e r n a l  n u t r i e n t  
supp l i es  such as r i v e r  f low. 

Release o f  amrnoniurn n i t r o g e n  f r om  t he  
sediment su r f ace  usual  l y  dofi l inates n i  t r o -  
gen f l u x e s  a t  t h e  mud-watt?r i n t e r f a c e  i n  
a t  l e a s t  one  Texas e s t u a r y  ( F l i n t  e t  a l .  
19d2). Unfor tuna te  l y ,  ve ry  1 i t t  l e  i n f o r -  
m a t i o n  f o r  t h e  r e g e n e r a t i o n  o f  n i t r o g e n  
f rom sediments e x i s t s  f o r  Texas e s t u a r i e s  
o t h e r  t han  Corpus C h r i s t i  Bay. Compara- 
t i v e  ben th i c  f l u x e s  o f  arnmonium-nitrogen 
f rom o the r  s e l e c t e d  e s t u a r i e s  and coas ta l  
ecosys tems a r e  p r e s e n t e d  i n  Tab le  12, 
a long w i t h  a v a i l a b l e  g e n e r a l  i n f o r m a t  i o n  
f o r  t h e  G u l f  of  Mex ico .  1he v a l u e s  f o r  
the  Patuxent  Es tuary  were among t h e  h igh-  

e s  t r e g e n e r a t  i o n  r a t e s  r eco rded .  The 
Nor th  Ca ro l i na  Estuary, duzzards Bay, and 
Narrangansett  Bay were a l l  much lower  i n  
ammonium n i t r o g e n  r e g e n e r a t i o n  r a t e s ,  
w h i l e  t h e  annua l  mean o f  a l l  s t a t i o n s  
i n v e s t i g a t e d  f o r  t h e  Corpus C h r i s t i  Bay 
f s t u a r y  was above these ,  b u t  much l o w e r  
t h a n  r a t e s  obse rved  f o r  t h e  P a t u x e n t  Es- 
t u a r y .  The Texas e s t u a r i n e  r a t e  was a l s o  
g rea te r  than r egene ra t i on  r a t e s  f o r  coas t -  
a l  s e a i m e n t s  o f  t h e  n o r t h w e s t e r n  G u l f  o f  
Mexico. 

A t  t h ree  s i t e s  i n  Corpus C h r i s t i  Bay, 
desc r ibed  e a r l  i e r  i n  t h i s  chapter  (F igure  
13), r a t e s  o f  sediment amrnoniurn n i t r o g e n  
regenera t ion  were measured seasond l l y  over 
2 years .  A t  t h e  upper  bay  c u l  l e c t i o n  s i t e  
( S t a t i o n  Z ) ,  t h e  h i ghes t  mean r a t e  f o r  a i l  
s i t e s  f o r  t h e  2 y e a r s  o f  measurement  was 
observed. Tn is  mean r a t e  was 144.4 pg-a t  
NH,-~/m"/hr w i t h  minimum r a t e s  o f  regener-  
a t i o n  f r o m  t h e  s e d i m e n t  obse rved  i n  t h e  

Table 12. Mean annual benthic fluxes of ammonium-nitroget? from selected estuarine and coastal systems. 

Water body 
Benth ic  aminoniunt f l u x  
(pg-at  NH ,:-N/rn"/ h r )  Source 

Patuxent Estuary  

Cap Blanc 

New York B i g h t  

Corpus C h r i s t i  Bay Estuary 
(Texas) 

Nor th  Carol  i na  Estuary  

Narraganset t  Bay 

Northwestern Gul f o f  Mexico 
( coas ta l  ) 

Buzzards Bay 

La J o l l a ,  C a l i f o r n i a  

Loch Thurnaig, Scot1 and 

Sea o f  Japan 

Boynton e t  a1 . (1980) 

Rowe e t  a l .  (1975) 

Rowe e t  a1 . (1  975) 

F l i n t  i n  prep. 

F isher  and Carl  son (1979) 

Nixon e t  a l .  (1976) 

F l i n t  i n  prep. 

Rowe e t  a1 . (1975) 

Har twig ( 1  976) 

Davies (1975) 

Propp e t  a1 . (1980) 



f a l l  of each year and maximum ra tes  i n  the  
summer a t  413.8 a n d  384.4 p g - a t  NH4- 
N/m2/hr f o r  J u l y  1981 and d u l y  1982, r e -  
spec t i ve ly .  

The midbay s i t e  of the  Corpus C h r i s t i  
Bay E s t u a r y  ( S t a t i o n  7) e x h i b i t e d  t h e  
second h i g h e s t  mean r a t e  o f  n u t r i e n t  r e -  
generat ion over t h e  s tudy per iod  a t  137.2 
pg -a t  NH4-M/m2/hr. V a r i a t i o n  a t  t h i s  
c o l l e c t i o n  s i t e  was l ess  than a t  the upper 
bay s i t e .  W i t h  t h e  e x c e p t i o n  o f  l owes t  
r a t es  observed i n  January (83.6 pg-at NH,- 
N /m2/h r )  o f  each s t u d y  year ,  however, 
seasonal pa t t e rns  a t  t h e  midbay s i t e  were 
n o t  apparen t .  Max i  mum regenerat ion r a t es  
a t  t h i s  s i t e  o c c u r r e d  i n  A p r i l  1982 a t  
223.5 pg-at  kH4-N/m2/hr. 

The l o w e r  bay  s i t e  o f  t h i s  es tua r y ,  
wh ich  was i n f l u e n c e d  b y  ocean i c  w a t e r s  
f r o m  t h e  G u l f  o f  Mexico,  e x h i b i t e d  an 
annual mean regenera t ion  r d t e  o f  99.7 pg- 
a t  NH,*-N/mVhr. T h i s  r a t e  was very c lose 
t o  t h a t  observed  f o r  t h e  sandy sed iments  
i n  t h e  c o a s t d \  G u l f  o f  Mexico (Tab le  12). 
Minimum r e g n e r a t i o n  r a t e s  were c o n s i s -  
t e n t l y  observed  i n  October  o f  each year  
(21.8 pg -a t  NH4-N/n"/r i n  1982) and t h e  
rnaxi~turn r a t e  u f  236.1 p g - a t  NH4-N/niVhr 
was measured i n  A p r i l  1982. 

I n  g e n e r a l ,  n u t r i e n t  r e g e n e r a t i o n  
r a t e s  From t h e  s e d i m e n t s  o f  t h e  Corpus 
C h r i s t i  Gay Estuary  were greater and also 
much more v a r i a b l e  i n  the  upper reaches o f  
t h i s  system. As  o c e a n i c  i n f l u e n c e s  i n -  
creased i n  t he  l owe r  reaches o f  the  es tu -  
dry, n u t r i e n t  r egene ra t i on  r a t e s  declined. 
There seemed t o  be no cons is ten t  seasonal 
p d t t e r n  i n  n u t r i e n t  r e g e n e r a t i o n  a t  a l l  
three s i t e s  i n  the  open-bay bottom and no 
d e f i n e a b l e  c o r r e l a t i o n  between sediment  
t ype  o f  t h e  s a m p l i n g  s i t e  dnd n u t r i e n t  
r c g e q e r a t  i o n  r a t e .  A 1  though t h e  midbay 
s i  t.e, chdrac te r i zed  by a h igh  c l a y  content 
( F i g u r e  13), e x h i b i t e d  h i g h e r  r a t e s  o f  
n u t r i e n t  r e g e n e r d t i o n  than the lower bay 
s i  ,e w i  t t i  more than 90% sand i n  the  sedi -  
ments, t h e  upper  b a y  s i t e  w i t h  more than  
SOX sand ( F i g u r e  13), e x h i b i t e d  t h e  h i g h -  
es t  mean r a t e  o f  n u t r i e n t  regeneration. 

Another source af n i t r ogen  f o r  phyto- 
p lankton p roduc t i on  i n  the  Corpus C h r i s t i  
Bay Estuary  comes f r om  Plueces River  f low.  
An i n t e r e s t i n g  co i npa r i son  can be made 

between t h i s  f l o w  a s  one stidrcc: o f  nu- 
t r i e n t s  and t h e  e s t u d r y  s e a ~ ~ n e r l t ~ .  a s  a n -  
o ther  source, t o  emphasize t h e  i , n p o r t a n c e  
o f  open-bay bo t t o n ~  sed?ments t o  dstuar  i n e  
product ion. Table 13 i 1 l u s t r d t e s  the d i f  - 
f e r e n c e  i n  t o t a l  n i t r o g e n  s u p p l  l e d  f r o m  
t he  Nueces K ive r  d u r i n g  four  p e r i o d s  of a  
h i gh  f low year and n i t r o g e n  i n  t h e  f a r m  of 
ammoni urn n i t r o g e n  r e c y c l e d  f ro in  t h e  b o t t o m  
sed iments  o f  t h i s  e s t u a r y .  D u r i n g  a l l  
per iods t he  bot tom s e d i  ment  s  con tr i b u t e d  
more n i t r o g e n  t o  t h e  sys tem.  Only i n  
October, when r i v e r i n e  n i t r o g e n  r e p r e s e n -  
t e d  31).5% o f  t h e  n i t r o g e n  f r o m  b o t h  
sources,  d i d  t h e  Nueces R i v e r  a p p e a r  t o  
have nea r l y  as much impac t  on t he  e s t u a r y  
as t h e  sediments w i t h  r espec t  t o  n u t r i e n t  
S ~ P P ~ Y .  

As i l l u s t r a t e d  above, b e n t h i c  n u -  
t r i e n t  regenerat i o n  i n  t h e  s h a l  low w a t e r s  
o f  many e s t u a r i e s  i s  now r e c o g n i z e d  a s  a  
p o t e n t i a l l y  i m p o r t a n t  p r o c e s s  t o  t h e s e  
ecosystems i n  t e r m s  o f  m a i n t a i n i n g  h i g n  
r a t e s  o f  p r ima ry  p roduc t  ion. A c c o r d i n g  t o  
numerous measurements made i n  d i f f e r e n t  
estuar ies,  a  s i zeab le  p o r t i o n  o f  n i t r o g e n  
needed f o r  phy top lank ton  photosynthes i s  i s  
s u p p l i e d  b y  t h e  ben thos .  Boyn ton  e t  a l .  
(1380) e s t i r n a t e a  t h a t  f l u x e s  o f  n i t r o g e n  
f r o m  Pa tuxen t  E s t u a r y  s e d i m e n t s  c o u l d  
s a t i s f y  up t o  190% o f  t h e  n i t r o g e n  r e -  
q u i r e d  by p r i m a r y  p r o d u c e r s  i n  t h e  o p e n -  
bay b o t t o m  o f  t h i s  e s t u a r y .  S i n c e  i t  i s  
becoming more w i d e l y  a c c e p t e d  t h a t  t h e  
open-bay b o t t o m  s e d i m e n t s  o f  e s t u a r i e s  
p l a y  a  s i g n i f i c a n t  r o l e  i n  n u t r i e n t  supply 
t o  t h e s e  systems,  t h e  r o l e  o f  b e n t h i c  
fauna  as p o t e n t i a l  r e g u l a t o r s  o f  t h i s  
process must be evaluated. 

Evidence f rom a  v a r i e t y  o f  i n v e s t i g a -  
t i o n s  demonstrates why b e n t h i c  f a u n a  a r e  
impor tan t  i n  the  process o f  sediment  nutr-  
i e n t  regenerat ion. Sediments i n h a b i t e d  b y  
h igh  d e n s i t i e s  of depos i t - f eed ing  b e n t h i c  
i n ve r t eb ra tes  undergo c o n s i d e r a b l e  p a r t  - 
i c l e  t r a n s p o r t  i n  as much as t h e  u p p e r  30 
cm o f  the seaf  l o o r  (Rhoads 1974; A l l e r  and  
Cochran 1976; A l l e r  1978). The v e r t i c a l  
movement of  m a t e r i a l s  ana burrow i r r i g a -  
t i o n  b y  t h e s e  c r e a t u r e s  expose  n u t r i e n t  
r ese r vo i r s  t o  o v e r l y i n g  wa te rs  t h a t  w o u l d  
n o t  o t h e r w i s e  be a v a i l a b l e  ( see  f i g u r e  
14) ,  as i l l u s t r a t e d  b y  t h e  p r e v i o u s l y  
d e s c r i b e d  e f f e c t s  o f  t h e  d e e o - b u r r o w  i nn 
enteropneust Schizocardium sp. on ' thg 
sediment s t r u c t u r e  i n  Corpus c h r i s t i  Bay. 



Tabie 73. Comparison of hlueces River inorganic raitrogen inputs to the Corpus Christi Bay Estuary 
with sediment ammonium-nitrogen regeneration during the months of January, April, July, and 
October. Nutrient rageneratien is based upon mean flux from three Sampling sites and then expanded 
over the total day for the entire open-bay bottom surface area 1432.98 km2) of this estuary. Riverine 
inorganic nitrogen input is represented by the maxin~um mean value lor each month over 5 years of 
study 11972-1996) accarding to data from the Texas Department of Water Resources (1981a). 

January Ap r i  1 J u l y  October 

Nueces R iver  t o t a l  i no rgan ic  
n i t r o g e n  i n p u t  
( l o 4  kg/day) 0.090 0.069 0.139 0.436 

Es tua r i ne  sediment ammonium- 
n i t r o g e n  regenera t ion  
(10' kglday)  1  . I19  3.852 4.280 0.994 

Rive r  c o n t r i b u t i o n  
as percen t  o f  t o t a l  7.4 1.7 3.2 30.5 

To o b t a i n  f u r t h e r  i n f o r m a t i o n  on t h e  
p o t e n t i a l  r o l e  o f  ben th i c  fauna i n  r egu la -  
t i n g  sediment n u t r i e n t  r egene ra t i on  ra tes ,  
l a b o r a t o r y  e x p e r i m e n t s  were conducted on 
exper imenta l  e s t u a r i n e  ben th i c  communi t ies  
( F l i n t  and K a l k e  1983). I f  f a u n a  we re  
removed  f r o m  t h e  s e d i m e n t s  and n u t r i e n t  
r e g e n e r a t i o n  r a t e s  changed, one c o u l d  
c o n c l u d e  t h a t  t h e  f a u n a  p l a y e d  a  r o l e  i n  
t h i s  process. E i gh t y  days a f t e r  t r ea tmen t  
o f  ben th i c  fauna l -co lon ized  sediments w i t h  
methy l  pa ra th ion ,  an i n s e c t i c i d e  t o  k i l l  
f a u n a  and e l i m i n a t e  t h e  e f f e c t  o f  t h e i r  
a c t i v i t y  on sediment processes, t he re  were 
s i g n i f i c a n t  d i f f e r e n c e s  obse rved  be tween  
c o n t r o l  and t r e a t e d  sediments f o r  n u t r i e n t  
r e g e n e r a t i o n  r a t e s .  The n u t r i e n t  f l u x e s  
f r o m  t h e  s e d i m e n t s  dec reased  b y  h a l f  t h e  
c o n t r o l  r a t e  i n  t h e  t r e a t e d  r e p l i c a t e s .  
Th i s  t r ea tmen t  changed t h e  ben th i c  commun- 
i t i e s  d r a m a t i c a l l y ,  r e d u c i n g  b i omass  t o  
n e a r  ze ro ,  and e l i m i n a t i n g  many s p e c i e s ,  
r e s u l t i n g  i n  dec reases  i n  m e t a b o l i s m  o f  
t h e  sediments. These exper iments  i n d i c a t e d  
t h a t  a  d e c r e a s e  i n  t h e  f a u n a l  a c t i v i t y  

i n  t h e  s e d i m e n t  K P D  dep th ,  where  t h e  RPD 
o f  t r e a t e d  s e d i m e n t s  vras much s h a l l o w e r  
than i n  un t r ea ted  sediments. This again 
was r e l a t e d  t o  t h e  a c t i v i t i e s  o f  t h e  con- 
t r o l  versus t r e a t e d  fauna w i t h  respec t  t o  
b i o t u r b a t i o n  o f  t h e  deeper sediments. 

The s i g n i f i c a n c e  o f  t h e  open-bay 
b o t t o m  s e d i m e n t s  of Texas e s t u a r i e s  be-  
comes a p p a r e n t  when one c o n s i d e r s  t h e  
i n f o r m a t  i o n  presented above. The c o n t r i  - 
b u t i o n  o f  n u t r i e n t s  by these sediments t o  
t h e  requ i rements  f o r  phy top lank ton  produc- 
t i o n  can  be  s i z e a b l e .  The r o l e  t h a t  ben-  
t h i c  fauna i n h a b i t i n g  these sediments p l a y  
a l s o  appear t o  be impo r t an t  i n  the  mechan- 
isms which r e g u l a t e  b e n t h i c  n u t r i e n t  r e -  
g e n e r a t i o n  i n  t h e  open-bay bo t t om .  The 
f u n c t i o n s  o f  t h e s e  f a u n a  i n  t h e  ben thos  
can  t h u s  be r e l a t e a  t o  t h e  o v e r a l l  f u n c -  
t i o n i n g  o f  t h e  e c o l o g i c a l  s y s t e m  o f  t h e  
e n t i r e  c o a s t a l  reg ion.  

5.4. FOOD CHAIN RELATIONSHIPS 

w i t h i n  m a r i n e  sediments was d i r e c t l y  
r e l a t e d  t o  a decrease i n  t h e  f l u x  o f  ammo- N u t r i t i o n  b y  o rgan i sms  i n h a b i t i n g  
n i a  from these sediments, i m p l i c a t i n g  t h e  e s t u a r i e s  i s  g a i n e d  t h r o u g h  t w o  t y p e s  o f  
fauna i n  t h e  r e g u l a t i o n  of n u t r i e n t  food  c n a i n s :  one based on  g r a z i n g ,  w h i c h  
r e g e n e r a t i o n .  I n  c o n j u n c t i o n  w i t n  t h e  s t a r t s  w i t h  t h e  use of carbon produced by  
change i n  ben th i c  s p e c i e s  assemblage and p h o t o s y n t h e s i s ;  and t h e  o t h e r  based upon 
b i omass  a f t e r  t r e a t m e n t  i n  these expe r i -  t h e  c o n s u m p t i o n  o f  c a r b o n  f r o m  b o t h  
merits, t h e r e  were a l s o  s i g n i f i c a n t  changes a u t o c h t h o n o u s  and d l  lochthonous d e t r i t a l  



Figtirr 14 Phnra~rltph sf a sadinrcarrt Cora (epltrl takert i r t  

Corpua Chriali Bay at n mid esticary safriplrny site cotter 
culenirnticsrr 1 3 ~  S~hirrocsrdiutrt $6) Burr~rwr~ of this 
nrttnriaprinirst ara I ~ k d i ~ ~ f a d  (A! as em tta faadi~lg p ~ c k e t s  (Ei 
tcr tha acrdirnentra 

mdterid 1 snb a r s o ~  ~ d t e d  nlicrobidl populd- 
t r o n a .  Uotti L l r l r l s  o f  tifob chd tns  & r e  
present  t n  Tcxns ertudtArne open-bay bot toin 
b'rotrtptlc,, dlCtroug1-.r t t ~ e y  4r.e t ~ o t  w t ? l f  de -  
t ined. taccaubi! dca t r r t d l  r nd t e r l a l  I S  so  
c0nsp1cuctiln In tntl g u t s  ut  fn81ly upen-bay 
b o t t o m  con r ,umcr r  ( e .9 . .  T t n d r e  1977;  
Alexattde? 1 3 8 ~ ) ,  t h e  rndjctrrty o t  food 
c h a i n s  I n  t h  1 s  b l o t o p e  d r e  tnought  t o  be 
d e t r l t a l l y  driven. 

For Texds e s t u a r i e s ,  hypothehi red  
s i m p l e  food c r la lns  f o r  troth t ypes  of 

carbon channe l~ng ,  pr~mdl-4 pr 5 i l ~ c . e ~  -based 
and d e t r i t a l - b a s e d ,  a r e  l l i u s t r a t e d  i n  
F igu re s  1 5  and l o .  For  exalnpli3, t he  p r i -  
mary producer-based food chaln (Figure 15) 
s t a r t s  w i th  ca rbon - f ixe r s  ipnytoplankton) 
i n  t he  e s t u a r y .  T h i s  t r o p n ' i c  l e v e l  pro-  
vides n u t r i t i o n  t o  botn lnver tebrd tes  and 
f i s h  a s  primary consumeri. Carbon t rans-  
f e r  from p h y t o p l a n k t o n  goes irrimarl ly  t o  
zooplankton f e e d e r s  and from h e r e  t o  t h e  
p r e d a t o r s  of t h e  wd tz r  colurnrl slich a s  
' e d f i s h ,  b i r d s ,  artd man. As a r u l e ,  t h i s  
f ood  c h a i n  i s  r e l a t i v e l y  s ~ i n p l z  and 
s traightforward.  Very fevr f l r h  w l t h ~ n  the 
estuary are  s o l e l y  p I a n ~ t i v o r e > ,  and thus, 
t h i s  type of food chain 1s  usual ly l imi ted  
in itc, occurrence in the open-bay bottom. 
The plankt ivores  of the e s tua ry ,  however, 
such as  Anchoa rn-~tchi 1 1  I ,  a r e  5onre of the  
mos t  a b u n d a n t  f i s h  s p e c i e s  p r e s e n t .  
Thrs f u r t h e r  a t t e s t s  t o  t h e  i n ~ n o r l t y  of 
organisms t h a t  a r e  involved I n  the  prlmary 
producer -based  t ood chd i n ,  s i n c e  t h e  few 
s p e c i e s  u s i n g  t h i s  t c e d i n y  s t r a t e g y  a r e  
a b l e  t o  do lnrna t r  For l a ~ k  o t  cornpeti  t i o n  
by other  specie$. 

The d c t r i t u s - b d s e d  food cha in ,  on 
t h e  o t h e r  hand,  cdn be e x t r e l n e l y  c o m p l i -  
c a t e d  dnd have  many nlortl l i n K ~  between 
consulntsrs than t he  pr i   nary producer -based 
food cha in .  This  food c h d i r ~  i b  a l s o  much 
more d i f f i c u l t  t o  d e t e c t  and f o l l o w  i n  
na tu re .  As i l l u s t r a t e d  i n  F igu re  l o ,  t h e  
d e t r i t u s  food  c h a i n  s t a r t s  w i t h  o r g a n i c  
rnput t o  the  e s tua ry  froin ou t s ide  (a l loch-  
thonour ma te r i a l )  as  we1 1 as input t o  t he  
r ed in i rn t s  of t h e  e s t u d r y  froiri i t s  own 
organic cdrbon p roduc t  ion ( au toch thonous  
m a t e r i a l ) ,  u s u d l l y  H I  t h i n  t h e  w a t e r  
column. M i c r o b i a l  p o p u l a t i o n s  c o l o n i z e  
t h i s  d e t r i t d l  mater ia l  ana I n  addi t ion  t o  
tt teir r o l e  i n  mineral i t a t  Ion, rnany ecolo-  
g i s t s  f ee l  f h d t  t h i s  l i v lng  port ion of t he  
d e t r i t u s  provides t h e  prirndry n u t r i t i o n  t o  
c o n s u m e r s  (e .g. ,  Newe 11 I Y  I O ;  l e n o r e  
1 3 1 2 ) .  1he tndjori  t y  of d e t r i t u s  i n  t h e  
benthos  i r  consurned by bentri i c  r n v e r t e -  
b r a t e s ,  primarily t h e  d e p o s i t - f e e d i n g  
polyctldetes, afnprii pods, ana bivalves. Some 
of the d e t r i t n l  mater ia l  of t he  sediments, 
haneve r ,  [nay a l s o  be consumed by tnobi l e  
epifaund (e-g., shrimps and c rabs)  a s  wel l  
d 5  Some f l s h  ( e .q . ,  s t r i p e d  m u l l e t ) .  
There a r e  Fauna wrtnin t he  sediments t h a t  
serve ds secondary consumers ie.3.) preda- 
eous polychaetes,  small  burrowing c r abs )  
as well as t he  i nve r t eb ra t e s  l iv lng  on t h e  



s e d i m e n t s  such  a s  t h e  sh r imp .  Numerous 
spec ies  of f i s h  a l s o  feed  upon t h e  inver-  
t e b r a t e  sediment  dwel l e r s ;  then t h e r e  are 
t h e  t e r t i a r y  consumer s ,  p r e d a c e o u s  f i s h  
t h a t  f e e d  on t h e  s m a l l e r  b o t t o m - f e e d i n g  
f i s h .  As F i g u r e  16 s u g g e s t s ,  the d e t r i -  
tus-based food chain is extremely complex, 
compared t o  t h e  p r i m a r y  p roduce r -based  
food  c h a i n  ( F i g u r e  1 5 )  of t h e  open-bay 
bottom. 

5.4.1 Orsanic Carbon Source 

Few s t u d i e s  have at tempted t o  d e t e r -  
mine t h e  o r g a n i c  c a r b o n  s o u r c e s  and t o  
e s t i m a t e  i n p u t  o r  u t i  l i z a t i o n  r a t e s  o f  

o rganic  carbon i n  t h e  open-bay bottoms of 
Texas es tua r i e s .  Several d i f f e r e n t  poten-  
t i a l  SQUrCeS of carbon, both al lachthonous 
and au toch thonous ,  have been e s t i m a t e d  
a s  input  t o  t he  open-bay bottom a r e a  
of  Corpus C h r i s t i  i3ay E s t u a r y  ( T a b l e  14) .  
Oppenheimer e t  al. (1975) ca l cu l a t ed  t h a t  
w a s t e  d i s c h a r g e  fronl  sewage  t r e a t m e n t  
p l a n t s  and i ndus t r i  a1 complexes around t h e  
e s tua ry  accounted f o r  1.1 x 10" KCJ G/yr of 
i n p u t  t o  e s t u a r i n e  w a t e r s .  A r m s t r o n g  
(1982), using da t a  from t h e  Texas Depart- 
ment of Water Resources (1981a), e s t ima ted  
t h a t  a t o t a l  of 8.2 x lo6 k g  C/yr was 
suppl ied t o  Corpus C h r i s t i  Bay from loca l  
l and  r u n o f f  p l u s  t h e  f l o w  of t h e  Nueces 
River. For t he  organic  carbon produced by 
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Figure 15. Wypothesired primary-producar-base* food chain for Texas ogen-bay bottom biotopes 
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Figure 16. Hypothesized detritus-based food chain for Texas open-bay bottom biotopes. 

Table 14. Organic carbon sources to the Corpus Christi Bay Estuary, with comparison to other estuaries. 

- ---- - 
Newport ~ i v e r ~  New England 

b 

Source 

Contr ibut ion 
( l o B  kg Clyr )  ( g  C/m2/yr) Reference 

Waste water discharge 0.01 1 

Land runoff 0.144 
(other  than r i v e r i n e )  

Oppenheimer e t  a l .  (1975) 

Oppenheimer e t  a l .  (1975) 

River ine in f low 0.01 3 Oppenheimer e t  a l .  (1975) 

Spart ina marsh 0.660 52.2 Oppenheimer e t  a l .  (1975) 470 

Seagrass and epiphytes 0.539 1,043.9 J. Morgan, pers. corn. 403 125 

B1 ue-green a lga l  f l a t s  0.045 388.9 W. Pulich, pers. corn. 
34 90 

Benthic diatoms of 0.015 133.1 W. Pulich, pers. corn. 
mud f l a t s  

Pelagic phytoplankton 1.290 298.0 R.W. F l i n t ,  unpubl. 11 0 50 

-- 

' ~ a t a  from Peterson and Peterson (1979). 

b ~ t a  from Marshall (1970). 



182.1i k m 2  of s s p r t i n a  marshes surrounding 
the  Corpus Chr i s t i  Bay Estuary, Armstrong 
(1582) f u r t h e r  ca l cu l a t ed  t h a t  approxima- 
t e l y  9.5 x L O 6  k g  C was c o n t r i b u t e d  an -  
n u a l l y  t o  t h e  open-bay b o t t o m s  of  t h e  
Corpus Chr i s t i  day Estuary (Table 3). 

Primary p r ~ d u c t i  vi t y  measurements on 
s e a g r a s s  beds i n  Corpus C h r i s t i  Say (M.  
Morgan, R u t g e r s  U n i v e r s i t y ,  pe r s .  comm.) 
including t h e i r  assoc ia ted  ep iphytes ,  i n -  
d ica ted  t h i s  component t o  be q u i t e  produc- 
t i ve .  Based on monthly measurements over  
a 7-month p e r i o d  f rom J d l y  t o  December, 
mean d a i l y  p r i m a r y  p r o d u c t i o n  was e s t i -  
mated t o  be 2.86 g c/m2. This represented  
an annual production e s t i m a t e  of 1,043.9 g 
C/m2/yr f o r  t h e  s e a g r a s s  beds i n  t h e  
Corpus Chr i s t i  Bay Estuary a s  a p o t e n t i a l  
source of organic  d e t r i t u s  t o  t he  open-bay 
b i o t o p e  f o r  t h e  e s t u a r y ,  n o t  even i n c l u -  
ding peak sp r ing  growth periods. In con- 
t r a s t ,  M a r s h a l l  (1970)  measured  125  g 
C/m2/yr p r i m a r y  p r o d u c t i o n  f o r  s e a g r a s s  
beds  ( Z o s t e r a )  i n  a New England e s t u a r y ,  
and Peterson and Peterson (1979) ind ica ted  
t h a t  the  Newport R i v e r  E s t u a r y  c o n t a i n e d  
seagrass  ( i o s t e r a )  beds t h a t  produced 403 
g C/m2/yr -- 14). 

As p o i n t e d  o u t  i n  Chapter  3, a n o t h e r  
po t en t i a l  source of o rgan ic  ma t t e r  t o  t h e  
open-bay bottoms i s  t h e  benth ic  microalgae 
( d i a t o m s )  and b l u e - g r e e n  a l g a e  t h a t  grow 
on some p e r i o d i c a l l y  submerged mudflats.  
From 36 d a i l y  measurements of blue-green 
a l g a l  mat  p r i m a r y  1 r o d u c J i v i t  i n  t h e  d Upper Laguna Madre ( . Pul ich,  n i v e r s ~ t y  
of Texas Marine Science I n s t i t u t e ,  Aust in;  
i n  p r e p . ) ,  i t  was es t imated  t h a t  annual 
product ion of these mats was 388 g 
C/m2/yr. During peak spr ing  growth 
per iods ,  measurements were made f o r  
primary p roduc t iv i t y  r a t e s  of benth ic  
microalgae i nhab i t i ng  a mudf l a t  i n  Corpus 
C h r i s t i  Bay (W. Pu l ich ,  pers .  comm.). 
These measurements revealed t h a t  t h e  
mudf 1 a t  diatom assemblage could produce 
1.1 g C/m2/day. Since t h i s  measurement 
was made during peak bloom per iods  and 
these  f l a t s  a r e  probably only inundated 
(al lowing diatom photosynthesis  t o  occur)  
f o r  one- th i rd  of the y e a r ,  i t  was assumed 
t h a t  t h e  annual product ion of mudflat 
diatom assemblages was 133.1  g C/m2/yr. 
Therefore,  t h e s e  two biotopes t oge the r  
represented  an annual product ion r a t e  of 
521 g C/m2/yr t o  t h e  Corpus C h r i s t i  Bay 

Estuary. In c o n t r a s t ,  Marshall (1970) 
measured 90 g C/m2/yr of primary produc- 
t i o n  f o r  benth ic  microalgae i n  a New 
England Estuary,  and Peterson and Peterson 
(1979) i nd i ca t ed  t h a t  Newport River 
Estuary benth ic  microalgae produced 33.7 g 
C/m2/yr (Table 14) .  T h e  t o t a l  t i d a l  f l a t  
su r f ace  a r ea  of the  Corpus C h r i s t i  Bay 
Estuary equals  22 .71  km2. Because t h e r e  
i s  no information concerning t h e  amount 
of t h i s  a r ea  t h a t  i s  p e r i o d i c a l l y  inun- 
dated mudflat and t h e  amount t h a t  repre-  
s e n t s  blue-green a l g a l  mat, i t  was assumed 
t h a t  each biotope was represented  by half  
t h e  t o t a l  sur face  a r ea  of Corpus Chr i s t i  
Bay Estuary t i d a l  f l a t s .  O n  t h i s  b a s i s ,  
t h e  benthic  microal gae of t h e  mudf l a t s  
p o t e n t i a l l y  cont r ibu ted  1 .53  x 106 kg 
C/yr t o  t he  e s tua ry  while  t h e  blue-green 
a lga l  f l a t s  p o t e n t i a l l y  cont r ibu ted  4.46 x 
lo6  kg C/yr (Table 14) .  These values a r e ,  
of course ,  upper l i m i t s  because i t  has 
been assumed t h a t  a l l  primary production 
i s  exported,  when i n  f a c t  only a small 
por t ion  i s  exchanged t o  t h e  ad jacent  open- 
bay bottom a rea .  

The s u r f a c e  a r e a  of  Corpus C h r i s t i  
Bay Estuary i s  dominated by open-bay bot- 
tom (432.98 km2). Thus, one  would e x p e c t  
t h a t  t h e  major source  of organic  mat te r  t o  
t h e  e s t u a r y  would come from pe lag ic  phyto- 
plankton production. From a t o t a l  of 62 
measurements of phytoplankton primary pro- 
duct ion,  taken every t h r e e  months a t  e i g h t  
s t a t i o n s  arouna t h e  e s t u a r y  from June 1981 
t o  January 1983, i t  was e s t ima ted  t h a t  t h e  
mean d a i  l y  p r i m a r y  p r o d u c t i v i t y  r a t e  (as  
measured by 1 4 C )  was 0,816 g C/m2/day 
( F l i n t ,  1984). Corpus Chr i s t i  Bay phyto- 
p l a n k t o n  produced 298.3 g C/m2/yr, com- 
pared  t o  110 g C/m2/yr, f o r  t h e  Newport 
R ive r  E s t u a r y  ( P e t e r s o n  and  P e t e r s o n  
1975) ,  30 g C/m2/yr f o r  a New England 
E s t u a r y  ( M a r s h a l l  1970) ,  90 C/m2/yr  f o r  
S t .  M a r g a r e t ' s  Bay, Nova S c o t i a  ( P l a t t  
1971), ana 380 g C/m2/yr (es t imated  by t h e  
oxygen method) f o r  Long I s l a n d  Sound 
( R i l e y  1 ~ 5 t i ) .  On an annua l  b a s i s  f o r  t h e  
e n t i r e  open- bay bot tom s u r f a c e  a r e a ,  
organic carbon cont r ibuted  t o  t h e  e s tua ry  
from phytoplankton photosynthesis  equal led 
1.290 x 108 kg C/yr ( T a b l e  14) .  

A 1  though i t  i s  c u r r e n t l y  i m p o s s i b l e  
t o  s t a t e  unequivocal 1y which o f  t he  above 
s o u r c e s  of  o r g a n i c  ca rbon  p r o d u c t i o n  a r e  



t h e  most  s i g n i f  i c a n t  s u p p l i e r s  of n u t r i -  
t i o n  t o  t h e  primary consumers of the  open- 
bay bo t toms  i n  Texas e s t u a r i e s ,  i t  i s  
poss ib le  t o  make c e r t a i n  qeneral i za t ions .  
The d e t r i t u s - b a s e d  food  c h a l n s  a r e  tnucti 
more complex t han  t h e  p r i m a r y  p r o d u c e r -  
based food  c h a i n s .  In a d d ~ t i o n ,  t h e  con -  
sumer s  i n  t h e  d e t r i t u s - b a s e d  food  c h a i n  
may go t h rough  a c o u p l e  of  t r o p h i c  l e v e l  
changes  d u r i n g  t h e i r  deve lopment  i n t o  
a d u l t s .  W p r o g r e s s i o n  of t r o p h i c  changes  
t h rough  deve lopment  a s  a f u n c t i o n  of i n -  
c reas ing  body s i z e  i s  cornlilon among marine 
a n i m a l s  ( P e t e r s o n  and P e t e r s o n  1979).  
This tends t o  f u r t h e r  complicate  t he  l inks  
of the  de t r i tus -based  food chain. Most of 
t he  organic carbon sources f o r  t he  Corpus 
C h r i s t i  Bay E s t u a r y  (Tab l e  14)  dppedr  t o  
be more productive supp l i e r s  of n u t r i t i o n  
t o  t h e  e s t u a r y  t h a n  t h e y  a r e  in  o t h e r  
comparab l e  e s t u d r i e s  t h a t  have been stu- 
died. Although many of these  sources a r e  
extremely product ive,  the  dornindting sup- 
p l i e r  o f  carbon  t o  t h e  sys tem a p p e a r s  t o  
be phytoplankton. Tlrese resu l t s  a r e  s  i r n i  - 
Idr  t o  t h o s e  f o r  Ga lves ton  Bdy i n  which 
ove r  95% of t h c  dnrrual carbon  Flux t o  t h e  
Hay caine from phytopldnkton (Armstronq and 
Hinson 197.3) d n d  f o r  Matagordd Bay i n  
which a l tnos t  99% w d s  f ror r~  phy top l ank ton  
(Ward anti /vmstrong 19/9).  

5 4 2 $condary C ~ ~ ~ ~ r o d i i c t  ion 

I n  d d t i i  t l o n  t o  t he  ~nectldn isms tha t .  
b r i n g  cdrbon  i n t o  t h e  e s t u a r y ,  t h e r e  a r e  
those components of t h e  system t h a t  t r a n s -  
f e r  i t  tt irough and remove i t  f rom t h e  
e s t u a r y .  As d e s c r i b e d  p r e v i o u s l y ,  t he  
group of consumers that. is  most p ivo t a l  in 
t h e  t r a n s f e r  a f  c a rbon  through t h e  e s t u -  
ary,  dnd probably d i s o  the group fo r  which 
most infurmation e x i s t s ,  i s  the e s tua r ine  
b e n t h  ~c ~ ~ i v e r t e b r d L e \ ,  p r i i na r i  l y  C h t l  
;~$acrainC-cpund. 

ror- t i 1 r 2  .orpcic> Clirlc,.l ' ildy is t~l .xr 'y,  
dul.,~ Far 2 rectlr\t yt!dt -, :,dvcA S w n  c o t  l cc t -  
t 9 0  e s t l m n t e  bzi iLi i i (  cnki~rolnf ,3i~i . ia!  

I J :  r~duc t ; i f f?  i t s  i i j c ~  i: -- t ii k> r~d in l cn t  

irtcuildt, 10:) ~ i idnrt .wr 'z  <11<11 ilrt%d,ut\ii?q 
>cdirnent nretiibo 1 i im ( i  i i ilt dii(f l(dmyk.owb k i  
1984) To es t imate  ben th i c  c<irban 
prodirct ion from sedimerlt oxygen uptake, 
Rowe and S m i t h  (1977) equated t h e  
sedirnentar*y oxygei? uptake w i  l h  energy 
consumption o f  t he  sediment i nhabi tan ts .  

The amount of  o rgan ic  carbon converted 
t o  carbon d ioxide  can be es t imated  by 
means of a Respiratory Quotient  t a b l e ,  
a c c o r d i n g  t o  t h e i r  methods.  The assump- 
t i o n  used t o  c o n v e r t  oxygen u p t a k e  t o  
benth ic  carbon product ion i s  RQ = 0.85, o r  
I m ' l  U2 = 0.456 rng carbon procruced. 

From a t o t a l  of 24 sediment metabol- 
ism measurements made ove r  2 y e a r s  a t  
t h r e e  s ampl ing  s i t e s  i n  Corpus C h r i s t i  
Bay, ~t was ca l cu l a t ed  t h a t  a  mean r a t e  of 
carbon production f o r  t h e  benthos of t h i s  
o p e n - b a y  b o t t o m  b i o t o p e  was  1.16 g 
C/m2/day. This represen ted  a  r a t e  of 424 
g C/m2/yr f o r  t h e  Corpus C h r i s t i  Bay Es- 
t u a r i n e  benthos of the  open-bay bottom and 
a  t o t a l  carbon product ion by t he se  primary 
consumers  of  1.b32 x 10' kg C ly r .  6oynton 
e t  a l .  (1980)  e s t i m a t e d  t h a t  b e n t h i c  an-  
nua l  p r o d u c t i o n  i n  t h e  P a t u x e n t  Es tud ry  
amounted t o  only about 300 g C/m2/yr. 

Fishery ca tch  s t a t i s t i c s  can be used 
t o  e s t i m a t e  f i n f i s h  p r o d u c t i o n ,  a l s o  
(Tab l e  15) .  Arrnstrong (1982)  c a l c u l a t e d  
t h a t  t he  mean annual f i n f i s h  y i e l d  f o r  t he  
Corpus Chr i s t i  day Estuary wds 0.169 x 1~: '  
k g l y r ;  c o n v e r t i n g  t o  c a r b o n  d c c o r d i n g  t o  
assumptions of Oppenheimer e t  dl ,  ( i935) ,  
a t  a  f a c t o r  of lo%, t h i s  y i e l d  i s  1.169 x 
104 kg C/yr.  Bowman e t  a l .  (1976)  c a l -  
c u l a t e d  t h a t  f o r  Corpus C h r i s t i  Bay, t h e  
r e c r e a t i o n a l  y i e  Id  o f  f i n f i s h  was 2.6 
t i i~ l e s  t he  corntnercial y i e l d ,  o r  3.039 x lo4  
kg C/yr. 7hese i n v e s t i g a t o r s  a l s o  assumed 
a 50-to-1 r a t i o  of f i n f i s h  t o  shrimp bio-  
mass in  shr imp  t r a w l s ,  which amounted t o  
1.725 x 10"g COT-. Porpoise t h a t  l i v e  
i n  t h e  Corpus C h r i s t i  Bay E s t u a r y  r e p r e -  
serrt a  population of approximately 300 and 
e d t  an a v e r a g e  of  18 .2  kg  f i s h / d a y  
(Dppenhei rner, p e r s .  comm.). Based on 
t h e s e  r s  t i rna tes  t h e  r e s i d e n t  p o r p o i s e  
p o p u l a t i o n  would consume 1.95 x 10"g 
Cfyr  of f i n f ~ s n  p r o d c c t i o n ,  I f  one a s -  
sumes t h a t ,  s i i n i  1 a r l y  t o  s h r i m p  b io i r~as s  
2rotluit -on  er,d-r:aiater, the various d a t a  on 
f : i ~ $  i i :~ ~ r ^ d d i i ~ t i ~ r l  CIO not. ref IeiL los , s r>> 
for  %ill!r"Cdl/ ty f roln d i sease ,  predat ion by 
otnc?r fas:;, i ~ i g r z l  ion froin t he  es tuary ,  6s 
ndtdrai metarmi I s m  main t enance ,  :hen tile 
t o t a l  ;f A E I  iosses o f  carbon f o r  f i n f i s h  
discussed above can be increased. For t h e  
sake of argument, i t  ? s  assumed here t h a t  
a i  l l o s s e s  f o r  f ? n f l s h  t h a t  have  been 
quan t i f i ed  above r ep re sen t  on ly  50% of t h e  
carbon production of f i n f i s h  i n  t he  Corpus 



Table 15. Estimates of finfish carbon production for the Corpus Christi Estuary. 

Source 
Production 

( l o 5  k g  Clyr) Reference 

Commercial f i s h  catch 

Recreational f i s h  catch 

Finfish y ie ld  from 
shrimp trawl s 

Bird catch of f i s h  

Porpoise catch of f i s h  

Additional 50% t o  cover 
natural mortal i  t y  , 
migration, metabolism 
maintenance, e t c ,  

0.012 Armstrong ( 1  982) 

0.037 Bowman e t  a l .  (1976) 

0.173 
Bowman e t  a l .  (1976) 

0.714 Bowman e t  a1. (1976) 

0.199 C. Oppenheimer, pers. 
comm. 

1 .I29 See t e x t  f o r  assumptions 

Total annual production 2.258 

Areal production 5.218 g C/m2/yr 
--- ----- 

C h r i s t i  day Es tua ry  and do not i n c l u d e  
l o s s e s  t o  m i g r a t i o n ,  metabolism main- 
tenance, e t c .  Thus, the  estimated produc- 
t ion of f i n f i s h  f o r  the  estuary,  including 
assumpt ions  (Tab le  15), i s  2.259 x l o 6  kg 
Clyr or  5.218 g C/m2/yr. 

5.5 BENTHIC ROLE IN ECOSYSTEM 
FUNCTION 

To adequately address t h e  importance 
of t h e  benthos  of  t h e  open-bay bottom i n  
the  o v e r a l l  f u n c t i o n i n g  of t h i s  b i o t o p e ,  
i t  i s  b e s t  t o  view t h e  e s t u a r y  from t h e  
p e r s p e c t i v e  of m a t e r i a l  f l o w  (i.e.,  c a r -  
bon), where t h e  fauna  of t h e  benthos  a r e  
d i r e c t l y  involved.  A h y p o t h e t i c a l  food 
chain f o r  the  Corpus Chr is t i  Estuary open- 
bay bottom i s  p r e s e n t e d  i n  F igure  1 7 ,  
showing t h e  f l o w  of carbon t o  v a r i o u s  
trophic levels. All the  production r a t e s  
for  the  various compartments of t h i s  food 
chain have been discussed above. 

The r i v e r i n e  inflow, waste discharge, 
and land runoff carbon contribution comes 

from the  sum of these in Table 14, expres- 
sed in  an open-bay bottom a r e a l  b a s i s  
(432.98 k m 2 )  f o r  t h e  Corpus C h r i s t i  Bay 
Estuary. Likewise, t h e  seagrass and spar-  
t i n a  marsh production es t imates  a re  a sum 
of t h e s e  from Table 14 expressed  on an 
areal  basis. With respect  t o  the  several  
est imated carbon sources t o  t h i s  estuary's 
open-bay bottom h a b i t a t ,  p e l a g i c  phyto- 
p lankton c o n t r i b u t e  62.1% of t h e  t o t a l  
carbon,  whi le  s e a g r a s s  beds and s p a r t i n a  
marshes c o n t r i b u t e  ano the r  30.5%. The 
t r a n s f e r  of carbon from t h e  p r imary  pro-  
ducer/detri  t a l  sources t o  the  pelagic par t  
of t h e  food cha in  was e s t i m a t e d  as  f o l -  
lows. Looplankton secondary production i s  
unknown f o r  the  Corpus Christ i  Bay Estuary 
as  we l l  a s  a l l  o t h e r  Texas e s t u a r i e s .  The 
major p l a n k t i v o r o u s  f i s h  s p e c i e s  of a l l  
Texas e s t u a r i e s ,  however, i s  t h e  bay 
anchovy, Anchoa m i t c h i l l i ,  Sher idan ( i n  
prep.) observed t h a t  this s p e c i e s  com- 
prised approximately 7% of the t o t a l  f i s h  
biomass s t a n d i n g  s t o c k  in  Galveston Bay. 
I f  one assumes t h a t  a s i m i  l a r  p r o p o r t i o n  
e x i s t s  f o r  t h i s  s p e c i e s  w i t h  regard  t o  
t o t a l  f i n f i s h  production (from Table 15), 



t h e n  i t  can  be  e s t i m a t e d  t h a t  t h i s  dorn1-  i n f a u n a l  p r e d a t o r s  i s  suppor tec l  b y  50 g 
n a n t  p l a n k t i v o r e  e x h i b i t s  a p r o d u c t i o n  C/m"/yr of Den th ic  i n f a u n a l  prirnar,y consu- 
r a t e  o f  0.4 g C /m2/y r .  I r r e s p e c t i v e  o f  mer's (F igure  l ? ) ,  and leaves 3b8 g C/rn2/yr 
zooplankton p roduc t i on  i n  t h i s  estuary ,  if o f  b e n t h i c  i n f  a u n a l  p r o d u c t  i o n  f o r  o t h e r  
i t  i s  f u r t h e r  assumed t h a t  t w o  t r o p n i c  cansuwrs .  
l e v e l s  mus t  b e  passed t h r o u g h  t o  s u p p o r t  
t h e  p o p u l a t i o n s  o f  Anchoa  i n i t c h i l l i  
(phytop lankton-zoopl  ank ton ,  z o o p l a n k t o n -  
f i s h )  and t h e r e  i s  a  10% t r a n s f e r  e f f i -  
c i e n c y  a t  each  l e v e l  (Odum 19711, t h e n  
approximately 40 g C/m2/yr  f r o m  p r i m a r y  
producer and d e t r i  t a l  pathways are 
r e q u i r e d  t o  suppor t  t h i s  pe l ag i c  aspect 
o f  the  open-bay bottom food chain.  

A f t e r  t h e  carbon u t i l i z a t i o n  f o r  t he  
p e l a g i c  l e v e l s  o f  t h e  Corpus C h r i s t i  Bay 
E s t u a r y  f o o d  cha in ,  587.6 g ~ l m ~ / y r  r e -  
ma ins  f o r  o t h e r  e s t u a r i n e  consump t i on  
( F i g u r e  17). The m a j o r i t y  o f  t h i s  c a r b o n  
i s  d i v e r t e d  t o  t he  benthos o f  t h e  es tuary  
as has been shown f o r  o t h e r  coas ta l  mar ine 
environments ( F l i n t  and Rabala is  1981). As 
F igure  17 suggests, most of t h i s  d e t r i t a l  
c a r b o n  i s  r e q u i r e d  t o  s u p p o r t  t h e  419.0 g 
C/m2/yr o f  ben th i c  i n f a u n a l  p roduc t i on  i n  
t h i s  estudry ,  bu t  t h e  absurd ly  h i g h  t r a n s -  
f e r  e f f i c i e n c y  (95% between t r o p h i c  
l e v e l s )  has t o  be assumed. I f  t he  usual 
10% t r a r l s t e r  e f f i c i e n c y  (Odum 1971) were 
assumed, approx imate ly  10 times t h e  amount 
o f  p r ima ry  producer d e t r i  t a l  carbon would 
be r e q u i r e d  t o  s u p p o r t  t h e  obse rved  ben-  
t n i c  carbon product ion.  Thus, as d i s cus -  
sed  p r e v i o u s l y ,  t h e  ben thos  o f  t h e  open-  
bay  b o t t o m  b i o t o p e  o f  Texas e s t u a r i e s  
r ece i ve  t h e  m a j o r i t y  o f  p r  i m a r y - p r o d u c e r  
carbon and must be q u i t e  e f f i c i e n t  i n  t h e  
u t i l i z a t i o n  o f  t h i s  carbon.  As f u r t h e r  
i l l u s t r a t e d  i n  F i g u r e  17, t h e  b e n t h i c  
component  a l s o  s e r v e s  as  t h e  m a j o r  l i n k  
be tween t h i s  p r i  mary-producer  carbon and 
a l l  o t h e r  consumers  o f  t h e  e s t u d r y ,  w i t h  
the  excep t ion  o f  t h e  s m a l l  pe l ag i c  compo- 
nen t  d i  scussed above. 

M i t h i n  t h e  b e n t h i c  i n f a u n a l  s p e c i e s  
assemblages t h e r e  a r e  s e v e r a l  p r e d a t o r y  
p o l y c h a e t e s  suct l  as O i o p a t r a  c u p r e a  and 
i;l.J~cera americana. Where these polychaetes 
have been obse rved  ( F l i n t  e t  a l .  1981),  
t h e y  c o m p r i s e  a p p r o x i m a t e l y  1.2% o f  t h e  
t o t a l  i n f a u n a l  b iomass.  U s i n g  t h e  same 
assumption used f o r  ca l cu \a t ' i ng  the  pro- 
duc t i on  o f  knch_qa_ m i t , j i i  popu la t i ons ,  
t h e s e  b e n t h i c  i n f a u n a l  p r e d a t o r s  were 
assumed t o  mdke up 1.LX o f  t o t a l  b e n t h i c  
p r o d u c t i o n .  T h i s  p r o d u c t i o n  o f  b e n t h i c  

Besides p r o v i d i n g  t h e  open-bay bot tom 
b i o t ope  w i t h  a  l a r g e  source o f  carbon f o r  
seconda ry  consumers,  t h e  ben tnos  has  an-  
o t h e r  r o l e  i n  t h i s  b i o t o p e ,  i t s  c o n t r i -  
b u t i o n  t o  n u t r i e n t  r e g e n e r a t i o n .  U s i n g  
t h e  r a t i o  6 , 6  f o r  t h e  C : N  c o n t e n t  o f  
p h y t o p l a n k t o n  ( R e d f i e l d  e t  a l .  19631, 
n i t r o g e n  requ i r emen ts  t o  s u p p o r t  t h e  ob-  
served annual phy top lank ton  p roduc t i on  o f  
t h e  Corpus C h r i s t i  Bay Es tuary  were ca l cu -  
l a t e d  t o  be 45.2 g N lm2 /y r .  Thus, approx -  
i m a t e l y  48% o f  t h e  n i t r o g e n  i n  t h i s  sys- 
tem can come f r om  t he  benthos (F igure  17). 
There i s ,  as p r e v i o u s l y  mentioned, growing 
evidence sugges t ing  t h a t  t h e  ben th i c  fauna 
o f  m a r i n e  s e d i m e n t s  p l a y  a l a r g e  r o l e  i n  
r e g u l a t i n g  t h i s  f l u x  o f  n u t r i e n t s  f r o m  t h e  
sediment. Ward e t  a l .  (1382) p resen t  s i m i -  
l a r  e v i d e n c e  f o r  e x t e n s i v e  n u t r i e n t  
c y c l i n g  i n  Ma tago rda  Bay and f o r  a  m a j o r  
r o l e  i n  t h i s  c y c l i n g  b y  open-bay bottoms. 
I t  was e s t i m a t e d  t h a t  abou t  20% o f  t h e  
n i t r o g e n  and 15% o f  t h e  phosphorus used by  
phy top lank ton  t o  s u p p o r t  p r i m a r y  p r o d u c -  
t i o n  were r e c y c l e d  f r om  t h e  benthos. 

F i g u r e  17 i n d i c a t e s  t h a t  t h e r e  ap- 
pears t o  be more than adequate p roduc t i on  
o f  c a r b o n  b y  t h e  b e n t h o s  o f  t h e  Corpus 
C h r i s t i  Bay Estuary  t o  suppor t  t h e  secon- 
d a r y  consumer l e v e l s .  Based upon t h e  
p roduc t i on  es t ima tes  f o r  sh r imp (ep i fauna)  
and f i n f i s h ,  10 and 40 g c/m2/yr, r espec t -  
i v e l y ,  go t o  suppor t  these  secondary con- 
sumer l e v e l s  f r o m  t h e  benthos. The t r a n s -  
f e r  o f  c a r b o n  f r o m  t h e  f i n f i s h  and t h e  
shr imp p roduc t i on  t o  man, b i r ds ,  and po r -  
p o i s e  i s  s i m p l y  t h e  e s t i m a t e d  y i e l d s  o f  
t h e s e  seconda ry  consumers  f r o m  T a b l e  11 
and T a b l e  15.  

I n  summary, F i gu re  18 i l l u s t r a t e s  t h e  
p i v o t a l  r o l e  o f  t h e  b e n t h o s  i n  t h e  open-  
bay  b o t t o m s  o f  Texas e s t u a r i e s .  The ben-  
t h o s  o f  t h i s  b i o t o p e  t r u l y  s e r v e s  as t h e  
ma jo r  1 i n k  between t h e  p r i m a r y  p roduc t i on  
o f  carbon and d e t r i t a l  i n p u t  of carbon f o r  
t h e  e s t u a r y  and t h e  n u t r i t i o n  o f  o t h e r  
fauna.  The ben thos  i s  an e f f i c i e n t  t r a p  
o f  c a r b o n  and m a j o r  t r a n s f e r  p o i n t  f o r  
t h i s  c a r b o n  t o  h i g h e r  consumer l e v e l s .  
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Figure 17. Hypothesized food chain for the Corpus Christi Bay Estuary showing flow of carbon between trophic levels. The 
flow rates are expressed in g C/m2/yr, similar to the production rates for each compartment. Production rates and flow 
rates are explained in the text. 



The conceptual model i n  Figure 18 further 
i l l u s t r a t e s  the role the benthos plays in 
the cycling of nutrients in the estuarine 
open-bay bottom. The heavier  l i n e s  show 
t h e  f l o w  of o rgan ic  mat te r  to  t h e  s e d i -  
ments and r e s u l t a n t  r e t u r n  of n u t r i e n t s ,  
t h e  m i n e r a l i z a t i o n  p r o d u c t s  o f  t h i s  
organic matter, t a  the water column t o  be 
c y c f e d a g a i n b y p h y t o p l a n k t o n .  This i s  
t h e  primary f l o w  of organic  mat te r  and 
nutrients in the estuary contrasted to  the 

lesser influence s f  r iver ine  nutrients and 
oceanic inwelling. This primary flow of 
n u t r i e n t s  i s  mediated by a c t i v i t i e s  of 
open-bay battorn benthos a s  discussed pre- 
viously. T h u s ,  t he  dynamic of the open- 
bay bottom biotope, result ing in the pro- 
duct ion of important  f i s h e r i e s ,  i s  the 
in tegra ted  product o f  t r oph i c  t r a n s f e r  
processes and nutr ient  cycling processes, 
both of wh ich  r e l y  heavily upon the func- 
tioning of the estuarine benthos. 
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Figure 18. Conceptual model illustrilting the role of the estuarine benthos in food chain dynamics and nutrient 
recycling, both impoftant sSpects of total ecosystem function. 



CHAPTER 6. 
MANAGEMENT CONSfDERABlONS 

I n  preceding chapters, the  bays of 
t he  north west Gulf of Mexico have been 
described i n  terms of their  physiographic 
and physical and chemical characterist ics.  
The s t ructure  and function of the  open-bay 
bottom benthic community have been dic- 
cussed i n  d e t a i l ,  and the re la t ions  
between t h i  s btlnthic community and ad ja-  
cent and int~ract.irig communi t i e s  have been 
described. With t h i s  background, i t  i s  
possible to concern ourselves w i t h  manage- 
ment conslderstlons t o r  the  open-bay bot- 
tom biotope and t o  include ndtural and 
human impacts in these considerdtions. 

I t  is  well known tha t  estuaries are 
arnony the most productive ecosystems in 
t he  world ( D d u m  1971). Estuaries are also 
arnong the most stressed systems in the  
world due t o  the  safe harbor they provide 
fo r  ports d n d  navigation, the  food they 
provide for  corn mercially and recreational-  
ly impor t an t  f in f i sh  and she l l f i sh ,  and 
the  associated land i n f r a s t r u c t u r e  t h a t  
supports ail of these commercial activi-  
ties. These uses of the  estuary and the  
surrounding area are often incompatible 
with maintenance of estuaries a s  natural, 
productive systems. Not only must the  
immediate area around the estudry be con- 
s i de r ed ,  but  a c t i v i t i e s  upstredm in the  
drainage bas~n  must also be considered. 
There ,  inc reas ing  consumption threatens  
t he  supply of freshwater t o  the  estuary, 
which 15 nh4c. d e d  +.rj ' n ix  g i t h  ocean water t o  
..lake an i2s5iiary "unction ils 3 n  estuary.  
T h e  generaa scarcjty cf wate r  i n  much, o f  
Texas  d n d  t'7e s m a l l  f lows  o f  wate r  t o  
Texds estdarles have orom;ltcd t h e  5 ta te  t o  
consider  f res9w ater  inflow r~quirementc;. 

specific reco rn mendations for management of 
open-bay bottom systems will be  presented. 

6.1 NATURAL IMPACTS 

O f  all the  natural irnpdcts tha t  may 
bear on estuarine systenls the most impor- 
t a n t  a re  geologic.  That  is, e s t ua r i ne  
systems are ephemeral and their  life spans 
can be rrieasured in relatively short  geolo- 
gic t ime. Presen t  Texas e s t u a r i e s  a r e  
around lU,UOU yedrs old, and their to ta l  
l i f e  span can  l a s t  only un t i l  t h e  nex t  
glaciation period, when water will  be lost 
t o  them once aqain and they will r ever t  to  
dry land. probably before  t h a t  t ime ,  
however, most estuaries will experience 
the  end result of sedilnentation, namely 
filling. Two Texas estuaries hdve exper- 
ienced that  fa te ,  namely t he  irrazos River 
and the Kio Grande. While these estuaries 
are long and ndrrow, they no longer pro- 
vide the  broad, shallow type system which 
is  ct.iardcteristic of the res t .  

Besides t h e w  two natural  impacts, two 
o t h e r s  t h a t  nave h ~ s t o r i c a l l y  a f f e c t e d  
Texas estuaries perhaps more than human 
impac ts  a re  nurr icdnes  and aroughts .  
Droughts, whose 71npact [nay be more or less 
severe t h a n  hurricanes, dre certatnly of 
longer duration than hurricanes. Historl- 
caily, drotiyhts h d v s  o c ~ u r r e d  qulte often 
In  Texds. dhile there  IS no s e t  return 
frequency uf druugllts, severdl have occur- 
red ilurlng :he i d s t  30 yedrs, of w n a ~ t r  one 
was q u i t <  \evere. I l\i.Sir i u  IYbJ ,  
i e x d s  expenencerl ~ d b s ~ d r l t l d l  decreases i n  
norrndl ra infa l l  dnd  r-?vet- f iuws were much 
below norinai. Floi~ss ? n  sosrre iriajor chan- 
nels were essen i~a l iy  zero. As a result, 
estuaries becafie so much inore saline, tha t  

En t h i s  c h a p t e r ,  consideration will  marine l i fe  forms were found i n  r iver  
be given t o  natural and human impacts t h a t  mouths a t  t h e  heads  of t h e  es tuar ies .  
disturb t ne  open-bay bottoms and how the  Substantial chdftges occurred i n  same f lora  
system responds  t o  both. In add i t i on .  and fauna, and organisms requiring fresh 



t o  b rack i sh  wa te rs  were f o r c e d  f a r  up i n t o  
t h e  r i v e r  channels. I n  t h e  ben th ic  com-  
m u n i t y ,  such  o r g a n i s m s  s imp l y  per ished 
b e c a u s e  o f  t h e  u n a v a i l a o i l i t y  o f  l o w -  
s a l i n i t y  water .  Nhen t h e  1950's d rough t  
b roke  i n  1957, t h e  r a i n f a l l  p a t t e r n  change 
was d rama t i c  and ex tens ive  f l ood ing  o c c u r -  
red ,  changing what  were near -mar ine  sa l i -  
n i t y  cond i t i ons  i n  es tuar ies  t o  essen t ia l -  
ly f reshwate r .  Only t h e  most euryha l ine  
o r g a n i s m s  o r  t h o s e  t h a t  c o u l d  q u i c k l y  
m ig ra te  i n t o  more sa l ine wa te rs  were able 
t o  survive. Other  d rough t  per iods hdve 
b e e n  l e s s  s e v e r e  and  t h e  ends  of t h e  
droughts have n o t  usua l l y  been accompanied 
b y  f l o o d s  o f  t h e  m a g n i t u d e  o f  t h a t  i n  
1957. Changes i n  open-bay bo t t om  popula-  
t i o n s  and communit ies,  however,  are c e r -  
t a i n l y  e f f e c t e d  b y  t h e  changes i n  s a l i n i t y  
and o v e r l y i n g  wa te r  co lumn as i n f l uenced  
b y  these  me teo ro l og i ca l  events.  

The o t h e r  n d t u r d l  impac t  t h a t  may 
d r a s t i c a l l y  a f f e c t  t h e  e s t u a r y  i s  t h e  
hur r i cdne .  Tt l ree e f f e c t s  are immed ia te l y  
e v i d e n t  du r i ng  d hur r i cane .  F i r s t  is t h e  
s t o r ~ n  surge t h a t  usua l l y  impac t s  t h e  es- 
t u a r y  be fo re  t h e  a r r i v a l  o f  t he  hur r i cane .  
The s to rm surge  d r i ves  sa l ine  ocean wa te r  
i n t o  t h e  e s t u d r y ,  r a i s i n g  s a l i n i t i e s .  
Second i s  t h e  h i gh  w ind  dccoinpanying t h e  
h u r r i c a n e  and t h e  waves genera ted  b y  t h a t  
w ind .  I n  t h e  s h a l l o w  TexdS e s t u a r i e s ,  
these  waves a r e  l a r g e  enough t o  g rea t l y  
d i s t u r b  t h e  b o l t o n :  s e d i m e n t ,  t o  c a u s e  
scour  and resuspension, and undoub ted ly  
d i s t u rb  d subs tan t i a l  p o r t i o n  o f  t h e  ben-  
t h i c  communi ty .  The t h i r d  e f f e c t  i s  t h e  
h e a v y  r d i n f d l l  acco inpany ing  l a n d f a l l  o f  
t h e  h u r r i c a n e .  O f t e n  d n o r m a l  y e a r ' s  
wo r t h  o f  r a i n f a l l  w i l l  be produced i n  a 
m a t t e r  o f  a  f e w  days b y  a hurr icane;  t h e  
& m o u n t  o f  r u n o f f  r e s u l t i n g  w i l l  o f t e n  
change an es tua r y  f r o m  b rack i sh  l o  f r e s h -  
#ader condi t ions.  Again, t h e  InaJor t inpact 
i s  t h e  l a r g e  s a l i n i t y  change p roduced  by  
such i n f l o w s  f o l l o w i n g  t f te  h i gh  sa l i n i t i e s  
p roduced  b y  t h e  t h e  s t o rm  surge. The 
m i x l ng  dnd h i g h  t u r b i d i t y  p roduced  by  wave 
a c t i o n  r educe  p r ima ry  p roduc t i on  i n  t h e  
e s t u a r y  f o r  some pe r i od  of t ime dnd c e r -  
t a i n l y  may l i m i t  Food sources w i t h i n  t h e  
es tua r y  d u r i n g  t h a t  t i rne. It has been 
suggested, however ,  t h a t  h u r r i c a n e s  do 
provicge so ink  b e n e f i t  t o  t h e  e s t u a r i n e  
system b y  caus ing n u t r i e n t s  Lo be! r e c y c l e d  
from t h e  sediments  t o  t h e  o v e r l y i n g  wa te r  
column a t  a  r a t e  h i ghe r  t h a n  normal.  Such 

a p u l s e  o f  n u t r i e n t s  s t i m u l a t e s  p r i m a r y  
p roduc t i on  i n  t h e  o v e r l y i n g  wa te r  co lumn 
unless t u r b i d i t y  i s  so g r e a t  as t o  i n h i b i t  
p r o d u c t i o n ;  t h e  n u t r i e n t s  e v e n t u a l l y  
permeate  t h e  r e s t  o f  t h e  t r o p h i c  leve ls .  

Management of such n a t u r a l  impac t s  
has been proposed i n  t h e  f o l l o w i n g  ways. 
F i r s t ,  t h e  i m p a c t s  o f  d r o u g h t s  may  be 
o f f se t  t o  va r y i ng  degrees b y  re leases o f  
wa te r  f r om  upst ream r e s e r v o i r s  so t h a t  
some minimum supp ly  o f  f r e s h w a t e r  reaches  
t h e  estuary .  The nnajor ob j ec t i on  t o  such 
a p ropos i t i on  i s  t h a t  peop le  i n  t h e  d r a i n -  
age a r e a  r e c e i v i n g  t h e i r  w a t e r  supply  f rom 
t h i s  f reshw a t e r  source  w i l l  need t he  wa te r  
more t h a n  t h e  es tua r y  and p r i o r i t y  w i l l  be 
g iven  t o  supp ly ing  people. While such a 
dec is ion  may be needed i n  severe droughts,  
a  r e l e a s e  p o l i c y  t o  s u p p l y  f r e s h w a t e r  
i n f l o w s  du r i ng  l e s s  c r i t i c a l  d r y  p e r i o d s  
n i ight  o f f s e t  some o f  t h e  de le te r ious  i m -  
p a c t s  o f  l o w  f r e s h w a t e r  i n f l o w s .  F o r  
seve ra l  years, t h e  s t a t e  o f  Texas Depa r t -  
ment  o f  Water Resources has s tud ied  t h e  
f r eshwa te r  r equ i r emen ts  o f  each o f  t h e  
major  es tuar ies  and  measured f r e s h w a t e r  
i n f l o w  requ i r emen ts  t o  ma in ta in  p resen t  
day p roduc t i v i t y ,  t o  enhance it, and t o  
a l low a decrease. These f l o w s  t u r n e d  o u t  
t o  be c lose t o  average  f r e s h w a t e r  in f lows .  
Whether such f l o w s  c o u l d  be assured on a 
c o n s i s t e n t  bas is ,  a n d  d u r i n g  d r o u g h t  
p e r i o d s  i n  p a r t i c u l a r ,  w o u l d  d e p e n d  o n  
upstream wa te r  deve lopment  and r e l ease  
p o l i c i e s  f o r  r e s e r v o i r s .  H u r r i c a n e s  a r e  
n o t  as amenable t o  management as f r e s h -  
wa te r  in f lows ,  b u t  proposals  have been 
made f o r  h u r r i c a n e  ba r r i e r s  across bays t o  
l i m i t  t h e  i n t r u s i o n  o f  s to rm surges. 

6.2 HUMAN IMPACTS 

While u rban i za t i on  produces mdrked  
changes on  t h e  p e r i p h e r y  o f  an es tua r y  v i a  
s h o r e l i n e  m o d i f i c a t i o n s ,  s a l t  marsh f i l -  
l ing, waste discharges, and so f o r t h ,  t h e  
open-bay bo t t om  cam m u n i t y  i s  r e l a t i v e l y  
una f f ec ted  b y  such ac t i v i t i e s .  The major  
human i rnpac t  i n  t h i s  commun i t y  i s  t h rough  
d redg ing  f o r  n a v i g a t i o n  channels and f o r  
shell. Peterson and Peterson (1979)  r e -  
v iewed t h e  i i npac t s  o f  d redg ing  i n  es tu -  
a r ies  i n  t h e i r  corn mun i t y  p r o f i l e  on  i n t e r -  
t i d a l  f l a ts .  I n  pa r t i cu l a r ,  t h e y  r e v i e w e d  
t h e  i m p a c t  o f  d r e d g i n g  o n  t h e  b e n t h i c  



iocnmunity a n d  t h e  r e c o v e r y  o f  t h a t  cum-  
mt in i t y  f o l ' i o w i r t g  d r e d g i n g  pu r t e rbd t i on .  
They c i t e  t h e  work o f  McCa l l  ( 1977 )  or1 
r eco i on i zd t i on  o f  ae fauna ted  rnud i n  Long  
i s l and  Sound. He Fourtd t h a t  these sed i -  
ments were r a p i d l y  r e c o l o n i z e d  b y  oppor -  
t u n i s t i c  b e n t h i c  s p e c i e s  s u c h  as p o l y -  
c l leates an3 ar thropods.  Such species a re  
c h d r a c t e r i z e d  b y  c e r t a i n  l i f e  h i s t o r y  
features,  ndir le ly r d p i d  deve?opmznl ,  f r e -  
q u e n t  r e p r o d u c t i o n ,  f a s t  g r o w t h ,  h i g h  
r e c r u i t m e r l t  r a t e s ,  a n d  h i g h  i r \ o r t a l i t y  
ra tes.  Peterson and Peterson ( 1 9 7 3 )  also 
s u g g e s t  t h a t  o p p o r t u r l i s t i c  s p e c i e s  a r e  
p reyed  upon h e a v i l y  i n  s o f t  sed iments  and 
rnay be respons ib le  f o r  much o f  t h e  energy  
f l o w  f r o i n  t h e  b e n t h i c  i n v e r t e b r a t e s  t o  
fishes, crabs, and shore birds. The work 
by  F l i n t  and  Younk  ( 1 9 8 3 )  i n  Co rpus  
Ch r i s t i  Gay and t h e  carbon  budgets  presen-  
t e d  i n  e a r l i e r  c h a p t e r s  b e a r  o u t  t h i s  
suggest ion f o r  Texas estuar ies. To m in i -  
m i r e  t he  impac t s  o f  d redg ing  on t h e  ben -  
t h i c  community,  Rhoads e t  dl. (1978)  have  
~ u g g e ~ t . e d  c a r e f u l  s e a s o n a l  t i m i n g  o f  
dredging a c t i v i t i e s  i n  shal low wate rs  t o  
n l in i rn i re  t h e  i m p a c t  on  n a t u r d l  es tua r i ne  
sys tems.  F u r  examp le ,  d r e d g i n g  d u r i n g  
w in te r  months wou ld  hdve  t h e  l eas t  i m p a c t  
on  t h e  e n t i r e  sys tem,  i n  p a r t  a t  l e a s t  
because  t h e  o p p o r t u n i s t i c  s p e c i e s  t h a t  
would r e c o l o n i z e  t h e  a r e a  would n o t  appear 
u n t i l  sp r ing t ime,  Peterson and Peterson 
(1979)  conc lude  t h a t  t h e  i n t e r t i d a l  cornmu- 
n i t y  i s  capable o f  w i ths tand ing  c d r e f u l l y  
con t r o l l ed  pe r i od i c  d redg ing  w i t h o u t  sub-  
s t a n t i a l  l o n g - t e r m  e c o l o g i c a l  impact ,  a l -  
though  t h e y  c a u t i o n  t h a t  t h i s  p a t t e r n  may 
a p p l y  m o r e  i n  tern pe ra te - zone  es tuar ies  
t han  i n  t r o p i c a l  s y s t e m s  w h e r e  n a t u r a l  
env i r onmen ta l  v a r i a b i l i t y  i s  reduced.  

Ano ther  human I m p a c t  w o r t h y  o f  n o t e  
here i s  t h e  l rnpact  o f  waste d ischarges on  
the open-bay bottom benthic corn munity. I n  
con f i ned  areas, t h e  d ischarge o f  o rgdn ic  
ina te r ia l s  [nay p roduce  l o c a l i z e d  areas o f  
low oxygen concen t ra t ion ,  espec i a l l y  n e a r  
t h e  bot tom,  wh ich  w i l l  i m p a c t  t h e  ben th i c  
com muni ty .  Sludge deposi ts  produced b y  
s o l i d s  s e t t l i n g  f r o m  t h e s e  d i s c h a r g e s  
exacerba te  t h e  prob lem and change t h e  
sediment  compos i t i on  f o r  t h e  ben th i c  com- 
munity.  Such problems a re  be i ng  a l l e -  
v i d t ed  w i t h  t h e  l e v e l s  o f  t r e a t m e n t  now 
r e q u i r e d  o f  d i s c h a r g e s ,  a n d  t n e  w a t e r  
q u a l i t y  prob lems t h a t  r e q a i n  a re  t hose  of 

t o x i c  :n ater ia ls .  Syn the t i c  o rgan ics  and 
heavy  meta ls  d ischarged w i t h  mun ic ipa l  and 
i n d u s t r . i d l  w a s t e  w a t e r s  f i n d  t h e i r  way  
i n t o  t h e  open-aay bo t to ins  p r i m a r i l y  be-  
cause o f  t h e  tendency  of these t o x i c s  t o  
a s s o c i a t e  w i t h  t h e  p a r t i c u l a t e  phase.  
Th is  tendency,  measured as t h e  p a r t i t i o n  
c o e f f i c i e n t  be tween  w a t e r  and  p a r t i c u -  
la tes,  va r ies  w ide l y  f o r  d i f f e r e n t  ma te r -  
ia ls,  b u t  wh i le  c o n c e n t r a t i o n s  o f  t h e s e  
t ox i c s  I n  t h e  wa te r  co lumn may be q u i t e  
low,  it i s  t y p i c a l  t o  f i n d  h igh  concen t ra -  
t i ons  i n  t h e  sedr~nents .  Whether these  
concen t ra t i ons  are p roduc ing  d e l e t e r i o ~ s  
e f f e c t s  on  t h e  organisms i n  t h e  ben th i c  
co in inuni ty  1s n o t  known, a l though  it was 
po in ted  o u t  t h a t  some o f  t h e  concen t ra -  
t i ons  measured were above E P A  wa te r  qua l -  
i t y  c r i t e r i a  f o r  s e d i m e n t  and  t h u s  d i d  
p resen t  a  haza rd  t o  organisms i n  those  
sediments.  C o n t r o l  o f  t hese  t o x i c  ma te r -  
i a l s  i n  t h e  e f f l u e n t s  o f  d ischarges i s  t h e  
p r ima ry  mechanism f o r  management o f  t h i s  
s i t ua t i on . .  

6.3 RECOMMENDATIONS FOR 
MANAGEMENT 

The Texas coas t  i s  undergo ing  e x t e n -  
s l ve  development,  and w i t h  t h i s  deve lop-  
ment come increased pressures o f  u rban iza -  
t i o n  on dnd waste d ischarges t o  t h e  es tu -  
a r i es .  W i t h  a  p o p u l a t i o n  i n c r e a s i n g  
f a s t e r  t h d n  o t h e r  p a r t s  o f  t h e  U n i t e d  
States, these prob lems w i l l  become more 
a c u t e  i n  t h e  f u t u r e  (Thaye r  and Us tach  
1981).  Wh i l e  inany  s t u d i e s  h a v e  been  
d i r e c t e d  t o w a r d  unders tand ing  t h e  e f f e c t s  
o f  p o l l u t a n t s  i n  t h e  e s t u a r i n e  e n v i r o n -  
ment, f e w  p rov ide  so l id  cause -e f f ec t  r e l a -  
t ionships,  which a re  necessary t o  develop-  
i ng  rndnagement recommendat~ons f o r  cont ro l  
o f  t h e  p o l l u t a n t s .  I t  i s  b e c o m i n g  i n -  
c reas i ng l y  apparen t  t h a t  l ong - t e rm  sub t le  
i m p a c t s  a r e  p r o d u c i n g  s i g n i f i c a n t  
ecosystem degradd t io r l  beyond t h e  popula-  
t i o n  l e v e l  ( V a n  L o p i k  1980). Some 
ava i lab le  methodolog ies f o r  measuring t h e  
e n v i r o n m e n t a l  e f f e c t s  o f  p o l l u t a n t s  no 
l o n g e r  m e e t  t h e  demands  o f  s c i e n t i f i c  
i n q u i r y  o r  t h e  l e g a l  mandates imposed upon 
env i ronm en ta f  m anagers, and consequen t l y  
t h e r e  i s  a  d e f i n i t e  need f o r  t h e  deveiop-  
a e n t  o f  realistic m o n i t o r i n g  s t r a t eg i es  
t h a t  a r e  i n t eg ra t i ve ,  sensi t ive, and r e -  
cogn ize  sub t l e  warn ing  signs. 



6.3.1 Impact Assessment 

I t  i s  not economically feasible t o  
study an entire ecosystem and derive suf- 
ficient inform ation toward understanding 
and managing that  ecosystem to justify the 
expenditure. Therefore, in assessing the 
state  and change of the ecosystem, either 
during natural  functioning or  during 
stress and disturbance, numerous design 
fac to r s  should be incorporated into a 
monitoring effort tha t  focus upon com- 
ponents lower than the ecosystem level 
(i.e., corn munities, populations, chemical 
cycling, etc.). These design factors must 
provide as much information concerning the 
entire system as possible, emphasize sys- 
tem components that  represent a "baro- 
fieter'bof environmental events, contribute 

towards an in tegra ted  understanding of 
ecosystem functioning, and minimize expen- 
diture. One approach t o  monitoring and 
developing an understanding of the open- 
bay bottoms of Texas estuaries would be t o  
focus upon the  benthic habitat .  The 
reasons for concentrating on the benthos 
have already been discussed and are sum- 
marized in the  theoretical model presented 
in Figure 19. This model illustrates hypo- 
theses as t o  how the benthos functions 
under bo th  natural environmental condi- 
tions and during periods of disturbance. 

Recently, 'laboratory clnd field exper- 
iments have been conducted on entire ben- 
thic species assemblages of the estuary to 
collect data for either proving or dis- 
proving the hypotheses presented in Figure 

DECREASES 

Figure 19. Conceptual model illustrating the ljotentiai processes that go on in the benthos, how community structure can 
affect these, how the benthic processesare linked to dyoernics in the overlying waters, and the effect on ail these processes 
from an environmental disturbance. Sire of arrows and compartments imply the relative size of concentrations or biomass. 



19  (e.g. , Flint and Kalke 2983) .  The 
results  of these  experiments indicate t h a t  
the  natural benthos and t h e  processes t h a t  
these fauna play a role in regulating are 
sensitive t o  disturbance and show signifi- 
cant changes a f t e r  a perturbation t o  the  
sediment surface* In all  cases studied so 
far ,  however, a f t e r  t h e  i n i t i a l  impac t ,  
both t h e  f a u n a l  abundance and biomass 
r e ad i l y  r e c o v e r  and t h e  process  r a t e s ,  
such as sediment nutrient regeneration and 
ben th ic  metabolism, r e t u r n  t o  con t ro l  
levels a f te r  a shor t  t ime (e.g., 60 days). 

A monitoring s t ra tegy  focusing on the  
points covered above enable us t o  assess 
integrated impacts t o  ent i re  ecosystems 
while minimizing t he  costs, by concentra- 
ting on key processes within the  ecosys- 
tem. Using the  estuarine benthos ecologi- 
cal  change may be assessed by evaluating 
community character is t ics  and relating the  
impact of th is  change t o  the  ecosystem by 
measuring important processes t ha t  these 
benthic corn munities regulate. By concen- 
t r a t i n g  on s e l e c t e d  processes  l ike  n u -  
t r i en t  regeneration, benthic metabolism, 
and secondary production, the  long-term 
f a t e  of an ecosystem can be predicted, 
since these processes a re  all important t o  
t he  integrated health of t ha t  ecosystem. 

For years  t he  benthos has been stud- 
ied by identifying, counting, and weighing 
organisms, often t o  meet the  goal of as- 
sess ing t h e  change  a d i s t u rbance  has 
caused in an environment. These da ta  by 
themselves do not contribute much t o  our 
knowledge concern ing  processes  of t h e  
benthos. Other than obvious di rect  impacts 
to the  organisms examined,  conclusions  
cannot be drawn from these  kinds of envir- 
onmental assessments concerning integrated 
e f fec t s  of purturbation on t he  estuarine 
ecosystem. Thus, the  need now exists t o  
establish methodologies t h a t  provide data 
directly re la ted t o  the  integrated ecosys- 
tem picture, so t h a t  we can determine the 
e f fec t s  of impacts t h a t  are rea l  and not 
simply assumed o r  implied by historical 
dogma and public emotion. A disturbance 
to an estuarine environment may change the 
a c t o r s  in t h e  community,  bu t  does  i t  
change the function of the community? 

6.3.2 Decision flaking 

Estuaries and their  surrounding t idal  
habitats a re  one of t h e  most productive 

and most stressed systems on our planet, 
and possibly also one of the  most compli- 
cated. Their value has been extensively 
documented. In recen t  years  ecologists 
have expended cons iderab le  e f f o r t  t o  
understand the  individual as well as t h e  
holistic processes a t  work in estuaries. 
To sor t  ou t  and synthesize t he  complexi- 
t i e s  of biological, chemical, and physical 
interactions i n  these  ecosystems, ecolo- 
gists  a r e  t u rn ing  t o  s impl i f ied models 
cha t  i n t e g r a t e  t h e  in format ion  i n t o  an 
~ v e r a l l  view of ecosystem func t ion ing .  
These models afford a certain degree of 
predictive ability, b u t  more importantly, 
they provide feedback indicating what kind 
of new data  are  needed fo r  understanding 
and managing the ecosystem more soundly. 

The benthos of t h e  open-bay bottoms 
of Texas estuaries has been the  primary 
emphasis of th is  monograph because they 
are numerous, regulate  (potentially) sedi- 
ment nutrient regeneration, cycle energy 
from all sources of primary production t o  
higher level consumers, and produce large 
quantities of biomass in t h e  estuary. All 
of t h e s e  a c t i v i t i e s  of t h e  ben thos  a r e  
links t o  t h e  overall dynamics of ecosystem 
functioning and emphasize t he  importance 
of this open-bay bottom com ponent. 

The benthos of t he  open-bay bottom i s  
also one of the  estuarine components t h a t  
will be most readily impacted by an envir- 
onmental disturbance t o  t he  estuary. The 
sedentary nature of many of t h e  species 
t h a t  inhabit t h e  benthic environment of 
t h e  open-bay bottom make these animals 
more susceptible t o  environmental changes 
from a disturbance than, fo r  example, zoo- 
plankton or  fish, which a re  more mobile 
organisms. This sedentary nature, plus 
t h e  impor t an t  f e a t u r e s  of t h e  ben thos  
summanzed above, make the benthic habitat 
of estuarine ecosystems an ideal estuarine 
component on which environmental decision- 
makers charged with m anaging these  envi- 
ronments can concentrate. 

Figure 20 provides an example of how 
t h e  var ious  dynamics  of t h e  e s t u a r i n e  
benthos can be integrated into a simple 
schematic which can aid i n  making manager- 
i a l  decisions. Et summarizes annual pro-  
duction pa t t e rn s  and t empora l  s t and ing  
stock (biomass) distribution of t he  ben- 
thos  fo r  the  Corpus Christi Bay Estuary. 



Also i l lustrated a r e  t h e  seasonal  r a t e s  of 
b e n t h i c  n u t r i e n t  r e g e n e r a t i o n  f o r  t h i s  
estuary, along with t h e  annual pat tern  of 
primary productivity r a t e s  and t h e  t r ends  
f o r  r iverine input  of nutrients and annual 
r a i n f a l l  p a t t e r n s .  In a d d i t i o n  annua l  
f i s h e r y  s p e c i e s  a b u n d a n c e  p a t t e r n s ,  a s  
derived from ca tch  s t a t i s t i c s ,  a r e  shown. 
Superimposed upon a l l  th i s  information a r e  
t h e  recrui tment  periods f o r  the  dominant 

members of t h e  benthic species assemblages 
over  t he  year  and t h e  period of peak estu- 
arine abundance f o r  one of t h e  important  
com mercial species,  brown shrimp. 

This  s c h e m a t i c  provides  an overall  
view of how the  various dynamics of the  
e s t u a r i n e  e c o s y s t e m ,  and i n  p a r t i c u l a r  
those of t h e  benthos, r e l a t e  t o  one an- 
other. T h u s ,  if an environmental manager 

M O N T H  

Figure 20. Multiyear data from the Corpus Christi Bay Estuary on fishery yields, benthic biomass. rainfaif. 
benthic production, riverine nitrogen input, benthic nutrient regeneration, and phytoplankton production. 
Also shown are periods of peak brown shrimp (juvenile) abundance and benthic larvae colonization. These 
plots itlustrate the development of an integrated picture showing how an estuarine ecosystem functions. 
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has  t o  make a dec i s ion  c o n c e r n i n g  t h e  
conduct of an essential  ac t iv i ty  t h a t  may 
disturb t h e  environment in th is  estuary,  
he can use the  in tegrated information of 
Figure 20 as a guide f o r  whether t o  carry  
out t h e  activity and when. For example, if 
t h e  decision was when t o  do needed dredg- 
ing i n  Corpus Christi Bay, he could con- 
sult  f igure  20 and choose a t ime which 
would resul t  in minimal disturbance t o  t h e  
estuary. Standing s tocks  of the  benthic 
fauna are much lower during t h e  f a l l  than 
other  periods of t h e  year. Benthic secon- 
da ry  p roduc t ion  and s e d i m e n t  n u t r i e n t  
regeneration r a t e s  are  also lowest in t h e  
fal l ,  as a re  phytoplankton primary produc- 
t ion rates.  In contras t ,  r iverine input 
of n u t r i e n t s  i s  l a r g e r  dur ing t h e  f a l l ,  
supplementing decreased sediment cycling. 
Most larval  recrui tment  f o r  t h e  benthos 
occurs in t h e  winter, spring, and summer, 
and t h e  period of peak brown shrimp abun- 
d a n c e  i s  from w i n t e r  t o  e a r l y  summer.  
Therefore, t h e  environmental manager u-sing 
th is  picture of ecosystem function as a 
guide would probably decide t o  conduct 
dredging act iv i t ies  in t h e  fal l ,  when t h e  
benthic dynamics, t h a t  aspect  of t h e  bio- 
tope most directly impacted by dredging of 
t h e  bottom, would b e  the  l eas t  inhibited 

w i t h  respect  t o  o v e r a l l  c o n t r i b u t i o n  t o  
ecosystem functioning. Of course, t h e r e  
a re  other considerations with respec t  t o  
dredging t h a t  i n f l u e n c e  t h i s  dec i s ion ,  
sucn as t h e  economics of various dredging 
times. This example, how ever,  i l lus t ra tes  
how integrated information on environmen- 
t a l  f u n c t i o n  c a n  be used t o  aid in t h e  
decision - m  aking process. 

Another property of t h e  environment 
t o  be impacted, which should be consi- 
d e r e d ,  i s  i t s  r e s i l i e n c y  a f t e r  d i s t u r -  
bance. Knowledge of th is  character is t ic  
can also be i n c o r p o r a t e d  i n t o  t h e  d e -  
cision-making process using t h e  conceptual  
model described above. If one t akes  t h e  
example of dredging and, a f t e r  utilizing 
t h e  information of Figure 20, concludes 
t h a t  t h e  fa l l  would be t h e  period of l eas t  
impact, then he must consider t h e  res i l -  
iency of the  benthos so t h a t  processes 
will not be hindered long enough t o  a f f e c t  
more important periods of contribution by 
t h e  ben thos  t o  ecosys tem f u n c t i o n i n g  
during t h e  year. 

Table 16 presents d a t a  t h a t  indicate 
how resil ient  t h e  benthic species assem- 
blages of Corpus Christi Bay were a f t e r  a 

Table 16. Benthic community data obtained from a channel station in the Corpus Christi Bay Estuary 
prior to (1974-81) and after (1982-83) channel dredging occurred in April 1982, to illustrate resiliency of 
the benthic species assemblages. Data from Flint and Younk (1983) and Flint (in prep.). 

Infaunal Infaunal Infaunal 
abundance species biomass 

Sampl ing date (animal s/m2 ) number (g/m2! 

January 1982 5,055.6 2 6 4.59 

April 1 9 8 2 ~  214.8 9 1.39 

July 1982 2,833.3 28 14.81 

Average January 6,305.2 2 2,031.2 29.7 + 12.5 10.56 i 4.83 

Average Apri 1 5,873.3 t 1,900.1 36.0 z 17.4 16.86 c 6.26 

Average July 2,022.5 + 1,242.3 38.9 I 35.5 17.23 5 6.04 

a ~ a m p l  ing conducted 2 weeks a f t e r  dredging completed. 
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p e r ~ o d  of dredging In Mdrch and April 1982 
a t  one chdnnel  sdrnpllny s ? t e  I n  th i s  e s tu -  
dry. T h e  January 1982 benthic  cha rac -  
ter3stlc.s of abundant-r, spec ies  numuer dnil  
t o td l  blrr) i i las~ Here normal t o r  t h t ~  t lme  of 
k n e  yea r  J F  l ~ n t  and Younk 19133). The 
Aprrl  ? 9 8 i  nieasures f o r  t he5e  sarrle cnardc-  
teristli-c,, rn~ir~et l la tely a f t e r  t he  dredyrrlg 
stvent, wzre f d r  below t h y  dveraye values 
f o r  i ip r - i i  a f  o tne r  y e d r l  (Table 16 ) .  6y 
July 1982, however ,  t he  benthic  specles  
d ~ w m b t l d y t : \  e ~ h i b ~ t e d  mt3dSiirel; f o r  ~ b b l n -  
dance,  rpecres  n u r n  ber ,  arld b lom a%\ 51m1lar 
t o  d v e r a g r  obse rvn t - rons  f o r  t h t s  rnorrtri 
~iur l r i lg  o t h e r  years.  Thus, w ~ t h l n  a period 
of  3 fnvnths d f t e r  t he  drcvJglng ilistur- 
Dance, t h e  e s tud r in r  benthos of Lorpas 
Chrirtt  8dy naci regdrnt'd commumty ctidrac- 
t e r l s t r c s  r~urmal  f o r  t he se  fauna.  Incor-  
pordtlnq t h i s  krruw ledge on r - e s ~ l ~ e n c y  ~ n t o  
t h e  t n t ey ra t ed  framework uF Figure L O  
would pr*uvrde  rnore predlct lvo power t o  t he  
t?nviror~int?ntal rnanager and help make hlsl 

dec i s ion -ma i t i ng  p r o c e s s  s o u n d e r  in  i t s  
approach. 

In t h e  past,  env~ro r imen ta i  :ildnagerb 
concerned w ~ t b i  inalnta7ntng t h e  qual-ity af 
dn ecosystem and also d l l o w ~ n y  f o r  r e a s u n -  
able  development h a v e  focused  on s p e c i f ~ c  
and "obvious" problerr~s r e l a t e d  Co s p d r -  
t ~ c u i a r  a s p e c t  of t h e  development ,  sucn as 
spec if^^ p o p u  l a t ~ o n s  ( e . g . ,  f ~ s t i e r - i e s )  
d i rec t ly  ~ m p a c t e d .  In many cases ,  t n e  
c o n s ~ d e r d t ~ o n  of t he se  specific d n d  " o b -  
vious" problems, t aken  o u t  of t h e  c o n t e x t  
of t o t a l  e c o s y s t e m  f u n c t ~ c s n ,  k l d i  o n l y  
confused l ssues  and led  t o  decls lons t h d t  
were not  e c o l o g ~ c d l l y  sound. Po11 above 
example i s  intended t o  ~ l l u s t r d t e  (1)  how 
u s e f u l  i t  c a n  be t o  ~ n t ? g r d t e  a s  ciiucn 
informdtlon as possible on d h a b ~ t a t  In 
o r d e r  t o  o b t a l n  a  holistic vlew of t h e  
environment  and ( 2 )  what k l n d s  of informa- 
t ~ o n  one stlould cons lder  I n  t h ~ s  hol ls t ic  
approach. 
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Common macro-invertebrates associated w i t h  the  open-bay bottom biotopes o f  Texas 
estuar ies.  Compiled from F l i n t  and Younk (1983), Calnan e t  a l .  (1983), Gilmore 
e t  a1 . (1 974), and Hol 1 and e t  a1 . (1 973). 

Taxonomic group Species 

L i v i n g  modea 
and/or 

feeding typeb" 

COELENTERATA 

Hydrozoa 

PLATYHELMINTHES 

Turbel 1 a r i a  

NEMATODA 

Hydroids 
Anemone, sur face-dwel l ing 
Anemone, burrowi ng 
Paranthus rap i fo rm is  

Sty1 ochus e l  1  i p t i c u s  

Nematodes 

RHYNCHOCOELA 

ANNELIDA 

01 i gochaeta 

Pol yc haeta 

Polynoidae 

Rhync hocoel 
Cerebratulus lacteus 

01 i gochaete 
Peloscolex gabr ie l  1  a 

Le idonotus sub lev is  idhim? so. 
e  idas then ia  sp. 

~ r u  eu e  i s  c f .  mexicana 
.eoi ametrr a  commensal i s  
Eunoe c f  . nodul osa - 

Pol yodontidae 

Pal myri  dae Paleanotus heteroseta 

Amphi nomi dae Pseudeor thoe ambi qua 
&i s 

(continued) 



Appendix (Cont inued) 

L i v i n g  modea 
and/or 

Taxonomic group Speci es f eed ing  typeb " 

Phyl  lodoc idae  

P i 1  arg idae  

Hes ion i  dae 

Syll  i d a e  

Nere idae 

Nephty i  dae 

Anc i s t r os  11 i s  'ones i  + +osa ="- 
P i  1 a r a i  s be-e 

L i  t o co r sa  stremma 

Gyp t i s  v i t t a t a  
~ a r a h e s m t e o l  a 
Podarke obscura 

Ceratonere i  s m i  r a b i  1 i s  
Cera tonere is  i r r i t a b i r i s  
neanthes succinea 
Nere is  p e m  
Laeonere is  c u l  v e r i  

Agl aophamus v e r r i l  1 i 

Nepht'ys i n c i  sa 
MI c r o n e p w p .  

(cont inued)  
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L i v i n g  modea 

Taxonomic group 
and/or 

f eed ing  typeb' Species 

G l y c e r i  dae G1 ce ra  americana 
I$- ycera  cap! t a t a  

Goni a d i  dae G I  c i nde  so l  i t a r i a  
I d k i d T i m a c u ~  a ta  

f un i  c i  dae L v s i d i c e  n i n e t t a  

Onuphi dae 

Lumbri ne r idae  Lumbr iner i  s ~ a r v i ~ e d a t a  
Lumbr iner i  s t e t r a u r a  
l u r n b r i n e r i s  l a t r e i l  fi 
Lumbr iner i  s t e n u i s  

Areni  c o l  i dae 

Arabel 1 i dae  

Dorv i  1 1 e i  dae 

Aren ico la  c r i s t a t a  

n r i  1 onere i  s magna 

rudo l  p h i  
SP. 

Magel o n i  dae Ma e lona  e t t i boneae  
Tl&ziiY* 

B- S DF 
B- S D F 
B-S DF Maael ona rosea 

Chaetopter i  dae Spiochaetopterus cos ta ru~n  
Mesochaetopterus t a y l o r i  

Cossuridae Cossura d e l t a  - 
Spionidae Pol dora webs te r i  

o v o ra  soc ra l  IS prYs 
Pol dora li n i  & h e r v i  

(cont inued)  
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L i v i n g  modea 
and/or 

Taxonomic group Spec i es i e e d i  ng typeb ' 

C i  r r a t u l  i dae  

O r b i n i  i d a e  

Paraoni dae 

Ophel i i dae 

Capi t e i  1 i dae 

S D ~ O  SD. 
G b l  osp i o  b e n e d i c t i  
Para r i o n o s  i o  p i n n a t a  
F a n a  

popr ionosp io  pygmaea 
Mi n u s ~ i o  c i r r i  f e r a  

Scol o ~ l  os r ub ra  - 
f o l  i osus 
fragilis 
robustus 

Scol op l  0s  sp. 

A r i  c i  dea 
ixxzZi 
7iXiazi 
A r i  c i  dea 

c f .  f r a g i l i s  
b r e v i c o r n i s  

e 
.I 
wassi 

TElETZ b e l c a e  + Paraonis  a r a c i  IS 

Paraoni s f u l  gens 
Paraonis  sp. 
Paraonides 1 v r a  

Armandia sp. 
Poiyoptha lmus p i c t u s  

a i t e l l a  capi.tata 
*es j o n e r i  
Me iomastus c m n i e n s  
Heteromastus f i l i f o r m i s  
Heteromastus e longa ta  
Notomastus hemi odus 
Notomastus +- a t e r i c e u s  
Notomastus l oba tus  

B DF 
T-SS DF 
T-SS DF 
B DF 
B DF 
6 DF 

Maldanidae 

(cont inued)  
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Appendix (Cont inued) 

Taxonomic group Species 

Oweni i dae Owenia f u s i f o r m i s  
Myr iowenia c a l  i f o r n i e n s i s  

F l  a b e l l  i ger idae  P i  romi s arenosus 
l E K Y p .  - 

P e c t i n a r i  i dae  P e c t i n a r i a  gou ld i  i 

Am~ha re t i dae  Me1 i nna macul a t a  

Te rebe l l  i dae  

Sabel 1 i dae 

Serpul i dae  

H i  rud inea 

Potami 11 a c f .  spa th i  f e r u s  
Chow d i ~ n e r i  
-0-bi f erum 
I.. 
Me alomma b i o c u l  atum & a me1 anostiama 

Seroula v e r m i c u l a r i s  

H i  r u d i  nea 

MOLLUSCA 

Arnphi neura 

I schnoch i  t on i dae  Ischnochi  t o n  p a p i l l  osus 

Gastropoda 

V i  t r i  n e l  1 i dae Cyclost remi  scus su ressus see- V i t r i n e l l a  f l o r i  ana 
te inos toma b i  scaynense 

L i v i n g  modea 
and/or 

f eed ing  typebsc 

T-SS OF 

T-SS OF 

T-SS OF 

T-S 
T- S 

(cont inued)  
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L i v i n g  modea 
and/or 

Taxonomic group Species f eed ing  

Caecidae Caecum u l  c h e l l  urn 

- 
Epi t o n i  i dae Epi ton iurn an u la tum -eT Epi ton ium r u p i c o  a  

Cal p t rae i dae  Cre i d u l a  f o r n i c a t a  + p~ ana 

N a t i c i d a e  

Col umbel 1  i dae 

Bucc i n i  dae 

Me1 ongeni dae 

M i t r e l l a  l u n a t a  

Cantharus cancel 1  a r i  us 

Rusycon c o n t r a r i  urn 
Busycon sp. 

Nassar i  i d a e  Nassar ius v ibex  
Nassar ius acutus 
Nassar i  us sp. 

O l i v i d a e  

C e r i  t h i  i dae  

Pyrami d e l l  i dae 

01 i v e l l  a  deal ba ta  

B i t t i u m  var ium 

Odostomia im ressa 
---T Pvrami d e l l  a  crenu a t a  ., 

Eul imostoma sp. 
T u r b o n i l l a  sp. 

Atyi dae 

Retus idae 

Hami noea succ i  nea 

Acteoc ina canal i c u l  a t a  
Acteon p u n c t o s t r i  a t us  

Corambi dae 

Col umbel l i dae 

D o r i  d e l l  a  obscura 

Anachi s  obesa 
Anachis GGi-$ i c a t a  

Hydrobi i dae 

Mur i c i dae  

Tu r r i dae  

L i t t o r i d i n a  sphinctostoma 

Thais haemostoma 

Mange1 i a  sp. 

( con t inued)  
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L i v i n g  modea 
and/ o r  

feeding typeb" Taxonomic group Species 

C e r i  t h i ops i dae  S e i l a  adarnsi -- 
Neri  t i d a e  Smaragdia v i r i d i s  v i r i d e m a r i s  

Truncate1 1 i dae  Truncate1 1 a c a r i  bacensi s 

Scaphopoda 

Oental  i i dae Dental iurn texasianum 
Dental iurn sp. 

Pel ecypoda 

Nucul an idae 

Arc idae  Anadara t ransversa  
Anddara oval  i s  
Anadara sp. 

Myt i 1 i dae 

Os t re idae  Crassost rea v i  r g i n i c a  
b s t r e a  e q u e s t r i  s 

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

Ungul i n i d a e  D i  l odon ta  semias e r a  *& 
Lucin idae  

K i l l i i d a e  

Leptonidae 

Spo r t e l  1 i d a e  

Card i  i dae 

Myse l l  a p? anul a t a  

Lepton sp. 

A1 i aena t e x a s i  ana 

Trach cardium muricaturn 
i X d G i K F r n o r t o n i  

Ranaia cuneata Mac t r idae  
RZiij5-a 
Mu I n i a  l a t e r a l  i s  

( con t inued)  



Appendix (Cont i  nued). 

a L i v i n g  mode 
and/or 

feed ing  typeb " Species Taxonomic group 

Ens is  m inor  
TGEiii T T F Z i s  

So1 en i  dae 

? e l  1 i n i  dau Macoma b r e v i  f rons 
Macoma t e n t a  -- 
Macoma c o n s t r i c t a  
Macom?i m i  t c h e l l  i 
m a  a l t e r n a t a  
T T K i  a e q u i s t r i a  

texana 
ETl%Z c r i s t a t a  m sp. 

Sol e c u r t  i dae  

;bra aequal i; 
umingia t e  i no i des  

Semel i dae 

Congeri a 1 eucophaeta D r e i  sseni  dae 

Veneridae Anomalocardia auberiana 
Dosi na e l  egdns 
Dosina sp. 
MeZFiFTaria texana 
Mercenar ia  campechiensis 

%e%c%% 
mEi6 sp. 

P e t r i c o l  i dae  

Corbul i dae  

P e t r i c o l  a pho l  a d i f o r m i s  

Corbul a c o n t r a c t *  
Corbula d i e t  z i  ana 
Corbura sp. 

Phol adidae 

Pandori  dae Pandora t r i  1 i neata 

P e r i p l  omatidae Per ip loma inequa l  e 

Lyonsi i dae  Lyonsia hyal  i n a  f l  or idana  

Thrac i  i dae 

H i  a te1 1 i d a e  

Asthenothaerus c f .  h e m p h i l l i  

H i  a te1 1 a a r c t i  ca 

(con t inued)  



Appendix (Continued) 

a 
L i v i n g  mode 

and/or 
Taxonomic group Species f eed ing  typeb" 

- - 

ECHIURA 

Echiuro idea Echiuroideans 

ANTHROPODA 

Crustacea 

Podocopa Dst  racods 

Myodocopa 

Cyl i n d r o l e b e r i d i d a e  Astero e l  1 a macl aughl inae & so. 
~ s t e r o b t e r o n  bcul  i t r i s t i  s 
Parasterope sp. 

S a r s i e l l  i dae  

Calanoida 

Harpact i c o i d a  

Cycl opoida 

Thoracica 

Mysi dacea 

Cumacea 

Rodot r i  i d a e  

Leucani dae 

S a r s i e l l  a 
S a r s i e l l a  
S a r s r e l l a  

d i  spara l  i s  
texana 
z o s t e r i c o l  a 
SP. 

Labidocera aes t i va  
?seudodiaptomus coronatus 

A1 teu tha  depressa 

Cyc lopoid copepod (commensal ) 
Hemi cyc l  ops sp. 

Ral anus eburneus 

Mvzidonsis bahia 
T%i%FX W o w i  FlYaeP- M~%I i e n s i  s 
Bowmaniell a d i s s i m i l  i s  
Rowmaniella sp. 

Leptocuma sp. 

Eudorel 1 a monodon 
Leucon sp. 

( con t inued)  



Appendix (Cont inued) 

L i v i n g  modea 
and/or 

1 axonamic group Species feed ing  typeb" 
-- - 

D i a s t y l  i d a e  n i a s t  l i s  scu l  t a  
&l&noj & smith i  

Tanai dacea 

1 sopoda 

I d o t e i  dae 

Leo toche l i a  raoax 

Edotea t r i  1  oba 
T i T X o h s o n e l l i  fi i fo rm i  s  
E r i c h s o n e l l  a  a t t enua ta  

Munna hayes i  - Munni dae 

Sphaeromat i dae  

Anthur idae 

Stoma topoda 

Amphi poda 

Ampel i s c i  dae 

Xenanthura b r e v i  t e l  son 

Squi 11 a  empusa 

T- S SF/DF 
T-S SF/DF 

An e l i s c a  a b d i t a  
i 

Cap re l l  i d  Cap re l l  i dae 

Ba te idae  

Corophi i dae 

Batea ca tha r i nens i  s  - 

P h o t i s  rnacromanus 
Phnt iq  so.  
P o d o c e r i i - b r a s i l  i e n s i s  
G r a n d i d i e r e l l  a  bonn ie ro ides  
Lembos sp. 
f f c r op ro topus  spp. 

Oedi c e r o t i d a e  

L i l  j b o r g i i d a e  

Monocul o ides  
Synchel i d i  urn ameri canum 

L i  s t r i e l  l a  ba rna rd i  
L i s t r i e l f a  bahia 
L i s t r i e l l a  q m e n e l l a e  

(cont inued)  



Appendix (Continued). 

a 
L i v i n g  mode 

and/or 
Taxonomic group Species f eed ing  typeb 'c  

Gammaridae 

Me1 i t i d a e  

Haus to r i  i dae  

Amphil ochidae 

I sachyroceridae 

Amphi tho idae  

Stenothoi  dae 

Decapoda 

A1 pheidae 

Pal  aemonidae 

Ogyrididae 

Ca l l i anass i dae  

H i  ppol y t i  dae 

P o r c e l l  anidae 

Paguridae 

Gammarus rnucronatus 
Elasmopus l e v i s  

M e l i t a  n i t i d a  -- 
Parahaustor i  s  sp. 
Pl a t y i  schnopus sp. 

Amphilochus sp. 

Jassa f a l c a t a  
m t m b r a s i l  i e n s i s  . . -  

Cerapus t ubu l  a r i  s  

Stenot hoe sp. 
'Parametopella sp. 

A! pheus he te roche l  i s  

Pa! aemonetes p u g i  
Leander t enu i  corn1 s 

Ogyrides 1 im i co l  a  

I t  o eb ia  a f f i n i s  
f i s m r m  - i s 
C a l l  ~ a n a s s a  iamaicense " . . 

C a l l  ianassa l a t i s p i n a  

La t r eu tes  p a r v u l u s  
H i  ppo l y t e  z o s t e r ~ c o l  a  

Eucerarnus p rae l  ongus 
Pe t ro l  i s t h e s  armatus 

H i  pp i  dae Emeri ta sp. 

R-SS SF 
R-SS DF 
B-SS DF 
R-SS DF 

(cont inued)  



Appendix (Cont inued) 

Taxonomic group 

Leucosi i d a ~  

Xanthidae 

Por tun idae  

Parthenopidae 

Ma j i dae 

Penaei dae 

Sergest idae  

Pasi pheidae 

P i  nnother idae 

Process i  dae 

S IPUNCULIDA 

PHORONIDA 

ECHlNODERMATA 

Ophi u r o i  dea 

Living modea 
and/or 

Spec i es f eed ing  t ypebyc  
- -- 

Hepdtus pud i  hundus 

Persephona punctata 

Rhi throaanooeus h a r r i  s i  i 

Panooeus h e r b s t i  i 

Panopeus sp. 
Neopanope texana 

C a l l i n e c t e s  sa i dus  -5- C a l l i n e c t e s  s im i  i s  

He te roc ryp ta  g ranu l  a t a  

L i b i n i a  dubia 

Acetes americanus 

Leptochela s e r r a t o r b i t a  

P i nn i xa  c r i s t a t a  
P i nn i xa  r e t i n e n s  
P i  nn i  xa savana 
msp. 
P inno the res  sp. 

Processa hemphi 11 i 

Phascol i o n  s t romk i  
G o l f i n i g i a  sp. 

Phoroni s  a r c h i  t e c t a  

Herni ho l  i s  e l  ongata 
s  atra 

( con t inued)  
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Appendix (Concluded) 

Taxonomic group Spec i es 

L i v i n g  modea 
and/or 

f eed ing  typebyc  

Hol o thuro idea Pentamera pu l  cherr ima 
l ep tosynap ta  sp. 

Echinoidea Ech ino id  

Fnteropneusta Bal anogl ossus s p .  

CHORDATA Hracni ostorna c a r i  baeurn -- 
Mol g u l  a  manhattensis 

a  L i v i n g  modes i nc l ude  t h e  f o l l o w i n g :  B  = burrower ;  T = t ub i cu l ous ;  S = su r face ;  
SS = subsurface; UB = U-shaped burrow. 

b ~ e e d i n g  types i nc l ude  t h e  f o l l o w i n g :  C = ca rn ivo re ;  SF = suspension feeder ;  
DF = depos i t  feeder ;  0 = omnivore; SC = scavenger; G = g razer ;  E = ecotopara- 
s i t e .  

L ~ n f c r m a t i o n  on feed ing  types and l i v i n g  modes was ob ta ined  from t h e  f o l l o w i n g :  
Winston and Anderson (1971); Bloom e t  a l .  (1912); Bo t t on  (1979); Fauchald and 
Jumars (1979) ; V i  r n s t e i n  (1979) ; Subramanyam and K ruczy r~sk i  (1979) ; Calnan 
(1980); and W h i t l a t c h  (1982). 
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Open-bay bottoms represen t  one o f  t he  most ex tens i ve  h a b i t a t s  i n  any e s t u a r i n e  
system, e s p e c i a l l y  i n  t h e  nor thwes te rn  G u l f  o f  Mexico e s t u a r i e s  o f  Texas. Seven major 
e s t u a r i n e  systems a re  found here (Sabine Lake, Galveston Bay, Matagorda Bay, San An ton io  
Bay, Copano-Aransas Bays, Corpus C h r i s t i  Bay, and the Laguna Madre), a long  w i t h  t h r e e  
minor  r i v e r i n e  e s t u a r i e s  (Brazos, San Bernard, and Rio Grande) which long ago f i l l e d .  
These bays a re  t y p i c a l l y  broad and shd l low w i t h  average depths o f  1 . 2  t o  2 . 4  m and a  t o t a l  
su r f ace  area o f  624,000 ha. S a l t  marshes and seagrass beds a re  smal l .  

The s t r u c t u r e  and f u n c t i o n  o f  t h e  ben th i c  communities i n  these Texas e s t u a r i e s  a re  
examined by r ev i ew ing  and i n t e g r a t i n g  data from a  number o f  pas t  and ongoing s t u d i e s .  
Whi le  s t ud i es  i n  these systems have n o t  been as numerous as i n  o t he r  es tua r i es ,  t h e  
p a t t e r n s  o f  s t r u c t u r e  and f u n c t i o n  a re  beg inn ing  t o  emerge. The key f unc t i ons  o f  t he  
ben th i c  system a re  p roduc t i on  o f  biomass as food resources f o r  h i ghe r  t r o p h i c  l e v e l s ;  
b i o t u r b a t i o n ,  which enhances n u t r i e n t  regenera t ion ;  and n u t r i e n t  r egene ra t i o i l  i t s e l f .  
Ben th ic  n u t r i e n t  r egene ra t i on  i n  t h e  sha l low waters of  Texas e s t u a r i e s  may p l a y  a  key r o l e  
i n  r e g u l a t i n g  p r imary  p roduc t io r l  i n  t h e  es tua r i es .  

Managers o f  these e s t u a r i e s  must cons ider  t h e  open-bay bottom systems as a  c r i t i c a l  
p a r t  o f  t he  o v e r a l l  f u n c t i o n  o f  these es tua r i es .  

- -- 

Open-bay bot tom Benth ic  system 
Benth ic  s t r u c t u r e  and f u n c t i o n  

b. I den t i f ton l~n -Ended  Terrnr 

Conceptual models Es tuar ine  hydro logy 
Es tuar ine  processes Ben th ic  i n v e r t e b r a t e s  

c. COSATl FlcldlGroup 
-- - -- - - - . -- - 

1 19. ~ c c u r t t y  class ~ 1 %  ~ e p o r t )  I Uni i m i t e d  d i s t r i b u t i o i i  U n c l a s s i f i e d  

I 1 U n c l a s s i f i e d  
(See ANSI--239.1 8) 
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