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Abstract
The Gulf of Maine has seen an increasing number of introduced species, some of which have had
signi�cant impacts on benthic community structure. In 2017, a number of specimens of the European dorid
nudibranch, Doris pseudoargus, were observed on rocky ledges in waters off Cape Ann, Massachusetts.
The presence of numerous specimens and egg masses suggested that the species had been established
before 2017. Subsequent observations and collections have discovered specimens ranging from sites off
Wedgeport, Nova Scotia to the northern end of the Cape Cod Canal. Genetic analysis has con�rmed the
species as Doris pseudoargus and similar to specimens from European locations.

Historically, the Gulf of Maine had only one species of sponge feeding nudibranch. Unlike this endemic,
stenotrophic feeding dorid, the introduction of a large sized, sponge predator known to feed on diverse
sponge species has the potential to signi�cantly impact community structure, as evidenced on vertical
rocky substrates where its natural history has been observed.

Introduction
Introduced species are a continuing and growing issue as global trade expands (Elton, 1956; Simberloff,
2013). The Gulf of Maine (GOM) has experienced a number of introductions of both animals (Berman et al.
1991; Dijkstra et al. 2007; Harris and Mathieson 2000) and marine plants (Dijkstra et al, 2017; Mathieson et
al. 2003), some of which have become conspicuous members of marine communities (Harris and Tyrrell
2001; Pederson et al. 2005). One group of marine mollusks for which there is little information are
members of the Nudibranchia. The diversity of nudibranch species in the GOM, and the Atlantic Maritime
Province is signi�cantly lower than that of comparable regions in Europe (for GOM: Bleakney 1996; Moore
1964; Shine 2012; for Europe: Picton and Morrow 1996; Thompson and Brown 1976; Thompson and Brown
1984). However, most of the known GOM species are also found in Europe. Thus, it is very di�cult to
determine if this is due to amphiatlantic distributions or whether some of the species are cryptic
introductions from long-established trade routes between Europe and North America (Simberloff 2013).

Until recently, the only documented introduction of a European nudibranch species to the GOM, was the
tritonid, Candiella plebeia (Johnston 1828) (as Tritonia). It appeared in the early 1980’s and then rapidly
disappeared within a few years (Allmon and Sebens 1988). A population of C. plebeia has been discovered
in Eastport, Maine in recent years (Harris et al. manuscript in preparation). A unique feature of the
nudibranch fauna of the GOM has been the lack of dorid species that prey on sponges. Historically, only
one species, Cadlina laevis (Linnaeus 1767), which preys on Halisarca sp. was known from the GOM. In
Europe however, there are a number of sponge-eating dorid species (Thompson and Brown 1984), that is
much more typical of marine communities in many regions of the world (Behrens and Hermosillo 2005;
Chavanich et al. 2010; Coleman et al. 2015; Debelius and Kuiter 2007; Gosliner 1987; Gosliner et al. 2008;
Valdes et al. 2006). This long time distribution changed however in 2017, when a population of the large
European dorid, Doris pseudoargus Rapp 1827, was observed on rocky ledges off Cape Ann,
Massachusetts. D. pseudoargus is a common sponge feeding dorid nudibranch on European shores whose
wide distribution extends from the Mediterranean Sea to the northern European coastline (Miller 1961;
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Ohdner 1926; Picton and Morrow 1994; Swennen 1961; Thompson and Brown 1984). The species feeds on
a variety of sponges, although most references cite Halichondria panicea (Pallas 1766) as a dominant prey
item (Thompson and Brown 1984; Van Bragt 2004). H. panicea commonly occurs in the Gulf of Maine
(Hartman 1964; Martinez 2010; Minor 1940; Pollock 1997).

The purpose of this study is to describe the information obtained and analyzed since that initial
observation in 2017. The ecological implications of this introduction are also discussed.

Materials And Methods
Observations from a series of exploratory dives were made in the region of Cape Ann, Massachusetts by A.
Shure. Photographs of individuals and its habitat were taken along with notes on observations, depth and
associated fauna. On July 26, 2017, four live specimens were collected and taken to the University of New
Hampshire (UNH), Durham, New Hampshire and maintained in a recirculating sea water system. The live
specimens were photographed and then preserved in 95% EtOH. Two preserved specimens were deposited
at the California Academy of Sciences, San Francisco, California and one was used for genetic analysis.
Genetic comparisions with European specimens of Doris pseudoargus con�rmed the Massachusetts
specimen’s identity. Additional observations and collections have since been made by A. Shure and others
and are included.  Literature searches were also conducted to determine whether additional specimens had
been observed and reported at other locations in the GOM. The information obtained is synthesized below.

Genetic Taxon Sampling

A 658 bp region of the mitochondrial gene cytochrome oxidase I (COI) was sequenced for one
Massachusetts D. pseudoargus specimen (CASIZ 223159A) and submitted to GenBank with the following
accession number: MZ389059. Genetic comparisons were made with available GenBank material including
the following seven sequences of European D. pseudoargus collected from the North Sea: one specimen
from Esjerg, Denmark (KR084907); two specimens from Heligoland, Germany (KR084616 & KR084586);
one specimen from Inverness, Scotland (KR084378); one specimen from Kingsbarns, Scotland (AY345030);
one specimen from Kattegat, Sweden (MG935320); and one specimen from Skagerrak, Sweden
(MG935407). Outgroup comparisions included Doris ocelligera (Bergh 1881) and Doris adrianae Urgorri
and Señarís 2021 from the Mediterrean and Doris montereyensis J.G. Cooper 1863 from the Eastern
Paci�c. 

 DNA Extraction, Ampli�cation, and Sequencing

            DNA extraction was performed on a small tissue sample from CASIZ 223159A using the Qiagen
Dneasy Blood and Tissue Kit (Qiagen, Valencia, CA, USA) spin column extraction method. Polymerase
chain reaction (PCR) was used to amplify a 658 bp fragment of COI using Folmer et al. (1994) universal
primers (HCO2198: 5′-TAAACTTCAGGGAGACCAAAAAATCA-3' ; LCO1490: 5′-
GGTCAACAAATCATAAAGATATTGG-3'). The reaction mixture contained the following: 2.5 μL of 10× PCR
buffer, 0.5 μL dNTPs (10mM stock), 0.5 μL of each primer (10μM stock), 0.25 μL DreamTaq™ Hot Start DNA
Polymerase (5U/μL, Thermo Fisher), 5 μL betaine, 2 μL bovine serum albumin (BSA), 4 μL of template DNA,
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and then �lled to a �nal volume of 25 μL with Millipore-H2O.  The following PCR protocol was run on a
BioRad MyCycler Thermocycler (Bio-Rad Laboratories) at the California Academy of Sciences Center for
Comparative Genomics (CCG): an initial denaturing for 3 min at 94 °C, followed by 40 cycles of denaturing
for 30 s at 94 °C, annealing for 30 s at 46 °C and extension for 45 s at 72°C with a �nal extension period of
10 min at 72 °C. Ampli�ed DNA was stained with ethidium bromide and examined using gel electrophoresis
on a 1% TBE agarose gel. Successfully ampli�ed products were cleaned using an ExoSAP-IT protocol (USB
Scienti�c) before being sequenced at ELIM Biopharmaceuticals (Hayward, CA, USA). 

Data analysis

Successfully sequenced fragments were assembled, trimmed to remove primers, and edited using
Geneious v11.1.5 (Kearse et al. 2012) and Mesquite v3.61 (Maddison and Maddison 2018) before
alignment with MAFFT (Katoh et al. 2009). Bayesian Inference (BI) and Maximum Likelihood (ML)
analyses were used to estimate the evolutionary relationships within D. pseudoargus. Best-�t evolution
model partition de�nitions for BI and ML analyses were determined for each codon position in COI using
ModeltTest-NG (Darriba et al. 2020; Flouri et al. 2014) on XSEDE via the online CIPRES Science Gateway
(Miller et al. 2010). The following best-�t evolution models were applied for the Bayesian inference
analysis: SYM+I for codon position 1, F81+I for codon position 2, and HKY+G for codon position 3.
Bayesian inference was performed in MrBayes v3.2.7a (Ronquist and Huelsenbeck 2003) and the dataset
was run for 2.5 × 107 generations. Markov chains were sampled every 1000 generations and the standard
25% burn-in calculated before a 50% majority rule consensus tree of calculated posterior probabilities (pp)
was created from the remaining tree estimates. Maximum likelihood was performed using randomized
accelerated maximum likelihood (RAxML) v8.2.12 (Stamatakis 2014) and non-parametric bootstrap values
(bs) were estimated from 2.5 × 104 fast bootstrap runs set with the evolution model GTR+GAMMA. Tree
branches were considered strongly supported if pp  ≥ 0.95 and bs ≥ 70, while pp ≤ 0.94 and bs ≤ 70  were
considered to have low support (Alfaro et al. 2003). 

A TCS haplotype network based on an ingroup COI alignment of D. pseudoargus with the connection limit
set to 95% (v1.21; Clement et al. 2002) was constructed using PopArt v1.7.2 (Leigh and Bryant 2015).
Automatic Barcode Gap Discovery (ABGD) analysis outlined by Puillandre et al. (2012) was used to detect
genetic variation within D. pseudoargus. An ingroup COI alignment was uploaded to the ABGD Web-based
interface (https://bioinfo.mnhn.fr/abi/public/abgd/abgdweb.html) and the following parameters were
applied: Jukes-Cantor (JC69)  P.min = 0.001, P.max = 0.2, Steps = 10, NB = 20 with a × = 1.3 relative gap
width. 

Data availability

Additional information on speci�c observations and collecting sites can be obtained by directly contacting
the following web site and individual authors.   For the Nova Scotia report see
https://www.inaturalist.org/observations/70940660. A. Kuzirian (akuzirian@mbl.edu) has speci�c
information on the intertidal sites at Scusset Beach and A. Shure (Alex.Shure@gmail.com) has detailed
information on observations and specimens collected at subtidal sites in Massachusetts. L. Harris
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(larry.harris@unh.edu) can provide details on observations and specimens collected at the Isles of Shoals
and Cape Neddick.  T. Gosliner (tgosliner@calacademy.org) can respond to inquiries concerning the genetic
analyses.

Results And Observations
In 2017, a population of Doris pseudoargus was observed on subtidal rocky ledges at Paddock Rock off
Cape Ann, Massachusetts by A. Shure. All animals occurred at a depth below 13m. There were a number of
large animals and egg masses that suggested the species had a stable and well established population
(Fig. 1). The animals were feeding on the sponge Isodictya palmata (Ellis and Solander 1786) as is
evidenced by the feeding wound in the image (Fig. 1a). A large egg mass, a partial one, and a pair of D.
pseudoargus mating in the background are visible in the image (Fig. 1b).  However, a survey of
photographic images from fall 2016 taken by Shure at the same location did not show any specimens
present. 

Fig. 1 Images of Doris pseudoargus taken at Paddock Rock by A. Shure.  Fig 1a large individual of D.
pseudoargus crawling on natural substrate.  Colony of the sponge Isodictya palmata shows evidence of
grazing by nudibranch (arrow).  Fig 1b two egg masses (asterisks) of D. pseudoargus on rock ledge; one
complete, one partial.  A pair of mating D. pseudoargus is visible in background (arrow) among colonies of
the sponge I. palmata.  Gloved �ngers of diver provide scale; animals and egg masses are larger than
endemic Gulf of Maine dorid nudibranch species. 

Subsequent dives by Shure recorded specimens at a series of additional sites in the GOM, including
Halfway Rock and the wreck of the ship/vessel Chester Poling (Table 1).  The nudibranchs at most of the
deeper sites were observed feeding on I. palmata. Additional specimens were also observed at several
locations in 2018 through 2021 (Table 1). In each case the habitat consisted of rocky ledges below the
thermocline that supported populations of sponges, particularly the palmate sponge, I. palmata. The only
time specimens were observed on arti�cial substrates was on the wreck of the Chester Poling.  Over time,
Shure has noticed that there appears to be a decline in the abundance of I. palmata at the dive sites
compared to earlier years. In 2020, Shure observed specimens of D. psuedoargus at Graves Light Station,
that occurred at depths as shallow as 4m and were feeding on Halichondria panicea (Table 1). Captain J.
Sullivan of the charter vessel Keep-ah, told Shure in 2020 that there had been specimens observed at
Graves Light Station for the past couple of years. 

Table 1.  Summary of NW Atlantic observations including dates, locations, relative numbers and egg
masses when present. 
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* 4 specimens collected and transported to University of New Hampshire 

Fig. 2 Map of Massachusetts and New Hampshire coastal zone showing location of dive sites indicated by
letters annotated in Table 1. 

In June, 2019, three specimens were collected off Broad Cove of Appledore Island, Isles of Shoals, ME by
divers from the Shoals Marine Laboratory. J. Factor then preserved the animals and delivered them to
Harris at UNH.  A live specimen was collected at the same site by E. Kintzing and brought to Harris and kept
in a recirculating sea water system, photographed and preserved in 95% EtOH.  Additional dives in the area
reported more specimens present, including egg masses. In November, 2019 and 2020, a breeding
population of numerous individuals was observed by the University of New Hampshire Advanced Diving
Class at Mingo Rock, a subtidal ledge north of Appledore Island.

In April, 2021, a specimen was observed but not photographed by E. Kintzing on a dive at Cape Neddick,
York Beach, Maine. The identi�cation as D. pseudoargus was con�rmed by size and morphology (much
larger than any native dorid nudibranchs known for the GOM and the observer was familiar with the
specimens observed at Appledore Island and Mingo Rock). An identi�able egg mass was observed and
photographed at the same site at Cape Neddick a couple of weeks later though the nudibranch was not
seen.
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In 2019, A. Kuzirian, observed a smaller specimen of D. pseudoargus collected by Marine Biological
Laboratory, Woods Hole, MA collectors from the northern end of the Cape Cod Canal. It was photographed
and subsequently preserved for genetic analysis.

Recently, A. Shure discovered a web sighting of what is likely to be D. pseudoargus collected off Yarmouth
County, Nova Scotia, Canada in 2017 (https://www.inaturalist.org/observations/70940660). This sighting
would indicate that the species was already widely distributed when it was �rst observed off Cape Ann.
However, the more recent sightings at the Isles of Shoals and Cape Neddick suggest the species is fairly
recent and is expanding its range southward.

On September 27, 2021, W. Grossman, a MBL collector, found three specimens under rocks at an intertidal
site at Scusset Beach at the north end of the Cape Cod Canal.   The specimens were found coincident with
populations of the sea anemone, Metridium senile.  However, very few sponges were observed in the
vacinity.

A somewhat unique feature of Doris psuedoargus compared to most European nudibranch species is the
fact it occurs in a wide range of color patterns, including mottled browns (Harris, personal observations;
Thompson and Brown 1984).  The specimens photographed by Shure and specimens brought to
Spaulding Hall for preservation ranged from somewhat uniform colors of yellow and orange (collected
specimens) to more expanded color ranges including mottled brown (Fig. 1a & b; �eld photographs by
Shure). 

Genetic analyses

Our Bayesian and maximum likelihood analyses (Fig. 3a) reveal that the specimen sequenced from
Massachusetts (CASIZ 223159A) is nested within a well-supported (pp = 1, bs = 97) cluster of European
specimens clearly identi�able as Doris pseudoargus. Within this cluster of D. pseudoargus, there is no clear
geographical separation between the European populations and the relationships between all specimens
are tentative due to low Bayesian internal node support and the resulting polytomies. The specimen from
Massachusetts (MZ389059) groups together with specimens from the North Sea of Scotland (KR084378 &
AY345030) and one individual from Heligoland, Germany (KR084586) and Kattegat, Sweden (MG935320)
in a weakly supported polytomy; however, this relationship does correspond with the relationships
suggested in the TCS hapotype network (Fig. 3b). 

The TCS haplotype network of eight specimens of D. pseudoargus suggest seven unique haplotypes with
no geographical separation and one shared haplotype between a specimen from Inverness, Scotland
(KR084378) and one of two specimens from Heligoland, Germany (KR084586). It also suggests that the
Massachusetts specimen, the four European specimens from the shared polytomy, and the specimen from
Skagerrak, Sweden (MG935407) are more closely related than the specimen from Esjerg, Denmark
(KR084907) and the second specimen from Heligoland, Germany (KR084616). 

The ABGD analysis of the mitochondrial COI gene also supports the relationships suggested in the
phylogenetic analyses and the TCS haplotype network (Fig. 3b). The Massachusetts specimen has lower
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genetic variation (0.15-0.31 %) with the �ve more closely related European specimens (KR084378,
AY345030, KR084586, MG935320, MG935407) suggested in the TCS haplotype network. In contrast, there
is larger variation (0.76 % in both instances) between the Massachusetts specimen and the specimen from
Denmark (KR084907) and the specimen from Heligoland, Germany (KR084586). Since the specimens
within European waters exhibit greater genetic variation between themselves (0.0-0.92 %) than to the
specimen from the western Atlantic, it strongly supports the hypothesis that the Massacusetts specimen
indeed represents an introduction from Europe.   

Fig. 3 A. Bayesian phylogenetic tree of D. pseudoargus estimated from COI data. Numbers above / below
branches refer to BI posterior probabilities (pp) / ML non-parametric bootstrapping values (bs).
Relationships not recovered in ML analysis indicated by a dash. Different colors represent geographical
locations. B. TCS haplotype network for D. pseudoargus COI. Each circle indicates a unique haplotype, size
indicates number of specimens sharing that haplotype, lines between circles indicates a single substitution,
small black circles indicate hypothetical haplotypes, and colors correspond to geographical locations in A.

Discussion
Doris pseudoargus is a common species in European waters and occurs from the intertidal to deeper
habitats down to 300m (Thompson and Brown 1984). The species feeds on several different sponge
species in Europe, including Halichondria panicea, which is common in the Gulf of Maine (GOM). The initial
GOM discovery and most subsequent observations of the species have been from deeper subtidal
locations (> 15m) on rocky ledges (Table 1). Specimens have subsequently been found at shallower depths
including 4m at Graves Light Station and intertidally in the Cape Cod Canal (Table 1). The sighting in Nova
Scotia (https://www.Inaturalist.org/observations/70940660) did not include depth information and the
specimens observed at Lanes Cove and Cape Neddick were shallower (Table 1). It is interesting that it was
not observed at Paddock Rock in 2016 while numerous breeding specimens were observed in June 2017. It
is likely that recruitment may have occurred, but individuals were small, cryptic and not seen. The fact that
it was observed in Nova Scotia as well as off Cape Ann in the southern portion of the Gulf of Maine
suggests it was present and became established and spread without being detected for some time prior to
2017. The increasing popularity of underwater photography and citizen science increases the likelihood
that new observations will be detected and recorded by persons who are informed enough to realize a
species may not be typical of that habitat. The presence of specialized photo guides (Martinez 2010; Shine
2012) available to the public also increases the likelihood of new or introduced species being sighted.
While the rediscovery of C. plebeia was made by a scientist (Harris) who studies nudibranchs, the discovery
of D. pseudoargus was by an informed recreational diver (Shure).

The geographic range of D. pseudoargus extends from the Mediterranean Sea to the North Atlantic; this
implies that the species is able to tolerate a wide temperature range (eurythermal). Individuals feed on
sponges, including Halichondria panicea that occur over a wide range of depths from the intertidal to more
than 60m. The fact that D. pseudoargus had only been found at depths below 13m at most sites until
recently (intertidal in the Cape Cod Canal and 4m off Cape Ann and 5m at Cape Neddick) is interesting and
is probably why it was not detected earlier. However, the fact that a specimen was likely collected on the
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outer coast of Nova Scotia in 2017, where summer water temperatures can be warmer than those found in
most of the GOM, begs the question of where it was originally introduced and when.

The size of the initial population observed off Cape Ann suggested that it had been established in the
region for some time since there were a range of sizes, including spawning adults. In Europe, D.
pseudoargus is known to have an annual life cycle which includes settling in the later summer and growing
through the winter and then spawning in early summer (Thompson, 1976). This is a similar pattern to that
seen for many of the larger nudibranchs occurring in the GOM (Harris, 1973). However, climate change may
now be impacting seasonal life history patterns (Pershing et al. 2015; Dijkstra et al. 2017). The
observations of D. pseudoargus in the GOM have documented large animals mating and producing egg
masses in November through June, suggesting a more extended reproductive cycle. It is possible that the
initial distribution in deeper, more stable (colder) water masses may have resulted in a breakdown in the
seasonal reproductive pattern. It begs the question about what other species may be present in the Gulf of
Maine, but at depths deeper than normally explored by divers. Bleakney (1996) lists nudibranch species
reported for Nova Scotia, which have not been documented in the GOM, so it is quite possible that new
discoveries are likely as more divers become aware of the possibility of �nding additional species.

The introduction of a large sponge predator that has been absent from the Gulf of Maine and the Canadian
Maritimes, introduces the issue of its potential impact on the local sponge fauna that historically has had
very limited predation pressure. In shallower depths, only the sea star Henricia sanguinolenta (O.F. Müller
1776) has been documented as a sponge predator (Dijkstra et al. 2013; Sheild 1990; Sheild and Witman
1993; Van Volkom et al. 2021). The documented species that D. pseudoargus preys upon in the Gulf of
Maine have become less common in shallow waters. This reduction in abundance has been linked to
space competition/availability by a series of introduced colonial ascidians (Dijkstra et al. 2007; Dijkstra
and Harris 2009). At Paddock Rock, sponge populations do appear to have declined after the presence of
large numbers of D. pseudoargus predators (Shure, unpublished observations) and it is likely to be the case
with Mingo Rock with numerous individuals present two years in a row. Future directed studies are needed
to understand the impact of nudibranch predation on community structure on vertical walls that typically
are dominated by suspension feeding, colonial invertebrates of which sponges are an important
component.

Declarations
Acknowledgements:  

This project was not directly supported by outside funding sources.  The authors declare that no funds,
grants, or other support were received during the preparation of this manuscript.  J. Factor and W.
Grossman provided specimens collected off Appledore Island and Scusset, MA respectively. E. Kintzing
collected one specimen and provided observational information from the Isles of Shoals and Cape
Neddick.  Live specimens were maintained for observation in the aquatic room in Spaulding Hall, University
of New Hampshire and genetic analyses were conducted at the California Academy of Sciences. Cape Ann



Page 10/13

offshore transportation and dive logistics were provided by Dave Stillman, Mary Stillman, Steve Smith, and
David Shumway.

References
1. Alfaro ME, Zoller S, Lutzoni F (2003) Bayes or bootstrap? A simulation study comparing the

performance of Bayesian Markov Chain Monte Carlo sampling and bootstrapping in assessing
phylogenetic con�dence. Mol Biol Evol 20:255–266

2. Allmon RA, Sebens KP (1988) Feeding biology and ecological impact of an introduced nudibranch,
Tritonia plebeia, New England, USA. Mar Biol 99:375–385

3. Behrens DW, Hermosillo A (2005) Eastern Paci�c nudibranchs: A guide to the opisthobranchs from
Alaska to Central America. Sea Challengers, Monterey

4. Berman J, Harris LG, Lambert W, Buttrick M, Dufresne M (1991) Recent invasions of the Gulf of Maine:
Three case histories. Conserv Biol 6:435–441

5. Bleakney JS (1996) Sea slugs of Atlantic Canada and the Gulf of Maine. In: Lucy S (ed) Nimbus
Publishing and the Nova Scotia Museum, Halifax, Nova Scotia

�. Chavanich S, Harris LG, Viyakarn V (2010) Nudibranchs of Thailand. Biodiversity Research and
Training Program (BRT), Bangkok

7. Clement M, Snell Q, Walker P, Posada D, Crandall K (2002) TCS: Estimating gene genealogies. Parallel
and Distributed Processing Symposium, International Proceedings

�. Coleman N, Cobb G, Mullins D (2015) Nudibranchs encyclopedia: catalogue of Asia/Indo Paci�c sea
slugs. Thomas Sloan, Masalai Press, Oakland & Tim Hochgrebe, Underwater Australasia, Byron Bay

9. Darriba D, Posada D, Kozlov AM, Stamatakis A, Morel B, Flouri T (2020) Model Test-NG: a new and
scalable tool for the selection of DNA and protein evolutionary models. Mol Biol Evol 37:291–294

10. Debelius H, Kuiter RH (2007) Nudibranchs of the World. IKAN-Unterwasserachiv, Frankfurt

11. Dijkstra J, Harris LG, Westerman E (2007) Distribution and long-term temporal patterns of four invasive
colonial ascidians in the Gulf of Maine. J Exp Mar Biol Ecol 342:61–68

12. Dijkstra JA, Harris LG (2009) Maintenance of diversity altered by a shift in dominant species:
implications for species coexistence. Mar Ecol Prog Ser 387:71–80

13. Dijkstra JA, Lambert WJ, Harris LG (2013) Introduced species provide a novel temporal resource that
facilitates native predator population growth. Biol Invasions 15:911–919

14. Dijkstra JA, Westerman EL, Harris LG (2017) Elevated seasonal and maximum temperature eliminates
thermal barriers of reproduction. A community state change for northern benthic communities? Divers
Distrib 23:1182–1192

15. Elton CS (2000) The ecology of invasions by plants and animals. The University of Chicago Press,
Chicago

1�. Flouri T, Izquierdo-Carrasco F, Darriba D, Aberer AJ, Nguyen LT, Minh BQ, von Haeseler A, Stamatakis A
(2014) The phylogenetic likelihood library. Syst Biol 64(2):356–362



Page 11/13

17. Folmer O, Hoeh WR, Black MB, Vrijenhoek RC (1994) Conserved primers for PCR ampli�cation of
mitochondrial DNA from different invertebrate phyla. Mol Mar Biol Biotech 3:294–299

1�. Gosliner T (1987) Nudibranchs of Southern Africa: a guide to opisthobranch molluscs of Southern
Africa. E. J. Brill, Leiden

19. Gosliner TM, Behrens DW, Valdes A (2008) Indo-Paci�c nudibranchs and sea slugs: A �eld guide to the
World’s most diverse fauna. Global Interprint Inc., Santa Rosa

20. Harris LG (1973) Nudibranch associations. In: Cheng TC (ed) Current Topics in Comparative
Pathobiology. Academic Press, New York, pp 275–277

21. Hartman W (1964) Phylum Porifera. In: Smith, R. I. (ed.) Keys to Marine Invertebrates of the Woods
Hole Region. Systematics-Ecology Program, Marine Biological Laboratory, Woods Hole, Massachusetts
pp. 1–7

22. Katoh K, Asimenos G, Toh H (2009) Multiple alignment of DNA sequences with MAFFT. Methods Mol
Biol 537:39–64

23. Kearse M, Moir R, Wilson A, Stones-Havas S, Cheung M, Sturrock S, Buxton S, Cooper A, Markowitz S,
Duran C, Thierer T, Ashton B, Meintjes P, Drummond A (2012) Geneious Basic: An integrated and
extendable desktop software platform for the organization and analysis of sequence data. Bioinf
28:1647–1649

24. Leigh JW, Bryant D (2015) popart: Full-feature software for haplotype network construction. Methods
Ecol Evol 6:1110–1116

25. Loyning P (1927) Nudibranchs from Bergen, collected in the neighbourhood of the Biological Station
at Herdla. Nyt Mag For Naturv Christiana 65:243–264

2�. Maddison WP, Maddison DR (2018) Mesquite: a modular system for evolutionary analysis Available
from:
http://mesquiteproject.org/mesquiteArchives/mesquite1.02/mesquite/download/MesquiteManual.pdf

27. Martinez AJ (2003) Marine life of the North Atlantic: Canada to Cape May. Aqua Quest Publications,
Inc., New York

2�. Miller MC (1961) Distribution and food of the Nudibranchiate Mollusca of the south of the Isle of Man.
J Anim Ecol 30:95–116

29. Miller MA, Pfeiffer W, Schwartz T (2010) “Creating the CIPRES Science Gateway for inference of large
phylogenetic trees”. In: Proceedings of the Gateway Computing Environments Workshop (GCE), New
Orleans

30. Minor RW (1940) Field book of shore life. G. P. Putnam’s Sons, New York

31. Moore GM (1964) Phylum Mollusca: Shell-less Opisthobranchia. In: Smith, R. I. (ed.) Keys to Marine
Invertebrates of the Woods Hole Region. Systematics-Ecology Program, Marine Biological Laboratory,
Woods Hole, Massachusetts pp. 153–164

32. Odhner NHJ (1926) Nudibranchs and lamellariids from the Trondhjem Fjord. Det Kgl. Norske Vidensk.
Selsk. Skrift. 1926, N. R. 2. Meddelelse fra Trondhjems Biologiske Statsjon N. R 24:1–36



Page 12/13

33. Pederson J, Bullock R, Carlton J, Dijkstra J, Dobroski N, Dyrynda P, Fisher R, Harris L, Hobbs N, Lambert
G, Lazo-Wasem E, Mathieson A, Miglieta M, Smith J, Smith J III, Tyrrell M (2005) Marine invaders in the
Northeast: Rapid assessment survey of non-native and native marine species of �oating dock
communities, August 2003. Report of the August 3–9, 2003 Survey. MIT Sea Grant College Program,
Cambridge, MA

34. Pershing SA, Alexander MA, Hernandez CM, Kerr LA, Le Bris A, Mills KE, Nye JA, Record NR, Scannell
HA, Scott JD, Sherwood GD (2015) Slow adaptation in the face of rapid warming leads to collapse of
the Gulf of Maine cod �shery. Science 350:809–812

35. Picton BE, Morrow CC (1994) A �eld guide to the nudibranchs of the British Isles. Immel Publishing
Limited, London

3�. Pollock LW (1997) A practical guide to the marine animals of northeastern North America. Rutgers
University Press, New Jersey

37. Puillandre N, Lambert A, Brouillet S, Achaz G (2012) ABGD, Automatic barcode gap discovery for
primary species delimitation. Mol Ecol 21:1864–1877

3�. Ronquist F, Huelsenbeck JP (2003) MrBayes 3: Bayesian phylogenetic inference under mixed models.
Bioinf 19:1572–1574

39. Sheild CJ (1990) Predation by the sea star Henricia sanguinolenta (Echinodermata: Asteroidea), with
special attention to its effect on sponges. Masters Thesis. Northeastern University, Boston, USA

40. Sheild CJ, Witman JD (1993) (Echinodermata: Asteroidea) predation on the �nger sponges, Isodictya
spp. J Exp Biol Ecol 166:107–133

41. Shine J (2012) Nudibranchs of the Northeast. Blue Sphere Pubs, China

42. Simberloff D (2013) Invasive species what everyone needs to know. Oxford University Press, New York

43. Stamatakis A (2014) RAxML version 8: a tool for phylogenetic analysis and post-analysis of large
phylogenies. Bioinf 30:1312–1313

44. Swennen C (1961) Data on distribution, reproduction and ecology of the nudibranchiate molluscs
occurring in the Netherlands. Neth J Sea Res 1:191–240

45. Thompson TE (1976) The biology of opisthobranch molluscs, vol 1. The Ray Society, John Wright and
Sons LTD. Bristol

4�. Thompson TE, Brown GH (1984) Biology of opisthobranch molluscs, vol II. The Ray Society, John
Wright and Sons LTD., Bristol

47. Thompson TE, Brown GH (1976) British opisthobranch molluscs. Synopses of the British Fauna No,
vol 8. Academic Press, London

4�. Valdes A, Hamann J, Behrens DW, DuPont A (2006) Caribbean sea slugs: A �eld guide to the
opisthobranch mollusks from the tropical northwestern Atlantic. Global Interprint Inc., Santa Rosa

49. Van Bragt PH (2004) The sea slugs, Saccoglossa and Nudibranchia (Gastropoda, Opisthobranchia), of
the Netherlands. Vita Malacologica 2:3–32

50. Van Volkom KS, Harris LG, Dijkstra JA (2021) The in�uence of invasive ascidian diets on the growth of
the sea star Henricia sanguinolenta. J Mar Biol Assoc U K 1–7.



Page 13/13

https://doi.org/10.1017/50025315420001228

Figures

Figure 1

Images of Doris pseudoargus taken at Paddock Rock by A. Shure. Fig 1a large individual of D. pseudoargus
crawling on natural substrate. Colony of the sponge Isodictya palmata shows evidence of grazing by
nudibranch (arrow).  Fig 1b two egg masses (asterisks) of D. pseudoargus on rock ledge; one complete, one
partial. A pair of mating D. pseudoargus is visible in background (arrow) among colonies of the sponge I.
palmata. Gloved �ngers of diver provide scale; animals and egg masses are larger than endemic Gulf of
Maine dorid nudibranch species.

Figure 2

Map of Massachusetts and New Hampshire coastal zone showing location of dive sites indicated by
letters annotated in Table 1.

Figure 3

A. Bayesian phylogenetic tree of D. pseudoargus estimated from COI data. Numbers above / below
branches refer to BI posterior probabilities (pp) / ML non-parametric bootstrapping values (bs).
Relationships not recovered in ML analysis indicated by a dash. Different colors represent geographical
locations. B. TCS haplotype network for D. pseudoargus COI. Each circle indicates a unique haplotype, size
indicates number of specimens sharing that haplotype, lines between circles indicates a single substitution,
small black circles indicate hypothetical haplotypes, and colors correspond to geographical locations in A.


