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Abstract Corynosoma obtuscens Lincicome, 1943

(Acanthocephala: Polymorphidae) is synonymised

with Corynosoma australe Johnston, 1937 based on

combined morphological and molecular evidence.

Morphological comparison of C. obtuscens (24 males

and 27 females) collected from a California sea lion

Zalophus californianus (Lesson) in California, USA,

with the type-specimens of C. obtuscens and C. aus-

trale, and with published data on C. australe collected

from different hosts and regions showed no significant

differences. The levels of genetic divergence in the

cox1 sequences obtained from C. obtuscens from a

California sea lion in the present study and C. australe

from otariid seals from Argentina and penguins from

Brazil ranged between 1.4–1.6% and was considered

to represent intraspecific variability. Additionally,

cox1 sequences were generated for Andracantha

phalacrocoracis (Yamaguti, 1939), Corynosoma

semerme (Forssell, 1904), C. strumosum (Rudolphi,

1802), C. validum Van Cleave, 1953 and C. villosum

Van Cleave, 1953. Our results revealed inconsistency

in the identification of material used as a source of the

previously published sequence data for C. obtuscens

and C. magdaleni Montreuil, 1958.

This article is part of the Topical Collection Acanthocephala.
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Introduction

Morphological similarity among species belonging to

the acanthocephalan genus Corynosoma Lühe, 1904

have been documented by several researchers (John-

ston & Edmonds, 1953; Zdzitowiecki, 1984; Stryu-

kov, 2004; Sardella et al., 2005). The similarity

between Corynosoma australe Johnston, 1937 and

Corynosoma obtuscens Lincicome, 1943 was first

noted by Johnston & Edmonds (1953) in their survey

of acanthocephalans of marine mammals from sub-

Antarctic Auckland and Campbell Islands. Later,

Zdzitowiecki (1984) also noted the close resemblance

between these two species based on specimens of C.

australe from the leopard seal Hydrurga leptonyx

(Blainville) from the South Shetland Islands, Antarc-

tica. The only character used to distinguish between

these two species was the location of spines on the

ventral surface of the body in females. The ventral

surface of the body in females of C. obtuscens is

completely covered with spines from the anterior part

to the genital opening, whereas females of C. australe

are characterised by the presence of a small spine-free

zone between the somatic and genital spines on the

ventral surface of the body. According to the original

descriptions and subsequent re-descriptions of these

two species, no other morphological differences were

identified (Johnston, 1937; Lincicome, 1943; Johnston

& Edmonds, 1953; Van Cleave, 1953a, b; Smales,

1986; Hernández-Orts et al., 2017b).

Corynosoma obtuscens was described from a Cal-

ifornia sea lion Zalophus californianus (Lesson) in

California (Lincicome, 1943), and C. australe was

described from an Australian sea lion Neophoca

cinerea (Péron) in South Australia (Johnston, 1937).

Both species usually parasitise marine mammals

(Johnston, 1937; Lincicome, 1943; Johnston &

Edmonds, 1953; Van Cleave, 1953a, b; Smales, 1986;

Sardella et al., 2005;Aznar et al., 2012;Hernández-Orts

et al., 2017b) and rarely, terrestrial mammals (Cabrera

et al., 1990; Castro et al., 2004; Tantaleán et al., 2007)

andbirds (Hoberg&Ryan, 1989;Hernández-Orts et al.,

2017b). They supposedly use amphipod crustaceans as

intermediate hosts and various species of marine fishes

as paratenic hosts (Brownell, 1975; Tantaleán&Huiza,

1994; Andrade et al., 1997; Aznar et al., 2004, 2006;

Tantaleán et al., 2005; Chero et al., 2014).Corynosoma

australe is more broadly distributed than C. obtuscens

and was reported throughout much of the southern

hemisphere from South Australia, Antarctica, South

Africa to SouthAmericawhile the latterwas found only

along the Pacific coasts of North and South America

(Van Cleave, 1953b; Zdzitowiecki, 1984; Ionita et al.,

2008; Aznar et al., 2012; Fonseca, 2016; Hernandez-

Orts et al., 2017b; Lisitsyna et al., 2018).

Difficulties in differentiation between C. australe

and C. obtuscens based on morphological characters

alone questioned their status as independent species

and warranted an in-depth analysis using an addi-

tional source of characters. In this study we used

previously reported material collected from Califor-

nia sea lions on the California Pacific coast and

identified as C. obtuscens (see Lisitsyna et al., 2018)

to determine the taxonomic status of this species

using DNA sequences. Additionally, we compared

our material with the type-specimens of C. obtuscens

from the Smithsonian National Museum of Natural

History and the original description by Lincicome

(1943) as well as with the type-specimens of

C. australe from the South Australian Museum and

original and recently published detailed descriptions

(Johnston, 1937; Zdzitowiecki, 1984; Smales, 1986;

Sardella et al., 2005; Hernández-Orts et al., 2017b).

We used newly obtained and previously published

cox1 sequences of nine species of the genus Co-

rynosoma to reconstruct their phylogenetic

relationships.

Materials and methods

Morphological examination

Morphological variability of C. obtuscens was studied

using material collected from an approximately two-

year-old female of Z. californianus necropsied at the

Marine Mammal Center (TMMC), Sausalito, Califor-

nia, USA in 2015 (see Lisitsyna et al., 2018 for

details). The sample contained 1,201 specimens of

acanthocephalans (542 males and 659 females).

Arrangement of the spines on the ventral surface was

examined in 659 specimens of females. Morphology

of acanthocephalans was studied on temporary total

mounts cleared in Berlese’s medium and on specimens

stained with iron acetocarmine permanently mounted

in Canada balsam. Photomicrographs were made

using the Zeiss Axio Imager M1 compound

123

96 Syst Parasitol (2019) 96:95–110



microscope equipped with DIC optics and a digital

imaging system.

Thirty characters were measured to analyse mor-

phological variability of C. obtuscens. Measurements

for each specimen were taken from the digital images

using Zeiss Axio Vision4 camera analysis software.

Measurements of trunk spines were taken as shown in

Fig. 1. All measurements are in micrometres unless

otherwise stated. Trunk length does not include

proboscis, neck or bursa. Minimum (min), maximum

(max) and mean values, standard deviation (SD) and

coefficient of variation (CV) were calculated for each

character.

Morphological analysis included comparison of the

present specimens with the original description for C.

obtuscens by Lincicome (1943) and C. australe by

Johnston (1937) as well as with re-descriptions of the

latter species supplemented with molecular data

(Zdzitowiecki, 1984; Smales, 1986; Sardella et al.

2005; Hernández-Orts et al., 2017a, b).

The type-specimens of C. obtuscens from the US

National Parasite Collection of the Smithsonian

National Museum of Natural History: holotype

USNM1395376, allotype USNM1387619 and para-

types USNM1337543 (2 males and 4 females) were

examined. The type-specimens of C. australe held in

the Australian Helminthological Collection, South

Australian Museum: holotype and allotype AHC

41273 and paratypes AHC 42227, 42228, 42229 (4

males and 2 females) were also examined.

The specimens used for molecular study (Table 1)

were cut frontally; the dorsal part of the worm was

used for DNA extraction; the ventral part, including

the proboscis, was left as a molecular voucher

Fig. 1 Diagram of measurements of trunk spines for specimens of C. obtuscens Lincicome, 1943. A, Male; B, Female. Abbreviations:

ads, anterior dorsal spines; mds, middle dorsal spines; pds, posterior dorsal spines; avs, anterior ventral spines; mvs, middle ventral

spines; pvs, posterior ventral spines; gs, genital spines
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(hologenophore sensu Pleijel et al., 2008) for mor-

phological examination on temporary mounts. There-

fore, only twelve morphological characters were

measured from each hologenophore. Specimens of

Andracantha phalacrocoracis (Yamaguti, 1939) and

C. strumosum (Rudolphi, 1802) from Z. californianus

and C. semerme (Forssell, 1904), C. validum Van

Cleave, 1953 and C. villosum Van Cleave, 1953 from

northern fur seals Callorhinus ursinus (L.) used for

molecular studies were selected from the Parasitolog-

ical collection of the Department of Parasitology,

I. I. Schmalhausen Institute of Zoology NAS of

Ukraine deposited by Kuzmina et al. (2012) and

Lisitsyna et al. (2018). Hologenophores (PCIZ-A-1/

Table 1 Summary data for the sequences used in the phylogenetic analyses

Species Host Country GenBank

ID

Reference

Corynosoma australe

Johnston, 1937

Paralichthys isosceles Jordan Brazil KU314822 Fonseca et al.

(unpublished data)

Phocarctos hookeri (Gray) New Zealand JX442191 Garcı́a-Varela et al. (2013)

Otaria flavescens Shaw Argentina KX957714 Hernández-Orts et al. (2017a)

Arctocephalus australis

(Zimmermann)

Argentina MF497333 Hernández-Orts et al. (2017b)

Otaria flavescens Argentina MF497334 Hernández-Orts et al. (2017a)

Spheniscus magellanicus (Forster) Brazil MF497335 Hernández-Orts et al. (2017b)

C. enhydri Morozov, 1940 Enhydra lutris (L.) USA DQ089719 Garcı́a-Varela & Nadler (2006)

C. hannae Zdzitowiecki,

1984

Colistium guntheri (Hutton) New Zealand KX957725 Hernández-Orts et al. (2017a)

C. magdaleni Montreuil,

1958

Pusa hispida saimensis Nordquist Finland EF467872 Garcı́a-Varela &

Pérez-Ponce de León (2008)

Phoca vitulina L. Germany MF078642 Waindok et al. (2018)

‘‘Candidatus Corynosoma

nortmeri sp. nov.’’

Phoca vitulina L. Germany MF001278 Waindok et al. (2018)

C. obtuscens Lincicome,

1943

Callorhinus ursinus (L.) USA JX442192 Garcı́a-Varela et al. (2013)

Zalophus californianus (Lesson) USA MK119245 Present study

Zalophus californianus USA MK119246 Present study

Zalophus californianus USA MK119247 Present study

Zalophus californianus USA MK119248 Present study

Zalophus californianus USA MK119249 Present study

C. semerme (Forssell, 1904) Halichoerus grypus Baltic Sea MF001277 Waindok et al. (2018)

Callorhinus ursinus USA MK119253 Present study

C. strumosum (Rudolphi,

1802)

Phoca vitulina L. USA EF467870 Garcı́a-Varela &

Pérez-Ponce de León (2008)

Pusa hispida botnica (Gmelin) Finland EF467871 Garcı́a-Varela &

Pérez-Ponce de León (2008)

Callorhinus ursinus USA MK119250 Present study

C. validum Van Cleave,

1953

Callorhinus ursinus USA JX442193 Garcı́a-Varela et al. (2013)

Callorhinus ursinus USA MK119252 Present study

C. villosum Van Cleave,

1953

Callorhinus ursinus USA MK119251 Present study

Outgroup

Andracantha

phalacrocoracis

(Yamaguti, 1939)

Zalophus californianus USA MK119254 Present study
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1–9) were deposited in the Parasitological collection

of the Department of Parasitology, I. I. Schmalhausen

Institute of Zoology NAS of Ukraine after morpho-

logical examination. Forty specimens of C. obtuscens

(20 males and 20 females) collected from Z. califor-

nianus were deposited in the collection of the Harold

W. Manter Laboratory of Parasitology at the Univer-

sity of Nebraska, Lincoln, Nebraska, USA (accession

number P-2018-044; HWML 110491).

DNA sequencing and phylogenetic analysis

Total genomic DNA was isolated from the dorsal part

of ethanol-fixed specimens using the Kapa Express

Extract kit (Kapa Biosystems, Cape Town, South

Africa) (Table 1). A 623 nucleotide (nt) long fragment

of the mitochondrial cytochrome c oxidase 1 (cox1)

gene was amplified using the forward primer #507 (50-
AGT TCTAATCATAARGATATYGG-30) (Nadler
et al., 2006) and the reverse primer HC02198 (50-TAA
ACT TCA GGG TGA CCA AAA AAT CA-30)
(Folmer et al., 1994) using annealing temperature of

40�C. In addition, we amplified and sequenced a 1,620

nt long fragment of the 18S rRNA gene for C.

obtuscens (GenBank: MK119255). The forward

primer (50-AGA TTA AGC CAT GCA TGC GTA

AG-30) and the reverse primer (50-TGA TCC TTC

TGC AGG TTC ACC TAC-30) published by Garey

et al. (1996) were used for 18S rDNA amplification

with annealing temperature of 60�C. The PCR prod-

ucts were sent to Inqaba Biotechnical Industries (Pty)

Ltd. (Pretoria, South Africa) for purification and

sequencing. The PCR primers were used for sequenc-

ing. Contiguous sequences were assembled and edited

using Geneious ver. 9.1 (Biomatters, Auckland, New

Zealand).

Newly-generated sequences were used to perform a

basic local alignment search tool (BLAST) analysis

against the sequences deposited in the GenBank

database to compare and reveal closely related

sequences. The novel cox1 sequences of Corynosoma

spp. were aligned with sequences of Corynosoma spp.

from GenBank with reference to the amino acid

translation using the invertebrate mitochondrial code

(translation table 5) (Telford et al., 2000) with

MUSCLE implemented in Mega v.6 (Tamura et al.,

2013). A newly obtained cox1 sequence of A. pha-

lacrocoracis was included as the outgroup. Phyloge-

netic relationships were assessed via Bayesian

inference (BI) and maximum likelihood (ML)

analyses. Prior to BI and ML analyses, the best-fitting

model, HKY?I?G was estimated with jModelTest

2.1.2 (Darriba et al., 2012). BI was performed using

MrBayes software (ver. 3.2.3) (Ronquist et al., 2012)

run on the CIPRES portal (Miller et al., 2010). Markov

chain Monte Carlo (MCMC) chains were run for

3,000,000 generations, log-likelihood scores were

plotted and only the final 75% of trees were used to

produce the consensus trees by setting the ‘burn in’

parameter at 750. The results were visualised in Tracer

ver. 1.6 (Rambaut et al., 2014) to assess convergence

and proper sampling and to identify the ‘burn-in’

period. ML analysis was performed using PhyML

version 3.0 (Guindon et al., 2010) with a non-

parametric bootstrap validation based on 100 repli-

cates. Trees were visualised using the FigTree ver. 1.4

software (Rambaut et al., 2012). Genetic distance

matrices (uncorrected p-distance) were calculated in

MEGA ver. 6.

Results

Morphological variability of C. obtuscens collected

from Z. californianus

Morphological variability of 30 characters of C.

obtuscens was studied for males (n = 24) and females

(n = 27) (Table 2). The following characters were

most variable (CV[ 10%) in both sexes: length of

dorsal spines zone, length of somatic spines, number

of spiniform hooks on the proboscis, length of the neck

and lemnisci. The width of the testes and Sáfftigen’s

pouch inmales demonstrated a high level of variability

due to the physiological condition of the worms. The

following characters were least variable (CV\ 6%):

the number of the longitudinal rows of hooks on the

proboscis and the number of hooks in a row, the length

of the trunk in males, and the number of the rooted

hooks on the proboscis and egg length in females

(Table 2).

Morphological and morphometric comparison of

C. obtuscens and C. australe

Morphological and morphometric data for C. obtus-

cens in our material was compared (Tables 3, 4) to the

original descriptions of C. obtuscens and C. australe
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(see Johnston, 1937; Lincicome, 1943) and subsequent

morphological descriptions of C. australe (see Zdzi-

towiecki, 1984; Smales, 1986; Sardella et al. 2005).

Our specimens had only insignificant differences

compared to the descriptions of both species men-

tioned above. These minor differences were observed

in the width of the proboscis in both sexes [males:

182–265 lm in the present specimens vs 144–180 lm
in C. obtuscens according to Lincicome (1943),

100–200 lm in C. australe according to Smales

(1986), 160–203 lm in C. australe according to

Zdzitowiecki (1984); females: 202–297 vs 180–204 vs

170–230 vs 187–242 lm, respectively], the number of

hooks per row [11–14 in the present specimens vs

12–13 in C. obtuscens according to Lincicome (1943),

13–14 in C. australe according to Johnston (1937),

12–15 in C. australe according to Smales (1986),

11–15 in C. australe according to Zdzitowiecki

(1984), 12–14 in C. australe according to Sardella

et al. (2005)] and the number of spiniform hooks [2–4

in the present specimens vs 3–4 in C. australe

according to Johnston (1937)]. The greatest differ-

ences were found in the size of the eggs. In our

material, eggs of C. obtuscens were substantially

Table 2 Morphometric data for Corynosoma obtuscens Lincicome, 1943 from Zalophus californianus (Lesson)

Characters Males (n = 24) Females (n = 27)

Range Mean ± SD CV (%) Range Mean ± SD CV (%)

Trunk length 2,573–3,235 2,971 ± 173 5.8 2,632–3,555 3,117 ± 199 6.4

Maximum body width 869–1,228 1,056 ± 107 10.1 1,027–1,467 1,240 ± 101 8.1

Diameter of foretrunk disk 1,092–1,442 1,264 ± 99 18.7 1,230–1,686 1,421 ± 100 7.0

Length of spined zone, dorsal 572–1,259 895 ± 189 21.1 721–1,296 978 ± 142 14.5

Length of spined zone, ventral 2,048–2,583 2,329 ± 153 6.6 2,632–3,555 3,117 ± 199 6.4

Length of dorsal spines (anterior) 20–36 26 ± 4 14.9 22–34 27 ± 3 9.5

Length of dorsal spines (middle) 40–51 45 ± 3 6.3 34–53 44 ± 4 9.2

Length of dorsal spines (posterior) 25–35 29 ± 3 9.6 27–35 31 ± 3 7.9

Length of ventral spines (anterior) 26–38 31 ± 3 10.3 17–36 32 ± 4 13.4

Length of ventral spines (middle) 38–51 45 ± 4 8.2 36–48 43 ± 3 8.0

Length of ventral spines (posterior) 24–38 32 ± 4 13.1 29–48 35 ± 5 13.2

Length of genital spines 35–49 43 ± 4 8.1 25–40 33 ± 4 12.4

Proboscis length 454–630 555 ± 40 7.2 507–714 622 ± 46 7.4

Proboscis width 182–265 231 ± 20 8.6 202–297 259 ± 20 7.8

Proboscis receptacle length 789–1,010 918 ± 71 7.7 820–1,324 1,057 ± 133 12.6

Proboscis receptacle width 200–284 237 ± 19 8.0 219–295 260 ± 17 6.5

Neck length 146–242 208 ± 25 11.8 120–361 228 ± 46 20.2

Length of lemnisci 529–1,070 798 ± 153 19.1 505–725 645 ± 104 16.1

Number of hook rows 17–19 18 ± 1 2.6 17–19 18 ± 0.4 1.9

Number of hooks per row 11–14 13 ± 1 5.7 11–14 13 ± 1 5.1

Number of rooted hooks 8–11 10 ± 1 7.1 8–11 10 ± 1 5.9

Number of spiniform hooks 2–4 3 ± 0.3 10.9 2–4 3 ± 1 14.4

Blade length of largest hook 38–52 46 ± 4 8.9 42–57 50 ± 3 6.8

Root length of largest hook 41–55 48 ± 4 7.5 46–59 52 ± 3 6.5

Testes length 358–608 486 ± 48 9.9 – – –

Testes width 223–570 407 ± 72 17.6 – – –

Sáfftigen’s pouch length 617–876 702 ± 68 9.6 – – –

Sáfftigen’s pouch width 158–776 303 ± 197 65.2 – – –

Egg length – – – 85–108 98 ± 4 4.5

Egg width – – – 30–39 34 ± 2 6.6
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larger (85–108 9 30–39 lm) than indicated in the

original description of this species (68–90 9 20–28

lm) by Lincicome (1943) and larger than the eggs of

C. australe [75–859 23–29 lm according to Johnston

(1937); 84–96 9 28–36 lm in Smales (1986) and

66–82 9 23–32 lm in Zdzitowiecki (1984)], but

smaller than the eggs of C. australe [92–115 9 27–42

lm in Sardella et al. (2005)].

Arrangement of the spines on the ventral surface of

the body in females, the character considered as the

most reliable for the differentiation between these two

species, was found to be unstable. A small spine-free

zone on the ventral surface of the body of female

between somatic and genital spines was observed in

the allotype of C. obtuscens (USNM1387619)

(Fig. 2A). However, this was not observed in 5 female

paratypes (Fig. 2B–F). This spine-free zone between

the somatic and genital spines was observed only in 3

out of 659 females in our material. A short (540 lm)

spine free zone was observed in the allotype female of

C. australe as well as in the 2 paratypes (300 and 330

lm). A small spine free zone was figured but not

Table 3 Comparative metrical data on Corynosoma obtuscens Lincicome, 1943

Source Present study Lincicome (1943)

Host Zalophus californianus (Lesson) Zalophus californianus (Lesson)

Origin California, USA California, USA

Males (n = 24) Females (n = 27) Males Females

Trunk length 2,573–3,235

(2,971)a
2,632–3,555 (3,117) 2,000–2,800 2,200–3,000

Maximal body width 869–1,228 (1056) 1,027–1,467 (1,240) – –

Diameter of disc 1,092–1,442 (1,264) 1,230–1,686 (1,421) – –

Length of spines zone, dorsal 572–1,259 (895) 721–1,296 (978) – –

Length of spines zone, ventral 2,048–2,583 (2,329) nearly everywhere to

gonopore

spine-free zone

present

to gonopore

Length of spines (anterior) 20–38 (29) 17–36 (29) 32–50 28–52

Length of spines (posterior) 24–38 (31) 27–46 (33) 30–40 28–46

Length of genital spines 35–49 (43) 25–40 (33) – 29–48

Proboscis length 454–630 (555) 507–714 (622) 546 528–616

Proboscis width 182–265 (231) 202–297 (259) 144–180 180–204

Proboscis receptacle length 789–1,010 (918) 820–1,324 (1,057) – –

Proboscis receptacle width 200–284 (237) 219–295 (260) – –

Neck length 146–242 (209) 120–361 (228) – –

Length of lemnisci 529–1070 (799) 505–725 (645) – –

Number of hook rows 17–19 (18) 17–19 (18) 17–18 16–19

Number of hooks per row 11–14 (13) 11–14 (13) 12–13 12–13

Number of rooted hooks 8–11 (10) 8–11 (10) – –

Number of spiniform hooks 2–4 (3) 2–4 (3) – –

Blade length of largest hook 38–52 (46) 42–57 (50) 50–56 56

Root length of largest hook 41–55 (48) 46–59 (52) – –

Blade length of spiniform hook 24–31 (27) 23–38 (30) – –

Testes length 358–608 (486) – – –

Testes width 223–570 (407) – – –

Sáfftigen’s pouch length 617–876 (702) – – –

Egg length – 85–108 (98) – 68–90

Egg width – 30–39 (34) – 20–28

aMean values in parentheses
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commented on by Smales (1986) (see figure 11 in

Smales, 1986) for C. australe.

Molecular analyses

DNA was successfully amplified from specimens

representing six acanthocephalan species (Table 1).

Morphometric data for the hologenophores of Co-

rynosoma spp. and A. phalacrocoracis are provided in

the Supplementary Table S1. Illustrations for the

voucher specimens of Corynosoma spp. are presented

in the Supplementary Figure S1 and A. phalacroco-

racis in figures 1D, 2D, 2K in Lisitsyna et al. (2018).

Newly generated partial cox1 sequences for species of

the genus Corynosoma were aligned together with 16

sequences of Corynosoma spp. from GenBank for

phylogenetic analyses (Table 1). The final alignment

was 573 nt long.

BI and ML phylogenetic analyses produced a tree

topology (Fig. 3) consistent with that in Hernández-

Orts et al. (2017a, b). The five newly-generated

sequences of C. obtuscens were identical. They

formed a strongly supported clade with the previously

published sequences of C. australe. The genetic

divergence (uncorrected p-distance) between the

sequences ofC. obtuscens and sequences ofC. australe

ranged between 1.1–1.6% (6–9 nt difference). The 18S

rDNA sequence divergence between C. obtuscens in

the present study and C. obtuscens from GenBank

(JX442169) was 0.4% (7 nt).

Our sequence of C. strumosum, appeared in a

strongly supported clade with sequences of

C. strumosum from Phoca vitulina L. and Pusa

hispida spp. saimensis (Gmelin), sequences of Co-

rynosoma magdaleni Montreuil, 1958 from Pusa

hispida saimensis (Nordquist) published by Garcı́a-

Varela & Pérez-Ponce de León (2008) and from Phoca

vitulina L. published by Waindok et al. (2018) and

sequence of ‘‘Candidatus Corynosoma nortmeri sp.

nov.’’ sensu Waindok et al. (2018). The genetic

divergence between our sequence of C. strumosum

and sequences of C. strumosum retrieved from

GenBank (EF467870, EF467871) ranged between

3.2–3.4% (18–19 nt). Our sequence differed from the

sequence ofC.magdaleni (EF467872) by 2.6% (15 nt)

and sequence of C. magdaleni (MF078642) by 5.8%

(33 nt). Difference between sequences ofC.magdaleni

and ‘‘Candidatus Corynosoma nortmeri sp. nov.’’

published Waindok et al. (2018) was 0.2% (1 nt).

Novel cox1 sequence of C. semerme clustered with

the sequences of C. semerme (GenBank: MF00127)

published by Waindok et al. (2018) and C. obtuscens

(GenBank: JX442192) published by Garcı́a-Varela

et al. (2013) (Fig. 3). Both sequences of C. semerme

were identical. The genetic divergence between these

isolates and isolate of C. obtuscens was 1.1% (6 nt).

Sequence of C. validum obtained in the present study

and a previously published sequence of this species

clustered with C. villosum in a strongly supported

clade. The intraspecific divergence among sequences

of C. validum was 0.9% (5 nt).

Interspecific divergence observed within cox1

dataset for the genus Corynosoma ranged between

5.3–17.1% (33–97 nt) with C. validum and C. villosum

exhibiting the lowest interspecific divergence,

Fig. 2 Photomicrographs of the type-specimens of females of C. obtuscens Lincicome, 1943 ex Zalophus californianus (Lesson),

posterior end of body, ventral view. A, Allotype, USNM 1387619; B, Paratype, USNM 1337543 #4; C, Paratype, USNM 1337543 #7;

D, Paratype, USNM 1337543 #8; E, Paratype, USNM 1337543 #12; F, Paratype, USNM 1337543 #13. Spine-free zone indicated with

an arrow. Scale-bars: 100 lm
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whereas C. validum and Corynosoma enhydri Moro-

zov, 1940 showed the highest sequence divergence.

Discussion

Difficulties in species delineation within the genus

Corynosoma have been a lingering problem for a long

time (Zdzitowiecki, 1984; Stryukov, 2004; Sardella

et al., 2005; Hernández-Orts et al., 2017a, b). It was

noted, for instance, that the morphologically similar

species have heteropolar geographical distribution

(Stryukov, 2004). For example, Corynosoma pseudo-

hamanni Zdzitowiecki, 1984 widely distributed in the

Antarctic differs frommorphologically similar species

Corynosoma erignathi Stryukov, 2000 distributed in

the Arctic, in body size, the arrangement of the

somatic spines and the number of large hooks.

Our study showed that the characters commonly

used to distinguish among species of Corynosoma

such as the diameter of the foretrunk disk, the length of

the dorsal spined zone, the length of the neck and

lemnisci, the width of the testes and Sáfftigen’s pouch,

are variable (Table 2) and cannot be used for species

Fig. 3 Phylogenetic relationships inferred from Bayesian inference (BI) and maximum likelihood (ML) analyses for species of

Corynosoma based on cox1 sequence data. Nodal support from the three analyses is indicated as BI/ML; values\0.95 (BI) and\70

(ML) are not shown. The newly generated sequences are indicated by bold typeface. The scale-bar indicates the number of substitutions

per site
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differentiation. Our attempt to find additional charac-

ters, e. g. the length of anterior, median and posterior

somatic spines ventrally and dorsally, did not provide

satisfactory results because these characters also

proved to be variable.

One of the relatively stable characters in our

study was the size of eggs with the coefficient of

variation being 4.5–6.6%. The eggs of C. obtuscens

in our study were larger than the eggs of C.

obtuscens reported by Lincicome (1943) and C.

australe reported by Johnston (1937), Smales (1986)

and Zdzitowiecki (1984), but smaller than the eggs

of C. australe reported by Sardella et al. (2005).

Similar results were shown for other species of

Corynosoma (see Popov & Fortunato, 1987; Amin

et al., 2011). Popov & Fortunato (1987) showed that

the egg size of C. strumosum from a ringed seal

Pusa hispida (Schreber) from the Barents, Bering

and East Siberian Seas, and from the same host

from the Sea of Okhotsk was one of the most

variable population level characters. Amin et al.

(2011) also reported substantial variation of the egg

size in specimens of C. strumosum from different

population of the Caspian seal Pusa caspica

(Gmelin).

The variation in the arrangement of the somatic

spines in different species of Corynosoma was docu-

mented previously (Stryukov, 2004; Aznar et al.,

2016). It was found that one of the main diagnostic

characters of C. erignathi, namely the ventral surface

entirely covered with spines in males, was present only

in 75% of males; the rest of males possessed a spine-

free zone between the somatic and genital spines

(Stryukov, 2004). Interestingly, in Corynosoma ceta-

ceum Johnston & Best, 1942 females showed a higher

variability in the spination of the ventral surface than

males (Aznar et al., 2016). These authors did not

observe similar variation in other species of Coryno-

soma, including C. australe. Zdzitowiecki (1984)

reported the ventral surface of the body completely

covered with spines in 25% individuals of C. australe

in his material collected from the leopard seal

Hydrurga leptonyx (Blainville) in South Shetlands.

Later, Sardella et al. (2005) described the presence of

ventral somatic armature that covered 89.2

(84.6–100)% of trunk length in adults and 87.4

(85–89)% in cystacanths of C. australe from the

South American fur seal Arctocephalus australis

(Zimmerman) and the stripped weakfish Cynoscion

guatucupa (Cuvier), respectively. Thus, these authors

clearly pointed out the variability of this character in

C. australe.

Our results confirm the variability in the arrange-

ment of the somatic spines on the ventral surface of the

body in females of C. obtuscens. The spine-free zone

between the somatic and genital spines was rarely seen

in females in our material. This zone was observed in

less than 1% of examined specimens. Thus, due to the

variability of this character, it cannot be used for

differentiation between C. obtuscens and C. australe.

Therefore, these two nominal species lack reliable

morphological differences.

Comparison of cox1 sequence data for C. obtuscens

obtained in the present study with the previously

published sequences of C. australe demonstrated a

low genetic divergence (1.1–1.6%) that corresponds to

intraspecific level. Therefore, based on the combined

molecular and morphological evidence, we consider

C. obtuscens a junior synonym of C. australe.

Since our molecular and morphological data con-

firmed the identity of C. australe and C. obtuscens, the

information on hosts and distribution previously

reported for the species under these two names needs

to be combined. Corynosoma australe appears to be

the only species of the genus Corynosoma parasitising

pinnipeds in both hemispheres. It was originally

described by Johnston (1937) from Neophoca cinerea

in Australia and subsequently reported under this

name from New Zealand, South Shetland Islands in

Antarctica, South and South-West Africa, southern

coast of Australia, Argentinian Patagonia and across

the Atlantic coast of South America (Johnston, 1937;

Johnston & Edmonds, 1953; Morini & Boero, 1960;

Delyamure & Parukhin, 1968; Obendorf & Presidente,

1978; Shaughnessy & Ross, 1980; Smales, 1986;

Zdzitowiecki, 1986; George-Nascimento & Marı́n

1992; Stewardson & Fourie, 1998; Aznar et al., 2004;

Sardella et al., 2005; Morgades et al., 2006; Aznar

et al., 2012; Hernández-Orts et al., 2017b).

The same species was reported under the name

C. obtuscens from California, USA and along the both

Atlantic and Pacific coasts of South America (Linci-

come, 1943; Van Cleve, 1953a, b; Cabrera et al., 1999;

Tantaleán et al., 2007; Lisitsyna et al., 2018). Mature

ovigerous adult stages of this acanthocephalan species

were found in nine species of pinnipeds, penguins, the

Andean fox Lycalopex culpaeus Molina and domestic

dogs (both natural and experimental infections) thus
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demonstrating a broad host specificity, although

pinnipeds should be considered as the main definitive

hosts. Corynosoma australe was also reported from

four species of cetaceans and four species of pinnipeds

in Argentinean waters (including the Patagonian

coast) and southern Brazil (Andrade et al., 1997; Dans

et al., 1999; Berón-Vera et al., 2008; Hernández-Orts

et al., 2015) as well as from a great shearwater

Ardenna gravis (O’Reilly) (Procellariiformes) in

Gough Island, Southern Atlantic (Hoberg & Ryan,

1989); however, sexually mature individuals have not

been found in these hosts.

Aznar et al. (2012) examined fecal samples from

the South American sea lion,Otaria flavescens (Shaw)

(Pinnipedia) and franciscanas, Pontoporia blainvillei

(Cetacea) from Buenos Aires Province in Argentina

and found mature eggs of C. australe only in

pinnipeds. It remains unknown why this acantho-

cephalan species can mature in so unrelated hosts as

carnivores and penguins, but not other mammals

(cetaceans) or other fish-eating birds.

The relationships among the species of the genus

Corynosoma have been studied extensively using

DNA sequences, particularly the cox1 gene (Garcı́a-

Varela & Nadler, 2006; Garcı́a-Varela & Pérez-Ponce

de León, 2008; Garcı́a-Varela et al., 2013; Hernández-

Orts et al., 2017a, b). The comparative analysis of

sequence data for Corynosoma spp. obtained in this

study and data available on GenBank raised a number

of taxonomic questions and provided answers to some

of these questions.

As evidenced by the results of phylogenetic anal-

yses and distance-based identification, specimen iden-

tified as C. obtuscens in the study of Garcia-Varela

et al. (2013) clustered with C. semerme obtained in our

study in a strongly supported clade (Fig. 3). Morpho-

logical comparison of the isolates was not possible due

to the lack of morphological characterisation of the

specimens in the publication of Garcia-Varela et al.

(2013). It should be noted that these species are

morphologically similar and can easily be misidenti-

fied without a detailed morphological examination.

Corynosoma semerme differs fromC. obtuscens by the

larger number of the longitudinal rows of hooks on the

proboscis [22–24 according to Van Cleave (1953b) vs

17–19], the somewhat lower number of the largest

hooks in each row [7–9 according to Van Cleave

(1953b) vs 8–11], and the length of the blade in the

largest hook [up to 67 lm according to Van Cleave

(1953b) vs 38–57 lm]. It is clear that the cox1

sequence (JX442192) as well as 18S rDNA sequence

(JX442169) of C. obtuscens published by Garcı́a-

Varela et al. (2013) represent in fact C. semerme. A

similar error was noted by Hernández-Orts et al.

(2017a, b) for the sequence of Corynosoma hannae

Zdzitowiecki, 1984 misidentified as C. australe

(JX442191; Garcı́a-Varela et al., 2013).

The sequence of C. strumosum in the present

analyses appeared in a strongly supported clade

together with the sequences of this species retrieved

from the GenBank database (Fig. 3). Besides, the

sequence of C. magdaleni (EF467872) was nested

among three sequences of C. strumosum (Fig. 3).

Genetic divergence between sequences of C. strumo-

sum and C.magdaleni (EF467872) was only 2.6–3.4%

(15–18 nt) which corresponds to the intraspecific

divergence (see Hernández-Orts et al., 2017a) and

suggested that the sequence published under the name

C. magdaleni by Garcı́a-Varela & Pérez-Ponce de

León (2008) represents C. strumosum. The two

sequences of C. magdaleni and ‘‘Candidatus Coryno-

soma nortmeri sp. nov.’’ published by Waindok et al.

(2018) differ by 0.2% (1 nt), thus confirming their

conspecificity.

In this study, morphological methods combined

with DNA sequencing have once again proved to be an

extremely precise and efficient approach to the

taxonomy of acanthocephalans.
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Helminthology, 8, 163–182.

Dans, S. L., Reyes, L. M., Pedraza, S. N., Raga, J. A., & Crespo,

E. A. (1999). Gastrointestinal helminths of the dusky dol-

phin, Lagenorhynchus obscurus, off Patagonian coasts, in

the Southwestern Atlantic Ocean. Marine Mammal Sci-

ence, 15, 649–660.

Darriba, D., Taboada, G. L., Doallo, R., & Posada, D. (2012).

jModelTest 2: More models, new heuristics and parallel

computing. Nature Methods, 9, 772.

Delyamure, S. L., & Parukhin, A. M. (1968). A new parasite of

the South African fur seal. Biologiya Morya, 14, 25–34 (in

Russian).

Folmer, O., Black, M., Hoeh, W., Lutz, R., & Vrijenhoek, R.

(1994). DNA primers for amplification of mitochondrial

cytochrome c oxidase subunit I from diverse metazoan

invertebrates. Molecular Marine Biology and Biotechnol-

ogy, 3, 294–299.

Fonseca, M. C. G. (2016). [Taxonomia integrativa e aspecto
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González, R., Garcı́a-Varela, M., & Kuchta, R. (2015). A

checklist of the helminth parasites of marine mammals

from Argentina. Zootaxa, 3936, 301–334.

Hoberg, E. P., & Ryan, P. G. (1989). Ecology of helminth

parasitism in Puffinus gravis (Procellariiformes) on the

breeding grounds at Gough Island. Canadian Journal of

Zoology, 67, 220–225.

Ionita, M., Varela, M. G., Lyons, E. T., Spraker, T. R., & Tol-

liver, S. C. (2008). Hookworms (Uncinaria lucasi) and

acanthocephalans (Corynosoma spp. and Bolbosoma spp.)

found in dead northern fur seals (Callorhinus ursinus) on

St. Paul Island, Alaska in 2007. Parasitology Research,

103, 1025–1029.

Johnston, T. H. (1937). Entozoa from the Australian hair seal.

Proceedings of the Linnean Society of New South Wales,

62, 9–16.

Johnston, T. H., & Edmonds, S. J. (1953). Acanthocephala from

Auckland and Campbell Islands. Records of the Dominion

Museum, 2, 55–61.

Kuzmina, T. A., Lisitsyna, O. I., Lyons, E. T., Spraker, T. R., &

Tolliver, S. C. (2012). Acanthocephalas in northern fur

seals (Callorhinus ursinus) and a harbor seal (Phoca vit-

ulina) on St. Paul Island, Alaska: species, prevalence and

biodiversity in four fur seal subpopulations. Parasitology

Research, 111, 1049–1058.

Lincicome, D. R. (1943). Acanthocephala of the genus Co-

rynosoma from the California sea lion. Journal of Para-

sitology, 29, 102–106.

Lisitsyna, O. I., Kudlai, O., Spraker, T. R., & Kuzmina, T. A.

(2018). New records on acanthocephalans from California

sea lions Zalophus californianus (Pinnipedia: Otariidae)

from California, USA. Vestnik Zoologii, 52, 181–192.

Miller, M. A., Pfeiffer, W., & Schwartz, T. (2010). Creating the

CIPRES Science Gateway for inference of large phyloge-

netic trees. In: Proceedings of the Gateway Computing

Environments Workshop (GCE), 14 Nov. 2010, New

Orleans, LA, 1–8.

Morgades, D., Katz, H. M., Castro, O., Capellino, D., Casas, L.,

Benitez, G., Venzal, J. M., Moraña, A. (2006). Fauna

parasitaria del lobo fino Arctocephalus australis y del león

marino Otaria flavescens (Mammalia, Otariidae) en la

costa uruguaya. In: Rodrı́guez-Gallego, M. R., Scarabino,

L. & Conde, D. (Eds), Bases para la conservación y el

manejo de la costa uruguaya. Uruguay: Fundación Vida

Silvestre, pp. 89–96.

Morini, E. G., & Boero, J. J. (1960). Corynosoma otariae n. sp.

(Acanthocephala; Polymorphidae) parásito de un lobo

marino (Otaria flavescens). Actas y Trabajos del Primer

Congreso Sudamericano de Zoologı́a, 2, 229–234.

Nadler, S. A., Bolotin, E., & Stock, S. P. (2006). Phylogenetic

relationships of Steinernema Travassos, 1927 (Nematoda:

Cephalobina: Steinernematidae) based on nuclear, mito-

chondrial and morphological data. Systematic Parasitol-

ogy, 63, 161–181.

Obendorf, D. L., & Presidente, P. J. A. (1978). Foreign body

perforation of the esophagus initiating traumatic peri-

carditis in an Australian fur seal. Journal of Wildlife Dis-

eases, 14, 451–454.

Pleijel, F., Jondelius, U., Norlinder, E., Nygren, A., Oxelman,

B., Schander, C., Sundberg, P., & Thollesson, M. (2008).

Phylogenies without roots? A plea for the use of vouchers

in molecular phylogenetic studies. Molecular Phyloge-

netics and Evolution, 48, 369–371.

Popov, V. N., & Fortunato, M. E. (1987). Geographical vari-

ability of Corynosoma strumosum (Acanthocephala,

Polymorphidae), a parasite of sea mammals. Zoologich-

eskii Zhurnal, 86, 12–18 (In Russian).

Rambaut, A. (2012). FigTree v. 1.4. Molecular evolution, phy-

logenetics and epidemiology. Edinburgh, UK: University

of Edinburgh, Institute of Evolutionary Biology. http://tree.

bio.ed.ac.uk/software/figtree/.

Rambaut, A., Suchard, M. A., Xie, D., & Drummond, A. J.

(2014). Tracer v1.6. http://beast.bio.ed.ac.uk/Tracer.

Accessed 15 August 2014.

Ronquist, F., Teslenko, M., van der Mark, P., Ayres, D. L.,
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