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ABSTRACT: This study investigates tile influence of Phrugmite*" a*~trcdi*" (cowanon reed) invasion on the habitat of the 
resident mm~h fish, Fundulus heteroclitus (mummichog)  in the Hackensack Meadowlands,  New Jersey. These  abundant 
fish play an important role in the transfer of  energo, from the marsh surface to adjacent subtidal waters and thus estuarine 
food webs.  The  objectives of  this 2-yr s tu@ (1999 and 2000) were to compare the distribution and abundance of  the 
eggs, larvae, .juveniles, and adults of  mummicfiog and their invertebrate prey inhabiting Sfiartina alg, rn~Jloraodominated 
marshes with Phrugmit~;.~dominated marshes,  and to experimental ly  investigate the influence of  ma~f i  surface mieroto- 
pograpfiy on lmwal fish abundance within Phrag*nige, s-dominated marshes.  In 2000,  we  verified that egg deposit ion does  
occur in Phragmites-dominated marshes.  In both yeal~,  the abundance o f  larvae and small juveniles  (4-20  mm TL) in S. 
alternillora was significantly greater than in Phragmites-dominated marshes,  while larger juveniles  and adults (>  20 mm 
TL) were  similarly abundant in both habitat types. The  overall abundance of  larvae and small juveniles  was significantly 
greater in experimental Phrag~ites plots in which microtopograpfiy was manipulated to resemble that of Spartir, a marshes 
than in Phragmi&s control plots. Major groups of invertebrate taxa differed between marsh types with potential prey for 
larval fish being significantly more abundant in S. alte.rniflora marshes. Phragmilea~dominated marshes may not provide 
the most  suitable habitat for the early life-history stages of the mummichog .  The  low abundance of  larvae and small 
juveniles  in Phragmites marshes is likely due to inadequate larval habitat and perhaps decreased prey availability for these 
early life history stages. 

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

T h e  expans ion  o f  c o m m o n  reed,  t)h~gmites a~s- 
tralis (he rea t t e r  Phrag~mi~es), in to  tidal wet lands  o f  
the n o r t h e a s t e r n  Uni ted  States has  b e e n  extensive 
over  the  past  cenmrv .  Phrc(gvedtes has been  replac-  
i n g  d o m i n a n t  m a c r o p h y t e s  in  A t l a n t i c  C o a s t  
mar shes  at rates  o f  1 - 6 %  o f  the  marsh  surface  pe r  
year  ( C h a m b e r s  et  al. 1999; \,~(arren et al. 2001),  
largely in areas flint have u n d e r g o n e  d i s tu rbance  
o r  stress (Mm'ks et al. 1994; C h a m b e r s  et al. 1999), 
bu t  also in relatively u n a l t e r e d  areas (Rosza 1995; 
Windf i am and  Lat f i rop  1999). Photo, mites can f lmc- 
t ion  positiw~qy to ame l io ra t e  e u t r o p h i c a t i o n  (Tern- 
p le r  et al. 1998; Meyer son  et al. 1999), stabilize 
e r o d i n g  shore l ines  (Rice et al. 2000; R o o t h  a n d  
S tevenson  2000),  and  seques te r  heavy meta ls  (Ye 
et al. 1997). Phragmites invasion also decreases  to- 
p o g r a p h i c  rel ief  ( W i n d h a m  a nd  L a t h r o p  1999), 
d r a inage  densib" ( W i n d h a m  1995; \,~Teinstein a n d  
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Ballet to 1999; R o o t h  and  S tevenson  2000),  and  
p lan t  diw~rsity (Fell et  al. 1998; C h a m b e r s  et  al. 
1999; Mever son  et al. 1999; W i n d h a m  and  L a t h r o p  
1999) as well as overall  avian species r ichness  
(Cross and  F leming  1989; Marks ct  al. 1994; Beno i t  
and  Askins 1999). 

Despi te  these  r ecen t  f indings,  t he re  is still insuf- 
f ic ient  i n f o r m a t i o n  r e g a r d i n g  faunal  r e s p o n s e  to 
this hab i ta t  a l terat ion.  T h e  r e sponse  o f  res iden t  
fishes is i m p o r t a n t  because  o f  the  ro le  the  v plav in 
the  t roph ic  t ransfer  o f  p r o d u c t i o n  as a resul t  o f  the  
mater ia l  e x c h a n g e  be tween  the  in ter t ida l  m a r s h  
plain,  whe re  p r o d u c t i o n  occurs ,  and  the  ad jacent  
subt idal  waters (Igaleib 1997a).  M u m m i c h o g s  (F,~tz- 
dulus heterodit~s) are r e s iden t  fish, c o m p l e t i n g  
thei r  en t i re  life cycle wi thin  the  marsh .  O n  spr ing  
tides, the  n o r t h e r n  subspecies  deposi ts  its eggs 
within the  first axils o f  SJJarti'~a alt~o~v~iflo'ra (here-  
af ter  Spartina; Tavlor and  DiMichele  1983), the  
empty  shells o f  the  r ibbed  mussel  ((;eukeresia demis- 
sa), as well as cracks, crevices, and  o t h e r  small in- 
terstices on  the  m a r s h  surf:ace and  a long  c reek  
banks  (Able and  Cas tagna  1975; Able  1984; Able  
and  I l a t a  1984). Af ter  h a t c h i n g  on the  fo l lowing 
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spring tide, the larw~e reside in shallow pools and 
depressions on the marsh surface (Taylor et al. 
1977; t{meib 1987; Able and Hagan 2000), which 
may reduce  predat ion rates (Kneib 1987) while 
providing invertebrate food resources. When  the 
young  become too large for these refuges (15-20 
m m  SL as per  Kneib 1986), they adopt  the migra- 
tion patterns of  the adults (Kneib 1984, 1997a, b), 
gaining access to the marsh surface to feed dur ing 
high tides and re turn ing  to adjacent subtidal wa- 
ters wittl the ebb tides. The transfer of  intertidal 
marsh produc t ion  may occur  when species such as 
the m u m m i c h o g  feed within the vegetation on the 
marsh surface and either excrete material in deep- 
er estuarine waters at low tide or are consumed by 
predators  (Vaiiela et ai. 1977; \~Teisberg and Lo- 
t r ich 1982; D e e g a n  1993; Kneib  1997a) .  The  
young-of-the-year may contr ibute the most to this 
t rophic transfer; because they are the dominan t  
life-history stage on the marsh surface in terms of  
both  abundance  and biomass (Taylor et al. 1979; 
Talbot and Able 1984; Kneib 1986; Smith et al. 
2000; Teo and Able 2003), experience the greatest 
mortality and, having h igher  food  conversion effi- 
ciency than adults (Prinslow et al. 1974; Kncib and 
Parker 1991), are the fi~stest growing por t ion of  the 
liii~ cycle (Meredith and Lotrich 1979). 

Recent  studies investigating fish use of  Ph'ra~nites 
versus non-PhraKmites ol igo-mesohal ine  marshes  
found  no significant differences in die relative 
numbers  and biomass of  juvenile and adult  mum- 
michog  that use these habitats (Fell et al. 1998; 
Able and Hagan 2000; Raichel 2001; Meyer et al. 
2001; Warren et al. 2001). Measurements  of  stable 
isotopic composi t ions in ,juvenile and adult mum- 
michog  and other  species conf i rmed that Phrag- 
mil, es is contr ibut ing to aquatic fbod webs in Dela, 
ware Bay tidal marshes (Wainright et al. 2000), al- 
though  a recent  study in the Mullica River, New 
Jersey, strongly suggests that Phragmites may not  
provide suitable habitat  for larval and small juve- 
nile m u m m i c h o g  (Able and I Iagan 2000, 2003). 

The hydrological and physical changes that ac- 
company  the conversion of  a 5~)arti~a-dominated 
marsh to a Phrag~mites-dominated marsh may Mso 
at~L'ct intertidal invertebrates, an impor tan t  food  
resource for the m u m m i c h o g  (Wcisberg and Lo- 
trich 1982; t~leib 1986; Smith et al. 2000). The 
types of  invertebrates fo tmd on or just  above the 
marsh surface may influence the fL'eding success 
of  m u m m i c h o g s  since some prey may be either too 
large or too small to be effectively handled  by a 
fish of  a given size and thus are unavailable (Kneib 
1986). The differences in the invertebrate assem- 
blages of  these 2 marsh types are poorly known 
(but see Angradi et al. 2001). 

The objectives of  this study were to compare  the 
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Fig. 1. Mill Creek sampling stations located off the Hack- 
ensack River in Secaucus, New Jersey; 40°47'59L%1, 74°02'24%~\ 
in 1999 (2 replicate stations marsh type 1) and 2000 (3 replicate 
stations marsh /ype ~). Underlined Ph~g~mites replicate sam- 
pling stations were paired plots in 2000. 

distribution and abundance  of  the eggs, larvae,,ju- 
veniles, and adults of  m u m m i c h o g  and their inver- 
tebrate prey between Sparti',a and Phragmites dom- 
inated marshes, and to experimentally investigate 
the influence of  marsh surface mic ro topography  
on larval fish abundance  within Phraymites-domi- 
hated marshes. 

M e t h o d s  an d  Materials  

S F U I ) Y  S I T E  

The study site is located in oligo-mesohaline 
marshes along Mill Creek, which lies within the 
Hackensack Meadowlands near  Secaucus, New Jer- 
sey (Fig. 1). The Hackensack Meadowlands District 
consists of  7,985 ha  of  predominant ly  tidal marsh 
(Quinn 1997) occurr ing  along the Hackensack 
River in nor theas te rn  New Jersey. Marsh elevations 
range from 0-3.1 m with most  areas being less than 
1.5 m above mean  sea level (Sipple 1971). The 
Meadowlands has a long history of  disturbance and 
alteration of  tidal flow via impoundments ,  dikes, 
tide gates, and file construct ion of  the Oradell 
Dam and New Jersey Turnpike.  Most diking oc- 



cnrred in the late 1800s in an eflbrt to reclaim the 
marshes for salt hay farming, agriculture, and live- 
stock. O t h e r  m a r s h  a l t e ra t ions  i n c l u d e  filling, 
dumping,  and mosqui to ditching (Sipple 1971; 
Ouinn  1997). Extensive drainage nelworks for 
mosqui to control  led to dominat ion of  the area by 
T~)ha spp. and Phrc(~'mites by the early 1930s (Sip- 
ple 1971). 

At the n o r t h e r n  por t ion of  Mill Creek is a 25.5 
ha  Hartz Mounta in  Industries mitigation site re- 
ferred to as }~festern Brackish Marsh. Prior to 1985, 
this area was a tidal marsh domina ted  by Phra, g~ni- 
tes. ~4alalysis of  aerial pho tographs  suggests that: the 
Phrautdtes stands along the western side of  Mill 
Creek have been established for at least 30 years. 
The mitigation design, comple ted  in 1990, incor- 
pora ted  channels, open water; intertidal areas 
planted with S/)arti~a, and upland planted with 
trees and shrubs. The southern  por t ion of  Mill 
Creek is a 5(5.7 ha  site that was unde r  mitigation 
dur ing 1999 and 2000. The marshes on tlae west- 
ern side of  Mill Creek were not  part  of  these mit, 
igations and remain domina ted  by PhraFmites. The 
astronomical  tidal range at the study site, as deter- 
mined by tide charts (Tides and Currents  fi)r Win- 
dows, Nautical Software, version 2.5b), tbll between 
0.79-2.10 m dur ing June  4--August 27, 1999, and 
between 1.48-2.38 m dur ing May 23-August  17, 
2000. 

S~'IPLING STATIONS 

During 1999, 4 stations along Mill Creek with 
similar f lood depths (_+8 cm) at a distance of  5-9 
m fl~om the marsh edge were chosen tbr sampling. 
These stations were established in late April, be- 
fbre seasonal macrophyte  growth began with 2 rep- 
licate stations each of Sparti~a-dominated fred 
Phragmi*e>dominated habitats (Fig. 1). In 2000, a 
greater  effort was taken to locate stations with com- 
parable flood depth and elevation at a uni form di> 
tance of  5 m from the marsh edge. Three  2 X 7 
m replicate stations of  both marsh b'pes (6 stations 
total) were established (Fig. 1). It should be no ted  
that in 2000, 2 of  the Phrag'mites stations had small 
creeks (~0.7 m wide, 5 m from marsh edge) along 
the edge of  the plots. In both  years, all stations 
were located within 0.56 km. The  elew~tions of  the 
sIations were then de termined  by using global po- 
sitioning system Real Time Kinematic methods.  
Each of  the 6 plots was divided into a grid of  1.0 
m 2 quadrats. Within each plot, 3 quadrats were 
randomly selected for readings and averaged. Po- 
sition and elevation accuracy was _+1 and _+3 cm, 
respectively. Maximum topographic  relief was mea- 
sured within each plot by point  estimates of  rugos- 
i W using a meter  stick at tached to a combinat ion 
square with a level that ensured measurements  
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were taken at: a 90 ° angle. The meter  stick was laid 
down horizontally and rested on the highest point  
of  the quadrat  while the perpendicular  ruler  mea- 
sm'ed ttle maximum topographic  relief. Within 
each plot, six 1.0 m 2 quadrats were randomly  se- 
lected for measurements  and averaged. 

For both years, measurements  of  saliniD~, tem- 
perature,  pi t ,  and dissolved oxygen were taken on 
1 day of  each pair of  sampling dates using a h a n &  
held rcfl~actometer, a HANNA model  HI9023 pH 
meter, and a portable YSI model  95 dissolved ox- 
ygen (DO) mete1: Each of  these measurements  was 
taken in the creek at a depth  of  3-5 cm, at: a cen- 
tral location among  the sampling stations. 

VI;GE'~'ATION 

For both  years, plant  coverage was estimated 
within each sampling station and expressed as the 
total foliage area covered by a species divided by 
the total habitat area sampled (Brower et al. 1990). 
Measurements  were carried out  in 5 r andom 0.5 × 
0.5 m quadrats within each station and averaged. 
In 2000, basal-area coverage was also de te rmined  
to provide a more  derailed description of  the 
marsh surR~ce with the units of  measuremen t  be- 
ing  cuhns  for  Phragmites and  mul l i - s t emlned  
clmnps tbr Spargina and Pbzckea purpurascens. The 
diameter  of  each unit  was measured approximately 
3-5 cm above the soil surface from 5 random 0.25 
m 2 quadrats within each station and averaged 
(Brower et al. 1990). Basal-area coverage was esti- 
mated  by the basal area covered by a species divi& 
ed by the total area sampled. 

FISH AND INXqERTEBRATE DISTRIBUTION 
~%\-D ABUND~\- CE 

In 1999, large juvenile and adult fish were sam- 
pled biweekly July 13-August  15. Three  rectangu- 
lar minnow traps (41 X 24 X 24 cm, 2 m m  nylon 
mesh with 3 cm openings  at both ends) per  station 
(n = 12 traps) were deployed perpendicular  to the 
marsh edge, spaced at approximately 1-m intervals, 
on each sampling date just  before high tide and 
collected 1-2 h after high tide. Fish were identi- 
fied, measured (total length, TI.), counted,  and re- 
leased in the field. Small .juvenile and larval fish 
were sampled by installing three shallow pit: traps 
(20.3 X 27.9 × 5.1 cm) a~ each station. These m~ps 
were anchored  with tent stakes flush with the 
marsh substrate fit 5-9 m f rom the marsh edge and 
spaced fit approximately 1-m intervals. Efforts were 
taken to avoid altering the marsh surface by laying 
down boards when accessing traps. Samples were 
collected on a biweekly basis (n = 18 samples) that 
coincided with spring high tides f rom June  4 to 
August 27. In 2000, greater efforts were taken to 
avoid alteration of  the marsh surface while collect- 
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ing samples by installing boardwalks perpendicular  
to the marsh edge at each station in April betore 
seasonal macrophyte  growth began. At each sta- 
tion, 4 of  the same pit traps used in 1999 were 
placed 0.5 m apart and 5 m (2  0.5 m) from the 
marsh edge. Pit trap samples were again collected 
on a spring tide schedule (n = 24 traps) from May 
23 to August 17. 

In both years, the pit traps were empt ied  just  
pr ior  to high tide and fish and invertebrates in the 
traps were collected ~'2 h afier high ride receded.  
Samples were pou red  into plastic bags and imme- 
diately placed in a cooler  on ice. U p o n  re turn  to 
the laboratory, samples were passed th rough  a 300- 
Dm sieve to retain macrof imna and large Ineiofim- 
ha. The organisms were then preserved in a buff- 
ered 20% formaldehyde solution. After 1 wk, sam- 
pies were transferred to ~()~, edmnol  xvitl~ rose 
bengal stain. After staining, all organisms were 
sorted from debris unde r  a dissecting microscope,  
identified to lowest practical taxonomic level using 
a w~riety of  taxonomic keys (Hardy 1978; Merritt  
and Cummins  1978; Wang and Kernehan  1979; 
Weiss 1995; Able and Fahay 1998; Pollock 1998), 
and emunera ted .  TL measurements  of  the fish 
were made  to the nearest  0.1 mm with calipers un= 
der a magni~ring lens. 

LAR'v~L FISH PREY AVAII,ABII,fFY 

To evaluate the relationship between inverte- 
brate size and availabili~ as fish prey, measure- 
merits of  gape widths for fish and invertebrate sizes 
were carried out  using a dissecting microscope 
with an ocular reticle. Major groups  of  inverte- 
brates (n = 50 specimens taxon 1) were measured  
by the narrowest  width, assuming the fish can han- 
dle the prey so as to minimize widdl relative to 
gape for ingestion. Specimens ibr these measure- 
ments  were randomly selected fkom samples col- 
lected th roughou t  the sampling months.  

HABITAT MANIPUI,ATION EXPERIMENTS 

To d e t e r m i n e  if spawning  by m u m m i c h o g s  
could occur  in Phragmites~dominated marshes, egg 
deposit ion was investigated (June 18 and July 3, 
2000) by deploying 5 anchored  scrub brushes (14 
× 6.5 × 3.5 cm) per  Phragmites sampling station (n 
= 15 brushes sampling date 1). Befbre sampling, 
the brushes were set out  in the marsh tbr 2 d to 
allow them to be coated with marsh biofilms. 
Brushes were set out  1-5 m ti~om the marsh edge 
before high tide the day before collection, allowing 
two high tides for spa¥~ling access. At the time of  
collection, the brushes were placed in plastic bags 
and then immediately into a cooler  with ice. Upon  
re turn to lab, eggs were removed from brushes, 
preserved in 709~, ethanol,  identified (Armstrong 

and Child 1965), and counted  with the aid of  a 
dissecting microscope.  

'i'o de termine  if changes in marsh surface mi- 
c ro topography  would influence larval m u m m i c h o g  
abundance,  3 experimental  plots were established 
in 2000 (Fig. 1) in which depressions were created 
on the marsh surface of  Phragmites-dominated sites 
to simulate the micro topography  of  a Sparti'vea 
marsh (i.e., more  small depressions and pools). 
The collective t rea tment  involved using 3 tech- 
niques within each t rea tment  plot dmt included 
removing the upper  2 cm of soil ti~om the center  
of  6 PVC cylinders (10 cm diam and 10 cm deep) 
installed flush with the marsh surthcc, physically 
stamping the substrate to create w~rying numbers  
of  depressions approximately 10 × 25 × 3 cm in 
size, and installing 4 shallow pit traps (20.3 × 2 J.9 
× 5.1 cm) flush with the marsh surface. These 3 
t rea tment  plots were paired with the unal tered 
(i.e., control) plots (Fig. 1) and separated by a dis- 
tance of  3-5 m. Two of  the paired plots conta ined 
small creeks (~0.7 m wide, 5 m ti-om marsh edge) 
that separated the control  fi 'om the treatment.  In 
order  to de termine  whether  these techniques ad- 
equately altered the micro topograpfv ,  point  esti- 
mates of  rugosity were measured in both  control  
and t reatment  plots as described earlier. Board- 
walks were instMled in April to avoid alteration of  
the marsh surface within the control  plots. The pit 
traps were used as the sampling device. To separate 
out  the effects of  the presence of  the pit traps, 
traps placed in the control  plots were kept covered 
until just  before high tide on sampling days. Pos- 
sible disturbance of  water flow by the boardwalks 
was duplicated in the t reatment  plots by installing 
wooden  boards to simulate the legs of  the board- 
walks. Pit trap samples were collected on tile 2 days 
following spring tides (n = 24 traps) ti~om June  18 
to August 17. 

STir( 1'I s ['1 (~,\L/\NAI,YSES 

The int]uence of  mm'sh D~pe on abundance  (av- 
erage catch per  sampling unit  eft\)rt, CPUE) of  
large juvenile and adult  m u m m i c h o g s  in 1999 was 
tested using a one-way analysis of  variance (ANO- 
~v~). Marsh type was the t rea tment  (2 replicate 
sampling stations marsh type 1), mesh traps were 
the sampling units (3 traps sampling station 1), 
and abundance  was the response variable. The lar- 
wd and small juvenile fish abundance  data (aver- 
age CPUE) did no t  meet  the normality assumption 
of  ANOVA, so nonparametr ic  KruskM-Wallis AN- 
OVA (Hol lander  and Wolfe 1973) was employed 
on un t rans fo rmed  data to de te rmine  the influence 
of  marsh ripe on abundance  (average CPUE) us- 
ing marsh B~pe as the t rea tment  (3 replicate sam- 
pling stations marsh g:pe 1), pit traps as the sam- 
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'IABLE 1. Physical characterization of marsh /ypes along Mill Creek, Hackensack Meadowlands, New,Jerse 5 in 9000. s = standard 
deviation, n = sample size within each habitat type. One-way ANO\.~4, was used to determine significant differences (~ <- 0.05). * 
denotes the maniprflated Phraov,~it~,s stations for comparison between manipulated stations and control stations. 

~¢cz,rtir~-M)ominated t°hrczgmites-[)ominal~d 
Marsh M:~rsh F p 

Flood depth Mean = 11.7 cm Mean = 19.0 cm 0.04 0.85 
s = 9.7 s = 4.1 

( n  = 9 )  ( i i = 9 )  

Elevation above mean Mean = 0.7 m Mean = 0.7 m 6.49 0.06 
sea level s = 0.1 s = 0.1 

( n  = 9) ( n  = 9) 
Mmxin-mm relief Mean = 4.4 cm Mean = O.4 cm, 5.2 cln ~ 126.71, 180.86" <:0.0001, 

s = 1.3 s = 0.6, 1.5" <:0.0001" 
( n  = 18 )  ( n  = 18) 

Vegetation dominance Mean = 8{3.7% S. alle~n{flora Mean = 100% P. aust~lis - -  - -  
(n  = 15 )  (n = 15) 

Vegetative basal-area 353.7 cm 2 0.25 m 2 82.7 cm 2 0.25 m 2 2.30 0.0001 
coverage s = 15.1 s = 6.,t 

( n  = 15 )  ( n  = 15) 

p i i n g  u n i t  (4 t r aps  s t a t i o n  t) ,  a n d  a b u n d a n c e  as 
t h e  r e s p o n s e  w~riable.  I n  t h e  Phrag'mil, es h a b i t a t  ma= 
n i p u l a t i o n  e x p e r i m e n t ,  t h e  K r u s k a l - W a l l a c e  A N O -  
~v~ was  a lso  u s e d  to d e t e r m i n e  t h e  i n f l u e n c e  o f  
c r e a t e d  p o o l s  a n d  d e p r e s s i o n s  o n  l a r v a l  a n d  s m a l l  
j u v e n i l e  f ish  a b u n d a n c e  ( a v e r a g e  C P U E )  u s i n g  mi -  
c r o t o p o g r a p h y  as t h e  t r e a t m e n t  (3 s t a t i o n s  m i c r o -  
t o p o g r a p h y  t y p e  1 [ i . e . ,  s m o o t h  v e r s u s  h u m -  
m o c k y ] ) ,  p i t  t r a p s  as t h e  s a m p l i n g  u n i t  (4 t r aps  
s a m p l i n g  s t a t i o n  1), a n d  a b u n d a n c e  as t h e  re-  
s p o n s e  wwiab l e .  I n  2000,  t h e  a b u n d a n c e s  ( a v e r a g e  
C P U E )  o f  t h e  8 m a j o r  g r o u p s  o f  i n v e r t e b r a t e  t a x a  
c o l l e c t e d  w i t h i n  e a c h  m a r s h  t y p e  w e r e  c o m p a r e d  
u s i n g  t h e  K r u s k a l - W a l l i s  A N O V A  o n  u n t r a n s -  
f o r m e d  da ta .  A B o n f e r r o n i  c o r r e c t i o n  was  t h e n  ,ap- 
p l i e d  to  t h e  i n v e r t e b r a t e  r e su l t s  to  c o r r e c t  f o r  m u l -  
t i p l e  t e s t ing .  All  p h y s i c a l  p a r a m e t e r s  w e r e  t e s t e d  
wi th  a o n e - w a y  ~44NO¥}~. SAS s o f t w a r e  ( v e r s i o n  7.0, 
SAS I n s t i t u t e  Inc . ,  Cary ,  N o r t h  C a r o l i n a )  was c m -  
p lowed  f o r  al l  ana lyses .  
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Fig. 2. Mean abundance (average catch per unit effort, 
CPLE) ± 1 SE, of large juvenile and adtflt mnmmichog (l~u.n - 
dugus het¢mditus) by marsh /ype at Mill Creek, New Jersey, in 
1999. Samples were collected fi'om 2 replicate stations of each 
marsh type with 3 minnow traps per station (n = 12 traps). 

R e s u l t s  

PHYSICAL AND VI,IGE'I'A'I'ION PARAMETERS 

F l o o d  d e p t h  a n d  e l e v a t i o n  d i d  n o t  v a r y  s ignif i -  
c a n t l y  b e t w e e n  m a r s h  V p e s  (F = 0.04,  p = 0.85;  F 
= 6.49,  p = 0.06;  T a b l e  1).  R u g o s R y  was  s ignif i -  
c a n t l y  g r e a t e r  in  t h e  S p a ' r t i n a - d o m i n a t e d  m a r s h e s  
(F = 126.71,  p < 0 .0001;  T a b l e  1),  a n d  th i s  m e a -  
s u r e  was  a lso  s i g n i f i c a n t l y  g r e a t e r  in  t h e  c r e a t e d  
m i c r o t o p o g r a p h y  w i t h i n  t h e  I~hragmites t r e a t m e n t  
p l o t s  t h a n  that: in  t h e  c o n t r o l  p l o t s  (F = 180.86,  p 
< 0 .0001) .  T h e  a v e r a g e  sa l in i ty  w~ried b e t w e e n  
y e a r s  (1999:  11%o;  2000:  5%~) ,  as we l l  as D O  
( 1 9 9 9 : 6 . 6  m g  1 ~; 2 0 0 0 : 4 . 3  m g  1 1). M e a n  t e m -  

2 : . ¢  G; 2000:  26 .2°C)  a n d  p i t  p e r a m r e  (1999:  ~ 7~ ~,o-~ 
(1999:  7.3; 2000:  7.3) w e r e  s i m i l a r  b e e w e e n  years .  
V e g e t a t i o n  d o m i n a n c e  was  c h a r a c t e r i z e d  as > 7 0 %  
c o v e r a g e  in  b o t h  Phra~mi tes  a n d  S/~arti~a m a r s h  
types .  P. p~x~]),urascert, s ( 9 . 1 % ) ,  Ele, och, aris spp .  ( 3 . 7 % ) ,  
a n d  Sci,@,us america' ,u,s ( 0 . 5 % )  w e r e  a lso  p r e s e n t  a t  
t h e  Sparti~za sites. T h e  a v e r a g e  b a s a l - a r e a  c o v e r a g e  
o f  t h e  v e g e t a t i o n  in  t h e  Spa  r d n a  m a r s h e s  (353 .7  
c m  -~ 0 .25 m 2) was s i g n i f i c a n t l y  h i g h e r  t h a n  in  
P h r a g m i t e s ~ d o m i n a t e d  m a r s h e s  (82 .7  c m  2 0 .25 m 2; 
~42<O¥}~: F = 2.30,  p = 0 .0001) .  

FIStt DISTRIBUTION AND ABUNDANCE 

T h e  a b u n d a n c e  ( a v e r a g e  C P U E )  o f  l a r g e  j u v e -  
n i l e s  a n d  a d u l t  m u m m i c h o g s  as s a m p l e d  by m i n -  
n o w  t raps ,  was s i m i l a r  in  b o t h  m a r s h  types  in  1999  
(Fig.  2) .  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 f e r e n c e s  in  
a b u n d a n c e  o n  a n y  o f  t h e  3 s a m p l i n g  d a t e s  (F = 
0.31,  p = 0.63;  F = 0.01,  p = 0.92;  F = 0.54,  p = 
0 .84) .  T o t a l  l e n g t h  o f  m m n m i c h o g s  f r o m  b o t h  h a b -  
i ta ts  r a n g e d  f r o m  2 0 - 1 0 4  m m  o v e r  t h e  s a m p l i n g  

= , = 1 2 . a t ) .  p e r i o d  ( m e a n  43 .30  r a m .  SD ~ ~ "  
In  b o t h  years ,  l a r v a e  a n d  sma l l  j u v e n i l e  m u n >  

m i c h o g s  as s a m p l e d  by p i t  t raps ,  w e r e  c o n s i s t e n t l y  
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Fig. 3. Mean abundance (average catch per unit effort, 
CPUE) -+ 1 SE, of larval and small juvenile nmmmichog (l.?~n- 
dtdus het¢~vcgitus) at Mill Creek, New Jersey, in 1999 and 2000. 
In 1999, samples were collected biweekly fro~'l-~ 2 replicate sta- 
tions of each marsh type with 3 pit traps per station (n = 12 
traps) from.June 4-5 to Augx~st 1,t-15. In 2000, samples were 
collected biweekly from 3 replicate stations of each marsh type 
with 4 pit traps per station (n = 12 traps) from May 23-25 to 
August I (%-I 7. See Fig. l for sampling stations. 

m o r e  a b u n d a n t  in  Spartina t h a n  in  l)hragmites hab-  
itats (Fig. 3). In  1999, m u m m i c h o g s  m a d e  u p  
100% of  the  pi t  {rap co l lec t ions  in  b o d i  m a r s h  
types b u t  the  average CPUE di f i>red  dramat ica l ly  
b e t w e e n  t h e m  with a b u n d a n c e  s ignif icant ly  h i g h e r  
in  Sparti~la (Kruska l&~l l i s :  X e = 5.32, p = 0.04). 
Total  l eng th  r a n g e d  f rom 5 .10-25 .80  m m  ( m e a n  
= 12.0.9), SD = 5.05) a n d  was s imi lar  b e t w e e n  the  
2 habi ta ts .  In  2000, m u m m i c h o g s  aga in  m a d e  u p  
100% of  the  pi t  t rap  col lect ions .  A b u n d a n c e  was 
s ignif icant ly  h i g h e r  in  Spa rtina m a r s h  (CPUE = 
17.01) relat ive to Phragmites (CPUE = 0.35) over 
the  s a m p l i n g  p e r i o d  (Kruskal-Wallis: X 2 = 90.79, p 
< 0.0001; Fig. 3). O u t  of  the total  1,469 fish col= 
lected,  only  29 y o u n g - o f  the-year  ind iv idua l s  were 
c a p t u r e d  in  Ph'ragmdt, es-dominated marsh .  T h e  TL 
r a n g e d  f rom 4 .50-26 .40  m m  ( m e a n  = 8.83, SD = 
3.22) a n d  aga in  was s imi lar  be tween  the  2 habi ta ts .  

HABITAT M.%NIPULATI C)NS 

M u m m i c h o g  eggs (n = 891) were  co l lec ted  f rom 
artificial s p a w n i n g  sites ( sc rub  b rushes )  in Phrag'- 
mites-dominated marshes .  A total of  98 eggs were 
co l lec ted  o n  J u n e  28, 2000, a n d  a total  of  793 eggs 
were co l lec ted  o n  July 3, 2000. With  the  e x c e p t i o n  
of  the  16 eggs co l lec ted  o n  July 3, all eggs were 
depos i t ed  ~'2 m l a n d w a r d  f l 'om the m a r s h  edge  
and  only co l lec ted  t r o m  the  2 s ta t ions  with creeks 
a d j a c e n t  to t hem.  

In  the  marsh  surface  hab i t a t  m a n i p u l a t i o n  ex- 
p e r i m e n t ,  t he re  was a t r e n d  for  h i g h e r  larval  m u m -  
m i c h o g  a b u n d a n c e  wi th in  the  Phrc(g'mites t r e a t m e n t  
plots  versus the  Ph~7(gvnites con t ro l  p lots  over the  
s a m p l i n g  pe r i ods  (Fig. 4). Overa l l  d i f fe rences  were  
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July 2-3, 2000 July 17-18, 2000 July 31-Aug 1, 2000 August 16-17, 2000 

Fig. 4. Mean abundance (average catch per unit effort, 
CPUE) of ]arwll and small juvenile mummichogs in Phragmite,~ 
control plots versus Phrag,~ites treatment plots as collected by pit 
traps at Mill Creek, NewJerse}\ in 2000. Samples were collected 
biweekly coinciding with spring high tides from 4 pit traps at 3 
replicate stations each in Phmgmites control plots and Pbragmit~'s 
treatment plots. Treatments involved creating a microtopogra- 
phy similar to that of Spar~ir~a a~le~iflora (i.e., more depressions 
and small pools) within a Phragmites-dominated marsh. 

s ign i f ican t  (Kruskal - \ '~ l l i s :  X 2 = 5.03, p = 0.02) 
widi tile m o r e  rugose  plots  in  the  m a n i p u l a t e d  
habi ta t s  hav ing  a g rea t e r  a b u n d a n c e  of' m u m m i -  
chog.  

[NVERTEBR?fFE DISTRIBUI'ION AND AVAILABILII'Y 

T h e  pi t  t raps used  in  this study s a m p l e d  the  in- 
ve r t eb ra te s  associated with habi ta t s  o n  or  j u s t  
above the  marsh  surface  a n d  those  s u s p e n d e d  in  
the  water  c o l u m n  d u r i n g  i n c o m i n g  tides. T h e  traps 
s a m p l e d  the  o r ga n i sms  tha t  w o u l d  be  avai lable as 
prey  for  m u m m i c h o g s ,  which  move  o n t o  the  marsh  
surface  d u r i n g  h igh  t ides to feed. T h i r t y - n i n e  in- 
ve r t eb ra t e  taxa were  iden t i f i ed  fl~om the  pi t  t rap 
col lect ions ,  with a total  of  13,109 ind iv idua l s  col- 
lec ted in  Spartina hab i t a t  while  a s ignif icant ly  lower  
n u l n b e l ;  7,182 indiv iduals ,  were co l lec ted  ficom 
Phragmiges ha b i t a t  (Kruskal-Wallis: X 2 = 12.39, p < 
0.0004; Table  2). T h e  m a j o r  i n v e r t e b r a t e  g r o u p s  
( those  taxa tha t  c o m p r i s e d  > 2% of  tl~e totM o P  
gan i sms  col lec ted)  also d i f fe red  s ignif icant ly  in 
a b u n d a n c e  be t w e e n  the  2 hab i t a t  ~ 'pes (Fig. 5), 
with the  e x c e p t i o n  of  n e m a t o d e s  (Ka-uskal&Wallace: 
X 2 = 5.14, kp = 0.16). H a r p a c t i c o i d  copepods ,  ol- 
igochaetes ,  ostracods,  a n d  the  sabel l id  po lychae t e  
3/1a~,aw~nhia aest~arina were all s ignif icant ly  g rea t e r  
in  a b u n d a n c e  wi th in  the Spa rtirm pit  t rap collec- 
t ions  (Kruskal&Yallis: X 2 = 55.65, kp < 0.0008; X 2 
= 15.69, kp < 0.0008; X 2 = 23.19, kp < 0.0008; X 2 
= 11.43, kp = 0.0056) while  c h i r o n o m i d s ,  gastro- 
pods,  p r e d o m i n a n t l y  Hyd'~z;bia spp., a n d  g a m m a r i d s  
were  s ignif icant ly  m o r e  a b u n d a n t  in the  Ph~(g'mites- 
d o m i n a t e d  ma r she s  (Kruskal-Wallis: X 2 = 14.61, kp 
= 0.0008; X 2 = 38.00, kp < 0.0008; X 2 = 15.46, kp 
< 0.0008).  

T h e  r e l a t i onsh ip  b e t w e e n  m u m m i c h o g  gape  
width a n d  i n v e r t e b r a t e  size i nd i c a t e d  tha t  prey for 
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'IABLE 2. Species composition and abundance (total individ- 
uals) of prey taxa in Phragmites and Spartina-dominated marshes 
as collected by pit traps (n = 54 samples marsh type 1) from 
May 23=kug~st 17, 2000, at Mill Creek, Hackensack Meadow- 
lands, New Jersey. 

Phylum 
Class Taxonomic Group Phmg:,nites Spartina 

,!Mm eli da 
Oligochaetae 
Polychaetae 

Arthropoda 
Aractmi da 

Crustacea 

Insecta  

Oligochaete 850 1,899 
?vIana)wntda ae,~tuarina 82 196 
Iiobsonia florida 5 1 
Spionidae 0 1 
Capitellidae 3 0 

Acarina 83 67 
Araneae 30 3 
Pseudoscorpiones 7 0 
Calanoid copepod 58 ,i6 
Cyc]opoid copepod 501 1,275 
Harpacticoid copepod 243 2,756 
A~ig'~d~s sp. 1 22 
Ostracoda 982 5,018 
Gammaridae 771 130 
TaIitridae 74 2 
Cor@hium sp. 3 3 
@athum polila 2 1 
Philoscia vittata 6 0 
Hydrophilidae 13 4 
Ephydridae 0 11 
Tipulidae 9 1 
Ceratopogonidae t 5 23 
Chironomidae 266 87 
Dolichipodidae 3 6 
Stratiomyidae 0 7 
Chloropidae 8 33 
Corixi dae 0 11 
E,3,N~vd@&x be~vnice 0 9 
Collembola 60 207 
Unidentified larvae 24 29 

Ch ordata  

Osteichthyes 

Cn idar ia  

Anthozoa  

Mollusca 

Bivalvia M a c o m a  baltica 5 0 
Gastropoda Hydrobia  sp. 2,600 688 

Succinea wilsoni i  29 18 
i~4damp~s bidentata 1 0 

N e m a t o d a  N e m a t o d a  219 403 

P ] a v h e l m i n t h e s  

Tm'bel]aria Turbe]lar ia  125 104 

Sarcomas t igophora  Foramini fera  14 39 

F,,z~zdulus heteroditus 29 1,440 

Anthozoa 89 11 

larvM fish were m o r e  av~dlable in  Spart ina  m a r s h  
t h a n  in  t)hrag~nites marsh .  T h e r e  was a posit ive cor- 
r e l a t ion  (r = 0.987) betsveen fish total l eng th  a n d  
gape  wid th  m e a s u r e m e n t s .  In  k e e p i n g  with the  
posit ive r e l a t i o n s h i p  be tween  fish size class, gape  
width,  a n d  i n v e r t e b r a t e  size, the  prey  available to 
the  smal les t  fish (6.5 m m  TI~) i n c l u d e d  harpact i -  
cold  copepods ,  M. aest,tari~ta, n e m a t o d e s ,  oligo- 
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Fig. 5. A comparison of major invertebrate groups (taxa that 
comprise over 2% of the total organisms collected) fl'om 5jaav~ 
ti~za alter~,iflora, or Phragmitc:~ australi,~ pit trap collections (n = 
54 samples marsh type 1) at Mill Creek, New Jersey, in 2000. 
Chiro = chironomidae, Cyclo = cyclopoid copepod, Gamma = 
gammaridae, Gastro = gastropoda, tlarpa = harpacticoid co- 
pepod, Manay = ?vIa~zayu~zkia aestuarina,. Nema = nematoda, 
O]igo = oligochaetae, Ostra = ostracoda. 

chaetes,  a n d  os t racods  (Table  3). The se  taxa were 
s ignif icant ly  m o r e  a b u n d a n t  in  p i t  t rap co l lec t ions  
f rom Sparti~ta marsh .  O n  average,  g a m m a r i d s  a n d  
gas t ropods ,  which  were  f o u n d  to be mos t  a b u n d a n t  
in Phra~mites marsh ,  w ou l d  n o t  be  avai lable to fish 
< 1 4  m m  total  l e n g t h  due  to gape  l imi ta t ions .  

D i s c u s s i o n  

Sew~'ral p a r a m e t e r s  hwes t iga ted  in  this study sug- 
gest  tha t  Phrag~mites-dominated ma r she s  may  n o t  
p rov ide  su i table  ha b i t a t  ff)r m u m m i c h o g  larvae 
a nd  small  juven i l es .  T h e  low a b m l d a n c e s  of  these  
early lifl~" h i s tory  stages obserwM in  Phra~mites, in  
con t ras t  to Spart ina  ha b i t a t  in  b o t h  1999 a n d  2000, 
c o r r o b o r a t e s  ear l ie r  c o m p a r i s o n s  b e t w e e n  these  
marsh  types in the  Mul l ica  River in s o u t h e r n  New 
Jersey (Able a n d  I l a g a n  2000, 2003).  O n  the  o i l i e r  
h a n d ,  the  a b u n d a n c e  a n d  d i s t r i b u t i o n  of  the  la rger  
j u v e n i l e s  a n d  adul t s  in  Mill Creek  seems to i nd i ca t e  
tha t  these  size classes are u s i ng  the  2 marsh  types 
similarly: Th i s  p o r t i o n  of  the  resul ts  c o r r e s p o n d s  
to f i nd ings  in  the  C o n n e c t i c u t  Riw:r (Fell ct al. 
1998; W a r r e n  et al. 2001),  the  u p p e r  Chesapeake  
Bay (Meyer  et  al. 2001),  a n d  the  Mull ica  Pdwn; New 
Jersey (Able a n d  H a g a n  2000).  It: is i m p o r t a n t  to 
n o t e  tha t  in  each  of' the  a t o r c m e n t i o n e d  studies,  
P h r a ~ d t e s  s a m p l i n g  sites were  in close p rox imi ty  to 
Spart ina  s a m p l i n g  sites, the  la t ter  of  which  may 
have b e e n  se rv ing  as larval  hab i t a t  a n d  h e n c e  a 
source  for tl~e l a rger  size-classes co l lec ted  in Phrc(g'- 
mites. O n c e  the  y o u n g  fish are large e n o u g h  to mi- 
gra te  o n  a n d  off  of  the  m a r s h  surface  (,-~15-20 m m  
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'LM~LE 3. M o u t h  g a p e  w id th  ( r a m  T L )  o f  larval  a n d  j u v e n i l e  n m m m i c h o g  (l".~zndugus hetcmdilus) a n d  sizes ( r am)  o f  r e p r e s e n t a t i v e  
po ten t i a l  [)re?e: All m e a s u r e m e n t s  were  m a d e  u n d e r  a d issec t ing  m i c r o s c o p e  to the  n e a r e s t  0.0] r a m .  For  all i n v e r t e b r a t e  taxa,  the  
n a r r o w e s t  w id th  was m e a s u r e d .  H = h a r p a c t i c o i d  c o p e p o d ,  M = Man((yz~nl~ia ae.~t~,ari~za, N = N e m a t o d a ,  O1 = O l i g o c h a e t a e ,  Os = 
O s t r a c o d a ,  G m  = G a m m a r i d a e ,  a n d  Gs = G a s u ' o p o d a .  

(;ape Widfln Invexlebrate Size 

6. ] -8.4 8.5-14.4 14.5-25.5 I I M N O1 Os (~rn C.s 

Average 0.93 1.40 2.32 0.24 0.17 0.09 0.30 0.32 1.89 1,74 
n 43 31 18 50 50 50 50 50 50 50 
SE 0.01 0.04 0.10 0.01 0.01 0.00 0.01 0.01 0.16 0.08 

standard length as per  gmeib 1986) and feed on 
larger prey, they may then use both  marsh b'pes 
similarly. 

Sew~ral factors may be contr ibut ing to the dra, 
matic dift~rences in larval and small juvenile mum- 
michog  abundances  within Phra~mites-dominat,ed 
and S]~artina-dominated marshes. Air,hough physi- 
cal features such as elevat,ion and flood depth af- 
fect fish ut,ilization of  the marsh surface (Rozas et, 
al. 1988; Kneib and \~Wagner 1994; Rozas 1995; Min- 
nello and ~A2~bb 1997), these potentially confbund-  
ing factors were kept: similar between marsh types 
and cmmot  be responsible for t,he dif'IL'rences in 
abundance  observed between the 2 habitats. Phrag- 
mil~es dominance  would influence available spawn= 
ing substrate for m u m m i c h o g s  that use the first- 
axils of  S. alter,r~i][ora for egg deposit ion (Taylor and 
DiMichele 1983), as well as o ther  cracks, crevices, 
and small interstices (Able and Cast,agna 1975; 
Able 1984; Able and IIat,a 1984). Phragmites leaves 
are at tached to the stems with tightly b o u n d  culm 
sheat,hs, render ing  t,hese inaccessible as egg depo- 
sition sites. Egg deposit ion has been observed in 
broken dead culms short: enough  to be submerged 
at: high tide with the m n n b e r  of' eggs positively cor- 
relating with stem diameter  (Able and Hagan 
2003). The results of  the spa~afing substrate trial 
in this study also showed that these fish will spawn 
wit,hin Phragmites marshes, given adequate  sub- 
st-rat,e. It is interesting to note  flint eggs were col- 
lected only f rom t,he Phra~rnites plot,s wit,h creeks 
adjacent- to them. This f inding suggests the pot,en- 
t,ial impor tance  of  creeks and rivulet,s on t,he marsh 
surface (i.e., drainage densiV) as access points for 
spawning (Rozas and O d u m  1987; Rozas et al. 
1988; tgmeib and Wagner  1994; Rozas 1995; tgmeib 
1997a,b; Minnello and Webb 1997; West and Zed= 
ler 2000). These topographic  fbatnres are reduced  
as a result- of' l>hre~g~ites establishment (Weinstein 
and Balletto 1999; Windham and Lathrop  1999; 
Root,h and Stevenson 2000) and may influence 
marsh fish accessibility- and hence abundance  over 
the long term. 

Shallow pools and depressions on the marsh sur- 
face have been observed to be an impor tan t  hab- 
it,at, component- for the larval stage of  m u m m i c h o g  

development  (Taylor et al. 1979; Talbot and Able 
1984; ~bzzo et al. 1994; Kneib 1997a,b). These mi- 
crohabitats, as small as 1 cm deep and 10 cm wide 
(Taylor et al. 1979), are thought  to serw~ as refi~ges 
fi'om predators  while providing invertebrat,e food 
resources (Kneib 1984, 1987). In contrast  to the 
hummock-bui ld ing  morpho log  T of  Si)arti~la, Phrag- 
mites communit ies  have much less p r o n o u n c e d  mi- 
crot,opographic relief (Windham 1995; Windham 
and Lat,hrop 1999; Able and Hagan 2000, 2003; 
Raichel 2001) and may not  provide the standing 
water refl~ge necessary fbr larvae. The smooth  mi- 
c ro topography  of' Ph'raffmi~es-dominated marshes 
may be influenced by the water-flow condit ions dic- 
tated by the morpho log  7 of  the plant  (Leonard 
and Luther  1995), as well as by the increased 
amoun t  of  litter product ion,  which fills in hollows 
and rivulets (Chambers  et al. 1999; Windham and 
I ,a throp 1999). The degree of  marsh surface ru- 
gosib~ seems to have an inverse relationship with 
the length of  time Phra~mites has been established 
(~Tindham and Lathrop 1999). In t,his study, t,he 
experimental  creation of  microhabitats  (i.e., in- 
creasing rugosity and mnount  of  standing water) 
on the Ph~tgmites marsh surfi~ce appeared to im- 
prove larwd habitat  based on larw~l abundance  but  
cannot  be interpreted as the only impor tan t  habi- 
tat fi 'ature. 

Hydrologic features may precede  the issue of  mi- 
crot,opography in terms of  larval fish habitat-. Since 
mean  flow speed over the mm'sh surface has an 
inverse relationship with plant- densi V (Leonard  
and Luther  1995), it would follow that the conver- 
sion of  a S]ta'rtina-dominated marsh to file signifi- 
cantly lower basal-area coverage of  a Phraffmiles- 
dominated  marsh would alter this hydrologic tba, 
ture. The influence plant  morphology  has on de= 
position and erosion patterns in tidal marshes 
(Pethick 1992; Leonard  and Luther  1995) is also 
an impor tan t  considerat ion in the resulting spatial 
distribution of  water velociD" (i.e., sm all creek s an d 
rivulets in Spartina marsh versus sheet- flow in 
Phragmites marsh ) .  Since Phrag'mites causes  a 
smoothed  marsh surface (Windham and Lat,hrop 
1999), possibly promotes  fast,er flow speed (I,eo- 
nm'd and I,ut,her 1995) relative t,o Spartina (Angra- 



di et  al. 2001),  and  has  an  ability to wick mo i s tu re  
away fi~om the  m a r s h  surface  (;Mnsberry 1997; St:e- 
v e n s o n  et al. 2000),  this type o f  m a r s h  cou ld  po-  
tentially in l luence  larval t r a n s p o r t  of f  the  marsh  
surface  d u r i n g  ebb  tides. D u r i n g  the  course  o f  this 
study, cons ide rab le  n u m b e r s  o f  m u m m i c h o g  larvae 
were  f requen t ly  obse rved  (n = 18 d) a long  the  
edges  o f  each  Pln~(g~mites marsh  (n = 5 sites) af ter  
the  m a r s h  surface  ha d  dra ined ,  possibly m a k i n g  
t h e m  m o r e  vu lne raMe to p r e d a t i o n  by aquat ic  
p reda tors .  

T h e  conw~'rsion o f  a Spartirta m a r s h  to a Ptrrag- 
mit, es m a r s h  gradual ly  c h a n g e s  the  m i c r o t o p o g r a -  
phy  fi-om h u m m o c k y  to s m o o t h  ( W i n d h a m  a n d  
L a t h r o p  1999), possibly by m e a n s  of' a l ter ing the  
marsh  surface  h y d r o l o g  7. We specula te  tha t  the  re- 
sul tant  c h a n g e  in m i c r o t o p o g r a p h ? ,  a n d  possibly 
water  flow across the  m a r s h  surface,  has  a negat ive  
effect  on  larval hab i ta t  (i.e., r e d u c e d  s t and ing  wa- 
ter  r e fuge  on  the  m a r s h  surface)  a nd  tha t  these 
a l tera t ions  potent ia l ly  affect  larval survivorship.  A 
r e c e n t  study invest igat ing m a r s h  surface  flow dy- 
namics  and  s e d i m e n t a t i o n  in Ph~agmites and Spar- 
tina marshes  ( L e o n a r d  et al. 2002) f o u n d  n o  sig- 
n i f ican t  d i f fe rences  be tween  the  2 m a r s h  types, al- 
t h o u g h  the  study site in u p p e r  Chesapeake  Bay is 
a w~'ry low ene rgy  system with a flow d e p t h  o f  < 12 
cm in Phragmites a nd  < 8 cm in S/~arti'r~a (lower 
than  the  l owermos t  leaves). T h e  same results  may  
no t  apply  to h i g h e r  ene rgy  systems, such as the  Mill 
Creek  site, w h e r e  f l ood  dep th s  ave raged  12 cm in 
bo th  marsh  ey-pes, a nd  p lan t  m o r p h o l o ~ ,  may  have 
m o r e  o f  an  i n t ]uence  on  marsh  surface  flow dy- 
namics  a n d  m i c r o t o p o g r a p h y .  T h e  morpho logy ,  o f  
Phragmit, es may  also have an i n f l uence  on  p r e d a t o r s  
e x p l o i t i n g  t h e  m a r s h  s u r f a c e  s ince  its wide ly  
spaced  stems may  interf~'re less with the i r  mow> 
m e n t  and  fo rag ing  activity than  the  h i g h e r  basal- 
a rea  coverage  of' grasses such as Spartitta (Vince et 
al. 1 .)t0;-\,\an Dolah  1978; West  a nd  Will iams 1986). 

F o o d  availabili W may also in f luence  the  distri- 
b u t i o n  and  a b u n d a n c e  o f  larval a nd  smMljuven i le  
m u m m i c h o g s  (5-25  m m  TI,) ,  which  are  largely 
ca rn ivo rous  and  show size-specific p r e f e r e n c e s  for  
cer ta in  p rey  (Kneib  a n d  Stiven 1978; Kneib  1986). 
T h e  types and  sizes o f  inver tebra tes  available on  o r  
.just above the  m a r s h  sur face  m a y  in f l uence  f e e d i n g  
success since some  prey may be  e i ther  too  large o r  
too  small to be  efti~ctively h a n d l e d  by a fish o f  a 
given size and  are  unavai lable  (Kneib 1986). In  a 
Delaware  Bay marsh ,  m c i o f a u n a  ( copepods ,  fora,  
min i fe rans ,  os t racods,  a nd  n e m a t o d e s )  were  f o u n d  
to c o m p o s e  the  majorib~ o f  the  smallest  fishes diets, 
bu t  d e c l i n e d  in o c c u r r e n c e  in fish > 20 m m  SL; 
the  relative i m p o r t a n c e  o f  c rus taceans  (pr imari ly  
a m p h i p o d s )  t e n d e d  to increase  with fish size 
(Smith  et al. 2000).  In a Ge o rg i a  salt marsh ,  ha t -  
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pac t ico id  c o p e p o d s ,  tanaids,  and  sabell id poly- 
chae tes  (M. aest~zarir~a and ]Fabrida spp.) were the  
m o s t  a b u n d a n t  taxa in the  diets o f  y o u n g  m u m -  
michogs ,  while  Nerds s't~cd~ea and  a m p h i p o d s  oc- 
c u r r e d  only in the  guts  o f  the  la rger  individuals  
(gmeib 1986). T h e  results  o f  this s tudy suggest  tha t  
availability o f  larval fish prey  i tems may  be g rea te r  
in S/Jarti'~a marsh  in c o m p a r i s o n  to Phragmites 
marsh .  Larval  m u m m i c h o g  p rey  such as harpact i -  
co ld  copepods ,  n e m a t o d e s ,  M. aest~afit~a, a n d  os- 
t racods  (Kneib and  Stiven 1978; Smi th  et al. 2000) 
were  significantly m o r e  ax, ailable in the  ,Sparti,ze~- 
d o m i n a t e d  mar shes  than  in Phrag~mites-dominated 
marshes .  T h e  re la t ionsh ip  be tween  inver tebra te  
size and  gape  width o f  m m n m i c h o g s  indicates  tha t  
these o rgan i sms  are  available to the  smallest  size 
classes (6 -14  m m  TL).  T h e  taxa f o u n d  to be  d o m -  
inan t  in the  Phrg(~'mites-dominated marshes  (i.e., 
a m p h i p o d s  and  gas t ropods )  are  known  to be prey  
o f  l a rger  individuals  (Kneib and  Stiven 1978; Fell 
et al. 1998; Smi th  et al. 2000).  These  prey-size dif- 
f e rences  m i g h t  he lp  expla in  difi '~rences in abtm-  
dances  of' fish size-classes be tween  m a r s h  types in 
this study. In  genera l ,  the  total n u m b e r  o f  individ- 
uals co l lec ted  in the  pit  t raps was significantly high-  
er  in ,S']Jarl, i~a marsh .  T h e  g rea t e r  a b t m d a n c e  o f  
ben th i c  taxa such as n e m a t o d e s ,  M. aest~e~ri~z(~, a n d  
o l igochae tes  in Sparti'r~a pit t rap col lec t ions  cou ld  
be a t t r ibu ted  to a g rea t e r  a m o u n t  o f  s u s p e n d e d  
sed imen t s  in these mar shes  (Raichel  pe r sona l  ob- 
servat ion) .  Low n u m b e r s  o f  c o p e p o d s  in Phra~nites 
marsh ,  in con t ras t  with n u m b e r s  f o u n d  in S/)arti~za 
marsh ,  may  be due  to the  dec rease  in l ight  pene-  
t ra t ion to the  m a r s h  sur thce as a resul t  o f  dense  
aerial  p r o d u c t i o n .  This  dec rease  in l ight  w o u l d  in- 
f luence  d i a t o m  p r o d u c t i o n  ( T h u r m a n  1991) and  
l imit  a f o o d  r e sou rce  fo r  the  c o p e p o d s ,  which  in 
t u rn  are  i m p o r t a n t  prey for  the  m u m m i c h o g .  

La rge  expanses  o f  Phrag~miles m o n o c u l t u r e s  may  
n o t  p rov ide  a d e q u a t e  hab i ta t  to sustain a b u n d a n t  
p o p u l a t i o n s  o f  the  r e s iden t  m u m m i c h o g .  Because  
this fish is f requen t ly  c o n s u m e d  by m a n y  es tuar ine  
species, it wou ld  follow tha t  a p o p u l a t i o n  size re- 
duc t i on  cou ld  have p r o f o u n d  impac t s  on  salt 
marsh  f o o d  webs and  the  t roph ic  relay (Kneib  
1997a) o f  p r o d u c t i o n  fi~om the  m a r s h  surface  to 
the  ad jacent  subtidal  waters. 
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