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ABSTRACT: Since 1965 large areas of  lower Connecticut  River tidelands have been  converted from high diversity 
brackish meadow and Typha angus~folia marsh to near monocultures  of  Phragmites aus~'alis. This  study addresses  the 
impact of  Phragmites invasion on fish and crustacean use of  oligohaline high marsh. During spring tides from early June 
through early September  20(10, fishes and crustaceans leaving f looded marsh ahmg g km of  the Lieutenant Rivet-, a lower 
Connecticut  River tributary, were  captured witfi Breder traps at 90 sites, equally distributed among  Phragmi&s, Typha, 
and treated (herbicide and mowing)  Phragmi~s areas. Pit traps, 18 per vegetation type in 2000 and 30 each in Phragmiles 
and T3~ha in 2001,  caught larvae and juveni |es  at distances o f  up to 30 m into the marsh interior. There  were  no significant 
differences  in fish spec ies  composit ions  or abundances  among  the vegetation types. Size distributions~ size specific 
biomasses ,  and diets of  FurMuhts heteroditus, the numerically dominant fish, were also similar. The  shrimp Palaemonete.~" 
pugio was more  abundant in Phrag'mites than in other types of  vegetation,  whereas the fiddler crab Uca mimlx was least 
numerous in Phragmia, s. Mean numbers  of  E heteroclitm" and P. pugio caught per site event were  positively correlated 
with increasing site hydroperiod. Significantly nmre E heleroclil~ were captured along the upper reach of the river where 
marsh elevatimls were lower than farther downstream. More E he&rocligus and fewer P. pu~o and [7. minaxwere captured 
during the day than at night. A relatively small number of larval and juvenile  FutMMus sp. were  captured in pit traps, 
but consistently fewer in Phrag*nite.~" than in Typha, suggesting that Typha and brackish meadow marshes may provide 
better nursery habitat. Vegetation was sampled along a 30 m transect at each trap site in 200(). Plant spec ies  diversity 
was greatest in treated Phra~ites areas and lowest in Phra~i~s sites. 

In t roduct ion  

Many species of  fish, in a n u m b e r  of  cases up to 
20 or more,  and decapod  crustaceans may be 
found  on the surface of  fresh, brackish, and salt 
marshes f looded by high tides (Rozas and O d u m  
1987; Mclvor and O d u m  1988; Hett lcr  1989; Kneib 
1991; Meyer et al. 2001). Along the Atlantic Coast 
of  the United States, the c o m m o n  m u m m i c h o g  
Fundul'us he@mclit~s i s  frequently the numerically 
dominan t  fish or at least one of  several a b u n d a n t  

fish species to use ~tle marsh surface. The dagger- 
blade grass shrimp Palaemo~tetes pugio is  often the 
most  numerous  natant  crustacean on the marsh 
dur ing high tide. Crabs, including the blue crab 
Cal[inectes s@id~us, m W also be abundant .  Although 
ma W of the nek ton  Vpically do not  penetra te  far 
into the marsh interior, E heteroditus and [.~ pu~o  
appear  to use all of  file marsh surface that is in= 
undated by the tides (Igaleib and Wagner 1994; Pe- 
terson and Turner  1994; Rozas 1995; gmeib 2000). 

Numerous  s t u d i e s  have shown that E hete mdit~us 

* Corresponding m~thor; tele: 860/439-2]54; fax: 860/439- 
2519; e-mail: pefel@councoll.edu. 

(Vince ct al. 1976; Kneib and Stiven 1978; Joycc 
and ~A2~isberg 1986; Igaleib 1986; Rozas et al. 1988) 
and P. puFio (Morgan 1980; Kneib 1985, 1987; Po- 
sey and II ines 1991; Oregg and Fleeger 1998) may 
feed extensively on marsh surface invertebrates, al- 
gae, detritus, and larval resident fish when the 
marsh is l]ooded. On an infrequently f looded 
marsh in Delaware, when E hete rodit'us was denied 
access to the marsh surface by enclosures, i t s  
growth was re tarded compared  to that of' fish able 
to forage on the marsh dur ing high tides (Weis= 
berg and I,otrich 1982). As the tide recedes, E het- 
emd/tus and/7: pug'io retreat to tidal creeks and oth- 
er subtidal habitats close to the marsh where they 
are exposed to predat ion by a n u m b e r  of  larger 
animals including whiu~ perch, striped bass, blue- 
fish, summer  flounder, blue crabs, terns, herons,  
and egrets. E heteroclitus and f: pu~o appear  to pro- 
vide major  trophic links between the productive 
marsh surface and the adjacent open  estuary 
(Kneib 1982; Kneib and Wagner  1994). Many of  
the predatory  fishes and crustaceans also migrate 
between shallow estuarine and coastal shelf waters 
(Szedhnayer and Able 199(5; Deegan et al. 2000). 
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E heterocIit,ts deposits its eggs in the intertidal 
marsh (Able and Castagna 1975; Taylor et al. 1977; 
Taylor 1986), and for as many as 6 to 9 wk fbllow- 
ing hatching the larvae and small juveniles often 
inhabit  shallow pools on the marsh surface at low 
tide (Taylor et al. 1979; Talbot and Able 1984; 
Kneib 1984, 1997; Able and Hagan 2000). There  
they are isolated from many aquatic predators  in- 
cluding Ire'get E heteroditus. The postlarvae of  P. 
puKio may also populate  such pools (tgaleib 1984, 
1987, 1997). The intertidal marsh surfhce may be 
an impor tan t  nursery area for these natant  marsh 
residents, in addit ion to its roles as foraging area 
and refhge fl 'om predation.  

Dur ing the past fbw decades, Phrgt~nnites a.ashalis 
has rapidly expanded  in many brackish and fresh- 
water tidal wetlands along the Atlantic Coast of  
Nor th  America and elsewhere, forming dense, 
nearly monotypic  stands (Chambers  et al. 1999; 
Galatowitsch et al. 1999; Rice et al. 2000; StMton- 
stall 2002). The ecological impacts of  such Ph~z~g'- 
mil, es expansion are still poorly understood.  Plant 
species diversity is reduced,  and in ma  W cases, 
habitat  structure is dramatically altered (Marks et 
al. 1994; Chambers  ct al. 1999; Meyerson et al. 
2000). Conversion of  short,grass meadow marshes 
or mixed brackish marshes to tall dense reed 
stands reduces avian species richness (Benoit and 
Askins 1999). The  use of  tidM marshes as refl~ges, 
foraging areas, and nurseries by esmarine fishes 
and crustaceans may also be impacted. Weinstein 
and Balletto (1999) predicted on the basis of  dem- 
onstrated effects of  Phmgmites on marsh geomor-  
pholog), that fish use of  marsh systems should be 
adversely aftk.'cted by the rapid spread of  Phretg)ni- 
tes. For example, it: has been shown that fish den- 
sities are h igher  on tile intertidal marsh surface in 
areas where there is a complex dendrit ic pat tern 
of  many small tidal creeks than where there are 
few larger creek channels  (Kneib 1994), and Phrag- 
mites growth may result in the filling in of  many 
first and second order  tidal creeks (Chambers  et 
al. 1999; Weinstein and Balletto 1999). This to- 
gether  with a possible build up of  the marsh plain 
(Windham and I,afln'op 1999; Stevenson et al. 
2000) may restrict access of  fishes and crustaceans 
to the marsh surtace. The  smoothing  of  the marsh 
surthce within Phragnnites stands appears to substan= 
tially reduce  the n u m b e r  of  shallow pools that may 
serve as nursery areas dur ing low tide (Able and 
Hagan 2000; Windham and Lathrop 1999). There  
are only a few studies compar ing  fish and crusta- 
cean  use o f  Phragmites-dominated and  largely  
Ph~ni tes- f ree  reference marshes; these suggest 
that use of  the marsh surface by older juvenile and 
adult nekton may be essentially unaffected by the 
invasion of  Phragmites. Fell et al. (1998) found  that 

Phragmites marshes and refi~'rence (brackish mead- 
ow and  7"3:pha ang~usti/blia-dominated) marshes  
near  the mou th  of  the Connect icut  River were sim- 
ilar with respect to potential macroinver tebrate  
prey and foraging of  E heteroditus on the f looded 
marsh surface. Able and Hagan (2000) and Meyer 
et al. (2001) demonst ra ted  no differences in the 
mmlbers  of  E hete'roclit'as, P. pugio, and (2 sa/)idus 
caught  in f lume and Fyke nets in Sparti'na a)erni- 
flora and Phragmites marshes in New Jersey and 
Maryland, respectively: Wainright et al. (2000) pro= 
vide evidence based on stable isotope composi t ions 
that Phre~g~mites contributes substantially to the pro- 
duct ion of  E heterodit'ns in Ph~gmites marshes. Al- 
though  the use of  the intertidal marsh surface by 
older age classes of  E heterocYtus does not  appear  
to be affected by the invasion of  Ph~gmites, nursery 
t r ac t ion  for newly ha tched  young-of-the-year fish 
appears to be dramatically reduced.  Able and Ha- 
gan (2000) showed that significantly more  lm'val 
and young  juvenile E hete~oditus were caught  by pit 
traps in S. all, er~ziflo~z~ than by those in t)hragmil~e~ ~ 
dominated  areas. 

As a cont immtion of  previous work (Fell et al. 
1998; Warren ct al. 2001), the present  study was 
under taken  to de termine  whether  the inw~sion of' 
T. ang'~stifi)[ia-dominated brackish marshes of  the 
lower Connect icut  River estum'y by PhraKmites alters 
their capacity to serve as fish and crustacean hab- 
itat. The abundance  and diversity of  nekton were 
compared  among  three plant  communi ty  types: 7),- 
pha-dominated marsh, untreated t)hra~mites, and 
l~hragmites marsh that had been treated with her- 
bicide and then mowed (as a t)hrag~mites control  et~ 
tbrt  by tile Connect icut  Depar tmen t  of  Environ- 
men ta l  P r o t e c t i o n ) .  The  study was c o n d u c t e d  
along the lower two-thirds (a 3.3 km stretch) of  the 
Lieutenant  River, a lower Connect icut  River tribu- 
tary, and for each type of  vegetation, collections 
were made  at multiple riw~r and creek edge sites 
over a range of  elevations. Use of  these marshes by 
E het~eroditus for foraging and as a nursery was also 
examined. Since marsh nck ton  may exhibit diel 
va r i a t ion  in a b u n d a n c e  ( R o u n d t r e e  and  Able 
1993), sampling was carried out both dur ing the 
day and at night. 

M e t h o d s  

STUDY ~RF~& 

The I . ieutenant  River opens into the lower Con- 
necticut  River estuary 4.5 km upriver fl'om Long  
Island Sound, in Old Lyme, Connecticut ,  and con- 
tinues nor th  ano ther  5.2 km to the head  of  tide 
(Fig. 1). About  90 ha  of  mesohal ine to oligohaline 
tidal marsh border  the Lieutenant;  these wetlands 
are cont inuous  wRh the Upper  Island and Great 
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Fig. 1. The Lieutenant Rivet" in Old Lyme, Connecticut, 
showing the distributions of the different types of marsh. 

I s l a n d  m a r s h e s ,  wh ich  e x t e n d  ove r  230 h a  to t he  
sou th .  Sa l in i ty  a l o n g  t h e  L i e u t e n a n t  shows s t r o n g  
sea sona l  a n d  i n t e r a n n u a l  w~riability ( W a r r e n  e t  al. 
2001) .  Ear ly  s u m m e r  p e a t  a n d  su r f ace  wa te r  sal in- 
tries a r e  ~ypically 3 -5%0 at t he  m o u t h  a n d  ze ro  3.5 
k m  n p r i v e r  a t  the  f l~rthest  B r e d e r  t r ap  site; by  la te  
s u m m e r  r e spec t i ve  wflues m a y  r ise  to 10-15%~ a n d  
3 -8%v.  In  u n u s u a l l y  d r y  yea r s  sa l in i t ies  m a y  d o u b l e  
a n d  in we t  s u m m e r s  they  can  b e  less t h a n  half .  
M e a n  t ide  r a n g e  at  t he  m o u t h  o f  t he  C o n n e c t i c u t  
is 100 c m  a n d  is 99 cm at t h e  I n t e r s t a t e  95 b r idge ,  
1.2 k m  u p r i v e r  f rom the  m o u t h  o f  t he  I J e u t e n a n t .  

O v e r  t h e  pa s t  35 yr  Phrag'mites has  e x p a n d e d  in 
the  L i e u t e n a n t  River  m a r s h e s  at  t h e  r a t e  o f  1 .1 -  
1.3% yr  1 a n d  n e a r  m o n o c u l t u r e s  of' th is  grass  now 
d o m i n a t e  ove r  70% o f  t he  m a r s h  a r e a  ( W a r r e n  e{ 
al. 2001) .  P r i o r  to i nvas ion  by Ph,agmiges, m a r s h  
v e g e t a t i o n  was Sparti~la pate~,s d o m i n a t e d  b r a c k i s h  
m e a d o w  at  t he  m o u t h ,  g r a d i n g  i n to  ca t t a i l -domi -  
n a t e d  r e e d  m a r s h e s  (N icho l s  1920) wi th in  2 km o f  
t he  m o u t h ,  a n d  by 3.5 kin, n e a r  m o n o c u l t u r e s  o f  
cat tai l .  In  la te  s u m m e r  o f  1995 c. 10.5 h a  o f  Phmg- 
mites m a r s h  a l o n g  the  l ower  L i e u t e n a n t  was t r e a t e d  
o n c e  with h e r b i c i d e  ( 1 . 2 5 ~ ) g l y p h o s a t e  [ R o d e o ( N  
P h o s p h o m e t h y l g l y c i n e ) ,  P h a r m i c a  C o r p o r a t i o n ]  in 

wa te r  wi th  an  a qua t i c  s u r f a c t a n t  [ C h e m  Surf ,  
C h e m m o s e ,  Inc.]  a p p l i e d  at  460 1 h a  1) a n d  
m o w e d  wi th  a m u l c h i n g  m o w e r  the  t b l l o w i n g  
spr ing .  Phragmites cover  was s ign i f i can t ly  r e d u c e d  
by the  t r e a t m e n t  (\;~\arren e t  M. 2001) ,  b u t  i t  has  
b e c o m e  r e e s t a b l i s h e d ,  p a r t i c u l a r l y  a l o n g  r iver  a n d  
c r e e k  b a n k  levees,  a n d  is e x p a n d i n g  rapid ly .  I t  
s h o u l d  be  n o t e d  t ha t  t h e  h e r b i c i d e - m o w  t r e a t m e n t  
m a y  a f fec t  f a u n a l  use  p a t t e r n s  i n d e p e n d e n t l y  o f  
c h a n g e s  in  vege t a t i on ,  a l t h o u g h  we haw:  n o  evi- 
d e n c e  fo r  this. 

Fls l t  AXD CRUSTACEAN SAMPI,ING 

D u r i n g  2000, j u v e n i l e  a n d  a d u l t  f i shes  a n d  crus-  
t a c e a ns  were  c a p t u r e d  o n  {he f l o o d e d  m a r s h  s u p  
face  u s i n g  u n b a i t e d  B r e d e r  t r aps  ( B r e d e r  1960).  
Th i s  type  o f  t r ap  consis ts  o f  a P lex ig las  box ,  31 × 
16 × 15 cm,  with a 2 -s ided  f u n n e l ,  28 c m  wide  at  
t he  m o u t h  a n d  1.3 cm wide  at  f i le  f in 'oat ,  e x t e n d -  
i n g  f rom t h e  o p e n  end .  P r i o r  to h i g h  t ide ,  t h e  t r aps  
we re  set  3 m back  f i 'om the  r iver  o r  c r e e k  b a n k  
wiIh Ihe  m o m h s  f a c i n g  in to  t he  m a r s h .  P lanIs  be-  
n e a t h  e a c h  t rap  we re  c l i p p e d  so t ha t  t he  t r ap  was 
even  o n  the  m a r s h  sur face ,  b u t  ca re  was t a k e n  n o t  
to d i s t u r b  the  s u r r o u n d i n g  v e g e t a t i o n .  Each  t r ap  
was h e l d  f i rmly  in  p l a c e  wi~h a c o r d  a t t a c h e d  to 
two c h a i n i n g  p in s  t ha t  were  p u s h e d  in to  t h e  pea t .  
T h e  t r aps  we re  c h e c k e d  soon  a f te r  t he  w a t e r  h a d  
d r a i n e d  f rom the  m a r s h  sur face ,  a n d  the  f ishes  a n d  
c r u s t a c e a n s  we re  p r e s e r v e d  in 10% f o r m a l i n  in riv- 
e r  w a t e r  (Fel l  e t  N. 1998).  

F o r  e a c h  s a m p l i n g ,  B r e d e r  t r aps  we re  set  o u t  a t  
90 r a n d o m l y  s e l e c t e d  sites, equa l ly  d i s t r i b u t e d  
a m o n g  Phra~mites, 7"ypha, a n d  t r e a t e d  Ph~gmites 
m a r s h  areas .  T h e  t r aps  in  Phrag~mites a n d  T),pha 
m a r s h e s  were  equa l ly  d i v i d e d  a m o n g  the  u p p e r ,  
m i d d l e ,  a n d  lower  r e a c h e s  o f  t h e  r iver  (Fig. 1). 
M a r s h  r e g i o n s  b o r d e r i n g  s m a l l e r  b r a n c h  c r eeks  
were  i n c l u d e d  in  t h e  s a m p l i n g  p a r t i c u l a r l y  fo r  the  
l ower  r each .  Phr~mites a n d  T),pha a reas  a l o n g  a dif- 
f e r e n t  r e a c h  o f  t he  river, t o g e t h e r  wi th  a t h i r d  o f  
t he  t r e a t e d  Phrag'm/tes sites, all a l o n g  t h e  l ower  
r e a c h ,  we re  s a m p l e d  on  3 c o n s e c u t i v e  days. Trap-  
p i n g  was c a r r i e d  o u t  d u r i n g  s p r i n g  t ides  o n  J u n e  
2-4 ,  J u n e  14-16 ,  Ju ly  3 -5 ,  Ju ly  17-19 ,  Ju ly  3 1 - A , >  
gus t  2, a n d  S e p t e m b e r  1-3 .  B e c a u s e  o f  t h e  asym- 
m e t r i c  t ides  ( n i g h t  t ides  were  o f t e n  m u c h  h i g h e r  
t h a n  day t ides ) ,  n i g h t  s a m p l i n g  was d o n e  fo r  e a c h  
ser ies  o f  s p r i n g  t ides,  w h e r e a s  day  s a m p l i n g  was 
c a r r i e d  o u t  o n  Ju ly  3 - 5 , j u l y  3 1 - A u g u s t  2, a n d  Sep-  
t e m b e r  1-3 .  A to ta l  o f  810 B r e d e r  t raps  was set  
d u r i n g  9 s a m p l i n g  ep i sodes .  

Lm'val  a n d  smal l  j u v e n i l e  f ishes  a n d  c r u s t a c e a n s  
we re  c a p t u r e d  o n  t h e  h i g h  m a r s h  in sha l low p i t  

2~,:) X 17.5 × 3.7 c m  glass d i shes  sunk  f lush  t raps :  ~ ~" ~ 

with t h e  m a r s h  su r f a c e  a n d  a n c h o r e d  in p l a c e  wi th  
2 l o n g  t e n t  s takes  (Able  a n d  I l a g a n  2000) .  T h e  p i t  



traps were posi t ioned 1 m away f rom transect lines 
set perpendicular  to the river or creek bank. In 
2000 traps were placed along each mmsec t  at 3, 
10, and 30 m into the marsh; in 2001 they were set 
at 10, 20, and 30 m. }~q:en setting out  and collect- 
ing f rom the pit traps, care was taken to minimally 
disturb the sur rounding  vegetation. The traps re- 
mained on the marsh for the entire sampling pe- 
riod each year and were empt ied  prior  to high tide 
tbr every sampling event. Fishes and crustaceans 
were collected fi~om the traps dur ing the fiollowing 
low tide and preserved in 95% ethanol. 

In 2000, 54 pit: traps were equally distributed 
among  the three vegetation types, and for the 
Pkragmil, es and 7~/Jka marshes, the three reaches of  
the river. Pit trap sampling occur red  dur ing the 
same spring tides as the g r ede r  trap sampling; pit 
traps were not  set J u n e  2-4  or dur ing the day July 
3-5. There  was a total of  7 sampling events and 
377 individual trap sets. In 2001, (50 pit traps were 
placed in Pk'ra~mites and T~'pha marshes along the 
upper  and middle reaches of  the river (15 traps in 
each type of' marsh along each reach).  Sampling 
was carried out dur ing spring tides between June  
22 and Angust  22, and a total of' 957 individual trap 
sets were made  dur ing 16 sampling ewmts. 

Individnals of  E heteroclit~us captured with both  
Breder  and pit traps were measured  to the nearest  
mill imeter total length (TL). Those caught  with 
Breder  traps in late July-early August and early Sep- 
tember  were also weighed to the nearest  0.01 g 
(wet weight). 

FISH DIET ANAL~LSlS 

Specimens of  E heteroditus, captured with Breder  
traps dur ing daylight hours  in early July, late July- 
early August, and early September, were kept for 
gut content  am@sis. Aal aw~'rage of  22 fish (range 
7-26) tbr each vegetation type along each reach of  
the river was examined for each series of  spring 
tides. The guts of  452 fish that ranged in size from 
4.1 to 9.(5 cm TL were analyzed: 204 from Pkrc(g'- 
mites marshes, 190 from Ty/)ha marshes, and 58 
f rom treated Phrc(g'mites marshes. 

Only the contents  of  the foregut  (sections I and 
II, Babkin and Bowie 1928) were examined. To 
evaluate the abundance  of  various tbod  items in 
the diets of' the fish, the relative vohune of  ewwy 
type of' fi)od in each gut was estimated visually and 
assigned to one  of  three categories: > 50% of the 
total gut  content ,  10-50% of the total gut  content,  
and < 10% of the total gut  conten t  (Allen et al. 
1994). These categories were given scores of  3, 2, 
and 1, respectively (James-Pirri et al. 2001). For 
collections made  dur ing late July-early August  and 
early September; a gut flfllness index (Hyslop 
1980) was calculated for each fish examined.  The 
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gnt flfllness index is the wet weight of  the fbregut  
content  (ditt~'rence in weights of  flfll and empt ied  
gut to the nearest  0.01 g) expressed as a percent-  
age of  the blotted wet weight of  tile fish. 

EPIBENTI HC MACROINVKRTEBRATE SAMPLING 

Some potential macroinver tebrate  prey of  E het- 
en)c[itus were sampled using litter bags (Scatolini 
and Zedler 199(5). The bags, which measured 29 × 
13.5 cm, were made  of' 5 m m  Delta weave nylon 
mesh, and each was filled with 20 g of  dried plant  
material, an equal mixture of  Pk~¢~mites and 7);pha 
leaves and stems. Dur ing two sampling periods, a 
single litter bag was placed 1-m away fl~om each of  
the 90 Breder  trap sites. The bags were set out  with 
minimal disturbance of  the vegetation and were 
anchored  in place with tent stakes. One  set of  bags 
was deployed June  14-july 12 and a second set July 
19-29. At the time of  retrieval, the litter bags were 
placed individually into plastic shoe boxes, and the 
boxes were put  into an insulated chest for trans- 
por t  back to the laboratory. There  95% ethanol  
was added to each box, and the macroinverte- 
brates were separated fi 'om the litter and preserved 
in 95% ethanol. Later they were sorted according 
[O tHxon  a n d  e I n l I n e r a t e d o  

VKt;ETA I;'ION 

After the complet ion of  fish and crustacean trap- 
ping on September  3, vegetation was sampled 
along 30 m transects set normal  to river and creek 
banks at all 90 Breder  trap sites. All species present  
and estimated percent  cover of  each species were 
recorded  in 3.0 X 3.0 m qnadrats centered 1.5, 4.5, 
10.0, and 28.5 m fl'om the river and creek bank. 
All taxa were identified to species (Gleason and 
Cronquist  1991). In 2000, vegetation along the pit 
trap transects was sampled in the same m a n n e r  
with 3.0 X 3.0 m quadrats centered on the individ- 
uM trap sites at 3, 10, and 30 m. 

PI IYSIt~kI, MIS~SUREMENTS 

Depth of  tidal f looding was de te rmined  at each 
g r ede r  trap and pit trap site as previously de- 
scribed ( \ ' ~ r r en  et al. 2001 ) using tide sticks, (lead 
Pkragmites stems p~dnted with a mixture of  water- 
soluble glue and fbod coloring, in place of' cork 
dust f looding gauges. Flooding water removes the 
glne and @e to the height  of  tide. An earlier study 
(Bellet 2000) compar ing  precision of  tide sticks to 
cork dust: tidal f looding gauges fbund  measured 
tide height  by the tsvo techniques within 0.5 cm 
and means  of  5 pairs of  measurements  over a grow- 
ing season were not  significantly different for 10 
sites on 5 separate marshes. In this study tide sticks 
were deployed at each Breder  trap and pit trap set. 
Rain erased readings for a number  of  dates but 
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TABLE  1. Flora o f  the L ieu tenan t  River t idal we thnds  recorded on 30-m long transects set no rma l  to the creek bank at each o£" 90 
Breder trap sites. Vegetation t}pes (30 transects each): Tr = treated Pkragmitr:,~, Ta = Typka ange, tst~'o{ia, Pa = Pkrao'mites oustra[is. 

Occurrence Within "vegetation T}pe 

Recorded Species Lower Reach Middle Reach Upper Reach 

Scientific Name C;ommon Name Tr Ta Pa Ta Pa Ta Pa 

Agmstis sto&no/brl Bern grass X X X 
Amara~ztkus ca, n~zabi~z~zs "v~:ater hemp X X 
Aster spp. Salt marsh aster X X 
Atrlplex patuh~ March orach X 
Ca(~'st~a'ia sepium t tedge bind weed 
Caryx stri~zg'osus Straw-colored mnhrella sedge X 
Eckinoddoa cruso'alli \'~ater nfillet X 
Eleocharis parveda Dwarf spike-rush X X 
Eleod*aris rosldhda Beaked spike-rush X 
Hibiscus pab~stris Marsh mallow X X X 
[ponoeg~ sag~ttata Salt marsh morning glory X X 
Ivafi'ulesc:ens fligh tide bush X X 
flzncz~s g'6vardii Black grass X X 
Li?ae@sis cki~ze,nsis F.astert~ li]aeopsis X 
Lytkrum salicaria Pro'pie loostrife X 
Panicum vergah~m Switch grass X X X 
Phragmites austrcdis Common reed grass X X X 
Pl'ackea, purpurasc~zs Salt marsh fleabane X X X 
Po~ygonztm ai~@g~t~ Halbred-leaved tear thumh 
Poly,~'on~zm punctah~m Dotted smartweed X X 
i~ume,v cri@is" Curley dock X 
Sci~j~,~s pz~nge~s Chairmaker's rush X X X 
Sci)~us robustus Saltmarsh buh'ush X X X 
Sci@us vagdus Soft-stemmed bulrush X X 
5'ium suave Water parsnip X X 
Solidago se~pervirens Seaside goldenrod X X 
Spartina a~ter~dflora Smooth cordgrass X X X 
Spar~ina cynosurosidies Giant cordgrass X X X 
5~ar~i~a patens Salt meadow cordgrass X X X 
Sj~artina pectb~,ata Rough cordgrass X X X 
T~j~ha ang~z.st!foga Narrow leaf cattail X X X 

n = 28  17  18 

E T r  = 2 8  

X X X X 
X X X 

X X 
X 

x 
x 

x 
x 

x x 
x x 
x x 

x x x x 

x 
x x x 
x x x x 
x x x x 

x 
x x x x 

x x 
x x x x 

x 
x 

x x 
x x x 
x x x 
x x x 
x x x x 
x x x x 

2O 14 21 13 

E T a  = 25 E P a  = 20 

a d d i t i o n a l  m e a s u r e s  g a v e  e a c h  s i t e  a m i n i m m n  of'  
6 r e a d i n g s  b e t w e e n  J u n e  a n d  S e p t e m b e r .  F l o o d  
d e p t h  was  s u b t r a c t e d  f icom t i d e  h e i g h t  at: I-{}5 
b r i d g e  ( r e c o r d e d  t i d e  h e i g h t  a t  N e w  L o n d o n  X 
1.10,  h t t p : / / w w ~ v . o p s d . n o s . n o a a . g o v / d a t ~ r e s . h m f i )  
to  g ive  r e l a t i v e  e l e v a t i o n  f o r  t h e  m a r s h  s u r f a c e  a t  
e a c h  t r a p  w i t h  t i d a l  d a t u m  as l o c a l  m e a n  l o w e r  l o w  
w a t e r .  T h e  s e a s o n a l  m e a n  e l e v a t i o n  c a l c u l a t e d  f o r  
e a c h  t r a p  a n d  t h e  M a y  1 to  S e p t e m b e r  1 t i d a l  r e -  
c o r d  w e r e  u s e d  to  e s t i m a t e  f r e q u e n c y  a n d  d u r a t i o n  
o f  t i d a l  f l o o d i n g  f o r  e a c h  s i te  u s i n g  t h e  p r o g r a m  
T i d e M i n e r  3 .0  ( h t t p : / / w w w . m u n b e r s t o k n o w l e d g e .  
c o n l )  o 

S u r f a c e  w a t e r  s a l i n i t i e s  a l o n g  d i f f l ' r e n t  r e a c h e s  
o f  t h e  r i v e r  w e r e  r e c o r d e d  f o r  m o s t  s a m p l i n g  p e -  
r i o d s .  S a l i n i t y  (_+1%)  was  m e a s u r e d  w i t h  a G o l d -  
b e r g  r e f l ' a c t o m e t e r  ( A m e r i c a n  O p t i c a l  C o r p . ) .  

R e s u l t s  

VEGETATION 

A t o t a l  o f  31 d i f f e r e n t  a n g i o s p e r m  s p e c i e s  w e r e  
r e c o r d e d  f i -om t h e  3 6 0  s e p a r a t e  3 X 3 m q u a d r a t s  

a l o n g  t h e  t r a n s e c t s  e s t a b l i s h e d  a t  e a c h  o f  t h e  B r e d -  
e r  t r a p  s i tes .  T w e n t y - e i g h t  s p e c i e s  o c c u r r e d  w i t h i n  
t h e  t r e a t e d  Pkragmites a r e a ,  25  w i t h i n  7[~pha, a n d  
20  i n  Phrag)nites ( I ' a h l e  1) .  T i l e  d i v e r s i t y  o f  t h i s  r io-  
r a  was  s i g n i f i c a n t l y  d i f f e r e n t  ( S h a n n o n - ~ T e a v e r  di-  
v e r s i 9  ~ i n d e x ,  Z a r  1 9 8 4 )  b e t w e e n  f i l e  t r e a t e d  Pk~7(g'- 
mites a r e a  a n d  b o t h  t h e  T~/~ha a n d  PkraKmites f o r  all  
t h r e e  r e a c h e s .  P o o l i n g  all  r e a c h e s ,  a r e a s  t r e a t e d  f o r  
P h r a ~ d t e s  c o n t r o l  w e r e  s i m i l a r  to  T~j)ha, b u t  b o t h  
w e r e  d i f f e r e n t  t h a n  Pkragwdte~s ( T a M e  2) .  

T h e  v e g e t a t i o n  w i t h i n  t h e  t r e a t e d  1)kragm~ites, 7}- 
pka,  a n d  Pk~tgmites a r e a s  w e r e  v e r y  s i m i l a r  b o t h  
wi f l f i n  a n d  a m o n g  r e a c h e s ,  b u t  fi~om c r e e k  o r  r i v e r  
b a n k  i n t o  t h e  i n t e r i o r ,  c o n s i s t e n t l y  d i f f l w e n t  
a m o n g  t h e  t h r e e  c o m m u n i t i e s  (Fig.  2 ) .  P a t t e r n s  
a m o n g  t h e  t h r e e  m a r s h  t y p e s  a n d ,  f o r  e a c h  type ,  
a m o n g  lower ,  m i d d l e ,  a n d  u p p e r  r e a c h e s  w e r e  
c o m p m ' e d  b y  Kruskal- \ ;~\al l is  u s i n g  m e a n  c o v e r  o f  
T~'pha, Pkragmites, a n d  c o m b i n e d  o t h e r  s p e c i e s  f o r  
e a c h  t r a n s e c t .  

F o r  b o d l  s p e c i e s  a n d  t h e  c o m b i n e d  o t h e r s ,  t h e r e  
w e r e  n o  d i f f e r e n c e s  in  m e a n  c o v e r  p e r  t r a n s e c t  



'IABLE 2. Shannon-Weaver diversily index fbr the three sam- 
pied vegetation types across all rivet" reaches. \.2alues in a column 
followed by the same letter are not significantly different (p < 
0.05). b' p = 0.07. 

Shannol~ [)iversit}~ Index 

Lower Middle  U p p e r  Combh~ed 

Treated ~ 1.269 a 
1.251 a - -  - -  
1.108 a 1.200 ab 

7)~ha 1.050 b 1.142 b 1.146 b 1.1721 b 

Phra~w~ites" 0.938 b 0.778 b ~ 0.872 b 0.916 c 

* All treated transects ~ere on the lower reach in three sets 
of" 10. ;MI were >Pa and two were >Ta. 

wi th in  e a c h  c o m m u n i t y  a m o n g  loweL m i d d l e ,  and  
u p p e r  reaches .  T h e r e  w e r e  d i f f e r e n c e s  in Typka 
a n d  c o m b i n e d  o t h e r  a m o n g  Phragmites t ransec ts  
wi th in  each  reach ,  bu t  no  d i f f e r e n c e s  in the  con-  
sistently h i g h  cove r  o f  Ph,ra~mites i tself  ( m e a n  % 
cover  = 84, 89, a n d  85 fo r  loweg  m i d d l e ,  a n d  up- 
p e r  reaches ,  respec t ive ly) .  A m o n g  7):pha t ransec ts  
t h e r e  was also s o m e  variabil i ty in Typha a n d  com-  
b i n e d  o t h e r  wi th in  e a c h  reach ,  b u t  n o  d i I I iwences  
in the  cons i s ten t ly  low cove r  o f  Phmgv~dtes i t se l f  
( m e a n  % cover  = 8, 10, a n d  6 for  lower, m i d d l e ,  
a n d  u p p e r  reaches ,  respect ive ly) .  T h e  t r e a t e d  t ran-  
sects, all l ower  r each ,  a re  d o m i n a t e d  by c o m b i n e d  
o t h e r  ( m e a n  % coww = 58) and  Phragmil~es ( m e a n  
% cover  = 26) with n o  d i f f e r e n c e s  fo r  these  two 
a m o n g  transects .  7~,/)ha cover  wi th in  t r ea ted  tran- 
sects is low ( m e a n  = 10%) bu t  var iable ,  wi th  dif- 
f e r e n c e s  a m o n g  transects .  

F o c u s i n g  pa r t i cu la r ly  on  Phrc(g'mites versus  Typha, 
fo r  all t he  PhraKmites t ransects ,  PhraKmites o c c u r r e d  
essent ia l ly  as a m o n o c u l t u r e  at 1.5, 4.5, a n d  10.0 
m, and  still a v e r a g e d  ow~'r 75% of' the  total  cove r  
in the  28.5 m quadra t s ,  w h e r e  7)'.pha finally m a d e  
a m e a s u r a b l e  c o n t r i b u t i o n  (5%) to total  cove,'. In 
contras t ,  at  7~,[)ha sites, l~hragmites i n c r e a s e d  fl-om 
u n d e r  1% at r N e r  a n d  c r e e k  banks  to less t h a n  5% 
by l 0.0 m a n d  25% at 28.5 m, w h e r e a s  T~j)ha i t se l f  
c o n s i s t e n t l y  c o n t r i b u t e d  4 3 - 5 6 %  o f  t h e  c o v e r  
across t he  l eng th  o f  the  t ransects .  

T h e  t r e a t e d  Phrag~ites sites were  dis t inct ly  dif- 
f b r e n t  fi~om ei ther ,  with 4 0 - 5 0 %  PhraKmites cover  
in t he  first 6 m, fa l l ing  to a b o u t  20% f u r t h e r  back 
f r o m  the  river;  & a)e'r, dflora o c c u r r e d  f r e q u e n t l y  
be low m e a n  h i g h  wat:cr, a n d  most: of' t he  area  be- 
tween  10 a n d  30 m was d o m i n a t e d  by a m i x t u r e  o f  
low brackish  m e a d o w  g r a m i n o i d s ,  m o s t  no t ab ly  
Agrosgis sgolordjgra S. page~s, and /'urtcus gerardii. T h e  
v e g e t a t i o n  a l o n g  the  p i t  t rap  t ransec ts  was essen- 
tially t he  same  as a l o n g  d i e  B r e d e r  t rap  t ransec ts  
in PhraFmites, 75,pha, a n d  trcat:cd l)hrag~dges areas  
(Fig. 2 ) .  
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Fig. 2. Plant cover along Breder trap vegetation transects 
a n d  a t  pit trap sites in Pl~ra, gmite,~. 77~t~a-dominated, amt treated 
Pbra, gmit~'s lnarshes. For Breder traps 30 transects and for pit 
traps 6 transects were sampled in each ~ype of vegetation. 

PHVSICAI. MEASUREMENTS 

A l t h o u g h  the  m e a n  B r e d e r - t r a p  site e l eva t ions  in 
Phragmites m a r s h e s  w e r e  cons i s ten t ly  s o m e w h a t  
lower  t h a n  those  in T~j)ha a n d  t r e a t e d  Phraymites, 
t h e r e  w e r e  no  s ign i f i can t  d i f f e r e n c e s  in site eleva- 
t ions  o r  in site f l o o d i n g  f r e q u e n c i e s  a n d  d u r a t i o n s  
a m o n g  the  t h r e e  v e g e t a t i o n s  ~ p e s  o f  t he  lower  
r e a c h  (fbr elew~tion, i~NO\Sa~, F = 1.292, p = 0.29) 
o r  be tw een  T~ltha a n d  Ph'ra~mites sites fo r  all t h r e e  
r e a c h e s  ( lower:  t = 1.911, p = 0.07; m idd l e :  t = 
0.464, p = 0.65; u p p e r :  t = 1.034, p = 0.31). T h e r e  
w e r e  also no  s ign i f ican t  d i f f e r e n c e s  a m o n g  Typha, 
t)hragmil~es, and treated-Phr%~mites c o m p a r i n g  all 30 
sites i b r  e a c h  v e g e t a t i o n  type (~a~NO\,~, F = 2.591, 
p = 0.058; Fig. 3, Tab le  3). E leva t ion  a n d  hydro-  
p e r i o d  d id  dfftL'r a m o n g  the  t h r e e  r eaches .  U p p e r  
r e a c h  sites w e r e  s ignif icant ly  lower  (ANOVA, F = 
9.076, p < 0.001) than  those  a l o n g  the  m i d d l e  a n d  
lower  r eaches ,  wh i l e  f l o o d i n g  f i ' equency  a n d  du- 
r a t ion  w e r e  g r e a t e r  (Table  3). 

Similar ly fb r  the  p i t  t rap  sites, t h e r e  were  n o  cl- 
ew~tion (ANO¥~k, F = 1.370, p = 0.284) o r  hydro-  
p e r i o d  d i f t iwences  a m o n g  trcat:cd I)hraFmites a n d  
lower  r e a c h  Typha a n d  lower  r e a c h  l~hrag~ites sites 
in 2000 (Table  4). A m o n g  r e a c h e s  lower  r e a c h  sites 
w e r e  on  ave rage  h i g h e r  (ANOVA, F = 10.184, p < 
0.001) wi th  c o r r e s p o n d i n g l y  lower  h y d r o p e r i o d  
va lues  than  those  o f  the  m i d d l e  a n d  u p p e r  r eaches .  
W i t h i n  r e a c h e s  t h e r e  were  n o  diff l2rences b e t w e e n  
7"ypha and t)hragmites sit:c means ;  ff~r the  lower  
r each ,  o n e  set o f  t raps  in t he  t r e a t ed  f)hmgmil, es 
area  was s ignif icant ly  h i g h e r  t h a n  all o thers .  Ele- 
va t ion  m e a n s  at 3, 10, a n d  30 m w e r e  n o t  signifi- 
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Fig. 3. Distribution of Breder trap site elevations in Pbrag: 
miles', 75~pha, and treated PhT~g*aites. 

can t ly  d i f f e r e n t  s o r t e d  by  e i t h e r  r e a c h  o r  v e g e t a -  
t i on .  

I n  2001 as in 2000,  p i t  t r a p  e l e v a t i o n  m e a n s  o f  
t h e  u p p e r  r e a c h  d i d  n o t  d i f t> r  by v e g e t a t i o n  (t = 
1.44, p = 0.161 ), b u t  T~l~ha si tes  w e r e  h i g h e r  in  t h e  
m i d d l e  r e a c h  (t  = 2 .334,  p = 0 .027) .  P o o l i n g  veg -  
e t a t i o n  b~pes, t h e r e  was  n o  d i f f e r e n c e  b e t w e e n  
r e a c h e s  (t = 1.416,  p = 0 .162) .  A l s o  as in  2000,  
t h e r e  was n o  s i g n i f i c a n t  p a t t e r n  o f  e lew~t ion  diff iw- 
e n c e s  by d i s t a n c e  f r o m  t h e  r i v e r  b a n k .  B o t h  by 
r e a c h  a n d  by v e g e t a t i o n ,  t h e r e  w e r e  a lso  n o  dif l iw- 
e n c c s  b e t w e e n  2 0 0 0  a n d  2001 m e a n s  ( T a b l e  4) .  

D u r i n g  earl) '  J u n e  o f  2000,  s u r f a c e  sa l in i ty  was 
0 % t  al l  a l o n g  t h e  L i e u t e n a n t  River .  By ea r ly  July ,  it: 
h a d  r i s e n  to 6 % t  a l o n g  t h e  u p p e r  a n d  m i d d l e  
r e a c h e s  a n d  to  8%o a l o n g  t h e  l o w e r  r e a c h  b u t  t h e n  
d e c l i n e d .  S u b s e q u e n t l y  s u r f a c e  sa l in i t i e s  r o s e  a g a i n  
a n d  in  ea r ly  S e p t e m b e r  t h e y  w e r e  c o m p a r a b l e  to 
tt~ose in  ea r ly  July.  D u r i n g  l a t e  J u n e  a n d  ea r ly  J u l y  
o f  2001,  s u r f a c e  sa l in i ty  was 0%o a l o n g  t h e  u p p e r  
a n d  m i d d l e  r e a c h e s  of' t h e  r i v e r  a n d  f l l e n  r o s e  to 
7%o a n d  10%(~, r e s p e c t i v e l  5 by m i d - A u g u s t .  

MARS[[ S[JRFACE FISItES AND CR[JSTACEANS: BREDER 
TRAP GOLLECTIONS 

A to t a l  o f  3,13(5 f i shes  r e p r e s e n t i n g  11 s p e c i e s  
a n d  3 ,350  c r u s t a c e a n s  c o m p r i s i n g  5 s p e c i e s  w e r e  
c a p t u r e d  in  B r e d e r  t r a p s  d u r i n g  t h e  c o u r s e  of' th i s  
s tudy.  T h e  t o t a l  n u m b e r s  o f  f i shes  c a u g h t  p e r  t r a p  
in  t h e  Ph~¢gmites, 7)~pha, a n d  t r e a t e d  t)hragmiges 
m a r s h e s  w e r e  n o t  s i g n i f i c a n d y  d i f l b r e n t  ( T a b l e  5).  
B o t h  t h e  f r e q u e n c y  o f  fish c a p t u r e  a n d  t h e  m e a n  
n u m b e r  c a u g h t  p e r  t r a p  w e r e  s o m e w h a t  h i g h e r  in  
1)hragmit, es t h a n  in  7"ypha m a r s h e s  a n d  w e r e  lowest: 
in  t r e a t e d  Phragmites a r e a s  t h a t  w e r e  all  r e s t r i c t e d  
to t h e  l o w e r  r e a c h  of' t h e  r i v e r  ( see  b e l o w ) .  T h e  
to t a l  n u m b e r  o f  c r u s t a c e a n s  c a p t u r e d  p e r  t r a p  was 
g r e a t e r  in Phragmites m a r s h e s  t h a n  at  t h e  T~ltha a n d  
t r e a t e d  1)hragmites si tes  ( T a b l e  5, Tnkey ,  p < 0 .05) .  
T h e  f a u n a l  a s s e m b l a g e s  in  t h e  t h r e e  types  o f  m a r s h  
w e r e  s imi lar .  

E heteroditus was t h e  n u m e r i c a l l y  d o m i n a n t  f ish,  
m a k i n g  u p  9 4 %  o f  t h e  to t a l  n u m b e r  of '  f i sh  c a p  
t a r e d  ( T a b l e  5).  T h e  m e a n  n u m b e r s  o f  E hetgov~c[i- 
t~us c a p t u r e d  p e r  B r e d e r  t r a p  in  75,pha and Phrag- 
miles a r e a s  a l o n g  all  r e a c h e s  o f  t h e  r i v e r  w e r e  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  (~ ,  = 0 .822,  p = 0 .415)  a n d  
t h e  t~cequcnc ies  o f  c a p t u r e  w e r e  s i m i l a r  ( T a b l e  5).  

TABLE 3. Mean elex.ation (cm), ~ hours flooded, and % times flooded over the grouting season fi:w 90 Breder trap sites: 30 sites 
per vegetation type with all 30 treated sites in the lower reach and with 10 T~,pha and 10 Phragmites sites within each of" the lower, 
middle, and upper river reaches. 

\~ge ta t ion*  

Treated T)pha Phragmi tes  Means  by Reach** 

% % % % % % % % 
Elev [{[ours "['ides Elev [{]ours Tides  Elev [{]ours Tides  Blev Hour s  Tides  

Lower Reach 112.4 7.2 35.5 112.5 5.5 31.9 107.8 8.7 44.8 l 11.5 7.2 36.6 
(1.92) (I.10) (4.22) (I.41) (0.80) (4.10) (2.01) (1.46) (5.46) (1.27) (0.74) (2.90) 

Middle Reach 113.1 6.5 33.9 111.4 6.5 34.5 119.3 6.5 33.8 
(2.8,i) (1.64) (7.18) (2.20) (1.52) (5.61) (1.76) (1.09) (4.¢i) 

Upper Reach 104.7 11.1 52.2 101.4 13.6 60.8 103.1 12.4 56.5 
(2.29) (1.80) (5.74) (2.20) (1.88) (4.77) (1.59) (1.30) (3.76) 

][2.4 7.2 35.5 110.1 7.7 39.1 106.9 9.6 46.7 
Means by Vegetation (1.92) (1.10) (4.22) (1.42) (0.94) (3.67) (1.42) (1.06) (3.57) 

* Vegetation type means are not significantly difi~rent by ANOVA riFr elevation (F = 2.951, p = 0.058), % hours flooded (F = 
1.519, p = 0.226), and % tides flooding (F = 2.215, p = 0.115). 71ypha versus Phr~g'mites means alone were also not significantly 
difti-rent tbr all three parameters (t-test, equal variances, t < 1.589, p > 0.118). 

** River reach means are significantly different by ANOVA for elevation (F = 8.403, p < 0.001), % hours flooded (F = 6.618, p = 
0.002), and % of tides flooding (F = 8.791, p < 0.001). 
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'IABLE 4. Mean pit trap elevations (±SE) by reach and vegetation for 2000 and 2001. Number  of  trap sites is after parentheses.  

Vegetation 

Treated T2pha** Phmg~dt~s** 

2000 2000 2001 2000 2001 

Lower Reach* 116.2 (1.63) 18 114.2 (1.15) 6 116.1 (0.46) 6 
Middle Reach** 111~0 (Z90) 6 110~8 (1.01) 15 105.9 (2.17) 6 107.2 (2.67) 15 
Upper  Reach *~ 107.3 (1.39) 6 104.7 (1.62) 15 105.9 (2.59) 6 108.7 (2.23) 15 

Mean elevations of  combined lower reach sites were significantly greater  than middle  and uppe r  reach sites by A N O \ ~  (F = 
10.184, p < 0.00t). 

~* There  were no  significant differences between vegetation types or middle  and upper  reaches for both years, and for reach and 
vegetation ~ype, between years. 

T h e  n u m b e r  o f  E ket, e~z, ditus c a u g h t  p e r  t r a p  s e t  

r a n g e d  f r o m  0 t o  70  a n d  t h e  p a t t e r n s  o f  c a p t u r e  
i n  t h e s e  t w o  b~pes  o f  m a r s h  w e r e  c o m p a r a b l e  ( K o l -  
m o g o r o v - S m i r n o v ,  Z = 0 . 5 1 4 ,  p = 0 . 9 5 4 ) ,  w i t h  5 9 %  
o f  t h e  t r a p s  c a p t u r i n g  t h i s  f i s h  c a t c h i n g  1 to  3 o f  
t h e m .  T h e  m e a n  m a m b e r  o f  E heten)ditus c a u g h t  i n  
t r e a t e d  Phrag)~zites s i t e s  ( o n l y  a l o n g  t h e  l o w e r  
r e a c h )  w a s  n o t  d i f f e r e n t  f l ' o m  t h o s e  i n  Phragmit~es 
a n d  7~5,pha m a r s h e s  o f  t h e  l o w e r  r e a c h  ( T a b l e  6, 
A N O V A ,  F = 0 . 3 9 9 ,  p = 0 . 6 7 5 ) ,  a n d  t h e  n u m b e r s  

c a p t u r e d  i n  Phrag~mites and Typha m a r s h e s  of '  t h e  
m i d d l e  a n d  u p p e r  r e a c h e s  w e r e  n o t  d i f l > r c n t  ( m i d -  

d l e :  txs = 0 . 0 1 5 ,  p = 0 . 9 8 8 ;  u p p e r :  tlS = 0 . 8 6 3 ,  p 
= 0 . 3 9 9 ) .  A l t h o u g h  t h e r e  w e r e  n o  s t a t i s t i c a l  d i f f e r -  

e n c e s  i n  t h e  a b u n d a n c e  o f  E hete~z~clitus w i t h  r e -  
s p e c t  t o  v e g e t a t i o n ,  t h i s  f i s h  t e n d e d  t o  b e  m o s t  n u -  
m e r o u s  a n d  m o s t  f r e q u e n t l y  c a p t u r e d  in  Ph'ra~dtes 
( T a b l e s  5 a n d  6 ) .  

E heteroclitus r a n g e d  i n  s i ze  f l ' o m  1 .0  t o  1 0 . 0  c m  

T L  w i t h  a m e d i a n  T L  o f  5 . 7  c m .  T h e  s i ze  d i s t r i -  
b u t i o n  p a t t e r n s  o f  E hete~dit/us i n  t h e  7~pha and 

Phrag~nites m a r s h e s  w e r e  g e n e r a l l y  c o r r e s p o n d e n t  
(F ig .  4, K o l m o g o r o v - S m i r n o x ,  Z = 0 . 4 7 4 ,  p = 
0 . 9 7 8 ) .  I n  t h e  t r e a t e d  Phr~mites  m a r s h e s  t h e r e  
w e r e  r e l a t i v e l y  f e w e r  i n t e r m e d i a t e  s i z e  i n d i v i d u a l s  
(5.1 t o  6 .5  c m  T L )  a n d  s o m e w h a t  m o r e  s m a l l e r  
a n d  l a r g e r  f i s h  t h a n  in  t h e  T)];ha a n d  Phragmites 
m a r s h e s .  T h e  t r e a t e d  Phrag~mites m a r s h e s  w e r e  r e -  
s t r i c t e d  to  t h e  l o w e r  r e a c h  o f  t h e  r i v e r ;  t h e  s i ze  
d i s t r i b u t i o n s  o f  E he&m('Ii~us i n  t h e s e  m a r s h e s  a n d  

t h e  7~vpha a n d  Phrag~dtes a r e a s  o f  t h e  l o w e r  r e a c h  
w e r e  m o r e  s i m i l a r  ( K o l m o g o r o w S m i r n o v ,  Phragmi- 
tes a n d  t r e a t e d  Phrag~dges Z = 0 . 4 7 4 ,  p = 0.{)78; 
Tfpha a n d  t r e a t e d  Phragmites Z = 0 . 6 3 2 ,  p = 0 . 8 1 9 ) .  
L e n g t h - w e i g h t  r e g r e s s i o n s  o f  E heterocYtus c a u g h t  
i n  t h e  t h r e e  D~pes o f  v e g e t a t i o n  w e r e  n o t  s i g n i f i -  
c a n t l y  d i f f e r e n t  ( t w o  s a m p l e  # t e s t  f o r  t h e  e q u a l i ~  ~ 
o f  s l o p e s :  Phmg'mites a n d  T~pha, p = 0 .42 ;  Phrag'- 
mites a n d  t r e a t e d  Phrag'mites, p = 0 .59 ;  Typha a n d  
t r e a t e d  Phragmit~es, p = 0 . 2 3 ) .  

M o r e  E hel, e~)dil/us w e r e  c a p t u r e d  a n d  t h e  fl-e- 
q u e n c y  o f  c a p t u r e  w a s  h i g h e r  a t  75,pha and Ph.rag- 

TABI,E 5. Total number  of  each species of  fish and crustacean caught and mean number  (-+SE) per  trap captured in Phragmitr:s- 
dominated,  T3JJha-dominated, and t reated Phragmites marshes along the Lieutenant  River in 2000 using Breder  Traps. A = ANO\~.\, 
KW = Fa'uskal-\,~Sallis test. Frequency of  capture (percentage of trap sets capturing each species) is after parentheses.  

']'teated 
Phr~tunites T)pha l~h~dte~ 

Species Number (1~ 30) (1~ 30) (1', 30) Significance 

Fz~ndu[us het~roditu,~, n m m m i c h o g  2,959 
Ang~il& ~vstmtG American eel 20 
Not~vpis hudsordus, spottail sh inner  31 
Apdt~,s quadracus, fourspine stickleback 24 
Lepomis o'ibbosus, pumpkinseed  ]8 
Atosa sp., shad (small) 25 
Menidia spp., silversides (small)* 40 
Fz~ndzdz~s diaphanus, ba~ded  killifish ] 6 
Q)~arinodo~z variegatzt,t, sheepshead lninnuw 2 
Pztng'iti~ts pung'i&ts, ninespine  stickleback 1 

All fishes 3,136 

Pagaemone~es" pugiG grass shrimp 2,469 
Uca rai'~ax, red-jointed fiddler crab 464 
Callir~ectes sapidus, blue crab 8 
Orcha~tia griY'~a~, amph ipod  127 
Gamma~a tig'rireus, amph ipod  282 

~adl crustaceans 3,350 

4.60 (0.53) 69 3.81 (0.48) 64 2.55 (0.26) 51 A: F = 2.70, p = 0.073 
0.02 (0.01) 1 0.02 (0.01) 2 0.04 (0.01) 3 KW: X e = 1.91, p = 0.385 
0.08 (0.04) 3 0.01 (0.01) 1 0.03 (0.02) 1 KW: X s = 2.96, p = 0.227 
0.04 (0.02) 2 0.02 (0.01) 1 0.04 (0.01) 3 KW: X e = 1.91, p = 0.384 
0.03 (0.01) 2 0.04 (0.02) 2 <0.01 0.4 KW: X e = 2.92, p = 0.233 
0.09 (0.09) 0.4 0 0 KW: X 2 = 2.00, p = 0.368 
0.01 (0.01) 1 0.02 (0.01) 1 0.12 (0.10) 2 KW: X e = 3.55, p = 0.170 
0.04 (0.01) 2 0.02 (0.02) I 0 K\'V: X e = 5.17, p = 0.075 

<0.01 0.4 0 <0.0t  0.4 KW: X 2 = 1.01, p = 0.603 
0 <:0.01 0.,t 0 KW: X ~ = 2.00, p = 0.368 
4.90 (0.74) 69 3.93 (0.6~}) 65 2.78 (0.58) 56 A: F = 2.{~5, p = 0.076 

,i.73 (0.70) ,i0 2.09 (0.34) 26 2.33 (0.45) 27 A: F = 6.55, p = 0.002 
0.36 (0.06) 20 0.79 (0.08) 39 0.57 (0.6) 35 A: F = 7.74, p = 0.001 
0.02 (0.01) 1 0.01 (0.01) 1 0 KW: X e = 4.01, p = 0.13'.5 
0.12 (0.04) 6 0.09 (0.03) 5 0.26 (0.05) 14 K\'V: X e = 3.94, p = 0.140 
0.46 (0.21) 4 0.31 (0.20) 3 0.28 (0.12) 4 KW: X 2 = 0.85, p = 0.653 

5.69 (0.77) 58 3.28 (0.45) 60 3.44 (0.48) 60 A: F = 4.12, p = 0.019 

* M. me~ddia and M. be~Tlli~za. 
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TABLE 6. The influence of river reach o n  the abundances  (mean -+ SE per U'ap) and percentages (number  after parentheses) of 
trap sets capturing E het(.'ocEt~xs, P. pz~g'io, and ~L mir~ax in different t}pes of triarsh bordering the Lieutenant  Rivet" in 2000. 

R e a c h  o f  R ive r  

Spec i e s  M a r s h  type L o w e r  n M i d d l e  n U p p e r  n 

E he~e*vcEtus Ph*zeg*rdt~s 3.06 (0.56) 58 10 2.86 (0.67) 62 10 7.89 (1.26) 87 10 
77~ha 2.24 (0.45) 59 10 2.83 (0.63) 54 10 6.34 (1.15) 79 10 
Treated Phrag~Ute~s 2.55 (0.26) 51 30 - -  

17. p~x~o Phragmites 8.20 (l.66) 52 10 2.98 (0.86) 27 10 3.02 (0.85) 30 10 
77~pha 2.73 (0.87) 31 10 2.24 (1.00) 24 10 1.28 (0.46) 2t 10 
Treated Ph~r~g'mites 2.33 (0.45) 27 30 - -  

U. mi'nax Pizra<~miles • 0.20 (0.07) 17 10 0.51 (0.11) 27 10 0.36 (0.09) 18 10 
7'ypha 0.78 (0.13) 42 10 0.97 (0.23) 44 10 0.62 (0.13) 31 10 
Treated Ph*'agw~ites 0.57 (0.60) 35 30 - -  

mites sites along the uppe r  reach of  the Lieutenant  
River, where elevations were lowest, than in those 
along the middle and lower reaches (Table 6, AN- 
OVA, F = 12.89, p < 0.001, Tukey, p < 0.05, for 
both  types of  marsh considered together) .  For all 
vegetation types in all reaches of  the river there 
was a positive correlat ion between the mean n u m -  

b e r  of E heteroditus caught  at each trap site and 
hydroperiod,  the frequency, depth, and durat ion 
of  marsh f looding (Fig. 5, p < 0.001). The fre- 
quency of  capture also increased and became less 
variable as marsh f looding increased (data no t  
shown). 
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Fig. 4. Size frequency distribution o f E  het~vodit~s captured 
with Breder traps ill Phragmita~, T~pha, and treated PDragmites 
I [ l a r s h e s .  

The mean  n u m b e r  of  E heteroclit~us caught  per  
trap dur ing daytime high tides was greater  than 
that dur ing night t ime high tides despite the fact 
that f looding depths were often greater  at n ight  
(for all 90 traps on dates when coupled day-night 
smnpling was done,  g = 8.05, p < 0.001). Al though 
this pat tern was evident in MI marshes along all 
reaches of  tlle rive~; it was especially striking in 
P h ~ n i t e s  and Typha marshes of  the upper  reach 
where the mean n u m b e r  of  E heteroclitus caught  
per  trap dur ing the day was 16.2 _+ 2.1 compared  
with 1.7 _+ 0.3 at night. In fact, the influence of  
river reach on the abundance  of  E hetefvctit:us was 
primarily a daytime p h e n o m e n o n  (for both  marsh 
types considered together:  ANOVA, day: F = 15.28, 
p < 0.001; night: F = 2.16, p = 0.125). The num- 
bers of E heten)clih~s captured at night  remained  
nearly constant  ficom J u n e  2 through  September  3, 
whereas the numbers  t rapped dur ing the day were 
h igher  and more  variable (Fig. 6). 

]q pugio was the most  abundan t  crustacean, rep- 
resenting t4 7{ of  those caught. The mean  n u m b e r  
of  f: puKio captured per  trap was greater in  Phrc(g'- 
mites than in Typha areas (all reaches combined,  (~s 
= 3.094, p = 0.003) and the fl 'equency of  capture 
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Fig. (3. Mean  m m l b e r s  (-+ SE) o f f  kete~vdih~s and  /c? pugio 
collected in Breder  traps dur ing  daytime and  n igh t t ime  h igh  
tides at various t imes dur ing  the  late spr ing and  s u m m e r  of  
2000. Each (late is the  first day of  a 3-(t sampl ing  sequence .  

also was h i g h e r  in  Phragmi/,es (Tab le  5). Th i s  
s h r i m p  was m o r e  a b u n d a n t  in  Phra,~mites m a r s h e s  
a l o n g  the  l ower  r e a c h  o f  t he  r iver  t han  in t h o s e  
a l o n g  the  m i d d l e  a n d  u p p e r  r e a c h e s  (Tab le  6, AN- 
OVA, F = 9.075, p = 0.001, Tukey,  p < 0.05).  T h e  
n u m b e r  o f  P. pu~o t r a p p e d  at  T37)ka sites a l o n g  t h e  
t h r e e  r e a c h e s  we re  n o t  s ign i f i can t ly  d i f f e r e n t  (AN- 
O-~e}\, F = 0.851, p = 0 .438) .  M o r e  [: pugio were  
c a p t u r e d  in  Pkr~cmites m a r s h e s  o f  t he  l ower  r e a c h  
t h a n  in  7):pka a n d  t r e a t e d  Pkragmzites m a r s h e s  a l o n g  
this  r e a c h  (Tab le  6, ~ O ¥ 1 a ~ ,  F = 15.{)3(5, p < 
0.001, Tukey,  p < 0.05).  A l d l o u g h  P. p~.~g6o t e n d e d  
to b e  s o m e w h a t  m o r e  n u m e r o u s  in  Phrag~nites t h a n  
in 7):flka m a r s h e s  a l o n g  the  m i d d l e  a n d  u p p e r  
r e a c h e s ,  t he se  d i f f e r e n c e s  we re  n o t  s ign i f i can t  
( m i d d l e :  t = 0.499, p = 0.624; u p p e r :  t = 1.936, p 
= 0 .069) .  T h e  m e a n  n u m b e r  o f  P. pugio c a u g h t  p e r  
t r ap  was pos i t ive ly  c o r r e l a t e d  with m a r s h  hyd ro -  
p e r i o d  (p = 0.001).  U n l i k e  E hete~z~ditus, m o r e  [.' 
pug'iowere c a u g h t  d u r i n g  n i g h t t i m e  h igh  t ides  t h a n  
d u r i n g  d a y t i m e  h i g h  t ides  (Fig. 6, fo r  all 90 t r aps  
o n  da t e s  w h e n  c o u p l e d  d a y - n i g h t  s a m p l i n g  was 
d o n e :  I@uskal-Wall is ,  X -~ = 72.373, p < 0.001);  this  
was t r u e  I b r  m a r s h e s  a l o n g  all  r e a c h e s  o f  t he  river. 
T h e  n u m b e r s  of' P. pugio c a p t u r e d  d u r i n g  t h e  n i g h t  
in  Ju ly  a n d  ear ly  A u g u s t  w e r e  re la t ive ly  la rge ,  b u t  
on ly  few s h r i m p  were  t r a p p e d  at  n i g h t  in June a n d  
ear ly  S e p t e m b e r  (Fig. (5). 

Uca minax, a p e r m a n e n t  m a r s h  r e s i d e n t ,  m a d e  
u p  14% o f  t he  c r u s t a c e a n  ca tch .  Th i s  c r a b  was 
m o r e  a b u n d a n t  in Typka t h a n  in Phr~mites (all 
r e a c h e s  c o m b i n e d ,  t~ s = 3.843, p < 0.001) a n d  t h e  

fl~equency of' c a p t u r e  was n e a r l y  2-fold g r e a t e r  in  
7):pha (Tab le  5). T i l e  n u m b e r s  o f  U. minax t r a p p e d  
in  m a r s h e s  a l o n g  the  t h r e e  r e a c h e s  o f  t h e  r iver  
we re  n o t  s ign i f i can t ly  d i f f e r e n t  (Tab le  (5, Pkragmites 
m a r s h e s :  ANOVA,  F = 2.985, p = 0.067; T3~)ha 
m a r s h e s :  ANO'v~'\, F = 1.024, p = 0.373).  M o r e  {~ 
minax were  c a u g h t  in l ower - r each  Typka a n d  t rea t -  
e d  Phragmit(,~s t h a n  in l ower - r each  Phra~mites (Tab le  
6, ANOVA,  F = 6.017, p = 0.005, Tuke}~ p < 0.05);  
t he  n u m b e r s  t r a p p e d  in  Typha a n d  Pkmutdtes 
m a r s h e s  o f  the  m i d d l e  a n d  u p p e r  r e a c h e s  were  n o t  
s ign i f ican t ly  d i f t b r e n t  ( m i d d l e :  t = 1.820, p = 
0.092; u p p e r :  t = 1.697, p = 0.107).  T h e  m e a n  
n u m b e r  o f  f i d d l e r  c r abs  c a p t u r e d  p e r  t rap  was pos-  
i t ively c o r r e l a t e d  with  elew~tion (p < 0.001).  Larg-  
e r  n u m b e r s  o f  {~ minax were  c a u g h t  a t  n i g h t  t h a n  
d u r i n g  t h e  day  (Kruskal-Wal l is ,  ×2 = 7:5.871, p < 
0.001).  

O n l y  a smal l  m l m b e r  o f  G sa/)idus were  c a u g h t  
on  the  m a r s h  sur face .  All  we re  c a p t u r e d  d u r i n g  
J u n e ,  a n d  the?- r a n g e d  in c a r a p a c e  w i d t h  fl-om 4.2 
to 5.6 c m  ( m e d i a n  4.6 cm) .  In  a d d i t i o n  to grass  
s h r i m p  a n d  crabs,  two a m p h i p o d s ,  (;ammarus rig, i- 
nns a n d  the  p e r m a n e n t  m a r s h  r e s i d e n t  Orckes~ia 
griihts, were  c a p t u r e d  by B r e d e r  t raps .  T h e  n u m -  
b e r s  o f  these  c r u s t a c e a n s  t r a p p e d  in  t he  d i f f e r e n t  
types  o f  m a r s h  were  n o t  s ign i f ican t ly  d i f f e r e n t  (Ta, 
b l e  '5). 

MARSH S[IRFACE FISHES AND CRESIIACIL/\NS: P IT  
TRAP (~OLLECTIONS 

D u r i n g  2000 a n d  2001, 94 a n d  34(5 larval- juve-  
n i l e  fishes,  respect ively ,  we re  c a p t u r e d  in p i t  t r aps  
p l a c e d  o n  the  h i g h  m a r s h  (Tab le  7). P:u.n~hdus sp. 
m a d e  up  > 99% o f  t h e  fish ca tch .  Th i s  fish r a n g e d  
in  size fl-om 0.3 to 5.5 c m  T L  wi th  a m e d i a n  TL o f  
0.7 cm (73% were  0.6 to 1.0 c m  TL) .  T h e  n m n b e r s  
o f  Fundulus c a u g h t  in  t h e  d i f f e r e n t  types  o f  m a r s h  
d u r i n g  2000 were  n o t  s ign i f i can t ly  d i f f e r e n t  (Krus-  
kal-Wallis ,  X e = 3.92, p = 0.141),  even  t h o u g h  10 
t imes  as m a n y  were  c a p t u r e d  in Ty/)ha m a r s h e s  as 
in Pkr~mites. O n l y  14 o f  t h e  54 t r aps  (26%)  c a u g h t  
any  fish: 7 in T~j~ha, 5 in t r e a t e d  Pkragmites, a n d  2 
in  Phraswdtes. In  fact ,  72%, o f  t he  Fu~.tulus were  
f rom j u s t  f o u r  t raps .  In 2001 w h e n  m o r e  ex tens ive  
s a m p l i n g  was d o n e ,  37% o f  t h e  pit: t r aps  in  Pkrag- 
mites m a r s h e s  a n d  87% o f  t h o s e  in  Typka m a r s h e s  
c a p t u r e d  P;urldu/us, a n d  the  n m n b e r s  o f  f ish c a u g h t  
in  t he  two types  o f  m a r s h  (Tab le  7) were  signifi-  
can t ly  d i f f e r e n t  (Kruskal-Wal l is ,  X 2 = 20.80, p < 
0.001).  

C o n s i d e r i n g  all ~ p e s  o f  mar sh ,  m o r e  Fundulus 
were  c a p t u r e d  at  30 m t h a n  at  3 m f rom the  r iver  
o r  c r e e k  b a n k  in 2000 (Fig. 7, Kruskal-Wal l is ,  X 2 = 
8.34, p = 0.015).  D u r i n g  b o t h  years ,  t he  n u m b e r  
o f  Fundulus t r a p p e d  at  30 m in to  t he  m a r s h  in te-  
r i o r  t e n d e d  to be  g r e a t e r  t h a n  t ha t  a t  10 m.  
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'LM~LE 7. Total n u m b e r  of  each species of  fish and  crus tacean  caugh t  and  m e a n  n u m b e r  (-+SE) per  tap captured  in Phrag~ites~ 
d[ominated, 77ypha-domitmted, and  t reated PhragvMtes marshes  a long the  I , i eu tenant  River in 2000 and  2001, us ing  pit  traps. 

2000 2001 

Phmg~rdtcs T)~ha Treated Fhragrtgtcs ~tl~'q~mites T~pha 
Species No. 0: 18) (n 18) 0: 18) No. (n 30) 0: 30) 

fu'r~dulussp, 93 0,04 (0.03) 0.42 (0,20) 0,28 (0.17) 346 0.10 (0.03) 0,62 (0.12) 
Menidia sp. 1 0.01 (0.01) 0 

Pcdae~nonete,~ pug% 0 4 0.0l (0.01) <0 .0 I  
Uca minax 151 0.23 (0.06) 0.5~i (0.11) 0.41 (0.08) 155 0.17 (0.03) 0.15 (0.03) 
Ord~es'tia g'riltus 383 0.90 (0.81) 0.02 (0.01) 2.12 (0.73) 296 0.29 (0.12) 0.33 (0.20) 

D e p e n d i n g  u p o n  the  yem; la rva l  a n d  j u v e n i l e  
Fu~Muh,s were  c a p t u r e d  in p i t  t r aps  f r o m  la te  J u n e  
o r  mid-July  t h r o u g h  m i d - A u g u s t  o r  ear ly  S e p t e m -  
ber; t h e  la tes t  s a m p l i n g  p e r i o d .  T h e  m u n b e r s  o f  
fish t r a p p e d  t e n d e d  to be  g r e a t e s t  d u r i n g  the  last  
iml f  o f  Ju ly  a n d  ear ly  A u g u s t  (Fig. 8). In  2001 the  
m e a n  I m m b e r  o f  Furld'u,l,us c a p t u r e d  p e r  t r ap  site 
was s ign i f i can t ly  g r e a t e r  d u r i n g  t h e  Ju ly  20 ser ies  
t h a n  b o t h  e a r l i e r  a n d  l a t e r  (Kruskal-Wal l is ,  X 2 = 
54.27, p < 0.001).  

D u r i n g  2 yr  o f  s a m p l i n g ,  on ly  4 p o s t l a r w d  t .  ) p'**,g~- 
io were  c a u g h t  in  p i t  t r aps  (Tab le  7). O t h e r  crus-  
t a c e a n s  c a p t u r e d  in  t hese  t r aps  we re  t he  p e r m a -  
n e n t  m a r s h  r e s i d e n t s  {.C minax a n d  O. griI/us. {.~ 
minax, which  was f f m n d  in 80% o f  t h e  t r aps  in 2000 
a n d  88% o f  t h e m  in 2001, r e p r e s e n t e d  28% a n d  
34%, respect ively ,  o f  t he  c r u s t a c e a n  ca tch .  Al- 
t h o u g h  this  c r ab  t e n d e d  to be  m o r e  a b u n d a n t  in  
7"ypha t h a n  in  PhraFmites in  2000, t h e  n m n b e r s  
c a u g h t  in  t h e  d i f l c r e n t  types  o f  m a r s h  we re  n o t  
s ign i f i can t ly  d i f l iwen t  e i t h e r  y e a r  (Kruskal-Wal l is ,  
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Fig. 7. Mean  n u m b e r s  (-+SE) of E hetemdih*s caugh t  in pit 
traps at d i f ferent  distances f rom the river and  creek edge. Data 
f rom the different  types of  lnarsh were pooled  for each yem: 

X 2 = 5.13, p = 0.077 a n d  X 2 = 0.14, p = 0.710).  
T h e r e  we re  n o  d i f f e r e n c e s  in t he  n u m b e r s  o f  (Z 
minax c a p t u r e d  at  3, 10, a n d  30 m f r o m  the  r iver  
o r  c r e e k  b a n k  in 2000 (Kruskal- \#\dl is ,  X 2 = 2.43, 
p = 0.296) o r  at  10, 20, a n d  30 m in 2001 (X 2 = 
0.64, p = 0 .727) .  

O. grill'u,s c o m p r i s e d  at  l eas t  65% of' t h e  to ta l  
n u m b e r  o f  c r u s t a c e a n s  c a u g h t  in  p i t  t r aps  e a c h  
year;  howeve l ;  on ly  43% o f  t he  t r aps  in  2000 a n d  
35% in 2001 c a p t u r e d  this  a m p h i p o d .  In  2000, 
m o r e  O. griltus were  t r a p p e d  in  t h e  t r e a t e d  Phrag- 
miges m a r s h e s  t h a n  in  7~,pha a n d  Phrag~dtes (Tab le  
7, ga-uskal@V~dlis, X 2 = 12.81, p = 0.002).  T h e  t rea t -  
e d  Phragmites sites we re  r e s t r i c t e d  to t he  lower  
r e a c h  o f  t he  r iver  a n d  99% o f  t he  O. g'rillus c a u g h t  
we re  f l 'om this  r each .  T h e  n u m b e r s  o f  O. FTillus 
t r a p p e d  in Typha a n d  Pl,~(gmites m a r s h e s  in 2001 
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ocSlus caugh t  in pit traps at various t imes du r ing  the  late spr ing 
and  s u m m e r  of  2000 and  2001. Each date is the  first d W of  a 
salnp]ing sequence.  
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~IABLE 8. Macroim~ertebrates collected in litter bags placed oil the marsh suriace at each of90 Breder trap sites. For each sampling 
period the total rmmber of each kind of animal arid the mean number (-+ SE) per bag in each type of marsh are given. 

J u n e  1 l - j u l y  12 J u l y  19 -29  

Phrag~lites T~pha T r e a t e d  Pkragwdtes T)pha T r e a t e d  
No .  (n = 30) 0 :  = S0) 0:  = S()) No.  (n = 30)  (n  = 30) (n = 30) 

Amphipods (Orch¢:stia) 155 
Isopods (Philoscia) 'tl 

Insects 1,295 
Dipterans (flies) 72 
Coleopterans (beetles) 44 
Hymermpterans (arKs) 35 
Orthopterans (crickets) 20 
Collembolans (springtails) 1,104 
ltemipterans (bugs) 3 
Other 17 

Spiders 74 
Mites 22 

Gastropods 465 
SucHnea 12 t 
Hydrobiids 340 
Other 4 

Oligochaetes 72 
Nematodes 25 

Total 2,149 

2.23 (0.49) 1.27 (0.28) 1.67 (0.33) 252 2.87 (0.76) 4.07 ( I . I I )  1.47 (0.29) 
0.10 (0.06) 0.53 (0.18) 0.73 (0.27) 91 0.10 (0.06) 2.00 (0.75) 0.93 (0.57) 

5.90 (2.36) 24.93 (14.10) 12.33 (5.44) 477 4.13 (2.19) 8.93 (4.08) 2.83 (0.44) 
0.93 (0.47) 0.23 (0.09) 1.23 (0.50) 33 0.07 (0.05) 0.80 (0.35) 0.23 (0.10) 
0.17 (0.08) 0.63 (0.17) 0.67 (0.13) 60 0.30 (0.11) 0.53 (0.14) 1.17 (0.27) 
0 1.10 (l.10) 0.07 (0.05) 98 0 3.23 (3.13) 0.03 (0.03) 
0.10 (0.07) 0.40 (0.27) 0.17 (0.08) 50 0.60 (0.33) 0.80 (0.24) 0.27 (0.08) 
4.50 (2.33) 22A0 (14.12) 9.90 (5.40) 215 2.73 (2.19) 3.50 (2.89) 0.93 (0.33) 
0.03 (0.03) 0.03 (0.03) 0.03 (0.03) 13 0.33 (0.17) 0.03 (0.03) 0.07 (0.05) 

8 

0.33 (0.09) 0.83 (0.28) 1.30 (0.28) 78 0.33 (0.11) 1.13 (0.24) 1.13 (0.27) 
0.03 (0.03) 0.07 (0.05) 0.63 (0.29) 7 0.t0 (0.06) 0.10 (0.07) 0.03 (0.03) 

4.57 (2.37) 5.57 (1.88) 5.37 (1.27) 379 3.47 (1.39) 4.40 (1.52) 4.77 (1.52) 
0.03 (0.03) 0.87 (0.38) 3.13 (1.04) 193 0.03 (0.03) 2.03 (0.67) 4.37 (1.55) 
4.53 (2.37) 4.70 (I.90) 2.10 (0.97) 186 3.43 (I.39) 2.37 (I.48) 0.40 (0.21) 

0 

0.23 (0,21) 1.63 (0,68) 0.53 (0,22) 2 0.03 (0,03) 0.03 (0,03) 0 
0.03 (0,03) 0.23 (0,14) 0.57 (OA7) 0 0 0 0 

13A3 (3.12) 35.07 (1,i.31) 23.13 (6.46) 1,287 11.03 (2A6) 20.(57 (5.22) 11.20 (2.0,i) 

were  no{ s ign i f i caml}  d i f f e r e n t  (Kruskal-Wallis,  X 2 
= 1.88, p = 0.170).  T h e r e  w e r e  n o  d i f f e r e n c e s  in 
the  n u m b e r s  o f  this a m p h i p o d  c a p t u r e d  at differ-  
e n t  d i s tances  f r o m  the  r iver  o r  c reek  bank  e i t h e r  
year  (Kruskal-Wallis,  X 2 = 0.13, p = 0.983 a n d  X 2 
= 2 . 0 9 ,  p = 0.352).  

M.4NSH SURFACE MACROIN\q~RTEBRATES 

A total  o f  3,436 i n v e r t e b r a t e s  was co l l ec t ed  fl~om 
tim l i t te r  bags. A l t h o u g h  the  m e a n  n u m b e r  of' in- 
v e r t e b r a t e s  p e r  l i t te r  bag  t e n d e d  to bc  h ighes t  in 
7~',pha m a r s h e s  fi)r b o t h  s a m p l i n g  p e r i o d s  (Table  
8), d i f f e r e n c e s  b e t w e e n  7~pha and Phrc¢cmites areas  
were  n o t  s ignif icant .  T h e  m e a n  n u m b e r s  of" i nve>  
t eb ra te s  p e r  l i t te r  bag  (lid n o t  d i f fe r  be tw een  the  
two s a m p l i n g  p e r i o d s  in co l l ec t i ons  m a d e  a l o n g  
d i f f e r e n t  r e a c h e s  o f  t he  r iver  in Phragmites (uppe r :  
t = 1.165, p = 0.259; m i d d l e :  t = 0.450, p = 0.658; 
lower:  t = 1.32& p = 0.200) o r  T3pha (uppe r :  t = 
0.478, p = 0.(539; m idd l e :  t = 1.064, p = 0.301; 
lower:  t = 2.048, p = 0.061) o r  in t r e a t e d  Phragmites 
of  the  lower  r e a c h  (t = 1.734, p = 0.092).  In  t he  
c o m b i n e d  co l l ec t ions  f r o m  the  two pe r iods ,  I h e r e  
were  n o  d i f f e r e n c e s  betxveen the  nm-nbers  in I)hrag - 
miles a n d  T3!pha-dominated areas  o f  t he  u p p e r  (~ = 
0.817, p = 0.419) o r  m i d d l e  (t = 1.705, p = 0.103) 
r e a c h e s  o r  a m o n g  those  in t r e a t e d  Phragwdtes, 
Phra~mites, a n d  T~/)ha m a r s h e s  o f  t he  lower  r e a c h  
(ANOVA, F = 1.505, p = 0.205).  

Insects,  p r imar i l y  r e p r e s e n t e d  by 6 o rders ,  m a d e  
up  the  d o m i n a n t  g r o u p ,  c o m p r i s i n g  52% o f  the  
ind iv idua l s  co l l ec ted ;  a m o n g  the  insects  co l l em-  

bo l ans  (spr ingtai ls )  w e r e  p r e s e n t  in grea{est  r a m >  
bers  (Table  8). A l t h o u g h  c o l l e m b o l a n s  c o n s t i t u t e d  
J4~: o f  t he  total  n u m b e r  o f  insects,  t he i r  dis t r ibu-  
t ion was pa t chy  as was tha t  o f  h y m e n o p t e r a n s  
(ants) .  O r t h o p t e r a n s  (cr ickets)  a n d  larval  a n d  
adu l t  d i p t e r a n s  (flies) a n d  c o l e o p t e r a n s  (bee t les )  
t e n d e d  to be  m o r e  evenly  d i s t r i bu t ed  in small  n m n -  
bers. Fo l lowing  the  insects  in a b u n d a n c e  w e r e  gas- 
t r o p o d  mol luscs  a n d  the  h i g h  m a r s h  a m p h i p o d  O. 
grriIh~s. T h e s e  an ima l s  r e p r e s e n t e d  25% and  12% 
of" t he  total  n u m b e r ,  respect ively.  T h e  two m o s t  
p r o m i n e n t  g a s t r o p o d s  were  &,ccinea sp. and  hydro-  
biids. Sucd~ea t e n d e d  to be  m o s t  a b t m d a n t  in 7~- 
pha a n d  t r e a t e d  Phragmit~es m a r s h e s  a l o n g  the  lower  
r e a c h  o f  t he  river. O n  fl~e o t h e r  hand ,  t he  hydro-  
biids t e n d e d  to o c c u r  in g rea t e s t  n u m b e r s  in u p p e r  
r e a c h  T3~)ha a n d  Phra~mites. A small  n m n b e r  o f  Me- 
lampus bide~ztatus was l i m i t e d  to the  t r e a t e d  Phre(g- 
mites marshes .  O t h e r  i n v e r t e b r a t e s  i n c l u d e d  the  
h igh  mar sh  i s o p o d  Philosda vittata, spiders,  mi tes  
o l i gochae t e s ,  and  n e m a t o d e s .  

FEEDING BY/~2 HETEROCLITUS ON THE 
NIARSI I SURFACE 

S p e c i m e n s  o f  E heteroditus, c a u g h t  in B r e d e r  
t raps  as they lef t  t he  m a r s h  sur fhce  on  the  e b b i n g  
t ide,  o [ ten  h a d  substant ia l  a m o u n t s  o f  f o o d  in f l le ir  
guts  (Table  9). T h e r e  w e r e  no s ign i f ican t  differ-  
ences  beeween  the  gu t  f lx | |ness ind ices  o f  E hetero- 
ditus c a p t u r e d  in Phragmites a n d  T3~ha m a r s h e s  
b o r d e r i n g  the  u p p e r  (t~ G = 1.63, p = 0.1 07), mid-  
d le  (5 ,  = 1.48, p = 0.142),  a n d  lower  (140 = 1.81, 
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'LM~LE 9. Frequency  (%) of  occur rence  of  gu t  con ten t  c o m p o n e n t s  of  F'nnd~d~s hete*~dil'ns t r apped  in Pt~rag'mites" marshes ,  71fpha 
marshes ,  and  t rea ted  Pbragmite~ marshes  si tuated a long the  lower, middle ,  and  u p p e r  reaches  of  the  L ieu t enan t  River du r ing  h igh 
spr ing tides. The  f requency  with which ~arious c o m p o n e n t s  r ep resen ted  more  t han  hal f  of  the  total gu t  con ten t  vo lume is given in 
paren theses ,  n = the n u m b e r  of  fish guts examined .  

t Jpper Middle [,ower 

Phr%~*ites 71ypha ]-~krag'mite~ 7!~pha Ph*~Nmites 7}pha Treated 
Components (n = 76) (n = 75) (n = 68) (n = 63) (n = 60) (n = 52) (n = 58) 

Major c o m p o n e n t s  

Insects 49 (24) 52 (25) 4(5 (18) 35 (17) 43 (15) 33 (19) 48 (17) 
A m p h i p o d s  16 (9) 13 (5) l0 (4) 14 (l 1) 20 (8) 8 (4) 19 (12) 
Gastropods 13 (5) 5 (4) 15 (1) 11 (3) 20 (8) 17 (12) 33 (10) 
Detri tus 58 (21) 39 (13) 34 (13) 25 (13) 33 (10) 38 (13) 21 (3) 
~dgae 99 (,i) 25 (12) 31 (13) 40 (17) 29 (5) 19 (10) 28 (12) 

Minor  c o m p o n e n t s  

Crabs 11 (5) 5 (1) 1 (0) 5 (3) 8 (5) ,t (2) 2 (0) 
Shr imp I (I) 3 (3) 7 (0) B (2) ,5 (2) 2 (2) 12 (12) 
Isopods 0 0 0 3 (0) 0 0 2 (2) 
Spiders ,t (3) 7 (0) 6 (3) 10 (3) 3 (0) 10 (2) 5 (0) 
Mites 1 (0) 4 (0) 4 ('t) 3 (2) 0 0 0 
N e m a t o d e s  0 ',5 (0) 1 (0) 2 (0) 7 (0) 2 (0) 0 
Fish 0 I (1) 0 0 0 0 3 (3) 
Eggs 1 (1) `5 (3) 3 (0) 2 (2) 3 (2) 6 ('t) 7 (`5) 

Unrecognizab le  12 (1) 11 (4) 12 (6) 13 (5) 20 (7) 13 (2) 22 (3) 
EmpD~ (%) 12 9 18 16 17 19 12 
Gut  fl~llness index* 2.40 (0.28) 1.79 (0.24) 2.07 (0.35) 2.79 (0.33) 1.48 (0.19) 2.21 (0.36) 2.86 (0.41) 

n = 49 n = 49 n = 42 n = 38 ~ = 35 n = 27 n = 32 

* D e t e r m i n e d  for fish caugh t  dur ing  late Jub=ear ly  Augus t  and  early September.  
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Fig. 9. Mean  relative a b u n d a n c e  scores (-+SE) for major  
fuod  c o m p o n e n t s  in the  guts o f E  hete~)clit~s caugh t  in Phragmites 
and  T~j~ha marshes  a long the L ieu tenan t  Ri~er. 

p = 0.078) r eaches  o f  the  river. T h e  gu t  f idlness 
indices  o f  E hete,~)clitus c a p t u r e d  in Phrr(g'mites a n d  
7"ypha marshes  a long  the  diftL'rent r eaches  o f  the  
r iver were  also n o t  significantly d i f fe ren t  (ANOVA, 
F = 2.46, p = 0.090, a n d  F = 3.07, p = 0.050, 
respectively).  T h e r e  were  s ignif icant  d i f fe rences  
a m o n g  the  gu t  fllllness indices  o f  this fish fi~om 
Phragmi[es, 7)'.pha, and  t rea ted  Phragmi[es areas o f  
the  lower  r each  (ANOVA, F = 4.94, p = 0.009). 

Diets o f  E he*e,oclitus from the  d i r t>rent  types o f  
marsh  were  genera l ly  similar (Table 9). T h e  m a j o r  
d ie ta ry  c o m p o n e n t s  were  insects, a m p h i p o d s ,  gas- 
t ropods ,  detri tus,  a n d  algae. O t h e r  o rgan i sms  in- 
c lud ing  crabs, shr imp,  a n d  spiders  c o n t r i b u t e d  a 
lesser po r t ion .  Relative a b u n d a n c e  scores o f  the  
m a j o r  d ie ta ry  c o m p o n e n t s  were  n o t  d i f fe ren t  fo r  
E het~c[it~s t r a p p e d  in the  T~pha a n d  Ph'ra~nites 
marshes  (Fig. 9). Insects,  i n c l u d i n g  beetles,  aphids,  
and  d ip t e r an  and  o t h e r  larvae, cons t i tu t ed  the  
grea tes t  pa r t  o f  the  diet, fo l lowed by det r i tus  a n d  
algae. Orches~ia was the  dominant :  a m p h i p o d  in the  
gu t  con t en t s  o f  E hete'roditus. O f  the  fish with am- 
p h i p o d s  in the i r  guts, 775~ , had  c o n s u m e d  Orches- 
tia. T h e  m o s t  c o m m o n l y  o c c u r r i n g  g a s t r o p o d  mol-  
luscs in the  diet  were  ,S:ucdrlea and  hydrobi ids .  ,S~c - 
d'nea t e n d e d  to o c c u r  mos t  of ten  in the  guts  o f  E 
heteroclit,~s f i 'om the lower  r each  o f  the river. 
Sh r imp  were  f o n n d  inf i ' equent ly  in the  guts  o f  E 
heten)ditus, bu t  all tha t  cou ld  be ident i f ied  were  P. 
pugio. 
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A l t h o u g h  the  diets o f  E heterocIitus from the  dif- 
f e r e n t  mar shes  were  genera l ly  similar, the re  were 
some  specific d i f lbrcnces .  In  late July  and  early Au- 
gust  aph ids  were  a p r o m i n e n t  food  in ,35 cry,/c o f  the  
E keterodit~s t r a p p e d  in Phrc~gmites a long  the  u p p e r  
r each  o f  the  river, whereas  these insects were  f o u n d  
in only  one  fish (4%) f r o m  T~l~ha-dominated areas. 
Small l ep idop t e r a n  larvae were  m m i e r o u s  in the  
guts  o f  m a n y  E hete,~clitus c a p t u r e d  in Phra~mites 
marshes  in early Sep tember ,  bu t  were n o t  f b u n d  in 
the guts  of' fish from 7~5,pha marshes .  

D i s c u s s i o n  

NEKTON SAMPLING (~EARS 

In  the  p r e s e n t  study, B r e d e r  t raps  were  used  to 
sample  fishes a nd  c rus t aceans  m o v i n g  of f  the  
f l o o d e d  m a r s h  surface  with the  e b b i n g  tide. Be- 
cause these traps arc  relatively inexpens ive  and  
easy to set and  retriew~, a fairly large n u m b e r  o f  
t h e m  can be  used s imultaneously;  a l lowing g rea te r  
rep l ica t ion  than  is feasible with m a n y  o t h e r  types 
o f  gear. B r c d e r  t raps a p p e a r  to be  well sui ted to r  
c o m p a r i n g  d ie  a b u n d a n c e s  o f  m o s t  r e s iden t  m a r s h  
n e k t o n  at closely s i tuated sites tha t  m'e s ampled  at 
the  same t ime (Sargen t  a n d  Car lson  1987; Ful l ing 
et al. 1999). T h e  d isadvantages  o f  this gea r  are  tha t  
the  s ampled  area  c a n n o t  be  def ined ,  la rger  fishes 
and  c rus t aceans  fire exc luded ,  a nd  s o m e  n e k t o n  
may  readi ly avoid cap tu re  (Sargen t  a nd  Car l son  
1987; Rozas and  Minel lo  1997). 

Axmther  po ten t i a l  p r o b l e m  with B r e d e r  traps is 
t rap  sa turat ion,  r e a c h i n g  a n u m b e r  o f  c a p t u r e d  
fish b e y o n d  which  no  m o r e  fish will enter.  In  two 
cases, 69 and  70 E heteroditus were  c a p t u r e d  in 
B r e d e r  traps, o n c e  each  in Phr~mites a nd  T3~)ha. 
We do  n o t  know if this n u m b e r  is at o r  n e a r  the  
sa tura t ion  level; h o w e v e c  only 2% (11 out: o f  497) 
o f  the  t raps that: c a p t u r e d  E hete',vditus c a u g h t  
m o r e  than  ha l f  this n u m b e r  a nd  fewer  than  50% 
o f  t h e m  c a u g h t  m o r e  than  three .  

T h e  assemblage  o f  fishes a nd  c rus taceans  cap- 
t u r ed  with B r e d e r  t raps in this s tudy was genera l ly  
similar to tha t  c a u g h t  us ing  f l ume  nets  in New Jer- 
sey mar shes  tAMe a nd  H a g a n  2000).  A m a j o r  dif= 
f e r ence  was the cap tu re  o f  large  n u m b e r s  o f  C. s@- 
idus in the New Jersey study, T h e  r a n g e  in TL and  
the  m e d i a n  TL o f  E het~e, vditus, the  numer ica l ly  
d o m i n a n t  fish, were  c o m p a r a b l e  in the  two studies. 

Use o f  the  marsh  interior,  at d is tances  o f  up  to 
30 m fl 'om the  river a nd  creek bank, as n u r s e r y  
areas by m a r s h  n e k t o n  was e x a m i n e d  us ing  shallow 
pit: traps. PZunduh~s spp., r a n g i n g  fl~om 0.3 to 5.5 cm 
TL, was f o u n d  in the  t raps at low tide. T h e  pit: t raps 
r e t a ined  pr imari ly  larval and  y o t m g  juven i le  P),~tt- 
dulus, whereas  the  B r e d e r  t raps  c a p t u r e d  bo th , ju -  
veniles and  adults  (up to 10.0 cm TL) .  T h e  sizes 

o f  E hetevvc{itus c a u g h t  with the  two gears  over- 
l apped  in the  r a n g e  o f  1.0 to 5.5 cm TL. These  
results  are  similar to those  o f  Able  and  H a g a n  
(2000).  

DISTRIBUTION AND AB[JNDANCE OF FISItES 
.42qD CRUSTACEA2qS 

T h e  m m i b e r s  o f  fishes (all species c o m b i n e d )  
c a u g h t  with B r e d e r  t raps in Phrc(g'mites, Typka, a n d  
t rea ted  Ph~¢cmites marshes  were n o t  s ignif icantly 
different .  E hetetvcIit'us, the  numer ica l ly  d o m i n a n t  
fish, was essentially equal ly d is t r ibu ted  a m o n g  the  
th ree  vege ta t ion  types. N o  s ignif icant  diftL'rences 
in the  a b u n d a n c e s  o f  E heterodih~s in the  var ious  
types o f  m a r s h  were  fo /md;  however,  this fish t e n &  
ed to be s o m e w h a t  m o r e  n u m e r o u s  in Phra~nites 
than  in Typha and  t rea ted  Ph'ra~mites. A l t h o u g h  
B r e d e r  t raps  do  n o t  p e r m i t  ca lcu la t ion  o f  fish den-  
si~ ~ p e r  un i t  a rea  o f  marsh ,  the  n u m b e r  o f  fish leav- 
ing  the  marsh  pe r  un i t  length  o f  m a r s h  edge  can 
be  es t imated.  T h e  m e a n  n u m b e r  o f  E heten)c[itus 
pe r  m e t e r  o f  m a r s h  edge  was 16 _+ 1.9 and  14 _+ 
1.7 fbr  t)hra~mites and 7"ypha (fill r eaches) ,  respec-  
tively, a n d  8.(5 _+ 1.6 to 11 _+ 2.0 pe r  m e t e r  o f  m a r s h  
edge  fo r  the  d i f fe ren t  types o f  marsh ,  i n c l u d i n g  
t rea ted  Ph'ragmil~es, a long  the  lower  reach.  Size dis- 
t r ibut ions  o f  this fish in the  d i f fe ren t  ma r she s  were  
similar as were  l eng th-weigh t  regressions.  H a n s o n  
et al. (2002) and  O s g o o d  (persona l  c o m m u n i c a -  
t ion) ,  us ing  bo t tomless  lift nets, have demons t r a t -  
ed  no  d i f fe rence  in the  a b u n d a n c e  o f  E hete,z~ditus 
in brackish Typha and  Phragmites marshes  a long  the  
H u d s o n  River. These  f ind ings  are in a g r e e m e n t  
with those  o f  Able  and  H a g a n  (2000) a n d  Meyer  
et al. (2001),  who showed tha t  the n u m b e r  o f  o lde r  
juven i le  and  adul t  E heteroditus c a u g h t  with f l u m e  
and  Fyke nets  in S. a)err//[ora and Phmgmi&s 
marshes  were  n o t  s ignif icantly diffiwent. T h e  size 
d is t r ibut ions  (Able and  H a g a n  2000) and  total bio- 
mass (Meyer  et al. 2001) o f  E heteroclitus f rom the  
two D~pes o f  marsh  were  also compa rab l e .  T h e  lab 
ter  s tudy ind ica t ed  a t e n d e n c y  fo r  individuals  o f  F. 
heteroditus a n d  o t h e r  fishes to be s o m e w h a t  l a rger  
in Phragmites marshes  than  in S. alter~liflora marsh-  
es. Even t h o u g h  vegeta t ion  may  be  an i m p o r t a n t  
f ac to r  c o n t r i b u t i n g  to hab i ta t  quali ty ~br fishes (Ro- 
zas 19{)5), it appea r s  tha t  in m a n y  cases c h a n g e s  in 
vegeta t ion  a lone,  widlou t changes  in abiot ic  fac tors  
such  as tidal f lood ing ,  have li tde effect  u p o n  o lde r  
fish use (Meyer  et al. 2001).  To the  ex ten t  tha t  
Phragmites eventual ly causes the  filling in of' small 
creeks  o r  an elevat ion o f  the  marsh  surface,  a re- 
duc t ion  in fish a n d  n a t a n t  c rus t acean  use wou ld  be 
e x p e c t e d  (\,Winstein a n d  Ballet to 1999). 

A l t h o u g h  o lde r  stages o f  E heteroditus showed  no  
clear  p r e f e r e n c e  a m o n g  d i f fe ren t  g~pes o f  vegeta- 
t ion, m o r e  E heteroclitus were  c a u g h t  in Phra~nites 
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and 7~vpha marshes along the uppe r  reach of  the 
Lieutenant  River than in those border ing  the mid- 
dle and lower reaches. This is probably related to 
the fact that marsh elevations were generally lower 
along the upper  reach of  the river than fur ther  
downstream. The marshes along the upper  reach 
are f looded more  fi 'equently and for longer  peri- 
ods of  time, providing greater  access to fishes and 
other  natant  fauna (Kneib 1994; Kneib and Wag- 
ner  1994; Rozas 1995). In addit ion to the influence 
of  riww reach on hydroper iod  and fish use of  die 
marsh, there was a positive correlat ion between the 
n u m b e r  o f E  heterocIitus caught  per  Breder  trap and 
hydropcr iod  within each reach and each type of  
vegetation. 

While the n u m b e r  of  E heteroditus captured in 
Breder  traps on the marsh surface was positively 
correlated with f looding depth  and hydroper iod  
(flooding frequency and durat ion),  more  E heh,~- 
ditus were caught  dur ing daytime high tides than 
dur ing night t ime high tides, even when the night  
tides were of  greater  amplitude. There  haw~ been 
fi~w studies that haw~" carried out  both day and 
night  sampling of' fishes in marsh habitats (Reis 
and Dean 1981; Weisbcrg et al. 1981; Rount ree  
and AMe 1993; Fmeib and Wagner 1994) and to 
our  knowledge no previous study has ibnnd strong 
diel differences in the abundance  of  E heteroditus. 
A greater  movemen t  of  this fish onto  the f looded 
marsh surface dur ing the day may be to escape 
visual predators  and to feed. \,Veisberg et al. (1981) 
have shown that E heterocIit'ns feeds primarily duP 
ing the day at the time of  high tide, irrespective of  
marsh flooding. Ma W E hete,~dig.us t rapped dur ing 
the day as they were leaving marshes along the 
Lieutenant  Pdw~'r had marsh-snrface invertebrates 
and ottler toods in their guts; it appears that the 
diel pat tern of  fish abundance  on the marsh may 
be related in large part  to foraging (see below). 

P. pugio was more  abundan t  in Phragmites-domi- 
hated areas than in Ty/)ha and treated Phragmites 
marshes and was more  nmnerous  in Phra~nites 
marshes along the lower reach of  the river than in 
those situated fur ther  upstream. Able and Hagan 
(2000) and Meyer et al. (2001) found no signifi- 
cant dit~L'rence in the n u m b e r  of  grass shrimp cap- 
tured with f lume and Fyke nets in Phmgmites and 
S. a)erni/lora marshes, althougfi in the latter study 
P. pu¢io tended to be more  abundan t  in the Phra& 
mites marshes dur ing the fall. The distribution of  
P. pugio along the length of  tim river may be relat- 
ed, at least in part, to salinity. In sampling tidal 
creeks situated along the salinig~ gradient  of  the 
Lieutenant  and Back Rivers, Fell (unpubl ished 
data) found  R pugio to be most abundan t  wtlere 
surface salinities were relatively high (14-28%0). 
Similarly both Able and I Iagen  (2000) and Meyer 

et al. (2001) observed an increase in the abun- 
dance of  grass shrimp dur ing the fall when salini- 
ties were highest. 

P. p,ug'io sometimes exhibited a diel pat tern of  
abundance  opposite that of  E heteroditus. During 
July and early August, many more  shrimp were cap- 
tured at night  than dur ing the day. It is possible 
that the temporal  and spatial pat terns in the dis- 
tribution of  P. pngio may ret]ect the avoidance of  E 
hete roclit~us, a known preda tor  (Nixon and Oviatt 
1973; Heck and Tf ioman 1981; Fmieb 1988, 2000; 
Posey and Hines 1991; Everett and P, niz 1993). To 
the extent  that P. pug&) fi~eds on the marsh surface 
only at: night  to avoid predation,  it: fbrfL'its ma  W 
foraging opportuni t ies  (Kneib and Wagner 1994). 

In the present  stud}~ Fund,dus sp. was essentially 
the only fish that was fi)und in pit traps on the 
marsh surface. Somewhat  more  larval and juvenile 
FwrMuh~s were captured in pit traps placed in Typha 
than in those situated in Phrc<gmites. For both  years, 
a totM of 350 FwrMuhts was captured in Typha as 
compared  with onl} 54 individuals in Phrag~mites. 
Although the numbers  of  fish caught  in the two 
types of  vegetation were no t  significantly different 
in 2000, they differed in 2001, when a h igher  pro- 
por t ion  of  die traps captured fish. These findings 
are consistent with those of' Able and Hagen  
(2000) who showed that small fishes preferentially 
used S. alterniflom-dominated marshes with n u m e P  
ous small surface pools over Phmg'mites marshes 
where there was little standing water dur ing low 
tide. While the presence of  shallow pools on the 
marsh surface appears to be of  pr imary impoP 
tance f~r nursery habitat, o ther  factors that may 
influence the use of  marshes by larwd and small 
juvenile fish include food  availability and cover 
(stem density, canopy thickness, etc., providing 
protect ion ficom predators  and physical stresses 
such as elevated temperatures  and possibly influ- 
encing fish mobiliDq. These were no t  examined in 
the present  study. Talley and I,evin (2001) have 
shown that within brackish wetlands of  the lower 
Connect icut  River macroinfauna,  potential  food 
for small fish, are less abundan t  in Phra~mites-in- 
vaded than in uninvaded sites and composit ional  
differences also exist. It is no t  yet clear where most  
fish inhabit ing these marshes spend the larval pe- 
riod. Larwd and small .juw~nile P;u~Mul.u,s may use 
as nursery areas submerged aquatic vegetation in 
the tidal creeks and river (Orth and Heck 1980). 

i&~ndulus was captured in pit traps up to 30 m 
into the marsh interior. In fact, dur ing 2000, more  
indMduals  were t rapped at 30 m (72% of the total 
number )  than at 3 m from the river or creek bank; 
dur ing both years, there t ended  to be more  fish 
caught  at 30 m than at 10 m. In S. alternifiora 
marshes, Kneib (1984) found that relatively few lar- 
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wd and juvenile flmdnlids were canght  in pit traps 
located on the bank of  a tidal creek, whereas many 
were t rapped at distances ranging fl~om about  10 
m to about  135 m into the marsh interior. Able 
and I lagan  (2000) showed that fewer of  these fish- 
es were captured in pit traps situated 0.5 m from 
the marsh edge than in those posit ioned at 5 and 
9.5 m. It appears that most, if not  all, of  the inter- 
tidal marsh surface may potentially be used as nurs- 
ery habitat provided shallow pools and perhaps 
also adequate  plant  cover are presenL 

In 2 yr of sampling with pit: traps, only 4 postlar- 
wd P. p~g6o were captured,  even though  dur ing 
2000 adult  P. [mgio were sometimes caught  with 
Breder  {raps in large numbers .  It is possible that 
n o n e  of  the examined mm'sh g~pes constitute fa- 
vorable nursery habitat  for P. pu~o or very likely 
that small grass shrimp simply were no t  abundan t  
in the I J eu t enan t  River dur ing the sampling peri- 
ods. Using the same type of  trap, Able and I lagan  
(2000) collected a single Palaemmtetes sp. dur ing 
one year but  many in la~e summer  and fall of  the 
following year when salinities were higher. In their 
study all shrimp captures with pit traps were made  
in X alterniJlom marshes, n o n e  being in Pkragmites 
marshes. It appears tha~ while S. allerrli/loret marsh- 
es provide good nursery habitat  for both  P;u.~zd~hzs 
spp. and Palaemmzetes spp. (Mso see Kneib 1984, 
1997), Pkragmites marshes do not. 

EPIBENTIC INVERTEBRATES AND FORAGIN(; BY 
~ HETEROCZITUS 

Litter bags were used as the pr imary me thod  of  
i nve r t eb r a t e  sampl ing ,  a l t h o u g h  some inver te-  
brates were also captured in Breder  and pit traps. 
Depend ing  upon  the vegetation and the period of  
sampling, die mean  n u m b e r  of' invertebrates per  
litter bag ranged fl 'om 11 _+ 2.3 to 35 _+ 14.3. Ew~'n 
taking into account  diflL'rences in the size of  the 
bags and the amoun t  and type of  litter, these num- 
bers appear  to be low compared  to o ther  marshes 
that have been sampled in the same way (Scatolini 
and Zedler 1996; Angradi  et al. 2001; Pakenham 
and Fell unpubl i shed  data). This may be due in 
part  to the fact that sampling was restricted to a 
zone close to the marsh edge where environmental  
condit ions may be less favorable Ior  some animals 
and levels of  predat ion may be especially high. The 
amotmt  of  natural litter present  may also influence 
the e~tbctiveness of  litter bags in collecting inver- 
tebrates. 

Insects, including springtails, ants, and larval 
and adult  beetles and flies, consti tuted the largest 
group of  marsh fmma collected in litter bags. Gas- 
tropods, represented primarily by S~cdnea sp. and 
hydro biids, were al so relatively abun dan t as was the 
high marsh a m p h i p o d  O. ,g~ill~s. Spiders, the high 

marsh isopod P. vittata, and oligochaetes were pre- 
sent in smaller numbers.  O. g~rilbzs and the fiddler 
crab U. minax were also collected in the fish sam- 
pling gears. These results are similar to those ob- 
tained in the same general areas with different 
sampling methods  (Fell et al. 1998; TMley and Lev- 
in 2001; ~Tarren et al. 2001). 

E keteroclih~s foraged extensively in all three types 
of  marsh; the gut fullness indicies of  this fish fi'om 
7)~pka and Pk~gmites marshes were no t  significantly 
differenL The diets of E kel~en)clil:u,s in die difli~ren~ 
marshes were also similar. Larval and adtfit insects 
consti tuted the greatest por t ion  of  the diet with 
detritus, algae, amphipods,  and gastropods also 
making substantial contributions. Previous studies 
by Fell et al. (1998) and \;~\arren et al. (2001) pro- 
vide similar data on the diets of  this fish in Pk,7tg- 
mites and other  marshes in the lower Connect icut  
esmm'y. 

Al though there was a general  co r respondence  
between the relative abundances  of  certain major 
g r o u p s  of  m a c r o i n v e r I e b r a t e s  on  the  mar shes  
(sampled with litter bags) and the p rominence  of' 
these animals in the diet of E keterodittts, some no- 
table difli 'rences were apparen t  with respect  to spe- 
cific taxa. Collembolans were ~he most numerous  
insects colonizing litter bags on the marsh surface, 
but  they were no t  observed in the gut contents  of  
E heterocIitus. Aphids  and  l e p i d o p t e r a n  larvae,  
which were sometimes major  componen t s  in the 
diet of  this fish in Pkragmites marshes, did not  ,ap- 
pear  in litter bag collections, tloweve~; lepidopter- 
an larvae were consumed  by E heteroditus later in 
the year after litter bag sampling was completed.  
Clearly only some of' the potential  prey resources 
of  fishes were sampled. Certain epibenthic invcr- 
tebraIes, including some snails and fiddler crabs, 
are not  sampled eflbctively with litter bags (Scato- 
lini and Zedler 199(5), and epiphyfic animals asso- 
ciated with plant  stems and infauna were not  col- 
lected with this sampling method.  

The invasion of  brackish cattail mm'shes by 
Pk~ztgmites appears to have no major  impact  on the 
use of  these marshes by juvenile and adult fishes 
and shrimp, which were at least as abundan t  in the 
inw~ded as in the uninvaded marsh areas. The nu- 
merically dominan t  fish, E keterodih~s, fed cxten- 
siwdy in bodl  types of  marsh dur ing high spring 
tides, and the diets of' this fish in 1)k~(gmites and 
7):pka marshes were generally similar. Much more  
extensive studies will be required to de termine  
whether  trophic transfer from the marsh to the ad- 
j acen t  estuary by fishes and crustaceans is affected 
by the change to Pkrag'mites dominance .  Fishes and 
shrimp may also use these marshes as a refl~ge 
from predators.  Pk~(~v~dtes~dominated marshes ap- 
pear  to be less favorable nursery habitats for larval 
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a n d  s m a l l  j u w m i l e  E he*eroditus t h a n  u n i n v a d e d  

b r a c k i s h  m a r s h .  
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