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Abstract

Scanning electron (SEM) and light microscope examinations of members of Levinsenia Mesnil, 1897, species from
California yielded a new species, new characters, emended name and range extension for L. kirbyorum Lovell, 2002.
Specimens of L. gracilis (Tauber, 1879) from Sweden, Iceland, and California were compared and could not be
distinguished on the basis of morphology. Two other Californian species, L. multibranchiata (Hartman, 1957) and L.
oculata (Hartman, 1957), were also examined. SEM revealed features previously undescribed for the genus. Additional
prostomial ciliary bundles, dorsal transverse ciliary branchial connections, notopodial sensory pores, and neurochaetal
fascicle configurations. Levinsenia barwicki n.sp. possessing a terminal sensory organ, 4-8 leaf-like ciliate branchiae, and
recurved neurochaete with distal hood is described More SEM work is necessary to confirm if these features are present
among other members of Levinsenia and other Paraonidae genera. The status of Levinsenia according to the phylogenetic
analysis performed by Langeneck et al. (2019, Molecular Phylogenetics and Evolution, 136, 1-13) is discussed.
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Introduction

The type species of Levinsenia Mesnil, 1897, was designated as Aonides gracilis Tauber, 1879, by Melville (1979).
In the same paper, Tauberia Strelzov, 1973, was placed into synonymy with Levinsenia. Periquesta Brito & Nuiiez,
2002, was placed into synonymy with Levinsenia by Giere et al. (2007). The World Polychaete Database (Read &
Bellan, 2013) currently lists 22 valid species in Levinsenia while Blake (2016) lists two additional species L. jo-
ponica Imajima, 1973 (as a subspecies of L. gracilis) and L. pycnobranchiata (Fauchald, 1972), a new combination
(Table 1).

The present study reviews five species of Levinsenia reported from the Southern California Bight (SCB) in
the Southern California Association of Marine Invertebrate Taxonomists (SCAMIT) Species List (Edition 11, 2016
https://scamit.org/publications/SCAMIT%20Ed%2011-2016.pdf): L. gracilis, L. sp. B SCAMIT 2007 §, L. multi-
branchiata (Hartman, 1957), L. oculata (Hartman, 1957), and L. sp. SD1 Barwick 2000 § (https://www.scamit.org/
tools/#). A review of these species using scanning electron microscopy (SEM) revealed new characters, confirmed
a broad geographic range for L. gracilis, reported a new geographic distribution for L. kirbyorum and contributed
to the description of a new species, L. barwicki n. sp., with terminal sensory organ, 4-8 leaf-like branchiae, neuro-
chaetae with recurved tip and distal hood. Specimens of Levinsenia gracilis collected from the Baltic Sea near the
type locality were compared with specimens from Iceland, Puget Sound, and California, and are morphologically
indistinguishable from one another. Levinsenia sp B SCAMIT 2007 § is confirmed to be L. kirbyorum Lovell, 2002,
emended, reported previously from the Andaman Sea and now Southern California.

Material and methods

For examination using SEM, specimens were first dehydrated in an ethanol series. Ethanol was subsequently re-
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moved through transfers to increasing concentrations of hexamethyldisilazane (HMDS). Specimens in HMDS were
allowed to air dry, then mounted on aluminum stubs and coated with gold-palladium. Specimens were observed
using a Hitachi S-3000N scanning electron microscope at the Natural History Museum of Los Angeles County
(NHMLAC).

The following institutional abbreviations are used: LACM-AHF, Allan Hancock Foundation Polychaete Collec-
tion, Natural History Museum of Los Angeles County; USNM, National Museum of Natural History, Smithsonian
Institution; ZMUC, Zoological Museum, University of Copenhagen, MBARI, Monterey Bay Aquarium Research
Institute. Use of § following an undescribed taxon, e.g. Levinsenia sp B SCAMIT 2007 §, indicates an accepted
provisional identification within the SCAMIT Edition 11 (https://scamit.org/publications/SCAMIT%20Ed%2011-
2016.pdf) species list, with accepted voucher sheet distinguishing characters documenting the taxon’s validity and
standardizing identification in the Southern California Bight.

TABLE 1. List of Levinsenia species in World Register of Marine Species (WoRMS:; except L. barwicki n. sp.)*.

. acutibranchiata (Strelzov, 1973),

. antarctica (Strelzov, 1973)

. barwicki n. sp. (described herein)

. brevibranchiata (Strelzov, 1973)

. canariensis (Brito & Nuiiez, 2002)
demiri Cinar, Dagli & Acik, 2011
duodecimbranchiata Cantone, 1995

. flava (Strelzov, 1973)

. gracilis (Tauber, 1879)

hawaiiensis Giere, Ebbe & Erséus, 2007
kantauriensis Aguirrezabalaga & Gil, 2008
kirbyorum Lovell, 2002

. kosswigi Cinar, Dagli & Acik, 2011
marmarensis Cinar, Dagli & Acik, 2011
materi Cinar & Dagli, 2013

. multibranchiata (Hartman, 1957)

. oculata (Hartman, 1957)

. oligobranchiata (Strelzov, 1973)

. reducta (Hartman, 1965)

. tribranchiata Cinar, Dagli & Acik, 2011
. uncinata (Hartman, 1965)

NN N N NN NN NN NSNS NSNS

*Two additional species listed in Blake, (2016) not appearing in WoRMS are Levinsenia japonica Imajima, 1973) and L.
pycnobranchiata (Fauchald, 1972).

Results

Systematics account

Family PARAONIDAE Cerruti, 1909

Genus Levinsenia Mesnil, 1897
Tauberia Strelzov, 1973. Fide Melville (1979).

Periquesta Brito & Nuiez, 2002. Fide Giere et al. (2007).
Type Species. Aonides gracilis Tauber, 1879, designated by ICZN (Melville 1979).

Description. Body threadlike, 16-30 mm long, 0.15-0.35 mm wide, sometimes with spiral or corkscrew shape.
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Prostomium without median antenna; lateral, dorsal, and ventral ciliary patches present; terminal sensory organ
or palpode present. Nuchal organs on peristomium. Four to seven prebranchial chaetigers, 422+ branchial pairs.
Notopodial postchaetal lobes present; neuropodial postchaetal lobes absent. Capillary chaetae only in notopodia;
neuropodia with capillary chaetae only in pre-branchial and branchial chaetigers, post-branchial chaetigers mixed,
with capillary chaetae and apically curved acicular spines with fringe on convex side or with hooded apex. Py-
gidium tapered, with two anal cirri.

Levinsenia gracilis (Tauber, 1879)
Figures 1A-D; 2A-D, 7A, B

Aonides gracilis Tauber, 1879: 115.

Levinsenia gracilis—Mesnil & Caullery, 1898: 136138, Pl. 6, Fig. 10.—Blake 1996: 3344, Fig. 2.1.

Paraonis (Paraonis) gracilis. Cerruti, 1909: 468, 498, 504.—Pettibone, 1963: 301-302, Fig. 79a—d.

Paraonis gracilis.—Eliason, 1920: 55-56, Fig. 16a-e. Wesenberg-Lund, 1950: 32, P1. 7, Fig. 34.—Uschakov, 1955: 286, Fig.
103a—b. Hartman, 1957: 330-331, P1. 22, Figs 4-5 (synonymy); 1969: 75-76, Figs 1-3.

Paraonis gracilis gracilis.—Day, 1967: 566, Fig. 24.4a—b.

Paraonis gracilis minuta. Hartmann-Schroder, 1965: 197—-198, Figs 181-182. Fide Strelzov, 1973.

Paraonis (Paraonides) gracilis—Monro, 1930: 150-152, Fig. 58.

Paraonis filiformis—Hartman, 1953: 39-40, Fig. 12B—C. Fide Hartman, 1957.

Paraonis (Paraonis) ivanovi—Banse & Hobson, 1968: 23, Fig. 5f. Fide Strelzov, 1973.

Tauberia gracilis—Strelzov, 1973: 127-133, Figs 14, 54-57 (synonymy).

Material examined. Denmark, Samse, Kattegat, coll. Winther, syntype (NHMD 108749 (prev. ZMUC CRU-
966)), as Aonides gracilis Tauber; Kattegat, Frederikshavn, Hirsholmene, July 23, 1949, coll. P.L. Kramp, det. E.
Wesenberg-Lund, 1 specimen (LACM-AHF 12549).—Sweden, Kattegat, Varo, Ringhals Sund, 19 m depth, Sta.
L7,57°16.1°N, 12° 4.8’E, 0.1 m? Smith-MclIntyre grab, 11 March 1975, coll. KMS Kristineberg, sample 2, det. M.E.
Petersen, 1 specimen on SEM stub (LACM-AHF 12548), 9 specimens in ethanol (NHMD 644302).—Iceland, Dan-
ish Ingolf Expedition, Sta. 138, 63°26°N, 7°56’W, 887 m depth, 10 August 1896, det. E. Wesenberg-Lund, 2 speci-
mens (1 in ethanol, 1 mounted on SEM stub) (LACM-AHF 12550); NE of Iceland, 65°45°N, 12°10°W, 107 m depth,
13 June 1925, coll. Fisheries Board of Scotland, det. E. Wesenberg-Lund, 1 specimen (NHMD 644303).—Green-
land, SW Greenland, Bankeunderseggelserne, Sta. 37 B, April 1975, 1 specimen (NHMD 644314); SW Greenland,
Bankeundersogelserne, Sta. 31-B, April 1975, 1 specimen (NHMD 644315); SW Greenland, Bankeundersegelserne,
Sta. 3C, April 1975, 5 specimens (NHMD 644316); SW Greenland, Bankeunderseggelserne, Sta. 81A, April 1975, 1
specimen (NHMD 644318).—USA, California, Santa Barbara County, Santa Barbara Channel, 12.7 miles bear-
ing 86.6° True from Pt. Conception Light, 34°27°25”’N, 120°12°55”W, 17.4 m depth, Hayward orange peel grab,
R/V Velero 1V, Sta. 4938-57, coll. Allan Hancock Foundation, 09 April 1957, 25+ specimens (1 specimen on SEM
stub, other specimens in ethanol (LACM-AHF 12551); Northern Channel Islands, north of Santa Cruz Island, Bight
2008, Sta. 7556, 92 m depth, 34.08°N, 119.71°W, 0.1 m? Van Veen, 1.0 mm sieve, 09 September 2008, 2 specimens
(LACM-AHF 12560).—San Diego County, Carlsbad, Encina, National Pollution Discharge Elimination System
(NPDES) 9232, Sta. G1, replicate 4, 45 m depth, 33°06.42°N, 117°20.75°W, 0.1 m? Van Veen grab, February 1992,
3 specimens (1 specimen on SEM stub, 2 in ethanol) (LACM-AHF 12552); San Onofre, San Onofre Nuclear
Generating Station (SONGS) D6700-60, Sta. XXXI, replicate 1, 33.32°N, 117.51°W, 18.3 m deep, 0.008 m? diver
core, 0.5 mm sieve, 16 September 1981, 1 specimen (LACM-AHF 12553)—Orange County, Huntington Beach,
Orange County Sanitation District (OCSD) Survey 8501, Sta. 13, rep. 3, 33°35.31°N, 118°2.94’W, 60 m depth, 0.1
m? Van Veen grab, 18 August 1985, 1.0 mm sieve, 1 specimen (LACM-AHF 12554); Huntington Beach, OCSD
Survey 8501, Sta. 30, rep. 1, 33°35.49°N, 118°2.89°W, 30 m depth, 0.1 m? Van Veen grab, 20 August 1985, 1.0 mm
sieve, 1 specimen (LACM-AHF 12555); Huntington Beach, OCSD Survey 9276, Sta. Control, rep. 5, 33°36.04’N,
118°5.39°W, 60 m depth, 0.1 m? box core, 1 specimen (LACM-AHF 12556); Huntington Beach, OCSD Survey
9382, Sta. LA3, rep. 1, 33°31.72°N, 117°54.73”W, 436 m depth, 0.3mm sieve, 25 January 1993, 0.1m? Van Veen
grab, 4 specimens (LACM-AHF 12557); Dana Point, SCWD NPDES Sta. A, rep. 3, ~33.45°N, 117.68°W, 39.6 m
depth, 0.1m? Van Veen grab, 1.0 mm sieve, 16 December 1981, 1 specimen (LACM-AHF12558).—Los Angeles
County, Southern California Coastal Water Research Project (SCCWRP) Los Angeles County Stormwater, survey
1914, Sta. MBD25, rep. 1, Van Veen grab, 1 specimen (LACM-AHF 12559)—Monterey County, Monterey Can-
yon, MBARI sample V3147-C17, 1004 m depth, 7 January 2008, 36.74°N, 122.28°W, ROV Ventana, 1 specimen
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(LACM-AHF 12561); MBARI sample V3124—C24, 1004 m depth, 7 January 2008, 36.74°N, 122.28°W, ROV
Ventana, 1 specimen (LACM-AHF 12562); MBARI sample V3147—C27, 1004 m depth, 7 January 2008, 36.74°N,
122.28°W, ROV Ventana, 1 specimen (LACM-AHF 12563).—Washington, Puget Sound, Seattle Metro, Publi-
cally Owned Treatment Works (POTW), West Point, METRO/TPPS Sta. XIII-100, 47.66°N, 122.46°W, 30.5 m
depth, 28 September 1981, 0.1 m? Van Veen grab, 1.0 mm sieve, 7 specimens (LACM-AHF 12564).

FIGURE 1. Levinsenia gracilis (Tauber, 1879), adult, California specimen: (A) prostomium with palpode, nuchal organs, dorsal
view; (B) anterior body with branchiae, lateral view; (C) transverse ciliary bands between branchiae, dorsal view; (D) notopo-
dial glandular pores, acicular neurochaetae with fibrils, lateral view. Abbreviations: ci, cilia; no, nuchal organ; pl, post-chaetal
lobe; so, palpode sensory organ; sp, sensory pores. Scale bars: A, 50 um; B, 300 pm; C, 100 um; D, 15 pm.
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Description. Specimens up to 30 mm long, 0.2—0.3 mm wide. Body thin, dorsally flattened in prebranchial
region, thereafter round in cross section, uniformly wide. Body tan, gut visible in posterior chaetigers. Prostomium
triangular, slightly longer than wide; terminal sensory organ present; eyes absent; nuchal organs ciliated slits; me-
dian antenna absent (Fig. 1A). Prebranchial region 5—7 segments, followed by 7-16 branchial pairs (size depen-
dent) (Figs 1B, 2A); branchiae distally tapered, blunt tipped, ciliated laterally, with dorsal transverse ciliary bands
between branchiae (Figs 1C, 2B). Notopodial post-chaetal lobes as low mounds in prebranchial chaetigers, digitate
in branchial region, shorter in post-branchial region; neuropodial post-chaetal lobes absent. Notopodial sensory
pores present along entire body (Figs 1D, 2C), may have projecting filament (mucous strand?). Notochaetae capil-
lary throughout; neurochaetae capillary only for anterior segments, post-branchially an anterior capillary row and
posterior row of slightly curved, tapering acicular chaetae with fringe of fibrils along distal convex side, usually 3—7
acicular chaetae per fascicle (Figs 1D, 2D). Pygidium with pair of anal cirri.

Methyl green stain. Ventral banding in branchial region, no MG spots in post-branchial region (Fig. 7A-B).
Specimens from Sweden and California with similar staining patterns.

FIGURE 2. Levinsenia gracilis (Tauber, 1879), adult, Sweden specimen: (A) anterior body with branchiae, lateral view; (B)
transverse ciliary bands between branchiae, dorsal view; (C) notopodial glandular pores, lateral view; (D) acicular neurochactae
with fibrils, lateral view. Abbreviations: ci, cilia; pl, post-chaetal lobe; sp, sensory pores. Scale bars: A, 500 um; B, 100 um; C,
10 um; D, 10 pm.

Remarks. Several species of Paraonidae are reported with broad geographic and depth ranges. SEM images of
Levinsenia gracilis from near the type locality (Baltic Sea) and Southern California Bight were compared and found
to be indistinguishable morphologically. Ciliary bands dorsally connecting the branchiae are newly described for
the species and consistent in material from both locations. Methyl green staining has not been previously published
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with paraonid specimens, but the same pattern is present in all L. gracilis specimens stained. For information on
diagnostic character differences, see the dichotomous key below and table of character distributions (Table 2).
Levinsenia gracilis has a reported cosmopolitan distribution with a broad bathymetric range (Strelzov 1973, Blake
1996). Material examined from Denmark, Sweden, Iceland, Greenland, Washington, USA, and California, USA,
were all collected within the reported (very wide) depth range, are morphologically similar, and represent occur-
rences indicating a broad geographic distribution. The specimen from the Zoological Museum, Natural History
Museum of Denmark, is noted as the only surviving syntype and is in four pieces, but the characters match the
published description of L. gracilis.

It cannot be assumed that all literature reports of Levinsenia gracilis from other locations are correctly identi-
fied. Nine species of Levinsenia (Table 1) have been described since Strelzov (1973) reviewed the family. Several
of these new species were originally identified as L. gracilis, but later re-examined and determined to be new (see
WoRMS).

Type locality. Denmark.

Distribution. Cosmopolitan, subtidal to 3000+ m.

Levinsenia kirbyorum Lovell, 2002, emended
Figures 3A-D, 7C, H

Levinsenia kirbyae Lovell, 2002: 49-51, Fig. 9A-D.
Levinsenia sp B SCAMIT 2007 §: SCAMIT 2007, Vol 25, No. 5, 1-12.

Material examined. Indian Ocean, Andaman Sea, Sta. G-2/0S, 23 April 1996, 63 m depth, paratype (LACM-
AHF 2091).—USA. California. Orange County, Huntington Beach, OCSD Survey 97130, 1997, Sta. 37, rep. 4,
56 m depth, 0.1 m? Van Veen grab, 07 January 1997, 1.0 mm sieve, 1 specimen, SEM stub (LACM-AHF 12565);
OCSD Survey 9276, Sta. Control, replicate 5, 60 m depth, 0.1 m? Van Veen grab, 23 July 1992, 1.0 mm sieve, 1
specimen, SEM stub (LACM-AHF 12566).—San Diego County, Carlsbad, Encina Treatment Plant, NPDES 9126,
Sta. R2, rep. 4, 33°07.566°N, 117°20.694°W, 45 m depth, 0.1 m? Van Veen grab, 1991, 1.0 mm sieve, 1 specimen,
SEM stub (LACM-AHF 12567); Southern California Bight Project (SCBP), Bight 2003, Sta. A2, 29 m deep, 6 Aug
2003, North San Diego Shelf, 33.165°N 117.391°W, 0.1 m? Van Veen grab, 1.0 mm sieve, coll. Weston Solutions
1 specimen, SEM stub (LACM-AHF 12568); SCCWRP, Southern California Bight Project (SCBP), Bight 2008,
Sta. 7556, 92 m deep, 09 September 2008, Channel Islands, 34.0790°N 119.7008°W, 0.1 m? Van Veen grab, 1.0
mm sieve, 3 specimens (LACM-AHF 12569); Carlsbad, Encina Treatment Plant NPDES 9232, Sta. G1, replicate
3, 33°06.42°N 117°20.74’W, 45 m depth, 0.1 m? Van Veen grab, 1992, 1.0 mm sieve, 1 specimen (LACM-AHF
12570); NPDES 9344, Sta. G2, rep. 3, 33°06.73°N, 117°20.85’W, 45 m depth, Van Veen grab, 1993, 1.0 mm sieve,
1 specimen (LACM-AHF 12571); NPDES 9232, Sta. R2, rep. 1, 33°07.566°N, 117°20.694°W, 45 m depth, 0.1 m?
Van Veen grab, 1992, 1.0 m sieve, 1 specimen (LACM-AHF 12572); Cardiff by the Sea, San Elijo Treatment Plant
NPDES, sta. A-2-5, replicate 2, ~33.07°N, 117.25°W, 45(7) m depth, 9 March 2004, 0.1 m? Van Veen grab, 1.0
mm sieve, | specimen (LACM-AHF 12573); San Onofre, SONGS D400-175 XXII, rep. 2, ~33.36°N, 117.57°W,
53.34 m depth, 6 April 1980, 0.1 m? Van Veen grab, 1.0 mm sieve, 1 specimen (USNM 1604269); Carlsbad, Encina
Treatment Plant NPDES: 9344, Sta. R2, rep. 3, 33°07.566'N, 117°20.694'W, 46 m depth, 0.1 m? Van Veen grab,
1993, 1.0 mm sieve, 1 specimen (USNM 1604270).—Orange County, Huntington Beach, OCSD NPDES Survey
97139, Sta. ZB, rep. 3, 33°34.54°N, 118°0.00’W, 56 m depth, 0.1 m? Van Veen grab, 22 October 1997, 1.0 mm
sieve, 1 specimen (LACM-AHF 12574); OCSD NPDES Survey 9276, Sta. 37, rep. 2, 33°34.83°N, 117°57.37°W, 56
m depth, 0.1 m? box core, 24 July 1992, 1.0 mm sieve, 1 specimen (LACM-AHF 12575) ; OCSD NPDES Survey
9276, Sta. Control, replicate 4, 33°36.04’N, 118°5.39°W, 60 m depth, 0.1 m? box core, 23 July 1992, 1.0 mm sieve,
2 specimens (LACM-AHF 12576); OCSD NPDES Survey 98151, Sta. 5, rep. 1, 33°34.74’N, 118°01.61’W, 59 m
depth, 0.1 m? Van Veen, 21 October 1998, 1.0 mm sieve, 1 specimen (LACM-AHF 12577)

Description. Specimens up to 39 mm long, 0.15-0.35 mm wide. Body inflated, dorsally flattened in prebran-
chial region, thereafter round in cross section. Tan color. Prostomium triangular, longer than wide; terminal sensory
organ present; median antenna absent; ciliated peristomial nuchal slits. Prebranchial segments slightly inflated (Fig.
3A), with two longitudinal dorsal grooves. Branchiae begin on chaetigers 7-8, 13—20 pairs, conical; cilia present
on lateral branchiae margins, continue as transverse bands across dorsum (Fig. 3B). Notopodial post-chaetal lobes
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short, conical in pre-branchial chaetigers, digitate in branchial region, shorter post-branchial. Notopodial sensory
pores present along entire body (Fig. 3C), immediately below notochaetae, may have projecting filament. Neuro-
podial post-chaetal lobes absent. Notopodia with capillary chaetae only. Neuropodia with capillary chaetae and up
to 13 concave, fringed acicular spines in post-branchial segments. Neuropodial spines thinner, straighter (superior)
and thicker, more recurved (inferior), double rows in far posterior chaetigers (Figs 3E, 7H). Abdominal segments
with deep, transverse dorsal intersegmental furrows. Pygidium unknown.

Methyl green stain. Branchial region with ventral bands, and distinct notopodial post-branchial spots (Fig. 7C).

FIGURE 3. Levinsenia kirbyorum Lovell, 2002, adult: (A) prostomium with palpode, nuchal organs, dorsal view; (B) trans-
verse ciliary bands between branchiae, dorsal view; (C) notopodial glandular pores, lateral view; (D) posterior chaetal fascicle
showing multiple rows of acicular spines, lateral view. Abbreviations: ci, cilia; no, nuchal organ; pl, post-chaetal lobe; so, pal-
pode sensory organ; sp, sensory pores. Scale bars: A, 200 um; B, 200 um; C, 20 um; D, 50 pm.

Remarks. SEM images of Levinsenia sp B SCAMIT 2007 § confirmed that it is the same as L. kirbyorum,
described from the Andaman Sea, as noted in the voucher sheet. The unusual dorsal longitudinal furrows on the
California material, which are very clearly visible with SEM (Fig. 3A), were not described for L. kirbyorum are
confirmed The paratype of L. kirbyorum (LACM-AHF 2091) was reviewed and dorsal furrows were confirmed.
The original description of L. kirbyorum Lovell 2002 is emended to include these furrows. The California material
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examined also has the unique double-rowed neurochaetal fascicle arrangement described for L. kirbyorum. Identi-
cal methyl green staining spots are present in post-branchial notopodial areas in both Andaman Sea and California
specimens. This is a range extension from the Andaman Sea into Southern California. For information on diagnostic
character differences, see the dichotomous key below and table of character distributions (Table 2). The specific
epithet is emended to acknowledge that the species was named in honor of three persons; Jacqueline Kirby Lovell,
Andrew Kirby Lovell, and Robin Kirby Lovell. The name L. kirbyae is emended to Levinsenia kirbyorum.

Type locality. Andaman Sea.

Distribution. Andaman Sea, Indian Ocean; Southern California, 42—60 m depth.

Levinsenia multibranchiata (Hartman, 1957)
Figures 4A-D, 7D

Paraonis multibranchiata Hartman, 1957: 332-333; 1969: 79-80, Fig. 1.
Tauberia multibranchiata.—Strelzov, 1973: 135-136, Figs 11(1), 59.
Levinsenia multibranchiata.—Blake, 1996: 36, Fig. 2.3.

FIGURE 4. Levinsenia multibranchiata (Hartman, 1957), paratype AHF-LACM POLY 648, adult: (A) prostomium with pal-
pode, nuchal organs, dorsal view; (B) branchial region, dorsal view; (C) notopodial glandular pores, lateral view; (D) acicular
neurochaetae with fibrils, lateral view. Abbreviations: no, nuchal organ; pa, palpode; pl, post-chaetal lobe; sp, sensory pores.
Scale bars: A, 100 pm; B, 300 um; C, 20 pm; D, 30 pm.
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Material examined. USA, California, Santa Barbara County, Santa Barbara Channel Basin, 18.0 miles bearing
135° True from Point Conception Light, 34°14°10°N, 120°12°45”W, 502.9 m depth, green mud, Hayward orange
peel grab, R/V Velero IV, Sta. 3731-55, coll. Allan Hancock Foundation, 12 December 1955, 14 paratypes (one
specimen mounted on SEM stub) (LACM-AHF POLY 648).—Orange County, Huntington Beach, OCSD NPDES
Survey 9270, Sta. C2, rep. 5, 33°36.12°N, 117°56.02°W, 56 m depth, 0.1 m? Van Veen grab, 1.0 mm sieve, 1 speci-
men (LACM-AHF 12578); survey 9382, Sta. C2, rep. 1, 33°36.12°N, 117°56.02°W, 56 m depth, 0.1 m? Van Veen
grab, 1.0 mm sieve, 12 specimens (LACM-AHF 12579); survey 9279, Sta. C2, rep. 3, 33°36.12°N, 117°56.02°W,
56 m depth, 0.1 m? Van Veen grab, 1.0 mm sieve, 20 specimens (LACM-AHF 12580); survey 9279, Sta. C2, rep.
5,33°36.12°N, 117°56.02°W, 56 m depth, 0.1 m? Van Veen grab, 1.0 mm sieve, 2 specimens (LACM-AHF 12581);
survey 95109, Sta. C2, rep. 1, 33°36.12°N, 117°56.02’W, 56 m depth, 0.1 m? Van Veen grab, 1.0 mm sieve, 1 speci-
men (LACM-AHF 12582).—San Diego County, Carlsbad, Encina Treatment Plant NPDES Survey 9344, Sta. R2,
rep. 1, ~33°07.57°N, 117°20.69°W, 46 m depth, 0.1 m? Van Veen grab, 1.0 mm sieve, 1 specimen (LACM-AHF
12583); survey 9344, Sta. R2, rep. 3, ~33°07.57°N, 117°20.69°W, 46 m depth, 0.1 m? Van Veen grab, 1.0 mm sieve,
1 specimen (LACM-AHF 12584).

Description. Specimens up to 30 mm long, 0.15-0.25 mm wide. Thorax slightly inflated in prebranchial chae-
tigers, rounded in cross section thereafter. Body tan. Prostomium conical, wider than long; poorly-developed termi-
nal sensory organ; pair of ciliated peristomial nuchal organs; median antenna absent (Fig. 4A). Branchiae begin on
chaetigers 7-8, 2036 pairs; thin, tapering, five times longer than wide (Fig. 4B); cilia present on lateral edges, with
connecting transverse dorsal bands of short cilia. Notopodial post-chaetal lobes papilla-like on chaetiger 1, digitate
in branchiate region, shorter post-branchial. Notopodial sensory pores (Fig. 4C) present on all segments. Neuro-
podial post-chaetal lobes absent. Noto- and neuropodial capillary chaetae from chaetiger 1. Acicular neurochaetae,
5-7 per fascicle, begin post-branchial; each spine slightly curved, tapering and thinner distally, with fringe of fibrils
on convex margin; spines alternating with capillary chaetae (Fig. 4D). Pygidium with dorsal anal pore, mid-ventral
lobe, two short anal cirri.

Methyl green stain. None present (Fig. 7D).

Type locality. Southern California, Santa Barbara Basin.

Distribution. Southern and Central California, 45-540 m deep.

Remarks. Levinsenia multibranchiata is readily distinguished from other SCB species by the more numerous
and elongate branchiae. For information on diagnostic character differences, see the dichotomous key and Table 2.

Levinsenia oculata (Hartman, 1957)
Figures 5A-E, 7E, F

Paraonis gracilis oculata Hartman, 1957: 331-332, PI. 44, Figs 1-3; 1963: 77-78, 3 Figs 1-3.
Tauberia oculata—Strelzov, 1973: 133-135, Figs 16(10), 58 (Synonymy).—Smith, 1985: 186.
Levinsenia oculata.—Blake, 1996: 34-36, Fig. 2.2.

Levinsenia kirbyorum.—of authors SCB not Lovell 2002.

Material examined. USA, California, Southern California Bight, Bight 2008, Sta. 7168, 822 m depth, 33.2748°N,
118.0861°W, 18 September 2008, 0.1 m? Van Veen, 1.0 mm sieve, 1 specimen (LACM-AHF 12585); station 7251,
696 m depth, 33.5793°N, 118.3287°W, 16 July 2008, 0.1 m? Van Veen grab, 1.0 mm sieve, 1 specimen (LACM-
AHF 12586); Sta. 5925, 1 specimen, SEM stub (LACM-AHF 12587). OCSD 97130, Sta. 37, rep. 4, 56 m, 0.1 m?
Van Veen grab, 1.0 mm sieve, 1 specimen, SEM stub (LACM-AHF 12588). Bight 2013, Sta. 9132, 82.6 m, 9 Sep-
tember 2013 (OCSD voucher 2436), 1 specimen, SEM stub (LACM-AHF 12589).

Description. Specimens up to 20 mm long, 0.25 mm wide. Body slightly inflated in prebranchial region, there-
after cylindrical in cross section. Body cream colored, brownish ‘ocular’ pigment on lateral margins of prostomium.
Prostomium triangular, as long as wide, with terminal sensory organ, nuchal organs and lateral ciliary patches;
pigmented ‘eyespots’ (Fig. 7E, F); median antenna absent; peristomium with ciliated nuchal organs. Five to eight
prebranchial segments followed by 8—11 pairs of tapering branchiae, 6—7 times longer than wide, distally blunt,
sparsely ciliated, connected dorsally by bands of cilia (Fig. 5B, C). Prebranchial notopodial post-chaetal lobes as
low mounds, cirriform in branchial region, shorter post-branchial. Neuropodial post-chaetal lobes absent. Noto-
podial sensory pores present on all segments (Fig. 5D). Notochaetae capillary throughout. Neuropodial capillary
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chaetae throughout; post-branchial chaetigers include distally curved acicular spines with convex fringe of fibrils,
up to seven per fascicle, alternating with long capillaries (Fig. SE). Pygidium narrow, two anal cirri.

Methyl green stain. Thorax staining in pre- and post-chaetal areas, speckled in pre-branchial chaetigers, a
solid band in branchial and 2—-3 post-branchial chaetigers, with similar lighter staining in abdominal chaetigers (Fig.
7E).

Type locality. USA, Southern California, outer Los Angeles Harbor.

Distribution. Central California to Gulf of California, shallow subtidal to 1272 m.

Remarks. This species is rarely encountered on the Southern California Bight shelf and more typically col-
lected in slope and basin depths. Reports of shallow subtidal collections need to be verified. For information on
diagnostic species differences see the dichotomous key below and table of character distributions (Table 2). The
presence of ‘ocular’ pigment separates L. oculata from L. gracilis, but can fade over time in preserved specimens.
The first author has seen freshly collected specimens from off Angola West Africa with ‘ocular’ pigment similar to
L. oculata, but differs in having shorter, curved neurochaetal spines.

FIGURE 5. Levinsenia oculata (Hartman, 1957), adult: (A) prostomium with palpode, nuchal organs, dorsal view; B) anterior
body with branchiae, dorso-lateral view; (C) low transverse ciliary bands between branchiae, dorso-lateral view; (D) notopodial
glandular pores, lateral view; (E) posterior chaetal fascicle showing capillary and acicular spines, lateral view. Abbreviations:
no, nuchal organ; sp, sensory pores. Scale bars: A, 200 um; B, 300 um; C, 50 um; D, 10 pm; E, 20 pm.
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Levinsenia barwicki n. sp.
Figures 6A—F, 7G

Levinsenia sp SD1 Barwick 2000§
Levinsenia sp A Phillips (unpublished)

Material examined. USA, California. Santa Barbara County, Gaviota, GAVBIOCORE, 28 October 1993, Sta.
C, rep. 1, ~34°27°29”N, 120°12°43”W, 27 m depth, 0.008m? hand core, 0.5 mm sieve, holotype (LACM-AHF
12590). Western Santa Barbara Channel, Chevron Platform Gail, Sta. 6, rep. 1, ~34.28°N, 119.59°W, March 1984,
0.1 m? Smith-Mclntyre grab, 1.0 mm sieve, 1 paratype (LACM-AHF 12591).—San Diego County, City of San
Diego Regional Survey 2010, Sta. 8032, 32.56°N, 117.19°W, 6 July 2010, 33 m depth, 0.1 m? Van Veen grab,
1.0 mm sieve, 1 paratype (USNM 1548300); South San Diego Shelf, City of San Diego, SCCWRP Bight 2013,
Sta. 9007, 15 July 2013, 35 m depth, 32.5515°N, 117.1995°W, 0.1 m? Van Veen grab, 1.0 mm sieve, 1 paratype
(LACM-AHF 12593).—Los Angeles County, Outer Los Angeles Harbor, Catalina Sea Ranch, Sta. 1, 22 February
2016, 45 m depth, 33.61260°N, 118.10437°W, 0.1m? Van Veen grab, 1.0 mm sieve, R/V Yellowfin, 1 paratype
(LACM-AHF 12596).

FIGURE 6. Levinsenia barwicki n. sp., adult, holotype (AHF-LACM POLY 12590): (A) prostomium, lateral view; (B) prosto-
mium, ventro-lateral view; (C) truncate, ciliated branchiae, lateral view; (D) transverse ciliary bands between branchiae, dorsal
view; (E) hooded acicular spines, lateral view; (F) posterior fascicles with pygidium showing long capillary chaetae and acicular
spines, lateral view. Abbreviations: *, lateral peristomial cilia patches; ac, anal cirri; ci, cilia; no, nuchal organ; pa, palpode.
Scale bars: A, 50 um; B, 50 um; C, 200 um; D, 100 pm; E, 5 um; F, 100 pm.
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Additional material. USA, California. Santa Barbara County, Gaviota, GAVBIOCORE Sta. Ni, rep. 1,
~34°27°29”N, 120°12°43”W, 27 m depth, 13 August 1992, 0.008 m? hand core, 0.5 mm sieve, id. L. Lovell, 1 speci-
men mounted on SEM stub (LACM-AHF 12597); Monterey County, Monterey Bay, MBARI sample T387C76,
36.20°N, 122.62°W, 5 December 2001, 3322 m depth, 6.9 cm diameter tube core, top 5 cm, 0.3 mm sieve, ROV
Tiburon, 1 specimen (LACM-AHF 12594); Monterey Bay, MBARI sample T387C80, 36.20°N, 122.62°W, 5 De-
cember 2001, 3322 m depth, 6.9 cm diameter tube core, top 5 cm, 0.3 mm sieve, ROV Tiburon, 1 specimen (LACM-
AHF 12595); Monterey Bay, MBARI MARS sample D703-PC45, 36.71°N, 122.19°W, 17 December 2014, 889
m depth, 6.9 cm diameter tube core, top 5 cm, 0.3 mm sieve, ROV Doc Ricketts, determined by T. Phillips, 2
specimens (USNM 1604268); MBARI MARS sample D702-PC49, 36.75°N, 122.28°W, 17 December 2014, 1001
m depth, 6.9 cm diameter tube core, top 5 cm, 0.3 mm sieve, ROV Doc Ricketts, id. T. Phillips, specimen labelled
as Levinsenia sp SD1, 1 specimen mounted on SEM stub (LACM-AHF 12598); labelled as SD1; Monterey Bay,
MBARI sample T387C57, 36.20°N, 122.62°W, 5 December 2001, 3322 m depth, 6.9 cm diameter tube core, top
5 cm, 0.3 mm sieve, ROV Tiburon, 1 specimen; Southern California Bight, South of Imperial Beach, City of San
Diego South Plant Ocean Outfall, 115 rep. 1, 32.54°N, 117.19°W, 6 July 2015, 33 m depth, Van Veen grab, 1.0 mm
sieve; City of San Diego South Plant Ocean Outfall, Sta. 116, rep. 1, 32.54°N, 117.18°W, 13 July 2006, 28 m depth,
0.1 m? Van Veen grab, 1.0 mm sieve.

FIGURE 7. A-G, Levinsenia spp. methyl green staining patterns: A, L. gracilis California specimen; B, L. gracilis Sweden
specimen; C, L. kirbyorum; D, L. multibranchiata; E, F, L. oculata; G, L. barwicki n. sp.; H, L. kirbyorum, posterior neuropodial
fascicle.
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Description. Holotype 4 mm long, 0.10 mm wide, complete, damaged mid-body. Body slightly inflated in pre-
branchial region, thereafter cylindrical in cross section. Body cream colored. Prostomium conical; terminal sensory
organ well developed, mid-prostomial ciliary recessed area (Fig. 6A); peristomial ciliated nuchal organs; lateral
ciliary patches, dorsal and ventral ciliary patches (Fig. 6B); median antenna absent. Six prebranchial segments, fol-
lowed by 5 (6" developing on one side) pairs of heavily ciliated, truncate, leaf-like, branchiae (Fig. 6C), mid-dorsal
transverse ciliary bands continuous with branchiae (Fig. 6D). Notopodial glandular pores absent. Post-branchial
neurochaetae acicular, up to 5 acicular spines with sharply bent tip and thick surrounding sheath (Fig. 6E), alternat-
ing with capillary chaetae. Far posterior chaetigers with pad-like chaetal fascicles, capillary notochaetae extremely
long. Anal cirri distally inflated with cilia at tips (Fig. 6F).

Methyl green stain. Staining limited to pre-chaetal areas of notopodia in branchial and 7-8 post-branchial
chaetigers (Fig. 7G).

Type locality. USA, Santa Barbara County, Gaviota, California, 27 m depth.

Distribution. Central to southern California, 27-3322 m depth.

Variations. Paratypes: body up to 15 mm long. Branchiae up to 8 pairs, heavily ciliated.

Remarks. Levinsenia barwicki n. sp. is distinct by way of the several patches of cilia on the prostomium, espe-
cially on the mid-prostomial recessed area where a median antenna is found in other Paraonidae. Lateral ‘cheek’ and
ventral ciliary patches are noted and have not been previously described. Branchiae are heavily ciliated, flattened
and leaf-like, similar to Paraonis pygoenigmatica (Jones, 1968) (formerly Levinsenia pygoenigmatica, reassigned
to Paraonis, see Blake 2016). Neurochaetae are unidentate, sharply bent, with a thick sheath, ‘appearing’ biden-
tate using light microscopy; unlike L. canariensis and L. hawaiianensis, which are truly bidentate. J. Blake (pers.
comm.) reports that other very small, shelf and slope Levinsenia with similar branchial and neurochaetal features
are known to exist in the North Atlantic. Levinsenia barwicki is a very small species and is usually collected on a
0.5 mm (or finer) sieve, occasionally on a 1.0 mm sieve.

The reported depth range for L. barwicki is very broad. However, other Levinsenia species present such broad
depth ranges. Blake (1996) reports Levinsenia gracilis occurring from “shallow subtidal to 3000+ m”. This species
is named in honor of Kelvin Barwick, SCAMIT President.

Discussion

New characters were revealed during this SEM study of Southern California Bight Levinsenia. Patches of cilia were
observed in new locations on the prostomium of L. barwicki n. sp. (Fig. 6 A-B). Transverse, dorsal ciliary bands
connecting branchiae were observed on most species reviewed (Figs 1C, 2B; 3B, 5C, 6D), however they are best
developed in posterior branchial segments and can be difficult to observe. Ciliary bands were not observed using
SEM on the specimen of L. multibranchiata, although because the branchiae are long and numerous the view of the
dorsum between branchiae was obscured.

Clusters of notopodial ‘glandular’ pores were observed in four of the five Levinsenia species reviewed (Figs
1D, 2C, 3C, 4C, 5D); they were not seen in L. barwicki. These pores occur on all chaetigerous segments, next to or
just ventral to notopodial fascicles. Some pores have emergent filaments. These presumptive glandular pore areas
have not been previously noted for other Levinsenia species. They can, however, be seen in SEM images of Aricidea
(Strelzovia) roberti (Aguirrezabalaga & Gil, 2008). They are reported as secretory among Spionidae (V. Rada-
shevsky, pers. com.) and may occur among members of other polychaete families. Notopodial pores are not readily
observable with light microscopy, the primary tool of taxonomists, and thus are of little use in general identification
work.

Levinsenia barwicki is a very small species collected primarily on a 0.5 mm sieve (only once on a 1.0 mm
sieve), has unique flattened, leaf-like branchiae, and acicular spines that appear bidentate with light microscopy.
Levinsenia kirbyorum has double overlapping rows of more numerous acicular spines; while all other local species
have single rows of 3—7 acicular spines. Levinsenia multibranchiata is distinguished from other California Levin-
senia species by the large number of pairs and length of branchiae. Levinsenia oculata has a conical prostomium
and ‘ocular’ pigment that separates it from L. gracilis with a triangular prostomium and no prostomial pigment.
However, the ‘ocular’ pigment can fade over time and should not be relied upon with older material.

Methyl green staining patterns have been used as additional diagnostic tools in several polychaete families:
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Capitellidae, Cirratulidae and Sabellidae in papers by Banse (1972), Blake (2015), Green (2002), and Tovar-Her-
nandez et al. (2007). Staining pattern results in other Paraonidae genera may provide an additional diagnostic tool
to separate genera or species. Table 2 presents differentiating characters for the Levinsenia species reported from
California.

Remarks on the status of Levinsenia sensu Langeneck et al. (2019)

While the present paper is primarily descriptive in scope, we want to take this opportunity to comment on some of
the results reported by Langeneck et al. (2019) for recognizing Paraonidae genera, including Levinsenia, as well as
more inclusive phylogenetic hypotheses. This study is the most extensive phylogenetic analysis of Paraonidae. Only
one previous analysis, by Reuscher (2013), has been performed but was limited to addressing monophyly of Cir-
rophorus Ehlers, 1908, and Paradoneis Hartman, 1965. The hypotheses inferred by Langeneck et al. (2019) were
based on sequence data, although they proceeded to ‘map’ several morphological characters onto the cladograms in
an effort to claim particular explanatory hypotheses for those characters. Levinsenia was shown to be monophyletic
(Langeneck et al. 2019: figs 1-2), albeit the specific nucleotides serving as synapomorphies were not mentioned. As
a result of character mapping, Langeneck ez al. (2019) suggested that the absence, explained as a loss, of the median
antenna among members of Levinsenia is a synapomorphy for the genus (Langeneck et al. 2019: fig. 3c).

There are two fundamental epistemic problems that compromise the results of Langeneck ef al.’s (2019) study.
The first problem, identified by Fitzhugh (2016a; see also Nogueira et al. 2017: 683—684), is that causally account-
ing for differentially-shared nucleotides by way of available phylogenetics algorithms do not, at a minimum, make
a distinction between explanations by means of natural selection or genetic drift with regard to causal mechanisms
leading to fixation of characters among members of ancestral populations when explaining non-sequence charac-
ters, i.e. “‘morphological’ characters. This agnostic approach does not seem to present a problem for non-sequence
characters since such features are amenable to being explained by either drift or selection (Fitzhugh 2016a), and
phylogenetic hypotheses implied by cladograms are notoriously lacking in causal details in relation to novel charac-
ter origin/fixation and population splitting events (‘speciation’) (Fitzhugh 2006a, 2006b, 2008b, 2013, 2014, 2016a,
2016b, 2016¢c, 2016d). The situation is, however, different for sequence data, since selection does not operate at the
level of individual nucleotides or amino acids in consequence of the fact that these molecules exhibit no emergent
properties upon which fitness differences are directly manifested. Selection can occur at higher organizational lev-
els of phenotypes, and it is by way of downward causation (sensu Campbell 1974; Okasha 2006, 2012; Auletta et
al. 2008; Ellis 2008, 2012, 2013; Martinez & Moya 2011; Davies 2012; Ellis et al. 2012; Jaeger & Calkins 2012;
Walker et al. 2012; Griffiths & Stotz 2013; Martinez & Esposito 2014; Walker 2014; Fitzhugh 2016a; Paoletti &
Orilia 2017) that sequence data can be indirectly affected. Differentially-shared nucleotides or amino acids can be
readily explained by drift, but it would be unrealistic to assume that all sequence data can be accounted for by that
cause, since selection at higher levels is known to occur. The consequence is that in order to explain sequence data
by way of phylogenetic hypotheses it first would be necessary to segregate those nucleotides or amino acids to be
explained by drift from those sequence data to be explained via downward causation, such that the latter would be
excluded from the data matrix since those characters would be explained in association with phenotypic charac-
ters. The difficulty then faced is determining whether or not empirical criteria are available for filtering out those
sequence data to be explained by downward causation. In the absence of such criteria, the only option would be to
exclude sequence data altogether from causal consideration. This is a difficulty that severely limits the integrity of
phylogenetic hypotheses that attempt to causally account for sequence data. As such, the monophyly of Levinsenia
and other paraonid genera considered in Langeneck et al.’s (2019) study lack epistemic justification.

The second problem manifested in Langeneck et al. (2019) is that of character mapping, wherein a set of char-
acters, usually morphological, are ‘mapped’ or ‘optimized’ onto a phylogenetic tree diagram that was originally
inferred to explain other characters, usually sequence data. This approach has grown in popularity, yet relies on an
invalid inferential process, offering results that fail to be interpretable as explanatory hypotheses (Fitzhugh 2014,
2016b). The inferences of phylogenetic hypotheses occur by a form of non-deductive reasoning known as abduction
(Peirce 1878, 1902, 1931, 1932, 1933a, 1933b, 1934, 1935, 1958a, 1958b; Hanson 1958; Achinstein 1970; Fann
1970; Reilly 1970; Curd 1980; Nickles 1980; Thagard 1988; Josephson and Josephson 1994; Baker 1996; Hacking
2001; Magnani 2001, 2009, 2017; Psillos 2002, 2007, 2011; Godfrey-Smith 2003; Norton 2003; Walton 2004; Gab-
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bay & Woods 2005; Aliseda 2006; Schurz 2008; Park 2017; for abductive reasoning in systematics, cf. Fitzhugh
2005a, 2005b, 2006a, 2006b, 2008a, 2008b, 2008c, 2009, 2010, 2013, 2014, 2015, 2016a, 2016b, 2016¢, 2016d). In
relation to systematics, abductive reasoning involves conjoining an explicit or implied theory(ies) with effects to be
explained, to conclude a set of explanatory hypotheses, diagrammatically represented by cladograms (e.g. Fitzhugh
2006a, 2012, 2014, 2016a). Mapping additional characters onto cladograms cannot lead to those characters being
explained since mapped characters played no role in the inferences of the explanatory hypotheses accounting for
those characters. There are no forms of inference that can warrant mapping as a valid scientific process. As a conse-
quence, the absence of a median antenna among members of Levinsenia cannot at this time be claimed as evidence
of monophyly.

TABLE 2. Differentiating characters for Levinsenia species from California. Characters in bold are diagnostic. MG,
methyl green; L, length; W, width.

Species/Character Prostomium shape Terminal sensory No. pre-branchial  No. branchial

organ (palode) chaetigers pairs
Levinsenia gracilis Triangular L>W Present 5-7 7-16, size
(Tauber, 1879) dependent
Levinsenia kirbyorum Triangular L>W Present 6-7, body inflated 13-20
Lovell, 2002
Levinsenia multibranchiata  Conical W>L Poorly developed 6-7, body inflated 28-36
(Hartman, 1957)
Levinsenia oculata Conical W>L, Well developed 5-8 811
(Hartman, 1957) w/ocular pigment (eyes)
Levinsenia barwicki n. sp. Conical L>W Well developed 6, body inflated 4-8

TABLE 2. (Continued)
Species/Character Branchial shape No. acicular neuro MG staining
(spines)

Levinsenia gracilis Tapered, blunt-tipped ~ 3-7, single row, recurved Branchial region ventral bands

(Tauber, 1879)

distally

Levinsenia kirbyorum Conical Up to 13, double rows, re-  Ventral bands branchial region,
Lovell, 2002 curved shape not uniform  notopodial spots post-branchial
Levinsenia multibranchiata  Thin, long tapering 5-7, thin nearly straight No stain

(Hartman, 1957)
Levinsenia oculata
(Hartman, 1957)

Levinsenia barwicki n. sp.

Tapering, blunt
tipped, L 6-7X- W

Leaf-like, margin

distally
Up to 7, recurved distally

Up to 5, recurved tip with

Branchial region, 23 post-bran-
chial chaetigers solid bands

Branchial region, 7-8 post- bran-

ciliated distal hood chial chaetigers segmental stain

Key to the species of Levinsenia reported from California

1A. Body very small (10-15 mm long, 0.10 mm wide), terminal sensory organ well developed, 4-8 pairs of truncate, heavily

ciliated branchiae, acicular spines bent tipped with thickhoods . .. ......... .. .. . .. .. . o L. barwicki n. sp.
IB.  Body small to moderate size (15-30 mm long, 0.15-0.35 mm wide), terminal sensory organ not well developed, 5-36 branchial
pairs, acicular spines not bent tipped, with fringe on convex side. .. ........ .. 2
2. 2A. Posterior acicular neurochaetae in multiple overlapping rows; vary in shape from longer, thinner, straighter to shorter,
thicker more recurved; post-branchial notopodial with methyl green staining spots. . ....................... L. kirbyorum
2B.  Posterior acicular neurochaetae in single rows, uniformly shaped; post-branchial notopodia without methyl green staining
] 10 £ PP 3
3. 3A. More than 25 pairs of long, thin, tapering branchiae; posterior acicular neurochaetae thin, nearly straight distally; methyl
green staining absent on any part of thebody .. ...... ... .. L. multibranchiata
3B.  Fewer than 25 pairs of tapering, blunt-tipped branchiae; posterior acicular neurochaetae, thicker, recurved distally ........ 4
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4. 4A. Prostomium conical, with ‘ocular’ pigment (may fade); 5-9, and up to 20 branchial pairs; methyl green stain pre- and
post-chaetal areas, speckled in prebranchial chaetigers; solid methyl green band in branchial region and 2-3 post-branchial

CRACEIZRIS . oo it L. oculata
4B.  Prostomium triangular, longer than wide, without “ocular” pigment; 7—16 branchial pairs; ventral methyl green staining in

branchial TeZION . . . .. ... L. gracilis
Acknowledgements

We would like to thank the Southern California Association of Marine Invertebrate Taxonomists (SCAMIT), Leslie
Harris (NHMLAC), Danny Eibye-Jacobsen (ZUMC), and Linda Kuntz (MBARI) for providing specimens for this
study. Use of and access to the SEM and the AHF-LACM polychaete collection was provided by the Natural History
Museum of Los Angeles County. This research was supported by the County Sanitation Districts of Los Angeles
County. The paper benefitted from comments offered by Jim Blake and Leslie Harris.

References

Achinstein, P. (1970) Inference to scientific laws. /n: Stuewer, R.H. (Ed.), Volume V: Historical and Philosophical Perspectives
of Science. Minnesota Studies in the Philosophy of Science. University of Minnesota Press, Minneapolis, Minnesota, pp.
87-111.

Aguirrezabalaga, F. & Gil, J. (2008) Paraonidae (Annelida: Polychaeta) of the inlet of Zarautz (Basque Coast, Bay of Biscay),
with new records from the Atlantic and the Iberian Coasts. Cahiers De Biologie Marine, 49, 37-57.

Aliseda, A. (2006) Abductive Reasoning: Logical Investigations into Discovery and Explanation. Springer, Dordrecht, 225 pp.

Auletta, G., Ellis, G.F.R. & Jaeger, L. (2008) Top-down causation by information control: from a philosophical problem to a
scientific research programme. Journal of the Royal Society Interface, 5, 1159-72.
https://doi.org/10.1098/rsif.2008.0018

Baker, V.R. (1996) Hypotheses and geomorphological reasoning. /n: Rhoads, B.L. & Thorn, C.E. (Eds.), The Scientific Nature
of Geomorphology: Proceedings of the 27" Binghamton Symposium in Geomorphology held 27-29 September 1996. Wiley,
New York, pp. 57-85.

Banse, K. (1972) The small species of Euchone Malmgren (Sabellidae, Polychaeta). Proceedings
of the Biological Society of Washington, 83, 387—408.

Blake, J.A. (1996) Paraonidae. /n: Blake, J.A., Hilbig, B. & Scott, P.V. (Eds.), Taxonomic Atlas
of the Benthic Fauna of the Santa Maria Basin and the Western Santa Barbara Channel. Vol. 6. The Annelida. Part 3.
Polychaeta: Orbiniidae to Cossuridae. Santa Barbara Museum of Natural History, California, pp. 1-418.

Blake, J.A. (2015) New species of Chaetozone and Tharyx (Polychaeta: Cirratulidae) from the Alaskan and Canadian Arctic and
the Northeastern Pacific, including a description of the lectotype of Chaetozone setosa Malmgren from Spitsbergen in the
Norwegian Arctic. Zootaxa, 3919 (3), 501-552.
https://doi.org/10.11646/zootaxa.3919.3.5

Blake, J.A. (2016) Family Paraonidae Cerruti, 1909. In: Purschke, G., Boggemann, M. & Westheide, W. (Eds.), Handbook of
Zoology. Annelida. Vol. 1. Annelida Basal Groups and Pleistoannelida, Sedentaria I. De Gruyter, Berlin, pp. 281-308.

Brito, M.C. & Nviiez, J. (2002) A new genus and species of Questidae (Annelida: Polychaeta from the central Macaronesian
region and a cladistic analysis of the family. Sarsia, 87, 281-289.
https://doi.org/10.1080/00364820260400780

Cadien, D.B. & Lovell, L.L. (Eds.) (2016) A Taxonomic Listing of Benthic Macro and Megainvertebrates from Infaunal and
Epifaunal Monitoring and Research Programs in the Southern California Bight. 11" Edition. Prepared by The Southern
California Association of Marine Invertebrate Taxonomists, Los Angeles, California, 188 pp.

Campbell, D.T. (1974) Downward causation in hierarchically organized biological systems. /n: Ayala, F.J. & Dobzhansky, T.
(Eds.), Studies in the Philosophy of Biology: Reduction and Related Problems. University of California Press, Berkeley,
California, pp. 179-86.
https://doi.org/10.1007/978-1-349-01892-5 11

Curd, M.V. (1980). The logic of discovery: an analysis of three approaches. /n: Nickles, T. (Ed.), Scientific Discovery, Logic and
Rationality. D. Reidel Publishing Company, Dordrecht, pp. 201-219.
https://doi.org/10.1007/978-94-009-8986-3 8

Davies, P.C.W. (2012) The epigenome and top-down causation. Interface Focus, 2, 42—48.
https://doi.org/10.1098/rsfs.2011.0070

Ellis, G.F.R. (2008) On the nature of causation in complex systems. Transactions of the Royal Society of South Africa, 63,
69-84.
https://doi.org/10.1080/00359190809519211

272 - Zootaxa 4751 (2) © 2020 Magnolia Press LOVELL & FITZHUGH



Ellis, G.F.R. (2012) Top-down causation and emergence: some comments on mechanisms. Interface Focus, 2, 126—40.
https://doi.org/10.1098/rsfs.2011.0062

Ellis, G. (2013) Time to turn cause and effect on their heads. New Scientist, 2930, 28-29.
https://doi.org/10.1016/S0262-4079(13)62040-0

Ellis, G.F.R., Noble, D. & O’Connor, T. (2012) Top-down causation: an integrating theme within and across the sciences? /n-
terface Focus, 2, 1-3.
https://doi.org/10.1098/rsfs.2011.0110

Fann, K.T. (1970) Peirce’s Theory of Abduction. Martinus Nijhoff, The Hague, 62 pp.
https://doi.org/10.1007/978-94-010-3163-9

Fitzhugh, K. (2005a) The inferential basis of species hypotheses: the solution to defining the term ‘species’. Marine Ecology,
26, 155-165.
https://doi.org/10.1111/1.1439-0485.2005.00058.x

Fitzhugh, K. (2005b) Les bases philosophiques de I’infe rence phyloge ne’tique: une vue d’ensemble. Biosystema, 24, 83—
105.

Fitzhugh, K. (2006a) The abduction of phylogenetic hypotheses. Zootaxa, 1145 (1), 1-110.
https://doi.org/10.11646/zootaxa.1145.1.1

Fitzhugh, K. (2006b) The ‘requirement of total evidence’ and its role in phylogenetic systematics. Biology & Philosophy, 21,
309-51.
https://doi.org/10.1007/s10539-005-7325-2

Fitzhugh, K. (2008a) Fact, theory, test and evolution. Zoologica Scripta, 37, 109-113.
https://doi.org/10.1111/j.1463-6409.2008.00338.x

Fitzhugh, K. (2008b) Abductive inference: implications for ‘Linnean’ and ‘phylogenetic’ approaches for representing biological
systematization. Evolutionary Biology, 35, 52-82.
https://doi.org/10.1007/s11692-008-9015-x

Fitzhugh, K. (2008c¢) Clarifying the role of character loss in phylogenetic inference. Zoologica Scripta, 37, 561-569.
https://doi.org/10.1111/1.1463-6409.2008.00338.x

Fitzhugh, K. (2009) Species as explanatory hypotheses: refinements and implications. Acta Biotheoretica, 57, 201-248.
https://doi.org/10.1007/s10441-009-9071-3

Fitzhugh, K. (2010) Evidence for evolution versus evidence for intelligent design: parallel confusions. Evolutionary Biology,
37, 68-92.
https://doi.org/10.1007/s11692-010-9088-1

Fitzhugh, K. (2013) Defining ‘species’, ‘biodiversity’, and ‘conservation’ by their transitive relations. /n: Pavlinov, 1.Y. (Ed.),
The Species Problem—Ongoing Problems. InTech, New York, pp. 93—130.
https://doi.org/10.5772/52331

Fitzhugh, K. (2014). Character mapping and cladogram comparison versus the requirement of total evidence: does it matter for
polychaete systematics? Memoirs of Museum Victoria, 71, 67-78.
https://doi.org/10.24199/j.mmv.2014.71.07

Fitzhugh, K. (2015) What are species? Or, on asking the wrong question. Festivus, 47, 229-239.

Fitzhugh, K. (2016a) Sequence data, phylogenetic inference, and implications of downward causation. Acta Biotheoretica, 64,
133-60.
https://doi.org/10.1007/s10441-016-9277-0

Fitzhugh, K. (2016b) Dispelling five myths about hypothesis testing in biological systematics. Organisms, Diversity & Evolu-
tion, 16, 443-65.
https://doi.org/10.1007/s13127-016-0274-6

Fitzhugh, K. (2016c) Phylogenetic hypotheses: neither testable nor falsifiable. Evolutionary Biology, 43, 257—66.
https://doi.org/10.1007/s11692-016-9381-8

Fitzhugh, K. (2016d) Ernst Mayr, causal understanding, and systematics: an example using sabelliform polychaetes. Inverte-
brate Biology, 135, 302—13.
https://doi.org/10.1111/ivb.12133

Gabbay, D.M. & Woods, J. (2005) The Reach of Abduction: Insight and Trial. A Practical Logic of Cognitive Systems. Vol. 2.
Elsevier, Amsterdam, 476 pp.
https://doi.org/10.1016/S1874-5075(05)80020-8

Giere, O., Ebbe, B. & Erséus, C. (2007) Questa (Annelida, Polychaeta, Orbiniidae) from Pacific regions—new species and
reassessment of the genus Periquesta. Organisms Diversity & Evolution, 7 (4), 304-319.

Godfrey-Smith, P. (2003) Theory and Reality: An Introduction to the Philosophy of Science. University of Chicago Press, Chi-
cago, 272 pp.
https://doi.org/10.7208/chicago/9780226300610.001.0001

Green, K.D. (2002) Capitellidae (Polychaeta) from the Andaman Sea. /n: Eibye-Jacobsen, D. (Ed.), Proceedings of the Inter-
national Workshop of the Polychaetes of the Andaman Sea June—August 1997. Phuket Marine Biological Center Special
Publication, 24, pp. 249-343.

Griffiths, P. & Stotz, K. (2013) Genetics and Philosophy: An Introduction. Cambridge University Press, New York, 270 pp.

AN SEM REVIEW OF LEVINSENIA SPECIES Zootaxa 4751 (2) © 2020 Magnolia Press - 273



https://doi.org/10.1017/CB0O9780511744082

Hacking, 1. (2001) An Introduction to Probability and Inductive Logic. Cambridge University Press, New York, 302 pp.
https://doi.org/10.1017/CB0O9780511801297

Hanson, N.R. (1958) Patterns of Discovery: An Inquiry into the Conceptual Foundations of Science. Cambridge University
Press, New York, 241 pp.

Hantzschel, W. (1975) Trace fossils and problematica. /n: Moore, R.C. (Ed.), Treatise on Invertebrate Paleontology. Part W.
Miscellanea. Supplement 1. University of Kansas Press, Lawrence, pp. W2-W269.

Hartman, O. (1957) Orbiniidae, Apistobranchidae, Paraonidae and Longosomatidae. Allan Hancock Pacific Expeditions, 15,
211-393.

Hartman, O. (1969) Atlas of the Sedentariate Polychaetous Annelids from California. Allan Hancock Foundation, University of
Southern California, Los Angeles, 812 pp.

Hartmann, S. & Woods, J. (Eds.) (2011) The Handbook of the History of Logic. Vol. 10. Inductive Logic. Elsevier, Oxford, pp.
117-151.

Jaeger, L. & Calkins, E.R. (2012) Downward causation by information control in micro-organisms. Interface Focus, 2, 26—41.
https://doi.org/10.1098/rsfs.2011.0045

Josephson, J.R. & Josephson, S.G. (Eds) (1994) Abductive Inference: Computation, Philosophy, Technology. Cambridge Uni-
versity Press, New York, 306 pp.
https://doi.org/10.1017/CB0O9780511530128

Langeneck, J., Barbieri, M., Maltagliati, F. & Castelli, A. (2019) Molecular phylogeny of Paraonidae (Annelida). Molecular
Phylogenetics and Evolution, 136, 1-13.
https://doi.org/10.1016/j.ympev.2019.03.023

Lovell, L.L. (2002) Paraonidae (Annelida: Polychaeta) of the Andaman Sea, Thailand. /n:

Eibye-Jacobsen, D. (Ed.), Proceedings of the International Workshop of the Polychaetes of the Andaman Sea June-August
1997. Phuket Marine Biological Center Special Publication, 24, pp. 33-56.

Magnani, L. (2001) Abduction, Reason, and Science: Processes of Discovery and Explanation. Kluwer Academic, New York,
205 pp.
https://doi.org/10.1007/978-1-4419-8562-0

Magnani, L. (2009) Abductive Cognition: The Epistemological and Eco-Cognitive Dimensions of Hypothetical Reasoning.
Springer-Verlag, Berlin, 534 pp.
https://doi.org/10.1007/978-3-642-03631-6

Magnani, L. (2017) The Abductive Structure of Scientific Creativity: An Essay on the Ecology of Cognition. Springer-Verlag,
Berlin, 230 pp.
https://doi.org/10.1007/978-3-319-59256-5

Martinez, M. & Esposito, M. (2014) Multilevel causation and the extended synthesis. Biological Theory, 9, 209-20.
https://doi.org/10.1007/s13752-014-0161-3

Martinez, M. & Moya, A. (2011) Natural selection and multi-level causation. Philosophy & Theory in Biology, 3 (€202), 1-14.
https://doi.org/10.3998/ptb.6959004.0003.002

Nickles, T. (1980) Introductory essay: scientific discovery and the future of philosophy of science. /n: Nickles, T. (Ed.), Scien-
tific Discovery, Logic and Rationality. D. Reidel Publishing Company, Dordrecht, pp. 1-59.
https://doi.org/10.1007/978-94-009-8986-3 1

Nogueira, J.M.M., Fitzhugh, K., Hutchings, P. & Carrerette, O. (2017) Phylogenetic analysis of the family Telothelepodidae
Nogueira, Fitzhugh & Hutchings, 2013 (Annelida: Terebelliformia). Marine Biology Research, 13, 671-692.
https://doi.org/10.1080/17451000.2017.1283526

Norton, J.D. (2003) A material theory of induction. Philosophy of Science, 70, 647-670.
https://doi.org/10.1086/378858

Okasha, S. (2006) Evolution and the Levels of Selection. Oxford University Press, New York, 300 pp.
https://doi.org/10.1093/acprof:0s0/9780199267972.001.0001

Okasha, S. (2012) Emergence, hierarchy and top-down causation in evolutionary biology. Interface Focus, 2, 49-54.
https://doi.org/10.1098/rsfs.2011.0046

Park, W. (2017) Abduction in Context: The Conjectural Dynamics of Scientific Reasoning. Springer-Verlag, Berlin, 263 pp.

Paoletti, M.P. & Orilia, F. (Eds.) (2017) Philosophical and Scientific Perspectives on Downward Causation. Routledge, New
York, 333 pp.

Peirce, C.S. (1878) Illustrations of the logic of science. Sixth paper-Deduction, induction, and hypothesis. Popular Science
Monthly, 13, 470-482.

Peirce, C.S. (1902) Reasoning. /n: Baldwin, J.A. & Rand, B. (Eds.), Dictionary of Philosophy and Psychology: Prefatory Note.
Text, Le-Z. Addenda: Indices. 1. Greek Terms. II. Latin Terms. Ill. German Terms. IV. French Terms. V. Italian Terms. The
Macmillan Company, New York, pp. 426-428.

Peirce, C.S. (1931) Vol. 1, Principles of Philosophy. /n: Hartshorne, C., Weiss, P. & Burks, A. (Eds.), Collected Papers of
Charles Sanders Peirce. Harvard University Press, Cambridge, pp. 1-393.

Peirce, C.S. (1932) Vol. 2. Elements of Logic. /n: Hartshorne, C., Weiss, P. & Burks, A. (Eds.), Collected Papers of Charles
Sanders Peirce. Harvard University Press, Cambridge, pp. 1-535.

274 - Zootaxa 4751 (2) © 2020 Magnolia Press LOVELL & FITZHUGH



Peirce, C.S. (1933a) Vol. 3. Exact Logic. /n: Hartshorne, C., Weiss, P. & Burks, A. (Eds.), Collected Papers of Charles Sanders
Peirce. Harvard University Press, Cambridge, pp. 1-433.

Peirce, C.S. (1933b) Vol. 4. The Simplest Mathematics. /n: Hartshorne, C., Weiss, P. & Burks, A. (Eds.), Collected Papers of
Charles Sanders Peirce. Harvard University Press, Cambridge, pp. 1-601.

Peirce, C.S. (1934) Vol. 5. Pragmatism and Pragmaticism. /n: Hartshorne, C., Weiss, P. & Burks, A. (Eds.), Collected Papers of
Charles Sanders Peirce. Harvard University Press, Cambridge, pp. 1-455.

Peirce, C.S. (1935) Vol. 6. Scientific Metaphysics. /n: Hartshorne, C., Weiss, P. & Burks, A. (Eds.), Collected Papers of Charles
Sanders Peirce. Harvard University Press, Cambridge, pp. 1-462.

Peirce, C.S. (1958a) Vol. 7. Science and Philosophy. /n: Hartshorne, C., Weiss, P. & Burks, A. (Eds.), Collected Papers of
Charles Sanders Peirce. Harvard University Press, Cambridge, pp. 1-415.

Peirce, C.S. (1958b) Vol. 8, Correspondence and Bibliography. /n: Burks, A. (Ed.), Collected Papers of Charles Sanders Peirce.
Harvard University Press, Cambridge, pp. 1-352.

Psillos, S. (2002) Simply the best: a case for abduction. /n: Kakas, A.C. & Sadri, F. (Eds.), Computational Logic: Logic Pro-
gramming and Beyond. Springer, New York, pp. 605—625.
https://doi.org/10.1007/3-540-45632-5 24

Psillos, S. (2007) Philosophy of Science A-Z. University Press, Edinburgh, 280 pp.

Psillos, S. (2011) An explorer upon untrodden ground: Peirce on abduction. /n: Gabbay, D.M., Hartmann, S. & Woods, J. (Eds.),
Handbook of the History of Logic, 10, pp. 117-151.
https://doi.org/10.1016/B978-0-444-52936-7.50004-5

Read, G. & Bellan, G. (2013) Levinsenia Mesnil, 1897. In: Read, G. & Fauchald, K. (Eds.), World Polychaeta Database.
Available from: http://www.marinespecies.org/polychaeta/ (accessed 2 February 2017)

Reilly, F.E. (1970) Charles Peirce’s Theory of Scientific Method. Fordham University Press, New York, 200 pp.
https://doi.org/10.5422/fordham/9780823208807.001.0001

Reuscher, M.G. (2013) Cladistic analysis of the family Paraonidae (Annelida: Polychaeta) and the genera Cirrophorus and
Paradoneis based on morphological characters. /n: Reuscher, M.G. (Ed.), PhD Thesis: Biodiversity, Ecology, and Natural
History of Polychaetous Annelids from the Gulf of Mexico. Corpus Christi University, Corpus Christi, pp. 192-237.

Schurz, G. (2008) Patterns of abduction. Synthese, 164, 201-234.
https://doi.org/10.1007/s11229-007-9223-4

Strelzov, V.E. (1973) Polychaetous Annelids of the Family Paraonidae (Polychaeta, Sedentaria). Akademiya Nauk SSSR, Len-
ingrad, 120 pp. [in Russian, translated by Smithsonian Institution]

Thagard, P. (1988) Computational Philosophy of Science. MIT Press, Cambridge, 240 pp.
https://doi.org/10.7551/mitpress/1968.001.0001

Tover-Hernandez, M.A., Licciano, M. & Giangrande, A. (2007) Revision of Chone Kreyer, 1856 (Polychaeta: Sabellidae) from
the eastern central Atlantic and Mediterranean Sea with descriptions of two new species. Scientia Marina, 71, 315-338.
https://doi.org/10.3989/scimar.2007.71n2315

Walker, S.I. (2014) Top-down causation and the rise of information in the emergence of life. Information, 5, 424-39.
https://doi.org/10.3390/info5030424

Walker, S.I., Cisneros, L. & Davies, P.C.W. (2012) Evolutionary transitions and top-down causation. Proceedings of Artificial
Life, 13, 283-90.
https://doi.org/10.7551/978-0-262-31050-5-ch038

Walton, D. (2004) Abductive Reasoning. The University of Alabama Press, Tuscaloosa, 303 pp.

AN SEM REVIEW OF LEVINSENIA SPECIES Zootaxa 4751 (2) © 2020 Magnolia Press - 275



