
Citation: Roesch, E.; Rosencrans, J.H.;

Hatch, K.A.; Thacker, R.W. Inventory

of Shallow-Water Fouling Invertebrates

of Long Island, New York. Oceans

2024, 5, 825–839. https://doi.org/

10.3390/oceans5040047

Academic Editor: Mário Diniz

Received: 5 June 2024

Revised: 29 August 2024

Accepted: 24 October 2024

Published: 1 November 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Article

Inventory of Shallow-Water Fouling Invertebrates of Long
Island, New York
Ezra Roesch 1, Jack H. Rosencrans 2, Kent A. Hatch 3 and Robert W. Thacker 1,4,*

1 Department of Ecology and Evolution, Stony Brook University, Stony Brook, New York, NY 11794, USA
2 North Shore High School, Glen Head, New York, NY 11545, USA
3 Department of Biological and Environmental Sciences, Long Island University, Brookville, NY 11548, USA;

kent.hatch@liu.edu
4 Smithsonian Tropical Research Institute, Balboa P.O. Box 0843-03092, Panama
* Correspondence: robert.thacker@stonybrook.edu

Abstract: Invasive marine invertebrates are increasingly recognized as a potential disturbance to
coastal ecosystems. We sought to better document the taxonomic composition of subtidal com-
munities around Long Island to obtain a baseline that can be used to monitor current and future
invasions of non-indigenous species. We placed settlement blocks at 18 sites along the coast of Long
Island, New York, for three months. After recovering blocks at 12 sites, we analyzed the taxonomic
composition of fouling communities on the blocks. We observed 64 invertebrate and 3 algal taxa, with
large variation in taxon richness among sites. Multivariate analyses revealed that although taxon
composition was significantly dissimilar between north and south shores, variation in dissimilarity
did not differ significantly between shores. The high variability in taxon composition observed
among sites indicates that additional research is needed to expand our knowledge of invertebrate
diversity in the waters surrounding Long Island. Adding more sites and replicate blocks within
sites could improve future sampling designs. This research will benefit continuing efforts to monitor,
manage, and prevent the establishment of marine invasive species.
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1. Introduction

Interest in biodiversity is growing as natural environments face ever-greater repercus-
sions from anthropogenic changes occurring on a global scale [1,2]. One of the greatest
threats to biodiversity is the introduction of invasive species [3,4]. Once these species
establish, they are nearly impossible to remove [5], such that invasive species have the
ability to irreversibly alter an ecosystem as well as to cause socio-economic harm [6].

While invasive species are a global issue, examining biofouling communities is a
key step in beginning to understand their spread and containment [7,8]. Although Long
Island, New York, is home to several invasive species [9–11], few publications document
the subtidal fouling communities of Long Island. Since a baseline record of extant taxa
is required for the identification of future invasive taxa, we seek to document the current
biodiversity of subtidal marine invertebrates in the waters surrounding Long Island. In this
study, we examined a subset of the near-shore communities of fouling marine invertebrates
by placing benthic settlement blocks at 18 sites. We tested the hypothesis that community
structure differs between north and south shore habitats and compared the composition
and diversity of taxa among locations.

2. Materials and Methods

Long Island parallels the coastline of the northeastern United States. Along with the
state of Connecticut, it encapsulates the Long Island Sound to its north; the Atlantic Ocean
borders it to the south. We hypothesized that biofouling invertebrates on the north shore
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of Long Island would be less diverse than on the south shore of Long Island because the
north shore borders Long Island Sound and may therefore not be as freely colonized by
planktonic larvae as the south shore or exposed to the same intensity of wave disturbance
as the south shore, which faces the open Atlantic.

The north and south shores of Long Island differ as follows: Long Island Sound is a
navigable estuary that runs predominantly east to west between Connecticut to the north
and Long Island, New York, to the south. It is approximately 176 km long and 37 km
wide at its widest point [12]. The tides reach the Sound through a small entrance on the
west end and a larger entrance on the east end. Because of these differences in size, the
range of the tide is largest but the velocity of the tide is lowest at the west end of the
Sound, while the range of the tide is lower but the velocity of the tide is much greater
at the east end of the Sound [12]. The water at the west end of the Sound is less saline
than the east end due to freshwater inflow from the Hudson River. The bottom waters
of the western sound experience anoxia late in the summer due to the high degree of
urbanization and consequent nitrogen runoff [13,14]. Water movement and sea levels
through the sound are driven by the tides [12] and the wind [15]. The tides of Long Island
Sound are forced through the opening at the east end of the Sound. While there are both
semi-diurnal and diurnal tides within Long Island Sound, the diurnal tides are stronger and
are amplified approximately four times due to resonance, while the diurnal tides are much
weaker and exhibit little amplification [15]. By contrast, the south shore of Long Island is
directly exposed to the Atlantic Ocean, but includes a complex series of barrier islands,
sheltered bays, headlands, and coastal plains [16]. It is more highly urbanized than the
north shore of Long Island, though both shores have small towns and rural areas too. Both
the north and south shores contain a variety of habitats such as beaches, tidal marshes, and
rocky intertidal zones [9]; this heterogeneity leads to a wide array of organisms inhabiting
both coasts.

To begin the development of a database of marine invertebrates existing in a variety of
habitats, we placed settlement blocks at 18 locations in the waters surrounding Long Island
(Figure 1). The locations were selected for ease of public access and permissions, and to
diversify the types of habitats sampled across both north and south shores. While these
habitats and locations vary from natural rock outcroppings surrounded by sand to harbors
with infrequent dredging activity, they can broadly be described as exposed or sheltered
with rocky, rock/sandy, or sandy substrates (Table 1). South shore blocks were placed in
more sheltered habitats than north shore blocks; thus, comparisons between north and
south shore locations were confounded by differences in exposure and substrate.
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Park; G = Crane Neck; H = Smith Point; I = Wildwood; J = Cupsogue Beach; K = Reeves Beach; L = 
Shinnecock Inlet; M = Bailie Beach; N = W. Scott Cameron Beach; O = Horton Point; P = Hog Creek 
Point; Q = Orient Point; R = Montauk Point. GPS coordinates for each location are provided in Table 
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Table 1. Locations of settlement blocks, including site letter (used in Figure 1), site name, site de-
scription, shore, latitude, and longitude. Sites described as rocky consisted of primarily rocks of 
various sizes with some sand or small grain substrate in between. Sites described as sandy were 
purely or nearly purely sand. Sites characterized as rocky/sandy consisted of rocks of various sizes 
embedded in a matrix of sand. Depths are represented as deviation from mean lower low water 
(MLLW) at each site. “Plates” represents the number of settlement plates recovered from each site 
and used in our analyses. 
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Point 
Exposed point within Peconic Bay, 

sandy substrate North 41.053798 −72.160839 −10 cm 0 
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North 40.928636 −73.429757 −30 cm 4 

K Reeves Beach 
Exposed beach, rocky/sandy sub-

strate 
North 40.976052 −72.713402 −20 cm 0 

Q Orient Point 
Exposed sandy beach, rocky/sandy 

substrate North 41.160389 −72.233961 −20 cm 4 

I Wildwood 
Exposed sandy beach, rocky/sandy 

substrate North 40.967678 −72.853897 −20 cm 0 

G Crane Neck Exposed sandy beach, sandy sub-
strate 

North 40.967901 −73.158511 −20 cm 2 
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Figure 1. Sites where settlement blocks were placed. Closed circles indicate sites where no settlement
plates were collected either because the plates or the entire block were lost. Open circles represent
sites where at least one settlement plate was collected. Site names are as follows: A = Kings Point;
B = Silver Point; C = East Island; D = Point Lookout; E = Lloyd Harbor; F = Sore Thumb, Gilgo State
Park; G = Crane Neck; H = Smith Point; I = Wildwood; J = Cupsogue Beach; K = Reeves Beach;
L = Shinnecock Inlet; M = Bailie Beach; N = W. Scott Cameron Beach; O = Horton Point; P = Hog
Creek Point; Q = Orient Point; R = Montauk Point. GPS coordinates for each location are provided
in Table 1.
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Table 1. Locations of settlement blocks, including site letter (used in Figure 1), site name, site
description, shore, latitude, and longitude. Sites described as rocky consisted of primarily rocks of
various sizes with some sand or small grain substrate in between. Sites described as sandy were
purely or nearly purely sand. Sites characterized as rocky/sandy consisted of rocks of various sizes
embedded in a matrix of sand. Depths are represented as deviation from mean lower low water
(MLLW) at each site. “Plates” represents the number of settlement plates recovered from each site
and used in our analyses.

Site Letter Site Name Site Description Shore Latitude Longitude Depth Plates

M Bailie Beach Exposed rocky jetty next to
inlet, rocky substrate North 41.015145 −72.561561 −30 cm 0

A Kings Point Exposed point,
rocky/sandy substrate North 40.837664 −73.753973 −30 cm 4

C East Island Exposed point,
rocky/sandy substrate North 40.902875 −73.633254 −30 cm 4

O Horton Point Exposed point,
rocky/sandy substrate North 41.086364 −72.44468 −20 cm 2

P Hog Creek Point Exposed point within Peconic
Bay, sandy substrate North 41.053798 −72.160839 −10 cm 0

E Lloyd Harbor Exposed beach, rocky/sandy
substrate near rock jetty North 40.928636 −73.429757 −30 cm 4

K Reeves Beach Exposed beach, rocky/sandy
substrate North 40.976052 −72.713402 −20 cm 0

Q Orient Point Exposed sandy beach,
rocky/sandy substrate North 41.160389 −72.233961 −20 cm 4

I Wildwood Exposed sandy beach,
rocky/sandy substrate North 40.967678 −72.853897 −20 cm 0

G Crane Neck Exposed sandy beach,
sandy substrate North 40.967901 −73.158511 −20 cm 2

R Montauk Point Exposed sandy beach,
sandy substrate South 41.073272 −71.857838 −20 cm 1

L Shinnecock Inlet Sheltered, rocky substrate South 40.843363 −72.478318 −10 cm 2

B Silver Point Sheltered, rocky/sandy
substrate near rock jetty South 40.58444 −73.755326 −10 cm 4

F Sore Thumb,
Gilgo State Park

Sheltered point within inlet,
rocky/sandy substrate South 40.633783 −73.315597 −10 cm 4

H Smith Point Sheltered,
rocky/sandy substrate South 40.700062 −72.975432 −10 cm 0

J Cupsogue Beach Sheltered,
rocky/sandy substrate South 40.769874 −72.731361 −10 cm 4

D Point Lookout Sheltered, sandy substrate South 40.591975 −73.575226 −10 cm 4

N W. Scott
Cameron Beach Sheltered, sandy substrate South 40.930349 −72.226332 −10 cm 0

Settlement blocks were constructed using a cement block (19.5 cm × 19.5 cm × 40 cm) with
four attached settlement plates. Each plate was a sanded plastic Petri dish (100 mm × 15 mm)
that was attached to the cement block using cable ties (Figure 2). Blocks were placed at
subtidal depths, less than one meter below the extreme low tide level at each site (Table 1),
so that they would remain permanently submerged but could be easily retrieved. Blocks
were placed in May 2018 and retrieved in August 2018. At six locations, the block was
lost and unable to be retrieved; these locations were removed from the dataset, leaving 12
remaining locations (Figure 1). At some of the remaining sites, individual plates had been
detached from the block and could not be retrieved (Table 1).
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Figure 2. Diagram of cement block and Petri dish settlement plates. Blocks were placed at subtidal
depths such that the settlement plates remained submerged throughout the tidal cycle.
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Upon retrieval of each block, plates were removed and immediately placed in 95%
EtOH, transported to Long Island University (Brookville, NY), and stored until they were
processed in the lab. We identified organisms to the lowest taxon possible based on morpho-
logical characteristics, following taxonomic keys for invertebrates of New England [17,18].
While we are confident that each taxon (Table 2) represents a single species, we restricted
our analyses to higher taxa (e.g., Caprellidae) when identifications at lower taxonomic
levels were uncertain; this procedure potentially underestimated species diversity if multi-
ple species were contained within the higher taxon. Since numerous changes in species
names and other taxonomic designations have occurred since these keys were originally
published, we used the World Register of Marine Species [19] to identify the most recently
accepted scientific name of each taxon and to locate additional taxonomic references that
provide specialized morphological descriptions for each taxon (Table 2), taxon-specific
keys, and distribution maps.

Table 2. Invertebrate and algal taxa present on settlement plates, including their phyla, scientific
name, common name, distribution status, and additional taxonomic references. Each line represents
a unique species, even though some specimens could only be identified to higher taxonomic levels.
Shore refers to whether the species was found on the north shore (N) of Long Island, the south shore
(S), or both north and south shores (N/S). Bold font on scientific names indicates species widely
recognized as invasive. Distribution status includes C: cryptogenic; I: indigenous, NI: non-indigenous,
and U: unresolved.

Phylum Scientific Name Common Name Distribution
Status Shore Additional Taxonomic

References

Annelida Alitta virens (M. Sars, 1835) King Ragworm I N/S [20]
Bispira crassicornis

(Sars, 1851)
Feather-duster

Worm I S [21]

Harmothoe sp. Kinberg, 1856 Scaleworm U N [22]
Hydroides dianthus

(Verrill, 1873) Hard Tube Worm C N/S [23]

Melinna cristata (M.
Sars, 1851)

Ampharetid
Polychaete Worm C N [24]

Nephtys sp. Cuvier, 1817 Catworm U S [25]
Nereis pelagica
Linnaeus, 1758 Slender Ragworm I S [26]

Parasabella microphthalma
(Verrill, 1873) Fan Worm C N/S [27]

Pholoe minuta
(Fabricius, 1780) Bristle Worm I N/S [28]

Pista palmata (Verrill, 1873) Terebellid
Polychaete Worm I N [29]

Potamilla sp.
Malmgren, 1866

Sabellid
Polychaete Worm U N/S [25]

Sabellaria vulgaris
Verrill, 1873

Tube-Building
Polychaete I S [30]

Spiochaetopterus oculatus
Webster, 1879

Cellophane Tube
Worm C S [31]

Spirorbis sp. Daudin, 1800 Serpulid
Polychaete Worm U N [25]

Sthenelais boa
(Johnston, 1833) Scaleworm C S [25]



Oceans 2024, 5 829

Table 2. Cont.

Phylum Scientific Name Common Name Distribution
Status Shore Additional Taxonomic

References

Arthropoda Ampithoidae sp. Boeck, 1871 Marine Amphipod U N/S [32]
Aoridae sp. Stebbing, 1899 Marine Amphipod U S [33]

Amphibalanus eburneus
(Gould, 1841) Ivory Barnacle I N/S [34]

Calliopius laeviusculus
(Krøyer, 1838) Marine Amphipod I N [32]

Caprellidae sp. Leach, 1814 Skeleton Shrimp U N [33]
Chondrochelia savignyi

(Kroyer, 1842) Tanaid C N [35]

Chthamalus fragilis
Darwin, 1854

Little Grey
Barnacle I N [36]

Corophiidae sp. Leach, 1814 Marine Amphipod U S [33]
Gammaridae sp. Leach, 1814 Marine Amphipod U S [32]

Idotea sp. Fabricius, 1798 Marine Isopod U S [37]
Ischyroceridae sp.
Stebbing, 1899 Marine Amphipod U S [32]

Libinia emarginata
Leach, 1815 Portly Spider Crab I S [38]

Photidae sp. Boeck, 1871 Marine Amphipod U N/S [33]
Pleustidae sp. Buchholz, 1874 Marine Amphipod U N/S [32]

Sesarma reticulatum
(Say, 1817) Purple Marsh Crab I N/S [38]

Stenothoidae sp. Boeck, 1871 Marine Amphipod U N [32]
Unciola sp. Say, 1818 Marine Amphipod U N/S [33]

Bryozoa Alcyonidium polyoum
(Hassall, 1841) Marine Bryozoan C S [39]

Alcyonidium verrilli
Osburn, 1912 Marine Bryozoan I N [40]

Amathia gracilis (Leidy, 1855) Marine Bryozoan I N [41]
Amathia vidovici

(Heller, 1867) Marine Bryozoan C S [40]

Biflustra tenuis (Desor, 1848) Marine Bryozoan C S [42]
Crisularia turrita

(Desor, 1848) Marine Bryozoan I N/S [40]

Callopora craticula
(Alder, 1856) Marine Bryozoan I N/S [43]

Cryptosula pallasiana
(Moll, 1803) Marine Bryozoan C N/S [44]

Einhornia crustulenta
(Pallas, 1766) Marine Bryozoan C S [45]

Patinella verrucaria
(Linnaeus, 1758) Marine Bryozoan C S [46]

Membranipora mem-
branacea (Linnaeus, 1767) Marine Bryozoan NI S [47]

Microporella ciliata
(Pallas, 1766) Marine Bryozoan C S [47]

Nolella sp. Gosse, 1855 Marine Bryozoan U N [40]
Triticella elongata
(Osburn, 1912) Marine Bryozoan C N [46]

Unidentified Bryozoan sp. Marine Bryozoan U S N/A
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Table 2. Cont.

Phylum Scientific Name Common Name Distribution
Status Shore Additional Taxonomic

References

Chordata Botrylloides
violaceus Oka, 1927 Colonial Tunicate NI N/S [10,48]

Botryllus
schlosseri (Pallas, 1766) Star Tunicate NI N [47]

Molgula manhattensis (De
Kay, 1843)

Sea Grape (Solitary
Tunicate) C N [10]

Cnidaria Calycella syringa
(Linnaeus, 1767)

Creeping Bell
Hydroid C S [49]

Gonothyraea loveni
(Allman, 1859) Hydroid I S [50]

Halecium sp. Oken, 1815 Hydroid U N [51]
Obelia sp. Péron &

Lesueur, 1810 Hydroid U S [52]

Entoprocta Barentsia sp. Hincks, 1880 Entoproct U N/S [47]

Mollusca Crepidula fornicata
(Linnaeus, 1758)

American
Slippersnail I N/S [53]

Crepidula plana Say, 1822 Eastern White
Slippersnail I N [53]

Euspira heros (Say, 1822) Northern Moon
Snail I N/S [54]

Lacuna vincta
(Montagu, 1803) Northern Lacuna I N [55]

Littorina
littorea (Linnaeus, 1758)

Common
Periwinkle NI N/S [55]

Mytilus edulis
Linnaeus, 1758 Blue Mussel I N/S [10]

Urosalpinx cinerea (Say, 1822) Atlantic Oyster
Drill I N [54]

Nemertea Nemertea sp. Ribbon Worm U N [56]

Porifera Halichondria sp.
Fleming, 1828 Marine Sponge U N [57]

Chlorophyta Bryopsis sp.
J.V.Lamouroux, 1809 Hair Algae U S [58]

Ulva lactuca Linnaeus, 1753 Sea Lettuce C N/S [58]

Rhodophyta Chondrus crispus
Stackhouse, 1797 Irish Moss I S [58]

We tabulated the presence or absence of each taxon occurring on each settlement plate.
Each taxon was placed into one of four categories to reflect the status of their distribution:
indigenous, non-indigenous, cryptogenic, or unresolved. Indigenous was assigned to taxa
that have a known origin in the waters surrounding Long Island or the Northeastern region
of the United States. Non-indigenous was assigned to taxa that have a known origin in
areas outside the Northeastern US. Cryptogenic was assigned to taxa that could not be
identified as indigenous or non-indigenous [59], often due to a lack of knowledge about
the biogeographic history of the taxon [60]. Unresolved taxa were not resolved to species
and could not be reliably assigned to the other three categories. To assign distribution
status, we used multiple approaches. First, we consulted databases containing species
range information, including WoRMS, the Global Biodiversity Information Facility [61], and
Nemesis [62]. Second, we consulted previous surveys of fouling communities in the North-
western Atlantic [10,11,63]. We also categorized each taxon as invasive or non-invasive. To
consider a taxon as invasive, we required that the taxon has a known detrimental effect in
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the waters surrounding Long Island or in the Northeastern US, as reported in databases
such as Nemesis [62] or in the scientific literature [11].

Data analyses were completed in R [64] and RStudio [65] using taxon presence or
absence only. After creating a presence–absence table, a metadata table, and a taxonomic
table in spreadsheet software, we imported these files into RStudio. All three tables were
then combined into a phyloseq object using the R package phyloseq 1.48.0 [66] to manipulate
the data more easily. The dataset was filtered to remove plates with a single or no taxon
observations prior subsequent analyses. We used the vegan package 2.6.6.1 [67] to analyze
diversity and community similarity among locations. We compared the taxon richness of
plates at locations on the north shore of Long Island to those of the south shore using a
Wilcoxon rank sum test after testing for normality using a Shapiro–Wilk test and testing
for homogeneity of variances using a Fligner–Killeen test. We used rarefaction analyses to
compare the accumulation of taxa by sites for the north and south shores and the combined
dataset, using vegan functions specaccum and specpool. We tabulated the number of
indigenous, nonindigenous, cryptogenic, and unresolved taxa among locations and used a
chi-square test to explore whether their occurrence statistically differed. Using Petri dishes
to collect individual invertebrates standardizes the community with regard to substrate
availability and substrate type at each site. We, therefore, calculated a Jaccard dissimilarity
index among plates at the different sites to compare similarity in community composition
between the north and south shores of Long Island based on the presence–absence of
taxa. We conducted multivariate analyses of community composition by employing a
permutational analysis of variance (PERMANOVA) in the vegan function adonis2 to test
whether Jaccard dissimilarities significantly varied among individual settlement plates
from north and south shores of Long Island, treating shore as a fixed factor. We also
included plate angle as a fixed factor to compare upward-facing plates to downward-facing
plates. We performed non-metric multidimensional scaling (NMDS) using the Jaccard index
to visualize dissimilarity among individual settlement plates. The function betadisper was
used to test whether variation in dissimilarity was significantly different between north
and south shores. Since NMDS analyses occasionally detect patterns where no such pattern
exists, we performed a similarity profile analysis with SIMPROF [68], as implemented in R
package clustsig 1.1 [69], to confirm the existence of an a priori group structure. Plots were
made utilizing the R packages ggplot2 3.5.1 [70] and RColorBrewer 1.1.3 [71]. The tidyr
package 1.3.1 [72] was used throughout the analysis to organize the data.

3. Results

We recorded 64 invertebrate and 3 algal taxa among all settlement plates; we included
the algal taxa in our subsequent analyses because they were dominant components of
biomass on six upward-facing settlement plates. We could not resolve species names for
all taxa. This lack of taxonomic resolution applies to 34% of the taxa listed in Table 2,
which represent 29% of the observations of taxa present on settlement plates. We found
substantial variation within and among sites in the number of taxa found per settlement
plate (Figure 3), with the highest taxon richness observed at Kings Point, East Island, and
Point Lookout. The three sites with the lowest taxon richness were Cupsogue, Montauk,
and Crane Neck. At some locations, not all plates were retrieved (Figure 1); in addition,
some plates had only one taxon or no taxa settle.

Although we observed more taxa on the north shore of Long Island compared to the
south shore (Figure 4; north shore = 8.6 ± 0.83; south shore = 6.2 ± 0.93; mean ± SE), these
data were not normally distributed on both shores (Shapiro–Wilk normality test; north
shore W = 0.977, p = 0.89; south shore W = 0.885, p = 0.038), despite homogeneous variances
(Fligner–Killeen chi-square = 0.26, p = 0.61).
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Figure 3. The median number of taxa found per settlement plate at each location. Bold lines
indicate the median values, while boxes delimit the second and third quartiles, and lines indicate the
maximum and minimum values. Locations with a single bar indicate that only one plate could be
analyzed at that location.
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Figure 4. The median number of taxa found per site on north and south shores of Long Island. Bold
lines indicate the median values among sites, while boxes delimit the second and third quartiles, and
lines indicate the maximum and minimum values.
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A Wilcoxon rank sum test revealed that the observed difference in taxon richness was
not statistically significant (W = 227.5, p = 0.081). Rarefaction curves of the number of taxa
found across sites on the north and south shores show similar patterns of taxon accumu-
lation (Figure 5), while the Chao1 estimates of the total taxon pools were 56 ± 9 for the
north shore, 92 ± 25 for the south shore, and 117 ± 25 for the combined dataset. These data
suggest that our surveys represent 57% (67/117) of the estimated taxon diversity. Similarity
profile analysis revealed nine significant (p < 0.05) clusters in the dataset, confirming the
existence of an a priori group structure. Despite the comparable number of taxa on north
and south shores, taxon composition was significantly dissimilar between the north and
south shores (Table 3; nMDS stress = 0.134, R2 = 0.116; Figure 6).
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Table 3. The results of the two-factor PERMANOVA test considering “Shore” (two levels, fixed) and
“Plate Angle” (two levels, fixed) as factors to compare dissimilarity in species composition among
settlement plates on the north and south shores of Long Island, NY. df: degrees of freedom; MS: mean
squares; Pseudo-F: pseudo-F ratio; P (perm): p-value based on 1000 permutations.

Source df MS Pseudo-F P (perm)

Shore 1 1.413 3.956 0.001
Plate Angle 1 0.273 0.760 0.804

Residual 35 0.357
Total 36
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Figure 6. Non-metric multidimensional scaling plot comparing each settlement plate’s taxonomic
dissimilarity as measured by the Jaccard index (stress = 0.198, non-metric fit R2 = 0.97). Open circles
represent sites on the north shore of Long Island, while filled circles represent sites on the south shore.
Plate angle is not indicated since it was not found to be a significant factor (p = 0.804).

Variation in dissimilarity did not statistically differ among communities within north
and south shore locations (Figure 6; betadisper: F1,35 = 1.597, p = 0.215). Taxon richness was
similar on upward-facing and downward-facing plates (upward = 7.4 ± 0.9; downward
7.6 ± 0.9; mean ± SE; Wilcoxon rank sum test: W = 179, p = 0.795). Taxon composition was
not significantly dissimilar between upward- and downward-facing plates (Table 3).

Of the 64 invertebrate and 3 algal taxa recorded, 23 were categorized as indigenous
taxa, while 4 taxa were categorized as non-indigenous, 17 were considered cryptogenic,
and 23 lacked sufficient taxonomic resolution (Table 2). The proportions of indigenous, non-
indigenous, cryptogenic, and unresolved taxa were not significantly different among the
locations (chi-square = 19.12, df = 33, p = 0.974; Figure 7). Only four taxa were categorized
as non-indigenous, invasive species: a bryozoan (Membranipora membranacea), two tunicates
(Botrylloides violaceus and Botryllus schlosseri), and a gastropod (Littorina littorea). Notably, at
least one of these non-indigenous species was found at 10 of 12 locations (Figure 7).
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The relative abundances of these categories were not significantly different among locations (chi-
square = 19.12, df = 33, p = 0.974).

4. Discussion

Across all locations, a total of 64 invertebrate and 3 algal taxa were found; rarefaction
analyses suggest these observations reflect less than 60% of the actual biodiversity of these
communities. Although we could not fully resolve the taxonomic identity of every species
in our study, our rarefaction analyses treated each taxon as a unique species, thereby
underestimating species diversity if multiple species were contained within higher taxa. As
indicated by our rarefaction analyses, increasing the number of locations sampled would
likely provide more confidence in these estimates and reveal the presence of additional
species. The betadisper test for the homogeneity of dispersion of dissimilarity among the
north and south shores revealed no significant difference, potentially because variation
was reduced by transforming the data to presence–absence.

Statistically distinct taxon composition of fouling communities was observed when
comparing similarity of the north and south shores of Long Island, despite these commu-
nities having a similar taxon richness. These differences are potentially due to physical
differences between habitats that remain to be quantified. North shore locations were
primarily in Long Island Sound, while the south shore locations faced the Atlantic Ocean.
In addition, some individual locations such as Kings Point (north shore) and Point Lookout
(south shore) had greater taxon diversity. In contrast, blocks at Crane Neck (north shore)
and Montauk (south shore) had very low observed numbers of taxa and were exposed
habitats heavily impacted by wave action.

Our survey detected four frequently reported non-indigenous species that are often
cited as invasive introduced species along New England shores [11,63]: a bryozoan (Mem-
branipora membranacea), two tunicates (Botrylloides violaceus and Botryllus schlosseri), and a
gastropod (Littorina littorea). Notably, some regionally common taxa were not found dur-
ing this study, including two invasive crabs, Carcinus maenas and Hemigrapsus sanguineus,
that have been previously reported from locations in Long Island Sound [10,11]. Other
regionally abundant fouling organisms that were not encountered include Ciona intesti-
nalis, Didemnum vexillum, and Diplosoma listerianum. We also did not encounter a barnacle
whose range is reported to be expanding northward, Amphibalanus subalbidus (Henry, 1973),
despite previous observations in our study area [11]. Our lack of observations of these
taxa highlights the potential variability associated with short-term studies of biofouling
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communities. Settlement of marine invertebrates is highly seasonal in the western North
Atlantic [73,74] and elsewhere (e.g., [75,76]). Our plates were placed in May and removed
in August, meaning that we likely missed organisms that would have settled on the plates
had they been placed before May or removed after August. These data therefore suggest
that continued monitoring is needed to track anticipated range expansions.

5. Conclusions

Although our survey of marine invertebrate communities on settlement plates re-
vealed differences in community composition between the north shore and south shores
of Long Island, there was no significant difference in the proportion of non-indigenous
taxa found at each site. Indeed, non-indigenous taxa were found at all but two locations,
suggesting that non-indigenous, invasive taxa are pervasive on our shores. We suggest that
future research combines the morphological identifications used here with DNA barcoding
approaches [77,78] to improve our knowledge of the identity and geographic distribution
of marine invertebrates. Furthermore, increasing both the number of locations surveyed
and the number of settlement plates within each location is highly likely to augment
the recorded biodiversity of Long Island. Additional survey methods, such as substrate
scrapes, devices that would sample the settlement higher in the water column, or more
frequent rapid assessments, could also be employed to increase the recorded invertebrate
biodiversity of Long Island. Creating a better understanding of what species surround us
is the first step in protecting our ecosystems and is crucial for the detection, prevention,
and management of marine invasive species.
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