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ABSTRACT: This study investigates the influence of Phragmites australis (common reed) invasion on the habitat of the
resident marsh fish, Fundulus heteroclitus (mummichog) in the Hackensack Meadowlands, New Jersey. These abundant
fish play an important role in the transfer of energy from the marsh surface to adjacent subtidal waters and thus estuarine
food webs. The objectives of this Zyr study (1999 and 2000) were to compare the distribution and abundance of the
eggs, larvae, juveniles, and adults of mummichog and their invertebrate prey inhabiting Spariina alterniflora-dominated
marshes with Phragmites-dominated marshes, and to experimentally investigate the influence of marsh surface microto-
pography on larval fish abundance within Phragmites-dominated marshes. In 2000, we verified that egg deposition does
occur in Phragmites-dominated marshes. In both years, the abundance of larvae and small juveniles (4-20 mm TL} in §.
alterniflora was significantly greater than in Phragmiies-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 Phragmites plots in which microtopography was manipulated to resemble that of Spartina marshes
than in Phragmites control plots. Major groups of invertebrate taxa differed between marsh types with potential prey for
larval fish being significantly more abundant in 8. alterniflora marshes. Phragmiles-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

carly life history stages.

Introduction

The expansion of common reed, Phragmites aus-
tralis (hereafter Phragmutes), into tidal wetlands of
the northeastern United States has been extensive
over the past century. Phragmites has been replac-
ing dominant macrophytes in Atlantic Coast
marshes at rates of 1-6% of the marsh surface per
year (Chambers et al. 1999; Warren et al. 2001),
largely in areas that have undergone disturbance
or stress (Marks et al. 1994; Chambers et al. 1999),
but also in relatively unaltered arcas (Rosza 1995;
Windham and Lathrop 1999). Phragmifes can func-
tion positively to ameliorate eutrophication (Tem-
pler et al. 1998; Meyerson et al. 1999), stabilize
eroding shorelines (Rice et al. 2000; Rooth and
Stevenson 2000), and sequester heavy metals (Ye
et al. 1997). Phragmites invasion also decreases to-
pographic relief (Windham and Lathrop 1999),
drainage density (Windham 1995; Weinstein and
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Balletto 1999; Rooth and Stevenson 2000), and
plant diversity (Fell et al. 1998; Chambers et al.
1999; Meyerson et al. 1999; Windham and Lathrop
1999) as well as overall avian species richness
(Cross and Fleming 1989; Marks ct al. 1994; Benoit
and Askins 1999).

Despite these recent findings, there is sull insuf-
ficient information regarding faunal response to
this habitat alteration. The response of resident
fishes is important because of the role they play in
the trophic transfer of production as a result of the
material exchange between the intertidal marsh
plain, where production occurs, and the adjacent
subtidal waters (Kneib 1997a). Mummichogs (Fun-
dulus  heteroclitusy are resident fish, completing
their entire life cycle within the marsh. On spring
tides, the northern subspecies deposits its eggs
within the first axils of Spartina alternaiflora (here-
after Sparting, Taylor and DiMichele 1983), the
empty shells of the ribbed mussel (Geukensia denus-
say, as well as cracks, crevices, and other small in-
terstices on the marsh surface and along creck
banks (Able and Castagna 1975; Able 1984; Able
and Hata 1984). After hatching on the following
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spring tide, the larvae reside in shallow pools and
depressions on the marsh surface (Taylor et al

1977; Kneib 1987; Able and Hagan 2000), which
may reduce predation rates (Knexb 1987) while
prmldmg invertebrate food resources. When the
young become too large for these refuges (15-20
mm 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 during
high tides and returning to adjacent subtidal wa-
ters with the ebb tides, lhc transfer of intertidal
marsh production may occur when species such as
the mummichog 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 (Valiela et al. 1977; Weisberg and Lo-
trich 1982; Deegan 1993; Kneib 1997a). The
young-of-the-year may contribute the most to this
trophic transfer, because they are the dominant
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 g greatest
mortality and, having higher food conversion effi-
ciency than adults (Prmslow et al. 1974; Kneib and
Parker 1991}, are the fastest growing portion of the
life cycle (Meredith and Lotrich 1979).

ReLent studies investigating fish use of Phragmites
versus non-Phragnutes oligo-mesohaline marshes
found no significant differences in the 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
1sotopic compositions in juvenile and adult mum-
michog and other species confirmed that Phrag-
mules 1s contributing to aquatic food webs in Dela-
ware Bay tidal marshes (Wainright et al. 2000), al-
though a recent study in the Mulhca River, New
Jersey, strongly suggests that Phragmites may not
provide suitable habitat for larval and small juve-
nile mummichog (Able and Hagan 2000, 2003).

The hydrological and physical changes that ac-
company the conversion of a Spartina-dominated
marsh to a Phragnutes-dominated marsh may also
affect intertidal invertebrates, an important food
resource for the mummichog (Weisberg and Lo-
trich 1982; Kneib 1986; Smith et al. 2000). The
types of invertebrates found on or just above the
marsh surface may influence the feeding success
of mummichogs 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 (knmb
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°47'59"N, 74°02'24"W,
in 1999 (2 replicate stations marsh type~'} and 2000 (3 replicate
stations marsh type ). Underlined Phragmiles replicate sam-
pling stations were paired plots in 2000.

distribution and abundance of the eggs, larvae, ju-
veniles, and adults of mummichog and their inver-
tebrate prey between Spartinag and Phragmites dom-
inated marshes, and to experimentally investigate
the influence of marsh surface microtopography
on larval fish abundance within Phragnutes-domi-
nated marshes.

Methods and Materials
STUDY SITE

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 predominantly tidal marsh
(Quinn 1997) occurring along the Hackensack
River in northeastern 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 the construction of the Oradell
Dam and New Jersey Turnpike. Most diking oc-



curred in the late 1800s in an effort to reclaim the
marshes for salt hay farming, agriculture, and live-
stock. Other marsh alterations include filling,
dumping, and mosquito ditching (Sipple 1971;
Quinn 1997). Extensive drainage networks for
mosquito control led to domination of the area by
Typha spp. and Phragmites by the early 1930s (Sip-
ple 1971).

At the northern portion of Mill Creek is a 25.5
ha Hartz Mountain Industries mitigation site re-
ferred to as Western Brackish Marsh. Prior to 1985,
this area was a tidal marsh dominated by Phragmi-
tes. Analysis of aerial photographs suggests that the
thg‘mzles stands along the western 31d<‘ of Mill
Creek have been (‘stdbhshvrl for at least 30 years.
The mitigation design, completed in 1990, incor
porated channels, open water, intertidal areas
planted with Sparting, and upland planted with
trees and shrubs. The southern portion of Mill
Creek is a 56.7 ha site that was under mitigation
during 1999 and 2000. The marshes on the west-
ern side of Mill Creek were not part of these mit-
igations and remain dominated by Phragmites. The
astronomical tidal range at the sludw site, as deter-
mined by tide charts (Tides and Currents for Win-
dows, Nautical Software, version 2.5b), fell between
0.79-2.10 m during June 4-August 27, 1999, and
between 1.48-2.38 m during May 23-August 17,
2000.

SAMPLING STATIONS

During 1999, 4 stations along Mill Creek with
similar flood depths (£8 cm) at a distance of 5-9
m from the marsh edge were chosen for sampling.
These stations were established in late April, be-
fore seasonal macrophyte growth began with 2 rep-
licate stations each of Sf)cmma—rlommdlerl and
Phragmites-dominated habitats (Fig. 1). In 2000, a
greater effort was taken to locate stations with com-
parable flood depth and elevation at a uniform dis-
tance of b m from the marsh edge. Three 2 X 7
m replicate stations of both marsh types (6 stations
total) were established (Fig. 1). It should be noted
that in 2000, 2 of the Phragmites stations had small
creeks (~0.7 m wide, b m from marsh edge) along
the edge of the plots. In both years, all stations
were located within 0.56 km. The elevations of the
stations were then determined by using global po-
sitioning system Real Time I&mcm(nn mclhods
Fach of th(‘ 6 plots was divided into a grid of 1.0
m? quadrats. Within each plot, 8 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-
ity using a meter stick attached to a combination
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 per p(:ndl(,ular ruler mea-
sured the maximum topographic relief. Within
each plot, six 1.0 m? quadrats were randomly se-
lected for measurements and averaged.

For both years, measurements of salinity, tem-
perature, pH, and dissolved oxygen were taken on
1 day of each pair of sampling dates using a hand-
hcld refractometer, a HANNA model HI9023 pH
meter, and a portable YSI model 85 dissolved ox-
ygen (DO) meter. 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.

VEGETATION

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 random 0.5 X
0.5 m quadrats within each station and averaged.
In 2000, basal-area coverage was also determined
to provide a more dCLdllCd description of the
marsh surface with the units of measurement be-
ing culms for Phragmites and multi-stemmed
dumps for Spartina and Pluchea pmpum\ren\ The
diameter of each unit was measured approximately
35 cm above the soil surface from b random 0.25
m? quadrats within each station and averaged
(Brower et al. 1990). Basal-area coverage was esti-
mated by the basal area covered by a species divid-
ed by the total area sampled.

FisH AND INVERTEBRATE DISTRIBUTION
AND ABUNDANCE

In 1999, large juvenile and adult fish were sam-
pled biweekly ]uly 13-August 15. Three rectangu-
lar minnow traps (41 X 24 X 24 c¢m, 2 mm 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, TL), counted, and re-
leased in the ficld. Small juvenile and larval fish
were sampled by installing three shallow pit traps
(20.3 X 27.9 X 5.1 cm) at each station. These traps
were anchored with tent stakes flush with the
marsh substrate at 5-9 m from the marsh edge and
spaced at approximately 1-m intervals. Efforts were
taken to avoid altering the marsh surface by laying
down boards when accessing traps. Snnples were
collected on a biweekly basis (n = 18 samples) that
coincided with spring high tides from 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 que at each station in April before
seasonal macrophyte growth began. At cach sta-
tion, 4 of the same pit traps used in 1999 were
plat,ed 0.5 m apart and 5 m (£ 0.5 m) from the
marsh edge. Pit trap samples were again collected
on a spring tide schedule (n = 24 traps) from May
23 1o August 17.

In both vears, the pit traps were emptied just
prior to high tide and fish and invertebrates in the
traps were collected ~2 h after high tide receded.
Samples were poured into plastic bags and imme-
diately placed in a cooler on ice. Upon return to
the ldbOI’dtOI’y, samples were passed through a 300-
pm sieve to retain macrofauna and large meiofau-
na. The organisms were then preserved in a buff-
ered 20% formaldehyde solution. After 1 wk, sam-
ples were tr'msferled to 70% ethanol with rose
bengal stain. After staining, all organisms were
sorted from debris under a dissecting microscope
identified to lowest practical taxonomic level using
a variety of taxonomic keys (Hardy 1978; \Ierrm
and Cummins 1978 W ang and Kernchan 1979;
Weiss 1995; Able and F 1hdy 1998; Pollock 1998),
and enumerated. TL measurements of the fish
were made to the nearest 0.1 mm with calipers un-
der a magnifying lens.

LArvaL FisH PREY AVAILABILITY

To evaluate the relationship between inverte-
brate size and availability as fish prey, measure-
ments 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!) were measured
by the narrowest width, assuming the fish can han-
dle the prey so as to minimize width relative to
gape for ingestion. Specimens for these measure-
ments were randomly selected from samples col-
lected throughout the sampling months.

HaBITAT MANIPULATION EXPERIMENTS

To determine if spawning by mummichogs
could occur in Phragnutes- ~dominated marshes, egg
deposition was investigated (June 18 and July 3,
2000) by de‘plovino‘ 5 anchored scrub brushes (14
X 6.5 X 3.5 cm) per Phragmutes sampling station (n
= 15 brushes sampling date™!). Before sampling,
the brushes were set out in the marsh for 2 d to
allow them to be coated with marsh biofilms.
Brushes were set out 1-5 m from the marsh edge
before hlgh tide the day bef()re c OHF( tion, ’1llowmg

COHGLUOH, the br ushes were phaed n plastl(: 1ngs
and then immediately into a cooler with ice. Upon
return to lab, eggs were removed f{rom brushes,
preserved in 70% ethanol, identified (Armstrong

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

To d(‘tcrmmc if changes in marsh surface mi-
crotopography would influence larval mummichog
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 microtopography of a Spartina
marsh (i.e., more small depressions and pools).
The collective treatment involved wsing 3 tech-
nique*s within each treatment plot that included
removing the upper 2 cm of soil from the center
of 6 PVC cylinders (10 cm diam and 10 cm deep)
mstalled ﬂush with the marsh surface, physically
stdmpmg the substrate to create Vdr\,HlU numbers
of depressions approximately 10 X 25 X 3 cm in
size, and installing 4 shallow pit traps (20.3 X 27.9
X 5.1 cm) flush with the marsh surface. These 3
treatment plots were paired with the unaltered
(1.e., control) plots (Fig. 1) and separated by a dis-
tance of 3-5 m. Two of the paired plots contained
small creeks (~0.7 m wide, b m from marsh edge)
that separated the control from the treatment. In
order to determine whether these techniques ad-
equately altered the microtopography, point esti-
mates of rugosity were measured in both control
and treatment plots as described earlier. Board-
walks were installed 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 treatment plots by installing
wooden boards to simulate the legs of ‘the board-
walks. Pit trap samples were collected on the 2 days
following spring tides (n = 24 traps) from June 18
to August 17.

STATISTICAL ANALYSES

The influence of marsh type on abundance (av-
erage catch per sampling unit effort, CPUE} of
large juvenile and adult mummichogs in 1999 was
tested using a one-way analysis of variance (ANO-
VA). Marsh type was the treatment (2 replicate
sampling stations marsh type 1), mesh traps were
the sampling units (3 traps sampling station™!),
and abundance was the response variable. The lar-
val and small juvenile fish abundance data (aver-
age CPUE) did not meet the normality assumption
of ANOVA, so nonparametric Kruskal-Wallis AN-
OVA (Hollander and Wolfe 1973) was employed
on untransformed data to determine the influence
of marsh type on abundance (average CPUE) us-
ing marsh type as the treatment (3 replicate sam-
pling stations marsh type ™!}, pit traps as the sam-
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standard

deviation, n = sample size within each habitat type. One-way ANOVA was used to determine significant differences (o = 0.05). *
denotes the manipulated Phragmites stations for comparison between manipulated stations and control stations.

SpartinaDominated
Marsh

PhragmitesDominated

Marsh F P

Flood depth Mean = 11.7 cm Mean = 12.0 cm 0.04 0.85
s = 2.7 s =4.1
n = 9) n=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)
Maximum relief Mean = 4.4 cm Mean = 0.4 cm, 5.2 an® 126.71, 180.86% <0.0001,
s = 1.3 s = 0.6, 1.6% <0.0001*
(n = 18) (n = 18)
Vegetation dominance Mean = 86.7% S. alterniflora Mean = 100% P australis — —
(n = 15} (n = 15}
Vegetative basal-area 353.7 cm? 0.25 m~? 82.7 em® 0.25 m~—2 2.30 0.0001
coverage s = 15.1 s = 6.4
(n = 15) (n = 15)
pling unit (4 traps station™!), and abundance as Results

the response variable. In the Phragmules habitat ma-
nipulation experiment, the Kruskal-Wallace ANO-

VA was also used to determine the influence of

created pools and depressions on larval and small
juvenile fish abundance (average CPUE) using mi-
crotopography as the treatment (3 stations micro-
topography type™! [i.e., smooth versus hum-
mockyl), pit traps as the sampling unit (4 traps
sampling station™'), and abundance as the re-
sponse variable. In 2000, the abundances (average
CPUE) of the 8 major groups of invertebrate taxa
collected within each marsh type were compared
using the Kruskal-Wallis ANOVA on untrans-
formed data. A Bonferroni correction was then ap-
plied to the invertebrate results to correct for mul-
tiple testing. All physical parameters were tested
with a one-way ANOVA. SAS software (version 7.0,
SAS Institute Inc., Cary, North Carolina) was em-
ployed for all analyses.

OSpartina
20 alterniflora
B Phragmites
28] ausiralis
=}
ay 15
o
&
g 10
=3
<
5
July 13-14, 1999 August 2-3, 1999 August 14-15, 1999
Fig. 2. Mean abundance (average catch per unit effort,

CPUE) = 1 SE, of large juvenile and adult mummichog (Fun-
dulus heteroclitus) by marsh type at Mill Creek, New Jersey, in
1999. Samples were collected from 2 replicate stations of each
marsh type with 3 minnow traps per station (n = 12 traps).

PHYSICAL AND VEGETATION PARAMETERS

Flood depth and elevation did not vary signifi-
cantly between marsh types (F = 0.04, p = 0.85; F
= 6.49, p = 0.06; Table 1). Rugosity was signifi-
cantly greater in the Spartina-dominated marshes
(F = 126.71, p < 0.0001; Table 1), and this mea-
sure was also significantly greater in the created
microtopography within the Phragmites treatment
plots than that in the control plots (F = 180.86, p
< 0.0001). The average salinity varied between
vears (1999 11%c; 2000: 5%e), as well as DO
(1999: 6.6 mg 1% 2000: 4.3 mg 1"'). Mean tem-
perature (1999: 25.7°C; 2000: 26.2°C) and pH
(1999: 7.3; 2000: 7.3) were similar between years.
Vegetation dominance was characterized as > 70%
coverage in both Phragmites and Spartina marsh
types. P purpurascens (9.1%), Eleocharis spp. (3.7%),
and Seirpus americanus (0.5%) were also present at
the Spartina sites. The average basal-area coverage
of the vegetation in the Spartina marshes (353.7
cm? 0.25 m™?) was significantly higher than in
Phragmitesdominated marshes (82.7 cm?® 0.25 m™3;
ANOVA: F = 2.30, p = 0.0001).

FisH DISTRIBUTION AND ABUNDANCE
The abundance (average CPUE) of large juve-
niles and adult mummichogs as sampled by min-
now traps, was similar in both marsh types in 1999
(Fig. 2). There were no significant differences in
abundance on any of the 3 sampling dates (I =
031, p =063 F =001, p=0982F =054 p =
0.84). Total length of mummichogs from both hab-
itats ranged from 20-104 mm over the sampling

period (mean = 43.30 mm, SD = 12.57).
In both vears, larvae and small juvenile mum-
michogs as sampled by pit traps, were consistently
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Fig. 3. Mean abundance (average catch per unit effort,
CPUE) = 1 SE, of larval and small juvenile mummichog (Fun-
dulus heteroclitus) at Mill Creek, New Jersey, in 1999 and 2000,
In 1999, samples were collected biweekly from 2 replicate sta-
tions of each marsh type with 3 pit traps per station (n = 12
traps) from June 4-5 to August 14-15. In 2000, samples were
collected biweekly from 3 1cph< ate stations of each marsh type
with 4 pit traps per station (n = 12 traps) from May 23-25 to
August 16-17. See Fig. 1 for sampling stations.

more abundant in Spartina than in Phragmites hab-
itats (Fig. 3). In 1999, mumnn(hogs made up
100% of the pit trap collections in both marsh
types but the average CPUE differed dramatically
between them with abundanc € Glgmﬁa’mtly hlcrher
in Spartina (Kruskal-Wallis: x* = 5.32, p = 0. 04)
Total length ranged from 5.10-25.80 mm (mean
= 12.03, SD = 5.05) and was similar between the
2 habitats. In 2000, mummichogs again made up
100% of the pit trap collections. Abundance was
significantly higher in Spartina marsh (CPUE =
17 01) relative to Phragmites (CPUE = 0.35) over
th(‘ sampling period (Kruskal-Wallis: x* = 90.79, p
< 0.0001; Fig. 3). Out of the total 1,469 fish col-
10( ted, onh 29 young-of-the-vear individuals were
captured in [’hragmzfes-dommdtcd marsh. The TL
ranged from 4.50-26.40 mm (mean = 8.83, 5D =
3.22) and again was similar between the 2 habitats.

HABITAT MANIPULATIONS

Mummichog eggs (n = 891) were collected from
artificial spawning sites (scrub brushes) in Phrag-
mitessdominated marshes. A total of 98 eggs were
collected on June 28, 2000, and a total of 793 cggs
were collected on July 3, 2000. With the exception
of the 16 eggs collected on July 3, all eggs were
deposited ~2 m landward from the marsh edge
and only collected from the 2 stations with crecks
adjacent to them.

In the marsh surface habitat manipulation ex-
periment, there was a trend for higher larval mum-
michog abundance within the Phragmites treatment
plots versus the Phragmites control plots over the
sampling periods (Fig. 4). Overall differences were

2.5

M Control

O Treatment

am

July 2-3, 2000 July 17-18,2000  July 31-Aug 1,2000 August 16-17, 2000

Average CPUE

Fig. 4. Mean abundance (average catch per unit effort,
CPUE) of larval and small juvenile mummichogs in Phragmites
control plots versus Phragmites treatment plots as collected by pit
traps at Mill Creek, New Jersey, in 2000. Samples were collected
biweekly coinciding with spring high tides from 4 pit traps at 3
replicate stations each in Phragmites control plots and Phragmites
treatment plots. Treatments involved creating a microtopogra-
phy similar to that of Spartina alterniflora (i.e., more depressions
and small pools) within a Phragmifes-dominated marsh.

significant (Kruskal-Wallis: x2 = 5.03, p = 0.02)
with the more rugose plots in the manipulated
habitats having a greater abundance of mummi-
chog.

INVERTEBRATE DISTRIBUTION AND AVAILABILITY

The pit traps used in this study sampled the in-
vertebrates associated with habitats on or just
above the marsh surface and those suspended in
the water column duxmg incoming tides. The traps
sampled the organisms that would be available as
prey for mummichogs, which move onto the marsh
surface during high tides to feed. Thirty-nine in-
vertebrate taxa were identified from the pit trap
collections, with a total of 13,109 individuals col-
lected in Sparting habitat while a significantly lower
number, 7,182 individuals, were collected from
Phragmites habitat (Kruskal-Wallis: y? = 12.39, p <
0.0004; Table 2). The major invertebrate groups
(those taxa that comprised > 2% of the total or-
ganisms collected) also differed significantly in
'lbllnd'UlLG between the 2 habitat types (Fig. b),
with the exception of nematodes (Kruskal-Wallace:
x2 = 5.14, kp = 0.16). Harpacticoid copepods, ol-
igochaetes, ostracods, and the sabellid polychaete
Manayunkia aestuarina were all significantly greater
in abundance within the Sparfina pit trap collec-
tions (Kruskal-Wallis: 2 = 55.65, kp < 0.0008; Xﬂ
= 15.69, kp < 0.0008; ¥* = 23.19, kp < 0.0008; ¥*
= 11.43, kp = 0.0056) while chironomids, gastro-
pods, predominantly Hydrobia spp., and gammdrlds
were significantly more abundant in the Phragnites-
dominated marshes (Kruskal-Wallis: X = 14.61, kp

= 0.0008; x* = 38.00, kp < 0.0008; ¥* ]:).46, kp
<< 0.0008).

The relationship between mummichog gape
width and invertebrate size indicated that prey for



TABLE 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™!) from
May 23-August 17, 2000, at Mill Creek, Hackensack Meadow-
lands, New Jersey.

Phylum
Class Taxonomic Group Fleragmites Spartina
Annelida
Oligochaetae Oligochaete 850 1,899
Polychaetae Manayunkia aestuarina 82 196
Hobsonia flovida 5 1
Spionidae 0 1
Capitellidae 3 0
Arthropoda
Arachnida Acarina 83 67
Araneae 30 2
Pseudoscorpiones 7 0
Crustacea Calanoid copepod 58 46
Cyclopoid copepod 501 1,275
Harpacticoid copepod 243 2,756
Argulus sp. 1 22
Ostracoda 982 5,018
Gammaridae 771 180
Talitridae 74 2
Corophium sp. 3 3
Cyathura polita 2 1
Philoscia wittata 6 0
Insecta Hydrophilidae 13 4
Ephydridae 0 11
Tipulidae 9 1
Ceratopogonidae 15 23
Chironomidae 266 &7
Dolichipodidae 3 6
Stratiomyidae 0 7
Chloropidae & 33
Corixidae 0 11
Erythrodiplax bevenice 0 9
Collembola 60 207
Unidentified larvae 24 29
Chordata
Osteichthyes Fundulus heteroclitus 29 1,440
Cnidaria
Anthozoa Anthozoa ]9 11
Mollusca
Bivalvia Macoma baltica 5 0
Gastropoda Hydrobia sp. 2,600 688
Succinea wilsonii 29 18
Melampus bidentata 1 0
Nematoda Nematoda 219 403
Platyhelminthes
Turbellaria Turbellaria 125 104
Sarcomastigophora Foraminifera 14 39

larval fish were more available in Spartineg marsh
than in Phragmites marsh. There was a positive cor-
relation (r = 0.987) between fish total length and
gape width measurements. In keeping WIrh the
positive relationship between fish size class, gape
width, and invertebrate size, the prey available to
the smallest fish (6.5 mm TL) included harpacti-
coid copepods, M. aestuarinag, nematodes, oligo-
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Fig. b. A comparison of major invertebrate groups (taxa that
comprise over 2% of the total organisms collected) from Spar
tina alterniflora or Phragmites australis pit trap collections (n =
54 samples marsh type™!) at Mill Creek, New Jersey, in 2000.
Chiro = chironomidae, Cyclo = cyclopoid copepod, Gamma =
gammaridae, Gastro = gastropoda, Harpa = harpacticoid co-
pepod, Manay = Manayunkia aestuarina, Nema = nematoda,
Oligo = oligochaetae, Ostra = ostracoda.

chaetes, and ostracods (Table 3). These taxa were
significantly more abundant in pit trap collections
from Spartina marsh. On average, gammarids and
g'wtropod‘; which were found to be most abundant
in Phragnutes marsh, would not be available to fish
<14 mm total length due to gape limitations.

Discussion

Several parameters investigated in this study sug-
gest that Phragmifes-dominated marshes may not
provide suitable habitat for mummichog ldr\d(‘
and small juveniles. The low abundances of these

carly life history stages observed in Phragmites, in
contrast to Spartina habitat in both 1999 and 2000,
corroborates earlier comparisons between these
marsh types in the Mullica River in southern New
Jersey (Able and IHagan 2000, 2003). On the other
hand, the abundance and distribution of the larger
Jjuveniles and adults in Mill Creek seems to indicate
that these size classes are using the 2 marsh types
similarly. This portion of the results corresponds
to ﬁndm(rs in the Connecticut River (IFell et al.
1998; Warren et al. 2001), the upper Chesapeake
Bay (Meyer et al. 2001), and the Mullica River, New
Jersey (Able and Hagan 2000). It 1s important to
note that in each of the aforementioned studies,
Phragmutes sampling sites were in close proximity to
Spartina sampling sites, the latter of which may
have been serving as larval habitat and hence a
source for the larger size-classes collected in Phrag-
nutes. Once the young fish are large enough to mi-
grate on and off of the marsh surface (~15-20 mm
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TABLE 3. Mouth gape width (mm TL) of larval and juvenile mummichog (Fundulus heferoclitus) and sizes (mm) of representative
potential prey. All measurements were made under a dissecting microscope to the nearest 0.01 mm. For all invertebrate taxa, the

narrowest width was measured. H =
Ostracoda, Gm = Gammaridae, and Gs = Gastropoda.

harpacticoid copepod, M =

Manayunkia aestuarina, N = Nematoda, Ol = Oligochaetae, Os =

Gape Width

Invertebrate Size

6.1-8.4 §.5-14.4 14.5-25.5 1 N ol Os Gm Gs
Average 0.93 1.40 2.32 0.24 0.09 0.30 0.32 1.89 1.74
n 43 31 18 50 50 50 50 50 50
SE 0.01 0.04 0.10 0.01 0.00 0.01 0.01 0.16 0.08

standard length as per Kneib 1986) and feed on
larger prey, they may then use both marsh types
similarly.

Several factors may be contributing to the dra-
matic differences in larval and small Juvemle M-
michog abundances within Phragmites-dominated
and S[)m*ima -dominated marshes. Although physi-
cal features such as elevation and flood depth al-
fect fish utilization of the marsh surface (Rozas et
al. 1988; Kneib and Wagner 1994; Rozas 1995; Min-
nello and Webb 1997), these potentially confound-
ing factors were kept similar between marsh types
and cannot be responsible for the differences in
abundance observed between the 2 habitats. Phrag-
nules dominance would influence available spawn-
ing substrate for mummichogs that use the first
axils of 5. alternifiora for egg deposition (Taylor and
DiMichele 1983}, as well as other cracks, crevices,
and small interstices (Able and Castagna 1975;
Able 1984; Able and Hata 1984). Phragnules leaves
are attached to the stems with tightly bound culm
sheaths, rendering these inaccessible as egg depo—
sition sites. Egg dcposmon has been observed in
broken dead culms short enough to be submerged
at high tide with the number of eggs positively cor-
relating with stem diameter (Able and Hagan
2003). The results of the spawning substrate trial
in this study also showed that these fish will spawn
within thgmz’irs marshes, given adequate sub-
strate. It is interesting to note that eggs were col-
lected only from the Phragmites plots with creeks
adjacent to them. This finding suggests the poten-
tial importance of creeks and rlvulets on the marsh
surface (i.e., drainage density) as access points for
spawning {Rozas and Odum 1987; Rozas et al.

1988; Kneib and Wagner 1994; Rozas 1995; Kneib
1997a.b; Minnello and Webb 1997; West and Zed-
ler 2000). These topographic features are reduced
as a result of Phragmites establishment (Weinstein
and Balletto 1999; Windham and Lathrop 1999;
Rooth 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 important hab-
itat component for the larval stage of mummichog

development (Taylor et al. 1979; Talbot and Able
1984; Yozzo et al. 1994; Kneib 1997ab). These mi-
crohabitats, as small as 1 cm deep and 10 cm wide
{Taylor et al. 1979}, are thought to serve as refuges
from predators while pr OVIdlnCY invertebrate food
resources (Kneib 1984, 1987). In contrast to the
hummock-building morphology of Spartina, Phrag-
mites communities have much less pronounced mi-
crotopographic relief (Windham 1995; Windham
and Lathrop 1999; Able and Hagan 2000, 2003;
Raichel 2001) and may not provide the slanrling
water refuge necessary for larvae. The smooth mi-
crotopography of [’hragmzfes-dommdtcd marshes
may be influenced by the water-flow conditions dic-
tated by the morpholoo'v of the plant (Leonard
and Luther 1995), as well as by the increased
amount of litter production, which fills in hollows
and rivalets (Chambers et al. 1999; Windham and
Lathrop 1999). The degree of marsh surface ru-
gosity seems to have an inverse relationship with
the length of time Phragmites has been established
(Windham and Lathrop 1999). In this study, the
experimental creation of microhabitats (i.e., in-
creasing rugosity and amount of standing water)
on the Phragnutes marsh surface appeared to im-
prove larval habitat based on larval abundance but
cannot be interpreted as the only important habi-
tat feature.

Hydrologic features may precede the issue of mi-
crotopography in terms of larval fish habitat. Since
mean flow speed over the marsh surface has an
inverse relationship with plant density (L.eonard
and Luther 1995), it would follow that the conver-
sion of a Spartina-dominated marsh to the signifi-
cantly lower basal-area coverage of a Phragnufes
dominated marsh would alter thls hydrologic fea-
ture. The influence plant morpholog) has on de-
position and crosion patterns in tidal marshes
(Pethick 1992; Leonard and Luther 1995) is also
an important consideration in the resulting spatial
distribution of water velocity (i.e., small creeks and
rivalets 1 Sparfina marsh versus sheet flow in
Phragmites marsh). Since Phragmites causes a
smoothed marsh surface (Windham and Lathrop
1999), possibly promotes faster flow speed (Leo-
nard and Luther 1995) relative to Spartina (Angra-



di et al. 2001), and has an ability to wick moisture
away from the marsh surface (Amsberry 1997; Ste-
venson ct al. 2000), this type of marsh could po-
tentially influence larval transport off the marsh
surface during ebb tides. During the course of this
study, considerable numbers of mummichog larvae
were frequently observed (n = 18 d) along the
edges of each Phragmites marsh (n = b5 sites) after
the marsh surface had drained, possibly making
them more vulnerable to predation by aquatic
predators.

The conversion of a Spartina marsh to a Phrag-
mifes marsh gradually changes the microtopogra-
phy from hummocky to smooth (Windham and
Lathrop 1999), possibly by means of altering the
marsh surface hvdrologv We speculate that the re-
sultant change in microtopography, and possibly
water flow across the marsh surface, has a negative
effect on larval habitat (i.e., reduced standing wa-
ter refuge on the marsh surface) and that these
alterations potentially affect larval survivorship. A
recent study investigating marsh surface flow dy-
namics and sedimentation in Phragmites and Spcn”
tina marshes (Leonard et al. 2002) found no sig-
nificant differences between the 2 marsh types, al-
though the study site in upper Chesapeake Bay is
a very low energy system with a flow depth of < 12
cm in Phragmites and << 8 cm in Spartina (lower
than the lowermost leaves). The same results may
not apply to higher energy systems, such as the Mill
Creek site, where flood depths averaged 12 cm in
both marsh types, and plant mmpholocw may have
more of an influence on marsh surface flow dy-
namics and microtopography. The morphology of
Phragmutes may also have an influence on predators
exploiting the marsh surface since its widely
spaced stems may interfere less with their move-
ment and foraging activity than the higher basal-
area coverage of qrassvs such as Sparting (Vince et
al. 1976; Van Dolah 1978; West and Williams 1986).

Food availability may also influence the distri-
bution and abundance of larval and small juvenile
mummichogs (5-25 mm TL), which are largely
carnivorous and show size-specific preferences for
certain prey (Kneib and Stiven 1978; Kneib 1986).
The types and sizes of invertebrates available on or
Just above the marsh surface may influence feeding
success since some prey may be either too large or
too small to be effectively handled by a fish of a
given size and are unavailable (I\nmb 1986). In a
Delaware Bay marsh, meiofauna (copepods, fora-
miniferans, ostracods, and nematodes) were found
to compose the majority of the smallest fishes diets,
but declined in occurrence in fish > 20 mm SL;
the relative importance of crustaceans (primarily
amphipods) tended to increase with fish size
(Smith et al. 2000). In a Georgia salt marsh, har-
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pacticoid copepods, tanaids, and sabellid poly-
chaetes (M. aestuarina and Fabricia spp.) were the
most abundant taxa in the diets of young mum-
michogs, while Nereis succinea and amphipods oc-
Curred only in the guts of the larger individuals
(Kneib 1986). The 1eﬁult€ of this study suggest that
availability of larval fish prey items may be greater
in Spartina marsh in comparison to Phragmites
marsh. Larval mummichog prey such as harpacti-
coid copepods, nematodes, M. aestuaring, and os-
tracods (Kneib and Stiven 1978; Smith et al. 2000)
were significantly more available in the Sparting
dominated marshes than in Phragmitesdominated
marshes. The relationship between invertebrate
size and gape width of mummichogs indicates that
these organisms are available to the smallest size
classes (6~14 oum TL). The taxa found to be dom-
inant in the Phragmites-dominated marshes (i.e.,
amphipods and gastropods) are known to be prey
of larger individuals (Kneib and Stiven 1978; Fell
et al. 1998, Smith et al. 2000). These prey-size dif-
ferences might help explain differences in abun-
dances of fish size-classes between marsh types in
this study. In general, the total number of individ-
uals collected in the pit traps was significantly high-
er in Sparting marsh. The greater abundance of
benthic taxa such as nematodes, M. aestuaring, and
oligochaetes in Spartina pit trap collections could
be attributed to a greater amount of suspended
sediments in these marshes (Raichel personal ob-
servation}. Low numbers of copepods in Phragmites
marsh, in contrast with numbers found in Spartina
marsh, may be due to the decrease in light pene-
tration to the marsh surface as a result of dense
acrial production. This decrease in light would in-
fluence diatom production (Thurman 1991) and
limit a food resource for the copepods, which in
turn are important prey for the mummichog.

Large expanses of Phragnufes monocultures may
not prov1de adequate habitat to sustain abundant
populations of the resident mummichog. Because
this fish is frequently consumed by many estuarine
species, it would follow that a population size re-
duction could have profound impacts on salt
marsh food webs and the trophic relay (Kneib
1997a) of production from the marsh surface to
the adjacent subtidal waters.
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