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Abstract: Distribution and abundance of common parasitic nematodes in marine fishes is not well
documented in many geographic regions. Understanding the influence of large-scale environmental
changes on infection rates of fish by nematodes requires quantitative assessments of parasite abun-
dance for multiple host species. We collected samples of two species of cod and eight species of
rockfish (total of 232 specimens) from waters near Kodiak Island, Alaska, USA during Spring and
Summer of 2015, and dissected and recorded all internal nematode parasites. We quantified the
prevalence and intensity of nematode parasites in the ten host species, and tested for differences
in prevalence among host species. We found three species of nematode: Anisakis simplex, sensu
lato (Van Thiel), Pseudoterranova decipiens, sensu lato (Krabbe), and Hysterothylacium sp. (Ward and
Magath). Eighty-two percent of the examined fish were infected with at least one parasitic nematode.
The overall prevalence of P. decipiens, A. simplex, and Hysterothylacium sp. was 56%, 62%, and 2%,
respectively. Anisakis simplex and P. decipiens were abundant and present in all ten species of host
fish examined, whereas Hysterothylacium sp. was rare and found in only five of the host fish species.
Prevalence and mean intensity of P. decipiens and A. simplex varied across the ten host species, and
the number of parasites varied substantially among individual hosts within host species. The mean
intensity of P. terranova and A. simplex in our study was substantially higher than the mean intensity
for these same species from multiple other locations in a recent meta-analysis. This study provides a
baseline of nematode parasite abundance in long-lived fish in waters near Kodiak Island, AK, and
fills an important gap in our quantitative understanding of patterns of occurrence and abundance of
these common and widespread parasites of marine fish.
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1. Introduction

Documenting environmental change, and consequent change in the distribution of
organisms, has become increasingly important for understanding the ecological and evolu-
tionary responses of organisms over time [1]. Several examples of change in distribution,
abundance, and diversity of species have been observed because of good baseline data
available from previous research [1-3]. However, detecting such changes without baseline
data is difficult, and quantifying the effects of change is impossible without previously
collected quantitative data [4]. Although some biological systems have been well studied,
there are still many geographic locations and taxonomic groups of organisms where the
distribution, abundance and occurrence are poorly documented [1,4]. There is a press-
ing need for increased quantitative data collection on parasite distribution to understand
spatial and temporal trends.

Nematodes (Phylum Chromadorea) can occur in high intensities and have high in-
fection rates in many species of fish [1,5]. Endoparasitic nematodes of marine fish impact
fish health, the quality of fish for human consumption, and human health [1,6]. Although
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some host species of marine nematodes have been well studied (i.e., Oncorhynchus spp.,
Hippoglossus stenolepis; [6,7]), the distribution and abundance of nematodes in other known
hosts have received less attention. Pacific rockfish, in particular, represent an important
fishery resource in the northeast Pacific [8,9]. Although there are many studies that have
specifically focused on rockfish [8], few quantitative studies of nematode parasites of
rockfish [10,11] and cod are available in recent times and from one geographic location,
and none are available from the southwestern Gulf of Alaska near Kodiak Island [1]. As
environments change, parasite distribution or abundances will likely also change. To
understand the influence of large-scale environmental changes on infection rates of fish by
nematodes, it is important to perform quantitative assessments of parasite abundance for
multiple host species in many locations [1].

In addition to determining the effects of environmental variation, the resolution of eco-
logical and evolutionary patterns of parasites and their hosts is dependent on quantitative
and comparable data on parasites and their hosts in varying geographical areas [4,12]. At a
minimum, researchers should report prevalence and intensity (along with some measure
of variance within host species), and it is recommended that the distribution of intensities
be included because often the distributions of parasites are clumped within a few individu-
als [13]. Availability of these quantitative measures from multiple species and geographic
regions allows tests of ecological and evolutionary hypotheses on topics such as niche
partitioning, processes that influence community composition, and diversity related to
host traits [12]. However, studies that compare these quantitative measures of multiple
parasites among multiple host species are rare.

To provide baseline data and to document current conditions in this geographic area,
we conducted a survey of nematode prevalence and intensity in rockfish and cod in wa-
ters near Kodiak Island, Alaska, USA. We quantified nematode prevalence and intensity,
and compared these among multiple species of fish hosts. We tested for differences in
prevalence among species of nematodes and among host species and we characterized the
distribution of nematode parasites within host species. Together, these data and compar-
isons provide valuable baseline data for this poorly documented area and host species.

2. Materials and Methods

Kodiak Island is a large island off the coast of southeastern Alaska, USA. The island
is home to the largest fishing port in Alaska, and is one of the largest fishery ports in the
USA. We examined a total of 232 fish of ten species as follows: Pacific ocean perch, Sebastes
alutus (Gilbert; n = 20; May 2015); silvergray rockfish, S. brevispinis (Bean; n = 20; June
2015); dark rockfish, S. ciliatus (Tiliesius; n = 49; May, August, September 2015); black
rockfish, S. melanops (Girard; n = 23; June 2015); northern rockfish, S. polyspinis (Taranets
and Mosiev; n = 20; May, June 2015); redstripe rockfish, S. proriger (Jordan and Gilbert;
n = 20; June, July 2015); yelloweye rockfish, S. ruberrimus (Cramer; n = 20; June, July 2015);
harlequin rockfish, S. variegatus (Quast; n = 20; June 2015); Pacific cod, Gadus macrocephalus
(Tilesius; n = 20; September 2015); and Alaska pollock, Gadus chalcogrammus (Pallas; n = 20;
September 2015). We purchased specimens of nine of the ten species from the local fish
processing facility of Trident Seafoods Corporation on Kodiak Island, and we captured
specimens of S. melanops by hook and line from a charter boat. The samples we acquired
from Trident Seafoods were caught by net trawlers as part of commercial fishing operations
in the area surrounding Kodiak Island (Figure 1). Gadus chalcogramus was collected in the
Shelikhov Strait west of Kodiak Island in relatively shallow depths (<200 m), and Sebastes
melanops was collected nearshore on the east side of Kodiak Island in relatively shallow
depths (<200 m). All other host fish species were collected further east of Kodiak Island at
much greater depths (>>200 m). We purchased freshly killed specimens immediately upon
their arrival at the fish processing facility in which parasites were still alive and active.
We obtained all samples between May and October of 2015, and fish dissections, parasite
collection, and preservation were performed at the Kodiak Seafood and Marine Science
Center on Near Island, Alaska, USA.
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Figure 1. Map of collection location for all host fish species. Hatched area represents area sampled
for fish collections near Kodiak Island, Alaska, USA.

To facilitate the detection of parasites, we carefully searched all internal organs in the
body cavity according to standard dissection methods (14). Briefly, we split the digestive
tract along its entire length and searched both the internal and external surfaces. We cut all
solid organs, such as the liver and gonads, into small pieces and examined each piece under
a Nikon MK II Microscope. We then filleted the flesh off both sides and visually searched
the muscle for parasites. We received the S. ruberrimus samples after they had been filleted,
so only the internal organs were available for inspection. We found the vast majority of
nematodes within organ structures and only rarely in the muscle tissue, and we assume
that the locations of nematodes found within S. ruberrimus are consistent with this trend. As
nematodes were detected, we cleared and preserved them according to methods outlined
in [14]. Briefly, we cleared specimens in a 1:1 solution of EtOH and glycerol. As the ethanol
evaporated, we gradually added glycerol to prevent the specimens from collapsing. After
they were cleared, we stored them in ethanol. Identification and description of nematodes
was based on [15,16] and http://www.marinespecies.org/ (accessed on 16 June 2018).
Specifically, we used characteristics of the caecum, general size, and morphology of the
anterior region to differentiate among the three observed species of nematodes [15,16]. We
did not use molecular methods to differentiate nematode species; however, differentiation
of these species is generally clear based on the characters reviewed [15,16] and seen in
Figure 2. We acknowledge that there may be hidden diversity that we were unable to
discern given our reliance on morphology for identification, so we indicate this potential
uncertainty by the use of the term sensu lato after species names. We calculated quantitative
descriptors of the parasite populations according to [12,13], and for mean intensity we
included confidence intervals of the mean.
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Figure 2. Line drawings of A: Hysterothylacium sp.; B: Pseudoterranova decipiens; C: Anisakis simplex
showing differences in size and internal structure. Drawings were made from specimens collected
for this study.

We performed chi-square tests to determine differences in prevalence among host
species and among parasite species. To better understand how the number of parasites
varies within and among host species, and to address the possibility that parasites exhibit
a clumped distribution of individuals within a few individual hosts, we characterized
the frequency distribution of parasites within host species [13]. Specifically, to determine
if distributions were clumped, we calculated the percentage of the total number of a
given parasite found within a host species that was contained in the most highly infected
individual host. (We define “clumping” as a distribution of parasites in which a few fish
have most of the parasites.) Obviously, this clumping index is not very useful when the
total number of parasites is low.

3. Results

We found three species of parasitic nematodes (Figure 2) in 232 potential host fish,
with parasite totals as follows: 440 Pseudoterranova decipiens sensu lato (hereafter P. decipiens),
753 Anisakis simplex sensu lato (hereafter A. simplex), and 5 Hysterothylacium sp. The majority
of individual nematodes were larvae, but some were adult. Eighty-two percent of the
inspected fish were infected with at least one parasitic nematode. Anisakis simplex and
P. decipiens were found in at least some individuals of all ten species of fish. Five of the
fish species (G. macrocephalus, S. brevispinis, S. ciliatus, S. melanops, and S. proriger) had one
individual each that was infected with one individual Hysterothylacium sp. (Table 1).

Prevalence and mean intensity varied substantially among host species and among
parasite species (Table 1). Prevalence of P. decipiens ranged from 15% in S. ruberrimus to 90%
in G. macrocephalus with a mean of 55.6% across all host species. Gadus macrocephalus had a
significantly higher prevalence than the mean, whereas S. ruberrimus had a significantly
lower prevalence than the mean, and the other eight species we examined were no different
in prevalence from the overall mean (Table 1). Prevalence of A. simplex ranged from 35% in
S. proriger to 95% in S. variegatus with a mean of 61.6% across all host species. Despite this
wide range in prevalence of A. simplex, none of the ten host species exhibited a significant
departure from the overall mean (Table 1). Mean intensity for P. decipiens ranged from 1.0
in S. ruberrimus to 6.6 in G. macrocephalus with a mean of 3.41 across all host species. Mean
intensity for A. simplex ranged from 2.36 in G. macrocephalus to 10.5 in S. ruberrimus with a
mean of 5.27 across all host species.
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Table 1. Quantitative descriptors of three species of parasitic nematodes in ten species of fish from waters near Kodiak
Island, Alaska, USA. Host species name is followed by the sample size for each host species and the range of total length
(TL) and mean total length of hosts (ML); TPN: total parasite number; P%: prevalence as a percentage; MI: mean intensity
(confidence interval). Prevalence departures from the overall mean were tested by a one-sample chi-squared test and the
resulting p-values are listed below the percentage prevalence value. Significant values (p < 0.05) are bolded.

Host Species Pseudoterranova Decipiens Anasakis Simplex Hysterothylacium sp. All Nematodes
Gadus chalcogrammus PN 2 o1 . 73
=20 P 65 80 i 90
TL: 315-390 mm ° p=057 p=029 p=0.69
ML: 356 mm
MI 1.7 (1.12-2.26) 3.19 (2.14-4.24) - 4.1 (2.75-5.35)
Gadus macrocephalus PN 119 26 ! 146
n =20 - 90 55 5 90
TL: 400-485 mm ? p=0.04 p=071 p=0.69
ML: 441 mm MI 6.6 (3.89-9.33) 2.36 (1.04-3.68) 1.0 8.1 (4.93-11.18)
Sebastes alutus TPN 47 % . 143
n=20 - 65 85 ] 95
TL: 380-435 mm ? p=057 p=0.18 p=052
ML: 415 mm MI 3.6 (2.39-4.84) 5.65 (2.96-8.33) - 7.5 (4.95-10.1)
Sebastes brevispinis TPN - 2 ! o1
n=20 P 35 50 5 70
TL: 445-625 mm ° p=022 p =051 0.56
ML: 516 mm MI 3.0 (0.86-5.14) 2.9 (0.46-5.34) 1.0 3.6 (1.11-6.03)
Sebastes ciliatus TPN o 7 ! 163
n= 49 P 65.3 55.1 5 83.7
TL: 295-500 mm ° p=036 p=056 p =089
ML: 417 mm MI 2.84 (1.80-3.89) 2.63 (1.62-3.64) 1.0 3.97 (2.79-5.11)
Sebastes melanops PN 3 % ! 124
n=23 - 47.8 435 13 69.6
TL: 420-540 mm ? p =062 p=027 : p=051
ML: 481 mm MI 2.55 (1.26-3.83) 9.5 (0.65-18.35) 1.0 7.75 (1.91-13.47)
Sebastes polyspinis TPN 48 78 . 126
n=20 - 65 65 ) 90
TL: 345-430 mm ? p=057 p=0.85 p=0.69
ML: 395 mm MI 3.7 (1.94-5.44) 6.0 (1.50-10.50) - 7.0 (3.61-10.39)
Sebastes proriger TPN 20 28 ! 4
n=20 P 50 35 5 70
TL: 345-450 mm ° p=074 p=013 p =056
ML: 368 mm MI 2.0 (1.11-2.89) 4.0 (1.33-6.67) 1.0 3.5 (1.39-6.0)
Sebastes ruberrimus TPN 3 137 . 140
n=20 - 15 65 i 65
TL: 430-760 mm ° p =0.015 p=085 p=04
ML: 631 mm MI 1.0 (NA) 10.5 (—7.37-28.44) - 10.8 (—7.27-28.8)
Sebastes variegatus PN 4 142 - 183
n=20 - 45 95 i 95
TL: 329-400 mm ? p=0.52 p =0.057 p=0.52
ML: 361 mm MI 455 (2.12-6.99) 7.47 (5.05-9.90) ; 9.6 (6.46-12.80)
All fish TPN 440 753 5 1198
n =232
P% . 1. 2.2 1.
TL: 295-760 mm 556 616 819
ML: 436 mm MI 3.41 (2.84-3.98) 5.27 (3.57-6.96) 1.0 6.3 (4.93-7.69)
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The distribution of number of parasites within host species showed evidence for
clumping in some species. In general, P. decipiens exhibited little evidence of clumping
(only one host species), whereas A. simplex showed moderate clumping in S. brevispinis, S.
melanops, S. polyspinis, and S. proriger (at least one third of the total number of A. simplex
were found in one individual). Extreme clumping was evident in S. ruberrimus, where one
individual contained 109 individual A. simplex, comprising 80% of the number found in all
S. ruberrimus and over 10% of the number found in all host species in this study (Table 2).

Table 2. Frequency distribution of the number of parasites per individual host species for ten host species of cod and rockfish

and two species of nematode parasites collected in waters near Kodiak Island, Alaska, USA. The last column gives the

percentage of the total number of parasites found in the most highly infected individual (for values > 1 individual). Values

that represent greater than one third of the total sample are bolded for emphasis. Only one individual of Hysterothylacium sp.

was found in one individual of five host species, so data on this parasite are not included in the table.

Number of Hosts with Given Number of Parasites

Host Species Parasite Species 1 2-5 (Max) 6-10 (Max) 11+ (Max) % of Total in Highest Individual
G. chalcogrammus P. decipiens 7 6(4) - - 18
G. macrocephalus P. decipiens 4 5 5 4(17) 14

S. alutus P. decipiens 2 8 3(7) - 15

S. brevispinis P. decipiens 1 5 1(8) - 38

S. ciliatus P. decipiens 15 12 3 2 (12) 13

S. melanops P. decipiens 5 5 1(7) - 25

S. polyspinis P. decipiens 4 6 3(10) - 21
S. proriger P. decipiens 5 54) - - 20

S. ruberrimus P. decipiens 3 - - - -
S. variegatus P. decipiens 2 3 4(8) - 20
G. chalcogrammus A. simplex 3 12 1(8) - 16
G. macrocephalus A. simplex 5 5 1(7) - 9
S. alutus A. simplex 3 9 1 4(18) 19

S. brevispinis A. simplex 6 2 1 1(11) 38
S. ciliatus A. simplex 13 12 1 1(12) 17

S. melanops A. simplex 3 3 2 2 (36) 38

S. polyspinis A. simplex 1 8 2 2 (26) 33
S. proriger A. simplex 0 6 1 (10) - 36

S. ruberrimus A. simplex 6 4 1 1(109) 80
S. variegatus A. simplex 2 6 6 5(19) 13

4. Discussion

Overall, patterns of prevalence and intensity among the ten host species we studied
are remarkably similar for the two common species of parasitic nematodes. About half of
individuals of all host species were infected by P. decipiens or A. simplex. No host species
exhibited 100% or 0% prevalence, and wide variation in the number of parasites among
individuals within host species overwhelmed the variation in mean intensity among host
species. This lack of extreme variation among host species suggests that host traits at
the species level are unlikely to be influential in determining the prevalence of these two
parasitic nematodes among these species of host fish. Rather, this pattern is consistent
with the idea that differences among individual hosts, such as level of immune function or
current physiological state, may determine the probability of becoming infected and the
number of parasites in a given host [17,18]. For example, in our study, a few individual
hosts had inordinately high numbers of parasites. The most extreme of these was one
S. ruberrimus that contained 109 A. simplex. The visceral organs of this individual fish
looked pale and appeared to be deteriorating. We do not know if this individual was in
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poor condition and thus was more susceptible to parasitic infection or if the high level of
infection by A. simplex was responsible for the poor condition.

All three species of parasitic nematodes that we observed in our study have previously
been documented in multiple species of host fish in Alaskan waters. Anisakis simplex has
been documented in G. chalcogrammus and in at least four other fish species in Alaskan
coastal waters [19-29]. Pseudoterranova decipiens has been documented in nine species of
fish in Alaskan waters [19-29]. Hysterothylacium sp. has been found in 19 fish species from
Alaskan coastal waters [19-29]. Clearly, these parasitic nematodes are common in many
species of host fish in this area; however, quantitative studies, such as ours, are lacking [1].

Rockfish (Sebastes spp.) sampled in this study can be divided into two groups based
on feeding and habitat use—pelagic fish feeding mainly on zooplankton (i.e., krill, mysids,
and amphipods) and small pelagic fish, and benthic fish feeding mainly on other fish [8]. A
similar division is evident between the two species of cod; G. chalcogrammus is more pelagic
and G. macrocephalus is more benthic. Of our eight species of rockfish, all but S. ruberrimus
fit into the pelagic feeding group, whereas S. ruberrimus is benthic-oriented and feeds
at a higher trophic level than the other species [8]. Gadus chalcogrammus differs slightly
from G. macrocephalus in the prevalence and mean intensity of the two common nematode
species, with P. decipiens being dominant in G. macrocephalus and A. simplex being dominant
in G. chalcogrammus. Sebastes ruberrimus exhibits very low infection rates of P. decipiens,
and except for one highly infected individual, low infection rates by A. simplex. It may be
that parasite abundance or diversity in fish may be higher at shallower depths [30]. The
pelagic-feeding rockfish can be divided into two groups based on the average depth they
occupy. Three species (S. brevispinnis, S. ciliatus, and S. melanops) are typically found in
shallower depths compared to the other four species (S. alutus, S. polyspinis, S. proriger,
and S. variegatus) typically found deeper [8]. Based on the prevalence and mean intensity
in Table 1, there is little difference in nematode abundances in deeper versus shallower
species in this study.

All three species of parasitic nematodes reported in this study are trophically trans-
mitted [31,32]. Fish serve as an intermediate, paratenic host for both P. decipiens [31] and
A. simplex [32], and the final host is a marine mammal. Typically, these nematodes mature
into adults in the marine mammal (although adult P. decipiens were observed in some
host fish), and parasite eggs are shed along with feces of the host. Larval nematodes are
consumed by crustaceans, which are consumed by fish or marine mammals, in turn [31,32],
thus completing the life cycle. We do not have data available in this study to evaluate
specific patterns in the life cycle (sensu [32]).

We were not able to use the digestion method [33] or incubation method [34] to
discover larval nematodes. Abundances may have been even higher had we been able to
do so. However, a recent meta-analysis that compared estimates of abundance through
time from studies that used older methods (such as ours) for detecting nematodes to studies
that used newer methods found that the patterns of abundance through time were not
significantly affected by the method of detection used [1]. This meta-analysis suggests that
our estimates of abundance are likely accurate despite our use of older methods. The mean
intensities of P. terranova and A. simplex in our study were substantially higher than the
mean intensity for these same species in a recent meta-analysis [1].

This recent meta-analysis of abundance of Anisakis spp. and Pseudoterranova spp.
over the last 50 years revealed a substantial increase in Anisakis spp., but no change in
abundance of Pseudoterranova spp. [1]. This telling analysis would not have been possible
without quantitative studies of parasitic nematode abundance such as ours. The literature
search for [1] revealed no quantitative data on parasitic nematodes of fish available for
the southwestern Gulf of Alaska. The current study helps to fill this void such that future
studies similar to [1] can be even more comprehensive in their scope.
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