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ABSTRACT: The objective of this study was to determine what effect, if any, large pile-supported platforms (piers)
have on the habitat distribution and abundance of juvenile fishes. Trapping techniques were used in 1993 and 1994
under piers, in pile fields, and in open-water habitat types in shallow areas (<<b m) in the lower Hudson River estuary
(40°44'N, 70°01'W). Nearly 1500 fishes, mostly juveniles, representing 24 species were collected in 1865 trap-days from
May through October in the 2-yr study. The presence of refatively large numbers of young-of-the-year (YOY) fish during
both years lends support to the idea that shallow areas in the lower Hudson River estuary currently function as nursery
habitats for a variety of fishes. Two scasonal assemblages were apparent, but their compositton varied somewhat between
years. Microgadus tomeod and Pseudopleuronectes americanus YOY dominated an early summer assemnblage (May-July) while
large numbers of YOY Morone saxatilis were collected as part of a late summer assemblage (August-September). The
effects of habitat type on fish assemblage stoucture were significant during both years. Fish abundance and species
richness were typically low under piers; YOY fishes were rare and Anguilla rostrate accounted for a large proportion of
the total caich. In contrast, YOY fishes dominated collections at pile field and open-water stations, where abundance and
species richness were high. These resulis indicate that habitat quality under the platforms of large piers (>20,000 m?)
is probably poor for YOY fishes when compared with nearby pile field and open-water habitat types.

Introduction
Within many urban estuaries along the .north-

biphenyls (PCBs), polycyclic aromatic hydrocar-
bons (PAHs), and DDT and its byproducts have

eastern region of the United States, water and hab-
itat quality have been so degraded (O’Connor and
Huggett 1988} that many fish species effectively
had been excluded (but see Haedrich and Hae-
drich 1974). This is particularly true in the New
York-New Jersey Harbor Estuary, including the low-
er Hudson River estuary, where the general con-
sensus was that this was one of the most intensively
developed and heavily industrialized systems on
the East Coast (Pearce 1979, 1993; Gottholm et al.
1993). In recent years, however, levels of sediment
contamination from heavy metals, polychlorinated
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declined from the peak levels reached in the 1960s
and 1970s (Valette-Silver 1993) and water guality
levels have improved (Brosnan and O’Shea 1996).
Perhaps in response te this improvement in water
quality, there is accumulating evidence that fish
populations may be increasing in abundance and
diversity. This would be particularly important for
those species that utilize habitats in the harbor-es-
tuary as nurseries.

There are, however, other anthropogenic activi-
ties, such as dredging and construction, that con-
tinue in the harbor-estuary and can affect fish hab-
itat quality. Prompted in part by these concerns,
and in response to such controversial proposals as
the construction of the Westside Highway n the



{32 K. W. Able et al.

mid 1980s (Moran and Kiefer 1986), water and
habitat quality issues in the harbor-estuary contin-
ue to receive increased attention. Although nearly
three quarters of the shoreline has been already
altered, additional modifications and development
continue to be proposed, including the construc-
tion of large pile-supported platform structures
(piers). However, there 1s considerable controversy
as to whether these structures, and the pile fields
that remain when the pier surfaces are removed,
degrade the quality of fish habitat or in fact, ac-
tually enhance its use, primarily by attracting mi-
gratory or resident fishes (Waldman 1992).

While there have been a number of reports on
the fishes of the harbor-estuary (see among others
Esser 1982; Wilk 1984; Beebe and Savidge 1988;
Studholme 1988:; MacKenzie 1990), studies of the
effects of platform structures are very limited. With
the exception of the largely unpublished Westway
report (United States Army Corps of Engineers
1984; Cantelmo and Wahtola 1992) and a survey
of a single pier site along the Manhattan (New
York) shoreline (Energy and Environmental Ana-
lysts, Inc. 1988; Stoecker et al. 1992), there have
been few studies to determine the effects of man-
made platforms on fishes in this system or others.

The purpose of this study, therefore, was to be-
gin to evaluate the role of platform structures, par-
ticularly piers and pile fields, as habitats for shal-
low-water fishes. Since there is increasing evidence
that survival of juvenile fishes has important im-
plications for recruitment success and the subse-
quent size of adult populations (Cushing 1974,
1996; Sissenwine 1984; Sissenwine et al. 1984; Houde
1987; Bailey and Houde 1989; Cushing 1996), we
focused on the juvenile stages. This would allow an
evaluation of the quality of these habitats as nurs-
E!I"}-' AI'Cas.

Materials and Methods
STUDY AREA

The study area was located in the lower Hudson
River estuary, south of the George Washington
Bridge and approximately 3 km north of the Bat-
tery (40°44'N; 74°01'W) (Fig. 1). Along the New
York and New Jersey shorelines three types of sub-
tidal habitats were selected: an underpier area lo-
cated beneath a pile-supported platform; a pile
field consisting of an array of wooden pier sup-
ports where the deck or platform had been re-
moved; and an open-water area that lacked the
structural complexity of the pile field and under-
piers. The study sites, all <1.3 km apart, were lo-
cated in the vicinity of the Holland Tunnel venti-
lator shaft on the Manhattan (New York) side of
the river and near the Weehawken Ferry terminal

Fig. 1. Location of the study area and study sites in the lower
Hudson River estuary in 1993 and 1994,

on the Hoboken (New Jersey) side (Fig. 1). The
sites were the same for both 1993 and 1994 with
the exceptions noted below.

Both underpier habitats were situated beneath
large concrete pile-supported platform structures
(Fig. 1 and Table 1). In New York, the site was
beneath the Marine and Awviation Pier 40, currently
operated as a parking garage. In New Jersey, the
site was under Port Authority Pier A, which was no
longer used commercially. Both structures were
=20,000 m?; however, the New York site was about
four nmes larger than its New Jersey counterpart
(Table 1). The sampling stations were established
as close to the middle of the underpier area as
possible: at Pier 40 (New York), approximately 90
m north of the southern edge of the platform and
130 m west of the shoreline; at Pier A (New Jersey),
about 55 m north of the southern edge of the pier
and 165 m east of the shoreline.

Pile field habitats were located in arrays of pil-
ings (>6000 m?); in New York, approximately 300
m south of Pier 40 and in New Jersey, about 450
m south of Pier A (Fig. 1 and Table 1). In 1993,
stations in both locations were established on the
outer set of pilings, adjacent to open-water areas
to the north and =100 m from the shoreline. In
1994, due to construction, stations at the New York
site were relocated to the center of the pile field,
approximately 12 m from the 1993 location.

Open-water habitats were situated south of the
underpier sites in large (>13,500 m*), open areas
adjacent to pile fields and/or large platforms or
piers (Fig. 1 and Table 1). In 1994, due to the same
construction activities that affected station loca-
tions in the New York pile field, the New York
open-water site had to be relocated about 430 m
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TABLE 1. Characteristics of the study sites in the lower Hudson River estuary in 1993 and 1994. See Fig. 1 for study site locations.

Depth Temperariire Salinicy Dissolved Oxygen Secliment Grain Size
. . I.r".re:a % [(Range} Range Rzln_F_El | o 14 [Ran%::}
Location /Habicat=Year m* x 10% m e mg 0 Fine [<6%pm)
New York—1995 : _
Underpier 89.5 1.4 {1.2-1.7" 19.5-25.8 14.9=-25.0} 3.4-6.3
Open water Y 4.4 {3.8-5.0) — — — —
Pile field 15.5 3.6 (2.8-4.5) 16.3=25.2 16.0-28.1 2.6-5.0 —_
New Jersey—1993
Underpier 21.5 L1 (1.0-1.1) 18.5-25.3 13.5-25.1 3.6-9.0 —
Open water 13.6 1.6 {1.5-1.8) — — -
Pile field 6.1 1.6 (1.4=1.%) 19.1-25.2 16.5-25.5 1.7-6.2
New York—1994 :
Underpier 89.h 1.7 {1.4-2.1) 12.2=-26.2 7.0-23.8 2901 95.5 {95.1-95.9)
Open water 41.1 3.9 (2.83-4.5) 16.7-26.3 15.6-25.6 {(.2-7.1 Q8.4 (975 98%
Pile field 13.5 1.1 {0.7-1.6) — e 67.7 (51.7-93.8)
New Jersey—19%4 |
Underpier 21.3 1.3 (1.0-1.5} 12.4=26.4 6.3-23.7 3.6-10:.9 92.8 (90.2-94.8)
(Jpen water i15.6 1.4 {1.1-1.73 —_— — —_ 93.0 {91.1-94.2)
Pile field ) 6.1 1.7 (1.4-2.1% 11.9-26.4 6.7-25.5 {.6=9.0 84.6 (74.7-92.6)

south, adjacent to Pier 32 {Fig. 1). In both New
York and New Jersey, stations were located at least
256 m from adjacent pile fields or piers and 75 m
from the shoreline. |

PHVSICAL CHARACTERISTICS

Temperature (°C), salinity (%o), and dissolved -

oxygen (mg 17!') were recorded using Hydrolab Da-
tasonde 1 (n = 2) and Datasonde 3 Multuprobe (n
= 2) dataloggers (Hydrolab Corporation}. The
probes were attached to concrete blocks (lowered
to the bottom) such that the recordings were made

about 25 cm above the substrate. In 1993 and 1994,

the Hydrolabs were deployed in the New York and
New Jersey underpier habitats and the New Jersey
pile field habitat. In 1993, one was deployed in the
New York pile field and in 1994, in the New York
open-water site. In addition, surface temperature
{°C) and salinity (%ec) were measured with a stan-
dard mercury thermometer and refractometer at
each site during each trap-day.

Light levels were recorded with a LiCor spherical
quanta sensor (LiCor Corporation) in both 1933
(1000 EST, July 29; 1300, September 4; 1100, Sep-
tember 29) and 1994 (0900 EST, June 1; 1100,
June 20; 1400 August 10). Measurements were
made at depths of 0.5 m, 1.0 m, 2.0 m and where
feasible, 3.0 m below the water surface at each site.
Depths (£0.5 m) were measured (n = 5 times
yr~') at each station and standardized to meters

below mean low water (bmlw) by applving correc-

tions for tidal heights at the Battery, New York
(United States Department of Commerce 1992,

1993). Sediment grain-size was determined using -

one 3-cm diameter core from each of three box
core samples collected at each habitat site during
August 1994 (n = 18 cores}. Particle size distri-
bution of the sediment mineral fraction was mea-

sured by modifying the standard sieving procedure
of Folk (1980) and determining the percentages
by weight of fines {silt and clay grain size <63 )
to coarse sediment (sand-sized and larger parti-
cles) (see Able et al. 1995 for details).

STUDY DESIGN

- Trapping studies were conducted to determine
relative distribution and abundance of juvenile
fishes from late spring and early summer to fall in
1993 and 1994. Using techniques that have proven
effective for collecting young-of-the-vear (YOY)
fishes (Able et al. 1995; Able and Hales 1997), sin-
gle traps were deployed at each station (n = 5) in
each habitat type (n = 3) at each location (n = 2)
for a total of 30 traps per trial.

 In 1993, hourglass-shaped traps, constructed of
2-mm mesh attached to welded steel frames (90 X
30 X 30 cm) were used. A 2.5-cm opening extend-
ed around the midsection of the trap, providing
fish access to the traps from any direction in a hor-
izontal plane. In 1994, the trap design was modi-
fied to enhance catch efficiency for recently settled
fishes. These rectangular traps, also constructed of
2-mm mesh stretched over a welded steel frame
(91 X 46 X 30 ¢cm), had a 3-mm nylen mesh cod-
end and a single opening (2.5 X 46 cm) at the end
of a Vshaped throat. Traps were fished for 4- or 5-
d trials, every 2 wk for 4 mo each year (n = 8 trials
yr~1; Table 2). At the start of each trial, unbaited
traps were secured to pilings, pier supports, or
floats in the open-water habitats and lowered to
the bottom at each station. After approximately 24
h, each trap was retrieved, emptied of all fish, and
redeployed. All fish were identified to species,
counted, and standard (SL) and total (TL) lengths
measured to the nearest mm. Nomenclature for
Pseudopleuronectes  americanus follows  Cooper
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TABLE 2. Summary of trapping effort (expressed as total number of trap days) at the study sites in the lower Hudson River estuary

in 199% and 1994.

MNew Jersey MNeow York
Trapping Periad Underpier Pile Field Orpen Water Underpicr Pile Ficld Cpen Water Total
1993 June 21-October 8 162 163 162 162 161 963
1994 May 16—-5eptember 16 156 155 155 130 149 902
Total 318 313 317 242 510 1865

(1996). Catch data was standardized to catch per
unit effort (CPUE), expressed as number of indi-
viduals captured per trap per day. To evaluate the
relative catch efficiencies of the two trap designs,
catches were compared by deploying three traps of
each type during a 4-d trapping trial in August and
September 1994. Traps were fished in the New
York open-water and New Jersey pile field sites us-
ing methods described above.

STATISTICAL ANALYSIS

Assemblage structure was analyzed with a non-
parametric multivariate approach that has been
used to examine the impacts of environmental fac-
tors, including anthropogenic disturbance, on the
structure of marine communities (Grey et al. 1990;
Dawson-Shepherd et al. 1992; Clarke and Warwick
1994). This approach was selected, in part, because
the proliferation of zero counts in the dataset pre-
vented conformity with parametric assumptions.
The method allows for the identification of differ-
ences in assemblage structure in groups of samples
by applying group-average cluster analysis, non-
metric multidimensional scaling (n-m MDS), ran-
domization tests analogous to multivariate analysts
(MANOVA}, as well as the calculation of similarity

percentages (SIMPER analysis}, which describe the.

contribution of each species to the average dissim-
ilarity between groups of samples. All analyses were
performed using the PRIMER program {version
4.01b} and Systat (version 5.0). The CPUE of each
fish species composing greater than 1% of the total
-abundance in any sample was 4th-root transformed
to down-weight numerically dominant species. The
transformed mean CPUE was used to construct
Bray-Curtis similarity matrices (Bray and Curtis
1957).

Seasonal changes in assemblage structure within
years were identified by performing group-average
cluster analysis and n-m MDS on Julian day by spe-
cies matrices constructed from the transformed
mean CPUE of the species on each trap day within
each year. Stress coetficients and Shepard diagrams
were examined to identify degenerate solutions in
all n-m MDS ordinations. Distinct sample groups
indicated by the cluster analysis and n-m MDS or-
dination were identified as seasonal periods with
different assemblage structures. Species contribu-

tions to the average dissimilarity of sample groups
(X 6} as well as X &./standard deviadon (SD) §,
ratios were calculated (SIMPER analysis) to 1den-
tify important discriminating species, that 1s, spe-
cies with high x 9,, high % 8,/8D(%;) (see Clarke

- 1993).

Habitat-specific differences in assemblage struc-
ture were identified by constructing station by spe-
cies similarity matrices from the transformed mean
CPUE of the species at each of the 30 stations with-
in each seasonal period. Cluster analysis and n-m
MBS were performed on the matrices to construct
graphical representations of station groups. Two-
way analysis of similarity (ANOSIM) tests, with lo-
cation and habitat type as factors, were applied to
the matrices to test for significant differences (p <
0.05) in assemblage structure within each seasonal
period. All ANOSIM tests were performed with
20,000 simulations (see Clarke 1993}. The species
responsible for differences in assemblage structure
were determined by performing SIMPER analysis.

Results
PavsicAalL CHARACGTERISTICS

Station depths were subtidal, generally <2.2 m

below mean low water (bmlw) {Table 1). The only

sites that were somewhat deeper (>2.8 m bmlw)
were the New York open-water sites (1993 and
1994} and the New York pile field {1993) {Table
1). Temperatures exhibited broad seasonal fluctu-
ations typical of Middle Atlantic Bight estuaries but
varied little between habitats (Table 1}. Average
termperatures were lowest during the first sampling
period in each year (16°C, late June 1993; 11°C,
mid May 1994) peaking at 26°C in late August 1993
and late fuly 1994 before declining in the fall (Fig.
2a). Salinities were also typical of Middle Atlantic
estuaries with significant tidal and riverine influ-
ences, ranging from 13%o to 28%e from late June
through September, with somewhat lower values
(7-24%o0) recorded in late May and early June
1994 (Table 1}. Although generally consistent
throughout the study area, salinities were some-
what higher at the deeper sites, for example, 1994
New York open-water site averaged 21%e as com-
pared with 16-17%e at the shallower sites (Able et
al. 1995). Both temperature and salinity exhibited
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Fig. 2. Seasonal patterns of (a} temperature, (b) fish abun-
dance (expressed as mean catch per unitc effort [CPUE]), and
(¢) species richness at the stations in the lower Hudson River

estuary in 1993 and 14494,

diel variations (mean change 1.4°C and 5%o re-
spectively) as a result of tidal fluctuations that av-
eraged 1.4 m d7L

Other physical parameters, including underwa-
ter light levels, dissolved oxygen concentrations
and sediment grain size varied by habitat type. In
the open-water and pile field habitats, average light
intensity was relatively high, ranging from >b66 pE
m~2 57! at depths of 0.5 m to >9 p E m™™ 57! on
the bottom. In contrast, light levels in the under-
pier habitats were <0.12 p E m~2 57! throughout
the water column. In both 1993 and 1994, dis-
solved oxygen minima were generally higher in un-
derpier habitats than in the pile field or open-wa-
ter sites (Table 1). This pattern was particularly ev-
ident during 1994 when dissolved oxygen concen-
trations always exceeded 2.8 mg I7' in the
underpier habitats but fell to hypoxic levels <1 mg
I~! in the New York open-water and New Jersey pile
field sites {Table 1). Fine sediments (<63 ., silt
and clay) were characteristic of both underpier
and open water habitats (>90% fine fraction)
while sediment samples coltected in the pile fields
were compased of a significantly lower proportion
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Fig. 3. Composite length frequency for fishes collected in

. traps in the lower Hudson River estuary in (a) 1993 and (b)
1994, Arvrows and associated values indicate median.

anf fine sediments (51-92.6% fine fraction: p <

0.05, Kruskal-Wallis test, w = 13.5, df = b) and
often contained fragments of concrete and wood
(Table 1).

PATTERNS OF FISH SIZE, ABUNDANCE, AND
SPECIES COMPOSITION

During the 2 yr of the study, nearly 1500 fishes
were collected, most of which were small juveniles
{<100 mm total length, TL), many being recently
settled individuals <60 mm TL (24%, 1993; 45%,
1994) (Fig 3). Although comparison of the two
trap types indicated there were some differences
in catch efficiencies (the 1993 type caught more
individuals than the 1994 type, p < 0.01), with the
exception of Morone saxatilis at one site, there were
no significant differences in abundance of the
dominant fish species (p > 0.05, ANOVA). Addi-
tionally, the fish assemblages sampled by the two
trap types were not significantly different (p >
0.05, one-way ANOSIM) and the length frequen-
cies were similar. As a result, we feel that compar-
isons of size and assemblage structure between the
2 yr are appropriate. The number and catch rates
{(mean CPUE) of fishes varied annually (Table 3;
Fig. 2c¢). perhaps due in part to the differences in
sampling periods, trap type, attraction to structure
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TABLE 3. Rank abundance and lengths of fishes collected in traps in the lower Hudson River estuarj.r in 1993 and 199& {Rank

abundance based on mean catch per unit effort [x CPUE]).

Rank Abundance MNurmber : Median Total Length
{2 CIPUE) Collected - {Range] mam
Species 1963 1994 1905 1954 1933 1094
Morone saxatilis 1 1 207 188 67 71
(.24) (0.22) {44154} (17-165}
Microgadus tomeed 4 3 103 164 7{) 49
(0.10) {0.17) {23-236) (31225}
Anguiila rostrata 3 5 94 oo 300 3hi
{0.11) (0.07) : { 150-600) (130-65(0)
Tautogolabrus adspersus 5 5 84 42 34 1H
(0.10) (0.05) (21-190) {14-127)
FPseudoplenronecles qmericanus 3 4 15 80 Bt il
(.02} (0.09} {40280} (12-141)
Syngnathus fuseis 6 - 7 25 31 128 110
(0.03) {0.04) (73-229) { 58100}
Centroprisiis siriala 13 2 4 177 42 41
{0.01) (0.21) (31-51} (17-81)
Gobiosoma bosc 7 10 19 9 26 32
(.02} (0013 (1648} (17-49)
Gobiosoma ginsirgi 2 — 2 0 50 —
(.11} {0.00) (16—42)
Menidia menidia 10 12 i 6 77 72
' (0.01} {0.01) (BE-85) (B5-30)
Tautoga onitis ) 16.5 14 1 108 b1
{0.01) (0,007 {h4-160) -
Bairdiella chrysoura 17 Y 1 9 34 47
(.00 (.01} — (4076}
Conger GCeanicus 13 14 b 4 94 95
' (.01} (0,00} {72-50() (36-102)
Etropus microstomus 14 I3 4 i 39 54
{0.00) {0.01) (3644} (22-47)
Prionoius evolans — 5 0 12 — 29
' _ {0.00) IRy (19-67)
Myoxocefrhalus aenaeus i3 15.5 G 2 32 28
(0.01} (.00} {26-94) (16, 40)
Hypsoblennius hentz 11 — 5 0 21 —
(101} {0.00) (1831}
Anchoa mitchilly — 11.5 { B — GO
{000} 10.01) (29-84)
Morone americana — 1.5 0 B — 147
{0.00) ((.01) ' (73-205)
Dhropleycis vegia 15.5 15.5 2 & 176 6}
(.00} (0,00} (189, 212) (B9, 60
Paralichifys dentalus 15.5 — 2 0 301 —
_ {0.00} {0.00) (242, 310)
Peprilus friacanthus — 16.5 0 1 — e
{000} (.G 16
Chaetodon ocelfatus 17 —- 1 1] — —
(0.60) (000 48
Cpsanus tau 17 — 1 ( — —
(0.00) (0.00)
Total fish (079} {0.91) - BBH 2010 70 53
(18-600)

(12-650)

provided by traps, or larval supply. In 1993, from
late June to early October, 686 fishes were collect-
ed with CPUE averaging 0.79 * 0.05 individuals
trap™* 4~ I {Table 3). In 1994, when trapping began
in mid May and ended in September, catches were
higher (n = 800; x CPUE = 0.91 £ 0.05 individuals
t:rap“1 d~!; Table 3). Seasonal patterns of fish abun-
dance were relatively similar in both years: high

catches in early (1994) and mid (1993) June be-
fore peaking in mid to late August (Fig. 2b).
'Faunal diversity was fairly broad with 24 species
of fishes, representing 19 families, collected during
the 2 yr of the study {Table 3). In each year, how-
ever, a small namber of species dominated the col-
lections, with the five most abundant accounting

for over 80% and the 10 most abundant, 95% of



the total catch. Several species were consistent fau-
nal components during both years (Table 3).
Young-of-the-year Morone saxatilis were the most
abundant, accounting for 30% and 24% of the to-
tal catch in 1993 and 1994 respectively. Young-of-
the-year Microgadus tomcod were also collected in
large numbers, representing 15% (1993) and 20%
(1994) of the catch. Juvenile Anguilla rostrata also
contributed substantially to the catch (14%, 1993,
7%, 1994). Although not quite as abundant, Syng-
nathus fuscus occurred in relatively large numbers
during both years (Table 3}.

Some species exhibited striking annual differ-
enices in abundance (Table 3). Gebiosoma ginsburg:,
which ranked second in average abundance in
1998 was absent in 1994, In 1994, only half as many
Tautogolabrus adspersus were collected as compared
with 1993 and while age 1+ fish {median TL = 84
mm) dominated the 1993 catch, nearly all fish col-
lected during the following year were recently set-
tled individuals (median TL = 18 mm}. Young-of-
the-year Centropristis striata, which were rare in
1993 (n = 4) were collected in large numbers 1n
1994 (n = 177) and ranked second in abundance.
Pseudopleuronectes americanus were five tunes as
abundant in 1994 as in 1993.

FISH ASSEMBLAGE STRUCTURE
- Seasonal Patterns

Two seasonal assemblages of fishes were identi-
fied in the study area based on analysis of assem-
blage structure (Fig. 4a, b). Although more grad-
ual in 1993 than in 1994, the transition from spe-
cies assemblages characteristic of the earlier part
of the summer to those characteristic of the later
part of the season was supported by cluster analy-
sis. In 1994, two distinct groups were identified
(Fig. 4b). The first group included samples col-
lected from May through early July (designated
early summer, Julian days 136-188), and the sec-
ond included samples from late July through Sep-
tember (designated late summer, Julian days 200-
258). In 1993, two groups were also identified (Fig.
4a), with a period of overlap in July (Julian days
185-201). Examination of the data showed that al-
though the abundances of all species were low dur-
ing July, the samples were dominated by species
characteristic of the early summer period. Conse-
quently, in 1993, samples from June through July
(Julian days 172-201) were included in the early
Sumier group, while those collected from August
through the beginning of October (Julian days
221-280) constituted the late summer group (Fig.
da). Microgadus tomeod and P. americanus dominated
the early summer collections in both years and
were also the only species abundant during that
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Fig. 4. Seasonal patterns of fish assemblage structure in the
lower Hudson River estary in (a} 1993 and (b) 1994 based on
n-m MDS ordination of Bray-Curtis similarities computed tfrom
dth-root-transformed abundances of fish species collected in
traps. Dashed lines indicate samples that formed groups in
group-average cluster analysis.

peried that were also important discriminating spe-
cies (high x &, high % 3;/SD[§;], Table 4). Al-
though more abundant during late summer, T. ad-
spersus and A. rostrata were also typical (high x 5,
high x §/SD[S]) of samples collected in the early
summer in 1993 and 1994 respectively (Table 4).
Species richness (mean number of fish species
collected per station per trial) was higher during
[ate summer, particularly in 1994 (Fig. 2c). During
this period, the species assemblage was dominated
by M. saxatilis, which ranked first in 1993 and sec-
ond in 1994 in its contribution to the dissioularity
of the seasonal sample groups {(Table 4}. Also con-
sistently more abundant were §. fuscus and, as in-
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TABLE 4. Average abundance {expressed as mean catch per unit effort (X CPUE]) and percent contribution of fishes to the average
dissimilarity of early and late summer sample groups indicated by cluster analysis and ordination of trap collections in the lower
Hudson River estuary in 1993 and 1934. (See Fig. 4 for seasonal ordination; 1993, carly summer: June 21-july 21, late summer:
August 3-October 8; 1994, carly summer: May 17-July 8, late summer: July 21-September 15.)

1995
Average Dissirnilarity = 6981

1984
o+ Average Dissimilarity = 6890

Abhundance

Abundance

(x CPUE} (= CPUE)
Early Late Percent Early Latec Percent
Species ' Summer  Summer  Congribution Species Summer  Summer  Contribution

Movone saxatilis (LO0G  0.3222 ° 17.64° Centofrristis striaia G.00G  0.411*  18.14*
Micragadus fomceod 3.332>  0.010 13.580 Morone sexatilis ¢.016  0.424=  13.71*
Coblosoma ginsburgi G011  0.145 9.250 Microgadus tomeod 3.318 0.015 13.17"
Anguille rostrata (.046  0.128° 8.34" Pseudoplewroncctes americanus 0102 {071 7.24b
Pseudopleuronectes americaniys 0.034>  0.007 8.140 Tautogolabrus adspersus - 0.002  0.096 7.11
Syngnathus fuscus 0.004 G036 6.46° Syngnathus fuscus 0.015  (.056 7.020
Myoxocephalus genaeus 0,019  (L0OG0 6.36° Anguilla rostrata 0.0517 0.078 5.50
Gobiosoma bosc 0.000  0.030 5.62 Cobiesoma bosc 0012  (.009 4.32
Tautogolabrus adspersus 00652 0122+ 5.51 Prionotus evolans 0.000 0.028 4.14
Tautoga onitis 0.006 0014 4.57 Morone americang 0.011  0.007 3.74
Conger oceanicis 0.019  0.000 3.83 Bairdiella chrysoura 0.000 0,022 5.54
Menidia menidia 0.600 04010 2.43 Anchoa mitchilli 0.0067 0011 3.20
Fish 0.548 0888 Fish 0.566  1.254

* Species indicated as typical (8, and S,/SD{S, = 1) of samples within the seasonal period by the SIMPER analysis.
b Species important in the discrimination of the seasonal sample groups (i.e., discriminating species; §; and &;/ SD{3) = 1).

dicated previcusly, T. adspersus and A. rostrata. Of
these, only A. rosiraia was typical of the late sum-
mer collections, while along with M. saxatilis, only
S. fuscus was an important discriminating species
during both 1993 and 1994 (Table 4). Species
dominance in late suipmer assemblages was influ-
enced by annual variability. In 1993 G. ginsburgy,
and in 1994 C. sirigia were important discriminat-
ing species (Table 4). Centroprisiis striata made the
largest contribution (>18%) to the dissimilarity of
the seasonal sample groups in 1994 (Table 4).

Location and Habitat Patterns

Location and habitat type affected fish assem-
blage structure during both seasonal periods in
1993 and 1994 (Table 5)}. Of these two factors,
however, habitat type accounted for the largest
proportion of the variation in assemblage structure

TABLE & Results of two-way ANOSIM for the effects of loca-
tion and hahitat type on fish assemblage structure in the lower
Hudson River estuary during the early and Jate summer periods
in 1993 and 1994.

Season Year Factor | L8
Early summer 1993 lacartion {.hDGF**
habitat ovpe {.183%=*
1994 location () 3R 5e%
. habirtat type (r.493% =
Late summer 1965 lecation . (. 16°7*
habitat type (7] ik
19G4 location ). A2H**
habitat type 0. HO0*x=
*p = 0.05.
**p =001,

4% b = 0.001.

during three of the four seasonal periods: early
summer 1994 and late summer in both 1993 and
1994 (R > 0.493; Table 5). In those three seasons,
underpier stations were clearly differentiated from
those in the pile field and open-water habitats in
the ordination and cluster analyses {Fig. bb, c, d).
During the early summer period in 1993, habitat-
specific. station groups were not clearly delineated
in the analysis (Fig. 5a) and the effect of location
on assemblage structure was greater than that of
habitat type {Table b).

Average species richness and fish abundance
were consistently higher and the seasonally domui-
nant species typically were more abundant in New
York than in New Jersey during both years {Table
6). Species characteristic of early summer assem-
blages that were more abundant in New York in-
cluded Anguilla rostrata, Microgadus tomcod (1993
and 1994), and age 1+ Taulogolabrus adspersus
(1993}. Most of the species dominant during the
late summer, for example, A. rostrata in 1993 and
1994; Gobiosama ginsburgi, age 1+ T. adspersus, and
G. bosc in 1993; and Centropristis striata n 1394,
were also more abundant in New York. In contrast,
age-0 T. adspersus, which were important compo-
nents of the late summer assemblage in 1994, were
collected in greater numbers in New Jersey. Abun-
dances of young-of-the-year Pseudofleuronectes amer-
icanus and Morone saxatilis in New York and New
Jersey varied between seasons and between years
(Table 6). Recently settled F. americanus were more
abundant at the New Jersey sites during early sum-
mer 1994 while more were collected in New York
sites during the late summer of that year. Larger
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Fig. 5. Habitat station groups during the early and late summer periods in 1993 and 1994 based on n-m MDS ordination of Bray-
Curtis similarities computed from 4th-root transformed abundances of principle fish species collected in traps at the 30 stations. (Il
New Jersey underpier, [1 New York underpier, @ New Jersey pile field, OO New York pile field, & New Jersey open water, X New York
apen water. Solid lines = major chister groups; dashed lines = cluster subgroups.

numbers of M. saxatilis were collected in New Jer-
sey than New York during the late summer in 1994
in contrast with the pattern of distribution evident
in 1993. |
- Habitat effects, which were particularly evident
during early summer 1994 and late summer peri-
ods 1n both years (Table 5 and Fig. 5b, ¢, d) were
related primarily to differences in  assemblage
structure between the underpiers and the other
two habitat types: pile fields and open water. The
average dissimilarity between assemblages charac-
teristic of the underpier station groups and the
other two habitat types ranged from 52.5 to 93.8
(x = 75.8%). In contrast, dissimilarities between
pile field and open-water station groups ranged
from 40.6 to 53.3% (X = 46.3%).

The habitat effects were primarily related to low
fish abundance and low species richness under
piers as compared with the open-water and pile

field habitats (Table 6). Only A. rostrata was con-
sistently collected under the large platforms, ac-
counting for 28-84% of the total catch in the un-
derpier habitats, while contributing <8% to the to-
tal numbers of fishes in the open-water and pile
fields. With the exception of M. fomcod and G. bose,
YOY individuals of the dominant species (e.g., M.
saxatifis, G. ginsburgi, C. striata, and P americanus)
were rarely collected at the underpier sites al-
though they were abundant in the open water and
pile field habitats (Table 7). Young-of-the-year M.
tomcod was commonly collected under piers during
early summer but were less abundant there than
in the pile fields and open water.

Site-specific differences in assemblage structure
were also evident, and with the exception of early
summer 1994, were primarily confined to the
open-water and pile field sites (Fig. 5b, ¢, d). How-
ever, few species appeared to show consistent pat-
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TABLE 6. Average abundance of important discriminating species and their percent contribution to the average dissimilarity of New
York and New Jersey fish assemblages collected in traps in the lower Hudson River estuary during early and late summer periods in
. 1993 and 1994. ' ' ' -

Early Summer FO935 - | Early Summer 1994
Avcrage Dissimilariey = 65.% Average Dissirnilarity = 55.1
Abundarice : Abundance
{x CPUE} _ {& CPUE)
Mew New  Percemt MNew MNew Percent
Spuiies Jersey York Contributicn Species Jersey Yark Contribution
Microgadus tomcod {.199 0.543 203 Microgadus tomeod 0.235 0.360 21.8
Anguilla rostrata 0.027 .057 17.4 Anguilla rostrata 0.009 (.093 21.9
Tautogolabrus adspersus 0.0G3 0.120 11.6 Pseudopleuronectes americanis (.107 (3.098 17.7
Fish (.297 (.655 Fish 0,459 0.668
Latc Swnmer 1953 ' Lawe Sammer 1994
Average Dissimilavity = 66.7 Average Dissimilarity = 64.0
Abundance Abondance
{x ZFULE) {& CPUE}
Mew | Neow Percent - Mew MNew Percent
Species Jersey Yok Contribution Species Jersey York Ceniribution
Morone saxatilis 0521  0.201 17.6 Movone saxatilis 0308  0.55] 18.7
Anguilla rostrete 0.046 0.250 16.0 Centroprisiis striota . 0.177 0.658 17.8
Gobiosoma ginsburgi 0154  0.168 14.2 Tautogolabrus adspersus 0.144  0.037 10.6
Tautogolabrus adspersus (.029 0.206 10.5 Anguilla rostrata (LOS6 0.099 10.5
Gobiosoma bos¢ 0.019 (.048 10.06 Pseudoplewronectes amertcanus 0.050 0.101 8.4
Fish _ _ 0.877 1.043 Fish {.850 1.670
~tens in relative abundance between the pile field Anchoa mitchilli and Menidia menidia) were not well
and open-water sites. During early summer 1994, represented because these forms are not collected
assemblages characteristic of the underpier sites effectively by traps. On the other hand, several spe-
were different due to the high relative abundances cies that are attracted to structure (e.g., Centropristis
of A. rostrata and M. tomcod at the New York and striata and Tautogolabrus adspersus) and thus possi-
New Jersey sites respectively (Fig. 5c and Table 7). bly atiracted to traps may have higher relative
Also during this period, the largest numbers of A. abundance. Regardless, the predominance of
rostrate and G. bosc were collected at the New York young-of-the-year demersal fishes, many of them
pile field stations, which formed a distinct group newly settled individuals, provides strong evidence .
in the analysis (Fig. 5c). that despite extensive anthropogenic disturbance
During the late summer period, the New York in the systein, this portion of the estuary is a nurs-
open-water areas were the only sites to have unique ery area for a number of species.
asseinblage structures in both 1993 and 1994 (Fig. Patterns of use in the lower Hudson River estu-
5b, d). Species richness was consistently high (Ta- ary as nursery habitat are varied. Several species
bie 7) and the number of dominant species was that spawn in brackish or freshwater areas move
very abundant at each of the two sites (in 1993, G. into the lower estuary as they grow. Young-of-the-
ginsburgi, G. bosc, and §8. fuseus; in 1994, C. striata, year Microgadus tomeod, for example, composed a
P, agmericanus, and S. fuseus). Although the New Jer- significant portion of our trap collections in late
sey open-water site also formed a distinct station spring and early suromer, which is consistent with
group in late summer 1994 (Fig. 5d), recently set- results of other surveys (McLaren et al. 1988; Dew
tled T, adspersus were the only constituents of the and Hecht 1994). This species spawns upriver in
assemblage that were most abundant at the New midwinter and, depending on freshwater flow re-
Jersey site. gimes, can be transported into the estuary during

the spring (Dew and Hecht 1994). The disappear-

Discussion ance of YOY M. tomeod from our study sites in July

SPECIES COMPOSITION probably reflects the upriver migration that occurs

The fish fauna collected by trapping in the lower in the summer, possibly in response to increasing

Hudson River estuary during 1993 and 1994 were water temperatures as well as freshwater flow
relatively diverse and generally consistent with the (Klauda et al. 1988; Dew and Hecht 1994).

species composition expected in this section of the The timing of the appearance of YOY Morone saxa-

harborestuary (see for example Beebe and Savidge tilis at the study sites in mid-summer 18 in agree-

1988). The pelagic component of the fauna (e.g., ment with the pattern described by Dovel {1992)
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TABLT 7. Abundance of important discriminating fish species in lower Hudson River estuary station gmup.s during the early and
late summer periods In 1995 and 1994, (See Fig. b for station groups.)

Late Surmumer 1992

Abunidpree (% CPLFE)

File Field ancl :
Mew York

_ New Jersey
Specics Underpier Open Water Open Waler
Morone saxatifis 0.000G 0.648 0.219
Anguille vostrata {1402 0.004 0.011
Gobiosoma ginsburgi (1005 0.165 0.462
Tautogolabrus adspersus 0.005 0.231 0.000
Cobiosome bosc 0048 0020 0,043
Syngnathus fiscus (.03 0.087 0.128
Fish . 0.450 1.252 1.082
Specics richness 2.000 4 267 5.600

Abundance (x CPFUE)

Early Sumnrmer 1944

Cpen Water and

New Jersey New York " New York MNew Jersey
Specias Undecrpicr Underpier File Freld Mile Freld
Angrutila rostrate N.014 0.122 0.130 0.014
Microgadus tomend 0,143 {1.{59 0.322 (.439
Pseudopleuronectes americanus LOGG £.000 0.131 0.161
Gobiosoma bosc 0000 0.000 0.061 0.005
Fish 0.271 0.235 (3,705 (.721
Species richness _ 2.200 2.200 4.200 3.735
' Abundance (% CPUE)
Late Sumtner 1994
' _ Mesw Jersey New York

Species Underpier - Tlile Field Open Water Open Water
Mervone saxatilis 0.012 | 0.322 0,727 1.183
Centropristis striuta .025 v 0.276 0.215 1.627
Tautogoelabrus adspersis ' 0.019 . 0058 0.541 0.091
Anguilla rostrala 0.167 - 0.059 0,012 (3,000
Fseudoplauroncctes americanus 10.006 {.090 0.10)2 0.150

Syngnathus fitscus _ 0.006 0.102 0.000 0.154 -
- Fish 0.317 1.007 1.482 2.430
Species richness 3.001) 5.200 5.200 7.400

in which downstream migration into the estuary
occurs following spring spawning upriver (Able
and Fahay 1998}, The movement of young fish into
shallower nearshore habitats is also consistent with
findings from other estuaries such as the Potomac
River where these movements may be related to
greater prey abundance or increased feeding suc-
cess (Boyntom et al. 1981}).

Other species that utilize New York Harbor or
the lower Hudson River as a nursery area are de-
rived from spawning populations in the adjacent
ocean. Centropmstis striata, for example, spawns n
the Middle Atlantic Bight from April through No-
vember with a portion of the young-of-the-year re-
matning offshore while another portion moves
into estuaries, including the Hudson River (Able
et al. 1995). Another study has suggested they
probably remain in specific areas (Able and Hales
1997} until they leave in the fall. Settlement occurs
at sizes ranging from 10 mm TL to 16 mm TL
{Able et al. 1995}, which is close to the smallest
size (17 mm TL) collected at our sites in mid July.
Anguilla rostrata, which spawn in the Sargasso Sea,

are carried into estuaries along the entire north-
east coast (Able and Fahay 1998) and was one of
the few species collected that was composed pri-
marily of large juveniles and adults. The adapt-
ability of this species in surviving in widely diverse
habitats (Helfman et al. 1987} is consistent with
their oceurrence in each of the three habitat types
in the lower estuary. |
Iinally, the occurrence of other species is the
result of recruitment from local populations. Pseu-
dopleuronectes americanus, for example, migrate
from offshore to spawn in late winter in areas of
the New York-New Jersey Harbor Estuary (Phelan
1992), with young-of-the-year utilizing a variety of
areas in this system as nursery habitats (Goldberg
et al. unpublished data). Gobicsoma ginsburgi is

- found in estuaries but also in nearshore coastal

habitats with newly settled individuals collected in
both areas from mid-summer through fall (Duval
and Able 1998). In contrast G. bosc is strictly estu-
arine dependent, with spawning in New Jersey es-
tuaries beginning in June and settlement occur-
ring at about 8-13 mm TL (Able and Fahay 1998},
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close to the size of the smallest individuals (16 mm
TL) collected at our study sites in 1993.
Temporal differences in occurrence and abun-
dance were characteristic of many of the species
the lower Hudson River estuary. The most striking

example of interannual variability was for C. striata,

which while rarely collected in 1993, was a domi-
nant species in 1994, perhaps due to differences

in larval supply. The pattern was reversed, however,

for G. ginsburgi, which ranked fourth in overall
abundance in 1993 but was absent from the col-
lections in 1994. Young-of-the-vear F americanus
ranked only eighth in 1993 but were fourth m
1994, perhaps due to the earlier initiation of trap-
ping. Although interannual variability in catch
rates of certain species like C. striata and F amer-
canus may be related, in part, to the changes in
trap design between years, the experiments con-
ducted to compare these traps indicated that this
was not a significant factor.

Seasonal changes in species composition were
also evident, particularly in 1994 when two sepa-
rate assemblages were identified, one in late spring
and early summer and a second one in late sum-
mer and early fall. This pattern was less distinct in
1993, when perhaps, due to the later start of sam-
pling, some of the YOY spring fauna (e.g., F ameri-
canus) were less well represented in the collections.
During late summer, as the number of fishes and
species increased, the assemblage was based on
YOY that consistently move into the lower estuary
at that time (e.g., M. saxatilis [Dovel 1992]), as well
as others that occurred less consistently and re-
sulted from spawning in the estuary during the
summer (e.g., G. bosc [Able and Fahay 1998]; S.
fuscus [CGampbell and Able 1998]), or were trans-
ported into the system from offshore {e.g., C. stria-
ta [Able et al. 1995]). In 1994, the coincident ap-
pearance of recently settled C. striata, 1. adspersus,
and B evolans during mid-July in the lower estuary
contributed to the significant distinction between
early and late summer assemblages.

HaprTtAaT USE

While the structure of fish assemblages was af-
fected by location, perhaps due to differences in
depth at some sites, the most significant miluence
was related to habitat type, specifically the habitats
under piers. In both 1993 and 1994, in three of
the four seasonal assemblages, the underpier fauna
were distinct regardless of location. This distinc-
tion reflects, in part, the decreased species diversity
and lower abundance of fishes as compared with
the pile fields and open-water habitats. Of the 25
species collected during the 2 yr, only 14 occurred
under the piers. With the exception of A. rostrata,
which accounted for 60% of the total number of

fish collected under the piers, and M. tomceod,
which accounted for 19%, other species occurred
only incidentally.

In other surveys of the open-water and under-
pier areas of the lower Hudson River estuary, a
small number of species were the principle con-
stituents of seasonal collections. For example, M.
saxatilis, P americanus, M. americanus, and M. tomcod
composed about 88% of the fish collected from
December to March in 1982-1983 as part of the
Westway survey (United States Army Corps of En-
gineers 1984} and about 90% of the collection dur-
ing the same months in 1986-1987 at Pier 76
(Stoecker et al. 1992). As part of the Westway sur-
vey, Cantelmo et al. {1985) found no significant
differences in abundance of M. saxatilis between
interpier (open-water) and underpier habitats;
however, in the Pier 76 study, distribution was rel-
atively habitat specific with more fish, primarily A.
rostrata, M. americanus, and P americanus collected
in the underpier area than in the interpier habitat
where M. saxatilis was more abundant {(Stoecker et

~al. 1992). From mid-June through August, com-

parable to our sampling period, very few fish were
collected in either habitat at Pier 76 (Energy and
Environmental Analysts 1988). Since little length
frequency data are presented for either study, com-
parisons with our findings on habitat use by newly
settled and YOY fishes is difficalt.

In the current study, the consistently depauper-
ate nature of the fish fauna under piers of different
sizes in both vears indicates that these habitats are
less frequently used as nurseries than the adjacent
pile fields and copen water areas. While this could
be related to a variety of factors (i.e., an over abun-
dance of predators), comparisons of growth rates
across these three habitats suggests that the fish
under the piers are not feeding (Able et al. 1995}.
The reasons for this are not completely clear but
may be related to lack of suitable prey or little light
penetration, which may, along with turbidity, atfect
the ability of fishes to feed and/or indirectly limit
food availability (Benfield and Minello 1996). Our
measurements indicate that light levels at the water
surface in the open-water and pile field habitats
were several orders of magnitude higher than at
the water surface under the piers. Perhaps those
species that rely primarily on vision and feed dur-
ing the day, for example, P americanus (Pearcy
1962; Olla et al. 1969), avoid these underpier hab-
itats. This would account for the differences in rel-
ative abundance as compared with the open-water

. and pile field habitats. Although some fish species

can feed under conditions equivalent to dusk,
feeding activity decreases significantly at these lev-
els for most visual feeders (Blaxter 1970). Juvenile
Cynoscion regalis, for example, when held under



dark conditions 1n the laboratory, reduced teeding
on Neomysis americana, switching to less efficient
nonvisual encounters to detect and ingest prey
(Grecay and Targett 1996). In contrast, a noctur-
nal species such as A. rostrata, which relies on other
senses such as olfaction {Miles 1968; for review on
Anguilla spp. see Tesch 1975, 1977), was one of the
dominant species under the plers. The same rel-
ance on other sensory cues is also true for M. fom-
cod (Herrick 1904), which was the second of the
two dominant underpier species. Other explana-
tions for the low abundance of demersal fishes,
that is, lower prey availability or higher predator
abundance, have yet to be Investigated.

In summary, it 1s apparent that at least from late
spring through fall, young-ofthe-year and newly
settled juveniles of a range of fishes are relatively
abundant in the open-water and pile field areas of
the lower Hudson River estuary, indicating that
these serve as good nursery habitats. This is not
the case for the areas under piers on either the
New York or INew Jersey shorelines which, based

on the sparse numbers of the early life-history stag-

es, are poor nursery habitats.
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