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Abstract

Sarcotaces arcticus (Collett, 1874) is a relatively large, internal parasitic copepod that infects
many marine fishes. Although its large size suggests it may have a negative effect on
host reproduction by reducing space available in the abdominal cavity (i.e., volumetric
effect), such quantitative aspects of host-parasite relationships for S. arcticus have never
been documented. We compared the prevalence and the ratio of live to dead parasites
among sizes and sexes of two species of rockfish hosts (Sebastes ciliatus, Tilesius, 1813, dark
rockfish; and Sebastes variabilis, Pallas, 1814, dusky rockfish) and quantified the reduction
of internal space available in infected hosts. Samples were collected in southeast Alaskan
waters where the two host rockfish species coexist in sympatry. Both total prevalence and
prevalence of live S. arcticus were significantly higher in S. variabilis compared to S. ciliatus,
because of higher prevalence in female S. variabilis. The relationship between body cavity
volume, volume available for reproduction, and total length was isometric for both host
species combined. An average live S. arcticus with a volume of 8.1 milliliters occupied about
45% in smaller hosts and about 5% in larger hosts of the volume available for reproductive
organs. The high prevalence and large size of this parasite could significantly reduce
fecundity and fitness of rockfish hosts through reductions in internal volume available
for reproduction.

Keywords: parasitic copepod; Sebastes ciliatus; Sebastes variabilis; Alaska; fecundity effects

1. Introduction

Internal parasites of vertebrates are typically small (relative to host body size) and
thus do not impact host reproduction by occupying space in the abdominal cavity that the
host would otherwise use to produce larger or more numerous offspring (i.e., volumetric
effects of parasites). For most internal parasites, their negative effects on hosts are primarily
considered in terms of energy loss. However, female Sarcotaces arcticus (Collett, 1874;
Copepoda, Cyclopoida, Philichthyidae) are relatively large compared to other internal
parasites, measuring up to 70 mm in length and 30 mm in width [1]. Sarcotaces arcticus
is a parasitic copepod that causes “black bag disease” in many species of marine fishes,
and it has especially high prevalence in many Pacific rockfish species (genus Sebastes) [2-6].
Sarcotaces arcticus has a large pyriform-shaped female, one to three microscopic male(s), as
well as nauplii (larvae) or eggs, encased by a highly vascular, collagenous host gall [2,4,7,8].
These parasites rapidly develop through five naupliar stages and infect host fish during
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their copepodid stage [8]. Sarcotaces arcticus are directly transmitted, and fish are their
only host. Female parasites enter the anal vent of the host and attach firmly to the internal
wall of the intestine near the vent. The female forms a gall as an outpocketing of the
intestine and grows within the gall, apparently by absorbing nutrients from the vascular
wall through abundant villi on her body surface [1,3,4,8]. Once sexually mature, the
female parasite mates with microscopic males that occupy the gall with her. She then
reproduces, discharges larvae, and eventually degenerates and dies, leaving behind only
a thick, tumor-like scar [3,4,9]. This scar or gall appears to persist throughout the life of
the host fish and thus provides evidence of cumulative infections over the fish’s lifetime.
These parasites do not appear to have serious debilitative effects or to cause mortality of
the host fish [2,7,10]; however, infections may have negative effects on the reproductive
output of host rockfishes [1,11,12] by reducing space available for developing embryos or
by creating a physical blockage of the reproductive tract [13]. Sarcotaces arcticus individuals
could have important ecological, evolutionary, and economic impacts on the rockfishes they
infect. Although a basic natural history and description of S. arcticus have been available
for years, only one quantitative study on prevalence of S. arcticus in one host fish has been
published [7]. Additionally, the potential effects of this parasite on volume available in the
host fish for reproduction have never been quantified.

Pacific rockfishes (genus Sebastes) are long-lived and highly fecund fishes that are
commercially important in the north Pacific [11]. Abundant populations of dusky rockfish
(Sebastes variabilis, Pallas, 1814) and dark rockfish (Sebastes ciliatus, Tilesius, 1813) occur
sympatrically in southeast Alaskan marine waters [3,9,11,13], and provide an opportunity
to compare the ecology of S. arcticus between these two common host fish species in the
same location. We present the first quantitative analysis of S. arcticus prevalence and
potential negative effects on the internal volume available for reproduction in these two
species of rockfish (S. variabilis and S. ciliatus). Specifically, we quantified prevalence of S.
arcticus (live and dead) in relation to species of host fish, size class (age) of host fish, and
sex of host fish. Additionally, we estimated the negative volumetric effect of S. arcticus on
these host species by calculating the volume occupied by a single live infection of S. arcticus
that would otherwise be available to the host for reproductive output.

2. Materials and Methods

To assess the prevalence and effects on internal volume of hosts of S. arcticus, we
surveyed two species of rockfish: S. variabilis and S. ciliatus. Sebastes ciliatus and S. variabilis
are sister species that are commonly caught in the same areas. Both species are pelagic,
occur in large aggregations, and feed on pelagic crustaceans in the water column. They
are sympatric and syntopic in the areas we surveyed, such that fishing yields a mix of
both species and sexes, and the depth at which both species are caught does not differ.
We caught both species via hook and line in Frederick Sound, near Admiralty Island, AK,
USA (56°57'14.76"" N, 134°10'36.19” W). We were not able to collect individuals from the
smallest size class (<240 mm TL; ages 14 yr) of either host fish species. This study focuses
on individuals larger than about 240 mm TL, which are the smallest individuals available
in the large aggregations where we fished.

2.1. Study System

We caught a total of 182 S. ciliatus and 135 S. variabilis from 7-10 July 2017. In addition
to capturing the two host species, we caught 31 S. ruberrimus, 29 S. maliger, and small sam-
ples of other co-occurring rockfish species (S. brevispinis, S. caurinus, S. flavidus, S. melanops,
S. miniatus, and S. nigrocinctus). On the same day the fish were caught, we dissected each
fish for internal observation and detection of S. arcticus parasites. We recorded total length
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and standard length to the nearest millimeter of the host fish, determined the sex, collected
muscle tissues and otolith samples, recorded whether each fish was parasitized by S. arcti-
cus, and counted the total number of galls of S. arcticus. Only S. ciliatus and S. variabilis
were parasitized by S. arcticus; therefore, none of the other Sebastes species were used for
further analysis. We identified S. arcticus parasites in S. ciliatus and S. variabilis by the
presence of an internal gall(s) near the anal vent of the fish. Then, we carefully extracted
the galls to prevent rupture of the parasites and preserved them in 90% ethyl alcohol. In
the lab, we dissected the gall and characterized each parasite by life stage. We separated S.
arcticus into three life stages at the time of the collection: live small, live large, and dead. We
classified stage one as a gall, up to 10 mm in length, containing a female but no black fluid
(hemosiderin). Stage two was classified as a gall (>10 mm in length) containing a female
and hemosiderin, as well as the presence of eggs or nauplii. We classified stage three as
the “scar” or dead stage, which we identified by a relatively small and hard gall, with no
identifiable female, often with the presence of solidified hemosiderin (ranging from 5 to
20 mm in length). Additionally, we classified each fish into one of three size classes based
on total length: small (fish between 24 to 37 cm; 5-10 years old), intermediate (fish between
37 to 44 cm; 10-15 years old), and large (44+ cm; 15+ years old) [11].

In 2018, we collected 21 S. ciliatus and 10 S. variabilis to assess the volumetric effects
of S. arcticus infection. To measure available space, we extracted the organs of each fish
and measured their volume in milliliters via water displacement. Major organs such as
the heart, kidneys, and stomach were included in the measurement of organ volume. The
stomachs were always empty due to barotrauma-induced extrusion during capture. The
swim bladder was excluded from our measurements, since its volume is highly variable
depending on the location of the fish in the water column. If the individual was reproduc-
tively mature, we removed their enlarged gonads before calculating organ volume. We
did not remove gonads of reproductively immature individuals because they were only
small, thread-like structures that would not significantly affect the volume available. After
all the organs were removed, we measured the total volume of each fish’s body cavity in
milliliters. To adjust the volume of the nonreproductive internal organs to account for the
swim bladder, we took the volume of nonreproductive organs and added an estimated 20%
of the total cavity volume to represent the swim bladder. We then divided nonreproductive
organ volume by total cavity volume (x100) to get the percentage of total cavity volume
occupied by nonreproductive organs.

Further, to calculate volume available for reproduction, we subtracted nonreproductive
organ volume from total cavity volume. From a separate set of host individuals, we
collected 19 galls of S. arcticus. The volume of these galls was measured in milliliters via
water displacement to establish an average volume occupied by a single S. arcticus infection.
We then divided the average volume of a single S. arcticus individual by the calculated
volume available for reproductive organs (x100) to get the percentage of normally available
volume for reproductive organs that would be occupied by an individual S. arcticus.

2.2. Analysis

We calculated prevalence of S. arcticus for both species of host rockfish in relation to
sex and size class. Prevalence was measured as the number of infected hosts divided by
the total number of hosts examined for the specified group [14]. We compared prevalence
of S. arcticus between species and sexes, and among size classes within species by sex
combinations using contingency table analysis in Proc FREQ in SAS (SAS version 9.4,
SAS Inc., Cary, NC, USA). Because some categories had an expected value < 5, we used a
one-tailed version of Fisher’s exact test for comparison. We calculated prevalence of live
S. arcticus in relation to sex and size class of host in the same way as total prevalence using
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contingency table analysis in Proc FREQ in SAS (SAS version 9.4, SAS Inc., Cary, NC, USA).
To determine differences in the distribution of live and dead parasites, we mapped parasite
mortality structure (live or dead) among size classes of the host fishes by comparing the
number of parasites that were live to the number that were dead within each host species
by sex and by size class of host fishes. We used a contingency table analysis to test for
deviation from the overall expected proportion of live and dead parasites among host
groups using Proc FREQ in SAS (SAS version 9.4, SAS Inc., Cary, NC, USA).

We performed an Analysis of Covariance (ANCOVA) to evaluate how total cavity
volume and nonreproductive organ volume differed between host species and with to-
tal length (Table 1; R software, version 4.4.0). Because there was no significant species
effect nor a significant species by total length interaction, we combined species for further
analyses. We used linear regression to test against an expected slope of 3 (isometry for
a length/volume comparison) between the (In transformed) total length (mm) and (In
transformed) host cavity, and (In transformed) nonreproductive organ volume. In addi-
tion, we used linear regression to determine if the percent of cavity volume available for
reproduction occupied by an individual S. arcticus varied with host body size, as well as
the percent of organ volume out of total cavity volume.

Table 1. ANCOVA test results for effects of total length (TL), species, and the interaction between TL
and species on cavity volume for S. ciliatus and S. variabilis. Significant values are bolded.

Variable Degrees of F-Value p-Value
Freedom
TL 1/31 129.9 8.0 x 10712
Species 1/31 0.2 0.6
TL:Species 1/31 0.27 0.6

We estimated the volume of the two dead parasite galls as 4 milliliters each (half
of the average live parasite volume) and subtracted them from the total measured gall
volumes. For fish with multiple live parasites, we evenly distributed the volume to separate
them into individual parasites. Subsequently, we determined the mean, minimum, and
maximum percent of the potential reproductive volume an average S. arcticus occupied in
the host species combined.

3. Results

A total of 32 of 182 S. ciliatus and 35 of 135 S. variabilis were parasitized by S. arcti-
cus (Table 2). Sebastes variabilis had a significantly higher prevalence of S. arcticus (25.9%)
compared to S. ciliatus (17.6%; Fisher’s exact test, p = 0.049). Female S. variabilis had a signifi-
cantly higher prevalence of S. arcticus (32.1%) compared to male S. variabilis (17.5%; Fisher’s
exact test, p = 0.043). Prevalence did not differ between sexes of S. ciliatus (male preva-
lence = 14.3%; female prevalence = 18.6%; Fisher’s exact test, p = 0.35; Table 2, Figure 1A).
Prevalence of S. arcticus did not differ among size classes of host fishes within any of the
species by sex combinations (Fisher’s exact test, all p > 0.32; Figure 2A). The same pattern of
prevalence between species and sexes exists when we consider the prevalence of only live
S. arcticus, but the differences are even more obvious. Sebastes variabilis had a significantly
higher prevalence of live S. arcticus (22.2%) compared to S. ciliatus (6.6%; Fisher’s exact
test, p < 0.0001). Female S. variabilis had a significantly higher prevalence of live S. arcticus
(29.5%) compared to male S. variabilis (12.3%; Fisher’s exact test, p = 0.014). Prevalence of
live S. arcticus did not differ between sexes of S. ciliatus (male prevalence = 4.8%; female
prevalence = 6.6%; Fisher’s exact test, p = 0.44; Table 2, Figure 1B). Prevalence of live
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S. arcticus did not differ among size classes of host fishes within any of the species by sex
combinations (Fisher’s exact test, all p > 0.32; Figure 2B).

Table 2. Total prevalence and prevalence of live S. arcticus across species, sexes, and size classes of
rockfish hosts. Bolded values represent totals by species.

Number Number with Live Live
Host Species Sex Size Class Parasitized/Total Prevalence% Parasite/Total P 1 o
revalence%
Number Number
S. ciliatus male 1 1/17 59 0/17 0
S. ciliatus male 2 5/24 20.8 2/24 8.3
S. ciliatus male 3 0/1 0 0/1 0
Combined total 6/42 14.3 2/42 4.8
S. ciliatus female 1 4/27 14.8 2/27 7.4
S. ciliatus female 2 13/71 18.3 7/71 9.9
S. ciliatus female 3 9/42 21.4 1/42 2.4
Combined total 26/140 18.6 10/140 7.1
Combined total
. 32/182 17.6 12/182 6.6
by species
S. variabilis male 1 4/26 15.4 3/26 11.5
S. variabilis male 2 6/25 24.0 4/25 16
S. variabilis male 3 0/6 0 0/6 0
Combined total 10/57 17.5 7/57 12.3
S. variabilis female 1 9/31 29.0 9/31 29
S. variabilis female 2 12/34 35.3 12/34 35.3
S. variabilis female 3 4/13 30.8 2/13 15.4
Combined total 25/78 32.1 23/78 29.5
Combined total
. 35/135 25.9 30/135 22.2
by species
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Figure 1. Differences in S. arcticus total prevalence (A) and live only prevalence (B) relative to sex of
both host rockfish species—S. ciliatus and S. variabilis. Prevalence of S. arcticus is significantly higher
for female S. variabilis.
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Figure 2. Differences in S. arcticus prevalence by host size class in terms of live and dead parasites for
four species and sex combinations. Panels (A-D): female S. ciliatus, male S. ciliatus, female S. variabilis,
male S. variabilis. Size class 1 corresponds to fish up to 10 years old, size class 2 ages 10-15, and size
class 3 ages 15 and up.

Across both species and sexes of infected hosts, 73% of individuals had only one
S. arcticus gall present; 24% had two galls present; and 3% had three galls present. Live small
parasites were uncommon; only four live small S. arcticus (5% of all parasites observed) were
found among all host specimens. Live large parasites constituted 52% and dead parasites
constituted the remaining 43% of all S. arcticus detected. Sebastes variabilis contained
mostly live parasites (78.3%) and S. ciliatus contained mostly dead parasites (68.3%). The
proportions of live to dead parasites differed significantly between the two host species
(Fisher’s exact test, p < 0.0001). Female S. variabilis had a significantly higher prevalence of
live S. arcticus (87.9%) compared to male S. variabilis (53.8%; Fisher’s exact test, p = 0.02). The
proportion of live and dead parasites did not differ between sexes of S. ciliatus (Fisher’s exact
test, p = 0.50; Table 3, Figure 2). The proportion of live compared to dead S. arcticus differed
among size classes of host fishes only within female S. variabilis. In female S. variabilis, live
parasites were most common in the first two size classes, whereas dead parasites were
equally common in the largest size class (Fisher’s exact test, all p > 0.01; Table 3, Figure 2).

The relationship between body cavity volume and total length in both host species
combined was isometric (Table 4, Figure 3). Similarly, the relationship between the volume
of nonreproductive internal organs (including estimated volume of the swim bladder)
and total length was isometric in both host species combined (Table 4, Figure 3). The
percentage of the internal body cavity volume that was occupied by nonreproductive
internal organs was relatively constant across body sizes at about 70%, decreasing about
10% from smallest to largest host sizes (Figure 4). The mean volume of a live S. arcticus
was 8.1 mL (95% CI = 8.88-7.32, n = 19). Thus, the percentage of the internal body cavity
volume available for reproductive organ expansion that is occupied by an average-sized
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S. arcticus decreased as the body size of the host increased (Figure 4). The mean percentage
of potential reproductive volume occupied by one S. arcticus for smaller host individuals
was about 45% and about 5% for larger host individuals.

Table 3. Number of live and dead S. arcticus and percent live S. arcticus across species, sexes, and size
classes of rockfish hosts. Bolded values represent totals by species.

Host Species Sex Size Class Live/Dead/Total % Live S. arcticus
S. ciliatus male 1 0/1/1 0
S. ciliatus male 2 2/5/7 28.6
S. ciliatus male 3 0/0/0 0
Combined total 2/6/8 25
S. ciliatus female 1 2/2/4 50
S. ciliatus female 2 8/11/19 42.1
S. ciliatus female 3 1/9/10 10
Combined total 11/22/33 33.3
Combined total 13/28/41 31.7
by species
S. variabilis male 1 3/1/4 75
S. variabilis male 2 4/5/9 444
S. variabilis male 3 0/0/0 0
Combined total 7/6/13 53.8
S. variabilis female 1 13/0/13 100
S. variabilis female 2 13/1/14 92.9
S. variabilis female 3 3/3/6 50
Combined total 29/4/33 87.9
Combined total by species 36/10/46 78.3
6.0
O == §. ciliatus, cavity ®° .o/
o == S ciliatus, organs d
o — S variabilis, cavity , }?
® = = S variabilis, organs 9

3.5

Volume (In)
2

4.5

4.0

5.6 5.7 5.8 5.9 6.0 6.1
Total Length (In)

Figure 3. Linear regression comparing the natural log-transformed total length (mm) and cavity and
nonreproductive organ volume (mL) of the host species together.
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Table 4. Ordinary least squares regression tested against a slope of 3 for isometry between the
natural log-transformed total length (TL) and cavity and organ volume for host species combined. In
addition, ordinary least squares regression between the natural log-transformed TL and percent of
cavity volume occupied by organs, and the percent of remaining volume occupied by an average
S. arcticus for host species combined.

Variable Sample Size Term Estimate Standard Error T-Statistic p-Value
Cavity volume 31 Intercept TL _3.2’2 (1); _21?),'2 64 g 01?? o
Organ volume 31 Intercept TL __102 '15 (1); :gg 18 0>f 6%2_ .
Percent organs 31 Intercept TL 3:29912% 328 _323 4 00'90033

Percent parasite 31 Intercept TL f;?;8651 fggg 5)555;18 ?gg ;: }8::

120

2
= .
o
= 100
A
B .
= Species
% 80 © S ciliatus
2 ® S variabilis
o @
L
g 60
=
=)
o=
2
g 40
kS
[}
<
3 20
(o]
b
a5
(a9

0

5.6 5.7 5.8 59 6.0 6.1
Total Length (In)

Figure 4. The percent of volume that an average S. arcticus takes up of the volume available for
reproduction.

4. Discussion

The most unique characteristic of the Sebastes and S. arcticus system is the volumetric
constraint that S. arcticus may impose on the reproductive potential of its host. Rockfishes
parasitized by S. arcticus may have reduced fecundity or reproductive output [11,12].
Reduced reproductive output is a well-known host effect; however, most studies of this
effect attribute it either to the energetic burden of parasitism or host castration as an
adaptive strategy. There is no evidence to suggest that S. arcticus specifically targets the
reproductive organs of its host. The reduction in reproductive potential observed in hosts
of S. arcticus may be partially caused by the energetic burden of parasitism, although this
burden is yet to be studied quantitatively. Sarcotaces arcticus are large parasites and take up
a considerable amount of space in a host’s body. Rockfishes exhibit internal fertilization
and are live-bearing fish [11,15]. Meaning that, for female rockfish, reproductive output is
likely limited by the volume of the body cavity, and therefore any reduction in the amount
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of space available for eggs or larvae will result in lower reproductive output. A single
S. arcticus could take up from 5-45% of available space within the body cavity, depending
on the size of the host fish. This represents a significant reduction in available space,
especially for smaller individuals. Additionally, fertilization could be impaired by the
presence of a large S. arcticus, causing a blockage in the reproductive tract of the host [16].
This volumetric effect is most pronounced in females, due to the higher volume required
for developing embryos, but males might also be affected. For males, the presence of S.
arcticus could lead to a reduced size of both their testes and urine sack. If a reduction in the
size of the testes or urine sack occurred, there could be a decrease in relative sperm output
and in the ability to signal mates with pheromones.

We show a quantitative difference in the prevalence and mortality structure (i.e., live
versus dead parasites) of S. arcticus between two host Pacific rockfish species. Prevalence of
S. arcticus in female S. variabilis was significantly higher than prevalence in male S. variabilis
and both male and female S. ciliatus. This finding is similar to a previous study conducted
by Moser et al., which reported that female S. ciliatus had a higher prevalence of parasites
than males [7]. At the time of the study, S. ciliatus and S. variabilis were considered one
species. It is possible that the higher prevalence in female S. ciliatus in Moser et al. [7]
may be explained by the female-skewed prevalence of S. variabilis that we report. These
sex-biased patterns of parasite aggregation have been documented in other host-parasite
systems [17-20]. A possible explanation for this pattern is varying exposure between males
and females. This is often the case for species in which males and females have different
behaviors or ecological preferences, causing different rates of exposure to a parasite [21].
However, in this host system, we did not identify any differences in ecology (i.e., habitat use,
depth, diet, sex-specific aggregations) that would account for different rates of exposure
to S. arcticus. If catch rates are indicative of abundance in the feeding aggregations, then
S. ciliatus is slightly more abundant than S. variabilis, and females of both species are more
abundant in the aggregation than males. There may be differences in host aggregation
composition and density at other times of the year that may account for our results. A
more in-depth description of the life histories of both S. ciliatus and S. variabilis would help
clarify this issue. However, from what we know now, there are no differences in the rates
of exposure between species or sexes. Additional research that quantifies the occurrence of
S. arcticus in smaller size classes of host fishes would be valuable both for determining the
earliest occurrence of infection and for calculating potential lifespan of the parasite.

A second possibility is that the sex-biased aggregation we observed is driven by a
difference in susceptibility. Parasite establishment in a host requires avoiding or overcoming
the host’s behavioral and immune defenses [22,23]. Host fish can differ in their immune
function and susceptibility to infection, based on the interaction of reproduction with the
immune system. Generally, high concentrations of sex hormones in an organism can reduce
immune function [24]. High prevalence of infection in female S. variabilis could come from
a strong tradeoff between reproduction and immune function, resulting in lower immunity
and higher rates of successful establishment of S. arcticus. This explanation is partially
supported by the pattern of live and dead S. arcticus among species, sexes, and size classes.
In both sexes of S. ciliatus, the proportion of dead relative to live S. arcticus is skewed 2:1
in favor of dead parasites. In female S. variabilis, the pattern of dead and live parasites
is starkly different. Despite the high prevalence of S. arcticus in all size classes of female
S. variabilis, no dead parasites were observed in the youngest size class, and only one
dead parasite was observed in the medium size class. Overall, in female S. variabilis, live
parasites outnumbered dead parasites by a 7:1 ratio. These comparisons suggest that female
S. variabilis have relatively poor immune function and cannot effectively rid themselves of
S. arcticus once they are infected. S. ciliatus, on the other hand, seems to be able to resist the
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parasite more effectively. Male S. variabilis may be more effective at killing the parasite than
female S. variabilis, but not quite as good as S. ciliatus. This pattern is made even more clear
by considering the prevalence of live S. arcticus between species and sexes (Table 2). There
could also be differences in reproductive effort between these two closely related species
that we are not aware of. It could be that some difference in life history makes S. variabilis
more susceptible to S. arcticus.

The relationship between Sebastes and S. arcticus has potential as a model for studying
volumetric effects and energy allocation in hosts. Because S. arcticus is a relatively large
parasite, we can determine the impact of this parasite on the reproductive output of live-
bearing fish. Determining how successful a host has been at combating these parasites is
possible because S. arcticus leaves a record of past infections. Unfortunately, we still lack
information about growth rates and longevity of S. arcticus, nor do we understand exactly
how or if the rockfish immune system responds to an S. arcticus infection. However, the
growth rates of infected Sebastes individuals can be obtained relatively easily by analyzing
their otoliths. Multiple analyses of general fish health could be used to evaluate the immune
response to infection by a parasite [25]. By comparing growth rates, immune response,
and rates of parasite establishment, we could evaluate potential costs of infection from
this parasite.

5. Conclusions

Taken together, our findings on the prevalence and volumetric effects of S. arcticus on
host fishes suggest potentially significant impacts on rockfish reproductive output, thus also
on their evolution and ecology. Rockfishes are long-lived and produce millions of offspring
over their lifetime. However, survival rates of offspring are extremely low, so even small
reductions in internal volume available for reproduction could lead to large differences in
fitness between infected and uninfected individuals. Understanding the long-term effect
of S. arcticus on host populations requires research on the spatial and temporal variation
in prevalence of S. arcticus infections in rockfish, clarifying how hosts become or avoid
becoming infected, and further research on the effects of S. arcticus infection as a constraint
on reproductive output of their hosts.
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