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Abstract.—The main channel of the Hudson River is a tidal estuary from its mouth in
New York Harbor to Troy, New York, 247 km upstream. It drains about 35,000 km2 and
is an important navigational, commercial, and recreational system. Since the arrival of
European settlers over 400 years ago, it has undergone numerous environmental changes.
These changes have included channel maintenance by dredging, wholesale dumping of
industrial and domestic wastes, scattered in-basin urbanization and shoreline development,
deforestation of the watershed and an increase in agriculture, and water removal for
commercial, industrial, and agricultural needs. In addition, the biota of the river has
supported commercial and recreational harvesting, exotic species have become established,
and habitats have become fragmented, replaced, changed in extent, or isolated. The tidal
portion of the Hudson River is among the most-studied water bodies on Earth. We use
data from surveys conducted in 1936, the 1970s, the 1980s, and the 1990s to examine
changes in fish assemblages and from other sources dating back to 1842. The surveys are
synoptic but use a variety of gears and techniques and were conducted by different
researchers with different study goals. The scale of our assessment is necessarily coarse.
Over 200 species of fish are reported from the drainage, including freshwater and
diadromous species, estuarine forms, certain life history stages of primarily marine species,
and marine strays. The tidal Hudson River fish assemblages have responded to the
environmental changes of the last century in several ways. Several important native species
appear to be in decline (e.g., rainbow smelt Osmerus mordax and Atlantic tomcod
Microgadus tomcod), others, once in decline, have rebounded (e.g., striped bass Morone
saxatilis), and populations of some species seem stable (e.g., spottail shiner Notropis
hudsonius). No native species is extirpated from the system, and only one, shortnose sturgeon
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Acipenser brevirostrum, is listed as endangered. The recent establishment of the exotic
zebra mussel Dreissena polymorpha may be shifting the fish assemblage  away from open-
water fishes (e.g., Alosa) and toward species associated with vegetation (e.g., centrarchids).
In general, the Hudson River has seen an increase in the number and importance of alien
species and a change in dominant species.

Introduction

Fish assemblages in large rivers are among the most
altered of any in northern temperate regions
(Tallman, this volume). The extent of change is dif-
ficult to assess in any given river because most such
rivers were extensively modified before synoptic
studies of the fish were undertaken. Norris and
Hawkins (2000) argue that the best way to assess
change when descriptions of the original assemblage
or system are absent is to examine trends in the sta-
tus and condition of individual species. Others (e.g.,
Karr et al. 1986; Daniels et al. 2002) suggest that
the entire species assemblage best reflects system-
wide change. All recognize the need to use several
types of data, including historical distribution of
fishes, in order to establish reference conditions with
which to compare change (e.g., Hughes 1995).
However, in most rivers the historical record is too
short to provide information adequate for distin-
guishing reference conditions. Northeastern rivers
have long records, but alterations were extensive
before these records began, again limiting their
value in establishing reference conditions. For the
Hudson River, a series of reports detailing fish dis-
tribution extends to the early years of the 19th cen-
tury and offers an unusually, if not uniquely, long
data series on fish assemblages in the river. Although
a 200-year record of fish distribution is useful in
assessing change in the fish assemblage, it is impor-
tant to recognize that this river was already affected
by environmental change as a direct result of Euro-
pean settlement before fish distribution within the
river was assessed.

Modifications within the tidal Hudson River
are extensive and include impacts that range from
local to regional to global. Limburg et al. (1986)
and Barnthouse et al. (1988) note examples of modi-
fications related to pollution, urbanization and
shoreline development, water removal, and power
plant operations. Agriculture has been an impor-

tant activity within the basin for more than two cen-
turies, and 14% of the land in the basin currently
supports agricultural activities (Wall and Phillips
1998). The banks of the tidal Hudson River also
are urbanized. Runoff from both agricultural and
urban areas brings pesticides and other pollutants
into the river, although the type and amount of con-
taminants entering the system vary seasonally and
regionally (Wall and Phillips 1998; Phillips et al.
2002). Urbanization has increased the amount of
sewage entering the river as well. As late as 1970,
the “Albany Pool,” an area from the Troy Dam to
about 45 km downstream, was devoid of dissolved
oxygen and had extremely high coliform densities
(Boyle 1979). The condition described by Boyle
(1979) was long in the making. Faigenbaum (1935,
1937) noted the extent and type of pollutants en-
tering the river in the 1930s; his numbers are only
slightly different from those reported by Boyle
(1979). In addition to raw sewage entering the river,
Faigenbaum (1935, 1937) reported wholesale
dumping of wastes from paper production, tanner-
ies, textile production, and canneries. Sewage prob-
lems were severe until the implementation of the
Clean Water Act revisions of 1972, but still exist in
the New York Harbor vicinity (Stanne et al. 1996).
Toxic substances were also discharged for decades
in the Hudson (Limburg et al. 1986), and the large
load of polychlorinated biphenyls (PCBs) discharged
from several General Electric factories above the
Troy Dam continues to pollute downriver food webs
(Baker et al. 2001). The presence of PCBs in fish
tissue has led to restrictions on, and closures of, com-
mercial and sport fisheries.

The channel has been modified over the last
two centuries by episodic dredging for navigation
(beginning in 1834), alteration of shoreline wetlands
related, in part, to construction of railroads (Squires
1992), and the construction of dams in the upper
drainage and on tributaries in the lower drainage.
Schmidt and Cooper (1996) noted that dams exist
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on 30 of the 62 larger tributaries to the tidal
Hudson River. These dams not only store signifi-
cant amounts of floodwater, but also alter flow re-
gimes by reducing peak discharges downstream and
mete out flow over time to maintain minimum depths
for navigation (e.g., Lumia 1998). Dams in the
Hudson River drainage, as elsewhere, restrict fish
movement between the main channel and tributar-
ies and among tributaries, effectively fragmenting
the watershed (Schmidt and Cooper 1996). The
most extreme land-use alterations came in the form
of deforestation, primarily for agriculture, timber-
ing, and tanning in the mid-1800s to late 1800s
(McMartin 1992) and were noted as serious prob-
lems for fisheries by the end of the 19th century
(Stevenson 1899). Although agricultural activity is
considerably less widespread in the watershed to-
day, problem areas still exist (Phillips et al. 2002).
These and other types of environmental change have
affected the composition of the Hudson River fish
assemblage and the abundance of species in them.

Commercial fishing also has affected fish abun-
dance and assemblage structure. Striped bass
Morone saxatilis, Atlantic tomcod Microgadus tom-
cod, American shad Alosa sapidissima, and sturgeon
Acipenser spp. currently or formerly supported com-
mercial harvesting. The history of the Atlantic stur-
geon A. oxyrhyinchus fishery is typical of commer-
cial operations in the Hudson River. In the 19th
century, sturgeon, called Albany beef (Lossing
1876), was shipped across the country. This har-
vesting depleted stocks drastically; the population
had a long and slow recovery, and there was a short
period of harvesting in the 1980s and 1990s, fol-
lowed by a second decline and fishing closure in
1996 (Bain et al. 2000).

The role of alien species in the development
and composition of the current assemblage is also
important. Mills et al. (1997) discuss changes re-
lated to the introduction of exotic aquatic species
and list 65 animals and 55 plants. The effect of ex-
otic species on native fishes varies. For example, the
invasion of the Hudson River by zebra mussel
Dreissena polymorpha may have had a pervasive ef-
fect on the native fish assemblage. Zebra mussels
first appeared in the Hudson in 1991 and, since
September 1992, have constituted more than half

of heterotrophic biomass in the freshwater tidal sec-
tion of the river (Strayer et al. 1996). Consequently,
in the freshwater tidal Hudson, river kilometer (rkm)
100–247 (rkm 0 is at the southern tip of Manhat-
tan Island), biomass of phytoplankton and small
zooplankton declined 80–90%, whereas biomass of
planktonic bacteria, water clarity, and concentra-
tions of dissolved nutrients rose substantially (Caraco
et al. 1997; Findlay et al. 1998; Pace et al. 1998).
Most directly relevant to fish, overall biomass of for-
age invertebrates (zooplankton plus macrobenthos,
excluding large bivalves) fell by 50% (Pace et al.
1998; Strayer and Smith 2001). This change in the
forage base was distributed unevenly through the
habitats of the Hudson: biomass of zooplankton and
deepwater macrobenthos fell sharply, whereas bio-
mass of macrobenthos in the vegetated shallows ac-
tually rose. Strayer et al. (2004) hypothesized that
the zebra mussel invasion should have caused growth
and population size of open-water fishes to fall, and
the abundance of these species to increase downriver
into brackish-water reaches where zebra mussels are
scarce or absent. Littoral fishes were hypothesized
to show opposite trends in growth, abundance, and
distribution.

Here, we examine change in the tidal Hudson
River fish assemblage by comparing species compo-
sition and richness of the assemblage over time and
by examining trends in the abundance and distri-
bution of selected species. We attempt to relate these
changes to human-related changes occurring within
the river channel, its tributaries, and surrounding
landscapes.

Methods

Study Area

The Hudson River arises from Lake Tear of the
Clouds in the Adirondack Mountains of upstate
New York, on the flanks of Mount Marcy, the high-
est point in the state. From there it flows southward
some 507 km and drains into the Atlantic Ocean at
Manhattan. The drainage area is 34,680 km2

(Limburg et al. 1986). A dam at Troy, New York
(rkm 247), effectively bisects the river into nontidal
upriver and tidal downriver sections. Additionally,
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the Mohawk River, a major tributary, enters the
Hudson River just above Troy (Figure 1). The Hudson
River and its Mohawk River tributary are closely
linked to an extant, and historically more extensive,
canal network that tied the Hudson River system to
all other drainages in the state (Daniels 2001).

Below Federal Dam at Troy, the Hudson is a
drowned river valley that becomes an estuary, with
only a 1.5-m drop in elevation from Troy to the es-
tuary mouth (Helsinger and Friedman 1982). The
upper tidal reach is fresh, averages 8 m in depth,
and has a bottom substrate composed of mud and
sand. Below Poughkeepsie, the tidal river widens into
Newburgh Bay (rkm 93–103), the first of three
embayments in the southern, downriver reach. Just
below Newburgh Bay, the river becomes a fjord,

deepening and passing over a series of sills. This is
the reach of the dramatic Hudson River Highlands,
where the Continental Army stretched a great chain
across the river from Garrison to West Point begin-
ning in 1778 to prevent upriver movement of Brit-
ish ships. South of the fjord, the Hudson opens into
Haverstraw Bay (rkm 50–64) and the Tappan Zee
(rkm 39–50). These are both important nursery
areas for many fish species. The river deepens and
narrows again as it passes the Palisades, a basalt for-
mation of columnar cliffs rising above the river’s
western shore, and remains moderately deep to
where it empties into New York Harbor. Neverthe-
less, sediment transport necessitates dredging both
the harbor and many upriver areas to maintain a 9-
m to 11-m shipping channel (McFadden et al.
1978).

Freshwater discharge averages 390 m3/s at
Green Island, which is near the Troy dam (U.S.
Geological Survey records, 1948–1994), but varies
seasonally, with highest flows in spring freshets driven
by snowmelt within the watershed and lowest flows
in July and August (Figure 2). Freshwater flows in
the lower Hudson River are 538–567 m3/s (Cen-
tral Hudson Gas and Electric 1977). The flushing
time, estimated as the ratio of water volume to mean
freshwater discharge, is 126 d (Simpson et al. 1974),
which makes the Hudson one of the fastest flushed
of the East Coast estuaries.

Salinities in the tidal Hudson vary with season
and freshwater discharge. The river above rkm 97
remains fresh except in drought; thus, the city of
Poughkeepsie at rkm 121 draws its drinking water
from the Hudson, and New York City maintains an

Figure 1.— The Hudson River drains most of eastern
New York and parts of Vermont, Massachusetts, and
Connecticut. It flows southerly into New York Bay from
headwaters in the Adirondack Mountains.

Figure 2.—Freshwater discharge based on daily aver-
ages at Green Island, New York, 1948–1994.
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emergency pump station at Chelsea (rkm 108).
Haverstraw Bay and the Tappan Zee vary from
oligohaline (0–5 practical salinity units [psu]) in
higher flows to mesohaline (5–18 psu) in summer-
time. The salt front (defined as 0.5 psu) generally
remains below Newburgh, although in times of
drought it has been recorded as far north as Kingston
(rkm 145; Butch et al. 2001). The Hudson is
polyhaline (18–30 psu) in its lower reaches.

Vertical salinity and temperature measurements
show that the tidal Hudson is mostly a well-mixed
system, due in large part to its semidiurnal tides. This
is particularly true in the tidal freshwater zone (Cole
et al. 1992; Howarth et al. 1996). When discharges
are high, a layer of freshwater can ride over the
denser brackish water in the lower Hudson (Busby
and Darmer 1970). In summertime low flows, wa-
ter residence time increases, and the residence time
of water (which differs from flushing time by in-
cluding the influence of tidal influxes of seawater)
in the photic zone (where primary production oc-
curs) can be on the order of 7–10 d (Howarth et al.
2000). At that time, some thermal stratification can
occur in the relatively shallow bays of Haverstraw
and the Tappan Zee.

Tidal flow is 10–100 times greater than flows
resulting from upper basin and tributary input
(Cooper et al. 1988; Firda et al. 1994) and can ex-
ceed 14,000 m3/s. In general, tidal flow reverses the
current direction twice a day, but vertical and hori-
zontal distribution of flow is not uniform due to the
morphometry of the channel and effects of the salt
front. Shoreline points and bends in the channel
produce eddies that affect the flow regime. Tidal
amplitude is greatest at Albany (rkm 240), with a
mean of 1.6 m, and least at West Point (rkm 83),
with a mean of 0.8 m (Giese and Barr 1967).

Data Collection

We used data obtained from many diverse sources.
DeKay (1842) and Bean (1903) reviewed the fish
fauna of New York. DeKay did not describe his data
collection methods, but they appear to have been a
mixture of reports, sightings, and collections from
local fish markets. For our analysis, we regard the spe-
cies as present in the Hudson River if DeKay (1842)
specifically identified the species as occurring in the

Hudson River or if he noted its presence in all waters
in the state. Bean (1903) relied on the results of syn-
optic surveys (e.g., Bean 1899, 1900; Scott 1902),
but he also gleaned information from markets, an-
glers, and commercial fishers. He included a table of
fish distribution by drainage and, for our analysis, we
accept his tabulation. DeKay (1842) and Bean (1903)
only noted the presence of the species in the drain-
age; species distribution  and abundances within the
drainage were not detailed.

The first detailed, synoptic survey of fishes un-
dertaken in the tidal Hudson River was completed
in 1936 (Greeley 1937). All fish were identified,
the abundance of each species was assessed (usually
by an actual count, sometimes by a relative abun-
dance estimate), and many specimens were
vouchered for later study. Greeley (1937) collected
fish via seines, gill nets, and angling. Beginning in
1970, interest in the fishes of the Hudson River in-
creased and both long- and short-term surveys have
been conducted by several private and government
agencies during the last three decades. We include
information from surveys using seines, bottom trawls,
and midwater trawls. Because the sampling equip-
ment and effort varied among the studies, we use
only presence-absence information when making
comparisons among studies. If comparing informa-
tion within a study, we use all the data.

Some of the data presented here were taken
from the Hudson River Estuary Monitoring Pro-
gram (HRMP), an annual monitoring program
sponsored by the utility companies on the Hudson
River. Rainbow smelt Osmerus mordax and gizzard
shad Dorosoma cepedianum larval and adult Atlan-
tic tomcod distribution information came from the
HRMP’s Long River Ichthyoplankton Survey and
the catfish young-of-year data from its trawl survey.
These two surveys are river-wide and cover early and
late seasons, respectively. They have been performed
continuously since 1974 with few changes in meth-
odology. The details of the sampling methods and
survey design are in Klauda et al. (1988b).

Pop nets (see Serafy et al. 1988) were deployed
in dense water chestnut Trapa natans beds in Tivoli
South Bay (rkm 156) during several studies
(Pelczarski and Schmidt 1990; Hankin and
Schmidt 1991; Gilchrest and Schmidt 1997) fol-
lowing the protocol outlined in Pelczarski and
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Schmidt (1990). Twenty-two samples were taken
between 1989 and 2002.

To examine changes in abundance of nongame
fishes and to test for zebra mussel effects on fish popu-
lations, we used data collected by the electric utilities
and the New York State Department of Environmen-
tal Conservation (NYS DEC). To test for zebra mus-
sel effects on fish populations, Strayer et al. (2004)
divided the fish assemblage into two groups: open-
water species such as American shad, blueback her-
ring Alosa aestivalis, alewife A. pseudoharengus, gizzard
shad, white perch Morone americana, and striped
bass, and littoral species, such as spottail shiner
Notropis hudsonius, common carp Cyprinus carpio,
banded killifish Fundulus diaphanus, fourspine stick-
leback Apeltes quadracus, redbreast sunfish Lepomis
auritus, pumpkinseed L. gibbosus, bluegill L.
macrochirus, smallmouth bass Micropterus dolomieu,
largemouth bass M. salmoides, and tessellated darter
Etheostoma olmstedi. Their analyses were restricted to
young-of-year fish. Strayer et al. (2004) should be
consulted for further methodological details.

Results

The rich Hudson River fish fauna comprises a mix-
ture of freshwater, diadromous, estuarine, and ma-
rine species. To date, 210 species have been reported
from the Hudson River drainage (Appendix A). Of
these, 129 species are found in the main channel of
the tidal portion of the river; the remaining 81 are
confined to tributaries of the lower Hudson River
or are reported only from the upper Hudson River
or Mohawk River systems (Table 1). Of the species
present in the tidal portion of the river, 49 are pri-
marily marine visitors and 80 species are either resi-
dent freshwater or diadromous forms.

The number of species reported from the
Hudson River drainage has increased since first
tabulated in 1842 (Table 1). The trend is consis-
tent: species richness has increased over time in the
lower drainage, the main channel, and in the fresh-
water component. There has been a 1.5 to 2-fold
increase in the number of species in the drainage
since the 1930s (Table 1). The increase is due par-
tially to an increase in the effort spent in collecting
and reporting species. It is also due, in part, to the

number of exotic species now known to occur in
the lower drainage. Although the number of native,
freshwater species has increased about 21% in the
past 70 years, the number of alien, freshwater spe-
cies has increased 130%. The presence of two alien
species (common carp and rock bass Ambloplites
rupestris) in the lower Hudson River was noted by
DeKay (1842), indicating that they gained access to
the system before any assessment of the fauna was
undertaken. The number of alien fishes in the sys-
tem has increased during each sample period, dou-
bling since the 1930s and increasing by seven spe-
cies in the last decade. Moreover, the extent of the
range of alien species and the size of their popula-
tions are increasing in the tidal Hudson River.

The effect of alien species on the native assem-
blage varies across species. The effect of long-estab-
lished species, such as those noted as alien by DeKay
(1842) is impossible to evaluate. Sufficient data exist
to assess the status of several of the new arrivals. Giz-
zard shad has been collected consistently in the Hudson
River since 1974, and a single specimen was reported
from a pound net on Long Island in 1975 (Hickey
and Lester 1976). Reports of gizzard shad in the Con-
necticut River (O’Leary and Smith 1987), Merrimack
River (Hartel et al. 2002), and Kennebec River sug-
gest that this species is expanding its range northward
through a combination of marine migrations and ac-
cidental stockings. Marine migration may have been
the mechanism of introduction of the Hudson River
population. A second hypothesis explaining the pres-
ence of gizzard shad in the Hudson River is it that it
may be derived from inland populations, as suggested
by Carl George (Smith 1985).

Gizzard shad is becoming more abundant in
the tidal Hudson River (Figure 3). It is now com-
mon in large and small tributaries in the spring and
summer, although there are no reports of it spawning
in these areas. Commercial fishers have reported that
catches of gizzard shad in American shad nets have
reached nuisance status. Based on the results of the
HRMP, gizzard shad are spawning in the river, al-
though the numbers of larvae remain modest and are
concentrated in the estuary around Albany. It is pos-
sible that spawning occurs in the Mohawk River and
larvae moving downriver may enhance the popula-
tion in the lower river.
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Figure 3.—Number of gizzard shad yolk sac larvae caught in ichthyoplankton tows in the Hudson River, New
York, 1974–2000. Data are from the utilities sponsored Long River Ichthyoplankton survey.

Gizzard shad are small-particle feeders and fac-
ultative detritivores, and as such, large populations
could affect the phytoplankton and microzooplank-
ton populations in the Hudson River Estuary, but we
are unaware of any effort to document the effect of
the spread of this species.

Channel catfish has become increasingly com-
mon in the river during the last decade. A few speci-
mens were taken before 1985, and the earliest
Hudson River capture was in 1974 (Smith and Lake
1990). The origin of this species in the Hudson River
is not known, but it is available from commercial
fish suppliers. Beginning 10 years ago, channel cat-
fish were common in the Sturgeon Pool and con-
tiguous areas in the Wallkill River, a major, mid-ba-
sin tributary (R. Pierce, NYS DEC, personal com-
munication); this pattern suggests that channel cat-
fish was illegally released into the drainage before
then. Such releases could easily explain the estab-
lishment of this species in the Hudson River. A sec-
ond possible explanation is that channel catfish
moved into the system from the Saint Lawrence
River drainage, via the Barge Canal.

We (R.E.S., R.A.D.) have collected channel cat-
fish in marshes and tidal tributaries, mostly in the
northern part of the estuary. Channel catfish grows
to a larger size than the native white catfish and could

potentially displace the latter. Trawl surveys show in-
creasing numbers of channel catfish (Jordan et al.
2004), which ultimately may lead to a decline in the
native white catfish, a situation that has been observed
in the Delaware and Connecticut rivers.

Although not reported in Beebe and Savidge
(1988), freshwater drum have been taken from the
river since 1978. Reports of this species have become
more common in recent years, primarily from an-
glers in bass tournaments. These anglers have reported
2–4-kg fish taking jigs fished for bass. The abundance
of this species may be underreported if it inhabits
deep, difficult to sample areas of the estuary. Small
numbers of early life stages were collected as early as
1985 in the Long River Ichthyoplankton survey, but
based on these tows, spawning in the river appears
limited. The invasion of zebra mussel provided an
abundant food source for this molluscivorous fish,
and the presence of this new forage base may account
for increasing numbers of freshwater drum.

Northern pike Esox lucius, norlunge (E. lucius ×
muskellunge E. masquinongy), and walleye  Sander
vitreus have been stocked in the Hudson River or its
tributaries to establish a sport fishery. These large, pi-
scivorous fish have become increasingly abundant in
the estuary. The esocids have been taken at several
upriver localities, and R.E.S. caught a spawning pair
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of northern pike at the head of tide in Coxsackie Creek
in April 1999. Northern pike young of year have been
reported from the estuary in recent years (K. Hattala,
NYS DEC, personal communication.). We have a
single report of walleye young of year in the tidal
Hudson River (W. Gilchrest, Norrie Point Environ-
mental Laboratory, personal communication), but we
have no evidence that walleye spawn in the tidal
Hudson.

Fathead minnow Pimephales promelas is becom-
ing increasingly common in the watershed. This spe-
cies is widely sold as bait and as forage for largemouth
bass stocked in farm ponds. Although no adults have
been reported from the main channel, larvae are com-
mon in drift samples taken at the mouths of tributar-
ies. Fathead minnow was absent from 16 tributary
mouths in 1988 (Schmidt and Limburg 1989), but
was abundant in Stockport Creek 5 years later
(Schmidt and Stillman 1994) and in Moordener Kill
and Coxsackie Creek (Schmidt and Lake 2000).

Alien fishes affect the native fish assemblage di-
rectly by interspecific interactions, such as competi-
tion and predation. Other alien components of the
community also affect the fish assemblage. Water
chestnut was first reported in the Hudson River drain-

age in 1884 (Mills et al. 1997). The large beds that
currently dominate river shallows from the Troy Dam
to Iona Island (rkm 71) have altered the habitat avail-
able to fishes by increasing the amount of cover and
spatial complexity throughout the littoral zone and
have affected the dynamics of dissolved oxygen and
nutrients (Caraco and Cole 2002).

The arrival of the zebra mussel is the best illus-
tration of the effect of an alien species on the Hudson
River fish assemblage (Strayer et al. 2004). The zebra
mussel invasion was associated with large, pervasive
changes in young-of-year fish in the Hudson (Figure
4). Abundance of many littoral species rose, with popu-
lations of several species more than doubling. In con-
trast, populations of openwater species showed no per-
vasive changes, although numbers of postyolk sac lar-
vae of Alosa spp. declined sharply (Strayer et al. 2004).
The distribution of fish within the Hudson also shifted
following the zebra mussel invasion. As hypothesized,
populations of open-water species generally shifted
downriver at the same time that populations of lit-
toral species shifted upriver. Many of these shifts were
large (more than twofold). Finally, apparent growth
rates of almost all open-water fish species fell after the
zebra mussel invasion. Apparent growth rates rose for

Figure 4.—Changes in abundance, distribution, and apparent growth of young-of-year fish in the Hudson River
associated with the zebra mussel invasion. A. Changes in estimated riverwide number of age-0 fish. B. Changes in
distribution of age-0 fish within the Hudson River. Values above 1 indicate net shifts upriver and values below 1
indicate net shifts downriver. C. Changes in apparent growth rates of age-0 fish. Several species are represented by two
data points because two independent data sets were used for this analysis (see text). For reference, the mean preinvasion
apparent growth rate over all species was 0.06/week. The heavy dashed line is the no-change line; that is, preinvasion =
postinvasion. Species abbreviations: AA = Alosa aestivalis, AP = A. pseudoharengus, AQ = Apeltes quadracus, AS = Alosa
sapidissima, DC = Dorosoma cepedianum, ET = Etheostoma olmstedi, FD = Fundulus diaphanus, LA = Lepomis auritus,
LG = L. gibbosus, LM = L. macrochirus, MA = Morone americana, MD = Micropterus dolomieu, MSL = M. salmoides,
MSX = Morone saxatilis, NH = Notropis hudsonius. Analyses are based on beach-seine data from late summer to early
fall. Modified from Strayer et al. (2004).
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spottail shiner, the only littoral species for which suf-
ficient data were available. Changes in apparent
growth rates were large (>25%) compared to
preinvasion growth rates in many cases.

Related to the observations of Strayer et al.
(2004), ongoing studies of the trophic effects of ze-
bra mussels on juvenile blueback herring show a
dramatic change in the role of the latter in the
Hudson food web following mussel invasion. In the
1980s the diet of juvenile blueback herring con-
sisted almost entirely of pelagic zooplankton
(Limburg and Strayer 1987; Grabe 1996). Today,
their diet contains nearly no Bosmina leydmani (for-
merly a primary component) and littoral/benthic
macroinvertebrates dominate the diet (K.E.L., un-
published data). The composition of dietary items
mirrors the findings of Strayer et al. (2004), sug-
gesting that blueback herring are compensating
somewhat for the loss of pelagic prey by foraging in
macrophyte-associated habitats. This is suggestive of
a possible regime change in production pathways

in the Hudson, mediated by the strength of zebra
mussel filtration of the water column.

Changes in the abundance and macrodistri-
bution of native fishes have also been reported. Rain-
bow smelt is anadromous in the Hudson River and
there are historical records of spawning runs in many
tributaries (Smith 1985). Rose (1993), based on
ichthyoplankton surveys, found no evidence of a de-
clining population between 1974 and 1991, al-
though Daniels (1995) showed a decline in adult
catches between 1974 and 1989.

The last tributary run of rainbow smelt that we
(R.E.S., K.E.L.) observed was in Rondout Creek in
1988. Rose (1993) suggested that rainbow smelt en-
ter tributaries during high adult-population years, but
spawn every year in the main channel of the river. A
crude analysis of the ichthyoplankton data, extend-
ing Rose’s (1993) assessment to the end of the cen-
tury, shows a very different picture (Figure 5). After
1995, smelt essentially disappeared from the Hudson
River ichthyoplankton. We show data for the post-

Figure 5.—Number of rainbow smelt post-yolk-sac larvae caught in the Hudson River, New York, 1974 through
2000. Data are from the utilities-sponsored Long River Ichthyoplankton survey.
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yolk sac life history stage, but the other stages (egg,
yolk sac, young of year, older) show the same pattern.
Although there has been variation in the number of
samples taken in this survey (1,561–3,684 tows/year),
there were 2,329–2,437 tows/year in the last 5 years
of the data set, so this disappearance is not an artifact
of a change in effort.

The Hudson River is home to the only anadro-
mous member of the family Gadidae on the North
American Atlantic Coast. A population of Atlantic
tomcod is largely contained in the lower tidal por-
tions of the river, surrounding bays of the lower es-
tuary, and in the outer bay and coastal habitats.
Historically, tomcod was reported as far south as
Virginia (Bigelow and Schroeder 1953), but there
are no recent reports of spawning in any drainage
south of the Hudson River (Stewart and Auster
1987). The fact that Hudson River tomcod are at
the southernmost boundary of the species’ spawn-
ing distribution may foretell future reductions in its
population with warming climate.

Collections of Hudson River tomcod from
1974 to 2000 made by the HRMP, which entail
estimates of abundance for all life stages, suggest
cyclical change in tomcod abundance (Figure 6). It

is noteworthy that the HRMP data for the most re-
cent years (1997–2000) show tomcod abundance,
quantified here as an index for the feeding age 0
stages, to be on a protracted decline and with the
lowest values in the 27-year time series occurring in
2000. More recent collections by us (R.C.C.) of
adult tomcod from spawning areas near Garrison,
New York (rkm 82) in the winters of 2000–2001
and 2001–2002, and of juveniles in the mid to lower
reaches of the tidal Hudson River during the sum-
mers of 2000–2002, reveal a continuation of ex-
traordinarily low numbers.

Fourspine stickleback populations appear to be
declining in the tidal Hudson River (Figure 7). His-
torically, this estuarine species was found upriver into
the nontidal stretches upstream of the Troy Dam,
where it was described as locally common (Greeley
1935). More recent collections were confined to the
tidal portion downstream of Catskill Creek (rkm
177; Smith 1985). Pop-net samples in water chest-
nut beds in Tivoli South Bay showed this species to
be one of two dominant fishes (Pelczarski and
Schmidt 1990; Hankin and Schmidt 1991;
Gilchrest and Schmidt 1997). Water chestnut pro-
vides cover, food items of appropriate size, and struc-
ture for nest building. This plant became abundant
beginning in the late 1970s when chemical control
efforts ceased (Hankin and Schmidt 1991). The
pop-net surveys show a decline in the number of
fourspine stickleback from 75% of the catch in 1989
to 1% of the catch in 2002 (Figure 7). In addition,
Strayer et al. (2004) documented a 99% decline in
the abundance of fourspine stickleback between
1974 and 1999 in the utility-sponsored beach seine
survey.

The abundance pattern displayed by goldfish
Carassius auratus is one of decline and re-establish-
ment. Goldfish flourished in the Hudson River and
supported a commercial fishery until 1979–1980
when an epidemic of furunculosis led to a cata-
strophic decline in numbers (Smith 1985). Recent
pop-net surveys indicate that numbers are rising
again (Figure 7).

Abundance of other species seems to be little
changed, but other aspects of fish life history ap-
pear to have been affected by environmental
changes of the last half-century. Spottail shiner has

Figure 6.—Abundance index (mean ± SE) for post-
yolk-sac larval and young-of-year juvenile Atlantic tom-
cod in the Hudson River from 1974 through 2000. The
abundance index is derived by collapsing the weekly stand-
ing crop indices for the regions of the estuary that were
sampled (Battery to Albany) over the period from ap-
proximately May through early July for each year. Source
of data is the utilities-sponsored Long River survey.
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always been one of the most abundant species in
the tidal Hudson River and we have no evidence
that its numbers have changed. Instead, age struc-
ture of the population appears to have changed. In
the late 1980s, R.E.S. and Tom Lake (NYS DEC,
personal communication) independently began
looking for rainbow smelt in tributaries using small-
mesh gill nets (1.2-cm bar). Efforts to catch rain-
bow smelt in Hudson River tributaries were unsuc-
cessful, but runs of large spottail shiners adults (to-
tal length [TL] > 110 mm) were common in the
spring. Lake and Schmidt (1997) documented a
substantial spawning run of these large spottail shiner
in Quassaic Creek (rkm 97) and conservatively esti-
mated that 2,800 individuals were observed. No
spawning run was observed in a similar study con-
ducted the following year in the same creek (Lake
and Schmidt 1998). We have seen no further runs
of large spottail shiner even though we continue to
catch larvae in the drift (Schmidt and Lake 2000).
A change in age structure in spottail shiner may

negatively affect the status of this species in the
Hudson River.

Discussion

The Hudson River fish assemblage is rich, diverse,
and dynamic. Although the marine species that en-
ter the river are an interesting component of the
assemblage, many of these are listed based on a single
collection. In contrast, the resident freshwater and
estuarine species and the diadromous species are the
key components to the Hudson River assemblage.
Changes in the abundance, distribution, or life his-
tory of these species have the greatest effect on the
overall assemblage. Nothing is known about the
character of the pre-1800 fish assemblage. Mitchill’s
(1815) treatment of New York fish unfortunately
fails to include consistent information on distribu-
tion within the state. DeKay (1842) is the first to
include zoogeographic information.

Figure 7. Relative abundance of fourspine stickleback, common carp, goldfish, and other species caught in pop nets
from Tivoli South Bay, Hudson River, New York, in 1990, 1991, 1997, and 2002.
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It is difficult to accurately assess the change in
the number of indigenous freshwater or diadromous
species in the Hudson River since the middle years
of the 19th century, although there appears to be
nearly a twofold increase (Table 1). However, the
29 native species identified by DeKay (1842) is a
conservative number; it is based on species identi-
fied as present in the Hudson River by DeKay
(1842) who did not always provide information on
the distribution of species. Undoubtedly, some spe-
cies present in the Hudson River were not included
in DeKay’s count, simply because he did not men-
tion the Hudson River in his commentary. Changes
in nomenclature and taxonomy also affect DeKay’s
(1842) count; many of the minnow species not listed
by DeKay (1842) had yet to be described. Bean
(1903) provided more information on distribution
and the taxonomy of fishes was better developed.
Still, his count was less than all later 20th century
counts. There also are some curious omissions from
the lists published by DeKay (1842) and Bean
(1903) (Table 1). DeKay (1842) did not include
blueback herring, bay anchovy Anchoa michelli,
white perch, and redbreast sunfish, and he included
only five species of native minnow. Bean (1903)
failed to list blueback herring, American shad, bay
anchovy, rainbow smelt, and tessellated darter. These
species were included in all later 20th century lists;
several of these species are among the most frequently
encountered species in the river in the 20th cen-
tury and were obviously present in the 19th cen-
tury; for example, there was an active commercial
fishery for American shad in the Hudson River be-
fore 1900. Despite the differences in actual num-
bers, the native freshwater and diadromous species
in the Hudson River make up a core assemblage
that arguably has varied little since the earliest
records, dating back almost 200 years.

What has changed is the number of freshwater
alien species now established in the tidal Hudson River
(Table 1). DeKay (1842) noted only two aliens: com-
mon carp and rock bass. Since then, there has been a
15-fold increase in the number of established alien
species in the river and a doubling in the last six de-
cades alone. Many of the new arrivals are large, preda-
tory species, like channel catfish, northern pike, small-
mouth and largemouth bass, and walleye. The estab-

lishment of several of these predatory species coin-
cides with the decline of the small, tributary species
(e.g., bridle shiner Notropis bifrenatus, common shiner
Luxilus cornutus, satinfin shiner Cyprinella analostana)
that once inhabited the nearshore areas of the main
channel (Daniels 1995). Based on presence-absence
information, the assemblage of the late 20th century
differs from that of the early 19th century. The size
and composition of the alien component of the as-
semblage has increased, but it is not the only change
affecting the assemblage.

Large, widespread changes in fish populations
were associated with the zebra mussel invasion in
the Hudson. These changes were consistent with
what was expected from observed changes in the
Hudson’s forage base, with large losses of open-wa-
ter forage (zooplankton and deepwater
macrobenthos) and simultaneous increases in littoral
forage (Pace et al. 1998; Strayer and Smith 2001).
Consequently, open-water fish (especially Alosa spp.)
declined in abundance, apparently grew more slowly,
and shifted in distribution downriver into brackish
sections of the Hudson where zebra mussels are
scarce or absent (Figure 4; Strayer et al. 2004). At
the same time, littoral fish (especially the centrarchids)
became more abundant, apparently grew more
quickly, and shifted in distribution upriver into the
sections of the Hudson most affected by zebra mus-
sels. Many of these changes were large (>50%).

Abiotic factors also have affected the assem-
blage, although it is often difficult to identify the
extent of these impacts based on available informa-
tion. Habitat modification in the tidal Hudson River
has been extensive: maintenance of a 10-m deep ship
channel by dredging, filling in of shorelines by
dredge spoils and as a result of railroad construc-
tion, creation of wetlands by shoreline railroad con-
struction, and the stabilization of flows by dam con-
struction upstream have all affected the abundance
and distribution of fish in the river (Jackson et al. in
press). Most of these changes occurred before syn-
optic surveys of fish were undertaken; however, the
changes have been so drastic that changes in the
relative importance of species is likely. The small
forms that are still common in the tributaries, but
are now rare in the main channel are likely to be
particularly affected by these changes. Species like
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bridle shiner, cutlip minnow Exoglossum maxillingua,
and blacknose dace Rhinichthys atratulus  may not
find suitable habitat in the main channel to sustain
prolonged residence or through which to migrate
to other tributaries. There is a negative correlation
between the number of alewife larvae exiting
Hudson River tributaries and the degree of water-
shed urbanization (Limburg and Schmidt 1990).
Overfishing of stocks has led to the decline of once
abundant commercially important species (e.g., Bain
et al. 2000; Limburg et al. in press).

The Hudson River population of rainbow smelt
is at the southern extreme of the reproductive range
(Lee et al. 1980), although historically it occurred
farther south (Smith 1985). The abrupt decline in
rainbow smelt early life stages in the ichthyoplankton
may result from global warming. Ashizawa and Cole
(1994) documented the trend of slowly increasing
water temperature in the Hudson River. The rain-
bow smelt runs in the coastal streams of western
Connecticut have drastically declined or disap-
peared simultaneously with the decline in the
Hudson River population (S. Gephard, Connecti-
cut Department of Environmental Protection, per-
sonal communication).

Perhaps the most important explanation of the
recent decline of Atlantic tomcod in the Hudson
River is the thermal environment it has experienced.
Atlantic tomcod is at the southern extreme of its
geographic range in the Hudson River (Lee et al.
1980). Grabe (1978), Klauda et al. (1988a),
McClaren et al. (1988), and the data collected by
the HRMP suggest that growth of tomcod is reduced
as temperatures warm in the summer. Experimen-
tal work has confirmed a temperature-dependent
growth and condition response of juveniles as tem-
peratures surpass 22°C (R.C.C., D. A. Witting, un-
published data). Atlantic tomcod experiences such
temperatures regularly in July and August in the
Hudson River. The degree and extent of critical tem-
peratures have been more limiting during the last
several summers, which have been exceptionally
warm and dry. The decrease in frequency of reports,
during the last century, of tomcod from bays to the
south of the Hudson River is consistent with a re-
treating southern range boundary, although the
contribution of habitat alterations to the decline of

tomcod in these systems cannot be dismissed.
Alternatively, rather than one factor directly

affecting smelt or tomcod populations, an interac-
tion of factors may be at play in what appears to be
a significant reduction in the abundance of both
species in the Hudson River. For example, contami-
nants may be important in understanding the re-
duction of tomcod abundance in the Hudson River.
Congener-specific analyses have demonstrated that
levels of PCBs, dioxins, and furans in livers and eggs
of tomcod from the Hudson River are much higher
than in conspecifics from elsewhere (Wirgin et al.
1992; Courtenay et al. 1999; Roy et al. 2001; Yuan
et al. 2001). Further work is needed in order to
determine the degree to which molecular- and in-
dividual-level effects of toxic substances are mani-
fested in population- and community-level re-
sponses.

We present data that indicate that the Hudson
River fish assemblage is rich and dynamic. Given
the number and intensity of environmental change
in the drainage, the fish assemblage has demon-
strated itself to be remarkably resilient. We argue
that the causes affecting change are varied and in-
clude an increase in the number of alien fishes in
the drainage, the arrival and establishment of alien
invertebrates and abiotic factors associated with land-
use practices, urbanization, nonpoint source pollu-
tion, and global warming.

Of particular interest are two factors that may
foster an increase in richness in the Hudson River
system. Global warming may trigger increases in the
number of marine strays entering the estuary. Some
of these species (e.g., Atlantic croaker and black drum
Pogonias cromis), which now occur in estuaries that
are more southern, but were once more common in
New York (Bean 1903), may be able to utilize the
Hudson River Estuary as a nursery or as temporary
feeding grounds. Other species, such as the striped
shiner Luxilus chrysocephalus, may use the Erie or
Champlain canals to enter the Hudson River drain-
age. Daniels (2001) argued that the modern canals
provide suitable migratory routes since they are large,
flowing systems that actually include the river chan-
nels for most of their courses. Marsden et al. (2000)
reviewed the status of brook silverside Labidesthes
sicculus  and suggested that it used the canal system to
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gain access to the lower Hudson River and Lake
Champlain. Documentation of changes in ranges of
species resulting from changing temperature and
movement through canals should be an important
research goal in future studies of river fishes. Contin-
ued monitoring of changes in the Hudson River fish
assemblage will allow more rigorous testing of many
of the observations and relationships examined here.
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