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Abstract—The results of a study of the composition, ecology, and formation of parasite communities in the
Acadian redfish Sebastes fasciatus Storer, 1856 are considered in the present article. The geographical features
of the parasite community composition in this host fish species indicate the existence of six Acadian redfish
groups with different degrees of isolation in the Northwest Atlantic. The most isolated groups inhabit the Gulf
of St. Lawrence and the Flemish Cap waters. The results of a comparative analysis of genetic data and some
morphological characters of S. fasciatus available in published literature are consistent with the findings of
the present study.
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INTRODUCTION

The Acadian redfish Sebastes fasciatus, like other
North Atlantic species of the genus Sebastes, is a
demersal/pelagic species with internal fertilization
and ovovivipary. It is usually found to live in sympatry
with the beaked redfish S. mentella Travin, 1951 and
the golden redfish S. norvegicus Ascanius, 1772. The
external similarity of these closely related fish compli-
cates their species identification [9, 21, 49, 59]. The
challenge of distinguishing between them is also
explained by their interspecific hybridization [29, 48,
50, 60], which significantly restricts the use of morpho-
logical methods for species identification and even exac-
erbates the necessity to clarify the species structure. Fur-
thermore, until the 1970s, most of the available data
referred to the combined species S. marinus which
included the above-mentioned redfish species [8].

Ecological and population studies on the Acadian
redfish that inhabit waters off the Canadian coast and
in the Flemish Cap Bank are limited to attempts to dif-
ferentiate individuals of this species from beaked red-
fish and their hybrids, assess the ratios of their num-
bers in various areas, and also identify migrations of S.
fasciatus, its breeding grounds, and local groups [9, 25,
48, 49, 56, 57, 59]. It was assumed that up to nine local
groups of this species exist [21, 55].

A study of 13 microsatellite loci and some of mor-
phological characters showed that the Acadian redfish
group in the Gulf of St. Lawrence not only differs from
groups of this fish in other areas, but is also heteroge-
neous within the gulf [58]. Data of microsatellite and
morphometric analyses [60], as well as the results of a
study of single-nucleotide polymorphisms (SNPs)
using genotype-by-sequencing methods [31] indi-
cated the existence of a significantly isolated Acadian
redfish population in the Gulf of St. Lawrence that
inhabit the waters of Bonne Bay (western coast of
Newfoundland). A weakly pronounced structuring of
the species was observed within a large region between
three vast areas: the Gulf of St. Lawrence with the
Laurentian Channel, where the rate of interspecific
hybridization with beaked redfish is high (up to 15%),
the Gulf of Maine, and the Grand Banks of New-
foundland (GBN) [48].

Results of genetic studies showed a probability of
migration of Acadian redfish individuals towards the
Gulf of St. Lawrence from adjacent waters and sug-
gested the independence of the group of this species in
the Gulf of Maine. The population structure of the
Acadian redfish on a smaller spatial scale, as revealed
using genetic (Gulf of St. Lawrence + Laurentian
Channel) and morphometric (Gulf of Maine) analy-
ses, requires further study [60]. No dedicated genetic
10
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Fig. 1. The areas where parasite communities of the Acadian redfish Sebastes fasciatus were studied (the authors of the present
article conducted studies in areas 1–5; data for areas 6–9 were published earlier): (1) NAFO Division 3K; (2) northeastern GBN;
(3) Flemish Cap Bank; (4 and 5) southeastern and southwestern GBN; (6) Gulf of St. Lawrence; (7) St. Pierre Bank; (8) Scotian
shelf; (9) Southern Labrador. The digit-letter designations in parentheses are the codes of divisions in accordance with the map
of the Northwest Atlantic Fisheries Organization (NAFO) [47].
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studies have been carried out for S. fasciatus that
inhabit the Flemish Cap waters.

Such uncertainties increase the relevance of parasi-
tological studies of the Acadian redfish, because the
use of parasites as natural tags to investigate the popu-
lation biology, migrations, and phylogeny of fish is a
generally accepted approach [15, 18, 43, 44, 61]. The
combined ecological and parasitological method
implies study of not only the species composition, but
also the conditions for the formation of parasite commu-
nities in a host, which is not considered in publications
on parasites of this redfish species [32, 37, 46, 52].

Attempts have been made to distinguish between
groups of redfish of the genus Sebastes off the Cana-
dian coast on the basis of discrete pattern of their
infection by the copepods Sphyrion lumpi, Chond-
racanthus nodosus, and Peniculus clavatus, by larval
nematodes Anisakis sp. and Contracaecum sp., and also
by the cestode Eubothrium sp. [28, 36, 53]. However,
the lack of approaches to reliable differentiation of the
species of the genus Sebastes by the time of these pub-
lications and the limited number of species (one to six)
of redfish parasites used in the occurrence analysis are
weaknesses of these works.

The present study was aimed at elucidating the eco-
logical and geographical pattern of the compositions of
the parasite communities in the Acadian redfish from the
RUSSIAN JOURNAL OF MARINE BIOLOGY  Vol. 48 
northwestern Atlantic Ocean and use it to identify the
population biology characteristics of this host.

MATERIALS AND METHODS

Acadian redfish samples were collected from bot-
tom trawl tows made at depths of 240–410 m in April–
June 1986–1987 and 1990 in the Flemish Cap (Divi-
sion 3M), and in two southern (Divisions 3N and 3O)
and two northern (Divisions 3L and 3K) sectors of
GBN (Fig. 1). The boundaries of the Divisions were
established by the Northwest Atlantic Fisheries Orga-
nization (NAFO) [47]. Complete parasitological dis-
section [13, 16] and species identification of the found
parasites were carried out for 110 specimens of Aca-
dian redfish at ages of 4–20 yr with a TL body length
of 15 to 38 cm (90 specimens from GBN and 20 spec-
imens from the Flemish Cap waters). Blood parasites
were not studied. The specimens were attributed to the
Acadian redfish on the basis of Methodological Guide-
lines… [22]; the ages of the fish were estimated using
the scale reading technique [26].

The main parameters used to characterize the
degree of parasitic infection were the prevalence of
infection (PI), which is the proportion of fish with
parasites of certain species (the percentage of the
number of examined fish), and the abundance index
(AI), which is the number of parasites of this species
 No. 1  2022
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per one examined fish [34]. The significance of differ-
ences (p) in PI by parasites was assessed by the chi-
square (χ2) test with a significance level of p < 0.05
[12]. To assess the degree of infection of fish by the
copepod Sphyrion lumpi, live individuals of the para-
site and traces of its activity (remnants of cephalotho-
rax) were recorded [7]. A dominant species showing
the highest values of infection parameters and found
in fish from all or most of the areas were considered as
species forming the “core” of parasite communities.
The taxonomic composition of parasite communities
is consistent with recent data [62].

The ecological analysis of parasite community
composition was based on the method of vertical zon-
ing of ecological groups, as proposed by Andriyashev
[2] and Gaevskaya [14]. The affiliation of parasite spe-
cies to zoogeographical and ecological complexes was
determined on the basis of the literature data [17, 35,
42] and the results of our own research.

When assessing the degree of isolation of the com-
pared Acadian redfish groups, we used its inverse rela-
tionship with the degree of similarity (L0) of parasite
community compositions [1] estimated by the
Sørensen–Czekanowski similarity coefficient [10]
and also by the method of principal component anal-
ysis [19]. When studying the pattern of the geographi-
cal structure of Acadian redfish parasite communities,
we used our own data obtained during the survey of the
Flemish Cup waters (NAFO Division 3M) and GBN
(NAFO Divisions 3K, 3L, 3N, and 3O), and also the
published literature data for the Gulf of St. Lawrence
[46] because information about most taxa of parasites
found in this host is available only for these areas. A
“form of population rank” was defined as a group of
individuals of the same species with evident reproduc-
tion, but with its constancy and duration not con-
firmed [27]. Groups were defined as aggregations of
Acadian redfish with a certain degree of isolation lead-
ing to a decrease in gene f low.

RESULTS

As a result of examination of Acadian redfish from
five areas, we identified parasites of 17 species belong-
ing to six classes (Table 1): Myxozoa (4 species), Ces-
toda (2 species), Trematoda (5 species), Chromadorea
(2 species), Palaeacanthocephala (1 species), and
Hexanauplia (3 species). Three Myxozoa species:
Myxidium obliquelineolatum, Leptotheca adeli, and
Pseudoalataspora sebastei, found in fish from all areas
that we surveyed (with PI values ranging from 5 to
65%) were recorded from this host for the first time.
Derogenes varicus and Podocotyle reflexa (Trematoda),
with their PI values in the northeast of GBN reaching
40 and 80%, respectively, and also larval forms of the
chromadorids Anisakis simplex (PI from 20 to 75%)
and Hysterothylacium aduncum (PI from 20 to 90%)
occurred everywhere. The copepods Chondracanthus
RUSSIAN JOUR
nodosus and Peniculus clavatus, the myxosporidian
Leptotheca adeli, and larvae of the cestode Scolex pleu-
ronectis were identified in Acadian redfish from four
areas. Other parasites were found in this host from one
to three areas.

The parasite community composition in Acadian
redfish varied from 10 species in the north of the study
region (Fig. 1, area 1) to 15 species in the south (Fig. 1,
area 4). The results indicate pronounced geographical
differences both in the parasite community composi-
tion in this host and in the degree of infection by par-
asites of many common species (see Table 1). The
identified species of parasites belong to mesobenthic
(7 species), polyzonal (6 species), and mesopelagic
(4 species) ecological complexes with the dominance
(11 species) of the Arctic/Boreal zoogeographical
complex, of which 5 species are Arctic/amphi-Boreal.

DISCUSSION

An analysis of the results and literature data [32, 37,
46, 52] has shown that the parasite communities in
Acadian redfish over the area covering most of its
range in the Northwest Atlantic comprise a total of 29
species belonging to eight classes (see Table 1): Micro-
sporea (1 species), Conoidasida (1 species), Myxozoa
(6 species), Cestoda (3 species), Trematoda (10 spe-
cies), Chromadorea (3 species), Palaeacanthocephala
(1 species), and Hexanauplia (4 species).

Some parasites such as Gonocerca sp., Stegano-
derma formosum, and Lafystius morhuanus are untypi-
cal for Acadian redfish, because they were found only
in 0.3–2.0% of the fish, as a rule, only from one of the
considered areas or, like Ichthyophonus hoferi, a very
long time ago (in the 1950s). The presence of Myxid-
ium sphaericum and Ceratomyxa macrospora (Myxo-
zoa), previously reported [37] for areas 1–5 (Fig. 1), is
questioned, since we did not find these species in a few
hundred examined individuals of the genus Sebastes
there [3, 5, 6]. Therefore, the actual number of species
that determine the overall appearance of the Acadian
redfish parasite communities is no greater than 20.
Among them, six species (P. sebastei, S. pleuronectis,
D. varicus, P. reflexa, A. simplex, and H. aduncum)
constitute the “core” of the parasite communities of
this host (Table 1) and six species (the myxosporidians
L. adeli, M. obliquelineolatum, P. sebastei, and the
copepods C. nodosus, P. clavatus, and S. lumpi) are
specific to the genus Sebastes from the North Atlantic
seas [4, 5].

The presence of dominant and rarer species of par-
asites that infect Acadian redfish feeding on benthic
planktonic invertebrates (Calanoida, Hyperiidea,
Euphausiacea, and Sagittoidea), which are used as
intermediate hosts by many helminths in their life
cycles [38–40, 51, 54], indicates that ecological and
trophic factors are the key ones responsible for the for-
NAL OF MARINE BIOLOGY  Vol. 48  No. 1  2022
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Fig. 2. The proportions of parasite species from various
ecological (a) and zoogeographical (b) complexes in Aca-
dian redfish, Sebastes fasciatus. 
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mation of parasites communities in this host that are
characteristic of planktivorous fish.

The overall appearance of Acadian redfish parasite
communities is formed by species of four ecological
complexes (see Table 1), where the polyzonal (eight
species) and mesobenthic (seven species) ones are
represented most widely (Fig. 2a). The zoogeographi-
cal complexes are dominated by species of the Arc-
tic/Boreal complex (65%), 15% of species belong to
the Boreal complex, and 20% are cosmopolitan spe-
cies (Fig. 2b).

The highest diversity (20 species) was observed in
the parasite community of Acadian redfish that
inhabit the Gulf of St. Lawrence due to the rich com-
position of helminths (70% of the total number of par-
asites); in other areas, there were 10–15 species, of
which the proportion of helminths made up 46–60%.
The results of a comparative analysis of the S. fasciatus
parasite communities from the pairs of adjacent areas
(except for areas 5 and 4 in Fig. 1) revealed differences
in their composition and significant differences in the
degree of infection by parasites of many common spe-
cies (see Table 1).
RUSSIAN JOUR
A geographical analysis of the compositions of
Acadian redfish parasite communities (Fig. 3) showed
a maximum degree of similarity (L0 = 94%) between
areas 4 and 5, as well as areas 1 and 2 (L0 = 86%). The
greatest difference in the composition of parasite com-
munities in this host was characteristic of area 6 (Gulf
of St. Lawrence) (L0 = 48–63%) and area 3 (Flemish
Cap Bank) (L0 = 79%).

The results of a cluster analysis also indicated sig-
nificant differences in the parasite community com-
position between Acadian redfish from the Gulf of St.
Lawrence and, to a lesser extent, from the Flemish
Cap waters (Fig. 4), because six parasite species (Eime-
riida gen. sp., Brachyphallus crenatus, Gonocerca sp.,
Opecoelidae gen sp., Pseudoterranova decipiens l., and
Lafystius morhuanus) were recorded only from the
Gulf of St. Lawrence [46], while the indicator para-
sites Leptotheca adeli (Table 2), Scolex pleuronectis pl.,
and Lecithophyllum botryophoron, previously found in
this host in most areas, did not occur in the Flemish
Cap Bank [32, 46].

The high degree of similarity in the pattern of geo-
graphical structure between the Acadian redfish para-
site communities inferred by the two methods (see
Figs. 3 and 4) is the evidence of the correctness of our
results and the validity of such estimates.

It is known that out of the three redfish species of
the genus Sebastes that sympatrically inhabit waters of
the Canada’s continental shelf, mainly Acadian red-
fish, dominating in number (56–99% of individuals),
extrude pre-larvae (81–90%) in April–July [9, 30, 41,
45, 57]. Larvae and pelagic juveniles of Acadian red-
fish are assumed to not be subject to long-range trans-
fer with currents, but rather enter quasi-stationary
gyres in the Canadian shelf zone [20, 21].

Judging by the clearly settled lifestyle of the Aca-
dian redfish, its population characteristics, and the
NAL OF MARINE BIOLOGY  Vol. 48  No. 1  2022
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Fig. 4. The geographical structure of the composition of
parasite communities in Acadian redfish from six areas, as
inferred from the cluster analysis (Jaccard Index). The
numerals indicate bootstrap analysis values. Designation
of areas as in Figs. 1 and 3. 
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results of ecological and parasitological analysis, it can
be assumed that six groups of this species exist with
varying degrees of isolation, defined as forms of a pop-
ulation rank, in Canadian shelf waters. The most sig-
nificant isolation of the group of this redfish species in
the Gulf of St. Lawrence (Fig. 1, area 6) is explained
by the specific oceanographic conditions of this
largely enclosed area. The results of a study of micro-
satellite loci and some morphological characters of
fish have shown that this group is not homogeneous
even within the gulf [31, 60].

Literature data [32, 52] on 13 species of helminths
that parasitize Acadian redfish in waters of the Scotian
shelf (area 8) and St. Pierre Bank (Fig. 1 area 7) indi-
cate a similarity of the compositions of their parasite
communities (Table 1). It is likely that these areas are
inhabited by a single Acadian redfish group. Signifi-
RUSSIAN JOURNAL OF MARINE BIOLOGY  Vol. 48 

Table 2. The prevalence of infection (%) of the Acadian redf
ent areas of the Canadian shelf

For designation of areas, see Fig. 1 and Table 1. The numbers of exa
?, parasites were not studied. Classes are as follows: My, Myxozoa; H
(except Protozoa); 2 [46].

Parasite (class) 1 2 3

Our da

Myxidium incurvatum (My) 5.0 20.0 5.0
M. obliquelineolatum (My) 5.0 45.0 5.0
Leptotheca adeli (My) 10.0 15.0 –
Pseudoalataspora sebastei (My) 35.0 65.0 15.0
Chondracanthus nodosus (He) – 8.3 2.1
cant differences in values of infection parameters were
recorded only for three helminth species common to
these areas (Podocotyle reflexa, Anisakis simplex l., and
Hysterothylacium aduncum l.) and typical of this host
and other fish species. The isolation of the Acadian
redfish group of these areas from the group that
inhabit the adjacent Gulf of St. Lawrence is evidenced
by the absence of Hexanauplia [32] and the significant
differences (p < 0.05) in the prevalence of infection by
such species as Scolex pleuronectis pl., Derogenes vari-
cus, Lecithophyllum botryophoron, Lecithaster gibbosus,
H. aduncum l., and Pseudoterranova decipiens l. [46].

Data obtained through genetic studies [58, 60]
show a probability of limited migrations of Acadian
redfish into the Gulf of St. Lawrence from the adja-
cent waters of the shelf of Newfoundland, Nova Sco-
tia, and Labrador. These migrations are facilitated by
the deep current that f lows into the bay, bringing the
mixed waters of the Labrador Current and the Scotian
shelf in the southeast and the waters of the Labrador
Current in the northeast [23]. Results of a microsatel-
lite analysis have shown independence of the group of
this species living in the Gulf of Maine [48, 60].

The presence of the helminths Grillotia sp. pl.,
Anomalotrema koiae, Hemiurus levinseni, and L. gibbo-
sus in Acadian redfish only from the waters of the
St. Pierre Bank and the Scotian shelf, as well as the
significant differences (p < 0.05) in the prevalence of
infection by S. pleuronectis pl., D. varicus, L. botryo-
phoron, A. simplex l., and H. aduncum l. common to
this host, are evidence for the isolation of its group in
areas 8 and 7 (Fig. 1) from the group in the southern
part of GBN (see Table 1).

The significant isolation of the Acadian redfish
groups in the southern (areas 4 and 5) and northeast-
ern parts of GBN (area 2) is indicated by a signifi-
cantly lower (p < 0.05) prevalence of infection by all
four Myxozoa species, by the helminths S. pleuronectis
pl., D. varicus, P. reflexa, and H. aduncum l. with a sig-
nificantly higher occurrence rate of L. botryophoron
 No. 1  2022

ish Sebastes fasciatus by potential indicator parasites in differ-

mined fish in the areas as in Table 1. (p) Significance of differences;
e, Hexanauplia. 1–2According to data published in literature: 1 [32]

Area

(p)4 5 62 71 91

ta Literature data

5.0 13.3 42.0 ? ? <0.05
10.0 13.3 – ? ? <0.05
5.0 3.3 ? ? ? <0.05

20.0 20.0 ? ? ? <0.05
10.0 13.3 24.0 – 7.1 <0.05
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and larval A. simplex, and also by the absence of the
trematodes A. koiae and L. gibbosus and the presence
of only the cestode Bothriocephalus scorpii here, and by
traces of infection by the copepod S. lumpi. The isola-
tion of the Acadian redfish groups in the southern and
northeastern parts of GBN is caused by the quasi-sta-
tionary gyres over these areas and the shallow depths
(40–80 m) of the central part of GBN. The genetic
heterogeneity of Acadian redfish samples from differ-
ent GBN areas is also confirmed by the results of com-
prehensive studies of genetic and morphological fea-
tures [31, 60].

The Flemish Cap Bank is separated from the
neighboring GBN by the deep-water Flemish Pass,
while the closed anticyclonic current f lowing over it
causes pelagic juvenile fish to drift mainly towards the
center of the bank [11, 24, 33]. These factors act as a
relative barrier preventing mutual migrations of fish
between these areas. This is confirmed by the absence
of the myxosporidian L. adeli (indicator parasite), the
helminths S. pleuronectis pl., L. botryophoron, and
L. gibbosus (that are characteristic of this host in the
GBN areas) from the parasite community of Acadian
redfish in the Flemish Cap Bank, and also by a signifi-
cantly lower occurrence rate of the indicator parasites
Myxidium incurvatum, M. obliquelineolatum, P. sebastei,
and C. nodosus and a significantly higher prevalence of
infection by the helminths B. scorpii, A. simplex l., and
H. aduncum l.

Areas 1 (NAFO Division 3K) and 9 (Southern
Labrador) are probably occupied by a group of Aca-
dian redfish largely isolated from aggregations in the
northeastern GBN (area 2). This is confirmed by sig-
nificant differences (p < 0.05) in prevalence of infec-
tion by common parasite species: three Myxozoa spe-
cies (indicator parasites), and also by the helminths
S. pleuronectis pl., D. varicus, and P. reflexa (Tables 1, 2).
The low degree of similarity (L0 = 87%) between the
parasite community compositions of this host is
explained by the absence of some species of Trema-
toda (A. koiae, H. levinseni, L. botryophoron, and
L. gibbosus) and Hexanauplia (C. nodosus, P. clavatus)
from one of these areas and their presence in the other.

Thus, the results of our analysis of parasitological,
population, and oceanographic data indicate the exis-
tence of six groups of Acadian redfish and their breed-
ing grounds in the Atlantic shelf of Canada, which can
be classified as forms of a population rank (in the
interpretation by Yablokov [27]). The most isolated
groups are confined to the Gulf of St. Lawrence and
the Flemish Cap Bank. Limited migrations of Acadian
redfish are possible to the former of them from the
adjacent waters of the Scotian shelf and the St. Pierre
Bank inhabited by a single group of this species, as evi-
denced by the results of parasitological studies. The
southern GBN is also home to a single Acadian redfish
group. Its isolation from the groups of this species in
both the northeastern part of GBN and its northern-
RUSSIAN JOUR
most part (NAFO Division 3K and Southern Labra-
dor) is caused by the specific oceanographic regime,
the shallow depths of the central GBN, and also by the
relatively settled lifestyle of Acadian redfish. The iso-
lation of the Acadian redfish group in the Flemish Cap
waters from the above-mentioned groups is due to the
closed anticyclonic current and the deep-water Flem-
ish Pass separating it from GBN.

The results of this intraspecific differentiation of
the Acadian redfish, as inferred from the analysis of
geographical patterns of compositions of its parasites
communities, are consistent with data of a compre-
hensive analysis of the genetic and morphometric
characteristics of this species available in the literature.
The information we obtained is highly relevant for
clarifying the status of the identified groups and the
probable boundaries between them, and also for regu-
lating the Acadian redfish fishery.
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