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Abstract

The Pacific bryozoan, Smittoidea prolifica Osburn, 1952, is reported for the first time from the
Northwest Atlantic coast. Colonies were discovered during routine benthic sampling of Casco
Bay, Maine, encrusting mussel shells and barnacles. Aiming to compare specimens from
native and introduced locations, uncertainties about the Pacific range of S. prolifica were
resolved by re-examining specimens from Japan, southern Korea, the United States west
coast, and Mexico. The occurrence of this species in Japan was confirmed but southern
Korea specimens were found to be Smittoidea spinigera (Liu, 1990). Comparisons of biomet-
rics among specimens from widely dispersed locations where S. prolifica is native and intro-
duced showed significant trends in variation with most characters largest for California and
smallest for Germany. Zooid width was largest for Maine specimens. Comparisons between
oceans showed that Pacific and Atlantic specimens differed significantly in all measures except
zooid length and orifice width. Low substrate specificity and broad range of temperatures and
salinities in occupied habitats suggests the potential for successful introduction is high.
Smittoidea prolifica was most likely introduced through commercial shipping from the
North Sea where it is an established non-native species. This was the third non-indigenous
species found in Casco Bay discovered within the same timeframe and which shared the
same likely region of origin. This spike matched a rise in commercial shipping from the
Northeast Atlantic to Portland, Maine, suggesting this seaport is shifting towards becoming
a bioinvasion hotspot.

Introduction

During routine identification of marine zoobenthos collected from Casco Bay, Portland,
Maine, a bryozoan new to the Northwest Atlantic was found encrusting shells and barnacles.
Zooids presented large areolar pores on their peripheries, lacked pseudopores centrally on
their frontal walls, and had a medial avicularium placed just below the primary orifice.
These features are among the characteristics of the genus Smittoidea. Worldwide there are
57 species in this genus, 13 of them known from the North Atlantic with only four occurring
in the western Atlantic according to the World Register of Marine Species (Ahyong et al.,
2024). Of these four, three are warm water species, one reported from the Gulf of Mexico
(Winston and Maturo, 2009) and two from the Caribbean (Winston and Woollacott, 2009;
Winston and Jackson, 2021). The fourth species, Smittoidea propinqua (Smitt, 1868), ranges
into the Gulf of Maine from its circumarctic-boreal distribution. The Casco Bay species
resembled S. propinqua, but that species does not have a lyrula, the central tooth of a primary
orifice which was prominent in the Casco Bay specimens. Using this feature and a suite of
other diagnostic characteristics (Osburn, 1952; Soule, 1961; Soule and Soule, 1964; Banta,
1980), the bryozoan was identified as Smittoidea prolifica Osburn, 1952.

Smittoidea prolifica is considered a species of the temperate North Pacific realm (Nelson
et al., 2016) with a fossil record from northern Japan dating from the Neogene (Hayami,
1975). On the western North American coast, this species ranges from Baja California,
Mexico to Washington, United States (Figure 1). Osburn (1952) described S. prolifica from spe-
cimens collected from southern California where it was a common shore species that also
encrusted floats and pilings. He considered the Smittia reticulata of Robertson (1908) reported
from southern California and the Smittina reticulata of Okada and Mawatari (1936) found in
Japan to be S. prolifica. These synonymies established a present-day amphi-North Pacific distri-
bution for this bryozoan which was supported by subsequent records from Japan (Long and
Rucker, 1969) and southern Korea (Rho and Seo, 1986; Seo and Min, 2009). However, the syn-
onymy of Osburn (1952) with specimens from Japan and some inconsistencies among species
descriptions of specimens collected from southern Korea (Rho and Seo, 1986) have received crit-
ical attention (De Blauwe and Faasse, 2004). In that respect, specimens from the Northwest
Pacific require re-examination to confirm their identification so to better understand the
North Pacific distribution and morphological variation of S. prolifica.

Smittoidea prolifica has a history of introductions in European waters around the North
Sea. It was first discovered in 1995 on the southwestern coast of the Netherlands (Van
Moorsel, 1996) and at several additional locations there from 1998 to 2001 (De Blauwe and
Faasse, 2004). New records of this species continued to appear along the coastline with
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discoveries progressing northeastwards (Dekker and Drent, 2013;
Gittenberger et al., 2015), eventually reaching the Central Wadden
Sea coastline of Germany by the German Bight of the North Sea
(Markert et al., 2015). A few records were reported for offshore
locations (Vanagt et al., 2013; Kind and Kuhlenkamp, 2016).
The most northerly published record of this species was from
Tiefe Rinne near Helgoland (Kind and Kuhlenkamp, 2016).
Aquaculture and its associated infrastructure were implicated as
vectors for introductions (De Blauwe and Faasse, 2004; Markert
et al., 2015) as was encrusted floating debris and algae (Markert
et al., 2015; Kind and Kuhlenkamp, 2016).

In this paper, S. prolifica is redescribed from specimens discov-
ered in Casco Bay, Maine. Morphology is compared, biometrics
analysed, and the range of S. prolifica clarified by means of a
review of collections from the coasts of the Northeast and
Northwest Pacific, the Northwest Atlantic, and locations of intro-
duction in European waters. Finally, preliminary ecological obser-
vations are discussed along with possible routes of introduction
into the Gulf of Maine.

Materials and methods

Field survey and sample processing

The seabed was sampled near the mouth of the Presumpscot River,
Casco Bay, located off Portland (43.6591°N,− 70.2568°W) in

Cumberland County on the southern coast of Maine (Figure 2).
Quantitative samples, three per station at depths of 4.18 to 7.71
m were taken at four stations approximately 1 h after low tide
using a 0.05 m2 Ponar grab sampler. Two stations were sampled
on 18 August and the other two on 24 August 2020. Water column
environmental parameters were measured with an EXO-1 YSI
sonde attached to the grab sampler platform. The platform
remained stationary on the bottom for at least 10min for the
sonde to equilibrate before retrieval. Retrieved samples were
accessed for general sediment composition and then sifted on
deck through a 1 mm mesh sieve. Sorted macrofauna, cobbles,
and shells with epibionts were placed in Ziploc® bags containing
seawater and stored on ice packs for transport. In the laboratory,
all animals were initially sorted to phylum and preserved in 95%
ethanol within 24 h of collection. Cobbles and shells were exam-
ined by stereomicroscope and preserved whole with attached
fauna. Specimens were later identified to the lowest taxon possible,
usually species. Voucher specimens of S. prolifica were deposited in
the Yale Peabody Museum (YPM), Yale University, New Haven,
Connecticut, USA.

Imaging

Digital images from light microscopy were taken as tiff files at a
resolution of 300 dpi with an Olympus SZ61 stereoscopic micro-
scope system and ImagePro®. Slide scan and SEM images were

Figure 1. The global distribution Smittoidea prolifica based on collection locations (closed circles) of specimens used in analyses. Also shown are collection loca-
tions for S. spinigera and Parasmittina nitida. Symbology: S. prolifica, green; Smittoidea spinigera, orange; P. nitida, red.
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captured at the Yale Peabody Museum facilities. Slide scan images
were acquired using an Olympus BH-51 compound microscope
featuring lenses that allow both transmitted (with Differential
Interference Contrast filters) and reflected light, outfitted with a
Teledyne Lumenera Infinity 3 digital camera. Positioning of the
slide, and focus and image acquisition were controlled by software
(Objective Imaging Surveyor version 9.4.0.5) along the x, y, and z
axes. Individual position images were stitched together on a single
plane, and multiple planes rendered into an extended focus image
using Helicon Focus Pro version 8.2.0. For SEM, selected speci-
mens were immersed in a sodium hypochlorite solution to
remove soft tissue, rinsed in water, air dried, and mounted with

double-sided adhesive tape on aluminium SEM stubs. In some
cases, specimens were then coated with 6-10 nm gold using a
Cressington 208HR high resolution sputter coater. Specimens
were observed with a Hitachi SU7000 scanning electron micro-
scope at 15 kV accelerating voltage. All images were stored elec-
tronically as tiff files at a resolution of 200 pixels/cm2.

Biometric measurements and analysis

Measurements of mature zooids and zooidal structures were made
from tiff files using Adobe Photoshop®. Biometrics were defined
according to dimensions illustrated by Pouyet and Herrera

Figure 2. Casco Bay, Maine, USA showing location (blue) where Smittoidea prolifica was collected on 18 August 2020 in the Presumpscot River drainage. Other
sampling stations (black) yielded no species of bryozoans. Upper inset shows Casco Bay region (frame) and Portland (red) in relation to the Gulf of Maine,
New England states, and Canadian provinces.
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(1986). Measurements were divided among five colonies, each
encrusting a separate substrate. Three to eight zooids were mea-
sured per colony. Each suite of measurements (zooid length and
width, orifice length and width, etc.) was taken from the same
zooid. In some cases, structures were obscured or not parallel to
the focal plane and could not be reliably measured on a zooid.
Because of that, the number of measurements (N) among struc-
tures differed. Measurements of specimens from Glen Cove,
Vallejo, Solano County, California and Sasebo, Nagasaki
Prefecture, Japan were made for comparison with Casco Bay spe-
cimens using the same methods with the exception that only one
colony was available from these locations. Quadrate shaped zooids
were infrequent, present only in the Glen Cove colony, and not
measured.

Differences in morphological characters among locations were
assessed graphically and statistically. Biometric comparisons of
individual characters among locations were performed using one-
way Analysis of Variance (SigmaPlot 15) when the data met the
assumptions of normality and equal variance according to the
Shapiro-Wilks and Brown-Forsythe methods, respectively. When
differences among mean values were greater than would be
expected by chance, post-hoc multiple comparisons were done
using the Holm-Sidak method to find which measures differed
statistically from one another. The Kruskal-Wallace test was cho-
sen for analysis when the data did not meet test assumptions.
When differences among median values were greater than
would be expected by chance, post-hoc multiple comparisons
were made using the Dunn’s method. Biometric differences in
characters between Atlantic and Pacific specimens were assessed
by pooling measurements from each ocean and comparing
them using a pooled two sample t test when the data met the
test assumptions for normality and equal variance, each evaluated
the same way as previously described. When test assumptions
were not met, the pooled data were compared using the
Mann–Whitney test. Finally, specimens were compared to test
the hypothesis that zooids had similar average biometrics regard-
less of the localities they were collected from. Similarity was eval-
uated using PRIMER 7 nonparametric methods as described by
Plymouth Routines in Multivariate Ecological Research (Clarke
and Warwick, 2001). Initially, the means of each variable (lengths
and widths of zooid, orifice, and ovicell) were square root trans-
formed and tabulated for each location. A resemblance matrix was
generated from the table using Euclidean distance of the square
root transformed means. Finally, dissimilarity among locations
was assessed using hierarchal cluster analysis on the resemblance
matrix with group average as the cluster mode. Significant differ-
ences (P < 0.05) in similarity among locations were evaluated with
the similarity profile test (SIMPROF).

Results

Habitat and environmental conditions

The shallow depths (4.18–7.71 m) that specimens of S. prolifica
were retrieved from varied little in temperatures (18.98–19.32 °C)
and the low salinities (28.86–29.72 psu) were indicative of the
Presumpscot River drainage environment (Table 1). Specimens

were found in all three grab samples and for each the seabed con-
sisted of unconsolidated sediments with shell. No bryozoans of any
species occurred at stations sampled beyond the river where the
seabed consisted of primarily soft sediments mixed with sand
and gravel.

Colonies encrusted living and dead barnacles (Balanus crena-
tus Bruguière, 1789) and Mytilus shells with co-occurring
Amathia gracilis (Leidy, 1855) and Barentsia laxa Kirkpatrick,
1890. No colonies of S. prolifica were overgrown or overgrew
any associated epifauna, and none were found on cobbles. The
bryozoan assemblage found on accompanying cobble included
dense mats of A. gracilis, along with Cryptosula pallasiana
(Moll, 1803) and Pentapora americana (Verrill, 1875).

Systematic account
Order CHEILOSTOMATIDA

Suborder FLUSTRINA
Superfamily SMITTINOIDEA Levinsen, 1909

Family SMITTINIDAE Levinsen, 1909
Genus Smittoidea Osburn, 1952
Smittoidea prolifica Osburn, 1952

(Figures 3–7)
Smittia reticulata Robertson, 1908, p. 306, Plate 23, Figures

75, 76
Smittoidea prolifica Osburn, 1952, pp. 408, 409, Plate 48,

Figures 7, 8; Soule, 1961, pp. 33, 34; Soule and Soule, 1964,
p. 24; Long and Rucker, 1969, p. 63; Banta, 1980, p. 388,
Figure 24.81; De Blauwe and Faasse, 2004, p. 33, Figures 1, 2;
Markert et al., 2015, p. 717, Figure 2a–e; Kind and
Kuhlenkamp, 2016, p. 1237, Figure 1

Material examined

NORTHWEST ATLANTIC– United States • Maine • Casco Bay,
about 100 m north of Martin’s Point, Presumpscot River,
Cumberland County, Portland: YPM IZ 106905, 43.6910° N,
−70.2465° W, depth 6.42 m, Ponar grab, coll. T.J. Trott, 18 Aug
2020, 1 colony on B. crenatus; YPM IZ 106906, 43.6909° N,
−70.2968° W, depth 4.18 m, Ponar grab, coll. T.J. Trott, 18 Aug
2020, 1 colony on Mytilus shell; YPM IZ 106907, 43.6909° N,
−70.2968° W, depth 4.18 m, Ponar grab, coll. T.J. Trott, 18 Aug
2020, 1 colony on Mytilus shell; YPM IZ 106908, 43.6909° N,
−70.2461 W, depth 7.71 m, Ponar grab, coll. T.J. Trott, 18 Aug
2020, 1 colony on Mytilus shell; YPM IZ 106909, 43.6909° N,
−70.2968° W, depth 4.18 m, Ponar grab, coll. T.J. Trott, 18 Aug
2020, 1 colony on Mytilus shell; YPM IZ 106910, 43.6909° N,
−70.2968° W, depth 4.18 m, Ponar grab, coll. T.J. Trott, 18 Aug
2020, 1 colony on B. crenatus; YPM IZ 106813, 43.6909° N,
−70.2461 W, depth 7.71 m, Ponar grab, coll. T.J. Trott, 18 Aug
2020, 1 colony on Balanus plate; YPM IZ 106814, 43.6910° N,
−70.2465° W, depth 6.42 m, Ponar grab, coll. T.J. Trott, 18 Aug
2020, 1 colony on Mytilus shell. United States • Virginia •
Gates Channel, Accomack County, Wachapreague: USNM
1446003 (SERCINVERT1537), 37° 35.55′ N, −75° 39.51′ W,
Trawl-Beam, 1 m, depth 2 m, coll. R. Aguilar, 27 Jun 2017, 1 col-
ony on gravel.

Table 1. Geolocation, mean sea bottom environmental attributes, and substrate composition at collection locations of Smittoidea prolifica in Casco Bay, Maine

Station Latitude Longitude Depth (m) ODO (mg/L) Sal (psu) pH Temp (°C) Substrate Type

PR28-1 43.6909° −70.2968° 4.18 6.80 28.86 7.68 19.32 shell, cobble, gravel

PR28-2 43.6910° −70.2465° 6.42 7.13 29.72 7.82 19.02 muddy shell hash

PR28-3 43.6909° −70.2461° 7.71 7.10 29.72 7.84 18.98 Mytilus shells
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EAST PACIFIC – United States • Washington • Willapa Bay •
Boat Basin, Pacific County, Nahcotta: SBNMH 641394, 46° 29.88′

N, −124° 1.98′ W, on old tires, intertidal, coll. K. McCain, 1973, 3
colonies (dry). Oregon • Coos Bay • Empire Boat Ramp, Coos
County, Coos Bay: Smithsonian Environmental Research Center
(SERC) 30222, 43° 23.5002′ N, −124° 16.8′ W, PVC settlement
plate, depth 1 m, coll. E. Collinetti, 2000, 1 colony. Oregon •
Coos Bay • Empire Boat Ramp, Coos County, Coos Bay:
Smithsonian Environmental Research Center (SERC) 127986,
43° 23.6202′ N, −124° 16.8492′ W, PVC settlement plate, depth
1 m, coll. K. Larson, 2004, 2 colonies. Oregon • South Slough •
Crown Point, Coos County, Coos Bay: Smithsonian
Environmental Research Center (SERC) 128818, 43° 19.0338′ N,
−124° 19.2978′ W, PVC settlement plate, depth 1 m,
coll. K. Larson, 2004, 5 colonies. California • Channel Islands •
off Santa Cruz Island, Ventura County, Albatross 2945:
SBNMH 644249 (voucher), 34° N, −119° 29.502′ W, depth 55
m, coll. unknown, det. R.C. Osburn, 1889, 1 colony (slide).
California • Channel Islands • 1 mi SE of Smugglers Cove on
Santa Cruz Island, Santa Barbara County, Velero 1295-41:
SBNMH 644250 (voucher), 33° 55.75′ N, −119° 31.5′ W, depth
27–38 m, coll. unknown, det. R.C. Osburn, 1941, 1 colony
(slide). California • Channel Islands • 1.75 mi SE of Santa Cruz
Island, Santa Barbara County, Velero 1662-48: SBNMH 644248
(voucher), 33° 55.75′ N, −119° 31.0833′ W, depth 42 m, coll.
unknown, det. R.C. Osburn, 1948, 2 colonies (slide). California
• Mission Bay • Dana Marina, San Diego County, San Diego:
Smithsonian Environmental Research Center (SERC) 111834,
32° 45.9888′ N, −117° 14.1396′ W, PVC settlement plate, depth
1 m, coll. A.M. Leyman, 2003, 3 colonies. California •

San Francisco Bay • Glen Cove Marina, Solano County, Vallejo:
Smithsonian Environmental Research Center (SERC) 308827,
38° 24.576′ N, −122° 7.482′ W, PVC settlement plate, depth 1
m, coll. G. Ashton, 2015, 1 colony. California • Humbolt Bay •
Eureka Public Marina, Humbolt County, Eureka: Smithsonian
Environmental Research Center (SERC) 305986, 40° 48.132′ N,
−124° 10.752′ W, PVC settlement plate, depth 1 m,
coll. S. Havard, 2015, 1 colony. California • Humbolt Bay •
Kuiper Oyster Raft, Humbolt County, North Slough:
Smithsonian Environmental Research Center (SERC) 103347,
40° 51.2418′ N, −124° 8.736′ W, PVC settlement plate, depth 1
m, coll. A.M. Leyman, 2015, 3 colonies. Mexico • Baja
California • Gulf of California • off Coronado Island, Puritan
145: AMNH 480, 26° 7.142′ N, −111° 16.4455′ W, depth 73–82
m, coll. unknown, det. J.D. Soule, 1957, 1 colony (slide).

NORTHWEST PACIFIC– Japan • Sasebo, Nagasaki
Prefecture: USNM 651039, 33° 9.8′ N, 129° 42.7′ E, asbestos/
pine wood fouling panel, depth 10 m, coll. Long and Rucker,
1966, 1 colony (dry). Southern Korea • Maldo Island • J.E. Seo
private collection, 37° 41.1306′ N, 126° 7.9764′ E, depth 18–23
m, SCUBA, coll. J.E. Seo, 1986.

Description of Casco Bay, Maine specimens

Colony
Unilaminar, glossy, pink, white, encrusting mollusc shells and
plates of attached living and dead barnacles. Radiate growth
from tatiform ancestrula, young colonies circular but losing
shape with progressive development (Figure 3, Figure 4A, B).
Largest observed approximately 1.5 cm across.

Figure 3. Smittoidea prolifica from Casco Bay, Maine. Mature colony on Balanus crenatus Bruguière, 1789 with co-occurring Amathia gracilis (Leidy, 1855) and
Barentsia laxa Kirkpatrick, 1890. Insets: A, Immature colony on Mytilus shell; B, Close-up of mature colony. Scale: 500 μm. Catalogue numbers: YPM IZ 106813:
mature colony; YPM IZ 106814: inset A; YPM IZ 106813: inset B.
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Zooids
Zooecia distinct, ellipsoid to irregularly hexagonal, 437–382 μm
long (�x = 414 μm, SD ± 16, n = 22) by 225–382 μm wide
(�x = 267 μm, SD ± 41, n = 22), often separated at lateral and prox-
imal margins by weak ridges formed by adjacent lateral walls.

Frontal wall
Convex, imperforate, smooth in young zooids (Figure 4C, D)
becoming rough and more granular in larger zooids (Figure 5).
Margin perforated with single row of 10-14 large irregularly
sized areolar pores laterally and proximally, often overlapped by
ovicells of neighbouring zooids. Ridges between marginal pores

weakly developed in young zooids; extend from margin centrally,
in later ontogeny becoming so prominent and stout with age to
occasionally obscure frontal shield (Figure 5).

Orifice
Primary orifice (Figure 4E, F) nearly circular, slightly wider than
long, 94–120 μm long (�x = 109 μm, SD ± 7, n = 22) by 103–132
μm wide (�x = 120 μm, SD ± 6, n = 22), rounded distally but
straighter proximally with prominent medial lyrula. Lyrula,
21–36 μm long (�x = 27 μm, SD ± 5, n = 21) by 37–56 μm wide
(�x = 47 μm, SD ± 6, n = 21), anvil-shaped (Figure 6A), slightly
basally directed with slight longitudinal ridge corresponding

Figure 4. Smittoidea prolifica from Casco Bay, Maine. A, Immature colony. Note ancestrula, bottom, middle; B, Same as A in SEM; C, Immature zooid, primary orifice
with spines; D, Immature zooids; E, Immature zooid, primary orifice with lyrula and small condyles; F, Mature zooid, primary orifice with spine remnants and prom-
inent condyle. Catalogue numbers: YPM IZ 106814: A to E; YPM IZ 106905: F. Scale: A, B, = 300 μm; C, D = 100 μm; E, F = 50 μm. Scanning electron micrographs by
L. Rojas.
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with internal tubule (Figure 6B), translucent in light (Figure 5A,
Figure 6A). Condyles distinct, subopercular, small in young
zooids (Figure 4E) becoming more prominent with age
(Figure 4F). Young zooids with four to occasionally five fragile
ephemeral hollow spines near distal rim of orifice (Figure 4C),
all lost early on except two (Figure 4F) eventually hidden by
developing ovicell. Peristome slightly raised in young zooids
(Figure 4D, E), later in ontogeny rises proximally appearing flap-
shaped on either side of orifice, joining distal surface of umbo and
proximal sides of ovicell at its juncture with orifice. Two small
extra-aperture small pores, one on each side proximal to primary
orifice (Figure 5C).

Avicularia
Single subapertural avicularium, 45–80 μm long (�x = 60, SD ± 10,
n = 18) by 95–112 μm wide (�x = 104 μm, SD ± 6, n = 18), raised
on prominent umbo medial and perpendicular to the frontal

wall (Figure 7A, E). Rostrum directed distally. Umbo rounded;
spiky with flat distal face in early development (Figure 7B, C), avi-
cularium developing within; avicularium chamber with
unadorned pivotal bar; mandible blunt and semicircular
(Figure 7D).

Ovicell
Prominent, slightly wider than long, 151–216 μm long (�x = 189
μm, SD ± 18, n = 20) by 214–255 μm wide (�x = 234 μm, SD ± 12,
n = 20), flattened frontally, with scattered pores of varying shape
and size, some appearing coalesced forming tube shapes
(Figure 5C, Figure 7A). Peristome joins where ovicell corners
meet at orifice but does not extend across distal rim
(Figure 5C). Granular calcification appears with age as collar
enclosing lateral and distal sides of ovicell (Figure 7E). Ovicell
rests on distal zooid concealing partially.

Figure 5. Smittoidea prolifica from Casco Bay, Maine. A, Close-up of colony shown in B. Note tubules in lyrulae; B, Slide scan of mature colony, region of close-ups A
and C indicated by red rectangle; C, Scanning electron micrograph of same colony. Note small pores outside peristome flaps on the central zooid in C (arrows) and
that the peristome does not extend across proximal rim of ovicell. Catalogue number: YPM IZ 106905. Scale: A, 100 μm; B, 500 μm; C, 200 μm. Slide scan by
E. Lazo-Wasem. Scanning electron micrograph by L. Rojas.

Journal of the Marine Biological Association of the United Kingdom 7

https://doi.org/10.1017/S0025315424000742 Published online by Cambridge University Press

https://doi.org/10.1017/S0025315424000742


Embryo
Orange in life, appearing yellow, white in 90% ethanol.

Polypide
With 12 tentacles.

Remarks

Smittoidea prolifica formed small colonies on mussel shells and
attached live and dead barnacles. These specimens bore a close
resemblance to those collected from Glen Cove, California and
are similar in their general morphology to descriptions from the
Northeast Atlantic (De Blauwe and Faasse, 2004; Markert et al.,
2015) and East Pacific (Osburn, 1952; Soule, 1961; Soule and
Soule, 1964; Banta, 1980). There were subtle differences:

occasionally 5 instead of 4 maximum number of ephemeral spines
as reported from California (Osburn, 1952; Soule, 1961; Soule and
Soule, 1964; Banta, 1980) and the Netherlands (De Blauwe and
Faasse, 2004), no quadrate-shaped zooids as seen in material
from California (SERC 305986) and the Netherlands (De
Blauwe and Faasse, 2004), and no twinned ovicells as observed
in material from California (SBNMH 644250, SERC 305986)
and the Northeast Atlantic (Markert et al., 2015; Kind and
Kuhlenkamp, 2016). The two small pores proximal to primary
orifice have not been described previously but can be seen in
Figure 2e of Markert et al. (2015). Zooids were wider than all pub-
lished measures and the outcomes of an analysis of specimen bio-
metrics follows in the Results. In summary, while these variations
are of importance, the general morphology of Casco Bay, Maine
specimens did not differ remarkably from previous descriptions.

Figure 6. Lyrula of Smittoidea prolifica from Casco Bay, Maine. A, Light microscope image of a zooid showing internal tube of lyrula; B, Close-up of lyrula with
longitudinal ridge corresponding to placement of internal tube; C, Damaged lyrula with distal portion broken off revealing internal tube; D, Sagittally damaged
lyrula showing internal tube (arrow). Catalogue numbers: YPM IZ 106905: A to C; YPM IZ 90444: D. Scale: A = 100 μm; B, D = 30 μm; C = 20 μm. Light micrograph
by E. Lazo-Wasem. Scanning electron micrographs by L. Rojas.
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Regional comparisons of Smittinidae

The only records of Smittinidae in the current study region of the
Northwest Atlantic were for S. propinqua (Smitt, 1868),
Parasmittina jeffreysi (Norman,1876), and Parasmittina nitida
(Verrill, 1875) (OBIS, 2023). Specimens of S. propinqua from
the northern Gulf of Maine were examined for comparison
(Atlantic Reference Centre: ARC 0057156; ARC 0057157).

Smittoidea propinqua resembled S. prolifica primarily by the flap-
like shape of the peristome bordering the primary orifice and the
presence of a rounded subapertural avicularium. However, S. pro-
pinqua was easily distinguished from S. prolifica by the absence of
a lyrula.

The similarity of the genus Parasmittina with Smittoidea is
superficial since the marginal pores surrounding the frontal wall

Figure 7. Smittoidea prolifica from Casco Bay, Maine. A, Oblique distal view of mature zooids showing avicularia; B, Spiky umbos on developing avicularia of young
zooids; C, Spiky umbos on developing avicularia of young zooids, SEM; D, Avicularium of mature zooid with simple unadorned cross bar; E, Lateral view of mature
colony showing avicularia projecting upward, perpendicular to the frontal wall. Catalogue number: YPM IZ 106905: A, C, D, E; YPM IZ 106813: B; Scale: A, 150 μm; B,
250 μm; C, 200 μm; D, 20 μm; E, 300 μm. Scanning electron micrographs by L. Rojas.
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in Parasmittina are smaller, indistinct, and without ridges
between them (Hayward and Ryland, 1999). More obvious differ-
ences include lateral avicularia with occasional adventitious

avicularia instead of a single medial avicularium, ovicells with
only a few large perforations instead of scattered pores, and
a round rather than oval orifice with either no peristome,

Figure 8. Smittoideaprolifica from Sasebo, Japan. A, Whole specimen; B, Colony edge top right, zooid primary orifice distal edge with three remnant spines (arrows).
Catalogue number: USNM 651039; Scales: 500 μm. Micrographs by E. Lazo-Wasem.
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e.g., P. jeffreysi, or low and less developed flaps, e.g., P. nitida.
Specimens previously identified as S. prolifica from Virginia and
deposited at the Smithsonian Institution (USNM 1446003) were
examined and determined to be P. nitida.

Towards Establishing the Northwest Pacific Range of
Smittoidea prolifica

Remarks

The specimen of S. prolifica collected from a fouling panel from
Sasebo, Japan was examined to validate the identification by
Long and Rucker (1969). This single dried specimen, a portion
of one of the large colonies found, was similar in general morph-
ology to descriptions from the East Pacific (Osburn, 1952; Soule,
1961; Soule and Soule, 1964; Banta, 1980) and Northeast Atlantic
(De Blauwe and Faasse, 2004; Markert et al., 2015) (Figure 8). In
particular, each zooid had a single subapertural avicularium
oriented perpendicular to the frontal wall, rounded with a pivotal
bar without a ligula. Marginal pores separated by ridges sur-
rounded the frontal wall which was not perforated.

The specimen collected at Maldo Island, southern Korea
(Seo and Min, 2009) was re-examined from an unpublished
SEM sent to the author by J.E. Seo (Figure 9). Using Liu et al.
(2001) as a guide, the specimen was determined to be
Smittoidea spinigera (Liu, 1990). The specimen was re-examined
by J.E. Seo and agreement was met with the revised identification.
Diagnostic characters were the orientation of the suboral avicular-
ium that was directed obliquely upward and the presence of a

ligula on the pivotal bar. In S. prolifica, the suboral avicularium
was oriented perpendicular to the frontal plate (Figure 7E) and
the ligula was lacking (Figure 7D). Also noteworthy were the rela-
tively large marginal pores that sometimes occupied most of the
frontal plate, a situation resembling species of the genus
Smittina (Figure 2A-D in Liu, 1990).

Reconsideration of the Northwest Pacific range

De Blauwe and Faasse (2004) raised questions concerning poten-
tial differences in the morphology of the specimens collected from
the Northwest Pacific and called for re-examination. The current
study confirmed the identification of Long and Rucker (1969) of
S. prolifica in Japan. On the other hand, specimens of Seo and
Min (2009) from southern Korea were S. spinigera. Another
Northwest Pacific record questioned by De Blauwe and Faasse
(2004) concerned the specimen collected in southern Korea and
described as S. prolifica by Rho and Seo (1986). Specifically,
potential differences involved the size and distribution of pores
on ovicells, number and shape of spines, and protracted orifice.
These features were re-examined by J.E. Seo and the present
author. The raised margins on the ovicell pores seen in the
light micrograph Plate 11, Figure 1 of Rho and Seo (1986) aligned
this specimen with S. spinigera, not S. prolifica, as did the
obliquely upward orientation of the suboral avicularium and a lig-
ula on the pivotal bar, though this was infrequent. The number of
ephemeral spines was three, but re-examination showed that
number was based on the spines that remain during ovicell devel-
opment as shown in the current paper for S. prolifica (Figure 4F).

Figure 9. Smittoideaspinigera (Liu, 1990) from Maldo Island, southern Korea. Note the obliquely upward directed orientation of the suboral avicularia and ligulas on
pivotal bars. Relatively large marginal pores occupy most of the frontal plate on some zooids. Scale: 500 μm. Scanning electron micrograph by Ji Eun Seo. (Courtesy
of Ji Eun Seo).
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Examination of zooids of S. spinigera from Maldo Island in zones
of astogenic growth found they had 4-7 spines, and the ancestrula
had 9 spines. In summary, all records of S. prolifica in southern
Korea were mistaken identifications of S. spinigera and the local-
ities of occurrences there were therefore unsupported.

The occurrence of S. prolifica in Japan reported by Rho and
Seo (1986) was based on the opinion of Osburn (1952) who equa-
ted the S. reticulata of Okada and Mawatari (1936) from Japan
with S. prolifica. The grounds for Osburn’s judgement were
found to be vague and unpersuasive by De Blauwe and Faasse
(2004) because mandible shape and orientation were not consid-
ered, only the placement and shape of the avicularium. In particu-
lar, the mandible of S. prolifica was rounded, not acute as
described by Okada and Mawatari (1936) who also stated it
‘pointed downward,’ which could mean directed proximally or
perpendicular to the frontal plane as in S. prolifica. This ambigu-
ity in meaning was clarified in the present study by reviewing the
specimen from Sasebo, Japan as well as other species descriptions
in Okada and Mawatari (1936) that were accompanied by text fig-
ures. When ‘pointed downward(s)’ was used, mandibles were
directed proximally. Examples of this were given in the descrip-
tions of Pleurocodonellina signata (Waters, 1889), i.e., Smittina

elongata Okada and Mawatari, 1936 and Parasmittina rouvillei
(Calvet, 1902). Also included in this group was their new species
Smittina projecta, an obvious Parasmittina, and is revised here to
Parasmittina projecta (Okada and Mawatari, 1936). Clearly, given
this clarification, the S. reticulata of Okada and Mawatari (1936)
was not S. prolifica and consequently locations for S. prolifica in
Japan stemming from Osburn (1952) are unsound. In summary,
the only valid records of extant S. prolifica in the Northwest
Pacific are those of Long and Rucker (1969) from Sasebo, Japan.

Biometric comparisons among geographically widely
separated locations

Measurements of zooid characters from Maine colonies varied in
comparison to sizes from other locations with statistical signifi-
cance, but only one character, zooid width, proved largest
among all recorded for that biometric (Table 2, Figures 10
and 11). Otherwise, when biometric differences occurred among
locations, none were unique to Maine. For example, Maine and
Japan zooid lengths were significantly different and smaller
than measures from California and Germany specimens
(Figure 11). Primary orifice length was significantly different

Table 2. Measurements of Smittoidea prolifica collected from the Northwest Atlantic (Maine), East Pacific (California), Northwest Pacific (Japan), and the Northeast
Atlantic (Germany)

Location
Zooid
length

Zooid
width

Orifice
length

Orifice
width

Ovicell
length

Ovicell
width

Lyrula
length

Lyrula
width

Avicularia
length

Avicularia
width

Casco Bay, Maine

Mean (μm) 414 267 109 120 189 234 27 47 60 104

SD (μm) 16 41 7 6 18 12 5 6 10 6

Min (μm) 382 225 94 103 151 214 21 37 45 95

Max (μm) 437 382 120 132 216 255 36 56 80 112

Median (μm) 418 263 111 121 193 230 27 47 61 104

N 22 22 22 22 20 20 21 21 18 18

Glen Cove, California

Mean (μm) 452 239 124 131 220 239 25 33 76 85

SD (μm) 18 14 3 3 15 9 2 4 2 3

Min (μm) 412 207 118 122 203 225 23 28 72 81

Max (μm) 477 255 128 134 248 252 29 39 80 93

Median (μm) 452 244 124 132 218 242 25 33 76 85

N 15 15 15 15 15 15 15 15 15 15

Sasebo, Japan

Mean (μm) 411 231 106 124 185 206 23 40 66 91

SD (μm) 20 21 3 2 12 6 2 3 3 4

Min (μm) 376 201 101 121 155 197 19 33 61 85

Max (μm) 457 268 110 129 204 216 27 43 69 97

Median (μm) 412 232 107 124 184 204 23 40 67 91

N 15 15 15 15 15 15 15 15 15 15

Jade Weser Port & Wilhelmshaven, Germany

Mean (μm) 448 236 91 99 160 188 – – – –

SD (μm) 35 29 11 8 12 10 – – – –

Min (μm) 388 177 73 79 124 168 – – – –

Max (μm) 527 290 120 116 179 205 – – – –

Median (μm) 446 241 94 100 162 186 – – – –

N 20 20 20 20 20 20 – – – –
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and smaller for Maine and Japan compared to California, how-
ever it was smallest for Germany as was orifice width that was sig-
nificantly different from all locations. Ovicell length was
significantly different and smaller for Maine, Germany, and
Japan compared to California, but among all locations it was sig-
nificantly different and smallest for Germany. Ovicell width was
significantly different and smallest for Germany followed by
Japan, each significantly different and smaller than California
and Maine. In summary, California zooids were larger in all
dimensions except zooid width and Germany the smallest except
for zooid length. No location was significantly dissimilar when
averages of all biometrics per locality were compared (P = 0.12,
SIMPROF test; Figure 12). However, specimens from Germany
were most different with hierarchal cluster analysis placing them
on a separate branch (Figure 12). Comparisons of biometrics
between oceans showed that Pacific and Atlantic specimens dif-
fered significantly in all measures except zooid length and orifice
width (Figure 13). Zooid width was the only character that was
significantly different (U = 453, P = 0.043) and larger for
Atlantic specimens compared to Pacific ones.

Discussion

The discovery of S. prolifica in Casco Bay, Maine, is the first for
the Northwest Atlantic Ocean. There are no reports of
Smittinidae in Casco Bay dating back to the earliest and exhaust-
ive 1873 faunal surveys by Verrill (1874a, 1874b), so it is unlikely
that S. prolifica was present there prior to this finding and mis-
identified. On a broader geographic scale, the only records of
Smittinidae in the Gulf of Maine are for P. jeffreysi, P. nitida,
and S. propinqua. The chance of confusing the identities of
these species with S. prolifica is small. So, while misidentification
of an introduced species as a local species does occur (Chapman,
1988), the obvious distinguishing features of these co-occurring
species make that error improbable. The chance for misidentifica-
tion is reduced further by other more detailed characteristics
which differentiate these species.

Specimens of S. prolifica from Casco Bay, Maine were morpho-
logically indistinguishable from ones collected at geographically
widely dispersed locations in the temperate North Pacific and
places of introduction in northern European waters. However,

Figure 10. Measurements of Smittoidea prolifica from widely separated geographic locations arranged from NE Atlantic to NW Pacific. A, Zooid length; B, Zooid
width; C, Orifice length; D, Orifice width; E, Ovicell length; F, Ovicell width. Abbreviations: CA, California; GR, Germany; JP, Japan; ME, Maine. Symbology:
Mean, solid black circle; Standard deviation, box; Maximum and minimum values, whiskers (visible only when exceeding SD). Data used to construct plots are
presented in Table 2.

Journal of the Marine Biological Association of the United Kingdom 13

https://doi.org/10.1017/S0025315424000742 Published online by Cambridge University Press

https://doi.org/10.1017/S0025315424000742


comparisons among locations revealed that a few characteristics
varied. The number of ephemeral spines was up to five in
Maine specimens, 2 or 3 in Germany (Markert et al., 2015),
and 2 to 4 in southern California (Robertson, 1908; Osburn,
1952), Baja California (Soule and Soule, 1964), Gulf of
California (Soule, 1961; Banta, 1980), and the Netherlands (De
Blauwe and Faasse, 2004). The number of marginal pores, 10 to
14 for Maine specimens, agreed with a ‘dozen or so’ reported
by Banta (1980) but was less than 18 to 22 and 16 to 18 described

by Soule (1961) and Soule and Soule (1964), respectively. Zooecia
shape was most frequently described as ovate and ellipsoid to
irregularly hexagonal like for Maine specimens but was also quad-
rate for the Netherlands (De Blauwe and Faasse, 2004) and some
specimens from California (personal observation). There were no
instances of zooids with twin ovicells seen in specimens from
Germany (Markert et al., 2015; Kind and Kuhlenkamp, 2016)
and California (personal observation). In summary, some mor-
phological characteristics of S. prolifica were variable and whether

Figure 12. Dendrogram of zooid biometrics of colonies of Smittoidea prolifica collected from geographically widely separated locations, using group-average clus-
tering from Euclidean similarities on square root transformed averages. No locations differed significantly as indicated by the red dotted lines (P = 0.12, SIMPROF
test). Abbreviations: CA, California; GR, Germany; JP, Japan; ME, Maine.

Figure 11. Contrasts of character measurements of Smittoidea prolifica from geographically widely separated locations. Matrices are interpreted by comparing
column with row labels. Coloured squares indicate statistical significance: light pink, P < 0.05; pink, P < 0.01; red, P < 0.001). Numbers are mean measurements
(μm). Abbreviations: CA, California; GR, Germany; JP, Japan; ME, Maine.
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this is of minor in consequence or carries some significance is
subject to further study.

Some features of Maine specimens were not included in previ-
ous descriptions of S. prolifica. For zooids in zones of astogenic
growth, the umbo was spiky with a flat distal face in early devel-
opment and not rounded as it appeared later in development.
There were two small extra-aperture pores, one on each side of
primary orifice, proximally. Also, the lyrula had a longitudinal
ridge that corresponded with a medial translucent tubule visible
in light microphotographs that was drawn in Figure 8 by
Osburn (1952) but not described. The tubule was internal to
the lyrula and no connection to the avicularium chamber was
seen.

Specimens of S. prolifica from different locations were remark-
ably similar in morphometry, none being statistically dissimilar in
comparisons of their averaged zooid biometrics. If significant dis-
similarity had been found, that could have raised questions about
conspecificity. When individual character measurements were
compared, however, there were significant variations. In general,
biometrics of California specimens were the largest and
Germany the smallest, a trend in difference that continued on a
broader spatial scale when biometrics were compared by ocean.
Maine specimens did not stand out as being particularly different
biometrically and varied most by one character alone, zooid
width, that was the largest among its measurements from all local-
ities. For the remaining biometric comparisons, there was always
one other location in common with Maine that had significantly
different measures. A statistical evaluation unfortunately could
not be done using all published character measurements. Only
ranges in zooid length and width were published for specimens
from the Netherlands and the number of measurements that
determined the ranges were not (De Blauwe and Faasse, 2004).
The raw data were not available to be assessed for normality
and equal variances, and ranking. That said, the range in ovicell
width (200–250 μm) was greatest among measurements for speci-
mens from the Netherlands, as was zooid length (500–700 μm)
(De Blauwe and Faasse, 2004). These biometrics blur conclusions
about larger biometrics for S. prolifica in its native vs introduced
range that might otherwise be made. As for differences in biomet-
rics, some of the character variation among locations might be
explained by differences in sea water temperature since its effects
on bryozoan growth and zooid morphology are known (O’Dea
and Okamura, 1999; Amui-Vedel et al., 2007; Okamura et al.,

2011). Likewise, such differences could be the consequence of
genotypic variation (Hageman et al., 1999).

In its native range and locations of introduction, S. prolifica
occurred in subtidal and intertidal habitats, within a broad
range of temperatures and salinities, and on a diversity of sub-
strates. Water temperatures ranged from 8.6 °C (Long and
Rucker, 1969) to tropical waters (Soule and Soule, 1964) with sali-
nities spanning brackish (De Blauwe and Faasse, 2004) to full sea
water. Features of the subtidal habitat where Maine specimens
occurred were within the limits of these environmental condi-
tions. Substantially more is known about the kinds of substrates
S. prolifica attaches to where it was introduced than in its native
range where only general information was published with species
descriptions (Robertson, 1908; Osburn, 1952; Soule, 1961; Soule
and Soule, 1964; Banta, 1980). Biogenic (empty shells or shells
of living animals, wood, macroalgae), inorganic (rocks ranging
in size from small stones to boulders), and artificial (floats and
fouling panels made of asbestos/wood or PVC) substrates were
colonized. In Maine, S. prolifica encrusted mussel shells and plates
of attached living and dead barnacles as reported elsewhere (e.g.,
Markert et al., 2015). The low specificity for attachment substrates
was contrary to not finding S. prolifica on seawalls around
Helgoland (Kind and Kuhlenkamp, 2016), an observation which
might imply that wave exposure influenced successful coloniza-
tion. In summary, S. prolifica is a eurythermal and euryhaline spe-
cies with low substrate specificity. These features indicate a high
potential for successful introduction into subtidal habitats and
wave protected bays and harbours.

The source populations where Casco Bay S. prolifica originated
were most likely in the Northeast Atlantic at locations of estab-
lished introductions in the North Sea. Portland is the only con-
tainer cargo port in Maine, a major New England seaport
(Anonymous, 2001; United States Department of Transportation,
2018) that is currently experiencing record growth in imports
(LaClaire, 2022). This port receives commerce with container
ships originating in the North Sea (McGuire, 2019) and likely
the biofouling communities which can establish on such vessels
(Davidson et al., 2009). Ship-borne species spread is unquestion-
able at global scales (Carlton, 1996; Seebens et al., 2013; Cuthbert
et al., 2022) and is understood at finer scales among ports using
eDNA metabarcoding (Andrés et al., 2023). Knowing the haplo-
type network for native and introduced populations would be valu-
able for understanding the dispersal of S. prolifica into the
Northwest Atlantic and elsewhere. More extensive taxonomic and
morphological comparisons could reveal patterns in phenotypic
character variation to complement and aid the interpretation of
genetic analyses like was done by Dick et al. (2020) for the bryo-
zoan Juxtacribrilina mutabilis (Ito, Onishi & Dick, 2015).

The issue of the timing for the arrival of S. prolifica into Casco
Bay can be explored through a brief history of Portland’s com-
mercial shipping industry as it relates to ship-borne species
spread. In 1999, over 90% of ballast water discharge into Casco
Bay did not undergo any at sea exchange (Ruiz et al., 2001), a pro-
cess voluntary at a time when Portland was the second largest oil
port on the US East coast (Anonymous, 2001). Portland kept that
shipping status until 2016. The origin of oil shipments was not
overseas. Portland container cargo commerce with North Sea sea-
ports began in earnest in 2013 (Bennett, 2016). In 2018, two
introduced species, the bryozoan Juxtacribrilina mutabilis and
the amphipod Grandidierella japonica Stephensen, 1938, were
discovered in Casco Bay during benthic surveys. The North Sea
was likely the ultimate source of these introductions into the
Northwest Atlantic (Trott and Enterline, 2019; Dick et al., 2020;
Trott et al., 2020). The following year an eelgrass (Zostera marina
Linnaeus, 1753) faunal survey (Maine Coastal Program, 2019)
tracked the occurrence of J. mutabilis and G. japonica during

Figure 13. Statistical comparisons of biometrics of zooid characters pooled among
Atlantic (Germany and Maine) and Pacific (California and Japan) specimens of
Smittoidea prolifica. Red indicates which ocean had the larger measurement when
test results were statistically significant (P < 0.05).
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summer-fall but did not sample the location where S. prolifica was
found by the present study. This contemporary bay-wide benthic
investigation was only the second one ever conducted, the first in
1980 that did not find these invasives (Larsen et al., 1983).
Considering the timing of discoveries, probable source popula-
tions, and the history of Portland container cargo commerce, S.
prolifica was most likely introduced in 2013 or thereafter. None
of the three introductions were found by ongoing regional inva-
sive monitoring programmes that primarily monitor floating
docks. These are the Rapid Assessment Survey (RAS) and
Marine Invader Monitoring and Information Collaborative
(MIMIC) established in 2000 (Pederson et al., 2001) and 2006
(Massachusetts Office of Coastal Zone Management, 2024),
respectively. The unquestionable success of these programmes
has been proven through their discoveries of species introductions
and tracking range shifters. Adding a benthic survey component
to their protocols would diversify the types of habitats examined
and consequently improve their power of detection.

Establishment of S. prolifica beyond the scope of Casco Bay
seems likely if its history of invasion in northern Europe is an
indication of its success. This species has low substrate specificity
and broad tolerance of environmental conditions. In fact, the suc-
cess of this species being introduced and established makes it dif-
ficult to rule out the possibility that it was introduced into Sasebo,
Japan by ships originating in California. The impact of S. prolifica
may be low as predicted in the Netherlands (De Blauwe and
Faasse, 2004). However, while invasive species with negligible
effects often provoke slight to no concern, that dismissive per-
spective belies the significance of their signal of species arriving
outside of their native range. Indifference risks playing ecological
roulette in a time of unprecedented unpredictability, and the
detection of three invasives in the course of three years in
Casco Bay, each of them new to the Northwest Atlantic, gives a
strong signal of more introductions to come.

Data. The data that support the findings of this study are available from the
corresponding author upon reasonable request.
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