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A CHARACTERIZATION OF JUVENILE FISH ASSEMBLAGESAROUND MAN-MADE STRUCTURES IN THE NEW YORK–NEWJERSEY HARBOR ESTUARY, U.S.A.J. T. Duffy-Anderson J. P. Manderson and K. W. Able
ABSTRACTWe deployed benthic traps in the Arthur Kill (1995), Kill van Kull (1996), and HudsonRiver (1996), U.S.A, near wrecks, pile fields, piers, and in open water areas (no struc-ture). Over 8300 fish of 31 different species of fish were collected, the majority of whichwere young-of-the-year individuals (98%). Many typical estuarine species were found inall three waterways and across several habitats, though species abundance and diversitywas significantly depressed under piers (mean CPUE = 0.15 ind trap−1 d−1). Since themajority of the fish were collected from the Arthur Kill (n = 7812), the assemblage struc-ture in this system was evaluated more thoroughly. Assemblage structure was signifi-cantly different among habitat types (wreck, pile field, open water) with mean CPUE inopen water areas (mean = 6.1 ind trap−1 d−1) being lower than near wrecks (mean = 6.8 indtrap−1 d−1) or pile fields (mean = 6.6 ind trap−1 d−1). Results suggest that fish assemblagepatterns may be a function of structural complexity, though other factors such as shadingor water depth may also have measurable effects. Collectively, the data suggest that theNew York–New Jersey Harbor estuary provides habitat for a number of economicallyand ecologically important species.The New York–New Jersey Harbor estuary, U.S.A., is a large, urban estuary that servesas a nursery ground to a variety of juvenile fishes (Able et al., 1998). Many differenttypes of man-made structures dominate the shoreline yet we are just beginning to under-stand how these objects impact young-of-the-year fishes (Able et al., 1999; Duffy-Andersonand Able, 1999). Continued evaluation of anthropogenic structures is critical to under-standing their ecological role for fishes, yet assessment of this habitat is difficult. In thepresent study, we employed approaches established by the National Marine FisheriesService (Schreiber and Gill, 1995; Minello, 1999) and estimated distribution and abun-dance of fishes around man-made structures to rank their fish habitat value relative to oneanother. Other investigators have used this approach successfully in estuarine habitats.For example, Heck et al. (1995) used faunal abundance and species richness to determinethat eelgrass was important to macrofauna in a Massachusetts estuary. Likewise,Szedlmayer and Able (1996) determined that species abundance was positively corre-lated with habitat type, and Sogard and Able (1994) examined distribution of fishes andcrustaceans by using artificial seagrass habitats. Thus, the characterization of faunal as-semblages may offer a reliable method to evaluate the use of man-made structures inurban, shallow-water environments.We undertook a 2-yr field study to characterize the fish assemblages near several rep-resentative man-made structures in three interconnected waterways within the New York–New Jersey Harbor estuary, the Arthur Kill, the Kill van Kull, and the Hudson River (Fig.1). In the first year, we used field trapping techniques to examine the abundance anddiversity of fish near partially submerged wrecks, in pile fields, and in open water areasin the Arthur Kill. In the second year, we conducted our trapping survey at similar habi-tats in the Kill van Kull, and we also examined the assemblage around a municipal pier in
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Figure 1.  Top panel.  Locations of the general study areas in the Hudson River (1), Kill van Kull (2,3), and Arthur Kill (4) in the New York–New Jersey Harbor estuary, U.S.A.  Bottom panels.  Locationsof the specific habitats in the Hudson River (Pier A), Kill van Kull, and Arthur Kill (wreck, pilefield, open water).  Wrecks are designated by black bars, pile fields are designated by circles, andopen water areas are indicated by arrows.
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the Hudson River. In our view, a characterization of the faunal assemblage associatedwith several types of man-made structures could be a useful approach for assessing theirvalue as habitat and for monitoring changes in habitat quality in these waterways.
MATERIALS AND METHODS

STUDY SITES.—Three replicate sampling areas were established in the Arthur Kill in 1995, north-east (NE), southeast (SE), and southwest (SW), with representative structures, wreck, pile field,and open water reference sites situated within each (Fig. 1). Five replicate traps were deployed ineach of the study habitats. Traps deployed in the open water areas were located more than 10 mfrom adjacent pile fields and wrecks.The study sites in 1996 were situated in the Kill van Kull and the Hudson River (Fig. 1). Twostudy areas were designated in the Kill van Kull, one on the north side of the Kill, near Bayonne,New Jersey, and one on the south side, on Staten Island, New York. Wreck, pile field, and openwater sites were established within each area and three replicate traps were deployed to each typeof habitat. In the Hudson River, a large, commercial pier on the New Jersey shoreline (Port Author-ity Pier A, 213 " 100 m) was selected as the study site and replicate traps (n = 3) were deployedaround piers (at the edge, 20 m underneath, 40 m underneath) and in open water (20 m beyond and40 m beyond) (Fig. 1).SAMPLING TECHNIQUE.—Sampling techniques have been described elsewhere (Able et al., 1998)but are briefly described here. The collecting traps were welded steel frames (0.9 m " 0.5 m " 0.3m) covered with 2-mm plastic mesh. Each trap had a 3-mm nylon cod end and a V-shaped throatthat allowed entrance to the trap. All traps were set on the bottom unbaited for 24 h and thenrecovered. All fish were counted and identified, and the traps were immediately redeployed. Theprocedure was repeated for four consecutive days. All captured fishes were measured (mm) andcatch data were standardized to catch per unit effort (CPUE, expressed as ind trap−1 d−1).Sampling in the Arthur Kill was conducted on alternate weeks from August–November 1995(Table 1). Sampling in the Kill van Kull and the Hudson River occurred on alternate weeks fromJune–October 1996. Trapping effort (trap days) was described as the sum total of the number ofdays fished by all replicate traps.PHYSICAL PARAMETERS.—Water temperature (ºC), salinity (‰), dissolved oxygen (mg L−1) weremeasured at hourly intervals for a 24-h period using dataloggers (Hydrolab Datasonde). Measure-ments among stations within a given waterway were always collected simultaneously. Specifically,in 1995, measurements were simultaneously collected at the NE, SE, and SW sites for one 24-hperiod during each week of the trapping survey. In 1996, dataloggers were simultaneously de-ployed at the Hudson River site (under and outside of the pier) and in the Kill van Kull (at thewreck, pile field, and open water sites) once each week, though on two occasions equipment mal-functions resulted in incomplete collections. Station depths (m) were measured with a soundinglead several times (at least five times at each station) during the study. Light levels (µE m−2 s−1) atdepth were also recorded periodically (at least six separate times) using a LI-COR underwaterradiation sensor.STATISTICAL ANALYSES.—Variations in species abundance were assessed using non-parametricmultivariate analyses. These approaches were selected over parametric designs as the data werehighly variable and did not meet the criteria for parametric measures. All analyses were conductedusing the Primer statistical package (Plymouth Marine Laboratory, U.K.). The methods used in-cluded group-average cluster analyses (Bray-Curtis), non-metric multi-dimensional scaling (n-mMDS), and Analysis of Similarity (ANOSIM) randomization tests (analogous to MANOVA). In anANOSIM analysis the test statistic is used to evaluate the degree of separation between samples,and is generally evaluated on whether or not it is significantly different from zero. Similarity per-centages (SIMPER analyses) were calculated to determine the contribution of each species to thesimilarity of replicate samples and to the dissimilarity between samples. Stress values generated by
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nm-MDS analyses indicate the degree of distortion between similarity rankings. Stress <0.1 sug-gests a good to excellent ordination with little likelihood of misrepresentation, stress <0.2 providesa useful representation of the data though points at the edges of the range may be somewhat dis-torted. Analyses were performed using the calculated CPUE of all species of fish captured duringthe study. These values were fourth-root transformed prior to analysis to down weight the contribu-tion of the dominant species while still allowing for the contribution of less abundant species.

RESULTS
PHYSICAL PARAMETERS.—There were significant differences in the average depth of sta-tions in the Arthur Kill among locations (2-way ANOVA, P < 0.001) and habitat types (P< 0.001), though there were no significant interactions between the two factors. Stationswere significantly deeper in the NE (mean = 1.8 m ± 0.4) than in SE (mean = 0.95 m ±0.3) or SW areas (mean = 0.92 m ± 0.2), and wreck sites were generally more shallowthan pile field and open water areas. Depths were also significantly different among sta-tions in the Kill van Kull. All sites located along the north shore of the Kill van Kull weresignificantly more shallow (mean = 1.7 m ± 0.1) than sites along the south shore (mean =2.3 m ± 0.2, P < 0.05), though there were no differences in depth among the three habitattypes within each location. Average depths at the pier site in the Hudson River were notsignificantly different underneath and outside of the pier (2.2 m ± 0.7 and 2.2 m ± 0.6,respectively).Temperatures, salinities, and levels of dissolved oxygen were seasonally variable butwere similar among sites. Average temperatures ranged from 10–24oC, salinities rangedfrom 9–26‰, and levels of dissolved oxygen were between 4–8 mg L−1. Multiway ANOVAfailed to detect significant differences in any of these variables and results were similar topreviously published reports (Able et al., 1998).Light levels on the bottom at sites in the Arthur Kill and in the Kill van Kull variedconsiderably, but statistical differences between locations or among habitats were notdetected (mean = 146, µE m−2 s−1 ± 76). However, light levels around the pier in theHudson River did vary significantly (P < 0.001). Along both transects, levels under thepier were lower (mean = 0.01, µE m−2 s−1 ± 0.01) than levels at the pier edge (mean = 25.9

µE m−2 s−1 ± 12.1) or in the open water beyond the pier (mean = 54.4, µE m−2 s−1 ± 24.7).DISTRIBUTION AND ABUNDANCE BY WATERWAY.—The abundance of fishes collected fromthe Arthur Kill was high (n = 7812; mean CPUE = 6.5 ind trap−1 d−1) compared to the Killvan Kull (n = 224; mean CPUE = 0.45 ind trap−1 d−1) and the Hudson River (n = 270;mean CPUE = 0.22 ind trap−1 d−1) (Table 1). In all three systems, fishes collected duringthe study were generally small in size (Fig. 2), and young-of-the-year individuals com-prised the majority of the total catch (98%). Median fish size varied within the threewaterways; the smallest median size occurred in the Arthur Kill (40 mm) and the largestin the Hudson River (173 mm). The large number of young-of-the-year silver perch(Bairdiella chrysoura) in the Arthur Kill probably served to lower the median value de-termined for that system, while adult American eels (Anguilla rostrata) probably ac-counted for most of the contribution toward the higher median value determined for theHudson River.As noted above, silver perch made up the majority of the catch from the Arthur Kill(66%) (Table 2). Naked goby (Gobiosoma bosc) was the second most abundant species(24% of the total). Interestingly, no silver perch were collected in the following year from
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either the Kill van Kull or the Hudson River. A similar pattern was observed for oystertoadfish (Opsanus tau) and bay anchovy (Anchoa mitchilli). Other species showed thereverse trend. For example, striped bass (Morone saxatilis), Atlantic tomcod (Microgadustomcod), and spotted hake (Urophycis regia) were collected in comparatively high num-bers from both the Kill van Kull and Hudson River and were rarely, if ever, collected inthe Arthur Kill (Table 2).DISTRIBUTION AND ABUNDANCE BY HABITAT TYPE.—The total number of fish trapped inthe Kill van Kull and Hudson River was low, though several interesting trends wereobserved from these collections. There were no differences in fish abundance or distribu-tion between the two study areas in the Kill van Kull (Bayonne, New Jersey and StatenIsland, New York) but there were significant effects of habitat type (2-way ANOSIM, P =0.001), though caution should be used in this interpretation due to the low fish samplesize. Catch per unit effort was significantly higher in wreck areas (0.58 ind trap−1 d−1) thanin open water (0.41 ind trap−1 d−1) or pile fields (0.35 ind trap−1 d−1). Results are similar tothose obtained in the Arthur Kill where CPUE was also higher in wreck sites (6.8 indtrap−1 d−1) and sample size was considerably larger. In the Hudson River, CPUE wassignificantly higher in open water areas (0.29 ind trap−1 d−1) compared to under the pier(0.18 ind trap−1 d−1) (Two-way ANOSIM, P < 0.05). Species richness was depressed un-der the pier as well. In fact, only four species were ever collected under the pier, adultAmerican eel, and juvenile Atlantic tomcod, conger eel (Conger oceanicus), and spottedhake, compared to 11 species collected at edges and 16 species collected in open water.While data obtained from the Kill van Kull and the Hudson River suggest interestingtrends, collections from these two systems resulted in so few individuals that furtheranalyses were deemed inappropriate. Therefore, further analysis of fish distribution aroundman-made structures will be based on data collected from the Arthur Kill.ASSEMBLAGE STRUCTURE IN THE ARTHUR KILL.—There were significant effects of sam-pling location (NE, SE, SW) and habitat type (wreck, pile field, open water) on fishassemblage structure in the Arthur Kill (2-way ANOSIM, P < 0.001). Non-metric MDSordinations (Fig. 3) of the SE and the SW areas showed that open water stations were
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positioned to the left while stations in the structured habitats (pile field and wreck) wereordinated to the right.Many of the dominant fishes were typically more abundant in the two structured habi-tats (wrecks or pile fields) than in the open water sites, and only silver perch was col-lected in greater numbers in open water. Among others, mummichog (Fundulusheteroclitus), bay anchovy, naked goby, American eel, and Northern pipefish (Syngnathusfuscus) were generally more abundant in wrecks and pile fields than in open water areas(Fig. 4). Several species, including mummichog, tautog (Tautoga onitis), silver perch,American eel, oyster toadfish, and Northern pipefish, contributed to the dissimilaritybetween unstructured open water areas and the structured habitats (Table 3).

Figure 2.  Length-frequency distributions of fishes collected in the Arthur Kill (top), Kill van Kull(middle) and Hudson River (bottom).
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DISCUSSION
The extensive loading of pollutant materials, decades of dredging and bulkheading,and the construction of commercial, industrial, and residential areas have altered anddegraded much of the natural fish habitat in the New York–New Jersey Harbor estuary.The results of this degradation have been documented in earlier investigations that havechronicled the decline of resource species present in the region (Carriker et al., 1982;Sindermann et al., 1982). However, our results demonstrate that in spite of potentially
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degrading land-use practices and variable water quality, a variety of juvenile fishes usethe New York–New Jersey Harbor estuary as a nursery area. It is interesting to note thatsince the 1970s a great deal of effort has been made to upgrade water quality in thissystem, and a more recent investigation indicates that these efforts have met with somesuccess (Brosnan and O’Shea, 1996). It may be that the improved water quality of theregion has permitted the reinvasion of fish to the area. Regardless of the origin, our dataindicate that the Arthur Kill, Kill van Kull and Hudson River are utilized by the juvenilesof a variety of marine and estuarine fish, including a number of important resource spe-cies.DISTRIBUTION AND ABUNDANCE BY WATERWAY.—Fishes were most abundant in collec-tions from the Arthur Kill with fewer fish collected from the Kill van Kull and the HudsonRiver. Though we cannot dismiss the possibility that the overall lower CPUE in the HudsonRiver and Kill van Kull reflects less optimal habitat for juvenile fishes in these areascompared to the Arthur Kill, it seems more likely that interannual variation in speciesabundance are responsible for the differences. A variety of species demonstrate interannualvariations in recruitment, and lower abundances in the 1996 collections could also berelated to lower recruitment levels in that year for some species. For example, over 5,000

 Figure 3.  Non-metric multidimensional scaling analysis of habitat types in the Arthur Kill (wreck,pile field, open water) computed from 4th-root transformed abundances of principal fish collected.NE, stress = 0.17; SE, stress = 0.17; SW, stress = 0.17.
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silver perch were collected from the Arthur Kill in 1995 yet the species was entirelyabsent from both the Kill van Kull and the Hudson River collections in 1996. While itcould be construed that silver perch are simply absent from these two waterways, it shouldbe noted that the Arthur Kill, Kill van Kull, and Hudson River are interconnected. Giventhe proximity of these systems to one another (Fig. 1) and the broad mobility of silverperch (Able and Fahay, 1998), young-of-the-year fish should be able to move readilyamong these sites. Therefore, it is likely that the absence of this species in collections in1996 reflects a poor recruitment year rather than a genuine difference in habitat use.In spite of oscillations in abundance, many of the species, both resident and transient(Able and Fahay, 1998), were found in all three waterways in both years. Naked goby(resident), winter flounder (Pseudopleuronectes americanus) (resident), and Northernpipefish (transient) were collected in comparatively high numbers from each of thesesystems, and a variety of other species (e.g., American eel, Menidia menidia (Atlanticsilverside), and tautog; all transient) were collected from all three systems though inunequal numbers. This suggests that both resident and transient species are capable ofutilizing a variety of different waterways within the New York–New Jersey Harbor estu-ary. Of course, some exceptions should be noted. For example, Atlantic tomcod and stripedbass were entirely absent from collections in the Arthur Kill but were relatively abundantin traps deployed in the Hudson River and Kill van Kull. While it is impossible to entirelyseparate the contribution of interannual variation to these observations, certain aspects ofthe life histories of these fish could be cited to explain these differences. Atlantic tomcodhave a resident population in the Hudson River (Dew and Hecht, 1994a,b), where they

Figure 4.  Mean abundance (CPUE) ± SE of the dominant fish species collected in traps deployedin wrecks, pile fields, and in open water in the Arthur Kill.
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spawn in low salinity waters in December and January. The larvae hatch and are trans-ported downstream to the river mouth in February and March. The juveniles becomedemersal, and begin moving back upriver in July and August. As such, highest abun-dances would be expected in the Hudson River, with progressively lower abundances inwaters farther away, a pattern consistent with the data presented here. Adult striped bassspawn in the upstream waters of the Hudson River and young-of-the-year are transporteddownstream to lower, tidal areas (Able and Fahay, 1998). Particular to the New York–New Jersey Harbor estuary, it has been shown that young-of-the-year striped bass utilizethe Kill van Kull as a passageway between the Hudson River and Newark Bay in latesummer and early fall (Dovel, 1992). Since the majority of the striped bass obtained inthe present study were collected in the lower Hudson River and the Kill van Kull inSeptember (n = 21) it is likely that we intercepted some individuals as they followed thismigratory pattern.DISTRIBUTION AND ABUNDANCE BY HABITAT TYPE.—There were differences in assemblagestructure between wreck, pile field, and open water sites in the Arthur Kill. Data indicatedthat fish assemblages in open water habitats were significantly different from those inwreck or pile field areas, while assemblages in wrecks and pile fields were similar to oneanother. Further, abundance was lower in open water areas than in wrecks or pile fields.
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Therefore, we concluded that assemblage composition may have been a function of struc-tural complexity, an idea that has been supported by work conducted in a variety of othersystems (Lewis and Stoner, 1983; Rountree, 1989; Sogard and Able, 1991; Blaber et al.,1992; Jenkins and Wheatley, 1998). It should be noted however, that the sampling gearitself may have served to enhance the structural complexity of the habitats, especially atthe open water sites. Accordingly, abundance may have been artificially inflated due tothe attraction of fish to the traps. Nonetheless, identical traps were fished in all sites andwe did find that assemblage structure was similar in the more complex habitat types(wrecks and pile fields) compared to the less complex, open water areas.The role of submerged, structured habitats has been well-studied, particularly artificialreefs. It has been suggested that fishes aggregate to complex reefs because they providegreater food resources (Hueckel and Buckley, 1987), heightened visual or olfactory cues(Gorham and Alevizon, 1989), or protection from predation (Hixon and Beets, 1989).The latter purpose may be particularly important for juvenile fishes. For example, Gorhamand Alevizon (1989) demonstrated that artificial streamers provided effective shelter forjuvenile fishes in Florida, and Coen et al. (1999) suggested that a well-developed matrixof shell crevices provides important refuge habitat for post-settlement toadfish, blennies,and gobies. Our results could indicate that the fish utilize man-made structures as preda-tion refugia, though it should be noted that it is likely that juvenile fishes also aggregatearound man-made structures due to the presence of food (fouling prey items). Additionalwork is required to determine the precise behavior of juvenile fishes around anthropo-genic structures in the New York–New Jersey Harbor estuary.Certainly larger-scale differences like structural complexity can affect faunal assem-blages, but even more subtle habitat heterogeneities may also exert measurable effects.We observed that the impacts of heightened structural complexity were negated under-neath large, pile-supported piers. The source of this influence remains unclear, though ithas been speculated that poor feeding conditions stemming from low light penetration isa factor (Able et al., 1999; (Duffy-Anderson and Able, 1999; Duffy-Anderson and Able2001).Piers were not the only site where we observed the effects of compounding factors onassemblage structure over and above those of structural complexity. We determined thatassemblage structure in the NE area of the Arthur Kill was different from that in the SEand SW study areas, in spite of sampling in habitats with similar structural composition.Temperatures, salinities and levels of dissolved oxygen were similar across study sitesthough all sites in the NE were significantly deeper than sites in the SE or SW areas.Interestingly, several species that typically inhabit shallow water were collected in thelowest numbers from the NE area (e.g., mummichog, striped killifish (Fundulus majalis),and bay anchovy) which suggests that differences in assemblage structure were due toan absence of shallow-water species. Notably, these same species did not occur at theHudson River sites, areas that also lacked shallow water habitat due to the presence ofbulkheads in this portion of the river. Perhaps the observed differences in depth had aconcomitant, though not significant, affect on light level, and slightly lower light levelsalso contributed to differences in the faunal assemblage. In any case, it is apparent thateven modest differences in habitat characteristics can have considerable effects on spe-cies composition.In summary, the primary goal of these investigations was to characterize the fish as-semblage around man-made structures in the Arthur Kill, Kill van Kull, and Hudson
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River. Taken collectively, the data derived from this work suggest that: (1) the juvenilesof a number of economically and ecologically important species are common to the NewYork–New Jersey Harbor estuary, (2) these juveniles are capable of utilizing a variety ofdifferent waterways within the system, (3) they can exploit a variety of habitat typeswithin these waterways, and (4) their abundance and distribution is influenced by thestructural complexity of man-made habitats though other factors (such as shading or wa-ter depth) may also contribute to overall assemblage structure.
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