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Abstract

Bryozoans are one of the most diverse and abundant marine invertebrates in coastal eco-
systems and provide a valuable model for evaluating patterns of invasion. We present a 
synthesis of non-native bryozoans detected from standardized surveys across 35 coastal 
bays and estuaries, spanning coasts of the continental United States and Canada (26°N to 
61°N), including additional records of non-native bryozoans reported in bioblitzes and lit-
erature for the same region. We document 48 non-native bryozoan species, considered to 
have established populations, with 42 species from our settlement plate surveys and 6 from 
the literature). Nine of these species were new records for the continental United States, 
and 20 species had new records for one or more localities. Combining our data from 20 
years of settlement plate surveys with an extensive literature review, we show that more 
bryozoan introductions are known from the Pacific than Atlantic and Gulf coasts of North 
America. Our data show declining non-native species richness of bryozoans with latitude 
on both the Atlantic and Pacific coasts, with several hot spots with elevated numbers of 
non-native species on the Pacific coast, similar to previously reported patterns for non-na-
tive tunicates. Finally, native source regions for these bryozoan introductions to the Atlan-
tic and Gulf coasts are primarily from the Pacific and Indo-Pacific (respectively), whereas 
those introduced to the Pacific are primarily by Atlantic coast species. The dominance of 
Atlantic-sourced invasions to the Pacific coast in bryozoans contrasts with tunicate and 
sessile polychaete invasions, which are predominately from Pacific source regions.

Key words: Cheilostomata, Ctenostomata, United States, North America, Canada, intro-
ductions, non-native, biological invasions

Introduction

Bryozoans are one of the most abundant and diverse groups of invertebrates in 
coastal marine ecosystems, frequently covering large areas of hard substrate (Dick 
et al. 2005). Bryozoans are colonial, filter-feeders known to foul rocks, reefs, 
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seagrasses, and a diverse range of artificial substrates (Winston and Hayward 2012). 
Despite being common members of nearshore invertebrate communities, there 
are still many areas where we know little about their diversity, distribution, and 
abundance. Given their prevalence in coastal bays and estuaries, which are centers 
of commercial trade, many bryozoans are transported by human activities and 
have successfully invaded new global regions, including North American coasts 
(McCann et al. 2007; Fofonoff et al. 2018). In this regard, bryozoans provide an 
important model system to evaluate invasions in space and time in coastal habitats.

Only limited information is available about the ecological, economic, or soci-
etal impacts of most non-native bryozoans. In New Zealand and South America, 
Membraniporopsis tubigera (Osburn, 1940) was found to foul fishing nets and 
beaches resulting in unwanted maintenance and clean-up costs for local com-
munities (Gordon et al. 2006; López Gappa et al. 2010). Watersipora species 
have been shown to be more resistant than many other bryozoans to anti-fouling 
copper-based paints used to deter settlement on ship hulls (Piola and Johnston 
2009; Lopiccolo 2022). Their ability to settle on copper paint coated surfaces 
and produce viable colonies increases their ability to travel long distances to 
new bodies of water. In San Francisco Bay, California, the non-native bryozoan 
Schizoporella variabilis (Leidy, 1855) forms large spheroidal, free-living colonies 
called “bryoliths” that can provide hard substrate for settlement of other inverte-
brates, even in the soft sediment areas of the bay not readily colonized by sessile 
organisms (Zabin et al. 2010). The spaghetti bryozoan Amathia verticillata (delle 
Chiaje, 1822) has been reported to reach remarkably high abundances in many 
different habitats, fouling seagrass (Williams 2007) and fishing gear and inter-
fering with mariculture operations (Gossett et al. 2004; Angione 2008), along 
with a host of other impacts reviewed by McCann et al. (2015). Non-native 
bryozoans can also have dramatic impacts on important native species. Lam-
bert et al. (1992) found significant declines in kelp species in Maine correlated 
with increased cover by the non-native bryozoan Membranipora membranacea 
(Linnaeus, 1767). With kelp farming on the rise in the Gulf of Maine (Haines 
2022), these impacts could have significant impacts on the industry. Although 
the documented ecological and environmental effects of non-native bryozoans 
are negative, we note that statins derived from bryozoa, called bryostatins, such 
as those from Bugula neritina (Linnaeus, 1758) and other non-native species are 
used in anti-cancer drugs and medical research (Davidson and Haygood 1999; 
Ciavatta et al. 2020).

We provide here a synthesis of species distributions and biogeographic status 
of biofouling bryozoans in marine and estuarine waters of the continental United 
States and Canada (hereafter U.S. and Canada), focusing on non-native species 
in harbors, bays, and estuaries. This paper aims to fill in many gaps in knowledge 
about bryozoan distributions and introductions on north American coasts. We 
first document non-native bryozoans detected in our standardized field surveys 
using settlement plates, which were deployed and analyzed across 35 bays on the 
Atlantic, Gulf, and Pacific coasts of North America from 2000–2020. We include 
additional records of bryozoans reported in the literature and rapid assessment 
surveys, to evaluate more fully the non-native species detected in coastal marine 
waters of the U.S. and Canada. The current paper complements that of Simk-
anin et al. (2016) and Bastida-Zavala et al. (2017), who reviewed respectively 
the status of non-native tunicates and tube-building polychaete worms (Serpuli-
dae, including Spirorbinae, and Sabellidae, hereafter sessile polychaetes) in North 
America from the same settlement plate project, and we discuss results across 
these taxonomic groups.
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Methods

Standardized fouling community surveys

Settlement plate surveys were conducted from 2000 to 2020 in 35 bays across 35 
degrees of latitude (26°N to 61°N) in both estuarine and marine areas. Study sites 
included 8 embayments on the United States (U.S.) Atlantic coast, 1 on the Canadian 
Atlantic coast, 4 in the U.S. Gulf of Mexico, 21 on the U.S. Pacific coast, including 7 
in Alaska, and 1 on the Canadian Pacific coast (Fig. 1, Table 1). Embayments included 
some of the largest shipping ports and encompass a wide range of climatic conditions 
from subtropical to subarctic. Standardized survey arrays of PVC settlement plates 
were deployed at 1 m below MLLW for three months during summer, to coincide 
with period of high reproduction and recruitment of many invertebrates (Simkanin et 
al. 2016; Jewett et al. 2022). All bays included marine habitat (defined as sites where 
salinities were ≥ 20 PSU at deployment and retrieval) as the primary focus. A few bays 
also supported estuarine (salinities 5–20 PSU) habitats; see Table 1 for details. Ten sites 
were sampled within each bay, and a minimum of 5 plates were examined from each 
site yielding at least 50 fouling plates analyzed per embayment. Bryozoans were iden-
tified to species level, when possible, while alive on plates, and then vouchered in 95% 
ethanol or 10% formalin and catalogued for further verification or identification by 
us, and a subset of the more difficult taxa were sent out for examination by bryozoan 
taxonomist colleagues. Since 2015, vouchered samples have routinely included both 
paired morphological and genetic samples, the latter to be reported elsewhere when 
sequence data is published. All vouchered specimens from this study are deposited at 
the Smithsonian Environmental Research Center (SERC) in Edgewater, Maryland.

Figure 1. Number of non-native species of bryozoans in the continental US and Canada by coast, bay, and latitude. For bay abbreviations 
see Table 2.
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Table 1. Bays surveyed with fouling plate, including years sampled, and number and identity of non-native species (NNS) identified for 
the 35 bays sampled. Bays with some estuarine sites are indicated with an (E). First records for a bay from our settlement plates in this 
study are indicated by an * including records we published previously (see text). Additional taxa from bioblitzes, rapid assessment surveys 
(RAS), or literature review are superscripted, and references are noted in the last column.

Bay Name and 
Abbreviation

Latitude 
(°N)

Year(s) 
Sampled

# of 
NNS

Non-Native Species of Bryozoa Recorded from Fouling Plates
Additional 

Species Reference 
and Notes

Pacific Coast

SD - San Diego 
Bay, CA

32.68 2000, 2013 16 Amathia dichotoma*, Amathia distans, Amathia gracilis, Amathia verticillata, 
Anguinella palmata, Bugula neritina, Bugulina cf. foliolata*, Bugulina stolonifera, 
Celleporaria umbonatoidea,* Cryptosula pallasiana, Hippopodina feegeensis*, 
Hippopodina iririkiensis*, Schizoporella japonica, Watersipora arcuata, Watersipora 
subatra, Watersipora subtorquata*

MI - Mission Bay, 
CA

32.77 2013 11 Amathia dichotoma*, Amathia gracilis, Amathia verticillata, Bugula neritina, 
Bugulina stolonifera, Cryptosula pallasiana, Fenestrulina delicia*, Hippopodina 
iririkiensis*, Watersipora arcuata, Watersipora subatra, Watersipora subtorquata*

NP - Newport 
Bay, CA

33.61 2017 10 Amathia citrina*, Amathia verticillata, Bugula neritina, Bugulina stolonifera, 
Cradoscrupocellaria bertholletii*, Cryptosula pallasiana, Synnotum aegyptiacum, 
Tricellaria inopinata, Watersipora subatra, Watersipora subtorquata*

LB - Long Beach, 
CA

33.74 2003, 2017, 
2018

14 Amathia dichotoma*, Amathia brasiliensis*, Amathia gracilis, Amathia verticillata, 
Bugula neritina, Bugulina cf. foliolata*, Bugulina stolonifera, Cryptosula 
pallasiana, Fenestrulina delicia*, Nolella sawayai 1*, Schizoporella japonica, 
Watersipora arcuata, Watersipora subatra, Watersipora subtorquata

1 soft sediment 
sampling this 
study

MD - Marina del 
Rey, CA

33.98 2015 5 Bugula neritina, Bugulina stolonifera, Cryptosula pallasiana, Watersipora subatra, 
Watersipora subtorquata*

PH - Port 
Hueneme, CA

34.15 2015 7 Bugula neritina, Bugulina stolonifera, Cryptosula pallasiana, Schizoporella japonica, 
Watersipora arcuata, Watersipora subatra, Watersipora sp. of Mackie et al. (2006)

MO - Morro Bay, 
CA

35.36 2013 9 Amathia dichotoma*, Bugula neritina, Bugulina stolonifera, Cryptosula pallasiana, 
Fenestrulina delicia*, Schizoporella japonica, Watersipora arcuata, Watersipora 
subatra, Watersipora sp. of Mackie et al. (2006)

SF - San Francisco 
Bay, CA (E)

37.72 2000–2003, 
2009–2020

25 Amathia dichotoma*, Amathia gracilis, Amathia imbricata, Amathia verticillata, 
Anguinella palmata, Aspidelectra melolontha, Bugula neritina, Bugulina 
stolonifera, Conopeum chesapeakensis, Conopeum cf. reticulum, Conopeum seurati, 
Conopeum tenuissimum, Cryptosula pallasiana, Einhornia crustulenta, Electra 
monostachys, Farrella repens, Fenestrulina delicia*, Nolella sawayai*, Schizoporella 
japonica, Schizoporella variabilis, Smittina spinigera1*, Tricellaria inopinata, 
Victorella pavida, Watersipora subatra, Watersipora sp. of Mackie et al. (2006)

1 soft sediment 
sampling this 
study

TO - Tomales Bay, 
CA

38.24 2012 8 Bugula neritina, Bugulina stolonifera, Conopeum tenuissimum, Cryptosula 
pallasiana, Farrella repens, Schizoporella japonica, Schizoporella variabilis, 
Watersipora subatra

BD - Bodega 
Harbor, CA

38.31 2012 6 Bugula neritina, Cryptosula pallasiana, Farrella repens1, Schizoporella japonica, 
Watersipora subatra, Watersipora sp. of Mackie et al. (2006)

1 Helfman 1968

HB - Humboldt 
Bay, CA

40.80 2003, 2015 9 Anguinella palmata*, Bugula neritina*, Bugulina stolonifera*, Conopeum 
tenuissimum*, Cryptosula pallasiana*, Fenestrulina delicia*, Schizoporella 
japonica*, Watersipora subatra, Watersipora sp. of Mackie et al. (2006)

OR - Coos Bay, 
OR

43.38 2000 13 Amathia gracilis, Amathia imbricata, Bugula neritina, Conopeum 
chesapeakensis*, Conopeum seurati*, Conopeum tenuissimum, Cryptosula 
pallasiana, Einhornia crustulenta, Electra monostachys, Farrella repens, 
Fenestrulina delicia*, Schizoporella japonica, Watersipora subatra

Highlighted 
records Carlton 
personal 
communication

YB - Yaquina Bay, 
OR

44.61 2015 6 Anguinella palmata*, Bugula neritina*, Conopeum tenuissimum*, Cryptosula 
pallasiana*, Schizoporella japonica*, Watersipora subatra*

WA - Puget 
Sound, WA (E)

47.06 2000 3 Cryptosula pallasiana, Schizoporella japonica, Watersipora sp.1  1Mackie et al. 
2006

DH – Unalaska 
(Dutch Harbor)

53.88 2003 0 -

BC - Prince 
Rupert, BC 
Canada

55.37 2015 1 Schizoporella japonica

KT - Ketchikan, 
AK (E)

55.59 2003, 2016 1 Schizoporella japonica*

ST - Sitka, AK (E) 57.79 2001, 2011 2 Fenestrulina delicia*, Schizoporella japonica*
KD - Kodiak, AK 57.86 2001 0 -
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While all bays were sampled at least once in the twenty-year period, several 
bays were sampled in multiple years. Repeated surveys were conducted at selected 
bays in Alaska, California, Florida, and Virginia, as part of a long-term study of 
temporal changes across taxa (and are the focus of separate papers, in preparation). 
Here, we include records of non-native bryozoan species detected in these surveys.

Biogeographic assessments of native and introduced range

Species were assigned native, introduced, or cryptogenic status based on the criteria 
of Chapman and Carlton (1994) and Carlton (1996), see Suppl. material 1. For 
the present analyses, we included only those species considered introduced and 
detailed cryptogenic and native species are in Suppl. material 1. Since many of 
the species identified are considered cosmopolitan and their origin is either un-
known or uncertain, we utilized the framework of Darling and Carlton (2018) to 

Bay Name and 
Abbreviation

Latitude 
(°N)

Year(s) 
Sampled

# of 
NNS

Non-Native Species of Bryozoa Recorded from Fouling Plates
Additional 

Species Reference 
and Notes

AK - Kachemak 
Bay, AK

59.60 2000 0 -

PWS - Prince 
William Sound, 
AK (E)

60.52 2003 2 Fenestrulina delicia*, Schizoporella japonica*

VZ - Valdez, 
Alaska (E)

61.11 2003 2 Fenestrulina delicia*, Schizoporella japonica1*  1Ruiz et al. 2017

Gulf of Mexico

TB - Tampa, FL 
(E)

27.75 2002, 2003, 
2004, 2012, 
2014, 2018

3 Bugula neritina*, Celleporaria brunnea*, Hippoporina indica*

GB - Galveston, 
TX (E)

27.81 2002 1 Hippoporina indica*

CC - Corpus 
Christi, TX

29.31 2002 2 Hippoporina indica*, Membraniporopsis tubigera1  1Osburn 1940

PB - Pensacola, FL 30.37 2002 2 Bugula neritina*, Hippoporina indica*

Atlantic Coast

BB - Biscayne Bay, 
FL (E)

25.72 2004 7 Amathia verticillata*, Bugula neritina*, Celleporaria pilaefera*, 
Cradoscrupocellaria bertholletii*, Hippoporina indica*, Synnotum aegyptiacum*, 
Watersipora subtorquata*

IR - Indian River, 
FL

27.98 2005 5 Amathia verticillata, Arbopercula bengalensis*, Bugula neritina, Hippoporina 
indica*, Watersipora subtorquata

JX - Jacksonville, 
FL (E)

30.38 2001 8 Amathia verticillata*, Arbopercula bengalensis*, Bugula neritina*, Celleporaria 
pilaefera*, Conopeum chesapeakensis*, Hippoporina indica*, Sinoflustra annae*, 
Watersipora subtorquata*

CH - Charleston, 
SC (E)

32.78 2002 3 Arbopercula bengalensis*, Bugula neritina*, Hippoporina indica*

CB - Chesapeake 
Bay, VA
(E)

37.22 2000–03, 
2012, 2014, 

2017

3 Bugula neritina, Conopeum chesapeakensis, Hippoporina indica*

RB - Rehoboth 
Bay, DE

38.69 2016 2 Bugula neritina*, Bugula neritina Type N1 1McGovern and 
Hellberg 2003

RI - Narragansett 
Bay, RI

41.64 2001 5 Bugula neritina, Bugulina simplex1, Conopeum chesapeakensis, Membranipora 
membranacea2, Tricellaria inopinata3

1,2 McIntyre et al. 
2013,
3 Pederson et al. 
2021

NH - Portsmouth, 
NH

43.08 2001 5 Bugulina simplex1, Bugulina fulva, Conopeum chesapeakensis, Fenestrulina delicia, 
Membranipora membranacea

1McIntyre et al. 
2013

NF - 
Newfoundland, 
Canada

47.58 2004 0 -
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categorize species in greater detail as 1) eucosmopolitan—naturally cosmopolitan, 
2) neocosmopolitan—human mediated cosmopolitan, 3) pseudocosmopolitan—a 
cosmopolitan species by virtue of its uncertain taxonomic status of genetically dis-
tinct sublineages, and 4) unresolved cosmopolitan—for which we have little or no 
current information about a species status. A species might be classified as native on 
one coast and introduced on another based on these criteria.

Establishment assessment

For the purpose of our analyses, bryozoan species were considered established if, 1) 
two or more distinct colonies were found in a bay, 2) there were multiple records 
over multiple years for a location (for example 1 colony in year 1 and 1 colony in 
year 2 in San Francisco Bay would be considered established), or 3) the species was 
reported as established in the literature or through personal communications with 
colleagues. For certain species, the most recent records are 20 or more years old, 
based on our surveys, on published records (below), or both, and thus may not 
represent their current status at certain sites. We detected more non-native species 
on settlement plates than reported herein, but only as single records so we consid-
ered their establishment uncertain. These records include Biflustra cf. grandicella 
(Canu & Bassler, 1929), Biflustra irregulata (Liu, 1992) and Crisularia cucullata 
Busk, 1867; see Suppl. material 1 for localities.

Synthesis of North American fouling bryozoan diversity

To compile as complete a list as possible of fouling bryozoan species in the conti-
nental U.S. and Canada, we assembled data from three sources: 1) our standardized 
field surveys (above), 2) introduced species bioblitzes (n = 4, Sitka, Alaska 2010 
and Ketchikan, Alaska 2012 (Ruiz et al. unpublished), Valdez, Alaska 2016 (Ruiz 
et al. 2017), Dutch Harbor, Alaska 2018, and rapid assessment surveys (RAS) (n = 
9, including: east coast: New England 2010 (McIntyre et al. 2013), New England 
2018 (Kennedy et al. 2020); New York and southern New England 2019 (Ped-
erson et al. 2021), and west coast: San Francisco Bay, California 2004 (Cohen et 
al. 2005), southern California bays 2000 (Cohen et al. 2005), Los Angeles/Long 
Beach 2013–14 (Vilas et al. 2016), Los Angeles/Long Beach 2018 (Stolzenbach et 
al. 2021), Puget Sound, Washington 1998 (Cohen et al. 1998), Willapa Bay, Ore-
gon 2000 (Cohen et al. 2001), and 3) a literature review of over 1000 publications 
and reports, including published papers, grey literature, online resources, and the 
National Estuarine and Marine Exotic Species Information System or NEMESIS 
(Fofonoff et al. 2018).

We examined the literature for species found in the U.S. and Canada, but if 
known distributions extended into Mexico, this information was also included in 
Table 2 and Suppl. material 1, including these unresolved taxa, although we did 
not exhaustively examine records beyond the U.S. southern border.

In reviewing the literature, we at times found records for species remarkably 
similar to our species’ records, which might in fact represent the same taxa, but 
for which we have used a different name. Given the taxonomic difficulties around 
these groups and our inability to examine the specimens reported in these papers, 
we have not used these unresolved species in our analyses as we view them as un-
verified. For example, Alcyonidium species were excluded from analyses due to the 
lack of taxonomic resolution and resultant difficulty in determining their native 
status (Ryland and Porter 2012). Locality data from plates, tentative species names 
and native range designations are given in Suppl. material 1.
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Table 2. Taxonomic and biogeographic information for non-native fouling bryozoans in marine and estuarine waters of North America 
included in this study. Species introduced to multiple coasts have an entry row for each ocean.

Species
Native 
Range

Introduced 
Range

Vector(s)
First 

Record
Location of First Record 

(Reference)
Notes

CHEILOSTOMATIDA

Arbopercula bengalensis 
(Stoliczka, 1869) * **

Indo-
PAC

ATL SF, BW 2001 Jacksonville, FL (McCann et al. 
2007)

Aspidelectra melolontha 
(Landsborough, 1852)

NE ATL PAC SF, BW 1977 San Francisco Bay, CA (Inase 
1977)

Bugula neritina 
(Linnaeus, 1758) **

Indo-
PAC?

PAC SF, BW 1905 San Diego, CA (Robertson 1905) Indo-Pacific origin suggested herein based upon 
B. neritina being a member of the B. neritina 
– B. minima group (Fehlauer-Ale et al. 2015), 
which is rooted in the Indo-Pacific. Presumed to 
be the shallow water form Type S (Davidson and 
Haygood 1999).

ATL SF, BW 1870s Fort Macon, near Beaufort, NC 
(Coues and Yarrow 1878)

Winston and Hayward (2012) note early 
Massachusetts records for Nahant and 
Provincetown (1854), but these may have been 
transient ship introductions. This warmer-water 
species did not reappear in New England until 
the 1980s (JT Carlton, pers. obs.).

GOM SF, BW 1963 Bald Pt to St Teresa, FL (Shier 
1964)

Bugula neritina Type 
N

Indo-
PAC?

ATL SF, BW 2003 Indian River, DE and Waterford, 
CT (McGovern and Hellberg 
2003)

Detected by McGovern and Hellberg 2003 on 
the East coast, with verification as a distinct 
species by Fehlauer-Ale et al. 2013. The species 
has only been identified by genetics.PAC SF, BW 2013 Elkhorn Slough, CA (Fehlauer-Ale 

et al. 2013)

Bugulina cf. foliolata 
(Vieira, Winston and 
Fehlauer-Ale, 2012) **

NW 
ATL

PAC SF, BW 2000 San Diego Bay, CA (herein, 
initially identified as Bugulina 
fulva)

Cohen et al. (1998) reported material from 
Puget Sound collected in 1998 as “Bugula sp. 2 
… resembling B. fulva.”

Bugulina fulva 
(Ryland, 1960)

NE ATL ATL SF, BW 1991–
1993

Gulf of Maine (Winston and 
Hayward 2012)

Bugulina simplex 
(Hincks, 1886) +

NE ATL ATL SF, BW 1872 Vineyard Sound and Woods Hole, 
MA (Verrill and Smith 1873)

Bugulina stolonifera 
(Ryland, 1960)

NW 
ATL

PAC SF, BW 1940s Newport Bay, CA (Osburn 1950 as 
Bugula californica)

Celleporaria brunnea 
(Hincks, 1884) **

NE PAC GOM SF, BW 2012 Tampa Bay, FL (herein)

Celleporaria pilaefera 
(Canu & Bassler, 
1929) * **

Indo-
PAC

ATL SF, BW 2001 Jacksonville, FL (McCann et al. 
2007)

Celleporaria 
umbonatoidea (Liu & 
Li, 1987) *

NW 
PAC

PAC SF, BW 2000 San Diego, CA (herein)

Conopeum 
chesapeakensis (Banta, 
Perez & Santagata, 
1995) **

UNK ATL SF, BW  1921 Chesapeake Bay, VA 
(Osburn 1932, as Nitscheina 
(Membranipora) membranacea, 
station data from Cowles 1930)

Banta et al. (1995) noted that Dudley’s (1973) 
Chesapeake Bay Membranipora sp. was likely this 
species. In turn, Dudley (1973) noted that her 
material was the same as that of Osburn (1940) 
from Chesapeake Bay, which he had identified 
as Membranipora membranacea. Osburn had 
earlier (1932) reported this species, as Nitscheina 
(Membranipora) membranacea from Chesapeake 
Bay, based on 1921 collections.

GOM SF, BW 2002 Tampa Bay, FL (McCann et al. 
2007)

PAC SF, BW, 
CO

1973 
(See 

notes)

San Francisco Bay, CA (CAS-IZ 
132202, collector John Inase, as 
Conopeum tenuissimum)

May have been introduced in the late 1800s with 
Atlantic oysters Crassostrea virginica.
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Species
Native 
Range

Introduced 
Range

Vector(s)
First 

Record
Location of First Record 

(Reference)
Notes

Conopeum cf. 
reticulum (Linnaeus, 
1767)

NE ATL PAC SF, BW 1940s 
(Tomales 

Bay)

Monterey Bay, Tomales Bay, La 
Jolla, and Newport Harbor, CA 
(Osburn. 1950)

Osburn (1950) questionably placed into the 
chresonymy of Conopeum reticulum Robertson’s 
1908 report of Membranipora lacroixii (Audouin, 
1826) from Kodiak and Orca, AK (based on 
1901–1903 collections) and O’Donoghue and 
O’Donoghue’s 1923 report of Membranipora 
lacroixii var. triangulata from British Columbia 
which was not illustrated. Osburn noted 
that Robertson’s “description and figure are 
inconclusive”, We set both of these records aside 
as likely not representing C. reticulum.

Conopeum seurati 
(Canu, 1928) **

MED PAC SF, BW 1977 San Francisco Bay (Inase 1977) Many Electridae have been misidentified in the 
literature, so it is unclear if this is actually the 
first record.

ATL SF, BW 2013 Boston, MA (Wells et al. 2014)

Conopeum 
tenuissimum (Canu, 
1908) **

NW 
ATL

PAC SF, BW, 
CO

1951 
(See 

notes)

San Francisco Bay: San Pablo Bay, 
CA (Carlton 1979)

May have been introduced in the late 1800s with 
ATL oysters Crassostrea virginica (Gmelin, 1791).

Cradoscrupocellaria 
bertholletii (Audouin, 
1826) **

Indo-
PAC

PAC SF, BW 2017 Newport, CA (herein) We interpret Osburn’s (1950) records of C. 
bertholletii (as Scrupocellaria bertholetti [sic]) 
from southern California and to Panama and 
the Galapagos Islands as likely representing 
Cradoscrupocellaria tenuirostris (Osburn, 1950) 
and other species respectively.

ATL SF, BW  2004 Biscayne Bay (herein) We consider Osburn’s (1940) records as likely 
another species as it had no lateral avicularia.

Cryptosula pallasiana 
(Moll, 1803) **

NE ATL PAC SF, BW 1943  Newport Bay, CA (Scheer 1945)

Einhornia crustulenta 
(Pallas, 1766)

NE ATL PAC SF, BW 1942 Yaquina Bay, OR (Osburn 1950)

Electra monostachys 
(Busk, 1854)

NE ATL PAC SF, BW 1977 San Francisco Bay, CA (Inase 
1977)

Fenestrulina delicia 
Winston, Hayward & 
Craig, 2000**

NW 
PAC?

PAC SF, BW, 
CO

2000 Coos Bay, OR (Dick et al. 2005, 
2000 date in De Blauwe et al. 
2014)

ATL SF, BW 1991 Gulf of Maine (Winston, 
Hayward, and Craig 2000)

Mary Rogick collected 1 specimen in Woods 
Hole in the 1940’s but the species was not 
noted again until Winston, Hayward, and Craig 
2000 so we view the older record as a failed 
introduction.

Hippopodina feegeensis 
(Busk, 1884) **

UNK PAC SF, BW 2000 San Diego, CA (herein) Soule and Duff (1957) and Osburn (1952) 
referred to Pleistocene fossils from Newport Bay, 
CA as this species, which includes a range of cold 
water and warm water species – we consider this 
an uncertain record.

Hippopodina 
iririkiensis (Tilbrook, 
1999) *

Indo-
PAC

PAC SF, BW 2013 San Diego, CA (herein)

Hippoporina indica 
Pillai, 1978 * **

Indo-
PAC

ATL SF, BW 2001 Jacksonville, FL and Chesapeake 
Bay, VA (McCann et al. 2007)

GOM SF, BW 2002 Galveston and Corpus Christi, 
TX, Pensacola and Tampa, FL 
(McCann et al. 2007)

Membranipora 
membranacea 
(Linnaeus, 1767)

NE ATL ATL SF, BW 1987 Isle of Shoals NH, and Cape 
Neddick York, ME (Berman et al. 
1992, Lambert et al. 1992)

Membraniporopsis 
tubigera (Osburn, 
1940) +

NW 
PAC

GOM SF, BW 1915 Captiva Island, FL and Matagorda 
Bay, TX (Osburn 1940 as 
Conopeum tubigerum)

Although described from Puerto Rico (Osburn 
1940), M. tubigera is more likely native to the 
Northwest PAC Ocean (Gordon et al. 2006).

Schizoporella japonica 
Ortmann, 1890 **

NW 
PAC

PAC SF, BW 1927 Samish Bay, WA (Ross and 
McCain 1976) as S. unicornis
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Species
Native 
Range

Introduced 
Range

Vector(s)
First 

Record
Location of First Record 

(Reference)
Notes

Schizoporella variabilis 
(Leidy, 1855)

NW 
ATL

PAC SF, BW, 
CO

1977 San Francisco Bay, CA (Inase 
1977)

May have been introduced in the late 1800s with 
ATL oysters Crassostrea virginica.(Zabin et al. 
2010, as S. errata)

Sinoflustra annae 
(Osburn, 1953) *

NW 
PAC

ATL SF, BW 2001 Jacksonville, FL (McCann et al. 
2007)

Smittoidea spinigera 
(Liu, 1990) +

NW 
PAC

PAC SF, BW, 
CO

2017 San Francisco Bay, CA (herein)

Synnotum aegyptiacum 
(Audouin, 1826) **

UNK PAC SF, BW 1901–03 Los Angeles and San Diego, CA 
(Robertson 1905, as S. aviculare)

ATL SF, BW 1954–55 Beaufort, NC (Maturo 1957)

GOM SF, BW 1908 Tortugas Islands, FL (Osburn 
1914, S. aviculare)

Tricellaria inopinata 
d’Hondt & 
Occhipinti Ambrogi, 
1985

NW 
PAC

ATL SF, BW 2010 Woods Hole, MA (Johnson et al. 
2012)

PAC SF, BW 1905 Santa Catalina Island and San 
Pedro, CA (Robertson 1905 as 
Menipea occidentalis catalinensis)

Watersipora arcuata 
Banta, 1969

UNK PAC SF, BW 1936–
1940

Angel de la Guardia Island, Mexico 
(Osburn 1952, as Watersipora 
cucullata variety nigra, fide Banta 
1969)

Watersipora subatra 
(Ortmann, 1890) **

UNK PAC SF, BW 1963 Southern California (Cohen and 
Carlton 1995, as W. subtorquata, 
W. Banta collection)

Two clades detected genetically (Mackie et al. 
2012) along the California coast as well as on 
plates in this study on

Watersipora 
subtorquata 
(d’Orbigny, 1852) **

UNK PAC SF, BW 2000 San Diego, CA (herein) identified 
by Judy Winston

After review of available specimens at the 
Peabody Museum, we interpret Osburn’s 
(1952) and Banta’s records of W. cucullata at the 
Museum as representing other taxa.

ATL SF, BW 1974–75 Indian River, FL (Winston 1982, 
as W. subovoidea

GOM SF, BW 1908 Tortugas Islands, FL (Osburn 
1914, as Lepralia cucullata)

Watersipora sp. UNK PAC SF, BW 2004 Bodega Harbor, CA (Anderson 
and Haygood 2007, as Watersipora 
subtorquata)

An undescribed species referred to as Watersipora 
new sp. (Mackie et al. 2006) which requires 
genetics or morphometrics to identify.

CTENOSTOMATIDA

Amathia brasiliensis 
Busk, 1886 *

NW 
ATL

PAC SF, BW 2017 Long Beach, CA (herein) Ruiz et 
al. 2022 CDFW report

Amathia citrina 
(Hincks, 1887) *

NE ATL PAC SF, BW 2017 Newport Beach, CA (herein) Ruiz 
et al. 2022 CDFW report

Amathia dichotoma 
(Verrill, 1873) **

NW 
ATL

PAC SF, BW 2000 San Diego, CA (herein) Ruiz and 
Geller 2015 CDFW report

May have been reported earlier under other 
names.

Amathia distans Busk, 
1886

NW 
ATL

PAC SF, BW 1925 La Jolla, CA (O’Donoghue and 
O’Donoghue 1925)

May have been reported later under other names.

Amathia gracilis 
(Leidy, 1855)

NW 
ATL

PAC SF, BW 1923 Friday Harbor and Griffin Bay, WA 
(O’Donoghue and O’Donoghue 
1923)

Amathia imbricata 
(Adams, 1800)

NE ATL PAC SF, BW 1899 Alaska and Queen Charlotte 
Islands, WA (Robertson 1900)

Amathia verticillata 
(delle Chiaje, 1822) **

UNK PAC SF, BW 1905 San Diego, CA (Robertson 1921)

ATL SF, BW 1974–75 Indian River, FL (Winston 1982)

GOM SF, BW 1908 Tortugas Islands, FL (Osburn 
1914)

Anguinella palmata 
Van Beneden, 1845 **

NW 
ATL

PAC SF, BW 1914 Balboa, CA (USNM 6660, R/V 
Anton Dohrn, identified by R. C. 
Osburn).
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Species
Native 
Range

Introduced 
Range

Vector(s)
First 

Record
Location of First Record 

(Reference)
Notes

Bulbella abscondita 
Braem, 1851 +

NE ATL ATL SF, BW 1977 Martha’s Vineyard, MA (Jebram 
and Everitt 1982)

Farrella repens (Farre, 
1837)

NE ATL PAC SF, BW 1966 Bodega Bay, CA as Farrella elongata 
(Helfman, 1968)

Nolella sawayai 
Marcus, 1938 *

NW 
ATL

PAC SF, BW, 2012 San Francisco Bay, CA (herein) May have been introduced in the late 1800s with 
Atlantic oysters Crassostrea virginica.

Victorella muelleri 
(Braem, 1851) +

NE ATL ATL SF, BW 1984 Waquoit Bay, Cape Cod, MA 
(Zimmer and Reed 1994 as 
Tanganella muelleri)

Victorella pavida 
Saville-Kent, 1870

UNK PAC SF, BW, 
CO

1967 San Francisco Bay: Lake Merritt, 
Oakland, CA (Carlton, 1979)

Native range: NE, Northeast; NW, Northwest; UNK, Unknown.
Introduced range: ATL, Atlantic; PAC, Pacific; GOM, Gulf of Mexico.
Vector: SF, Ship fouling; BW, ballast water (including biofouling on seaweed, seagrass, wood, or plastic fragments, or as larvae for mem-
braniporines and some ctenostomes); CO, commercial oyster transplantations.
+ Records from literature.
* First records for North America from settlement plates in this study.
** Additional new location records from this study (details in Suppl. material 1).

Date of first record

Date of first record was assigned based on either the first mention of a non-native 
species in the literature or its appearance in our plate surveys, whichever came first 
(Table 2). If a publication did not specify a collection date, we used the date of the 
publication. We note that “first record” data reflect biases in sampling location, 
timing, and effort, and available taxonomic expertise, and these records may of-
ten include substantial publication lag times. Regardless, we emphasize that first 
record dates are unlikely to represent the actual date of introduction, which may 
have occurred years or decades earlier.

Where possible, Museum specimens were examined to determine date of first re-
cords, including examining Membranipora spp. and Conopeum spp. at the National 
Museum of Natural History, Washington, DC (Invertebrate Zoology Collections 
Database https://collections.nmnh.si.edu/search/iz/), the California Academy of 
Sciences, San Francisco, CA, the California Department of Fish and Wildlife col-
lections housed at the Santa Barbara Museum of Natural History, Santa Barbara, 
CA, and Watersipora spp. collections in the Invertebrate Zoology Department of 
the Yale University Peabody Museum, New Haven CT (https://peabody.yale.edu/
explore/collections/invertebrate-zoology).

Data analyses

We undertook the following analyses:

1)	The total diversity of non-native fouling bryozoans across our sampled sites, 
and their geographic patterns (Table 1, 2, Figs 1–3).

2)	The number of non-native bryozoans documented over time, to determine if 
repeated sampling efforts revealed new records.

3)	Patterns of non-native bryozoans by life-history aspects including Order, 
growth form (upright or encrusting) and larval type (planktotrophic or lec-
ithotrophic), the latter to examine potential dispersal capabilities (Suppl. ma-
terial 1).

https://collections.nmnh.si.edu/search/iz/
https://peabody.yale.edu/explore/collections/invertebrate-zoology
https://peabody.yale.edu/explore/collections/invertebrate-zoology
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4)	Transport vector(s), based on data from the literature. For all the species, 
multiple vectors were considered likely. Vectors included (1) Ballast Water 
(BW)—the ballast systems of ships, including entrainment of bryozoan lar-
vae (such as those of membraniporines and some ctenostomes) and entrain-
ment of fragments of seaweed, seagrass, wood, or plastic, which may support 
bryozoan colonies; (2) Ship Fouling (SF)—the hulls and other underwater 
surfaces of ships, and (3) Commercial oyster movements (CO)—accidental 
transfers with oyster transplants or equipment (Table 2).

5)	Relative abundance and species richness of non-natives as a proportion of 
bryozoan communities across our site and ocean (Figs 1, 2).

We have excluded from our analyses those taxa that are not identified to species 
level. Yet those taxa unique to a site, even if unresolved at the species level, are 
included in Suppl. material 1. We have also included bryozoan species from fresh-
water sites (< 5PSU) in Suppl. material 1, but their sampling was limited to a few 
bays, so they are not included in the comparative analyses across bays or coasts.

A generalized linear mixed model (GLMM) with negative binomial error distri-
bution was conducted to model non-native species (NNS) richness as a function 
of latitude (nested within Ocean as a random factor) and latitude and ocean as 
fixed and crossed predictors. The lme4 package (Bates et al. 2015) was used to fit 
the GLMM, and model fit was checked using simulations constructed with the 
DHARMa package (Hartig et al. 2022). To further examine differences by bay 
and by ocean and to determine which species contributed to the patterns observed, 
we applied a PERMANOVA, a non-parametric permutational analysis of variance 
using distance-based matrices of resemblances among the bays (Anderson 2001). 
Latitude was utilized as a covariate, nested within ocean, and with permutations 
restricted within each ocean using the “strata” option. Multivariate analyses and a 
non-metric multidimensional scaling (nMDS) plot of dissimilarities were carried 
out using the vegan package (v2.6-4; Oksanen et al. 2022) in the R statistical com-
puting environment (R Core Team 2023). Bray-Curtis similarities were employed, 
with 999 resamplings. All other graphical summaries and statistical comparisons 
were generated in Microsoft Excel.

Figure 2. Native range of bryozoans introduced to the US and Canada by ocean of introduction.



Non-native marine bryozoans of North America

112Linda D. McCann et al. (2025), Aquatic Invasions 20(1): 101–125, 10.3391/ai.2025.20.1.135792

Results

Overall diversity patterns and new records

Over 40,000 bryozoan specimens were collected and identified from nearly 4000 
settlement plates. One hundred and seventy-eight bryozoan species were recorded 
over the 35 separate bays and estuaries. Forty-two non-native species were detected 
on our panels across all sites, representing 24% of total bryozoan species richness. 
Total non-native species richness for bryozoans per bay ranged from 0 to 30 across 
all coasts. The percentage of non-native species per bay ranged from 0% (sites in 
Alaska) to 72.73% (San Francisco Bay, CA) with a mean of 26.17% (se = 3.14%) 
and median of 22.22%.

In total, we documented 48 non-native species in our analyses, including 42 
from our panel surveys and 6 from the literature and other surveys, including 13 
Ctenostomata (27%) and 35 Cheilostomata (73%) (Table 2). Nine of these species 
are new records for the U.S. and Canada documented in our studies, including 3 
newly reported herein: Amathia brasiliensis Busk, 1886, Nolella sawayai Marcus, 
1938, and Celleporaria umbonatoidea (Liu & Li, 1987), two previously published 
online in reports to the State of California: Hippopodina iririkiensis Tilbrook, 1999 
(Ruiz and Geller 2015) and Amathia citrina (Hincks, 1887) (Ruiz et al. 2023), and 
4 previously published in McCann et al. 2007: Hippoporina indica Pillai, 1978, 
Arbopercula bengalensis (Stoliczka, 1869), Sinoflustra annae (Osburn, 1953) and 
Celleporaria pilaefera (Canu & Bassler, 1929).

Two species are newly reported from this work as non-native: Amathia dichotoma 
(Verrill, 1873) (previously published in Ruiz and Geller 2015), introduced to the 
Pacific coast, and Celleporaria brunnea (Hincks, 1884), introduced to the Gulf of 
Mexico. Twenty species previously recognized as non-native, are here documented 
with one or more new locality records, including 7 species under now-corrected or 
revised names: these include Amathia brasiliensis (formerly identified as A. distans 
Busk, 1886), Watersipora subatra (Ortmann, 1890) (formerly identified as W. subt-
orquata (d’Orbigny, 1852)), Bugulina cf. foliolata (formerly identified as B. flabellata 
(Thompson in Gray, 1848) or B. fulva Ryland, 1960 on the west coast, Schizoporella 
variabilis (formerly identified as S. errata (Waters, 1878)), Schizoporella japonica 
(Ortmann, 1890) (formerly identified as S. unicornis (Johnston in Wood, 1844)), 
Tricellaria inopinata d’Hondt & Occhipinti Ambrogi, 1985 (formerly identified as 
T. occidentalis catalinensis (Robertson, 1905) or T. occidentalis (Task, 1857), and Wa-
tersipora subtorquata (formerly under several names, including W. cucullata (Busk, 
1854) and W. subovoidea (d’Orbigny, 1852)) (Table 2, Suppl. material 1).

Based on data from both our plates and the literature, ten species occurred only 
in one bay, albeit at times quite abundant within that bay; these were Amathia 
brasiliensis, Amathia citrina, Aspidelectra melolontha (Landsborough, 1852), 
Bugulina fulva, Celleporaria brunnea (though it occurred at multiple sites on the 
west coast where it is native), Celleporaria umbonatoidea, Conopeum cf. reticulum, 
Membraniporopsis tubigera, Sinoflustra annae, and Smittoidea spinigera (Liu, 1990) 
(Table 1). All other species occurred in two or more bays. The most frequently 
documented species across bays, occurring in multiple bays on multiple coasts, were 
Cryptosula pallasiana (Moll, 1803), Bugula neritina (presumed to be the shallow water 
Type S of Fehlauer-Ale et al. 2013), and Schizoporella japonica. Across latitudes, the 
most widespread species along the Pacific coast were Fenestrulina delicia Winston, 
Hayward & Craig, 2000, and Schizoporella japonica Ortmann, 1890 which both 
spanned 28° of latitude from San Diego, California to Valdez, Alaska. On the 
Atlantic coast the most widespread species was Bugula neritina spanning 16° of 
latitude from Biscayne Bay, Florida to Narragansett Bay, Rhode Island.
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Non-native fouling species that were reported in the literature but did not occur 
on our plates included Smittoidea spinigera (collected on shell hash from bottom 
grab samples as part of the soft sediment component of this project and to be 
published elsewhere), Bugulina simplex (Hincks, 1886), Membraniporopsis tubigera 
(Osburn, 1940), Victorella muelleri (Kraepelin, 1887), Bulbella abscondita Braem, 
1951, and Bugula neritina Type N of Fehlauer-Ale et al. (2013) detected by genet-
ics only (Table 2).

Non-native diversity by region and by latitude

In our surveys, the greatest number of non-native bryozoans were detected on the 
Pacific coast (37), followed by the Atlantic (19) and the Gulf of Mexico (8). On 
the Atlantic and Gulf of Mexico coasts, most bryozoan introductions were from 
some region of the Pacific (Fig. 2), with the highest proportion of those to the Gulf 
of Mexico coming from the Indo-Pacific. In contrast, the greatest number of intro-
ductions to the Pacific coast were from the Atlantic. Many of the introductions to 
all coasts were of unknown origin (Fig. 2).

On the Pacific and Atlantic coasts, non-native bryozoan richness per bay 
declined significantly with increasing latitude yet differed between these two 
coasts (Fig. 3). The Gulf coast was not included in this comparison, due to 
limited sample size and latitudinal range. Also noteworthy are a few outlier 
bays, or hot spots, on the west coast with exceptionally high numbers of non-
native species, including San Diego, Long Beach, San Francisco, California 
and Coos Bay, Oregon. The latitudinal pattern holds with and without these 
outliers (Fig. 3).

Non-native species assemblages in bays differed significantly across each coast 
(PERMANOVA, p < 0.001, Fig. 4). Many non-native bryozoans on all coasts were 
unique to one coast, with 25 being unique to the Pacific, 6 to the Atlantic and 2 
to the Gulf of Mexico (Table 1).

Figure 3. Number of non-native bryozoans as a function of latitude and ocean. The regression for 
the Pacific bays was run twice: with (solid red line) and without (dotted red line) the outliers or ‘hot 
spots’ circled in yellow. From left to right they include San Diego, Long Beach, and San Francisco, 
California, and Coos Bay, Oregon).
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Transport vectors, reproductive strategies, and morphological 
diversity

Most introductions from our dataset are likely attributable to hull fouling or bal-
last water (42/48 = 87.5%), with very few being attributable to accidental trans-
port with oysters (6/48 = 12.5%).

The Order Cheilostomata (calcified species) makes up the greater proportion of 
non-native species (73%), with the uncalcified Order Ctenostomata making up only 
27%. Both latitude and ocean are significant predictors of non-native species richness 
for the Ctenostomata (p < 0.0001 for latitude and p < 0.02 for ocean) and the Chei-
lostomata (p < 0.0001 for latitude and p < 0.0001 for ocean) with no interaction.

Most non-native bryozoan species were lecithotrophic (81%), the most com-
mon larval form in bryozoans. Morphology was almost evenly divided between 
encrusting (46%) and upright forms (54%) with 4% of species being both up-
right and encrusting. Both latitude and ocean are strong predictors of richness for 
encrusting and upright morphologies (p < 0.0001 for latitude and p < 0.001 for 
ocean for upright morphologies, p <=0.001 for latitude and p <=0.0036 for ocean 
with no interaction with morphology). There were no non-native Cyclostomata 
documented, as their difficult taxonomy resulted in many species being designated 
cryptogenic (Suppl. material 1).

Discussion

Transport vectors and geographic patterns

Shipping, in the form of both hull and other external niche fouling, and ballast 
water, has been the primary mechanism for introducing marine and estuarine 
bryozoans to North America. Commercial oysters transported from Japan and 

Figure 4. Non-metric multidimensional scaling (nMDS) plot of non-native bryozoan species com-
position from each of the sampled bays in North America (PAC-Pacific, ATL-Atlantic, Gulf of Mex-
ico-GOM). Each point represents the composition of one bay (based on presence-absence data for 
non-native bryozoan taxa), with the distance between any two points representing the differences 
between those two bays’ communities as defined by the Bray-Curtis dissimilarity metric (closer = 
more similar). nMDS stress = 0.08.
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from the U.S. Atlantic coast to the Pacific coast have led to the introduction 
of several additional species. While most bryozoans have lecithotrophic larvae 
with limited natural dispersal capacity, interoceanic, transoceanic, and coastal 
dispersal by shipping and aquaculture have significantly altered the distribution 
of a vast number of species. In addition, both transoceanic and coastal rafting 
on marine debris now provide a significant new transport vector for bryozoans 
(McCuller and Carlton 2018; Murray et al. 2019; Haram et al. 2020, 2023; 
Brandler and Carlton 2023).

Several studies have shown that overall species diversity decreases towards 
the poles (Rohde 1992). Our data on non-native bryozoan diversity also fol-
lows this pattern. Polar regions historically are less invaded for many reasons, 
including the presence of less ship traffic, lower propagule pressure, lower tem-
peratures, and lower rates of anthropogenic disturbance (Sax 2001; Ruiz and 
Hewitt 2009). However, with ocean temperatures increasing globally, partic-
ularly at the poles, this pattern is likely to change as more species are able to 
survive the warming conditions in northern regions. Additionally, warming 
waters have also facilitated the opening of ship traffic through the Northwest 
passage, with new and enlarged port facilities recently funded in the Arctic port 
of Nome (Thiessen 2023) in anticipation of increased traffic through the Arctic. 
This is particularly important given that non-native tunicates and bryozoans 
were transported primarily by shipping related mechanisms (Table 2). Ruiz 
et al. (2011) found that shipping was the primary transport vector in some of 
the mobile taxa (crustaceans and molluscs) as well. This suggests that shipping, 
particularly hull fouling, needs the most focus for preventative management 
of invasive species across a wide range of taxa, including the bryozoans. Fortu-
nately, analysis suggests that shipment pre-screening or cleaning of vessels can 
be cost effective (Keller et al. 2006) and decrease the likelihood of introduction 
(Davidson et al. 2008).

Conclusions relative to sources of non-native species on the Atlantic coast may 
be confounded by the fact that many North American Atlantic coast species with 
European names are considered native species. Given that ship traffic across the 
North Atlantic commenced more than 350 years ago, long before intensive bio-
geographic studies in North America, it seems likely that some, if not many, of 
these species may have been introduced since the 17th century but are overlooked 
as invasions (Carlton 2003). Interestingly, the only species we documented travel-
ing from west to east (Pacific to Atlantic) was Celleporaria brunnea.

Comparison of the major fouling invertebrates – bryozoans, 
sessile polychaetes and tunicates

Bryozoan introduction patterns parallel those of tunicates and sessile polychaetes 
in that more non-native species introductions have occurred to the Pacific coast 
compared to the Atlantic and Gulf coasts (Simkanin et al. 2016; Bastida-Zavala et 
al. 2017). Both non-native bryozoan and tunicate diversity decrease with latitude, 
but sessile polychaetes do not follow this pattern, with more polychaete taxa found 
in temperate latitudes. The lack of concordance for a latitudinal pattern of non-na-
tive sessile polychaetes noted here is consistent with several studies which suggest 
that polychaetes typically do not follow latitudinal trends, being more tied to local 
ecological factors (Haanes and Gulliksen 2011; Capa et al. 2021).

As with bryozoans, the majority of introductions to the Atlantic coast among tuni-
cates and sessile polychaetes were from the Pacific, and most introductions to the Gulf 
of Mexico were from the Indo-Pacific. However, the dominance of Atlantic-sourced 
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invasions to the Pacific coast in bryozoans contrasts with tunicate and sessile poly-
chaete invasions, which are predominately from other Pacific source regions.

There are many more non-native marine bryozoans (48 species) detected in 
North America than tunicates (27 species) and sessile polychaetes (9 species). The 
lower number of the latter may be due to increased scrutiny over time of the 
former two groups. Among the bryozoans, and the tunicates, although to a lesser 
degree, hot spots of high non-native species diversity are found in the Pacific coast 
ports of San Francisco, CA, San Diego, CA, Long Beach, CA, and Coos Bay, OR 
(in order of number of non-native species present, see Fig. 3). All four of these 
coastal areas have marine labs and are regions that have been intensely studied 
by researchers with expertise in taxonomy and non-native species. The three “hot 
spot” California bays are large shipping ports, contributing to the large number 
of non-native species. Although the number of commercial vessels entering San 
Diego Bay is significantly lower than those entering San Francisco Bay and Long 
Beach (National Ballast Information Clearinghouse 2023), it is also home to a US 
Navy fleet that spends long periods of time in port, increasing the risk for hull foul-
ing introductions. San Francisco Bay, California, with the second highest shipping 
traffic on the west coast overall, has a higher proportion of non-native species than 
any other North American embayment of similar size, and a higher proportion of 
first records for non-native species in all taxonomic groups, accounting for 65% 
of the species introduced to the Pacific coast (Ruiz et al. 2011). Historically high 
propagule pressure to the Bay from multiple vectors may help to explain San Fran-
cisco Bay’s high numbers of non-native species (Ruiz et al. 2011). Not surprisingly, 
the port with the highest shipping traffic on the west coast, LA/Long Beach, is also 
one of the hot spots of marine invertebrate biodiversity, including that of intro-
duced bryozoans, however the number of non-natives is much lower than in San 
Francisco and San Diego Bay. This may be attributable to the fact that salinities are 
fairly high and stable in the Long Beach area, ranging from 28–35 PSU at our sam-
ple sites, while the range for San Diego (21–37 PSU), San Francisco (0–36 PSU) 
and Coos Bay (10–32 PSU), show wider variability in salinity, affording a greater 
range of habitats for potential invasions. Coos Bay also had fewer non-natives than 
San Francisco and San Diego, but it is a much smaller bay. We suggest that the 
diversity of fully marine invaders may be lower than the diversity of invaders that 
can live in both marine and estuarine waters.

The value of repeated surveys over space and time

The total number of non-natives detected increased with repeated sampling in 8 
bays sampled at least twice. A few species disappeared and reappeared in repeated 
years of sampling at a site (Chang et al. 2018, 2020). Some of the non-natives 
detected appeared only in one year or were represented by only one specimen, fur-
ther underscoring the value of repeated sampling to determine whether a species 
is established. For example, only a single specimen of Bugula neritina was detected 
in Ketchikan, Alaska in 2016, but yearly citizen science monitoring and a repeat 
settlement plate survey there in 2021 has not turned up the species again (Jurgens 
et al. 2018; Ruiz unpublished data).

This work strongly supports the use of settlement plates to detect non-native 
species in coastal ecosystems. A recent analysis found that of 327 non–native ma-
rine and estuarine species in North America, 71% of them were reported from 
hard substrates and most of those were from artificial structures like docks and 
marinas (Ruiz et al. 2009). The vast majority of non-natives currently known from 
North America were detected using this methodology.
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Conclusions

The scope of change in coastal ecosystems is only likely to increase with global 
warming, and there is growing evidence that warming oceans will increase the 
number of successful introductions (Sorte et al. 2010). To document these changes 
in our oceans taxonomic experts are required. The number of marine bryozool-
ogists in North America is fewer than 10, and for most, bryozoan taxonomy is 
not their primary job. Although molecular tools are becoming increasingly useful, 
sequence data alone, bereft of morphological confirmation, may not provide an 
accurate picture of the diversity of non-native bryozoans. Without baseline in-
formation about species distributions, abundance data and ecological associations 
we cannot fully understand and predict change. Repeated sampling at multiple 
locations may permit a better understanding of long-term patterns of the diversity 
and abundance of non-native species.

Author contributions

GR provided research conceptualization, study design and methodology for this 
work. LM assisted with data collection, analysis, interpretation, synthesis and 
wrote the original draft of the paper. NGH and ALC assisted with data collection, 
figures and analyses. JW, NGH and LM assisted with identification of specimens. 
LM and JTC selected the list of potential reviewers. All authors assisted with syn-
thesis of data, review and editing of the paper.

Funding declaration

Prince William Sound Regional Citizens’ Advisory Council grants to GR. US De-
partment of Defense Legacy Program grant to GR. US Fish and Wildlife Service 
grants to GR. US Department of Homeland Security (US Coast Guard) grants 
to GR. National Sea Grant Program grants to GR. National Science Foundation 
grant to ALC. Maryland Sea Grant Program grants to GR. Alaska Sea Grant Pro-
gram grants to GR. California Department of Fish and Wildlife Marine Invasive 
Species Program grants to GR and ALC. Alaska Department of Fish and Game 
grants to GR. North Pacific Marine Science Organization (PICES) grant to GR 
and JTC. Bureau of Ocean Energy Management Program (BOEM) grant to Gail 
Ashton and LM, NOAA award #NA18NMF4370235. Smithsonian grant to GR.

The funders had no role in study design, data collection and analysis, decision 
to publish, or preparation of the manuscript.

Ethics and permits

We acknowledge that no ethics permitting was required for this work and we are 
willing to share the original data and materials if so requested. Permits were ob-
tained from the following:

•	 Alaska Department of Fish and Game Aquatic Resource Permits issued to 
Greg Ruiz: CF-02-036; to Tami Huber: CF-03-51; to Kristen Larson: CF-
11-066; to Linda McCann: CF-10-026, CF-12-047, CF-13-040, CF-16-
060, CF-18-044, CF-20-054

•	 California Fish and Wildlife - Biogeographic Surveys of California Waters 
permits issued to Andrew L. Chang: 2000–2019 – SC-9947645; 2019-2028 
– S-191360002-19136-001



Non-native marine bryozoans of North America

118Linda D. McCann et al. (2025), Aquatic Invasions 20(1): 101–125, 10.3391/ai.2025.20.1.135792

•	 California Department of Parks and Recreation Collections Permit issued to 
Greg Ruiz and Gail Ashton.

•	 California Redwood Company, California Timberlands Master Land Use 
Permit issued to Andrew L. Chang on May 8, 2015.

•	 Commonwealth of Virginia Department of Conservation and Recreation, 
Virginia State Parks Research and Collecting Permit issued to Kristen Larson: 
KP-RCP-042114.

•	 Florida Fish and Wildlife Conservation Commission Special Activity License 
issued to Esther Collinetti: 04SR-696

•	 Maine Department of Natural Resources Permit ME-2001-66-00 issued to 
Kelly Lion

•	 New Hampshire Fish and Game Department Permit issued to Kelly Lion
•	 Port of Corpus Christi Texas, US Coast Guard Permit 16450 issued to Kris-

ten Larson
•	 Rhode Island Department of Environmental Management Division of Fish 

and Wildlife Permit issued to Tami Huber — 2001-78A to 2001-28G
•	 Texas Parks and Wildlife Permit SPR-0202-199 issued to Kim Philips
•	 Canada Department of Fisheries and Oceans Experimental Permit and Li-

cense issued to Greg Ruiz – NL-0151-04
•	 United States Department of the Interior, National Park Service Special Use 

Permit for Fort Sumter, South Carolina issued to Esther Collinetti: SER-FO-
SU-25AO-0038

•	 United States Navy Region Southwest Commander DR Smith, Rear Admiral, 
US Navy Memorandum of Agreement with Greg Ruiz of the Smithsonian En-
vironmental Research Center to study/sample exotic organisms in the summer 
of 2013 at NB Coronado, NB San Diego, NB Point Loma, San Diego Bay.

Acknowledgements

We thank the cast of many in the SERC Marine Invasions Laboratory over the years 
who collected, sorted, and endured hours of picking bryozoans off settlement plates 
without whom we would never have been able to do this work. These colleagues 
include Irit Altman, Safra Altman, Ashley Arnwine, Clinton Arriola, Gail Ashton, 
Julia Blum, Dale Booth, Chris Brown, João Canning-Clode, Lina Ceballos, Esther 
Collinetti, Audrey Colnar, Cathleen Coss, Scott Cowan, Jeff Crooks, Ben Daly, 
Jessika DeJesus, Ian Davidson, Catherine deRivera, Ian Dow, Phoebe Drinker, Isla 
Fitridge, Laura Gallant, Heidi Gartner, Scott Godwin, Katharine Grant, Linsey 
Haram, Stacey Havard, Chad Hewitt, Laurel Hillmann, Tuck Hines, Kim Holzer, 
Tami Huber, Elena Huynh, Vanessa Hodes, Libby Jewett, Yolanda Kam, Maya Ka-
poor, Anna Krainer, Gina Kurka, Jamie Lawshe, Kristen Larson, AnneMarie Ley-
man, Marcella Liljesthrom, Kelly Lion, Julio Lorda, Michelle Marraffini, Kenan 
Matterson, Whitney McClees, Basma Mohammad, Sarah Mutter, Kate Murphy, 
Katherine Newcomer Lawson, Melinda Nichol, Monaca Noble, Rick Osman, L 
Page, Jenny Par, Tom Therriault, Tiffany Pasco, Kim Philips, Leela Rao, Michele 
Repetto, Sherry Reed, Amanda Reynolds, Laura Rodriguez, Michelle Schenk, Car-
men Schloeder, Chaundra Schofield, Christina Simkanin, George Smith, Nancy 
Smith, Abby Spangler, Amanda Spivak, Matt Stadler, Mia Steinberg, Brian Steves, 
Kelly Jo Stull, Sarah Teck, Maria Thaker, Brianna Tracey Sawdey, Kevin Turner, 
Calli Wasser, Elizabeth Wells, Christine Whitcraft and Chela Zabin.

Stacey Havard provided invaluable assistance with analyses and Paul Fofonoff 
and Erica Keppel assisted with distributional records for both sessile polychaetes 
and the bryozoans. We had help from several taxonomists including Megan Mc-



Non-native marine bryozoans of North America

119Linda D. McCann et al. (2025), Aquatic Invasions 20(1): 101–125, 10.3391/ai.2025.20.1.135792

Culler, Matthew Dick, Leandro Vieira, Dennis Gordon, and Paul Taylor. We are 
grateful to Hank Chaney (Santa Barbara Museum), Bill Moser (National Museum 
of Natural History, Smithsonian Institution) and Eric Lazo-Wasem (Peabody Mu-
seum, Yale University) for their help securing or photographing museum speci-
mens for examination.

Our Funding came from a diverse number of sources, including: the United 
States Department of Homeland Security (Coast Guard), the California Depart-
ment of Fish and Wildlife Marine Invasive Species Program, Department of Fish-
eries and Oceans Canada, North Pacific Marine Science Organization (PICES), 
Alaska Department of Fish and Game, Alaska Sea Grant, Maryland Sea Grant, 
United States National Sea Grant Program, Prince William Sound Regional Citi-
zens’ Advisory Council, National Science Foundation, US Department of Defense 
Legacy Program, and the Smithsonian Institution.

References

Anderson CM, Haygood MG (2007) α-Proteobacterial Symbionts of Marine Bryozoans in the Genus 
Watersipora. Applied & Environmental Microbiology 73(1): 303–311. https://doi.org/10.1128/
AEM.00604-06

Anderson MJ (2001) A new method for non-parametric multi-variate analysis of variance. Austral 
Ecology 26: 32–46. https://doi.org/10.1111/j.1442-9993.2001.01070.pp.x

Angione K (2008) Secrets of the shallows: nuisance moss animal invades North Carolina coast. 
Coastwatch, North Carolina Sea Grant Magazine. Winter 2008, 3 pp. https://ncseagrant.ncsu.
edu/coastwatch/previous-issues/2008-2/winter-2008/secrets-of-the-shallows-nuisance-moss-
animal-invades-north-carolina-coast/

Banta WC (1969) Watersipora arcuata, a new species in the subovoidea - cucullata - nigra complex 
(Bryozoa, Cheilostomata). Bulletin of the Southern California Academy of Science 68: 96–102. 
https://www.biodiversitylibrary.org/page/34157293#page/666/mode/1up

Banta WC, Perez FM, Santagata S (1995) A setigerous collar in Membranipora chesapeakensis n.sp. 
(Bryozoa): implications for the evolution of cheilostomes from ctenostomes. Invertebrate Biology 
114: 83–88. https://doi.org/10.2307/3226957

Bastida-Zavala JR, McCann LD, Keppel E, Ruiz GM (2017) The fouling serpulids (Polychaeta: 
Serpulidae) from United States coastal waters: an overview. European Journal of Taxonomy 344: 
1–76. https://europeanjournaloftaxonomy.eu/index.php/ejt/article/view/469/1026

Bates D, Mächler M, Bolker B, Walker S (2015) Fitting linear mixed-effects models using lme4. 
Journal of Statistical Software 67(1): 1–48. https://doi.org/10.18637/jss.v067.i01

Berman J, Harris L, Lambert W, Buttrick M, Dufresne M (1992) Recent Invasions of the Gulf of 
Maine: Three Contrasting Ecological Histories. Conservation Biology 6: 435–441. https://doi.
org/10.1046/j.1523-1739.1992.06030435.x

Brandler KG, Carlton JT (2023) First report of marine debris as a species dispersal vector in the 
temperate Northwest Atlantic Ocean. Marine Pollution Bulletin 188: 114631. https://doi.
org/10.1016/j.marpolbul.2023.114631

Capa M, Kupriyanova E, Nogueira JMdM, Bick A, Tovar-Hernández MA (2021) Fanworms: Yester-
day, Today and Tomorrow. Diversity 13(3): 130. https://doi.org/10.3390/d13030130

Carlton JT (1979) History, biogeography, and ecology of the introduced marine and estuarine 
invertebrates of the Pacific coast of North America. Ph.D. Dissertation, University of California, 
Davis, Davis, California, USA, 904 pp.

Carlton JT (1996) Biological invasions and cryptogenic species. Ecology 77: 1653–1655. https://
doi.org/10.2307/2265767

Carlton JT (2003) Community assembly and historical biogeography in the North Atlantic Ocean: 
The potential role of human-mediated dispersal vectors. Hydrobiologia 503: 1–8. https://doi.
org/10.1023/B:HYDR.0000008479.90581.e1

https://doi.org/10.1128/AEM.00604-06
https://doi.org/10.1128/AEM.00604-06
https://doi.org/10.1111/j.1442-9993.2001.01070.pp.x
https://ncseagrant.ncsu.edu/coastwatch/previous-issues/2008-2/winter-2008/secrets-of-the-shallows-nuisance-moss-animal-invades-north-carolina-coast/
https://ncseagrant.ncsu.edu/coastwatch/previous-issues/2008-2/winter-2008/secrets-of-the-shallows-nuisance-moss-animal-invades-north-carolina-coast/
https://ncseagrant.ncsu.edu/coastwatch/previous-issues/2008-2/winter-2008/secrets-of-the-shallows-nuisance-moss-animal-invades-north-carolina-coast/
https://www.biodiversitylibrary.org/page/34157293#page/666/mode/1up
https://doi.org/10.2307/3226957
https://europeanjournaloftaxonomy.eu/index.php/ejt/article/view/469/1026
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.1046/j.1523-1739.1992.06030435.x
https://doi.org/10.1046/j.1523-1739.1992.06030435.x
https://doi.org/10.1016/j.marpolbul.2023.114631
https://doi.org/10.1016/j.marpolbul.2023.114631
https://doi.org/10.3390/d13030130
https://doi.org/10.2307/2265767
https://doi.org/10.2307/2265767
https://doi.org/10.1023/B:HYDR.0000008479.90581.e1
https://doi.org/10.1023/B:HYDR.0000008479.90581.e1


Non-native marine bryozoans of North America

120Linda D. McCann et al. (2025), Aquatic Invasions 20(1): 101–125, 10.3391/ai.2025.20.1.135792

Chang AL, Brown CW, Crooks JA, Ruiz GM (2018) Dry and wet periods drive rapid shifts in com-
munity assembly in an estuarine ecosystem. Global Change Biology 24: e627–e642. https://doi.
org/10.1111/gcb.13972

Chang AL, Carlton JT, Brown CW, Ruiz GM (2020) Down the up staircase: Equatorward march of 
a cold-water ascidian and broader implications for invasion ecology. Diversity and Distributions 
26(7): 881–896. https://doi.org/10.1111/ddi.13055

Chapman JW, Carlton JT (1994) Predicted discoveries of the introduced isopod Synidotea 
laevidorsalis (Miers 1881). Journal of Crustacean Biology 14(4): 700–714. https://doi.
org/10.1163/193724094X00669

Ciavatta ML, Lefranc F, Vieira LM, Kiss R, Carbone M, van Otterlo WAL, Lopanik NB, Waeschen-
bach A (2020) The Phylum Bryozoa: From Biology to Biomedical Potential. Marine Drugs 18(4): 
1–32. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7230173/pdf/marinedrugs-18-00200.pdf

Cohen AN, Carlton JT (1995) Biological study: Nonindigenous aquatic species in a United States 
estuary: a case study of the biological invasions of the San Francisco Bay and delta. A Report for the 
United States Fish and Wildlife Service, Washington, D.C., and The National Sea Grant College 
Program, Connecticut Sea Grant, NTIS Report Number PB96-166525, 246 pp. [+ Appendices] 
https://www.bioinvasions.org/wp-content/uploads/1995-SFBay-Invasion-Report.pdf

Cohen AN, Mills CE, Berry HD, Wonham MJ, Bingham B, Bookheim BE, Carlton JT, Chapman JW, 
Cordell JR, Harris LH, Klinger T, Kohn A, Lambert C, Lambert G, Li K, Secord D, Toft J (1998) 
Report of the Puget Sound Expedition, Sept 8–16, 1998. A Rapid Assessment Survey of Non-indig-
enous Species in the Shallow Waters of Puget Sound. Washington State Dept of Natural Resources, 
37 pp. https://bioinvasions.org/wp-content/uploads/1998-1998-Puget-Sound-survey.pdf

Cohen AN, Berry HD, Mills CE, Milne D, Britton-Simmons K, Wonham MJ, Secord DL, Barkas 
JA, Bingham B, Bookheim BE, Byers JE, Chapman JW, Cordell JR, Dumbauld B, Fukuyama A, 
Harris LH, Kohn AJ, Li K, Mumford Jr TF, Radashevsky V, Sewell AT, Welch K (2001) Wash-
ington state exotics expedition 2000: a rapid survey of exotic species in the shallow waters of 
Elliott Bay, Totten and Eld Inlets, and Willapa Bay. Olympia, WA. Washington State Department 
of Natural Resources Nearshore Habitat Program, Olympia Washington, 46 pp. https://faculty.
washington.edu/cemills/WSX2000.pdf

Cohen AN, Harris LH, Bingham BL, Carlton JT, Chapman JW, Lambert CC, Lambert, G, Ljuben-
kov JC, Murray SN, Rao LC, Reardon K, Schwindt E (2005) Rapid Assessment Survey for exotic 
organisms in southern California bays and harbors, and abundance in port and non-port areas. 
Biological Invasions 7: 995–1002. https://doi.org/10.1007/s10530-004-3121-1

Coues E, Yarrow HC (1878) Notes on the natural history of Fort Macon, NC, and vicinity. Pro-
ceedings of the Academy of Natural Sciences of Philadelphia 4: 21–28. https://www.biodiversi-
tylibrary.org/partpdf/13517

Cowles RP (1930) A biological study of the offshore waters of Chesapeake Bay. Bulletin of the 
United States Fish Commission Seattle NWF 46(1): 339–340. https://spo.nmfs.noaa.gov/sites/
default/files/pdf-content/fish-bull/fb46.6.pdf

Darling J, Carlton JT (2018) A framework for understanding marine cosmopolitanism in the Anthro-
pocene. Frontiers in Marine Science 5(293): 1–25. https://www.frontiersin.org/articles/10.3389/
fmars.2018.00293/full

Davidson SK, Haygood MG (1999) Identification of Sibling Species of the Bryozoan Bugula neritina 
That Produce Different Anticancer Bryostatins and Harbor Distinct Strains of the Bacterial 
Symbiont “Candidatus Endobugula sertula”. Biological Bulletin 196(3): 273–280. https://www.
biodiversitylibrary.org/partpdf/4990

Davidson IC, McCann LD, Sytsma M, Ruiz GM (2008) Interrupting a multi-species bioinvasion 
vector: the efficacy of in-water cleaning for removing biofouling on obsolete vessels. Marine Pol-
lution Bulletin 56: 538–1544. https://doi.org/10.1016/j.marpolbul.2008.05.024

De Blauwe H, Kind B, Kuhlenkamp R, Cuperus J, van der Wiede B, Kerckhof F (2014) Recent 
observations of the introduced Fenestrulina delicia Winston, Hayward & Craig, 2000 (Bryozoa) 

https://doi.org/10.1111/gcb.13972
https://doi.org/10.1111/gcb.13972
https://doi.org/10.1111/ddi.13055
https://doi.org/10.1163/193724094X00669
https://doi.org/10.1163/193724094X00669
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7230173/pdf/marinedrugs-18-00200.pdf
https://www.bioinvasions.org/wp-content/uploads/1995-SFBay-Invasion-Report.pdf
https://bioinvasions.org/wp-content/uploads/1998-1998-Puget-Sound-survey.pdf
https://faculty.washington.edu/cemills/WSX2000.pdf
https://faculty.washington.edu/cemills/WSX2000.pdf
https://doi.org/10.1007/s10530-004-3121-1
https://www.biodiversitylibrary.org/partpdf/13517
https://www.biodiversitylibrary.org/partpdf/13517
https://spo.nmfs.noaa.gov/sites/default/files/pdf-content/fish-bull/fb46.6.pdf
https://spo.nmfs.noaa.gov/sites/default/files/pdf-content/fish-bull/fb46.6.pdf
https://www.frontiersin.org/articles/10.3389/fmars.2018.00293/full
https://www.frontiersin.org/articles/10.3389/fmars.2018.00293/full
https://www.biodiversitylibrary.org/partpdf/4990
https://www.biodiversitylibrary.org/partpdf/4990
https://doi.org/10.1016/j.marpolbul.2008.05.024


Non-native marine bryozoans of North America

121Linda D. McCann et al. (2025), Aquatic Invasions 20(1): 101–125, 10.3391/ai.2025.20.1.135792

in Western Europe. In: Rosso A, Wyse Jackson PN, Porter JS (Eds) Bryozoan Studies (2013) 94, 
Museo delle Scienze, Trento, 45–51.

Dick MH, Grischenko AV, Shunsuke F, Mawatari A (2005) Intertidal Bryozoa (Cheilosto-
mata) of Ketchikan, Alaska. Journal of Natural History 39: 3687–3784. https://doi.
org/10.1080/00222930500415195

Dudley JE (1973) A note on the taxonomy of three membraniporine ectoprocts from Chesapeake 
Bay. Chesapeake Science 14: 282–285. https://doi.org/10.2307/1350758

Fehlauer-Ale KH, Mackie JA, Lim-Fong GE, Ale E, Pie MI, Waeschenbach A (2013) Cryptic species 
in the cosmopolitan Bugula neritina complex (Bryozoa, Cheilostomata). Zoologica Scripta 43(2): 
193–205. https://doi.org/10.1111/zsc.12042

Fehlauer-Ale KH, Winston JE, Tilbrook KJ, Nascimento KB, Vieira LM (2015) Identifying mono-
phyletic groups within Bugula sensu lato (Bryozoa, Buguloidea). Zoologica Scripta 44(3): 334–
347. https://doi.org/10.1111/zsc.12103

Fofonoff PW, Ruiz GM, Steves B, Simkanin C, Carlton JT (2018) National Exotic Marine and 
Estuarine Species Information System (NEMESIS). http://invasions.si.edu/nemesis [Accessed 
11/12/2023]

Gordon DP, Ramalho LV, Taylor PD (2006) An unreported invasive bryozoan that can affect liveli-
hoods—Membraniporopsis tubigera in New Zealand and Brazil. Bulletin Marine Science 78: 331–
342. https://www.ingentaconnect.com/content/umrsmas/bullmar/2006/00000078/00000002/
art00008

Gossett L, Lester J, Gonzalez L (2004) Galveston Bay Invasive Species Risk Assessment Final Report, 
Environmental Institute of Houston, University of Houston, 22 pp.

Haanes H, Gulliksen B (2011) A high local species richness and biodiversity within high-latitude cal-
careous aggregates of tube-building polychaetes. Biodiversity Conservation 20: 793–806. https://
doi.org/10.1007/s10531-010-9980-0

Haines S (2022) A seaweed farming boom is preparing Maine for life after lobster. Reasons to be 
Cheerful. https://reasonstobecheerful.world/seaweed-farming-maine-climate-change-lobsters/

Haram LE, Carlton JT, Ruiz GM, Maximenko NA (2020) A Plasticene Lexicon. Marine Pollution 
Bulletin 150: 110714. https://doi.org/10.1016/j.marpolbul.2019.110714

Haram LE, Carlton JT, Centurioni L, Choong H, Cornwell B, Crowley M, Egger M, Hafner J, 
Hormann V, Lebreton L, Maximenko N, McCuller M, Murray C, Par J, Shcherbina A, Wright 
C, Ruiz GM (2023) Extent, reproduction, and persistence of coastal species in the North Pa-
cific Subtropical Gyre on plastic debris. Nature Ecology & Evolution 7: 687–697. https://doi.
org/10.1038/s41559-023-01997-y

Hartig F (2022) DHARMa Residual Diagnostics for hierarchical (multi-level/mixed) regression 
models. Theoretical Ecology University of Regensburg. https://cran.r-project.org/web/packages/
DHARMa/vignettes/DHARMa.html

Helfman ES (1968) A Ctenostomatous Ectoproct Epizoic on the Chiton Ischnochiton mertenesii. The 
Veliger 10(3): 290–291. https://www.biodiversitylibrary.org/item/134168

Inase JL (1977) Cheilostome bryozoans of San Francisco Bay, California. In: Western Society of 
Naturalists Meeting Program. U.C. Santa Cruz, Santa Cruz, California.

Jebram D, Everitt B (1982) New victorellids (Bryozoa, Ctenostomata) from North America: the use 
of parallel cultures in bryozoan taxonomy. The Biological Bulletin 163(1): 172–187. https://doi.
org/10.2307/1541507

Jewett EB, Lawson KN, Larson KJ, Tracy BM, Altman S, Chang AL, Cowan S, Crooks JA, Huber 
T, Wells EH, Ruiz GM (2022) Differences in fouling community composition and space occupa-
tion across broad spatial and temporal scales. Frontiers in Marine Science 9: 1–19. https://www.
frontiersin.org/articles/10.3389/fmars.2022.933405/full

Johnson CH, Winston JE, Woollacott RM (2012) Western Atlantic introduction and persistence 
of the marine bryozoan Tricellaria inopinata. Aquatic Invasions 7(3): 295–303. https://doi.
org/10.3391/ai.2012.7.3.001

https://doi.org/10.1080/00222930500415195
https://doi.org/10.1080/00222930500415195
https://doi.org/10.2307/1350758
https://doi.org/10.1111/zsc.12042
https://doi.org/10.1111/zsc.12103
http://invasions.si.edu/nemesis
https://www.ingentaconnect.com/content/umrsmas/bullmar/2006/00000078/00000002/art00008
https://www.ingentaconnect.com/content/umrsmas/bullmar/2006/00000078/00000002/art00008
https://doi.org/10.1007/s10531-010-9980-0
https://doi.org/10.1007/s10531-010-9980-0
https://reasonstobecheerful.world/seaweed-farming-maine-climate-change-lobsters/
https://doi.org/10.1016/j.marpolbul.2019.110714
https://doi.org/10.1038/s41559-023-01997-y
https://doi.org/10.1038/s41559-023-01997-y
https://cran.r-project.org/web/packages/DHARMa/vignettes/DHARMa.html
https://cran.r-project.org/web/packages/DHARMa/vignettes/DHARMa.html
https://www.biodiversitylibrary.org/item/134168
https://doi.org/10.2307/1541507
https://doi.org/10.2307/1541507
https://www.frontiersin.org/articles/10.3389/fmars.2022.933405/full
https://www.frontiersin.org/articles/10.3389/fmars.2022.933405/full
https://doi.org/10.3391/ai.2012.7.3.001
https://doi.org/10.3391/ai.2012.7.3.001


Non-native marine bryozoans of North America

122Linda D. McCann et al. (2025), Aquatic Invasions 20(1): 101–125, 10.3391/ai.2025.20.1.135792

Jurgens LJ, Bonfim M, Lopez DP, Repetto MF, Freitag G, McCann L, Larson K, Ruiz GM, Freestone 
AL (2018) Poleward range expansion of a non-indigenous bryozoan and new occurrences of ex-
otic ascidians in southeast Alaska. BioInvasions Records 7(4): 357–366. https://doi.org/10.3391/
bir.2018.7.4.02

Keller RP (2006) Ecological and Bioeconomic Risk Assessment for Invasive Species. PhD Thesis. 
University of Notre Dame, Indiana, USA, 158 pp.

Kennedy C, Pappal A, Bastidas C, Carlton JT, David A, Dijkstra J, Duffey S, Gibson J, Grady S, 
Green-Gavrielidis L, Harris L, Hobbs N, Mauk A, McCuller MI, Neefus C, O’Brien B, Osborne 
K, Pederson J, Robidoux J, Tyler M, Van Volkom K (2020) Report on the 2018 Rapid Assess-
ment Survey of Introduced, Cryptogenic, and Native Marine Species at New England Marinas: 
Massachusetts to Maine. Massachusetts office of Coastal Zone Management Technical Report, 
Boston, MA, 35 pp.

Lambert WJ, Levin PS, Berman J (1992) Changes in the structure of a New England (USA) kelp 
bed: The effects of an introduced species? Marine Ecology Progress Series 88: 303–307. https://
scholars.unh.edu/cgi/viewcontent.cgi?article=1354&context=jel
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