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The Value of Salt Marsh Edge vs 

Interior as a Habitat for Fish and 

Decapod Crustaceans in a 

Louisiana Tidal Marsh 

(.;. W. PEI'FRSON 

R. E. TUI~'qER 

Coastal Ecology Institute 
Center for Coastal Enr and Environmental I~search 
Louisiana State University 
Bato~ Rouge, Louisiana 70803 

ABSTRACT: Flume nets  o f  var ious  lengths  and  a 3-m seine  were nsed  to sample  the fishes and  macrocrus taceans  us ing 

a f looded Louis iana salt  ma r sh  and  the  adjacent  tidal creek. The  expe r imen t  allowed for  species-specific compar i sons  

o f  the f looded mar sh  at the  creek edge  versus  the  interior.  O f  the 37,667 organisms  collected in f lume nets  f rom January  

th rough  N o v e m b e r  1989, 89% were decapods  (nine species)  and  11% were fish (29 species).  An addit ional  18,539 

organisms (75% decapods  and  25% fish) were collected f rom concur ren t  se ine  samples  taken f rom July th rough  Novem- 

ber. Compar i son  o f  catches a m o n g  d i f fe ren t  f lume lengths  and  low tide versus  high tide se ine  collections revealed distinct 

pat terns  o f  marsh  habitat  utilization. Densi t ies  o f  mos t  o rganisms  were h ighes t  within 3 m o f  the  water 's  edge,  bu t  

significant n u m b e r s  o f  marsh- res ident  fish species  used  the  interior marshes .  The  edge marshes  appea red  to be  used  by 

both t ransient  and  res ident  species;  however,  the  interior mar shes  were used  primarily by marsh-res ident  species  (Cy- 

p r inodon t i fo rmes  and  Palaemonetes sp.) that  are  excel lent  food  sources  for  adul t  t ransient-species.  Four  zmmtions  o f  

marsh  use  are  descr ibed for trarusients, residents ,  and  rare species.  

In t roduct ion  

Shallow-water, salt-marsh habitats arc known to 
be impor tan t  nursery areas for estuarine fish and  
crustaceans (Herke  1971; Weinstein 1979; Boze- 
man and Dean 1980; T u r n e r  1992). The  tradition- 
ally accepted  role of  e m e r g e n t  marsh vegetat ion 
suppor t ing  estuar ine fisheries productivity via de- 
trital-based food chains (Darnell  1958, 1961, 1967; 
O d u m  and Heald  1975) has been  ques t ioned  (Nix- 
on 1980; Boesch and  T u r n e r  1984), and more  
recent  a t tent ion has focused on the direct use of  
intertidal marshes  by fishes and  invertebrates fox" 
feeding, reproduc t ion ,  and  rctitgc f rom predators .  
Recently deve loped  me thods  for sampl ing in emer-  
gent  vegetat ion,  including pit traps (Kneib and 
Stiven 1978), d rop  samplers  ( Z i m m e r m a n  el al. 
1984), fhune nets (Mclvor and  ( )dum 1986), 
b lock -ne t s  (I leaf ier  1989) ,  f lume-wei r s  (Kne ib  
1991), and  lift nets (Rozas 1992a) have shown that  

juveni le  and  sinall aduh  fishes and invertebrates 
use f looded marsh habitats. 

Results f rom the new gear  types are not  neces- 
sarily comparab le .  Pit traps are effective for catch- 
ing killilishes (Cypr inodont idae)  and  o ther  marsh-  
resident  species that use f looded marshes  and 
re turn 1o marsh  ponds  and  ditches at low tide 

(Kneib and  Stiven 1978; Kncib 1984; Talbot  and  
Able 1984). Pit traps are probably  not  effective at 
catching transient  species that move f rom tidal 
creeks and hays up on to  tile marsh at high tide 
and return to open-water  areas on ebbing  tides. 
Studies in Texas that utilized paired d rop  samplers  
on f looded salt marshes  repor ted  h igher  densities 
of  grass shr imp,  blue crabs, and hrown shr imp in 
vegetated marsh habitats when c o m p a r e d  to adja- 
cent  nonvegeta ted  habitats (Z immer inan  et al. 
1984; Z i m m e r m a n  and Minello 1984). Drop sam- 
plers are very quantitat ive but sample  a relatively 
small area (0.5-2.8 m~), and,  because they are usu- 
ally d r o p p e d  f rom a boat, they are only effective 
for sampl ing the edge of  marshes.  Mclvor and  
O d u m  11986) developed f lume nets to passively 
sample  fish f rom intertidal freshwater marshes  in 
Virginia. They repor ted  extensive use of  f looded 
marshes  by resident,  freshwater species, as well as 
by s o m e  e s l u a r i n e ,  t r a n s i e n t  fishes and crustaceans.  
t l e t t l e r  11989) collected fish coming  off  a f looded 
salt marsh ira Nor th  Carol ina with a modif ied  
block-net and repor ted  extensive use of  these 
marshes  hy both resident  and transient  fishes and 
crustaceans.  Both f lume nets and  block nets utilize 
tidal action to passively (and nondestructively) 
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sample  large areas of  vegetated marsh,  and have 
proven effective in marshes  that f lood regularly. 
These  two approaches  canno t  de t e rmine  which 
fish utilize only the edge marshes  and which (if 
any) pene t ra te  into thc inter ior  marshes  because 
the entire catch is consol idated into one  net at the 
creekbank.  

Two new gear  types were descr ibed after  this 
study was initiated that quantitatively and nonde-  
structively sample  fish on the t l o o d c d  marsh  sur- 
face. These  two passive me thods  enclose the marsh 
at high tide and concen t ra te  the sample  into pit 
traps located at the lowest elevation inside the en- 
closure as the marsh  drains. The  flume-weir (Kneib 
1991), enclosing 100 m e of  marsh,  uses screen pan- 
els inserted into f rames  f rom a boardwalk. The  lift 
net  gear  (Rozas 1992a) is bur ied ill the marsh  and 
is remote ly  lifted to enclose 6 m e of  marsh.  These  
gear  are without  p e r m a n e n t  walls to block access 
to the marsh  and  can discretely sample  the edge 
and interior  marshes.  They are, therefore ,  proba- 
bly more  effective than f lumcs and  block nets for 
sampl ing fishes using intcr ior  marshes.  

Data were collected using f lumes and seines to 
address three objectives: to quantify tile t empora l  
and spatial use of  the f looded marsh surtace bv 
fishes and crustaceans in a natural  I ,ouisiana saline 
marsh; to compa re  the relative impor tance  of  the 
marsh habitat  at the creek edge  versus ttle interior  
marshes;  and  to idenlity, species-specific differences 
in marsh habitat use. We were particularly inter- 
ested in compar ing  spatial marsh use by resident  
and  es tua r ine -dependen t  species. O u r  basic hy- 
pothesis was that there  are species-specific differ- 
ences in marsh use, that is, not  all species will use 
the marsh edge  exclusively and  not all species dis- 
tr ibute themselves homogeneous ly  over the marsh  
dur ing  f looding ( t lypothesis  #1). We fur ther  hy- 
pothesized that  the edge  marshes  are more  impor-  
tant to fishes and  crustaceans (particularly tran- 
sient, e s tua r ine -dependen t  species) than are the 
interior  marshes  (Hypothesis  #2), and  the inter ior  
marshes  are utilized primarily by marsh-resident  
species (Hypothesis  #3). 

Materials and Methods 

STUDY AREA, SAMPLE (;EAR, AND 
S~TE Sr.LECnON 

The  study area  was in a saline marsh approxi-  
mately 2 km NNW of  the I ,ouisiana Universities 
Marine Consor t ium (LUMC()N)  Marine Cente r  in 
Cocodrie ,  Louisiana (Fig. 1). The  s treamside edge 
and  inter ior  marsh  vegetation is domina t ed  by 
Spartina alterniflora and along the natural  levee is a 
mixed S. altern!flora, Spartina patens and Distichlis 
spicata communi ty .  T h e  exper imen t  used f lume 

nets o f  different  lengths to,allow compar i sons  be- 
tween edge and  inter ior  marshes.  Samples were 
also collccted bv seining at high and low tides 
a long the (:reek edge adjacent  to the l lumes to al- 
low compar i sons  of  the species composi t ion  at the 
creek edge with that of  the adjacent  f looded 
marsh.  F lume nets were const ructed in a relatively 
un i form marsh  adjacent  to a nearly straight stretch 
of  (:reek bank (approximate ly  175 m long) with a 
gradual  sloping shorel ine profile. This site was cho- 
sen to increase the chances  that all l lumes would 
sample  similar habitats (shorel ine condit ions,  veg- 
etat ion stem density and  biomass).  Results frorn 
f lume net  studies in Virginia tidal freshwater 
marshes  repor t  that s t ream-order ,  shorel ine pro- 
files (erosional vs deposi t ional) ,  and  dra inage fea- 
tures (rivtdets vs creekbanks)  have significant ef- 
fects on the densities of  nekton  utilizing tile 
adjacent  marshes  (Rozas and ( )dum 1987; McIvor 
and  O d u m  1988; Rozas et al. 1988). Rozas et al. 
(1988) r epor ted  densities of" fish to be three  times 
grea ter  in rivulet f lumes than in c reekbank  flumes, 
but because of  the relatiw'.ly low density of" rivulets, 
they est imated that 88% of  fishes reached  the 
marsh sin-face via crec'kbanks; therefore ,  all f lumes 
used in this study were cons l ruc ted  on creekbanks  
wi thom riwflets. Because marshes  adjacent  to grad- 
ually sloping shorel ines (deposit ional)  are utilized 
more  by fish than those adjacent  to steep erosional  
shorel ines (Mclvor and  O d u m  1988), a site was se- 
lected a long a straight stretch of  c reekbank  to as- 
sure that  all f lumes had similar shorel ine profiles. 

FLUME NET SAMPI,ING 

Fhnne nets, modif ied  fi 'om the design by Mclvor 
and  O d u m  (1986), were used to quantitatively and  
nondestruct ively sample  the fishes and  macrocrus-  
taceans using the f looded marsh  surface. The  
f lume nets consisted of  parallel walls of  3-ram-mesh 
plastic aquacul ture  net t ing or iented  pe rpend icu la r  
to the creek axis. I ' h e  net  walls were a t tached to 5 
cm • 5 c'm wooden posts spaccd 2 m apar t  and  
the bo t tom 10-15 cm was bur ied in the marsh sed- 
iment,  result ing in walls approximate ly  0.75 m 
high. These  f lume walls r ema ined  in the marsh 
t h roughou t  the study. The  ends  of  the f lumes re- 
m a i n e d  o p e n  e x c e p t  w h e n  they  were  b e i n g  
" f i shed ."  At this t ime a cod-end net  const ructed 
from 3-into-mesh nylon net t ing a t tached to a rect- 
angular  PVC-pipe f rame (2 m • 0.915 m) was at- 
tached to each end  of  tile f lume using a sliding 
PVC track similar to that descr ibed by Mclvor and  
O d u m  (1986). An A-frame was added  (after 2 mo  
of  sampling)  at each end  of  the f lumes to suspend 
the cod-end net  over the open ing  and to allow re- 
mote  setting of  the nets, thus minimizing organism 
disturbance.  The  nets wcrc suspended  in the slid- 
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Fig. 1. la>catiou ot the study area and water-level gauges, and a diagram ot the experimental design showing the randomized 

placement ot five flume length Ireatments within three blocks (A, B, C). 

ing tracks bv bridles and at tached to the A-tiames 
with release pins that were tripped remotely with 

a 4.5-m long cord. 
The fluine nets used in this study differed from 

those described by Mclvor and O d u m  (1986). The 
mesh size was smaller (3 mm vs 6 ram), lhe flumes 
wider (2 m vs 1.5 m), the length varied (0 in, 3 m, 

1(} m, 20 m, and 40 Ill VS 20 m), and both ends 
remained open dur ing the flood tide (as opposed 
to being open only at the o ' cek  bank). The exper- 
iment was a randomized block design with three 
blocks of  live treatments, consisting of  flumes ex- 
tending 0 m (no t lume),  3 m, 10 m, 20 m, and 40 
m into the marsh (Fig. 1). Flumes were spaced ap- 
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proximate ly  10 m apar t  within t r ea tment  blocks, 
with approx imate ly  20 m hetween blocks. 

Each f lume had a boardwalk to minimize dam- 
age to the marsh dur ing  construct ion and monthly  
inspection. Walkway planks were used only dur ing  
the construct ion,  on monthly  inspections, and 
while setting and  retrieving of  nets to el iminate the 
possible effects o f  shading. 

The  f lumes were " f s h e d "  by letting both  ends  
of" the f lume remain  open  dur ing  flood tides, clos- 
ing both ends at or  neat" slack high tides, and  then 
picking up the cod-end nets after the marsh 
dra ined  (at or  near  low tide). Because the "na tura l  
levee" of  the creek (approximate ly  3 m in f rom 
the edge)  had a slightly h igher  elevation than the 
inter ior  marshes,  it was necessary to use cod-end 
nets on both  ends  of  the long thunes  (10 m, 20 m, 
and  40 m).  The  .'3-m f lumes had a cod-end net on 
the creek end  and  a flat block-net  on the marsh 
end.  The  no-f lume (0 m) t r ea tmen t  consisted of  a 
cod-end net  a t tached to end  posts placed at the 
edge of  the creek (with no f lume walls a t tached) .  

The  underl,~fng assumptions  for making  com- 
parisons between f lume lengths were that  access to 
all f lumes (3 m, 10 m, 20 m, and  40 m) was equal  
for organisms en te r ing  the marsh f rom the creek 
bank (or f rom the interior  marsh) ,  and  that  these 
f lumes ne i ther  attract nor  de le r  aquatic organisms 
to use the marsh.  Because both ends remain  open  
until the nets are set at high tide, an organism en- 
ter ing the marsh f'rom the creek could move in- 
land unres t ra ined and  would only be cap tured  if it 
r emained  within that part icular  f lmne (i.e., a fish 
enter ing  a 3-m f lume will not be cap tured  if it 
moves inland 10 rn). There fore ,  if an organism en- 
tered the marsh over the creek hank anti used the 
edge and inter ior  marshes  homogeneous ly ,  catch- 
es will be propor t iona l  to length. Conversely, catch- 
es will be equal in all f lmne lengths if only the edge 
marshes  (<3  m from the creek) are used. 

Catches are r epor ted  as number s  and biomass 
pet" 2 m of  marsh edge (as did Mclvor and O d u m  
1986) not  per  unit  area  of  marsh.  This was done  
because the f lume walls restrict the lateral move- 
m e n t  of  tish over the marsh  surface. Because all 
f lumes had the same width (regardless of  length) ,  
compar i sons  a m o n g  t rea tments  were made  with ac- 
tual number s  ( log-transformed) captured.  

Sampling was conduc ted  approximate ly  month ly  
dur ing  the tidal cycle with the highest  predic ted 
tidal height  and  range.  The  sampl ing dates were 
sek.'cted hased on titles predic ted  bv the Uni ted  
States D e p a r t m e n t  of  C o m m e r c e ,  National  Ocean  
Survev f rom the gauge at the I .UMCON Marine 
Center.  Samples  were collected month ly  f rom all 
15 f lumes beg inn ing  in J a n u a  W 1989; in Marcia 
1989, net dep loymen t  was modif ied  to allow re- 

m o t e  se t t ing  o f  the  nets .  Da ta  f r o m  J a n u a r y  
th rough  November  1989 are presented  here.  

SEINE SAMPLING 

Some fish cap tured  in f lume nets may not  have 
hec'n on tile marsh surface because tile design of  
tile l lmne nets (straight net  f rame along an irreg- 
ularly shaped marsh edge) results in a small 
amoun t  of  creek-edge hahitat being sampled.  Spe- 
cies that are infrequently caught  in f lumes may be 
a rc'suh of  this p h e n o m e n o n .  This design flaw be- 
came evident "after a few months  of  sampling.  We 
therefore  supp l emen ted  the i lume sampl ing with 
high-tidc and low-tide seine sampl ing a long the 
creek-edge habitat  beginning  in July 1989. 

Our  working assmnpt ions  about  the results f rom 
the seining were that fish using the marsh surface 
at high tide will be scarce in high-tide samples  and 
much  more  abundan t  in low-tide samples when 
they are forced OUt of  the marsh,  that  species using 
only the crec'k-edge habitat  will be equally abun- 
dant  at high and low tides, and  that  species pre- 
ferr ing deeper ,  more  open-water  habitats will be 
rare in low-tide seine samples  but inore abundan t  
in high-tide sarnples when the water at the edge  is 
deeper .  

Seine samples  were collected adjacent  to the 
f lumes at high and  low tide ever)' t ime the f lume 
nets were fished to allow compar i sons  of  the spe- 
cies cornposit ion and a b u n d a n c e  at different tide 
stages and  between these two gear  types. Two seine 
stations were pe rmanen t ly  established a long the 
creek edge adjacent  to the flmnes, one  nor th  and 
one  south of  the f lumes on the same side of  the 
creek. One  seine sample  was collected at each sta- 
tion at high tide, immediate ly  after setting the 
f lmne nets, arid again at low tide, immediate ly  be- 
tore retrieving the f lume net  samples. Seine sam- 
ples were collected with a 3 m • 2 m straight seine 
with 3.2-nnn nylon ace mesh pulled a long the 
creek edge by two persons,  one  walking on the 
marsh edge and  one  in the creek approx imate ly  2 
m f rom shore. Each sample  covered 30 m of  creek 
edge and was collected in three  short  drags (ap- 
proximate ly  10 m each) that  were pooled  together .  

All animals  collected in fhune or seine samples  
were preserved in the tield in 10% formalin and 
t ranspor ted  to the laboratol  T where  they were sort- 
ed, identified, counted ,  mc'asured, and weighed. 

Pl l't.Nl(.'Al, DATA C(.)I,I.ECTI()N 

Endeco  | Type 1152 Density Compensa t ing  Wa- 
ter-Level Recorders  were installed 1 rn into the 
creek, 1 m into tim marsh,  and  35 m into the 
marsh a lone one  boardwalk near  the center  of  the 
f lmne site (Fig. 1). An identical gauge was installed 
approximate ly  2 km away in the creek near  the 



LUMCON Marine Center .  These  gauges provided 
a cont inuous  record  of  the frequency,  ampl i tude,  
and  durat ion of  f looding events, as well as water 
salinity and tempera tu re .  A water-salinity sample  
was taken f rom tile (:reek at the" f lume site at high 
tide (when ttle thune nets were set) and again at 
low tide (when the nets were retrieved).  Salinity 
was measured  in the laboratoQ, with a Haake-Buch- 
h:r Digital Chlor idometer .  

DATA ANAl .'~IS 

Analysis o f  the dala was on the Louisiana State 
University (I,SU) mainfra ine  c o m p u t e r  using the 
Statistical Analysis System package (SAS Institute 
Inc. 1985a, b, c). All analysis of  variance (ANOVA) 
and regression models  were run with the general  
l inear models  (GI,M) procedure .  All catch data was 
log- t ransformed pr ior  to analysis. Compar i sons  of  
catches were made  between t lume length treat- 
ments  (FI ,ENGTH) with a factorial ANOVA model  
to test the hypothesis that the edgc marshes  are 
more  impor tan t  I() t ransient  fishes and decapod  
crustaceans than are inter ior  marshes.  Compar i -  
sons were also made  between catches f rom front  
(creek bank)  nets and back ( interior  marsh)  nets 
f rom those flumes that had both  f ront  and  back 
nels (10-m, 20-m, and 40-m flumes only). Because 
the f lume net  e x p e r i m e n t  was set up in a random-  
ized block design, all ANOVA models  included 
REP as a blocking factor  to remove  any block ef- 
fects (and as a test of  the sampl ing error) .  An 
ANOVA was also used to test for differences be- 
uveen high-tide and  low-tide catches fi:om seine 
samples. Because seasonal differences in species 
a b u n d a n c e  were expected,  DATE was included as 
a main effect: in all models  as was its interact ion 
with o the r  main etfects. These  ANOVA models  
were run on various subsets of  the data including 
log- t ransformed num ber s  of  decapods  only, tish 
only, " t r ans i en t "  fish only, " r e s i d e n t "  fish only, 
and individual species. Because of  the potential  
p rob lem of  t inding a significant resuh by chance  
a lone when n m n i n g  mult iple  ANOVAs, a Bonfer- 
roni-adjusled a lpha  level was used to assure a 95% 
conf idence  level for the individual species ANO- 
VAs (p < 0.0025 for t lmne data; p < 0.0036 tbr  
seine data).  ANOVA tables are not  presented  here; 
instead, F-values and  probabil i ty levels are given 
when appropr ia te .  

Resident spc'cic's are general ly def ined as those 
that spend their  ent i re  life cycle in the estuaw; 
transient  species are those that spend  only some 
life stages (e.g., juvenile)  in the estual T. In this re- 
port ,  fish species were classitied as e i ther  "resi- 
den t "  or  " t r ans i en l "  based on an ecological clas- 
sification in T h o m p s o n  and Forman (1987), who 
classified fish f rom the Barataria Bay basin into 
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four  groups.  The  resident  classitication included 
any species listed in their  " e s m a r i n e "  and  "fresh-  
water"  classifications; the transient  classitication in- 
c luded those fish species classified as "es tuar ine-  
m a r i n e "  or  " i n a r i n e "  in T h o m p s o n  and Forman  
(1987). 

Results  

PHSSlCAI. DATA 

"File data presented  here  are f rom tile LUMCO N  
Marine Cente r  gauge that had the most  comple te  
data set. The re  were data collection p rob lems  with 
the three gauges (located in the creek, at the 
marsh edge, and in the inter ior  marshes)  at the 
f lume site. Several months  of  water-level data f rom 
these gauges were usable and  were c o m p a r e d  with 
data fi 'om the gauge in the bayou at I ,UMC()N. 
Water levels at the two sites were highly cohe ren t  
at diurnal  tidal f requencies  (R'-' > 0.95). A nearly 
comple te  cont inuous  record (15-rain intervals) of" 
water lcwels f rom January  th rough  I ) e c e m b e r  1989 
is presented  in Fig. 2. This figure illumrales the 
frequency,  depth,  and durat ion of  f o o d i n g  events, 
and the times when f lume net samples were taken. 
The  horizontal  line on Fig. 2 (at 0-cm water lew:l) 
approx imates  the average inter ior  marsh elevation 
(the level at which the 35-m inland gauge was set). 
The  m a x i m u m  water dep th  on the marsh at high 
tide (typically diurnal)  ranged  f iom less than zero 
(not f looded) to approx imate ly  54 cm dur ing  the 
per iod of  study (lanual T th rough  N o v e m b e r  1989). 
The  m a x i m u m  water depths  dur ing  tile tidal cycles 
when f lume net samples  were collected ranged  
f rom 6.9 cm in Februal  y to 34.5 cm in N o v e m b e r  
1989. 

Figure 3A illustrates the mean  marsh-elevation 
profiles for each f lume (each line is a mean  of  two 
profiles within each t lume).  Al though individual 
f n m e  profiles are not  readily dist inguishable f rom 
this tigure (all live f lumes within each block have 
the same line pat tern) ,  the variation in f lume ele- 
vations a long the transects is generally < 10 cm. A 
well-defined natural  levee, approximate ly  10-15 
cm higher  than the interior  marsh elevation, is ev- 
ident  with its peak located about  3 m f rom the 
(:reek edge. Since the "ze ro  e levat ion"  reference  
lilac in Fig. 3A cor responds  to the "ze ro  water lev- 
el"  re ference  line in Fig. 2, it is obvious that  a high 
tide f looding dep th  <10 -15  cm would not  flood 
the natural  levee. However,  even at these lower wa- 
ter levels, tile inter ior  marsh does flood " f r o m  the 
back"  through small dra inage  features such as riv- 
ulets and  muskra t  trails. 

Salinity and  t empera tu re  data f rom the I,UM- 
C O N  g a u g e  were  also r e c o r d e d  for  , January 
tb rough  D e c e m b e r  1989. Salinity dur ing  that t ime 
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Fig. 2. Waterdevel data for 1989 at the I .UMCON gauge.  
The  horizontal  line represents  the  approx imate  marsh  surface 
elevation at the  f lume site. T he  vertical lines indicate the t imes 
when  the t lume net  samples  were collected. 

ranged from 0.8%o in July to 20.6%0 in October .  
Actual salinities at the site dur ing flume net  col- 
lections varied from 2.0%o in April to 18.1%0 in 
October .  Tempera tures  at the I .UMCON gauge 
ranged ti-om 34.4~ in August to 0~ in December.  

FLUME N H  DATA 

Species Composition 

A total of  37,667 organisms (fish and decapod 
crustaceans) with a total preserved wet weight of  
29.1 kg were collected in the f lume nets from Jan- 
ua~' th rough November  1989 (Table 1). The  total 
catch included 29 species of  fish (4,124 individuals, 
6.9 kg preserved wet weight) represent ing 14 fam- 
ilies and at least 9 species of  decapod crustaceans 
(33,543 individuals, 22.3 kg presel-ved wet weight). 
O the r  taxa of  invertebrates, including Amphipoda,  
Isopoda, Mysidacea, Gastropoda,  Bivalvia, Poly- 
chaeta, Arachnida, Insecta, and l l i rudinea,  and 
even Gulf  salt-marsh snakes (Nerodia clarkii), were 
captured in the fhlme nets hut were not  included 
in the suinmaries and analysis of" catch data. The  
species composi t ion in f lume net  catches varied 
with season (Table 2). In general,  ntarsh-resident 
species were more  abundant  and always present.  
Transient  species were only seasonally present.  

The  total catch was domina ted  by decapod crus- 
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Fig. 3. Elevation levels at the  t lume nel sites. A. Average 
marsh  elevation profiles (two replicate profiles) for each of  15 
individual f lumes,  identified by t lume Mock (A, B, or  C). B. 
Mean marsh  and  adjacent  creek elevation profiles of  five t lumes  
within each f lume block (each t lume has two replicates).  

taceans that made up 89.0% of  the total number  
and 76.4% of  the total hiomass (Table 1 and Fig. 
4). Grass shrimp (Palaemonetes sp.) were the most 
abundan t  organisms caught  in the flumes, com- 
prising 74.9% by n u m b e r  (25.4% biomass) of  tile 
total catch; blue crabs (Callinectes sapidus) were the 
next  most abundant  at 9.9% by n u m b e r  (42.9% 
biomass). Fish species made up only 11.0% of tile 
total catch by n u m b e r  but  23.6% of  the total bio- 
mass. Naked goby (Gobiosoma bose) was the most 
abundant  fish caught  (4.4% of  total) but was fifth 
in biomass (1.6% of  total). The  Gulf  killifish (Fun- 
dulus grandis) was the second most abundant  fish 
species (1.8% of  total) but  had the highest biomass 
(7.5% of  total). A single specimen of  southern  
f l o u n d e r  ( Paralichthys lethostigma) r e p r e s e n t e d  
more  biomass (1.7% of total) than all 1,649 naked 
gobies. Because of  the problem of  single large 
specimens dominat ing biomass, all comparisons 
and analysis are done  on counts ra ther  than bio- 
n l a s s .  

Comparison of Flume Catche~ ~ From 
Front and Back Nets 

Among those flumes that had both front  and 
back nets (10-m, 20-m, and 40-m flumes only'), sig- 



Salt Marsh Use by Nekton and Invertebrates 24,1 

TABI.E 1. l.ist of  fishes and decapod crustaceans collected from flume nets from January through November 1989. The total number ,  
tolal hiomass (preselTcd we! weight), and percentage of total catch by n u m b e ,  and biomass are given for each species. Fish and 
decapod species are liswd separately in order  of decreasing nmnerical abundance.  

"~o[a[ NIIIIIbCl ]'oral BiOllliP;s 

5}X'~ i ts  NIIIIII)~'I Per(cl',l Wcighl (g} I'~'il cnl  

Fishes 

Gobio.soma bose 1,649 4.4 480.6 1.6 
l"u ndulu.s grandi~ (';63 1.8 2,182.6 7.5 
Adinia xoma 451) 1.2 178.4 0.6 
Fu ndulu.~ puhmreus 336 0.9 165.(I 0.6 
(;obiouellus boleosoma 171 0.5 56.4 0.2 
Poecilia latipin na 169 O.,t 116.6 0.4 
l.ucania pmT,a 132 0.4 34.6 0.1 
("yp~4nodon variegatu.~ l 16 0.3 l 19.6 0.4 
l')~ndulusjenkinsi 102 0.3 63.3 0.2 
Menidia beo:llina 67 0.2 42.[1 0.1 
Q~mos~ion nebulosus 64 1).2 485A 1.7 
Muq41 cephalus ,17 0.1 1,742.2 6.0 
A nchoa mitchilli 39 0.1 10.9 < 0.1 
Myrophi~ punctatus 27 O. 1 2,15.3 0.8 
Bairdiella ch~y.~oura 20 0.1 58.3 0.2 
Archosa~L,'us probatoeephalu.s 18 <0.1 178.9 0.6 

(;ambu~ia a[fini~ 9 <0.1 0.6 <0.1 
('ithariehthy.~ @ilopterus 9 <0.1 39.8 O. 1 
Achirus liueatus 9 <0.1 5.2 <0. l 
:'~lirropogmnia~ u ~Malatus 6 <0. I 5. l <0. l 

l.agodon rhomboides 5 <0. I 75.9 0.3 
(;obionellu~ shu[eMti 4 <0.1 2.2 <0.1 
.S~vmphuru.~ pla,ffiu~a 4 <0.1 1.6 <0.1 
Sciaen@s oeellatus 3 <0.1 32.0 O. 1 
Qw~oscion alena~ius l <0.1 0.8 <0.1 

.S~ngnathus floridae 1 <0.1 0.7 <0.1 
,~vng~mthu.s scovelli 1 <0.1 0.6 <0.1 

Pataliehth)~ lethostig, ma 1 <0.1 504. I 1.7 
Opsanus beta 1 <0.1 47.3 11.2 

Dccapod crustaceans 

Palaemonete~ sp. 28,221 74.9 7,390.0 25.4 
Callinectes sapidus 3,714 9.9 12,505.4 42.9 
l 5"a sp. 804 2.1 1,737.2 6.0 
Peuaeus setifi'rus 307 0.8 141.3 0.5 
PeT*aeus aztecus 252 0.7 353.5 1.2 
Xanthidac 207 0.5 45.9 0.2 
Se~arma sp. 35 0.1 90.2 0.3 
Macrobrachium sp. 2 <0.1 0.2 <0.1 
Pagu,'idca 1 <0.1 2.8 <0. I 

l 'otal fish 4,124 11.0 6,876.2 23.6 

Total decal)ods 33,543 89.0 22,266.5 76.4 
Total fish and dccapods 37,667 100.0 29,142.7 100.0 

nif icant ly  h igher  n u m b e r s  o f  d e c a p o d s  (F = 

1708.74, p < 0.0001) were caught in the front nets 

(94.3%) than in the back nets. Some grass shrimp 

and blue crabs were caught in back nets, but most 

((.)8.9% and 90.9% respectively) were caught in the 

front nets (Table 3). Ahnost  all (99.9%) of  the fid- 

dler crabs (Uca sp.) and 39.3% of  the wharf crabs 

(Sesarma sp.) were caughl  in the back nets. Penaeid 

shrimp and Xanthid crabs were caught exclusively 

in lhe front  nets. 

Significantly h igher  numbers  of  fish (F = 183.87, 
p < 0.0001) were caught in the ti-ont nets (68.6%) 

lhan in the back nets ('Fable 4). The 10 mosl  abun- 

dant fish species (naked goby, Gobiosoma bosr, gulf  

killifish, Fundulus gmndis; diamond killifish, Adinia 
xenica; bayou killifish, F. pulvereus; sailtin molly, Poe- 
cilia latipinna; rainwater killifish, Lucania pan:a; 
sheephead  minnow, Cyprinodon variegatu,~ darter  
goby, Gobionellus boleosoma; sahmarsh lopminnow,  
F jenkinsi; and tidewater silverside, Menidia berylli- 
ha) accounted  for 94.4% of  the total tish catch 
from the 10-m, 20-m, and 40-m flumes (Table 4). 
These 10 species were classitied as resident species 
and represent  four  tamilics (Cyprinodontidae,  Go- 
biidae, Poecilidae, and Atherinidae).  Resident fish 
species were caught in significantly higher num- 
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[ ]  Palaemonetes 

[ ]  C. sapidus 

[ ]  P. setiferus 

[ ]  P. aztecus 

[ ]  A. mitchilli 

[ ]  F. grandis 

[ ]  M. beryllina 

[ ]  G. boso 

�9 other fishes 

SPECIES COMPOSITION BY NUMBERS 

OF 

GB 

[ ]  Palaemonetes 

[ ]  C. sapidus 

[ ]  P. setiferus 

[ ]  P. aztecus 

[ ]  A. mitchilli 

[ ]  F. grandis 

[ ]  M. beryllina 

[ ]  C. nebulosus 

[ ]  M. cephalus 

[ ]  G. bosc 

[ ]  P. lethostigma 

[ ]  other fishes 

SPECIES COMPOSITION BY WEIGHT 

I.ig. 4. Pie charts illustrating the p,'oportion of total tlume net catch represented by the most ahtmdant fish and decapod species. 
A. Species composition t)v numbers. B. Species composition by wet weight. 

be ts  (F = 162.90, p < 0.0001) in f ron t  nets  than  
in back nets. T h e  t rans ient  fish species were m u c h  
less a b u n d a n t  in f lume catches.  These  species 
mad(:  up  6% o f  the total tish numbe.r  and  49% of" 
the total fish biomass,  and  were caught  exclusively 
in Ibe f ron t  nets. 

Only  eight  species o f  fish were caugh t  in back 
nets  and  all b e l o n g e d  to the o r d e r  Cypr inodon t i -  

t o rmes  (families C y p r i n o d o n t i d a e  and  Poeci l idae) ,  
excep t  tbr  one  Menidia beo, llina (Table 4). Five o f  
these e ight  species (Fundulus pulvereus, Gambusia 
affinis, Poet.4lia latipinna, Adinia xe.nica, and  Cyprin- 
odon variegalus) were m o r e  a b u n d a n t  in the back 
nets than  in the f ron t  nels. Two o t h e r  Cypr ino-  
don t id  species ( Lucania parva and  Fundulus gran- 
dis) were c o m m o n l y  caugh t  in back nets  bu t  were 
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I'ABI,E 3. Number and percent of each decapod species caught in front and back nets, and total number caught in flume net 
collections from January through November 1989 ti-om only those flumes (10, 20, and 40 m) with front and back nets. Species are 
listed in order of decreasing numerical abundance. 

Front Nets Back Nt.ts Tt)tal 

Tax~l ~ I t l l l lbCr  Pt'r( ent"  N u m b e r  Percent"  N u m b e r  |)l.l Ceil t  l> 

Palaemonetes sp. 17,665 98.9 196 1.1 17,861 83.4 
Callinectes sapidus 2.102 90.9 211 9.1 2.313 10.8 
Uca sp. 1 0.1 802 99.9 803 3.8 
Penaeus ~etife~us 143 100.0 0 0.0 143 (I.7 
Penaeus aztecus 133 100.0 0 0.0 133 (1.6 
Xanthidae (faro.) 126 100.0 0 0.0 126 0.6 
Sesarma sp. 17 60.7 11 39.3 28 0.1 
Macrobrach2um ohione 1 100.0 0 0.0 1 0.0 
Pagm-idea (faro.) 1 100.0 0 0.0 1 0.0 

Total decapods 20,189 94.3 1,220 5.7 21,409 100.0 

" Percentage of that species caught in fi'ont or back nets. 
)' Percentage of total decapods (caught in lO-m, 20-m, and 40-m thnnes only) represented by that species. 

m o r e  a b u n d a n t  in f ront  nets. T h e  sa l tmarsh top- 
dnildIdOW (Funduhts jenkinsi) was tile only  Cypr ino-  
d o n t i d  species that  was never  c a u g h t  in a back net. 
All o t h e r  fish species, inc lud ing  a few es tuar ine  res- 
idents  (pr imari ly  Gobiids)  a nd  all t rans ient  fish 
species, were  caugh t  exclusively in the l ion t  nets  
(Table 4). 

Block Effect 

T h e  e x p e r i m e n t  was set up  in a r a n d o m i z e d -  
block design with three  ad jacen t  blocks (REP) o f  
f lume- length  t r ea tmen t s  (FLENG'FH) .  Microhabi-  
tat d i f ferences  a m o n g  the th ree  t r e a t m e n t  blocks 
may have led to the occas ional  di l t 'erences a m o n g  
ac!jacent blocks. In genera l ,  REP A (tide n o r t h e r n -  
mos t  block)  p r o d u c e d  h ighe r  total ca tches  o f  fish 
and  d e c a p o d s  than REPs C a nd  B. O n  a species 
level, this same t r end  was a p p a r e n t  for  Gobiosoma 
bose and  Palaemonetes sp., the mos t  a b u n d a n t  fish 
and  d e c a p o d  species. These  d i f ferences  may have 
been  due  to slight d i f fe rences  in elevat ion profi les 
in tide marsh;  howew:r ,  these elevation d i f ferences  
averaged  less than  5 cm (Fig. 3B) and  are  highly 
variable, with no  clear  t rends  by block. Tide adja- 
cen t  c reek  (0-5  m front  the edge)  had  a slightly 
s teeper  b o t t o m  profi le  a nd  a small oyster  r ee f  in 
fi 'ont o f  f luntes 3 a nd  4 (REP A). This  r ee f  cou ld  
have had  some  u n k n o w n  effect  on  o rgan i sms  using 
the ad jacen t  marsh .  Ida contras t ,  th ree  species that  
were c o m m o n l y  caught  in back nets  (Cyprinodon 
variegatus, Adinia xenica, a nd  Lucania parva) were 
significantly m o r e  a b u n d a n t  in REP C than  in oth-  
er  blocks. T h e  o t h e r  th ree  species that  were com-  
mon ly  caugh t  in back nets (Fundulus grandis, F. pul- 
vereus, a n d  Poecilia latipinna) w e r e  a lso  m o s t  
a b u n d a n t  in REP C bu t  no t  significantly so. Tide 
h ighe r  ca tch  o f  C y p r i n o d o n t i d  species in REP C is 
p robab ly  an effect  o f  sewwal muskra t  trails close to 
the back o p e n i n g s  o f  f lumes  14 a nd  15 (REP C). 

These  nmskra t  trails p rov ided  access and  refllge to 
marsh- res iden t  species. 

Date Effect 

"I'he variable DATE was i nc luded  in all A N O V A  
mode l s  to r emove  the  e x p e c t e d  source  o f  variat ion 
caused  by seasonal  d i f fe rences  in species abun-  
dance .  In a lmost  all cascs this DNI 'E  effect was 
f b u n d  to be highly signif icant  (p < 0.01). These  
seasonal  d i f ferences  in species a b u n d a n c e  may re- 
sult f rom the migra t ion  o f  species in and  ou t  o f  
marsh  areas, o r  f rom changes  in behav ior  with sea- 
sonal changes  in hydrology, (dep th  o f  f looding) ,  
t empe ra tu r e ,  o r  salinity. 

Comparisons of Flume Length Treatments 

T h e  total ca tch  o f  each  species by Hume length  
( u e a t m e n l )  is listed in Tab le  5. T h e  total catch o f  
fish and  d e c a p o d s  ( f ront  and  back nets  c o m b i n e d )  
varied significantly be tween  t rea tments .  Similar re- 
suhs were l o u n d  only lo t  d c c a p o d s  since d c c a p o d s  
d o m i n a t e  the total catch.  In bo th  cases, signifi- 
cantly h ighe r  m e a n  n u m b e r s  wed(; c augh t  in tile 
40-m f lumes  than  in o l h e r  f lume lengths.  T h e  next  
h ighes t  ca tches  were in the 10-m f lumes to l lowed 
by the no- f lume  t r ea tmcn t  (0 m) ,  the 20-m f lume 
t rea tment ,  and  the 3-m f lume  t rea tment ;  however ,  
thcsc four  t r ea tmen t s  were no t  significantly differ- 
enl  f r o m  each  o ther .  W h e n  catches  in the long  
f lumes (10 m, 20 m, a n d  40 m; poo led )  and  shor t  
f lumes (3 m) were c o m p a r e d ,  the long  f lume 
catches  were significantly h i g h e r  for  total fish and  
d e c a p o d s  and  for  d e c a p o d s  only  (Fig. 5). These  
results indica te  use o f  the in ter ior  marshes  by some  

fish and  decapods .  
W h e n  tide ca tches  of" fish only were c o m p a r e d ,  

the d i f ferences  be tween t r ea tmen t s  were also sig- 
nificant.  Ca tches  f r o m  the 40:m, 10-m, and  20-m 
f lumes were g rea te r  than ca tches  f rom the 3-m and  
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TABI.E .I. Number and percent of each fish species caught in front and back nets, and total nmnber caught in flume net collections 
froln January t h rough  November 1989 ti'om only those thlnles (l 0, 20, and 40 m) with fi'ont and back nets. Species are listed in order 
of decreasing nunlerical  abundance .  

F r o n t  Nets  Back  Ne t s  l 'otal  
E c o l o g i c a P  

[,Jsh Spec ie s  ( ; lass i t ica t ion  Ntl l l l lR 'r  Ptrrcel l  I t' Nllll lblW Plri r  h N l l m b t ' i  P/-i ( t i l l :  

Gobiowma bose R 968 100.0 0 0.0 968 33.3 
ki~ndulus grandis R 455 90.8 46 9.2 501 17.2 
Adinia xenica R 74 20.2 293 79.8 367 12.6 
k~tndulus pulvereus R 15 4.8 298 95.2 313 1 t).8 
Poecilia latipinna R 21 12.5 147 87.5 168 5.8 
l.ucania parva R 68 61.3 ,t3 38.7 111 3.8 
Cyprinodon variegatus R 30 28.0 77 72.0 107 3.7 
Gobionelhts boleosoma R 90 100.0 0 0.0 90 3. l 
Fundalu~ jenkinsi R 66 100.0 0 0.0 (if'; 2.3 
Menidia beo'llina R 52 98.1 1 1.9 53 1.8 
Cyno.~cion nelmlosas T 43 100.0 0 0.0 43 1.5 
Mugil cephalus T 41 10(k0 0 0.0 41 1.4 
Myrophis [mnctatus T 17 100.0 0 0.0 17 0.6 
Archosarffus probatocephalus 1 12 100.0 0 0.0 12 0.4 
Anchoa mitchilli T 9 100.0 0 0.0 9 0.3 
Gambasia affinis R 1 11.1 8 88.9 9 0.3 

Bairdiella chrysoura T 8 100.0 0 0.0 8 0.3 
Achirus lineatus T 5 100.0 0 0.0 5 0.2 
Micrcrpoffonia.~ undulatus T 3 100.0 0 0.0 3 0.1 
Lagodon rhomboides R 3 100.0 0 0.0 3 0.1 
Gobiondlus shu[eldti R 3 100.0 0 0.0 3 O. 1 
Citharichthy~ spil@terus T 3 100.0 0 0.0 3 0.1 
S)'mphunLs plagdusa T 3 100.0 0 0.0 3 0.1 
(~'noscion amnarius "1' 1 100.0 0 0.0 1 0.0 
Sciaenops otellatus l" 1 100.0 0 0.0 1 0.0 
S)ngvtathusfloridae I" 1 100.0 0 0.0 1 0.0 
Op.~anus beta T 1 100.0 0 0.0 1 0.0 

Total resident fish R 1,846 66.9 913 33.1 2,759 94.9 
l'otal transient fish T 148 100.0 0 0.0 148 5.1 
Total fish 1,994 68.6 913 31.4 2,907 100.0 

" Ecological classification: R = resident; T = transient. 
~' Percentage of that species caught in front or back nets. 

Percentage of total fish (caught in 10-m, 20-m, and 40-m Ilumes only) represented by that species. 

0 -m f l u m c s .  T h e  a p p a r e n t  t r e n d  o f  l o w e r  tish 

c a t c h e s  ill t h e  s h o r t e r  f l u m e s  to h i g h e r  c a t c h e s  in 

t i le  l o n g e r  t l m n e s  i n d i c a t e s  s o m e  use  o f  t h e  in t e -  

r i o r  m a r s h e s  by f ishes .  A N O V A  tes t  r e su l t s  fo r  

m a r s h - r e s i d e n t  f ish s h o w e d  s i g n i l i c a n t  d i f f e r e n c e s  

in c a t c h e s  b e t w e e n  t r e a t m e n t s  w i th  h i g h e r  c a t c h e s  

in l o n g  t h m l e s  w h e n  c o n t r a s t e d  wi th  s h o r t  t l u m e s  

(Fig.  6) .  T r a n s i e n t  f ish s h o w e d  n o  d i f f e r e n c e s  in 

c a t c h  b e t w e e n  t r e a t m e n l s  o r  b e t w e e n  l o n g  a n d  

s h o r t  t l u m e s  (Fig.  7) ,  i n d i c a t i n g  t h a t  t r a n s i e n t  fish 

a r e  n o t  u s i n g  t i le  i n t e r i o r  m a r s h  hab i t a t s .  

E f f e c t i v e n e s s  o f  N o - F l u m e  T r e a t m e n t .  T h e r e  

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

b e t w e e n  t h e  n o - f l u m e  t r e a m a e n t  a n d  t h e  t h m l e s  

(all  l c n g t h s  w e r e  p o o l e d )  s u g g e s t i n g  t h a t  t i le  n e t s  

w i l h o u l  f l u m c s  w e r e  j u s t  as e f f e c t i v e  at  c a t c h i n g  

t h e s e  o r g a n i s m s  as t h o s e  wi th  f l n m e s .  H o w e v e r ,  

f ish ( r e s i d e n t  a n d  t r a n s i e n t )  w c r c  c a u g h t  in s igni f -  

i c an t ly  h i g h e r  n u m b c r s  in n e t s  wi th  f l u m e s  (all  

l e n g t h s  w e r c  p o o l e d )  t h a n  in t h e  n o - f l u m c  t rea t -  

m e n t ,  i n d i c a t i n g  a p o s s i b l c  a v o i d a n c e  o f  n c t s  wi th-  

o u t  t l m n e s .  T h e s e  g e n e r a l i z a t i o n s  d i d  n o t  always 

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

S p e c i e s  D i f f e r e n c e s  in  C a t c h  b y  F l u m e  L e n g t h .  

B e c a u s e  h a b i t a t - u s e  p a t t e r n s  v a ~ '  b e t w e e n  spec ie s ,  

it is i l l u s t r a t ive  to a n a l y z e  t i le  d a t a  at  a s p e c i e s  level .  

T h i s  was d o n e  f o r  t h e  20 m o s t  a b u n d a n t  s p e c i e s  

(13 fish,  7 d e c a p o d )  c a u g h t  in t i le  t l u m e s  ( s p e c i e s  

to ta l  c a t c h  > 3 0 ) .  A B o n f e r o n n i - a d j u s t e d  a l p h a  lev- 

el (p  < 0 .0025)  was u s e d  to r e d u c e  t i le  p r o b a b i l i t y  

o f  f i n d i n g  a s i g n i f i c a n t  r e s u l t  by c h a n c e  a l o n e .  Be-  

c a u s e  t h e  B o n f e r r o n i  a d j u s t m e n t  is e x t r e m e l y  c o n -  

se rva t ive ,  a few s p e c i e s  A N O V A s  h a d  s i g n i f i c a n t  re-  

sul ts  at  p < 0.01,  w h i c h  w e r e  n o t  s i g n i f i c a n t  wi th  

t i le  B o n f e r r o n i - a c ! j u s t e d  a l p h a  level .  T h e s e  cases  

a r e  r e p o r t e d  as such ,  b e c a u s e  t h e r e  m a y  b e  s o m e  

b i o l o g i c a l  s i g n i f i c a n c e  t h a t  m a v  be  o v e r l o o k e d  us- 

i n g  s u c h  a c o n s e t ' v a t i v e  a p p r o a c h .  

O f  t h e  20 s p e c i e s  t e s t ed ,  o n l y  f o u r  fish s p e c i e s  

( C. variegatus, F grandis, F. pulvereus, a n d  P. latipin- 

ha) a n d  two d e c a p o d  s p e c i e s  (Palaemonetes sp. a n d  

Uca sp.)  w e r e  t o u n d  to h a v e  s i g n i f i c a n t l y  g r e a t e r  
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TABLE 5. Total mm~ber of each species (fish and decapods) caught by flume h:ngth taeatment (total for three tlunl.es) from January 
through November 1989. Species listed in order of decreasing numerical abundance. 

Uhlln(. l.,.-ngth Iic~ltlnt!llt 

Species No FhllllC 3-in 1()-Ill 20 m 40-m "1 oral 

Palaemonetes sp. 5,608 4,752 5A29 4,852 7,580 28,22l 
Callinectes sapidus 751 650 679 687 947 3,714 
Gobiosoma bo~c 344 337 31,t 229 425 1,649 
Uca sp. 0 1 240 233 330 804 
Fu ndulus grandi~ 103 5(,) 160 178 163 663 
Adima xenica 6 77 1,t3 148 76 450 
k)~ndulus pulvoeus 5 18 118 133 62 336 
Penaeus setiferus 123 41 {)2 42 39 307 
lYnaeus aztecus 38 81 ,12 39 52 252 
Xanthidae (ram.) 51 30 48 22 56 207 
(;~biondlus boleosoma 38 43 36 26 28 171 
Poecilia latipinna 0 1 29 96 43 169 
l.ucania parva 8 13 19 55 37 132 
Cyprinodon va~ieWm*s "~ 6 7 61 39 116 
Fundulu~ jo~kbtsi 20 16 19 19 28 102 
Menidia be~yllina 3 11 8 13 32 67 
(.~noscion nebulosus 9 12 12 14 17 64 
Mugil c~Ohalus 2 4 8 20 13 47 
Ancboa mitchilli 1 29 2 3 4 39 
Semrma sp. 0 7 8 16 4 35 
Myrophis punctatus 7 3 5 4 8 27 
Bairdiella chrysaura 7 5 () l 7 20 
Archosargus probatocephab*~ 0 6 4 3 5 18 
Gamlmsia a[finis 0 0 2 2 5 9 
Citharichthys spdopte~*.~ 0 6 1 2 0 9 
Achirus lineatu.~ 3 1 2 1 2 9 
MicropoEonias undulatus 1 2 2 0 1 6 
Lagodon rhomboides 0 2 0 0 3 5 
Gobionellus shufeMti l) 1 0 3 0 4 
Symphurus plagqusa I (} 1 2 0 4 
&:iaeuops ocellatus 2 (I 0 1 0 3 
Macrobrachtum ohione 1 0 0 1 0 2 
(')'noscion arenarius 0 0 1 0 0 1 
.S)'nw~athus .floTidae 0 0 0 0 1 1 
,Syng'nathus scovelli I 0 0 0 0 1 
Paralichth)'s lethmtig'ma 0 l 0 0 0 1 
Opaanus beta 0 0 0 1 0 I 
Paguridea (faro.) 0 0 0 1 0 1 

Total resident fish 531 584 855 963 941 3,874 
['otal transient iish 33 69 38 52 58 250 

Total tish 56't 653 893 1,015 999 4,124 
Total decapods 6,572 5,562 6,508 5,893 9,008 33,543 
Total fish and decapods 7, [ 36 6,2 l 5 7,401 6,908 10,(107 37,667 

c a t c h e s  in t h e  l o n g  f l u m e s  w h e n  c o n t r a s t e d  wi th  

t h e  3-m f l u m e s ,  i n d i c a t i n g  a s i g n i f i c a n t  u se  o f  in- 

t e r i o r  m a r s h e s  by t h e s e  spec ies .  T h e  I b m  fish spe-  

c ies  a r e  all r e s i d e n t  C y p r i n o d o n t i i b n n  spec ies .  T w o  

o t h e r  C y p r i n o d o n t i d  s p e c i e s ,  L. paTva  a n d  A. xeni-  

ca, w e r e  n o t  s i g n i f i c a n t l y  m o r e  a b u n d a n t  in l o n g  

f l m n e s  w h e n  c o n t r a s t e d  wi th  s h o r t  t l u m e s .  H o w -  

eve]-, b o t h  s p e c i e s  w e r e  c o m m o n l y  c a u g h t  in t h e  

b a c k  n e t s  ( T a b l e  4) ,  t h e r e b y  d o c u m e n t i n g  t h e  f re-  

q u e n t  u se  o f  i n t e r i o r  m a r s h e s  by t h e s e  s p e c i e s  as 

,veil.  

All o t h e r  a b u n d a n t  fish s p e c i e s  ( to ta l  c a t c h  > 3 0 )  

t h a t  w e r e  t e s t e d  wi th  A N O V A  w e r e  f o u n d  to h a v e  

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

l o n g  vs sho r t  f l u m e s .  T h e s e  i n c l u d e d  f o u r  r e s i d e n t  

s p e c i e s  (_b~ j e n k i n s i ,  G. bosr (;. boleosoma, a n d  M. 

beu l l i na )  a n d  t h r e e  t r a n s i e n t  s p e c i e s  (C. nelndosus ,  

M .  cephalu.s, a n d  A.  mi t ch i lh ) .  T h r e e  o f  t h e s e  spe-  

c ies ,  k .  m i t & i U i  (p  = 0. I 1 ), 19I. h e u I l i n a  (p = 0 .23) ,  

and M. cephalus (p = 0.40), had nonsignificant 
ANOVA models (bLEP, DATE, FLENGTH),  proba- 
bly because of  the low numbers  caught. The  rela- 
tive abundance  of  these seven tish species in flume 
catches indicates that the marsh surface may be 
u t i l i z e d  hy t h e s e  fish at  h i g h  t ide ;  h o w e v e r ,  t h e  un i -  

t b r m i t y  o f  c a t c h e s  a m o n g  f l u m e s  o f  d i l l ' e r e n t  

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

n e t s  ( e x c e p t  f o r  o n e  i n d k f d u a l  o f  M .  beryll ina 
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Fig. 5. The log mean numbers of dccapods caught by sam- 
pie (late. A. In short tlumcs (3 m) vs long flumes (10-m, 20-m, 
and 40-m flumes). B. AI h)w and high tide with seines. The 
vertical bars represent one standard err()]" of the mean. 

caugh t  in a 40-m back net )  ind ica tes  tha t  thesc spe- 

cies mostly use the edge  mar shes  ( < 3  m) or  pos- 

sibly only  the ad j acen t  c reek-edge  habi tat .  

Palaemonetes sp. a n d  /,;ca sp. were s ignif icant ly  

m o r e  a l ) u n d a n t  in l ong  t lumes  than  shor t  f lumes  

a m o n g  the d e c a p o d  species tesled; however,  the 

p r o p o r t i o n s  of  each caughl  in f ron t  nets  vs back 

nets  (Table  3) suggests comple t e ly  d i f fe ren t  pat- 

t e rns  of  i n t e r i o r  marsh  usc. Graps id  crabs (Sesarma 
sp.) were caugh t  in back nets,  bu t  there  were no  

s ign i t i can t  d i f fe rences  in catches  be tween  long  a im 
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Fig. 6. The log mean numbers of resident fish caught by 
sample date. A. In short tlumes (3 m) vs long fhunes (10-m, 20- 
m, and 40-m flumes). B. At low and high tide vdda seines. The 
vertical bars represent one standard error of the mean. 

short  f lumes  or  be tween  f ron t  a n d  back nets. Blue 

crabs (Calli~ectes sapidus) were" s igni t icant ly  m o r e  

a b u n d a n t  in 40-m f lumes  than  in all o t h e r  f lume  

lengths ;  however,  ca tches  were no t  s ignif icant ly  dif- 

f e ren t  w h e n  h m g  f lumes  (10 m, 20 in, a n d  40 m) 

were con t ra s t ed  with 3-m f lumes  for log-trans- 

t o r m e d  n u m b e r s  (p = 0.14). Blue crabs were com- 

m o n l y  c a u g h t  in back nets  (Table  3), especially as 

small  juven i les ,  d o c u m e n t i n g  that  b lue  crabs do 

uti l ize i n t e r i o r  marshes .  

P e n a e i d  s h r i m p  a n d  X a u t h i d  crabs were also 
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Fig. 7. The log mean numbers of transient fish caught by 
sample date. A. In short flumes (3 m) vs long tlumes (10-m. 20- 
m, and 40-m flumes). B. At low and high tide with seines. The 
vertical bars represent one standard error of the mean. 

abundan t  in f lume net  samples, but  the data sug- 
gests that  their  use of  the marsh is restricted to the 
edge marshes  (<3  m f rom creek).  ANOVA test re- 
suhs show no differences between long and short  
f lumes for Xanthid  crabs and  Penaeus setifents. Pe- 
naeus aztecus was significantly (p = 0.008) more  
abundan t  in 3-m f lumes than in long flumes, bul 

this difference is not  significanl with the Bonfer- 
roni-adjusted a lpha  lew.'l (p = 0.0025). None  of  
these three  species were ever caught  in back nets 
(Table 3). 

M1 o ther  tish and decapod  species, inost of  
which were transient  species, were not caught  in 
sutticient number s  1o test with zMNOVA. This in it- 
self is an indication that these species are infre- 
quently or  rarely using the marsh-surface habitat. 
The  relative abundance  of  some of  these species 
in seine samples  suggests that they arc present  in 
the area  lint not  using the marsh surface. One  ex- 
ception may he Gambusia aJfinis, a mostly freshwa- 
ter marsh rc'sident that was caught  infrequently but 
ahnost  exclusively in back nets, suggesting it may 
use inter ior  marshes  in areas where  ii is more  
ab tmdant .  

SEINE DATA 

Spedes Composition 

A total of  18,539 organisms (fish and  decapod  
crustaceans) with a total preserved wet weighl of  
7.1 kg were collected in the seine samples f rom 
July th rough  November  1989 (Table 6). The  total 
catch included 29 species of  fish (4,699 individuals, 
2.4 kg preserved wet weight) represent ing  16 fam- 
ilies and at leasl 7 species of  decapod  crustaceans 
(13,840 individuals, 4.7 kg preserved wet weight). 
The  n u m b e r  of  fish species caught  in f lumes and  
seines was the same (29), Ira! the species compo-  
sition was difl'erent because of  the difl 'erent habi- 
tats sampled by each gear  and seasonal differences 
in sampling (seine samples  were only collected 
f rom July 1o November ) .  

The  total seine catch was domina ted  by decapod  
crustaceans,  which made  up 74.6% of  the total 
n u m b e r  and 65.8% of  the total biomass (Table 6 
and Fig. 8). Grass shr imp (Palaemonetes sp.), the 
dominan t  species in the f lume net exper iments ,  
domina ted  the seine catches, compr is ing  60.4% by 
n u m b e r  and 28.4% by biomass. O t h e r  decapods  
that were abundan t  in seine samples include the 
Penaeid shr imp and blue crabs. 

C o m p a r e d  with f lume catch data, fish species 
made  up a larger p ropor t ion  of  the mml seine 
catch (25.3% by number ,  23.6% biomass),  and 
were domina ted  by bay ant 'ho D' (Anchoa mitchiUi), 
which represen ted  15.6% of  the total catch bv 
number s  (7.7% of  biomass).  Naked  goby ((;obioso- 
ma bose) was the next  most  abundan t  fish species 
caught  (3.0% of  total), followed by tidewater sil- 
versides (Menidia beryllina). A single spec imen of  
southern  f lounder  (Paralidtthys lethosti.ffrna) repre-  
sented more  biomass (12.5% of  total) than all 
2,901 bay anchovies,  the most  abundml t  fish in 
seine samples. 

High Tide vs Low Tide 

The  total catch ( log-transformed) was signifi- 
cantly h igher  in low-tide seine smnples lhan high- 
tide seine samples. This same relat ionship (low > 



high tide) held true for decapods only and resi- 
den t  fislt only (Figs. 5 and 6). This provides sup- 
port ing evidence that these organisms are using 
the marsh surface at high tide and re turning to the 
creek at low tide. In contrast,  transient fish were 
significantly more  abundant  in high-tide samples 
(Fig. 7). This pattern could result from fish moving 
from deepe r  water to the marsh edge at high tide. 
Differences in fish species ab tmdance  were appar- 
ent  anmng seine santples collected from July 
through November.  When the tolal fish (:arch was 
tested with ANOVA, there  was no dittrerence in 
catch between high and low tide samples; however, 
a shift in fish abundance  between low-tide and 
high-tide samples with season resulted in a signif- 
icant DATE-TIDE interaction. This interaction rc- 
suhed primarily fi'om the ab tmdance  of  Anchoa 
mitchilli in high tide samples in July and August 
and the abundance  of  Gobiosoma bose and Fundulus 
grandis in low tide samples in October .  

Species Differences in Catch by Tide Stage. Be- 
cause habitat-use patterns var?y, between species, the 
seine catch data were analyzed with ANOVA tbt" 
the 14 most abundant  species (10 fish and 4 deca- 
pod species with total catches >30) .  Again, as with 
the flume data analysis, a Bonfcrroni-adjusted al- 
pha level (p < 0.0036) was ttsed to reduce  the 
problem of  finding a significant result by chance 
alone. Of  the 14 species tested, tbur fish species 
( G. bose, b: grandis, G. bo&osoma, and L. parva) and 
two decapod species (Palaemonetes sp. and C sapi- 
dus) were significantly more  abundant  in low-tide 
samples when compared  to high-tide samples. Two 
o ther  fish species, C nebulosus and M. beryllina, 
were more  abundant  in low tide samples (p = 
0.018), but this ditl 'crcnce was not  significant with 
the more  consen,ative Bonferroni  alpha level (p < 
0.0036). This pat tern of  h igher  abundance  in low- 
tide seine santples, combined  with the relative 
abundance  of  these eight species in f lume samples, 
is slrong evidence that these species use the marsh- 
surthce habitat (at least at the edge) when it is 
f looded. 

The  total catch of  Penar aztecus from low-tide 
samples was approximalely double  that ti'om high- 
tide samples (Table 6), but  this difference was not  
statistically significant (p = 0.08) with log-trans- 
formed catch data. White shrimp (lYnaeus setiferus) 
were not  significantly more  abundant  in low-tide 
than in high-tide samples. Both penacid  species 
were commonly  caught  in t lume nets. 

Twice as many Achints lineatus were caught in 
low-tide samples as in high-tide samples, but this 
difference was not  signitican! (p = 0.11). Another  
tlatfish, @mphurus pla~usa, was equally ab tmdant  
in high-tide and low-tide seine samples. Both of  
these species were rarely caughl irt f lume frets. 
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TABI.E 6. List of  species collected f rom seine samples  along 
edge from July th rough  November  1989 in order  o f  decreas ing 
numer ica l  abundance .  N u m b e r  caught  at h igh  tide and  low 
tide, and  total n u m b e r  and  percentage  o f  total catch are given 
for each species. 

High 
Sper it's TMc l.ow Fide lotal l)ercenv 

Palaemonetes sp. (R) b 304 10,893 11,197 60.40 
Anchoa mitchilli (T) 1,904 997 2,901 15.65 
Penaeus setifeT~*s (T) 526 701 1,227 6.62 
Callinectes sapidus (T) 187 994 1,181 6.37 
Gobiosoma bose (R) 41 524 565 3.05 
Menidia bel),llina (R) 130 329 459 2.48 
Penaeu* aztecus (T) 71 144 215 1.16 
Fundulus g~'andis (R) 0 160 160 0.86 
Gobionellus boleosoma (R) 20 128 148 (I.80 
Lucania pa~va (R) 0 125 125 0.67 
5),mphuru~ plagiusa (T) 38 36 74 0.40 
Achmts lineatus (1") 20 40 60 0.32 
Cynoscion nebulosus (T) 8 33 41 (I.22 
Brevoortia patronus (T) 24 13 37 0.20 
Fundulus jenkinsi (R) 1 23 24 0.13 
Cynoscion arenarius (T) 11 11 22 0.12 
Miertq~ogonias undulatus (T) 17 4 21 0.11 
BairdMla chr~,soura (T) 13 7 20 0.11 
Xanth idae  (i,l) 1 16 17 0.09 
CithaT~chthys ~pilopterus (T) 6 7 13 0.07 
Membra.~ martinica (R) 7 0 7 0.04 
Mugil cqJhah,s (T) 3 1 4 0.02 
Syngnathus srovelli (R) 0 3 3 0.02 
Sciaevmps ocellatus (l ') 0 2 2 0.01 
5)'ng'nathus Iouisianae (T) 1 1 2 0.01 
Sphoeroides pmvus (T) 1 1 2 0.01 
Prionotus hJtmlus (T) 1 1 2 0.01 
Macrobmchium ohione (R) 1 1 2 0.01 
Poecilia Izltipinna (R) 0 1 1 0.01 
Shvn~:luTa maT~na (T) 0 1 1 0.01 
StelliJer lanceolatus (T) 1 0 1 0.01 
Gobionellus shu#ldti (R) 1 0 1 0.01 
Ariusfelis (T) 1 0 1 0.01 
Paralichthys lethostigma (T) 1 0 1 0.01 
Microgobius thalas.~inus (R) 1 0 1 0.01 
Sesarma sp. (R) 1 0 1 0.01 

Total resident  individuals 508 12,203 12,711 68.56 
Total t ransient  individuals 2,834 2,994 5,828 31.44 
Total fish and  decapods  3,342 15,197 18,539 100.00 

" Percentage  o f  total catch represen ted  by that  species. 
Ecological classification (in parentheses) :  R = resident,  T = 

transient.  

Anchoa mitchilli, tile most abundant  fish species 
in seine samples, was significantly inore abundant  
in high-tide samples. Gulf  menhaden  (Brevoortia 
patronus), a n o t h e r  a b u n d a n t  f i l te r - feeder ,  had 
slightly higher  catches in high-tide seine samples 
(Table 6), but  the differences were not  significant. 
The  relatively low numbers  of  mer thaden caught  
in seines is a fimction of  the absence of  complete  
seasonal sampling. Catches would have been much 
greater  if seine samples had been collected in the 
winter and early spring when postlarval and juve- 
nile m en h ad en  are abundant  in the estuaries. 
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[ ]  Palaemonetes 

[ ]  C. sapidus 

[ ]  P. setiferus 

[ ]  P. aztecus 

[ ]  A. mitchilli 

[ ]  F. grandis 

[ ]  M. beryllina 

[ ]  C. nebulosus 

[ ]  M. cephalus 

[ ]  G. bose 

[ ]  P. lethostigma 

[ ]  other fishes 

SPECIES COMPOSITION BY WEIGHT 

Fig. 8. Pie charts illustrating the proportion of the total seine catch represented by the most abundant fish and decapod species. 
A. Species composition by numbers. B. Species composition b) weight. 

COMBINING FI.UMI,'. ,'N.'ET AND 

SEINE D,-~dIA 

Flume and seine catch data are not  quantitatiw:- 
ly comparable  because of  the differences in the 
methods  of  fishing (passive vs aclive), tile habitats 
sampled (marsh surface vs creek edge) ,  and the 
size of  the areas sampled. However, by compar ing  
(qualitatively) the relative abundance  and distri- 
but ion (spatial and temporal)  of  species caught  hy 

these two gears, we can begin to see how marsh 
and edge habitats are utilized. These  relationships 
are shown in Fig. 9. For example,  several species 
(fish: A. xenica, F. pulvereus, P. latipinna, C. varie- 
gatus; decapods: Uca sp., Sesarma sp.) were rare or 
ahsent in seine samples but were abundant  in 
tlumes, especially in the back (interior) nels. 
These represent  true marsh-resident species that 
ti~rage on the f looded interior marsh and take ref- 
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Fig. 9. Relative propor t ions  (percent  of total catch) o f  ,host a b u n d a n t  species caught  in A. Iron! versus back nets of  fhunes  and  
B. low wwsus high tide seine samples.  

uge in small ponds,  potholes,  burrows, muskra t  
trails, and  rkadets at low tide, and onlv rarelv re- 
treat to the open  water  o f  the creek. Mugil cephah+s, 
Myrophis punctatus, and Xanth id  crabs were also 
more  abundan l  in f lumes than in seine samples; 
however, this could result f rom their  ability to 
avoid seines, e i ther  bv burrowing in m u d  (worm 
eels and m u d  crabs) or by swimming fast or  j u m p -  
ing (mullet) .  On the o the r  ex t r eme  are open-water  
e smar ine  species (e.g., Anchoa mitchilli, Brevoortia 
patronus, Micropogonias undulatus) that were rela- 
tively c o m m o n  in seines, (.'specially at high tide, but 
were rarely or  never  caught  in tlumes, indicating 
that the f looded marshes  are not  utilized as nurs- 
ery habi tat  by these species. 

The  catch data by gear  and the resuhs of  ANO- 
VA tests for the most  ab tmdan t  fish and  decapod  
species (>  30 individuals with one  gear) collected 
f rom f lume nets and  seines are sumntar ized in Ta- 
ble 7. The  ~LNOVA results are summar ized  for the 
compar i sons  of  ( log- t ransformed)  catches between 
front  and  back nets, and  between long and short  
f lumes for f lume net  data, and  between high-tide 
and  low-tide catches for seine data. 

Marsh lIabita/ Utilization Patterns 

Not all estuarine species utilize f looded marsh 
habitat  to the same extent.  A qualitative compar i -  
son of  the results given in Table  7 indicated four  
general  pat terns  of  marsh  utilization. The  10 most  
abundan t  fish species cap tured  in f lume nets (Ta- 
bk'. 4) are cons idered  resident  species because they 
spend their  ent i re  lives within the estuat T. We as- 
signed a species to one  of  four  general  pat terns  of  
marsh habitat  utilization. Figure 10 shows a typical 
proti le of  a creek edge and adjacent  marsh with 
the area of  utilization del ineated for each category. 

(A) Interior Marsh Residents.  The  tirst habitat- 
use pat tern  describes species that move into inte- 
rior marshes  whenever  they are f looded and then 
retreat to potholes,  nntskrat trails or  small ponds  
at low tides. These  species probably gain access to 
inter ior  marshes  th rough  small rivulets or  muskra t  
trails and seek rethge in these low wet m'eas dur ing 
norntal  low tides. These  species mav burrow in the 
mud  or find their  way back to the creek dur ing 
ex t r eme  low-water levels. These  species represent  
the true marsh-resident  species that are adapted  to 
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TABLE 7. Summar 3' of catch data and ANOVA results for the nloslt abundant  fish and decapod species collected from tlume nets 
and seines ti-om January through November 1989. The total catch (nmnber) of each species is given ti)r each gear. Results of ANOVA 
tests are sunnnarized for comparisons between ti'ont and back nets (NET) and flume length treatments (FI.ENGTH) for flume data, 
and between tide stages (TIDE) ti)r seine data. (only or >)  = signiticantly greater at a Bonferroni adjusted alplta level (p < 0.0025); 
(->) = significantly greater at p < 0.05. but not at Bonferrorfi adjusted alpha level (p < 0.0025); (=) = not significandy different (p 
> 0.05); (*) = not tested (n < 30). 

Flume Net Data Seine Data 
Habitat  U~<" 

Spec ies Numbez  NET'  FLEN(;TI [" N u m b e r  F I D E  Catcgol? .c 

Fishes 

C~prinodon variegatus 116 B e F L > S 0 * A 
Adinia xenica 4511 B > F I, = S 0 * A 
lfi~ndulus pulvereu.~ 336 B > F I, > S 1) * A 
Poecilia latipinna 169 B > F L > S 1 L only* A 
l.ucania parva 132 F : B I, ." S 125 I, only B 
kundulus grandis 6113 F " B L > S 160 1. onlv B 
Fundulusjenkinsi 102 F only I. = S 24 I. > ti* (2 
Menidia beo'llina 67 F > B I. = S 459 I. >- H C 
C)noscion netmlosu.~ 64 F only I. = S 41 I, ~ H C 
Mugil cephalus 47 F only L = S -1 * C 
Gobio~oma bose 1,649 F only I, = S 565 I, > H C 
Gobionellus boleosoma 171 F only I, = S 148 I. > H C 
Achmts lineatu~ 9 F only* * 60 H - I. D 
,S~mphurus plagiusa 4 F only* * 74 H = 1. D 
Anchoa mitchillt 39 F only 1. = S 2,901 H > I. D 
Brevoortia patronus 0 * * 37 H = L D 

Oecap()d crustaceans 

Uca sp. 804 B > F I, > S 0 * A 
Se..~arma sp. 35 F : B I, = S 1 * A 
Palaemonetes sp. 28,221 F > B I. > S 11,197 L > It B 
Calline~tes sapidus 3,714 F > B I, = S 1,181 I. > H B 
Penaeu.s az~'cus 252 F only S -> 1, 215 I. = II C 
Penaeus setiferus 307 F onlv L = S 1,227 L = H C 
Xanthidae 207 F onlv I. = S 17 L only* C 

. NET: F = front net vs B = back net. 
}' FI,I:NGTH: I. = long flumes (10, 20, and 40 m) vs S = short thnnes (3 m). 
' TIDE: I, = low fide vs H = high tide. 

See Fig. 1 0 .  

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

c o n d i t i o n s  (e .g . ,  e x t r e m e s  o f  t e m p e r a t u r e ,  s a l in i ty ,  

a n d  d i s s o l v e d  o x y g e n )  l ike ly  to  o c c u r  i f  t h e s e  or -  

g a n i s m s  w e r e  to  b e c o m e  t r a p p e d  in  a s m a l l  p o t -  

h o l e  o r  b u r r o w .  ( ) r g a n i s m s  in t h i s  c l a s s i f i c a t i o n  

w e r e  a b u n d a n t  in  f l u m e s  a n d  t h e  m a j o r i ~ '  w e r e  

c a u g h t  in  t h e  b a c k  n e t s  o f  t h e  l o n g  f l u m e s .  T h e s e  

o r g a n i s m s  w e r e  m o r e  a b u n d a n t  in  l o n g  f l u m e s  

t h a n  in  s h o r !  f l u m e s  (3 m )  a n d  w e r e  r a r e  o r  a b s e n t  

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

t h e  " o p e n "  w a t e r  o f  t h e  c r e e k .  F i sh  in  t h i s  g r o u p  

w e r e  a l l  f r o m  t h e  o r d e r  C y p r i n o d o n t i t o r m e s ,  spe -  

c i f ica l ly :  F u n d u l u s  pulvermzs, Qvprinodon variegatus, 

Poecilia latipi~zna, a n d  Adin ia  xenica. O f  t h e  c o m -  

m o n  d e c a p o d s  c a u g h t ,  Uca sp. a n d  p o s s i b l y  Sesarma 
sp.  b e s t  f i t  i n t o  t h i s  c a t e g o o , .  

(B )  I n t e r i o r  M a r s h  U s e r s .  T h e s e  s p e c i e s  u t i l i z e  

t h e  i n t e r i o r  m a r s h e s  ( b u t  m a y  r e q u i r e  s l i gh t l y  

d e e p e r  w a t e r  t h a n  t h e  first  g r o u p )  a n d  h a v e  a t e n -  

d e n c y  to  r e t u r n  to  t h e  c r e e k  e d g e  a t  low t i de .  

T h e s e  s p e c i e s  w e r e  a l so  a b u n d a n t  in  f l u m e s  a n d  

w e r e  m o r e  a b u n d a n t  in  l o n g  t l u m e s  t h a n  in  s h o r t  

f l u m e s .  O r g a n i s m s  in  t h i s  g r o u p  w e r e  c o m m o n l y  

c a u g h t  in  b a c k  n e t s  b u t  w e r e  m o r e  a b u n d a n t  in  

f r o n t  n e t s .  T h e s e  o r g a n i s m s  w e r e  C O l I u n o n  in  s e i n e  

s a m p l e s  w i t h  h i g h e r  c a t c h e s  f i ' om l o w - t i d e  s a m p l e s  

as c o m p a r e d  to  h i g h - t i d e  s a m p l e s .  T h e  f i sh  s p e c i e s  

t h a t  t i t  i n t o  t h i s  g r o u p ,  F u n d u l u s  grandis,  a n d  pos -  

s ib ly  Lucan ia  parva,  a l so  b e l o n g  to  t h e  f a m i l y  Cy- 

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

s p e c i e s ,  Palc~monetes sp. a n d  Callirtectes sapidus, a l so  

f i t  i n t o  t h i s  c a t e g o D , .  

( C )  E d g e  M a r s h  U s e r s .  T h e  t h i r d  h a b i t a t - u s e  pa t -  

t e r n  d e s c r i b e s  b o t h  r e s i d e n t  a n d  t r a n s i e n t  s p e c i e s  

t h a t  u t i l i z e  t h e  m a r s h e s  a l o n g  t h e  c r e e k  e d g e  a t  

h i g h  t i d e  b u t  a p p a r e n t l y  d o  n o t  p e n e t r a t e  i n t o  t h e  

i n t e r i o r  m a r s h e s  ( > 3  m f r o m  t h e  c r e e k ) ,  e x c e p t  

p o s s i b l y  d u r i n g  e x t r e m e  t l o o d i n g  e v e n t s .  T h e s e  

s p e c i e s  r e t u r n  to  t h e  c r e e k  a n d  m a n y  r e m a i n  in 

t h e  s h a l l o w  w a t e r  a l o n g  t h e  c r e e k  e d g e  d u r i n g  low 

t i de .  S p e c i e s  in  t h i s  c a t e g o r y  w e r e  a b u n d a n t  in  

f l u m e s  a n d  c a u g h t  o n l y  in  f r o n t  n e t s .  C a t c h e s  o f  

t h e s e  s p e c i e s  w e r e  n o t  s i g n i f i c a n t l y  d i t l ' e r e n t  be -  

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

s i g n i f i c a n t  u s e  o f  i n t e r i o r  m a r s h e s .  T h e s e  o r g a n -  

i s m s  w e r e  a b u n d a n t  in  s e i n e  s a m p l e s  a l o n g  t h e  
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Fig. 10. A schematic elevation protile of  the marsh creek bank with streamside eftk~ct (natural levee). Lines A-A, B-B, C-C, and D- 
1) represe~at pat terns ot marsh utilization by fish and decapod assemblages descrihed in the text and in Table 7 (habitat use categories 
A, B, (', and 1), respectively). 

rnarsla edge and  were general ly more  a lmndan t  in 
low-tide samples. Inc luded  in this catcgoly were 
resident  species such as Fundulus jenkinsi, Gobioso- 
ma bosc, Gobionellus boleosoma, and M~zidia ber):llina, 
and Xanthid  crabs. Commercia l ly  impor tan t  tran- 
sient species, including spot ted seatrout  (Cyn0sci0n 
nebulosus), Penaeid  shr imp (Penaeus aztecus and P. 
.setiferus), and possibly str iped mullet (Mugil cepha- 
lus), were also included in this group.  

(D) Marsh Subtidal Group .  The  last habitat-use 
pat tern  describes species that  utilize estuarine 
open-water  habitats, including the shallow-water 
creek edge, but  apparent ly  do not  utilize the flood- 
ed marsh surface. Organ isms  in this category rare- 
ly, if" ever, ven tured  on to  the f looded marsh sur- 
face, based on their  absence  or rarity in f lumes 
(occasionally found in front  nets only), t lowever,  
seine sampl ing results suggest that species within 
this categol T utilize the shallow-water creek-edge 
habitat  to vmTing degrees.  Species within this cat- 
egol y could be divided into two subgroups  of  
creek-edge habitat  utilization based on differences 
between high-tide and low-tide seine calches. The  
first subgroup  included two flatfish species, ,S~,m- 
phurus pla~usa and Achirus lineatus, that were com- 
m o n  in seine samples  f rom the creek edge but had 
no significanl differences between high-tide and  
low-tide seine samples. Fish in the second sub- 
g roup  were more  a b u n d a n t  in high-tide than in 

low-tide seine samples, and  included impor tan t  
t ransient  specie.s such as Anchoa mitchilli and prob-  
ably Brevoortia patronus and some Sciaenid species. 

Discuss ion 

Based on these results we accept  all three  hy- 
potheses stated in the In t roduct ion.  The  resuhs of  

the f lume net  and seine sampl ing indicate that 
f looded marshes  are utilized primarily by decapod  
crustaceans (shr imp and crabs) and resident  fish 
(Cypr inodont idac  and Gobiidae;  I Iypothesis #3). 
Trans ient  lishes were less abundan t  on f looded 
marshes  and primarily used the edge marshes  (Hy- 
pothesis #2). Utilization of  f looded marsh habitats 
is highly variable a m o n g  species in these wetlands. 
Some species stay in the marsh as long as it is flood- 
ed and  take retiage in small ditches and potholes  
at low tide; others  only use the edge marshes  or  
venture  into the interior  marshes  and re turn to the 
creek as the water drops; o ther  species rarely, if 
ever, get  up on the marsh.  Therefi)re,  we conclude  

that there  are impor tan t  species-specific pat terns  
of  marsh use by estuarine organisms (Hypothesis  
#1 ). Here  we smnmar ize  the individual species uses 
of  the marsh and  integrate  our  resuhs with the re- 
sults o f  others.  
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SPECIES COMPARIS(}NS OF MARSII USF: 
DE(_;,M'(-)I)S 

Grass shr imp (Palaemonetes sp.) were the domi-  
nant  organism using the f looded ntarsh surface in 
this and o the r  studies ( Z i m m e r m a n  and Minello 
1984; Mclvor and  Odtun 1986; Rozas and O d u m  
1987; Z i m m e r m a n  1989; Rozas 1992a, b). All life 
stages, f rom the smallest juveniles that could be 
re ta ined in the mesh to gravid adult  grass shr imp,  
were caught  in f lmne and  seine samples. Grass 
shr imp were not  identi t ied to species because the), 
were so abundan t  and  identification to species is 
difficult and t ime consuming;  however,  f rom those 
that  were identified and f rom the salinity range 
sampled,  it appears  that Palaemonetes pugio was the 
d o m i n a n t  species. Z i m m e r m a n  (1989) listed three 
species of  grass shr imp (P. pug4o, P. vulgaris, and 
P. intermedius) in a h igher  salinity site in I ,ouisiana 
and  found  that they all showed a similar prefer-  
ence for vegetated over nonvegeta tcd  habitat. 
Grass shr imp were significantly more  abundan t  in 
long f lumes than in short  f lumes and  in low-tide 
vs high-tide seine samples. Some were caught  in 
back nets (up to 40 rn inland),  a l though most  
(99%) were caught  in front  nets. Grass shr imp ap- 
parent ly use the ntarsh surface including the inte- 
rior marsh whenever  it is t looded,  and most  re turn 
to the creek at low tide. The  use of  f looded interior  
marshes  by grass shr imp was also d o c u m e n t e d  by 
Kneib (1991) and  Rozas (1992a). Because of  the 
a b u n d a n c e  of  Palaemonetes species, their  ability to 
accelerate the b reakdown of  detritus, and  their  im- 
por tance  as forage for o the r  cs tuar ine species, this 
nmvement  of  grass shr imp on and  off  the marsh 
sm'face with the tides may provide a major  biolog- 
ical mechan i sm fi)r the t ranspor t  o f  energy (pri- 
mary productivity) f rom intertidal marshes  to the 
open  estuary (Welsh 1975). 

Penaeid shr imp were c o m m o n  in f lume net and 
seine samples  but were much  less abundan!  (by 
two orders  of  magni tude)  than grass shr imp.  Only 
juveni le  penaeids  were caught  and  these were tran- 
sient species that move out  o f  the estuaries as 
aduhs. ~qaite shr imp (P. set!fetus) were equally 
abundan t  in long and short flumes, but  unexplain-  
ably, brown shr imp (P. azlecus) were more  abun- 
dant  in short  flumes. Also, these two penae id  spe- 
cies were never  caught  in back nets, indicating that 
their  use of  the f looded marsh  is limited to the 
edge (<3  m).  Grea ter  numl)ers  of  both  species 
were caught  in low-tide seine samples, but the 
number s  were not  significantly higher  than high- 
tide catches when log- t ranstormed data were tested 
with an ANOVA. 

Studies in f looded Texas salt marshes  (Zimmer-  
man and Minello 1984; Z i m m e r m a n  et al. 1984) 

showed that  brown shr imp have a strong selection 
bias for vegetated habitat, particularly a~s small ju- 
veniles, whereas white shr imp were equally abun- 
dant  in vegetated and nonvegeta ted  areas. A simi- 
lar pat tern  was found  in the laboratow,  where the 
selection of  vegetatiw." cover by brown shr imp was 
shown to be an advantage for avoiding some pred- 
ator  species (Minello and  Z i m m e r m a n  1983). 
Kneib (1991) used a " lhnne-wei r"  to sample  nek- 
Ion in the inter ior  o f  a ( ;eorgia  salt marsh,  and  
repor ted  white shr imp to be the most  numerical ly 
impor tan t  t ransient  species. Rozas (1992a) often 
caught  penae id  shr imp in his lift nels located on 
the marsh surface, and repor ted  brown and white 
shr imp to be equally abundant .  

Blue crabs (Callinectes sapidus) were caught in 
f lume nets mostly as juveniles,  but  some adults 
were also caught  in the front  nets. Ahhough  dif- 
ferences between long and short  f lumes were not  
as p r o n o u n c e d  as for grass shr imp,  blue crabs were 
most  abundan t  in 40-m flumes and several juve- 
lilies were caught  in back nets, thus d o c u m e n t i n g  
the use of  inter ior  marshes  by juvenile  blue crabs. 
The  higher  a b u n d a n c e  of  blue crabs irl h)w-tide 
seine samples  indicates that f looded marshes  are 
impor tan t  habitats to t  blue crabs; however,  the 
edge marshes  are probably  utilized more  than in- 
ter ior  marshes,  especially by larger juveniles  and 
adults. Studies in Texas salt marshes  (Z immern tan  
and Minello 1984; T h o m a s  et al. 1990) repor ted  
that juveni le  I)lue crabs were always signiticantly 
more  abundan t  in f looded vegetated habitat  than 
in adjacent  nonvegeta ted  areas. O t h e r  studies have 
found I)lue crabs (especially juveniles) to be one  
of  the more  abundan t  species using the f looded 
marsh surface in salt marshes  (Heu l e r  1989; Zim- 
m e r m a n  1989; Kneib 1991; Rozas 1992a, b) as well 
as in tidal freshwater marshes  (Mclvor and O d u m  
1986; Rozas and O d u m  1987). 

Mud crabs (Xanthidae)  were relatively c o m m o n  
in the thnne samples and apparent ly  use only the 
edge marshes,  since they were caught  in equal 
a b u n d a n c e  in all f lume lengths and never  caught  
in a back net. Although they wcre u n c o m m o n  in 
seine samples  (probably because of their  ability to 
burrow to avoid seines), the m u d  crabs caught  in 
seines were caught  ahnost  exclusively in low-tide 
samples. This observation provides evidence that 
m u d  crabs utilize the floodc'd marsh surface. Mud 
crabs were rare or  only occasionally caught  in At- 
lantic coast marshes  (Rozas and  Oc{um 1987; [let- 
tier 1989) but were c o m m o n l y  found  in t looded 
vegetation in ano the r  l .ouisiana salt marsh bv Zim- 
m e r m a n  (1989). 

Fiddler crabs (Uca sp.) were common ly  caught  
in f lumes and  ahnost  exclusively in the" back nets 
of  the long f lume treatments .  17iddler crabs were 



never  caught  in seine samples a long the edge of  
the creek. Fiddler crabs use interior  marshes  and 
apparent ly  avoid tile open  water of  the creek, in- 
stead seeking refuge in burrows or potholes  in the 
interior  marsh at low tide. Whar f  or  marsh crabs 
(Sesarma sp.) were c o m m o n l y  caught  in back nets 
(39%), but there were no significant di t terences  in 
catches between front  and  back nets or  between 
long and  short  flumes. Only one  wharf  crab was 
caught  in a seine sample  (at high tide). Wharf  
crabs apparent ly  use inter ior  marshes  but  seem to 
show some pre fe rence  fbr creek edge (natural  lev- 
ee) marshes.  Both (/ca sp. and Sesarma sp. were 
c o m m o n l y  seen on the lllars|l surface at low tide, 
and  tend to scurlw away or retreat  to burrows or 
potholes  when approacht~d. Because of  their  am- 
philtious and burrowing behaviors at|el their  ability 
to cl imb ()tit o f  tlumes, f iddler and  wharf  crab 
abundances  are probably  tmderes t ima ted  since 
they are not  forced into the cod-end nets as the 
water ebbs. Z i m m e r m a n  (1989) collected 100% of  
fiddler crabs and  96% of  whar f  crabs f rom vege- 
tated habitat  in his study compar ing  vegetated to 
adjacent  nonvegeta ted  habitats in a l .ouisiana salt 
lnarsh. 

SPECIES COMI'ARISON,'.; (.IF MARSII USE: 
RI,'SII)I-'NT FISHFS 

Gobio.~oma bm<'was the most  abundan t  fish canght  
in f lume nets and the second most  abundan t  fish 
caught in tile seine samples. "I'his resident  species 
was only caught  in front nets. The re  were no sig- 
nificant differences between catches f rom long attd 
short  f lumes and they were more  abundan t  in low- 
tide seine catches ((.'ategoi y C, Tabh; 7). Naked 
gobies apparent ly  move onto  the marsh surface 
when it floods but  remain  near  Ihe creek edge. 
Naked gobies were also the most  nun | e rous  and 
ti 'equently caught  fish species found  in drop. sam- 
pies a long the lnarsh edge  in the Barataria Basin, 
Louisiana (Rakocinski et al. 1992; Ball~, et al. 
1993). In a Texas salt marsh,  naked gobies were 
the most abundan t  fishes in d rop  samples, with 
81% caught  in vegetated (vs adjacent  nonvegetat-  
ed) samph.'s at high tide (Z immcrumn  and Minello 
1984). O t h e r  studies that sampled  the saline lnarsh 
and  edge habitats have fbund this species to be one  
of  the more  ahundan t  fishes utilizing this habitat  
(Peterson 1986; l i e | | l e t  1989; Rozas 1992b). 

Ano the r  resident  goby, Gobionellus boleosoma, was 
somewhat  less abundan t  than G. bose" in the f lume 
and seine samples  but showed the same pat tern  of  
ma| 'sh utilization. This species was also c o m m o n l y  
caught a long the salt-marsh edge and  on the flood- 
ed marsh surface in o ther  studies (Petcrson 1986; 
l te t t le r  1989; Z imlne rman  1989; Baltz et al. 1993). 

Several species of  Cypr inodont id  fishes were 
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commonly  caught  in both  f ront  and  back nets o f  
the flumes. The  use of  f looded marshes  bv this 
g roup  of  fishes is well d o c u m e n t e d  (Butner  and 
Brattstrom 1960; Kneib and Stiven 1978; Weisberg 
ct al. 1981; Talbot and  Able 1984; Kneib 1984, 
1986, 1991; McIvor and O d u m  1986; IApcius and 
Subrahnlanyam 1986; Rozas and  ( )dum 1987; Ro- 
zas et al. 1988; I le t t le r  1989; Rozas 1992a, b). D i f  
ferences in marsh utilization pat terns  a m o n g  the 
different  cypr inodont id  species can be inferred 
from the fluine and seine catch results. Th ree  spe- 
cies ( Cyprinodon variegatus, Adinia xenica, and Fun- 
dulus puhJereus) utilized the inter ior  marshes  and  
residual pools of  water  at both high and low tides 
(Category A, Table  7). Ano the r  cypr inodont i fo rm 
fish (Poecilia latipinna, Fam. Poecilidae) also fits 
into this pa t tern  of  marsh utilization. Fundulus 
grandis and Lucania parva also utilized the interior  
marshes  at high tide bt |t  apparent ly  re tu rned  to 
the creek at low tide (Categoly B, Table  7). Fun- 
dulus jenkins| was the only cypr inodont id  species 
that was common ly  caught  along the marsh edge, 
but  it al)parently did not  utilize the inter ior  marsh- 
es (Catego D' C, TaMe 7). 

These  different pat terns  of  )rlarsh utilization may 
reflect an evolutionar) '  par t i t ioning of  this habitat  
that allows these ecologically similar species to co- 
exist. Weisberg (1986) c o m p a r e d  four  sympatric 
species of  Fundulus on tim Atlantic Coast (Dela- 
ware) and suggested that competi t ive exclusion, 
ra ther  than physiological barriers, may be the 
more  impor tant  factor in contr()lling spatial seg- 
regation of  these species. Forman (1968) suggest- 
ed that differences in ana tomv and feeding behaw 
i(irs def ined separate  niches for five Cypr inodont id  
species and  allowed for the coexistence of" these 
species on a I ,ouisiana barr ier  island. Tile factors 
control l ing the habitat  par t i t ioning a m o n g  the 
( ;ulf  of  Mexico cypr inodont id  species need  more  
investigation. 

()n the Atlantic Coast, l"undulus heteroclitus has 
been  shown to move on and (aft the marshes  with 
the tides to feed on invertebrates on the f looded 
marsh surface (Kneib and Stiven 1978; Weisberg et 
al. 1981; Rozas et al. 1988). These  fish in turn are 
preyed upon  by larger preda tors  (fish, crabs, and 
birds), thereby providing an impor tan t  link (mech-  
anism) in energs'  transtiw between the intertidal 
marsh and adjacent  subtidal waters (Valiela et al. 
1977; Weisberg and Lotrich 1982; Kneib 1986). 
Fundulus grand|s, the (;tall" Coast ecological equiv- 
alent to F. he|croci||us, is r epor ted  to feed on the 
f looded intertidal marshes  (Rozas and I,aSalle 
1990), and  therefore  probably  pe r fo rms  a similar 
function in the energ  T dynanfics of  Gulf  Coast es- 
tuaries. 

Several cypr inodont id  species, F. ,wandis (Gree- 
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Icy and  McGregor  1983), F. heteroclitus (Taylor et 
al. 1977, 1979), F. pulvereus and Adinia xenica 
(Greeley 1984), repor tedly  utilize tile f looded in- 
tertidal marshes  for spawning and  have evolved a 
spawning pat tern  that is corre la ted with tim bi- 
weekly spring tides dur ing  tile b reed ing  season. 

Menidia beD, llina were less a b u n d a n t  in f lume 
samples  than the o ther  resident  species but  were 
often caught  in t lumes and were abundan t  in seine 
samples, est)ecially at low tide, indicating soine 
marsh surface utilization. Catchcs f rom long and 
short  f lumes were not significantly different,  and 
all but one  of  the 67 M. beryllina caught  in the 
f lumes came from the front  ncts. These  results im- 
ply that their  use of  the marsh is mostly limited to 
the edge. Menidia beullina have been repor ted  to 
be abundan t  a long the marsh edge (Peterson 
1986; Rozas 1992b; Baltz el al. 1993) and  c o m m o n  
on the marsh surfacc (Mclvor and O d n m  1986; 
Rozas 1992a, b). However,  wher! adjacent vegetat- 
ed and nonvege ta ted  habitats were sampled at 
high tide (with d rop  samplers) ,  M. beo, llina were 
more  a b u n d a n t  in nonvegeta ted  habitats (Zimmer-  
man  and Minello 1984; Z immer inan  1989). A sim- 
ilar species, Menidia menidia, has also been collect- 
ed f rom t loodcd salt marshes  along the Atlantic 
Coast (Het t ler  1989; Knieb 1991). Menidia menidia 
is generally an open-water  school ing species fomad 
in tidal creeks and near-shore estuarine zones but  
is r epor ted  to spawn in the t looded intertidal veg- 
etat ion (Butner  and  Brattstrom 1960; Fay et al. 
1983), 

8PEC'II".S C().\.IPARISONS (-)F M_&ILSII USE: 
TIL, L\SI E NT FISHES 

Trans ien t  fishes are those that spend only a por- 
tion of  their  life cycle (usually the juveni le  stage) 
in tire estuary,', and include many  economical ly  im- 
por tan t  species. Only two transient  species ((),n0s- 
don nebulosus and Mugil cephalus) were caught  in 
sufficient number s  in the f lumes Io infer direct  use 
of  the f looded marsh habitat.  Both of  these species 
were only caught  ira the ti 'ont nets and were equally 
abundan t  in long vs short  flumes. This resul! sug- 
gests they use the marsh surface only at tile edge 
(<3  m f iom (:reek). 

Seagrass beds are r epor !ed  to be the p re fen ' ed  
nursery habitat  for juveni le  Cynoscion netmlosus 
t h roughou t  much  of  their  range  (Perret  et al. 
1980; I,assuy 1982; Mercer  1984). In estuaries 
where  extensive seagrass beds are lacking, shallow, 
saline-marsh shorel ine areas are probably  tile pri- 
mal  y nursm T habitat tbr  juveni le  C. netn, losus (Pe- 
terson 1986). Several recent  studies have r epor t ed  
cap tu r ing juven i lc  spot ted seatrout  f rom the tlood- 
ed marsh surface ( t le t t ler  1989; Knieb 1991; Rozas 
1992b), and  others  have repor ted  greatcr  catches 

in f looded vegetat ion when c o m p a r e d  to adjacent  
nonvegeta ted  habitats a long the marsh edge (Ziin- 
m e r m a n  and Minello 1984; Z i m m e r m a n  198(.); 
Rakocinski et al. 1992). Small juvenile  spot ted sea- 
t rout  apparent ly  utilize the shallow water a long the 
marsh edge at low tide and  move on to  tire marsh 
surface whcn it floods probably  to feed and  to 
avoid predators .  Marsh use by spot ted seatrout  is 
probably  restricted to the edge, because they were 
equally abundan t  in short  and  long flumes. Inte- 
rior marshes  may be more  impor tan t  in marshes  
that are i rmndated  more  often or deeper ,  such as 
those on the Atlantic Coast where spot ted seatrout  
have been repor ted  from inter ior  marshes  (Knieb 
1991 ). 

A l t h o u g h  no t  e x t r e m e l y  a b u n d a n t ,  j u v e n i l e  
str iped mullet  (Mugil cephalus) were commo n ly  
caught  in l lumes in these marshes  and  f rom a near- 
bv marsh (Rozas 1992b). These  results indicate 
tt'rat mullet  utilize tire f looded marsh surface to 
some extent.  The  data f rom this study suggests that  
marsh use by mullet  is l imited to the edge; how- 
ever, we have observed large juveni le  mullet in tile 
inter ior  of  o ther  marshes  dur ing  deep  (>0.5  m) 
flood tides. In a tbllow-up to this study, we cap- 
lured several mullet  in pit traps within f lumes on 
the marsh (15 m from the creek) at a sitc closer 
to the Gulf  of  Mexico that floods d e e p e r  and  more  
often than tire present  study sitc. In ano the r  I.ou- 
isiana study, Rozas (1992a) repor ted  that M. ceph- 
alus was onc  of  the more  ab tmdan t  fish species 
caught  on the marsh surface in lift nets. Knieb 
(1991) r epor ted  that Mug6l spp. are tile most  abun-  
dant  t ransient  fish species in his flume-weirs locat- 
ed ira the inter ior  o f  a salt marsh in Georgia.  IIet-  
tier (1989) repor ted  that Mugil curema and M. 
cq)halus were the sixth and ninth n a o s t  abund an t  
fish spccies (rcspectivcly) in his block-net samplcs  
f rom a l loodcd salt mm'sh in Nor th  Carolina, but 
hc was unable  to de t e rmine  their  cxtent  of  pene-  
tralion into the inter ior  marshes.  Although the 
present  study indicates that mullet  utilize the 
marsh only near  the edge  (Catcgo~,  C, Table  7), 
o thcr  studies suggest thai muIlct  may bc one  of  the 
tew transient  fishes that utilize inter ior  marshes  
(Category B). 

Two nektonic  filter-feeders, Anchoa mitchilli and 
Brevoortia patronus, and two demersa l  flatfish(s, 
Achirus li'neatus and Symphurus plagiusa, were com- 
m o n  ill scine samples  but were rarclv, or  never  
caught  in f lumes (Calegmy I), Table  7). This  result  
indicates that they utilized the shallow water along 
the marsh edge lint rarely, if ever, utilized the 
floode.d marsh surface. Anchoa mitchilli was the 
most  abundan t  fish species in seine samples and 
was significantly more  abundan t  in high-tide sam- 
pies. Brevoortia palronus were also more  abund an t  



in high-tide seine samples,  but the differences were 
not  significant because the total number s  caught  
were small. A relatively low n u m b e r  of  m e n h a d e n  
were caught  in seines in this study because seine 
samples were not collected in the winler and early 
spring when postlarval and juvenile  m e n h a d e n  are 
abundan t  in the estuaries. A. mitchilli and B. pa- 
tronus are two of  the more  a b u n d a n t  species found  
in estuarine,  open-water  habitats (Gunte r  1936, 
1938; l l e rke  1971; Perret  1971; Wagner  1973) and 
a long the marsh edge ( l 'e lerson 1986; Rozas 
1992b; Ballz et al. 1993) in l ,ouisiana cstttaries. An- 
chovies and m e n h a d e n  are fl 'equently caught  in 
drop-samples  a long the marsh edge hut are rarely 
caught  in samples  conta ining vegetation (Zimmer-  
man and Minello 1984; Z i i nmcnnan  1989; Patko- 
cinski et al. 1992). These  are mostly open-water  
species that may utilize the shallow creek-edge hab- 
itats at high tide, when the water  at the edge is 
deeper ,  possibly to avoid preda tors  or  s trong cur- 
rents. Fore and Baxler (1972) r epor ted  increased 
catches of  Brevoortia patronus larvae on ebb  tides 
a long the edge of  a tidal pass in Texas, and sug- 
gested that these immigra t ing  larvae moved  to the 
slower moving waters along the shore  to avoid be- 
ing swept back out  o f  the estna~'  dur ing  ebb  tides. 

Ahhough  bay anchovies were caught  in flunles, 
the number s  were low relative to their  a b u n d a n c e  
in high-tide seine samples. In Atlantic Coast marsh- 
cs with a grea ter  tidal range,  bay anchovies were 
cominonly  taken f rom the f looded marshes  with 
f lume nets (Rozas et al. 1988) and  block nets (1 let- 
tier 1989), but  none  were caught  on the inter ior  
marsh with flume-weirs (Knieb 1991). Rozas et al. 
(1988) r epor ted  that bay ancho~ T was the only 
c o m m o n  tish species that was more  abund an t  in 
crock-bank f lumes than in riwdet tlumes. Bay an- 
chovies arc open-water ,  filter-feeders that may uti- 
lize the shallow-water marsh-edge habitat  at high 
tide but  probably  do not  pene t ra te  into the flood- 
ed marsh vegetat ion except  pe rhaps  in sparsely- 
vegetated,  deeply-f looded marsh  edges. A close as- 
sociation with the marsh edge at high tide could 
account  to t  the presence  of  bay anchovies in f lume 
net and block net samples,  since these passiw." sam- 
pie gears are set at high tide and,  by design limi- 
tations, may sample  a small a m o u n t  of  open-water  
(nonvegeta ted)  habitat  at the (:reek edge. 

No Gulf  m e n h a d e n  were caught  in fhnnes. How- 
ever, Rozas (1992b) cap tured  226 small Gulf  men-  
haden  in his flmncs. I.ikc bay anchovies,  juveni le  
(.;ulf m e n h a d e n  are filter-feeders and  may be in- 
cidentally cap tured  in f lumes if they feed a long the 
marsh edge at high tide. Gulf  m e n h a d e n  unde rgo  
a distinct t rans tormat ion  in m o r p h o l o g y  and  fced- 
ing habits dur ing  the t ime they are in the estuao' .  
Pre- t rans tormed larval m e n h a d e n  (<30-33  m m  
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TI.) are carnivores that selectively feed on zoo- 
plankton,  whereas post - t ransfbrmed juveniles and 
adults arc omnivorous  filter-feeders (Lassuy 1983). 
A selective feeding s t ra te~ '  would seen] to he more  
effective anaong the stems of  vegetation,  but there 
was no evidence of  utilization of  the t loodcd marsh 
surl~tce bv small postlarval m e n h a d e n .  In studies 
conduc ted  a long the Atlantic Coast, Het t le r  (1989) 
(lid no! repor t  any Brevoortia tyrannu,~- f rom his 
block-nets, but Knieb (1991) caught  a few (most  
>30-111111 T I j  in his flume-weirs in the inter ior  
marsh.  The  low ahnndance  of  m e n h a d e n  collected 
f rom marsh-surface as c o m p a r e d  to more  open-wa- 
ter habitats is evidence that this impor tan t  "estu- 
a r ine -dependen t "  species does not  significantly uti- 
lize the f looded marsh habitat. 

Achirus lineatus and Symphurus plagiusa and o the r  
flatfish species have been cap tured  f rom the flood- 
ed marsh  snrtace in small numbe r s  with block nets 
(Het t ler  1989) and  f lumes (Rozas 1992b; this 
study) but not  f rom the interior  marshes  (Kneib 
i 991 ; Rozas 1992a; this st udy). Symphurus plaL6usa 
are relatively coxnmon along the marsh edge in 
shallow-water marsh habitats but  are more  often 
caught  in samples with no vegetat ion ( Z i m m e r m a n  
and Minello 1984; Z i m m e r m a n  1989; Rakocinski 
c't al. 1992; Ballz et al. 1993). These  and o ther  
small flatfish species arc; relatively c o m m o n  in es- 
tuarinc,  open-water  habitats, as they often show up 
in estuarine trawl surveys ( t t e rke  1971; Perret  
1971; Wagner  1973) and in the bycatch of  shr imp 
trawl fisheries (Gnnte r  1936). Morphologically,  the 
tlattishes appea r  to be bet ter  designed for fe.eding 
in open-water  habitats than a m o n g  the closely 
spaced stems on the marsh surface, but the shal- 
low-water, mud-flat  habitat  a long the marsh edge 
may be vet y impor tant  to these flatfishes. 

Several o ther  t ransient  fish species were caught  
in f lumes a n d / o r  seines, hul their  n u m b e r s  were 
too low to cont idcnt ly assign them to any habitat- 
use categories. Many c o m m o n  sciacnids (e.g., Mi- 
cropogonias undulatus, l~iostomus xanthurus, Cynos- 
cion arenarius, Bairdiella ch~.'soura, Sciaenopos 
oceUalus) anti o the r  species (Lagodon rhomboides, 
Ariusfelis) that are common ly  caught in trawl and 
seine smweys in Louisiana estuaries (Gunte r  1936, 
1938; Norden  1966; Herkc  1971; Perret  1971; Wag- 
ne t  1973; Peterson 1986) were rare or  absent  in 
lhunc  samples. These  are all cons idered  to bc es- 
tuar ine-dependent  transient species, but  the anal- 
ysis of  f lume data indicates that they do not  directly 
milize the f looded marsh  habitat  or  they were not  
present  in this area of  the estuar T dur ing  this study. 
None  of  these species were abundan t  in seine sam- 
ples, a l though no samples  were taken dur ing  the 
winter and  spring when juveni le  Atlantic croaker,  
spot, and red d rum are most abundan t  in the es- 
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tuaries. Some of  these species may be more  abun-  
dant  in h igher  salinity por t ions  of  the estuary and 
could possibly utilize the marsh surface in marshes  
that  flood deepe r  and  m o r e  regularly. 

Spot (Leiostomu~ xanthurus) are rcpor ted  to hc 
one  of  the ]hOSt abundan t  estuarine transients I l t i-  

lizing the tidal creeks (Weinstein 1979; Weinstein 
and Brooks 1983) and f looded salt marshes  (tier- 
tier 1989; Knieb 1991) on the Atlantic Coast. On 
the Gulf  Coast, spot are a l m ndan t  in shallow open-  
water areas (Herke  1971) and along the edges of  
salt marshes  ( Z i m m e r m a n  and Minello 1984; Pe- 
terson 1986; Rozas 1992b), but none  were caught  
in our  f lume or seine samples. Rozas (1992b) 
caught  only seven spot in his f lumes but caught  97 
in beam trawl samples  a long the marsh edge. In 
d rop  samples  a long the marsh edge, spol were 
more  often caught in samples without  vegetat ion 
(Z inmlerman  and Minelio 1984; Bait]. et al. 1993). 
Spot may not  utilize f looded marsh vegetation to 
the same extent  on the Gulf  Coast as they do on 
the A!lantic Coast because of  our  smaller tidal 
range. 

Unlike spot, juveni le  Atlantic c roaker  (Micropo- 
gonias undulatus) are rarely tound  in shallow-water 
tidal creeks or  f looded marshes  on the Atlantic 
Coast but art" c o m m o n  in d e e p e r  channe l  habitats 
(Weinstein 1979; Weinstein and Brooks 1983; Het- 
tier 1989). This  apparen t  spatial segregat ion may 
reduce  compet i ! ion  between these two morpho log-  
ically similar species tha! are hoth abundan t  in the 
estuary dur ing  the same season. This  mechan i sm 
may be less impor !an t  in !he microtidal  e, stuaries 
on the Gulf  Coast, where salinity may play a more  
impor tan t  role in habitat  part i t ioning.  Al though 
these two species are often caught  in the same 
trawl samples, particularly in mesohal ine  open-wa- 
ter areas in Gulf  estuaries, spot are often more  
abundan t  in h igher  salinity por t ions  of  the estuan,,', 
whereas croakers  are more  abundan t  in lower (oli- 
gohal ine)  salinities (Perret  1971; T h o m p s o n  and 
Forman  1987; Z i m m e r m a n  et al. 1990). Atlantic 
c roaker  are often the most  abundan t  sciaenid 
caught  in Louisiana estuarine surveys in shallow 
marsh creeks and small lakes, as well as in open  
bays and channels  ((.;unter 1938; Norden  1966; 
Herke  1971 ; Perre! 1971 ) . Juveni le  croaker  are also 
rcla!ivelv c o m m o n  alorlg the marsh edge in 1.oui- 
siana t)ut not usually as a b u n d a n t  as juveni le  spot 
in this habitat  (Peterson 1986; Baltz et al. 1``)9,'4). 
The  absence  (or rarity) of  Atlantic croaker  in 
f lumes and o ther  collections fl 'om the f looded 
marsh (Hetf ler  1(.)89; Knieb 1991; Rozas 1992a, b; 
this study) indicates that  l looded marsh  surfaces 
are not a p r i m a o '  nu r seo '  habitat  for this species. 

Juvenile  sand seatrout  (Qvnoscion arenarius) are 
one  of the more  a b u n d a n t  species in l ,ouisiana es- 

mar ine  surveys and in tile hvcatch of  sh r imp  trawl 
fisheries (Gunter  1936, 1938; Norden  1``)66; Perrcq 
1971; t-lerke et ill. 1984), yet they are u n c o m m o n  
or rare in samples f rom the f looded marsh and  
edge habitats (Peterson 1986; Rozas 1992a, b; Baltz 
et al. 1993; ttlis s!udy). The  p r imm T nurse D' habi- 
tats for juvenile  sand seatrout  are probably  the 
open-water  estuarine bo t toms  arid therefore  !hey 
are susceptible Io capture  in trawls. In contrast,  ju- 
venile spotted seatrout,  as discussed ahove, utilize 
tile t looded marsh and shallow waters a long the 
edge as a primal y nursm T habitat. This spa!ial seg- 
regation presumably  reduces  compet i t ion  between 
thc'se two morphological ly  similar species and  al- 
lows them to coexist in the estua O' dur ing  the same 
(summer)  season. "I'he segregation of  these two ('y- 
noscion species by habitat  has hccn d o c u m e n t e d  in 
l ,ouisiana marshes  (Peterson 1986) as well as in 
Florida grass bed habitats (Springer  and Wood- 
burn 1960). 

H a r d h e a d  catfish (Arius felis) is ano the r  species 
that, like Adantic c roaker  and sand seatrout,  is sea- 
sonally c o n l n l o n  ill open-water  e s t u a r i n e  trawl sur-  

veys (Gunter  1'.)38; Perret  1971; Wagner  1'.)73) but 
is much  less c o m m o n  along the marsh edge (l'e- 
terson 1986; Bahz el al. 1993). I I a r d h e a d  catfish 
have never  been repor !ed  from tile f looded marsh 
surface ( I Ie t t ler  1989; IOleib 1991; Rozas 1992b; 
this study). 

Pintish (Lagodon rhomboides) are repor ted  to uti- 
lize !he f looded marshes  adjacen! to channels  in a 
Nor th  ( ' a ro l ina  salt marsh  (I-lettler 1989) but  were 
not found in the interior  of  a salt marsh in ( ,eorgia  
(Knieb 1991). We caught  only five pinfish in 
t lumes and none  in seine samples; however, Rozas 
(1992b) caught  84 in t lumes and 126 in trawls 
a long the marsh edge at a nearhy marsh of  higher  
salinig,. Pinfish showed a p re fe rence  for f looded 
vegetation and were most ahundan t  in mesohal ine  
and polyhaline marsh habitats in Galveston Bay, 
Texas ( Z i m m e r m a n  and Minello 1984; Zimmer-  
man et al. 1990). Pinfish are c o m m o n  along !he 
sah-marsh edges in I ,ouisiana (Peterson 1986; Baltz 
et al. 1993) and  mav utilize the t looded edges of  
marshes  in highc'r salinity marshes.  

Silver perch  (Bairdiella chrysm~ra) are c o m m o n  
along sah-marsh edges in the Barataria estuary, 
Louisiana (Peterson 1986; Bal!z et al. 1993). Al- 
though rare in our  fhnne and seine samples, Rozas 
(1(,)92t7) repor ted  silver perch  to be relatively almn- 
dant  in his f lume and beam trawl samples  f rom a 
higher  salinity marsh within the same estuaD'. ( in  
the Atlantic Coas!, silver perch  were commo n ly  
found  on the f looded marsh suri:ace (Het t ler  1989; 
IZmeih 1991), and ahhough  they were not  as nu- 
merous  as spot, they were more  ahundan!  Ihan 
spot ted seatrout in both  of  these studies. It there- 



fore seems likely that in areas where  they are abtm- 
dant,  silver perch  will utilize tile f looded marsh 
habitat,  at least near  the edge. 

Juvenile  red d r u m  (Sciaenops ocdlatus) are also 
c o m m o n  a long sah-marsh edges in the Barataria 
e.stuary, l.ouisiana, particularly in h igher  salinity 
marsttes close" to the Gulf  o f  Mexico (Peterson 
1986; Baltz et al. 199"4). ()nly three red d rum were 
caught  in f lumes and only four  in seines dur ing  
tiffs study. Ill a h igher  salinity area, Rozas (1992b) 
caught  only sew.'n red d rum ill his flumes, but  
caught  66 in I)eam trawl samples  a long the marsh 
edge. Het t le r  (1989) repor ted  a few red d rum in 
his block-net  samples f rom a salt marsh in Nor th  
Carolina,  and Kaaeib (1991) caught  only two red 
drllnl ill 271 samples  f rom the intcrior  o f  a salt 
m a r s h  in Georg i a .  Z i m m e r m a n  a n d  Mine l lo  
(1984) repor ted  12 out of  13 red d rum were 
caught  in (lrop samples  conta ining vegetation. 
l ,arger ,juveniles and  subaduh  red d rum forage 
a m o n g  sparse vegetat ion a long the marsh  edge 
and juveniles  are caught  in seines a long the edge 
in high salinity marshes  (Peterson 1986). Juvenile  
red druln are rarely, if" ever, caught  in trawl sam- 
ples away froln the marsh edge ill estuarine surveys 
((.;untcr 1938; Norden  1966; Herke  1971; Perret 
1(.)71; Wagner  1973). The  marsh-edge habitat  is 
vel T impor tan t  to juveni le  red d rum (Peterson 
1986), hut their  use of' the f looded marsh surface 
is apparent ly  limited to the sparse vegetat ion at. the 
edge, at least ill Ix)uisiana. 

(.]ONCI.USI()NS AND M:LNA(;EMENT 
IMI'I,IC:\TI()NS 

In I , ou i s i ana  es tuar ies ,  the  t l o o d e d  i n t e r i o r  
marsh surface is an impor tan t  habitat  for marsh- 
resident  fish (Cypr inodont i formes)  and  decapods  
(Palaemonetes sp. and Uca sp.) but  is prol)ably not 
directly utilized by most  t ransient  fish and decapod  
species. O f  those t ransient  species that do use the 
marsh surface at high tide, most  are only using the 
edge marshes  (<3  m into the marsh) .  This is not  
to say that these inter ior  marshes  are not  impor-  
tant to the sur~'ival of  transient "estuarine-depc 'n-  
d e n t "  organisms.  The  impor t ance  o f  emc' rgent  
marshes  ~s a source of  detri tus for detri tal-based 
food chains is well d o c u m e n t e d  (e.g., Darnell  
1958, 1961, 1967; t l a r r ing ton  and Har r ing ton  
1961; Day et al. 1973; Deegan and T h o m p s o n  
1985). The  small resident  fishes and grass shr imp 
that utilize the inter ior  marshes  provide a v e  D' im- 
por tan t  food sour(:e for larger estuarine-transient  
carnivores (e.g., spot ted seatrout  and red d rum) ,  
especially ill the fall and  winter when cold fronts 
cause ext remely  low tides forcing these forage spe- 
cies into ()pen waters. Fur the rmore ,  we did not (le- 
l e rmine  the relative value of  tile marsh  inter ior  vs 
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the edge for its use as a refuge or food source for 
organisms smaller  than caught  by the nets (3-nm} 
mesh) .  Further,  we measured  biomass and  nmn-  
bets, not  growth and prc'dation rates. It is possible 
that species rarely found  on the marsh surface are 
nonetheless  d e p e n d e n l  on tile marsh for a br ief  
per iod to sustain their  populat ions.  More impor-  
tantly, the segregation of  lhe marsh into spatial 
parts that are lllOre OF less impor tan t  in terms of  
fisheries p roduc t ion  is p remature ,  in our  opinion.  
Wetland-water coupl ings are complex.  Knowledge 
of  fisheries habitat  use is not comple te  wilhout un- 
ders tanding of, for example ,  the evolutional T re- 
lationships, predator-prey feeding networks, sedi- 
mere  resuspension and deposi t ion,  and microbial  
interactions. 

Because tile vegetat ion is so dense on the natu- 
ral levee and the water depth,  even at the highest 
lew.'ls sampled,  never  exceeded  25-30 cm, it is like- 
ly that most  fish enter ing  this marsh  l i om lhe creek 
did not  cross the natural  levee and  lherefbre  were 
not  utilizing the inter ior  marsh surf'ace. Those  fish 
that are using the interior  marshes  are marsh-res- 
ident  species that  probably  gain access th rough  riv- 
ulets, muskrat  trails, and small ponds  and retreat  
to these areas at low tide. The  densities of  these 
marsh-resident  species were" probably  underest i-  
mated  because t lume walls restrict lateral move- 
men t  over the marsh and because several potholes  
and  muskrat  trails within tim flume.s held water 
and provided refuge fox" these fish at low tide 
where they could avoid be ing cap tured  in cod-end 
nets. These  lnarsh-resident species probably  would 
have been lnore effectively sampled  with pit traps, 
similar to those used in flume-weirs (Kneib 1991) 
and lift nets (Rozas 1992a), placed in low areas 
within the tlumes. 

A follow-up study is now in progress  to comp a re  
utilization of  marshes  with and  without well-devel- 
oped  natural  levees, and  to sample  h igher  salinity 
marshes  that  are closer to the Gulf  of  Mexico and  
have a grea ter  depth,  frequency,  and  dnra t ion  of  
flooding. This follow-up study is a test of  the or- 
ganism use of  the edge vs the inter ior  marshes  us- 
ing only two f lume length t rea tments  and using pit 
traps within these f lumes to more  effective sample  
the interior  marshes.  

Much emphasis  is being placed on marsh  man- 
agement  and  restorat ion projects in Louisiana as a 
response to the rapid loss of  marshes  in lxmisiana. 
Most marsh m a n a g e m e n t  plans in opera t ion  (or 
p roposed)  im,olve ahera t ions  of  the marsh hydrol- 
og T th rough  i m p o u n d n l e n t  or  semi - impoundn ten t  
via levees and  water-control  structures. Levees 
placed a long a shorel ine create obvious barriers  to 
the m o v e m e n t  of  fish or  crustaceans between the 
open-water  and lhe marsh behind  the levee. Water- 
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control  structurcs, such as fixed-crest weirs, have 

been  shown to create barriers to the transport o f  

es tuar ine-dcpendent  fish and crustaceans that may 
resuh in decreased fishery` productivity of  the 
marsh open-water areas (Herke et al. 1992). Water- 
control  structures also tend to d a m p e n  the daily 

tidal range in the marshes  behind the structure 

and it is not  known what impact  this change  in 

hydrolog T has on  the use o f  these marslaes I)y fish 

or on  the overall productivity o f  the marsh. Besides 

altering fish access to the marsh surface, a change  

in the tidal regime o f  the marsh may also effect 

the export  o f  primary (detritus) and secondary 

product ion  front the marsh surface to the adjoin- 

lug estuarine waters. Many economica l ly  important  

es tuar ine-dependenl  species (shrimp, crabs, and 

finfish) have adapted tltcir feeding patterns to this 

daily tidal pattern.  A change in the hydrolob~; of  a 

marsh could resuh in a chang(: of  the cominuni ty  
structure of  organisms using that ntarsh. More in- 
tbrmation is n e e d e d  on how fish utilization o f  

marsh habitats is in f luenced  by different hydrolog- 

ical regimes before  we (:an begin to predict the fidl 

impacts o f  marsh m a n a g e m e n t  on  fisheries. This 

type o f  informat ion  is also essential for p lanning  

marsh creation or restoration projects, if the ob- 

jectivt; is to create a inarsh that f lmct ions  as a fish- 

eries habitat. A well-vegetated marsh that is no t  

regularly intmdated and not  accessible to lishes 

arm invertebrates ntay look like a successful pro- 

ject ,  but will no t  be as productive as a natural stable 

or deteriorating dehaic  marsh. The  results o f  this 

study (and others)  suggest that naan-rnade marslaes 

should be des igned to maxintize lhe edge  habitat, 

have a gradual s loping edge  profile (min imize  lev- 

ee  effect) ,  be well dissected by small drainage fca- 

lures, and flood and drain on a regular tidal sched- 
ule. In o ther  words, man-made marshes should 
tnimic the nalttral marsh naorphology attd hydrol- 
ogy. 
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