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ABSTRACT 

The central goal of this study was the conservation assessment of goldenclub 

(Orontium aquaticum L.) in the Hudson River Estuary. It was hypothesized that factors 

including hydrodynamic stress, sediment disruption, competition from co-occurring 

species, and increased herbivory had caused a decline in goldenclub abundance and 

distribution. Survey results were compared to abundance and distribution data gathered 

between the 1930s and spring 2014. Several historically thriving stands of goldenclub 

were found to have become diminished or extirpated since the 1970s, while new stands of 

varying sizes were found to have established in alternate locations in recent years. 

Although goldenclub abundance seems to be declining in the Hudson River, the 

discovery of a few large new stands in the spring of 2014 suggests that goldenclub is not 

in as much danger as was originally expected. Results indicate that exposure to open 

river, and resulting increased exposure to hydrodynamic stress, may be having a negative 

impact on goldenclub abundance and stand health, with increased herbivory posing a 

potential threat to Hudson River goldenclub. These factors should continue to be 

monitored and taken into account if goldenclub is to be conserved in the Hudson River 

and potentially used in wetland restoration.   
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INTRODUCTION 

Goldenclub (Orontium aquaticum L.), also known as floating arum and never-

wet, is an unusual and beautiful flowering wetland plant belonging to the arum family 

(Araceae). It is an herbaceous vascular perennial best recognized by its water-repellent, 

bluish-green, pointed elliptical leaves and thick yellow-tipped flowering stalks, or 

spadices. Goldenclub grows from a stout and usually deeply sunken rhizome that 

produces contractile roots used to anchor the plant (Hotta 1971). Examples of healthy 

goldenclub plants are shown in Figure 1. Goldenclub is the only known living species in 

its genus, although Orontium mackii and Orontium wolfei fossils from the Upper 

Cretaceous and Paleogene of western North America have been identified (Bogner et al. 

2007). The closest living relatives to goldenclub are the skunk cabbages Symplocarpus 

and Lysichiton (Grayum 1990; Tam et al. 2004). Together, the three genera comprise the 

subfamily Orontioideae. 

 

 

 

 

 

 

 

Figure 1.      Healthy Goldenclub Plants. South Cruger Island, May 27
th

, 2014. 
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Unlike other aroids whose inflorescence is composed of a spadix enclosed by a 

hood-like spathe, the flowerstalks of goldenclub plants lack apparent spathes, and are 

instead encompassed by small basal sheaths. There is disagreement regarding the nature 

of these sheaths, having first been classified as spathes due to being the last foliar element 

before the spadix (Engler 1877), and later as sympodial leaves by Ray (1988), who 

argued that Orontium spadices lack spathes entirely; however, the small sheaths of 

goldenclub stalks are frequently referred to as spathes in modern literature.  

The flowerstalk and rhizome of goldenclub may be eaten if thoroughly cooked or 

dried (Wilson 1960; Peterson 1978). Nearly all tissues of goldenclub contain miniscule 

packets of calcium oxalate crystals which, if eaten raw, can result in minute painful 

lacerations to the mouth or throat, and thus are thought to serve as a defense against 

herbivores (Wilson 1960).  

Upon completion of anthesis, the goldenclub flowerstalk becomes green and 

grows downward. This allows fruit maturation and abscission to occur near, or in, the 

water, the spadix disintegrates (Koltz 1992). Germination of the typically green or yellow 

goldenclub berries may occur on the spadix, although most germinate while floating after 

detachment from the spadix (Kiviat 1976). Floating is enabled by small air spaces in the 

pericarp, which becomes waterlogged after approximately one week causing the berry to 

sink, and after one additional week splits allowing for release of the seed (Ridley 1930; 

Koltz 1992). A study by Megonigal et al. (2005) found that Orontium aquaticum 

seedlings had higher biomass when exposed to elevated carbon dioxide in both flooded 

and non-flooded conditions.  
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Goldenclub is endemic to eastern North America, with its range extending 

northeast to New York and Massachusetts, south to Florida along the eastern coast, west 

to Texas, and inland to Tennessee, Kentucky, West Virginia, and Pennsylvania 

(NatureServe 2013). Due to its aesthetic properties, it is also a desirable species for use in 

ornamental water gardens. As a result, goldenclub is an introduced species in Sweden, 

where it was first reported in 1982 and has since become established in a lake in 

Västragötaland (NOBANIS 2009).  

Grear (1966) proposed an earlier distribution and possible migration route 

accounting for goldenclub’s present distribution in the eastern United States: as the 

Araceae is a predominantly tropical family, the prevalence of tropical conditions further 

northward during the Tertiary may have allowed the range of Orontium to extend farther 

northward than the current boundaries of the tropics. If Orontium and related genera 

migrated from the region of the Arcto-Tertiary flora, then it is possible that they had 

previously been distributed more widely across North America during the late Cretaceous 

and early Tertiary, from the eastern coast out to or past Colorado to the West, due to the 

supportive climate conditions of the era (Grear 1966). Grear further argued that 

subsequent changes in climate and erosion cycles brought about by the uplift of the old 

Cretaceous, or Schooley, peneplain during the Miocene, may have led to the spread of 

Orontium to eastern North America as the west became increasingly arid. The recovery 

location of the Orontium fossils described by Bogner et al. (2007), Orontium mackii 

(Maastrichtian, New Mexico) and Orontium wolfei (Lower–Middle Eocene, northern 

Washington and southern British Columbia), as well as the additional Orontioideae fossil 

described, Symplocarpus hoffmaniae (uppermost Maastrichtian of North Dakota and 
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lowermost Paleocene) is supportive of a previously broader geographic distribution of 

Orontium in North America (Bogner et al. 2007). A Miocene fossilized Orontium spadix 

was additionally discovered in the Rocky Mountain region of Colorado (Cockerell 1926). 

Because these Orontioideae fossils found by Bogner et al. in Late Cretaceous and Eocene 

assemblages were thought to have grown under climates ranging from warm subtropical 

to temperate, authors propose that the relatively cool climatic tolerances of extant 

Orontioideae evolved no later than the Early Cenozoic (Bogner et al. 2007).  

Today, goldenclub occurs on the eastern Coastal Plain of North America and in 

the Piedmont and Appalachian Highlands (Grear 1966). Goldenclub grows on sandy, 

muddy, or peaty shores in relatively still and shallow waters (Fernald 1950), and can be 

found in freshwater tidal wetlands (Tiner 1988), bogs (Radford et al. 1968), marshes 

(Beal 1977), “sloughs” (Harshberger 1904), rivers (Hellquist and Crow 1982), as well as 

in streams, ponds, lakes, and swamps (Beal and Thieret 1986), as reviewed by Koltz 

(1992). Goldenclub is locally abundant in, and arguably characteristic of, freshwater tidal 

mudflat vegetation in the northern half of its range (Harshberger 1904; Nichols 1920; 

Muenscher 1937; McVaugh 1958; Kiviat 1976).  Goldenclub has affinities for slightly 

acidic and tanniniferous environments, though has been observed to grow in habitats with 

pH ranging from slightly below 5 to just above 7 (Beal 1977; Koltz 1992). In New York, 

goldenclub is reported to grow primarily on freshwater tidal mudflats and in a few New 

York shrub bogs (NYNHP 2013). It is possible that there are different genotypes present 

in acidic peatlands and circumneutral fresh-tidal habitats. 

Although prevalent in certain locations within the plant’s range in North America, 

such as the Okefenokee Swamp in Georgia where the plant has been well studied 
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(Greening and Gerritsen 1987; Patten and Fath 2001), there are many regions lacking 

information on the distribution and abundance of goldenclub, despite its threatened status 

in these regions. Goldenclub has reportedly declined in Massachusetts, Connecticut, 

Pennsylvania, and northern New Jersey (NatureServe 2013) although many other plants 

of southern affinities are increasing in the northeastern states. Goldenclub has been 

assigned a global rarity rank of G5, meaning that the species is apparently secure 

globally, though potentially rare in some parts of its range, particularly at the periphery 

(NatureServe 2013). In New York and Massachusetts goldenclub is considered a species 

of conservation concern (NatureServe 2013).  

Most New York goldenclub populations are in the freshwater tidal areas of the 

Hudson River, making the study of goldenclub there critical to conservation at the 

northern range limits. Although goldenclub was reportedly thriving in the tidal Hudson 

River in the 1930s (Svenson 1935; Muenscher 1937; McVaugh 1958), it is now 

considered a threatened species in New York (NatureServe 2013). Since the Hudson 

River Improvement Fund supported the investigation of goldenclub’s status on the 

Hudson River as a citizen science project, volunteers and workers from Hudsonia Ltd. 

and the surrounding area have worked towards documenting the abundance and 

distribution of goldenclub along the Hudson River. Data were collected for many of the 

remaining goldenclub stands in the Hudson River. Observations from the citizen project 

suggested that goldenclub abundance along the Hudson River may have declined in stand 

locations originally reported in the 1930s and 1970s, and that there seems to have been an 

increase in visible herbivore damage to goldenclub plants at a few of the remaining 

stands.   
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 The central goal of this study was the conservation assessment of goldenclub in 

the Hudson River. As a secondary goal, environmental data were collected and analyzed 

in order to determine which factors may be contributing to the current status of 

goldenclub in the Hudson River. As it was expected that several factors were involved in 

determining the current status of goldenclub in the Hudson River, multiple working 

hypotheses were developed. It was expected that goldenclub had declined on the Hudson 

River in abundance and distribution since the 1970s with the following factors 

contributing to the current status of goldenclub: 1) sea level rise, reductions in substrate, 

and increases in flooding and hydrodynamic energy from storms, wind, waves, and ship 

wakes inflicting stress on plant populations, 2) competition from other plant species 

limiting the physical space available to goldenclub, or 3) stress and potentially reduced 

growth or reproduction resulting from increased herbivory. The null hypothesis was that 

goldenclub abundance and distribution has remained stable since the 1970s, possibly as a 

result of the plant having changed locations and remaining abundant overall. Certain rare 

plant species have been known to disappear from some areas while becoming established 

in new ones, and it was acknowledged that goldenclub may be growing in regions of the 

Hudson River that have previously escaped observation, considering the complexity of 

Hudson River environments. 

 Goldenclub is a charismatic and unusual aquatic plant with both aesthetic and 

conservation significance on the Hudson River, although little is known about the 

ecology of goldenclub there. Conservation research on species at their northern range 

limits is also crucial to understanding climate change impacts and maintaining unique 

genetic diversity within species at range margins. Results of this study have implications 
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in determining the conservation status of this plant in the Hudson River, and in 

understanding how to best protect remaining goldenclub stands. Many restoration 

projects are currently being carried out within the range of goldenclub; results obtained 

through this study may be useful in determining whether goldenclub would be a good 

candidate for incorporation in wetland management projects. Goldenclub is relatively 

easy to germinate and grow, at least for the first year or so (Kiviat 1976), and could 

possibly benefit from such an arrangement if the natural abundance and distribution of 

goldenclub declines.  

METHODS 

Remaining gaps in the data collected through Hudsonia detailing the current 

distribution and abundance of goldenclub on the Hudson River were filled, and 

distribution and abundance data were compared to historic records. Stations along the 

river where goldenclub had been described historically were surveyed and surrounding 

regions were searched for new goldenclub stands. Environmental factors thought to affect 

goldenclub were also measured and analyzed, although due to the observational nature of 

this study as well as time and resource limitations, rigorous experimental analyses were 

not attempted. Through observation in the field as well as through the implementation of 

camera traps, data were collected on the abundance, distribution, and ecology of 

goldenclub on the Hudson River. 

Historic data were acquired from the New York Natural Heritage Program, 

literature, and other field biologists and naturalists who visit the Hudson River wetlands. 

From late April to the beginning of June historically reported goldenclub sites along the  



II-12 
 

Hudson River were visited, and the current status of the plant relative to the baseline 

provided by historic data was assessed. Goldenclub flowers in New York from mid-April 

through the beginning of June (NYNHP 2013), but the best time to observe the plant on 

the Hudson River is in May, before other growing vegetation impedes detection of 

goldenclub. Field work was carried out on foot and by kayak. The goldenclub sites 

surveyed through this study extend north to Schodack Island, and south to the Mudder 

Kill at Barrytown. Areas along this range were also searched for previously unreported 

goldenclub stands by surveying environments potentially supporting goldenclub within 

100 or more meters from historically reported stands.  

Measurements and observations of goldenclub stands include UTM coordinates of 

stand locations (measured using the Videometer 3.0 application for iPhone 5), counts of 

individual plants, measurements of stand size and calculation of plant density, 

identification of major co-occurring species, visual estimates of plant vigor and of leaf 

tissue removal by herbivores, observations of tracks or other wildlife signs potentially 

identifying vertebrate herbivores, collection and identification of invertebrate grazers and 

pollinators, examination of the surroundings for threats such as fill or dumping, fetch 

measurements (measured using the Google Earth ruler tool), and photographic 

documentation (Table 1). A “clump” of leaves with or without spadices was considered 

to be a single plant (genet), as the literature does not mention underground connections 

among clumps. 

 

 

  



II-13 
 

Table 1.       Variables describing goldenclub stands and number of sites (n) for 

which these variables were estimated.  

Variable Name Description n 

Abundance, Most Recent 

Count 

Most recent value recorded for the number of individual goldenclub plants within a 

stand. For most stands, this value was recorded between 2012 and 2014. 
33 

Abundance 2010s Ordinal ranking of the number of plants in a stand recorded between 2010 and the 

present. For ordinal abundance rankings, 0 denotes that no plants were observed at 
location, 1 denotes very low abundance (between 1 and 4 plants), 2 denotes low 

abundance (between 4 and 15 plants), 3 denotes moderate abundance (between 16 and 30 

plants), 4 denotes high abundance (between 31 and 100 plants), and 5 denotes very high 
abundance (> 100 plants).  

33 

Abundance 2000s Ordinal ranking of the number of plants in a stand recorded between 2000 and 2009. 15 

Abundance 1970s Ordinal ranking of the number of plants in a stand recorded between 1970 and 1979. 14 

Abundance 1930s Ordinal ranking of the number of plants in a stand recorded between 1930 and 1939. 9 

Cattail Presence Categorical variable indicating whether or not cattail was found within three meters of a 
stand. 1 denotes cattail presence, 0 denotes cattail absence.  

27 

Distance from Railroad Distance of stand from nearest railroad (m). 33 

Extirpated Categorical variable indicating whether a once existing stand has since become barren of 

goldenclub. 1 denotes stand extirpation, 0 denotes a non-extirpated stand. 
33 

Fetch East Fetch East of a stand, obtained by measurement of the expanse of open river (in the 
absence of a dividing land barrier) between the stand and the nearest shore due East of 

the stand (m). 

33 

Fetch North Fetch North of a stand (m). 33 

Fetch South Fetch South of a stand (m). 33 

Fetch West Fetch West of a stand (m). 33 

Herbivore Damage 

Prevalence 

Ordinal ranking of the proportion of plants in a stand bearing signs of herbivore damage. 

0 denotes an absence of visible herbivore damage, 1 denotes grazing on <10% of plants 

within a stand, 2 denotes grazing on 10-25% of plants, 3 denotes grazing on 26-50% of 
plants, 4 denotes grazing on 50-75% of plants, 5 denotes grazing on >75% plants. 

18 

Herbivore Damage 

Extent 

Ordinal ranking of the average severity of visible damage borne by damaged goldenclub 

plants at a given stand. 0 denotes an absence of visible herbivore damage; 1 denotes very 
minimal damage, with damage only visible on one or two leaves, or with stalk tips 

minimally chewed; 2 denotes that <25% of leaves on damaged plants show some signs 

of chewing, or that one or two stalks have been bitten off; 3 denotes moderate damage 
with between ~25-50% of leaves show signs of grazing and/or have at least 50% of 

flower stalks chewed off, with some stalks remaining; 4 denotes extensive damage, with 

between ~50-75% of leaves show signs of grazing and/or with most or all of flower 
stalks chewed off; 5 denotes very extensive grazing, with  >75% of leaves showing signs 

of grazing, with most or all flower stalks missing, some plants chewed to the ground. 

18 

Maximum Historic 

Abundance 

Ordinal ranking describing the largest abundance value recorded for each stand between 

the 1930s and 2000s. 
33 

Mean Fetch Average of fetch value due North, South, East, and West of a stand (m). 33 

Newly Reported Categorical variable indicating whether or not a stand is considered newly reported (first 
reported after the year 2000).  

33 

Plant Vigor Ordinal ranking of plant size in a stand on a scale of 0-3. 0 denotes an absence of 

goldenclub; 1 denotes low vigor, with at least 75% of plants being small (approximately 

30 cm tall and 45 cm wide or less) with 0-8 stalks; 2 denotes variable plant vigor, with a 
mix of small (0-9 stalks) and larger plants (10 or more stalks) with neither group 

exceeding 74% of population; 3 denotes high plant vigor, with at least 75% of plants 

being large (approximately 31 cm tall and 46 cm wide or greater) with 10 or more stalks. 

32 

Spatterdock Presence Categorical variable indicating whether or not spatterdock is found within three meters of 

a goldenclub stand. 1 denotes spatterdock presence, 0 denotes spatterdock absence. 
27 

Stand Density Density of plants within a stand, obtained by dividing the number of plants within a stand 

by the stand dimensions. For extirpated stands, the stand volume was recorded as zero. 
33 

Stand Dimensions Dimensions of a stand measured in meters squared. 19 

Sweetflag Presence Categorical variable indicating whether or not sweetflag is found within three meters of a 
goldenclub stand. 1 denotes sweetflag presence, 0 denotes sweetflag absence. 

27 

UTM E Easting Universal Transverse Mercator (UTM) zone 18T coordinate value for a stand. 33 

UTM N Northing Universal Transverse Mercator (UTM) zone 18T coordinate value for a stand. 33 
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Images collected from camera traps (COACH, Zoran Corporation) placed at the 

Cruger Island South stand, set in three springs (2012-2014), were examined in order to 

determine herbivores potentially responsible for the extensive leaf tissue damage 

observed on many Hudson River goldenclub plants in recent years. Images from most 

days between June 19
th

 and approximately July 3
rd

 2012, between May 1
st
 and June 2

nd
 

2013, and between April 22
nd

 and May 10
th

 2014 were collected from two cameras placed 

approximately two meters apart. Although the camera traps captured images during both 

day and night, nighttime scenes were often not illuminated fully by camera flashes, and 

thus herbivores grazing at night could not be identified from most photographs, despite 

movement within the stands having triggered the infrared motion detectors.  

Based on observations in the field, data were compiled describing each 

goldenclub stand (Table 1). Characteristics of declining, stable, or increasing stands and 

their surroundings were compared to seek clues to causes of decline. Data from thirty-

three stands were utilized in this study, representing all confirmed, or previously 

confirmed, locations of goldenclub stands in the freshwater tidal wetlands of the Hudson 

River from the 1930s to the present. Stands with only one or two plants recorded recently 

or historically were excluded from analyses because it is common for plants to establish 

in a new location but not persist. Stands currently barren of goldenclub plants that 

contained more than two goldenclub plants historically were included in the analyses. 

Historic abundance values for many stands are lacking because presence of goldenclub 

was not documented until more recent years, or documentation of the presence of 

goldenclub was not available. As a few of these sites were surveyed by other field 

biologists and naturalists, data from those sites are missing for some of the variables 
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examined. For extirpated stands, data were not recorded for herbivore damage or stand 

dimensions. In this study, twenty-five of the thirty-three sites were surveyed in the spring 

of 2014. The remainder of the stands were most recently surveyed by Erik Kiviat, 

Hudsonia volunteers, and other field biologists and naturalists between the years 2012 

and 2014 with the exception of a few historically reported stands believed to have been 

extirpated (e.g., Kingston Point) or which had been searched for unsuccessfully in recent 

years prior to 2012 (Kiviat, unpublished data). 

The status of each stand was determined by assigning ordinal abundance rankings 

to all records of goldenclub abundance in the Hudson River through time, and comparing 

recent and historic ordinal abundance rankings for each stand. This was done to make 

some of the historic reports on goldenclub abundance comparable to the recent ones, as 

authors of historic reports frequently provided subjective descriptions of goldenclub 

abundance, such as “abundant” or “sparse”, rather than a count. Modern rankings for 

goldenclub abundance were compared to historic rankings to determine whether a stand 

had declined, increased, or remained stable in abundance.  

Spearman rank correlation analyses were used to compare all non-categorical 

variables. Mann-Whitney U-tests were used to assess binary predictor variables, and 

logistic regression analyses were used to predict binary dependent variables. For all 

statistical tests, α was set at 0.1. Statistical and graphical analyses were performed with 

Statistica version 12 (StatSoft, Tulsa, Oklahoma). 
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RESULTS 

The approximate locations of the 33 goldenclub stands in the freshwater tidal wetlands of 

the Hudson River are shown in Figure 2. A few of the labels indicate multiple goldenclub 

stands in close proximity: four distinct stands have been observed in the Rams-Horn 

Creek region, two in the Saugerties north cove region, two in the Stony Creek region, two 

in the Tivoli North Bay region, three in the Cruger Island North region, and two in the 

Mudder Kill region. The Schodack Island east edge goldenclub location marker indicates 

the location of only a single plant, and thus this stand was excluded from statistical 

analyses. All other labels indicate individual stands. Goldenclub is currently extirpated 

from Middle Ground Island, Rogers Island north and west, the Roeliff Jansen Kill mouth, 

Greene Point, Inbocht Bay, Magdalen Island, Kingston Point, Sleightsburg, and the 

Storm King cove, as well as one stand in the Stony Creek region, one stand and a small 

grouping of goldenclub plants in the Cruger Island North region, and one small stand by 

the mouth of the Mudder Kill. The current status of the Stockport Creek stand is 

unknown, as explicit information on the stand’s location was absent from historic records 

(Anne Williams, unpublished data 1982). The Stockport Creek stand was excluded from 

analyses for this reason, and the Stockport Creek label shows an approximated location. 

Goldenclub may still be present there, or in other unsearched areas of the Hudson River. 
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Figure 2.      All documented goldenclub locations in the freshwater tidal                   

wetlands of the Hudson River, current and historic.  
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The current conservation status of documented goldenclub stands on the 

freshwater tidal wetlands of the Hudson River is described in Table 2. The status 

(increased, stable, or decreased) was obtained by comparing the earliest available report 

to the most recent report. For all non-extirpated stands, the most recent report was 

obtained between 2012 and 2014. Stands marked “New 2014” were first documented (as 

far as available data indicate) in the spring of 2014 as part of these survey efforts. 

Because of this, historic abundance could not be compared to the most recent abundance 

observed for these stands. Check marks in the right-most columns of Table 2 indicate 

whether a given stand was considered newly reported (first documented between the year 

2000 and the present), or found extirpated.  

In summary, of the 33 stands examined, 19 stands were found to have decreased 

goldenclub abundance since the year they were first reported (14 of which are now 

extirpated), six were found to have increased abundance, five to have stable abundance, 

and three were first documented in the spring of 2014. Of the 33 stands, 14 were first 

reported between 2000 and 2014 (Table 5, Appendix for individual stand abundance 

details over time). Of the 12 stands which were reported to contain goldenclub plants in 

the 1970s, eight were found to have decreased abundance (four of which are now 

extirpated), three to have increased abundance, and one to have stable abundance when 

observed most recently (Table 2, Appendix Table 5). An additional 18 stands were first 

reported following the 1970s, although it is difficult to determine whether these stands 

first developed following the 1970s, or if their presence had gone unnoticed or 

undocumented prior to the 1970s.   
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Table 2.      Status of known goldenclub stands in the freshwater tidal Hudson River.  

 

 

 

 

Site Name Current 
Abundance 

Ranking. 

Obtained 

2012-2014. 

Abundance 

Ranking for 

First Report  

Year of 
First Report 

Status 

(Since First Report) 
Extirpated Newly 

Reported 

(First 

Observed 

in 2000 or 

More 

Recently) 

Schodack Island Creek 4 5 2002 Decreased   

Little Nutten Hook 5 2 1937 Increased   

Middle Ground Flats 0 4 1935 Decreased   

West Flats 2 4 1975 Decreased   

Hudson South Bay 4 1 2000s Increased   

Roger's Island North 0 5 1930s Decreased   

Roger's Island West 0 5 1930s Decreased   

Rams-Horn Creek at Road 2 1 2012 Increased   

Rams-Horn Mouth Northern Bank 2 2 2012 Stable   

Rams-Horn Mouth Southern Bank 4 4 1937 Stable   

Rams-Horn Mouth Rocky Bank 4 4 2012 Stable   

Rams-Horn Mouth New 5 5 2014 New 2014   

Roeliff Jansen Mouth 0 1 2001 Decreased   

Greene Point  0 5 2000 Decreased   

Inbocht Bay  0 4 1937 Decreased   

Saugerties North 2 4 1937 Decreased   

Saugerties North Shore 3 3 2014 New 2014   

Saugerties South 5 4 1937 Increased   

Stony Creek East 0 4 1983 Decreased   

Stony Creek West 3 5 1935 Decreased   

Tivoli North Bays Big Bend  5 4 2012 Increased   

Tivoli North Bays East Bank 5 5 2014 New 2014   

Cruger Island North I  0 5 1956 Decreased   

Cruger Island North II 3 3 2000 Stable   

Cruger Island North III  0 2 2012 Decreased   

Cruger Island South 5 5 1970s Stable   

Mudder Kill (Astor Point) Tracks 0 2 2000 Decreased   

Mudder Kill (Astor Point) 4 5 1993 Decreased   

Kingston Point 0 4 1937 Decreased   

Sleightsburg 0 4 1951 Decreased   

Black Creek 2 1 2000s Increased   

Storm King 0 1 1996 Decreased   

Magdalen Island South End 0 2 1976 Decreased   
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In one of the largest goldenclub stands remaining in the Hudson River, near the 

south end of Cruger Island, camera traps captured images of several animals passing 

through patches of goldenclub plants, though none was seen eating goldenclub plants. 

Animals included white-tailed deer (Odocoileus virginianus), Canada goose (Branta 

canadensis), beaver (Castor canadensis), and muskrat (Ondatra zibethicus). Tracks made 

by white-tailed deer, muskrat, Canada goose, and snapping turtle (Chelydra serpentina) 

were also observed in many surveyed stands that showed herbivore damage. Examples of 

herbivore damage are depicted in Figure 3. All but one of the existing goldenclub stands 

surveyed showed signs of herbivore damage to goldenclub leaves and stalks (Appendix 

Table 6).   

Potential pollinating insects were collected from goldenclub flower stalks. These 

were mostly Diptera (true flies) and included Sepedon and Dictya sp. (Sciomyzidae), 

Coenomyia ferruginea (Xylomyidae), Apotropina sp. (Chloropidae), Azelia sp. 

(Muscidae), and an aphid. The lady beetle Coleomegilla maculata (Coleoptera: 

Coccinellidae) that is both a pollen feeder and predator (Andow and Risch 1985) was also 

observed.  

 All variables examined for Hudson River goldenclub stands and their descriptions 

are listed in Table 1. The results of Spearman rank correlation analyses on all non-

categorical variables, excluding cardinal fetches, are in Table 3. Table 4 shows the results 

of Spearman rank correlation analyses comparing variables thought to be indicative of 

stand health, such as abundance, stand density, plant vigor, and herbivore damage 

prevalence and severity with fetch due north, east, south, and west of each stand, and 
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mean fetch, in order to examine possible associations between exposure to hydrodynamic 

stress and goldenclub stand health. Figure 4 depicts the relationship between the level of 

exposure to the open Hudson River a goldenclub stand has to the west and the most 

recent goldenclub plant count for each stand. The result suggests that stands with a 

greater abundance of goldenclub tend to have shorter western fetches. All stands with 

western fetches greater than 73 m, aside from the Little Nutten Hook stand, were found to 

be extirpated when most recently surveyed (for the majority of stands, this was between 

2012 and 2014). Stands containing more than 40 plants, aside from the Little Nutten 

Hook stand, had minimal or no exposure to the Hudson River immediately to the west. 

The Little Nutten Hook stand, however, is quite sheltered on three sides.  

 Results of logistic regression analyses using fetch values as predictors of stand 

extirpation suggest that mean fetch, western fetch, and northern fetch are positive 

predictors of goldenclub stand extirpation. Mann-Whitney U-test results suggest that 

spatterdock (Nuphar advena) presence is positively associated with herbivore damage 

prevalence, mean fetch, southern fetch, western fetch, and eastern fetch. Figure 5 depicts 

the relationship between spatterdock presence and mean fetch for Hudson River 

goldenclub stands. Sweetflag (Acorus calamus) presence was positively associated with 

mean fetch, northern fetch, southern fetch, eastern fetch, and western fetch. No 

significant associations were found between cattail (Typha) presence and non-categorical 

variables.  
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Figure 3.      Grazing of goldenclub plants. Tivoli North Bay, Big Bend Stand 

(Top) May 17
th

 2014; Cruger Island South, May 27
th

 2014 

(Middle); Saugerties South May 13
th

 2014 (Bottom Left); 

Saugerties North Shore (Bottom Right) May 26
th

 2014. 
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Table 3.          Results of Spearman rank correlation analyses comparing physical 

characteristics of each goldenclub stand and aspects of the stand 

environment recorded during the spring 2014 survey, and during 

historic observations of stands. Each box contains the correlation 

coefficient (rho) for each comparison. Statistical significance is 

annotated as follows: p ≤ 0.1 = *, p ≤ 0.05 = **, p ≤ 0.01 = ***, p ≤ 

0.001 = ****.  

 

 

Variable 

Abund.,  

Most 

Recent 

Count 

Stand 

Dimens. 

Stand 

Density 

Plant 

Vigor  

Herbiv. 

Damage 

Prev- 

alence 

Herbiv. 

Damage 

Extent 

UTM 

E 

UTM 

N 

Mean  

Fetch 

Distance 

from 

Railroad 

Max. 

Historic 

Abund. 

Abund. 

2010s 

Abund. 

2000s 

Abund 

1970s 

Abund. 

1930s 

Abund.  

Most  

Recent 

Count 

1.000 **** 

0.806 

**** 

0.819 

**** 

0.887 

0.092 0.063 0.153 0.162 -0.261 0.008 ** 

0.395 

**** 

0.992 

0.303 0.250 -0.200 

Stand 

Dimens. 

**** 

0.806 

1.000 * 

-0.391 

0.186 0.043 0.143 0.068 -0.135 0.230 *** 

-0.626 

** 

0.530 

**** 

0.803 

0.031 -0.412 -0.775 

Stand 

Density 

**** 

0.819 

* 

-0.391 

1.000 **** 

0.851 

0.138 -0.228 0.180 0.249 ** 

-0.350 

0.254 0.227 **** 

0.815 

0.258 0.335 0.000 

Plant 

Vigor 

**** 

0.887 

0.186 **** 

0.851 

1.000 0.111 -0.102 0.146 0.207 -0.290 0.119 0.229 **** 

0.885 

0.278 0.266 -0.204 

Herbiv. 

Damage 

Prevalence 

0.092 0.043 0.138 0.111 1.000 *** 

0.659 

-0.327 -0.362 0.259 -0.040 -0.190 -0.023 -0.081 0.318 -0.544 

Herbiv. 

Damage 

Extent 

0.063 0.143 -0.228 -0.102 *** 

0.659 

 

1.000 
* 

-0.443 

** 

-0.511 

0.196 -0.163 -0.276 -0.039 0.083 0.281 -0.544 

UTM E 0.153 0.068 0.180 0.146 -0.327 * 

-0.443 

1.000 **** 

0.900 

0.177 -0.141 0.266 0.158 -0.149 0.145 0.365 

UTM N 0.162 -0.135 0.249 0.207 -0.362 ** 

-0.511 

**** 

0.900 

1.000 0.242 0.026 0.195 0.166 -0.166 -0.036 0.183 

Mean 

Fetch 

-0.261 0.230 ** 

-0.350 

-0.290 0.259 0.196 0.177 0.242 1.000 -0.069 0.051 -0.285 -0.119 -0.115 0.365 

Distance 

from 

Railroad 

0.008 *** 

-0.626 

0.254 0.119 -0.040 -0.163 -0.141 0.026 -0.069 1.000 0.125 -0.002 -0.083 -0.314 -0.456 

Max. 

Historic 

Abund. 

** 

0.395 

** 

0.530 

0.227 0.229 -0.190 -0.276 0.266 0.195 0.051 0.125 1.000 ** 

0.411 

0.352 ** 

0.660 

** 

0.791 

Abund.  

2010s 

**** 

0.992 

**** 

0.803 

**** 

0.815 

**** 

0.885 

-0.023 -0.039 0.158 0.166 -0.285 -0.002 ** 

0.411 

1.000 0.305 0.227 -0.200 

Abund. 

2000s 

0.303 0.031 0.258 0.278 -0.081 0.083 -0.149 -0.166 -0.119 -0.083 0.352 0.305 1.000 0.625 0.500 

Abund. 

1970s 

0.250 -0.412 0.335 0.266 0.318 0.281 0.145 -0.036 -0.115 -0.314 ** 

0.660 

0.227 0.625 1.000 0.661 

Abund. 

1930s 

-0.200 -0.775 0.000 -0.204 -0.544 -0.544 0.365 0.183 0.365 -0.456 ** 

0.791 

-0.200 0.500 0.661 1.000 
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Table 4.        Correlations between stand health and fetches. Statistical 

significance is annotated as follows: p ≤ 0.1 = *, p ≤ 0.05 = **. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.       Goldenclub abundance for each stand vs. western fetch. 

 

Variable 

Mean 

Fetch 

Fetch 

North 

Fetch 

South 

Fetch 

East 

Fetch 

West 

Stand 

Density 

** 

-0.350 

* 

-0.331 

* 

-0.307 

 

-0.087 
** 

-0.402 

Plant Vigor  

-0.290 

 

-0.250 

 

-0.257 
* 

-0.060 

** 

-0.363 

Most Recent 

Abundance 

 

-0.261 

 

-0.254 

 

-0.254 

 

0.014 
** 

-0.390 

Herbivore Damage 

Prevalence 

 

0.259 

 

0.145 

 

0.203 
** 

0.482 

 

-0.003 

Herbivore Damage 

Extent 

 

0.196 
** 

0.496 

 

0.036 
* 

0.432 

 

-0.276 

Abundance 2010s  

-0.284 

 

-0.273 

 

-0.264 

 

-0.034 
** 

-0.386 

Abundance 2000s  

-0.119 

 

-0.378 

 

0.013 

 

-0.139 

 

-0.399 

Abundance 1970s  

-0.115 

 

0.305 

 

-0.195 

 

-0.099 

 

-0.138 

Abundance 1930s  

0.365 

 

0.321 

 

0.138 

 

-0.413 
* 

0.650 
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        Figure 5.        Relationship between spatterdock presence and mean fetch for 

current and historic goldenclub locations.  

 

DISCUSSION 

Observations in 2012-2013 suggested that goldenclub abundance along the 

Hudson River had declined in stands described in the 1930s and 1970s. For instance, in 

1936 Muenscher (1937) estimated the Rogers Island stand to cover approximately 10 ha. 

In May 1974, however, Kiviat and W. D. Countryman searched the same region to find 

only two 1 ha stands of goldenclub (Kiviat 1976), and by May 2012 goldenclub had 

become extirpated from Rogers Island. A population of hundreds of plants at the north 

end of Cruger Island (Kiviat 1976) was also found to be extirpated when visited by Kiviat 

in 2012 (Kiviat, unpublished data). Recent photographs of these two locations are in 

Figure 6. On the other hand, a few goldenclub populations, such as those located at 

Cruger Island south, Hudson South Bay, Mudder Kill, and Little Nutten Hook appear to 

be holding their own. Kiviat also observed an increase in visible signs of grazing on 

goldenclub in the last decade or so, such as at the south end of Cruger Island where leaf 

damage was observed on 50% of plants in 2012. Through the present study, remaining 

gaps were filled in the data collected on the abundance and distribution of goldenclub in 
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the freshwater tidal wetlands of the Hudson River. These data were compared current to 

historic abundance and distribution records, and a few variables potentially associated 

with the current status of goldenclub were examined, along with camera trap data 

revealing possible culprit(s) behind increased herbivore damage.  

      

Figure 6.        Examples of locations where goldenclub was previously 

prevalent, but is now extirpated. Cruger Island North I, Spring 

2014 (Left); Rogers Island North, Spring 2014 (Right).  

 

Due to observations prior to the spring of 2014, an overall decline in goldenclub 

abundance since the 1970s was expected. It was found that, while many stands have 

become diminished or extirpated, new stands have become established, or were 

discovered anew, in alternate locations. Results from the spring 2014 survey combined 

with historic records suggest that more than half of the 16 goldenclub stands first reported 

in the Hudson River in the 1970s or earlier, some of which were once very large, have 

declined in abundance or become extirpated. The 10 “new” goldenclub stands reported 

since 2000 still containing goldenclub (as of 2014 survey efforts) vary in size. Some of 

these new stands may have existed prior to 2000 and escaped observation. Very few of 

the stands observed historically have maintained a stable abundance since first reported. 
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Of the 14 total stands first observed in 2000 or more recently, three have increased in 

abundance since the year they were first reported, two have remained stable, and six have 

declined (four of which are now extirpated). Three were first observed in the spring of 

2014, and thus an abundance change assessment could not be made. These results suggest 

that goldenclub may establish at a few favorable locations during one season, and then 

decline due to changes in environmental conditions or natural aging of the cohort. 

Alternatively, there may have been an overall decline in goldenclub following the 1970s, 

with recent event(s) allowing new stands to become established. Together, results suggest 

that several of the newly established stands may not be thriving, and thus goldenclub 

abundance in the Hudson River may still be in danger of decline.  

It was hypothesized that sea level rise, erosion, and increases in flooding and 

hydrodynamic energy from storms, wind, waves, ship wakes, and ice may be inflicting 

stress on Hudson River goldenclub. Negative correlations between fetch variables and 

stand density suggest that stands with more exposure to the main river, and thus more 

exposure to wind, waves, and ship wakes tend to have a lower density of goldenclub 

plants. Longer western fetch was also found to be negatively correlated with plant vigor, 

the most recent abundance of goldenclub at a given stand, and ordinal abundance 

rankings between 2010 and the present, suggesting that stands with longer western 

fetches currently tend to have fewer and smaller plants. The quantity and strength of 

these negative correlations for western fetch suggest that hydrodynamic energy from 

storm winds, which frequently come from the west, may be most negatively impacting 

goldenclub stands. The lack of significant correlations between abundance rankings from 

the 2000s and 1970s, and the weak positive significant correlation between western fetch 
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and 1930s abundance rankings, indicate that longer western fetches were historically not 

characteristic of lower abundance, or perhaps that 1930s evaluations of stand sized were 

inconsistent. Severe storms such as Hurricane Sandy (2012) and Hurricane Irene (2011), 

accompanied by increased frequency and severity of flooding due to more extreme 

precipitation and sea level rise in the Hudson Valley (NYSDEC 2014), perhaps 

secondary to global climate change, may have caused greater impacts on stand health in 

recent years. The presence of fewer or less-severe storms and a decreased risk of flooding 

may have meant that Hudson River goldenclub was historically not impacted as strongly. 

That mean fetch, western fetch, and northern fetch were found to be positive predictors of 

goldenclub stand extirpation in logistic regression analyses further implicates exposure to 

open river, and resulting hydrodynamic stressors, in the decline of goldenclub stands. In 

his 1937 survey, Muenscher also commented that the goldenclub was most abundant 

behind beds of “Scirpus,” Sagittaria, or other plants where it is protected from the direct 

wash of the river currents and winds in the Hudson River.  

During this survey, goldenclub was observed in the upper, middle, and lower, 

intertidal zones. Stands in the lower intertidal zone with most immediate exposure to the 

Hudson River were potentially more susceptible to stress as a result of tidal cycles and 

waves. With an increase in sea level rise, goldenclub in the lower intertidal zones may be 

submerged for longer periods of time, and as a result, may be under increased stress from 

greater respiratory demands. The three major co-occurring plant species that were 

examined in this survey, spatterdock, sweetflag, and cattail, grow mostly in the lower 

third, middle third, and upper third of the Hudson River intertidal zone, respectively 

(Kiviat, unpublished data). That spatterdock presence was found to be positively 
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associated with southern fetch, western fetch, eastern fetch, and mean fetch at current and 

historic stand locations could suggest that stands in the lower intertidal zone were 

impacted most heavily, possibly as a result of downstream effects of storms and sea-level 

rise. Sweetflag presence was also found to be positively associated with all five fetch 

variables, although there were no significant associations of cattail presence and other 

variables. That sweetflag and, most notably, spatterdock presence were found to be 

positively associated with longer fetches may indicate that stands in the lower and middle 

intertidal zones are more susceptible to extirpation, or that the relatively robust 

spatterdock and sweetflag were able to expand in the absence of other species. 

Although it was hypothesized that goldenclub in the Hudson River may also be 

declining due to competition from other plant species, and examined associations 

between goldenclub stands and three major co-occurring plants (spatterdock, sweetflag, 

and cattail) no significant relationships were found between any of the co-occurring 

plants and abundance, extirpation, density, size, or vigor of goldenclub stands. As 

“presence” of co-occurring species was recorded if a plant was within 3 meters of 

goldenclub (which could have been at the center or periphery of stands), it is possible that 

the level of interaction of goldenclub with these other species was limited at some stands, 

while substantial at others, and thus this data have limited use for determining the impact 

of competition. Qualitative observations in the field brought to attention a possible 

biologically significant impact of sweetflag on stand health; the rhizome systems of 

sweetflag are very dense, and in the stand locations containing both goldenclub and 

sweetflag, clear borders could be seen between patches of the two species. Expansion of 

sweetflag in a goldenclub stand may result in a reduction in space for goldenclub. This 
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scenario might be made worse in the case of increased hydrodynamic stress, which could 

potentially allow more robust species like sweetflag to persist while goldenclub stand 

health is compromised.  

It was hypothesized that increased herbivory in recent years may also be inflicting 

stress on goldenclub in the Hudson River. Leaf and flower stalk tissue removal due to 

herbivores was observed in almost all stands, some of which was extensive. It is possible 

that more extensive damage may be negatively impacting plants by reducing their ability 

to photosynthesize and reproduce. Historic photographs and the absence of comments on 

herbivore damage in historic records indicate less herbivore damage to Hudson River 

goldenclub in previous decades than was observed in more recent surveys, thus it is 

suspected that grazing has increased in recent years. Although herbivore damage 

prevalence and extent were not found to significantly correlate with goldenclub 

abundance, nor to predict extirpation of goldenclub stands, it is possible that over time 

extensive herbivore damage will have biologically significant effects on Hudson River 

goldenclub. Camera traps detected white-tailed deer, beaver, muskrat, and Canada goose 

in the Cruger Island goldenclub stand. The deer appeared to be foraging; however, it was 

not possible to distinguish what they were eating. The positive association found between 

spatterdock presence and herbivore damage prevalence in statistical analyses may suggest 

that swimming herbivores, such as muskrat and beaver, might be responsible for some of 

the damage, as goldenclub in the lower intertidal zone would likely be more accessible. 

As increased eastern fetch was positively correlated with herbivore damage prevalence, 

and increased eastern and southern fetches were found to be positively correlated with 

herbivore damage extent, it is possible that increased exposure to the main river, and 
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resulting increased exposure to hydrodynamic stress, may have compromised goldenclub 

defense against herbivores. Dr. Timothy Block (Pennsylvania Natural Heritage Program, 

personal communication 2014) reported seeing both geese and deer grazing on 

goldenclub, and judged from photographs of Hudson River goldenclub that geese, deer, 

and possibly muskrat, were responsible for the types of damage observed in recent 

surveys. The presence of deer, goose, muskrat, and beaver tracks, as well as snapping 

turtle trails, in many of the stands bearing signs of grazing further implicate these 

herbivores. Muskrat and deer tracks were the most prevalent in grazed stands among 

these potential culprits. It is believed that cut spadices within visible teeth marks are the 

result of muskrat or possibly beaver grazing, while crushed or torn leaves are the marks 

of deer or goose grazing. The negative correlation between stand dimensions and distance 

from railroads (i.e. larger stands tend to be closer to railroads) potentially suggests that 

deer or other herbivores are deterred from grazing in stands near railroads, or that the 

railroad may serve as a barrier to hydrodynamic energy from the main river for those 

stands growing on the side of the tracks closest to shore. 

  Factors other than those described in the hypotheses are likely also affecting the 

status of goldenclub. Other potential sources of chemical or physical stress include 

dredging and modifications to flow and sedimentation patterns as a result of residential 

and industrial development, as several goldenclub stands in the Hudson River are near 

private residences or are exposed to traffic from recreational boaters. Nutrient loading 

from inorganic nutrients and treated sewage being emptied into the Hudson River, from 

other sources of nitrogen and phosphorus such as agricultural runoff, or from atmospheric 
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deposition of nitrogen in conjunction with other factors may also be contributing to the 

status of goldenclub and other rare plant species in the Hudson River. 

 The central results of this survey and examination of historic records of 

goldenclub in the freshwater tidal wetlands of the Hudson River suggest that many stands 

present in the 1930s and 1970s have declined, while a few new stands seem to have 

established, with hydrodynamic stress resulting from increased exposure to the main river 

being one of the most likely causes for abundance decline. That three new, large 

goldenclub stands were reported in the spring of 2014 suggests that the status of 

goldenclub in the Hudson River is not in as much danger as was originally expected. The 

potential effects of herbivory, development, as well as hydrodynamic stress from storms 

and rising sea levels on Hudson River goldenclub should continue to be monitored and 

taken into account if goldenclub is to be conserved in the Hudson River and potentially 

used in wetland restoration.   
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APPENDIX 

 

Table 5.        Current and historic goldenclub stand locations in the Hudson River 

and abundance data. 

   

Site Name GPS(UTM) Abundance Data 
Schodack Island 

Creek 

600481 m E, 

4702980 m N 

Approximately 70 plants in two groups (this study), 100-150 plants in three 

groups (NYNHP ca. 2002, pers. comm.) 

Little Nutten 

Hook 

600682 m E, 

4688975 m N 

100+ plants (Stevens ca. 2014, pers. comm.) (Werier ca. 2013, pers. comm.), 

“large stand” (NYNHP ca. 2013, pers. comm.), "Rare… Newton Hook-

Coxsackie" (Muenscher 1937) 

West Flats 599756 m E, 

4683103 m N 

10 plants (this study), “Relative Abundance = Common” (Vance NYSDEC 

ca. 1970’s, pers. comm.). 

Middle Ground 

Flats 

598675 m E, 

4678795 m N 

0 plants (Barbour ca. 2000, pers. comm.), 1 plant (Kiviat  ca. 1970s, 

unpublished data), “Common… south end of tidal mudflat between Hudson 

City and Athens” (Muenscher 1935) 

Hudson South 

Bay 

598384 m E, 

4678131 m N 

65 plants (this study), “44 small plants” (Kiviat ca. 2012, unpublished data), 

4 plants (Barbour ca. 2000, pers. comm.) 

Rogers Island 

North and West 

596241 m E, 

4676747 m N; 

595545 m E, 

4675919 m N 

0 plants (this study), 0 plants (Kiviat ca. 2012, unpublished data), “acres of 

patchy distribution” (NYNHP ca. 2001, pers. comm.), “stand of many plants” 

(Lake ca. 1992), “2 ha” (Kiviat and Countryman ca. 1974, Kiviat 1976), 

“only a few plants of Orontium” (Countryman ca. 1969, pers. comm.), “no 

more than 3 ha of goldenclub” (McKeon ca. 1966, pers. comm.), “over 25 

acres of tide flats in which goldenclub forms over 90 per cent of rooted 

vegetation” (Muenscher 1937) 

Rams-Horn 

Creek 

At Road 

593552 m E, 

4672601 m N 

6 plants (this study), 12 plants (location several meters away where no plants 

were found in 2014) (Federman ca. 2012, pers. comm.), 

3 plants (NYNHP ca. 2000, pers. comm). 

Rams-Horn 

Mouth I 

(Northern 

Creek Bank) 

594243 m E, 

4672085 m N 

12 (this study), 30 (Lukas and Sorensen ca. 2012, pers. comm.), Nonspecific 

Historic Data 

Rams-Horn 

Mouth II 

(Southern 

Creek Bank) 

594244 m E, 

4672067 m N 

100 plants (this study), 150-200 plants (Lukas and Sorensen ca. 2012, pers. 

comm.), Nonspecific Historic Data 

Rams-Horn 

Mouth III 

(Rocky Bank) 

594244 m E, 

4672067 m N 

55 plants (this study), 50 plants (Lukas and Sorensen ca. 2012, pers. comm.), 

Nonspecific Historic Data 

Rams-Horn 

Mouth IV 

(Southernmost 

Stand) 

594012 m E, 

4671596 m N 

Approximately 500 plants (this study), Nonspecific Historic Data 

Rams-Horn 

Mouth  

 

No Data Nonspecific-These records may apply to one or more of the Rams-Horn 

Mouth stands observed in 2014. See Rams-Horn Mouth I-IV for recent data, 

“Scattered plants” (Countryman ca. 1971, pers. comm.), 20-30 plants 

(Goldhammer HRSC, pers. comm.), “Relative Abundance = Occasional” 

(Vance NYSDEC ca. 1975, pers. comm.). "Frequent" (Muenscher 1937)  

Roeliff-Jansen 

Mouth 

594096 m E, 

4670339 m N 

0 plants (this study), 0 plants (Kiviat and volunteers ca. 2012, unpublished 

data), 2 plants (NYNHP ca. 2001, pers. comm.) 

Greene Point 592395 m E, 

4670194 m N 

0 plants (this study),125 plants (NYNHP ca. 2000, pers. comm.) 

Inbocht Bay 591530 m E, 

4670000 m N 

0 plants (this study), "Common" (Muenscher 1937) 

Saugerties 

North 

587739 m E, 

4658539 m N 

8 plants (this study), “Common… fairly abundant, not densely concentrated” 

(Bard ca. mid-1970s, pers. comm.), 40-50 plants (Smith ca. 1952, pers. 

comm.), “Common” (Foley and Taber observation 1948, described in 1951 

publication), “Common” (Saugerties Marsh Area) (Muenscher 1937) 

Saugerties 587919 m E, 30 plants (this study) 
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North 

Shore 

4658393 m N 

Saugerties 

South 

588251 m E, 

4657842 m N 

160-170 plants (this study), 50-60 (Hart and Rubbo ca. 2012 pers. comm.), 

“At least several plants of goldenclub” (Feldman and Dunbar ca. 1961, pers. 

comm.), “Common” (Saugerties Marsh Area) (Muenscher 1937) 

Stony Creek 

East 

589892 m E,  

4654976 m N 

 

0 plants (Kiviat ca. 2012, unpublished data), “50-100 plants,” (Kiviat ca. 

1983, unpublished data)  

Stoney Creek 

West 

589841 m E, 

4655033 m N 

 

25 plants (Kiviat ca. 2012, unpublished data), “100+ goldenclub” (Kiviat 

1976), “Abundant” (Svenson 1935) 

Magdalen 

Island 

588740 m E, 

4655210 m N 

0 plants (Kiviat ca. 2012, unpublished data), 4 plants (Kiviat ca. 1979, 

unpublished data), ca 10 plants (Kiviat 1976) 

Tivoli North 

Bay 

Big Bend 

589705 m E, 

4654652 m N 

130 plants (this study), 50-100 plants (Rogers ca. 2012, pers. comm.), 500+ 

plants (estimate for entire Tivoli North Bays Marsh System, including Stony 

Creek and Cruger Island) (NYNHP ca. 2003, pers. comm.) 

Tivoli North 

Bay 

East Bank of 

Inlet 

589717 m E, 

4654598 m N 

140 plants (this study) 

Cruger Island 

North I 

 

588859 m E, 

4654105 m N 

0 plants (this study), 0 plants (Kiviat ca. 2012, unpublished data), 100s of 

plants (Kiviat ca. 2012, unpublished data), 700-800 plants (Young ca. 1993, 

pers. comm.), “2000- 2500 plants Cruger Island” (Kiviat ca. 1975, 

unpublished data, Kiviat 1976), “apparently stable” (Jones ca. 1956-1976, 

pers. comm.). 

Cruger Island 

North II 

588840 m E, 

4653997 m N 

25 plants (this study), “sparse line of small plants along East side of Island” 

(Kiviat ca. 2000, unpublished data) 

Cruger Island 

North III 

588879 m E, 

4653922 m N 

0 plants (this study), 6 plants (Kiviat ca. 2012, unpublished data) 

Cruger Island 

South 

588808 m E, 

4653568 m N 

 400-500 plants (this study), > 100 plants (Kiviat ca. 2012, unpublished data), 

“About 500 plants” (Young ca. 1993, pers. comm.), “seems less than in 

1970s, but still a lot” (Kiviat ca. 1983, unpublished data), 100s of plants 

(Kiviat ca. 1970s, unpublished data, Kiviat 1976) 

Mudder Kill 

Tracks 

588431 m E, 

4649590 m N 

0 plants (this study), Goldenclub present at mapped location (NYNHP ca. 

2000, pers. comm.) 

Mudder Kill 588499 m E, 

4649489 m N 

70 plants (this study), 100 plants (Varanashi ca. 2013, pers. comm.), “15 to 

20 plants in groups of 1 to 3” (Kiviat ca. 2012, unpublished data), 150+ 

plants (NYNHP ca. 2000, pers. comm.) 105 plants (Young ca. 1993, pers. 

comm.) 

Kingston Point 585578 m E, 

4642366 m N 

 

0 plants (Hudsonia volunteers ca. 2012, unpublished data) “None” (Kiviat, 

Countryman, and Domville ca. 1970s, unpublished data), “none found after 

quick search” (Domville ca. 1972, pers. comm.), “scattered… quite a bit” 

(Domville ca. 1964, pers. comm.), “Frequent… Rondout River-Kingston” 

(Muenscher 1937) 

Sleightsburg 585202 m E,  

4641315 m N 

“None” (Huth ca. 1970s, pers. comm.), one plant (Domville ca. 1964, pers. 

comm.), “at least several plants” (Feldman ca. 1951, pers. comm.) 

Black Creek 586514 m E, 

4630779 m N 

12 plants (Grant ca. 2014, pers. comm.), 1 plant (Lukas and Sorensen ca. 

2012, pers. comm.), 1 plant (Barbour ca. 2000, pers. comm.) 

Storm King 584926 m E, 

4587137 m N 

0 plants (Kiviat ca. 2013, unpublished data), “few plants” (Barbour ca. 1996, 

pers. comm.) 
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Table 6.       Environmental data collected for each goldenclub stand during 

recent survey efforts. See Table 2 for variable descriptions. Blank 

boxes denote an absence of data. 

Site Name Stand 

Dimensions 

Plant  

Density  

Mean 

Fetch  

Fetch 

N  

Fetch 

S  

Fetch 

E  

Fetch 

W 

Dist. 

from 

Railroad  

Plant 

Vigor  

Herbivore 

Damage 

Prevalence 

Herbivore 

Damage 

Extent  

Sweetflag 

Present 

Spatterdock 

Present 

Cattails 

Present 

Schodack 

Island 

195 0.35 0 0 0 0 0 515 2 0 0 0 0 1 

Little 

Nutten 

Hook 

987 0.1 249.75 0 51 0 948 297 2 1 1    

West Flats 8 1.25 0 0 0 0 0 1372 2 2 2 0 1 1 

Middle 

Ground 

Flats 

 0 439.5 1112 47 541 58 498 0      

Hudson 

South Bay 

600 0.12 0 0 0 0 0 15 2 2 2 0 0 1 

Rogers 

Island North  

 0 745.25 1370 200 391 1020 300 0   1 1 1 

Rogers 

Island West  

 0 567 1160 125 170 813 617 0   0 1 0 

Rams-Horn 

Creek at 

Road 

5.25 1.14 0 0 0 0 0 1368 1 3 2 0 1 1 

Rams-Horn 

Mouth I  

110 0.11 151 0 28 576 0 653 2 4 4 0 1 1 

Rams-Horn 

Mouth II  

286 0.35 175.75 23 15 665 0 668 1 5 5 0 1 1 

Rams-Horn 

Mouth III  

78 0.71 544.25 0 1470 707 0 701 3 3 2 0 1 1 

Rams-Horn 

Mouth IV  

350 1.43 546 0 1450 729 5 840 3 4 2 0 1 1 

Roeliff-

Jansen 

Mouth 

 0 712.5 1400 0 0 1450 30 0   0 1 1 

Green Point  0 777.5 0 1700 1410 0 1201 0   0 1 0 

Inbocht Bay   0 326.75 10 560 260 477 1610 0   1 1 1 

Saugerties 

North 

36 0.22 123.25 100 120 200 73 1330 2 3 2 1 1 1 

Saugerties 

North Shore 

80 0.38 150 580 0 0 20 1347 3 3 3 0 1 0 

Saugerties 

South 

550 0.3 232 82 80 766 0 780 1 2 3 1 0 0 

Stony Creek 

East 

 0 11.5 20 19 4 3 912 0   0 0 1 

Stony Creek 

West 

32 0.78 15.5 0 0 0 62 877 1 2 2 0 0 1 

Magdalen 

Island 

 0 528.75 0 822 285 1008 216 0      

Tivoli North 

Bays Big 

Bend  

448 0.29 13.25 23 0 30 0 750 3 3 3 0 0 1 

Tivoli North 

Bays East 

Bank 

264 0.53 2.5 10 0 0 0 765 3 2 2 0 0 1 

Cruger 

Island North 

I  

 0 285 1000 100 20 20 50 0   1 1 0 

Cruger 

Island North 

II  

120 0.21 35.75 50 40 53 0 78 2 2 3 0 0 1 

Cruger 

Island North 

III  

 0 85 300 0 10 30 31 0   0 0 1 

Cruger 

Island South 

750 0.6 26.25 20 20 60 5 70 3 5 3 0 1 0 

Mudder Kill 

Tracks 

 0 7.5 0 30 0 0 13 0   0 0 0 

Mudder Kill  282 0.18 0 0 0 0 0 41 1 4 3 0 0 1 

Kingston 

Point 

 0 0 0 0 0 0 1680 0      

Sleightsburg  0 231.75 0 754 17 156 1600 0      

Black Creek 200 0.06 17 30 0 25 13 1355       

Storm King  0 85.5 133 159 50 0 47 0      
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