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Prevalence of the Sockeye Salmon Brain Parasite
Myxobolus arcticusin Selected Alaska Streams

Adam Molesand Kathleen Jensen

AsstracT: Over 10,000 spawning sockeye salmon Oncorhynchus nerka throughout Alaska were examined for the
presence of the brain parasite Myxobolus arcticus to evaluate its potential as a natural marker to separate mixed
stock fisheries in Alaska. Prevalence of the parasite (proportion of fish infected by the parasite) differed widely
among sampling locations. The brain parasite, previously reported as common in southeastern Alaska, infected
sockeye salmon primarily in coastal lake systems of eastern Prince William Sound and the Copper River area. Brain
parasites were present in >85% of the fish returning to lakes east of Cook Inlet, whereas <20% of fish returning to
glacia and riverine habitats in the same region were infected. Sockeye salmon systems west of Prince William
Sound, such as Bristol Bay and Cook Inlet, werelargely devoid of the parasite. Prevalence of the parasitein south-
eastern Alaska systems appeared stable over the last decade in lake systems but was more variable in riverine
habitat. In the Taku River parasite prevalence varied widely between sites but was similar among years for most
locations within the river. The restricted geographic distribution and potential for low interannual variability sug-
gest that M. arcticus could serve, especially when used in conjunction with other techniques, as an effective biol ogi-

cal marker for estimating origins of sockeye salmon caught in high seas and coastal fisheries.

INTRODUCTION

Salmonid parasites enable fishery managers to sepa-
rate groups of fish in mixed stock fisheries because
parasites acquired in fresh water reflect differencesin
the rearing environment. The myxosporean parasite
Myxobolus arcticus (formerly identified as
M. neurobius), present in the brain tissue of salmo-
nids, has proven useful in assigning stock of originfor
sockeye salmon Oncorhynchus nerka and chinook
salmon O. tshawytscha because of its distinct geo-
graphic distribution (Margolis 1982; Urawa et al.
1998). This parasite is present in nearly all sockeye
salmon in the coastal lake habitats of southeastern
Alaska and British Columbia (Moles et al. 1990; Ru-
therford et al. 1992). Becauseit islargely absent from
Canadian stocks of sockeye salmon that emanate from
the extensive transboundary rivers (Bailey and
Margolis1987; Wood et al. 1988), parasite prevalence
isused in conjunction with scale pattern analysis for

stock composition estimation in the mixed stock fish-
eries in southeastern Alaska. Myxobolus, along with
other parasites, has also been used to differentiate up
to 7 stocks of sockeye salmon on the Fraser River sys-
tem with precision (Bailey and Margolis 1987). In
addition, the distribution of this and other parasites
provides information on the migratory route of sock-
eye salmon (Bailey et al. 1988). However, the distri-
bution of the parasite in the larger and more complex
riverine systems that characterize much of the sock-
eye sailmon habitat in the rest of Alaskais not well
documented.

Myxobolusis acquired in the freshwater environ-
ment and persists for the life of the host (Quinn et al.
1987). There is some decrease in swimming perfor-
mance among infected fish, but the parasite causeslittle
other damage to host function (Moles and Heifetz
1998). The presence of the parasite in some fish but
not in othersin the same river is thought to be due to
differences in freshwater habitat or early life history
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of the host. The probability of parasitism by Myxobolus
increases as the habitat becomes less variable and the
length of freshwater residence increases (Moleset al.
1990). Evidence from the Stikine River suggests para-
site prevalence may be affected by the length of fresh-
water residence (Wood et al. 1987b). Thirty-nine
percent of age-0 fish were parasitized, whereas 55%
of age-1 fish in the Stikine River were parasitized. In
the Iskut River 16% of age-0 fish and 23% of age-1
fish were parasitized (Wood et a. 1987b).

If factors influencing distribution of Myxobolus
were understood better, distribution of parasitized
sockeye salmon could be predicted, and its use as a
stock-separation marker could be enhanced without
costly annual resampling of reference stocks. Our ob-
jectiveswereto determinethe prevalence of Myxobolus
in the majority of sockeye salmon-producing lakes of
Alaska, estimate theinterannual variation by compar-
ing current parasite prevalencesin southeastern Alaska
lakes with prevalencesin the same lake systems ade-
cade ago, and establish whether a relationship exists
between freshwater residencetime (inferred from scale
age determination) and the prevalence of Myxobolus
in adults returning to their natal streamsin southeast-
ern Alaska. We examined parasite prevalence from
sockeye salmon systemsin Alaska ranging from lake
systemswith long freshwater residence periodsto riv-
erswith virtually no freshwater rearing period. Some
systemsweresingle, short riversassociated with anurs-
ery lake, whereas others werelarge, complex riverine
systems containing avariety of rearing habitats.

METHODS

Fish were sampled in 1989 and 1990 from 86 lakes
and streams from Kuskokwim Bay to Prince William
Sound to establish the baseline distribution of
Myxobolus in sockeye salmon in Alaska. The
Kuskokwim River, Bristol Bay, and the Alaska Penin-
sula were sampled in 1989; Cook Inlet, Prince Will-
iam Sound, and 2 systems in the Kodiak area were
sampled in 1989 and 1990. Approximately 50 spawn-
erswere captured from each lake or streamwith seines,
gillnets, or spears by personnel from the Alaska De-
partment of Fish and Game, National Marine Fisher-
ies Service, and the U.S. Fish and Wildlife Service. A
sample size of 50 isrequired to detect the presence of
the parasite in large populations with >10% overall
prevalence of that parasite (Anonymous 1984). Sam-
pling locationswere chosen to cover awide geographic
range and to select streams with sizable runs of sock-
eye saimon. Fish heads were removed, individually
bagged, and frozen for shipment to the laboratory.
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To determine interannual variability in parasite
prevalence, sockeye salmon spawners were also
sampled in 1997 for the prevalence of Myxobolusfrom
19 lakes in southeastern Alaska previously assessed
in 1986 and 1987 (Moleset al. 1990). Thesewere some
of the most productive sockeye salmon systems in
southeastern Alaska. Thefew systems previously char-
acterized as having low parasitism were sampled be-
cause variation in parasitism is more discernable in
systemswith low prevalence. The Mann-Whitney rank
sum test was used to determine the significance of the
variationin prevalence between years. The Taku River
and neighboring Port Snettisham were also sampled
during 1986-1999 at 15 locationsto eval uate parasite
prevalence of stocks that contribute sockeye salmon
totheDistrict 111 gillnet fishery. The Fisher exact test
was used to assess significance of changes occurring
over the sampling period. Linear regressions of the
arc sine-transformed prevalences were computed for
systems with significant Fisher tests.

In the laboratory brains were removed and ana-
lyzed for parasites using a variation of the pepsin di-
gest method developed for detection of whirling
disease (Anonymous 1984). After apepsindigestina
horizontal shaker bath, the digest was centrifuged at
1,200 g for 5 minutes. The pellet was examined for
spores using a phase contrast microscope at 250x;
dlides with <10 spores were reexamined to confirm
the presence of spores. Presence or absence of the para-
sitein each fish wasrecorded. A minimum of 10 spores
in 300 microscope fields was required for a positive
sample. Intensity of infection was not estimated.

The influence of freshwater residence time on
parasitism was examined for selected streams using
estimates of age from scales. Freshwater age and the
presence or absence of the brain parasite were deter-
mined for fish sampled in 1987 from 10 Taku River
sites as well as for fish sampled from the Situk, Old
Situk, and East Alsek Rivers. The Taku River wascho-
sen because of the wide variability in parasite preva-
lence noted previously. A variety of habitats were
sampled in the Taku River ranging from glacial chan-
nelsto slow, clear beaver pondssimilar to lakes. Situk,
Old Situk, and East Alsek Rivers are geographically
adjacent, but the sockeye salmon in the rivers have
different parasite prevalences and life history strate-
gies. For each fish sampled from these systems, 3-4
scaleswerecollected for aging. Scaleimpressionswere
made in the laboratory and examined at 85x to deter-
mine the length of freshwater residence. Prevalence
vaueswerearc sine-transformed, and aKruskal-Wallis
one-way analysis of variance on ranks was used to
determine whether infection rate varied by age group
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Table 1. Prevaence of Myxabolus arcticus in sockeye salmon systemsin central Alaskain 1989-1990.

Sample  Proportion of Sample  Proportion of
System Size Fish Infected System Size Fish Infected
Kuskokwim Cook Inlet
Goodnews River, near fork 50 0.00 Chenik Lake 50 0.00
Goodnews River, main fork 50 0.00 Crescent River 50 0.00
Kagati Lake 50 0.00 Big River Lake 50 0.00
Telaguana Lake 50 0.00 Packers Creek Lake 50 0.00
China Poot Bay 50 0.00
Bristol Bay Kasilof River 50 0.00
Nushagak drainage Tustamena Lake
Igushak River 50 0.00 Nikolai Creek 50 0.00
Wood River 50 0.00 Bear Creek 50 0.00
Kulik Lake 50 0.00 Glacier Flats 50 0.00
Nushagak River 50 0.00 Moose Creek 50 0.00
Nushagak Lake 50 0.00 Crysta Creek 50 0.00
Ugashik drainage Clear Creek 50 0.00
Blade Creek 50 0.00 Seepage Creek 50 0.00
Ugashik Narrows 50 0.00 Daniels Lake 50 0.00
Ugashik Lake 50 0.00 Kena River
Deer Creek 50 0.00 Main stem 50 0.00
Ugashik Creek 50 0.00 Hidden Lake 50 0.00
Egegik drainage Russian River 50 0.00
Featherly Creek 50 0.00 Susitna River
Becharof Lake 50 0.00 Main stem 50 0.00
Naknek drainage Yentna River 50 0.00
Margot Creek 50 0.00 Hewitt Lake 50 0.00
Naknek Lake 50 0.00 Chelatna Lake 50 0.00
Brooks Lake 50 0.00 Big Lake 50 0.00
Iliamna drainage Port Dick Lake 50 0.00
Copper Creek 50 0.00 Nuka Bay 50 0.00
Kvichak River 50 0.00 Aidik Bay 50 0.00
Gibraltar Creek 50 0.00
Iliamna River 50 0.00 Prince William Sound
Belinda Creek 50 0.00 Jackpot Creek 50 0.00
Battle Creek 50 0.00 Eshamy Creek 50 0.00
Lake Clark drainage Main Bay (jacks) 50 0.00
Kijik River 50 0.00 Coghill River 50 0.00
Tazimina River 50 0.00 Miners Lake 50 0.48
Togiak River 50 0.00 Billys Hole Lake 99 0.90
Ragged Point 100 0.59
Alaska Peninsula Twentyseven Mile Slough 100 0.17
Urilia Bay 100 0.00 Robe Lake 43 0.91
Thin River 50 0.00 Copper River (main stem) 100 0.08
Nelson Lagoon 50 0.56 McKinley Lake 100 0.93
Hoodoo Lake 50 1.00 Eyak Lake 100 0.99
Bear Lake 50 0.00 Chitina River 150 0.05
Sandy River 50 0.00 Martin River Slough 100 0.19
IInik River 50 0.00 Martin Lake 100 0.91
Chignik Lake 32 0.00 Little Martin Lake 100 0.97
Meshik River 50 0.00 Bering Lake 100 1.00
Kushtaka L ake 100 0.96
Kodiak Lake Tokun 100 0.98
Karluk River, Kodiak 50 1.00 Thirtynine Mile Slough 100 0.06
Thumb River, Kodiak 50 0.00 Pleasant Creek 50 0.74
Pauls Bay, Afognak Island 26 0.85
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in the Taku River. Pairwise multiple comparisons be-
tween age groups were made using Dunn’ stest.

RESULTS

Of the 3,258 sockeye salmon examined from 65 river
systemswest of Prince William Soundin Alaska, only
150 fish (<5%) from 3 systems (Nelson Lagoon/
Hoodoo Lake, Karluk River, and PaulsBay) were para
sitized by M. arcticus (Table 1). The parasite was ab-
sent in samples from all 24 Bristol Bay systems
examined. These systems represent the major sockeye
salmon river drainages in Bristol Bay and are among
the most productive sockeye salmon streams in the
world. Myxobolus was also absent from the 4
Kuskokwim River sites and all Cook Inlet sites. On
the Alaska Peninsulathe parasite was present only in
the Nelson Lagoon/Hoodoo L ake system. Prevalence
of the parasite in Hoodoo Lake was 100%, but was
only 56% in Nelson Lagoon into which Hoodoo Lake
flows. The systems examined from these 3 areas rep-
resent the mgjority of the sockeye salmon production
of Alaska. In contrast, fish from 2 of the 3 systems
examined from Kodiak and Afognak Islands were
heavily (3 85%) parasitized. Prevalence of the para-
sitewas 100% inthe Karluk River but was absent from
the Thumb River which feeds Karluk Lake. In Pauls
Bay on neighboring Afognak Island, 85% of the sock-
eye salmon were parasitized. The many other stocks
on these 2 idlands were not sampled.

In Prince William Sound parasitism with
Myxobolus was more common. Many of the 1,792 fish
examined from the river systems of eastern Prince
William Sound and the Copper River areajust east of
the sound were parasitized with Myxobolus (Table 1).
In contrast, fish from 4 locations sampled in western
Prince William Sound were devoid of the parasite. Nine
locationsin Prince William Sound had aparasite preva-
lence 3 90%. Thesewere shallow coastal lakessimilar
to many sockeye salmon-producing | akes of southeast-
ern Alaska. The rivers and sloughs had prevalences
ranging from 5—74% incidence, and the Copper River
had <10%. Fish from the remaining coastal systems
of Alaskato the south and east were also heavily para-
sitized with Myxabolus (Moles et al. 1990).

Baseline resampling of 19 of the southeastern
Alaska sockeye salmon systems found no significant
shift (P =0.534) in parasite prevalence between re-
ported valuesfrom 1986—1987 and our sampling ade-
cade later (Table 2). Fourteen systems were heavily
(>88%) parasitized, Lace River was lightly parasit-
ized (21%), and 4 systemswere unparasitized (Chilkat
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Table 2. Proportion of fish infected by Myxobolus
arcticus in adult sockeye salmon returning to se-
lected southeastern Alaska systems.

Sample Proportion of

Location Year Size Fish Infected
Auke Lake 1987 99 1.00
1997 50 1.00
Chilkat Lake 1983 73 0.00?
1997 19 0.00
Chilkoot Lake 1983 80 0.00%
1997 18 0.00
Crescent Lake 1987 100 0.87
1997 50 0.92
Ford Arm Lake 1987 68 0.00
1997 50 0.00
Hugh Smith Lake 1987 127 0.99
1997 38 1.00
KartaRiver 1987 99 0.99
1997 51 1.00
Kegan Lake 1986 50 1.00
1997 10 1.00
Klakas Lake 1988 50 1.00
1997 50 0.98
Lace River 1987 50 0.20
1997 34 0.21
McDonald Lake 1987 97 0.98
1997 50 1.00
Petersburg Lake 1986 50 1.00
1997 49 0.88
Red Lake 1986 53 0.96
1997 50 1.00
Salmon Bay Lake 1986 51 0.96
1997 47 1.00
Sarkar Lake 1986 44 0.98
1997 5 1.00
Speel Lake 1986 100 0.85
1997 42 0.98
Steep Creek 1987 50 0.16
1997 69 0.00
Thoms Lake 1987 60 0.98
1997 54 0.98
Windfall Lake 1987 50 0.90
1997 50 1.00

Leo Margolis, Canadian Department of Fisheries and
Oceans, Nanaimo, British Columbia, personal communica-
tion.

Lake, Chilkoot Lake, Ford Arm Lake, and Steep
Creek).

Substantial variation in parasitism exists within
the Taku River and Port Snettisham systems, depend-
ing on sampling locations (Table 3). For example,
prevalence of Myxobolusin 1987 at 10 discrete loca-
tionsinthe Taku River ranged from 10%intheglacial
Chum Salmon Slough to 81% in South Fork Slough.
However, prevalenceswere more stablewithin agiven
location in the river. Fish in Tuskwa Slough, sampled
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Table 3. Variation in the prevalence of Myxobolus
arcticusat selected sitesin the Taku River and Port
Snettisham systems.
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Table 4. Prevalence of the brain parasite Myxobolus
arcticusin adult sockeye salmon by spawning site
and freshwater age group in the Taku River.

Sample Proportion of

Freshwater Sample Proportion of

System Year Size  FishInfected Location Age Size Fish Infected
Taku River Nakina River 0 10 0.10
Nahlin River 1988 31 0.00 1 30 0.13
Nakina Riyer 1987 43 0.12 2 3 0.00
Takwahoni Slough 1986 20 0.25 Takwahoni Slough 0 9 011
1987 17 0.29 1 7 0.43
Honakta Slough 1986 41 0.15 ’
1987 33 0.15 2 1 1.00
' Honakta Slough 0 22 0.09
1992 11 0.18
Shustahini Slough 1986 128 0.13 1 9 0.22
1987 93 0.16 o 2 2 0.50
Chum Salmon Slough 1986 7 0.14 Shustahini Slough 0 48 0.08
1987 97 0.10 1 44 0.23
Coffee Slough 1986 30 0.00 2 1 1.00
1987 33 0.18 Chum Salmon Slough 0 41 0.05
Chunk Slough 1991 3 0.33 1 48 0.17
1996 35 0.14 2 3 0.33
Tuskwa Slough 1986 60 0.13
1987 147 0.12 Coffee Slough 2 ig 8'32
1991 12 0.12 '
1992 8 0.13 2 = 0.40
1993 33 0:12 Tuskwa Slough 0 66 0.08
1995 97 0.18 1 28 0.18
1996 27 0.19 2 1 0.00
Yellow Bluff 1995 19 0.21 South Fork Slough 0 34 0.62
1996 16 0.13 1 19 0.89
South Fork Slough 1986 59 0.78 Fish Creek 0 8 0.00
1987 53 0.81 1 11 0.18
1993 38 0.82 Yehring Creek 0 9 0.00
1995 126 0.33 1 117 0.13
1996 43 0.42
Fish Creek 1986 20 0.40 2 9 0.00
Vehring Cresk 086 @ o1 @ o wm ou
rng r : 1 326 0.21
1987 195 0.12 5 o5 0.24
1991 20 0.05 .
Port Snettisham
Crescent Lake 1987 100 0.87 7 out of 10 years between 1986 and 1996, had an aver-
e 1 o8 age parasite prevalence of 14% (SD = 3). In contrast,
1992 56 1.00 fish in South Fork Slough, sampled in 1986, 1987,
1993 105 0.93 1993, 1995, and 1996 had an average parasite preva-
1994 94 1.00 lence of 63% (SD = 24). Crescent and Speel Lakes,
iggg igg 8-32 both sampled 11 yearsout of 14 years, had prevalences
1997 50 0:92 of 94% (SD = 6) and 92% (SD = 8), respectlvely OnIy
1998 83 0.99 3 of the systems (South Fork Slough, Crescent Lake,
1999 105 0.97 and Speel Lake) had significant differences in para-
Speel Lake 1986 100 0.85 site prevalences (P£0.001) among years sampled.
1987 100 0.74 . :
1988 104 0.82 Prevaences decreased in South Fork Slough but in-
1992 94 0.95 creased in both Crescent and Speel Lakes; the regres-
1993 66 0.89 sionwassignificant (P = 0.0002) only for Speel Lake.
iggg 188 8-3; Within the Taku River drainage returning adults
1996 79 0.98 with a longer freshwater residence were more likely
1997 42 0.98 to be parasitized than those that migrated directly to
1998 12 1.00 sea after emergence. Only 14% of the age-0 fish, but
1999 93 0.97

21% of the age-1 and 24% of the age-2 fish, were



90

Table 5. Prevalence of the brain parasite Myxobolus
arcticusin spawning sockeye salmon by river and
freshwater age group.

Freshwater Sample

Proportion of

Location Age Size Fish Infected
Situk River 0
1 6 1.00
2 41 0.95
Old Situk River 0 31 0.32
1 2 0.00
East Alsek River 0 88 0.10
1 6 0.16
Pooled all rivers 0 381 0.14
(includes Taku River) 1 340 0.23
2 66 0.68

parasitized (Table4). Mean parasite prevalenceswere
11% (SD = 18, n = 262) for age-0 fish, 29% for age-1
fish (SD =23, n = 362), and 40% for age-2 fish
(SD =42,n=25) in 10 locations sampled in theriver.
Parasite prevalencein fish that spent one year infresh
water was significantly higher (P = 0.038) than fish
that migrated to seashortly after emergence. Presence
of the parasitein 14% of the salmon that had migrated
to the estuary within afew months of emergence (age
0) indicated infection can occur soon after hatching.

Among the 3 adjacent systemsof the Yakutat area,
parasitism rates differed among systems rather than
among age groupswithin asystem (Table5). The Situk
River system has anursery lake and no age-0 sockeye
salmon. Nearly all fish in our sample (87%) overwin-
tered 2 years, and 96%, regardless of age, were para-
sitized. The Situk River system was similar to the
heavily parasitized coastal lakes of southeastern
Alaska. Thenearby Old Situk River, primarily an age-
0 system lacking a nursery lake, had a prevalence of
32% among the 31 age-0 fish examined. The age-1
(n=2) fishfrom the Old Situk River were not parasit-
ized. The East Alsek River can also be characterized
as primarily an age-0 system; 10% of the age-0 fish
(n=88) and 16% of the age-1 fish (n = 6) were para-
Sitized.

DISCUSSION

The coastal nursery lakes where many of the parasit-
ized fish were found are typically wet, monomictic,
oligotrophic, and havelow phosphorus content, longer
food chains, and riversthat run less than 50 km to the
sea (Hyatt and Stockner 1985). Previous studies in
British Columbia (Rutherford et al. 1992) and south-
eastern Alaska(Moleset a. 1990) also found that sock-
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eye salmon from the coastal lakes had Myxobolus
prevalences near 100%. In contrast, systems such as
Bristol Bay aretypically combinations of riverineand
lake rearing areas containing many different habitats.
Somelarger river systems, such asthe Taku and Stikine
Rivers, contain little lacustrine habitat, and sockeye
salmon must rear in theriver.

Differencesin geographic distribution of the para-
sitemay betheresult of physical characteristicsof the
lakes. Differences in parasite communities often re-
flect differences in aguatic habitat. Lake depth is an
important determinant of parasite assemblagesin oli-
gotrophic salmon lakes (Marcogliese and Cone 1991).
Aquatic oligochaetes appear to be intermediate hosts
of Myxobolusarcticus(Kent et a. 1993). Theseworms
feed on decaying spawning salmon and provide an en-
vironment for the myxosporean to transform into the
infective triactinomyxon stage of the parasite (Urawa
1994). Sockeye salmon engaged in benthic feeding
would be more likely to be exposed to the
triactinomyxon stage. Additionally, gulls and aquatic
waterfowl are more likely to visit coastal lakes with
clearwater access to benthic feeding than other types
of rearing habitat. These birds, which are often vec-
torsfor parasites, may also factor in the distribution of
Myxobolus.

Lacustrine habitat provides the type of feeding
environment conducive to infection. The brain para-
siteis seldom found in coho salmon O. kisutch, even
when all sockeye salmon in the same |lake are parasit-
ized. Sockeye sailmon rearing in lake-like habitat feed
on Cladocera and Copepoda (Birtwell et al. 1987).
Coho salmon, which may share the same habitat, typi-
cally feed on insect larvae (Koski and Kirchhofer
1984). Similarly, sockeye salmon in the Taku River
feed largely on insect larvae (Brownlee 1991) rather
than crustaceans. A triactinomyxon stage of Myxobolus
would probably be consumed by salmon feeding on
similarly shaped crustaceans.

The Taku and Stikine Rivers aso have extensive
glacial habitat. Turbidity can reduce visual feeding of
Alaska salmon (Lloyd et a. 1987). If visual feeding
plays a role in parasitism, the low prevalence of
Myxobolusin these systems might be the result of tur-
bidity reducing host—parasite interactions. As visua
feeders sockeye salmon in glacial systems must feed
near the surface, reducing the potential for infections
from benthic intermediate hosts such as oligochaetes.

A second factor in structuring parasite communi-
tiesin freshwater systemsistherisk of exposure. Pre-
sumably, if sockeye salmon all shared the same lake
environment they would al so share the same potential
for exposure to the parasite. Lake rearing, crowding,
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and benthic feeding probably lead to increased oppor-
tunitiesfor contact between parasite and host. In con-
trast, fish within riverine or glacial habitat would not
sharethe samerisk of exposure, and we would expect
more variability in parasitism. In riverine habitats of
southeastern Alaska parasitism by Myxobolusismore
variable, as is the distribution of sockeye salmon in
such systems. In much of the Taku River, for example,
fish do not have access to lakes and instead rear in
side channels. Side-channel habitatsin the Taku River,
such as beaver ponds and sloughs, provide rearing
habitat for 39% of the sockeye salmonintheriver, but
account for only 5% of theriver’'sarea(Murphy et al.
1989). Within these areas, Murphy et a. observedfish
densities in excess of 150/100 m?, more than suffi-
cient to ensureinfection. Additionally, lakes, sloughs,
and beaver ponds tend to retain more carcasses than
faster-moving rivers, resulting in the presence of more
spores.

Interannual stability of parasite prevalenceisnec-
essary for the parasite to be used as a population
marker. Lake systems do not have to be resampled as
frequently if the baseline prevalences are stable. So-
phisticated stock separation methods combining para-
site prevalence with genetic and freshwater age data
require stability of the markersfor accurate allocation
of stocks (Pellaet al. 1998). Several of these systems
were lakes (Hugh Smith, McDonad, Kegan, Karta,
Red Bay, Salmon Bay, and Thoms L akes) that had also
been sampled for Myxobolus by the Canadian Depart-
ment of Fisheriesand Oceansin 1983. Parasite preva-
lence reported by Wood et a. (1988) was similar to
our values in Table 2, suggesting prevalence of
Myxobolus in coastal lake systems of southeastern
Alaska remained similar for 15 years, athough the
mechanism for this apparent stability is still a matter
of speculation. Low variability in parasite prevalence
in lake systems probably reflects the uniformity of
habitat. In contrast, riverine areas such as South Fork
Slough onthe Taku River can vary annually in the car-
cass-washout rate, spawner density, and flow. Areas
devoid of the parasite may thereforelack elementssuch
as an intermediate host or sufficient density of host or
parasite to allow successful infection of the popula-
tion, or the parasite may not have been introduced into
that lake or river. Prevalence changes in Speel and
Crescent Lakesfromalow of 74-81% inthe mid 1980s
to nearly 100% in 1999 suggests the parasite may be-
come ubiquitous with time once it is established in a
lake system.

The factors needed to establish infectionin alake
aredtill largely unknown, and infection prevalence can
change quickly. Baseline sampling for Myxabolus in

91

Great Central Lake on the western coast of Vancouver
Island from 1977 to 1984 characterized the lake as
having alow prevalence (<5%) of Myxobolus. In 1993
to 1995 prevalence rose from 52% to 75% (Margolis
1998). Two nearby lakes remained stable with 100%
preval ence suggesting theincrease in parasitism might
be due to fish straying to a nearby system. Or, condi-
tions in the lake that precluded the parasite changed
and now favor its development.

Prevalence, especialy in systemswith little or no
evidence of Myxabolus, is subject to change, and
baseline characterizations must be reestablished peri-
odicaly if prevalence data are used to monitor mixed
stock fisheries (Margolis 1998). Thereis presently no
evidence to indicate a lake system characterized as
heavily parasitized will show a substantial declinein
parasitism over time. This suggests individual stocks
do not have to be sampled frequently, but, in view of
Margolis' results, should be examined periodically. In
complex riverine habitats that support several stocks,
such asthetransboundary riversoriginating in Canada,
establishing interannual variability is more difficult.
Spawning and rearing areas are geographically sepa-
rate, and therisk of infection for agiven fish may vary
depending on the clarity of the water, carcass-wash-
out rates, and the presence of stablerearing areas such
as beaver ponds and sloughs.

Although the differencesin parasitism among re-
turning adults differed statistically between age-0 and
age-1 fish, care should be taken in interpreting these
results. The mixture of clear water and glacial habitat
within the Taku River drainage confounds the issue.
Age-2 spawners are more abundant in glacial lake
populations in the similar Stikine River (Wood et al.
1987b), and fish from glacial habitat within the Taku
River had lower levels of the brain parasite.

Thismixture of glacial and clear habitats was not
acomplicating factor inthe 3 Yakutat streams, but each
system was primarily an age-0 or age-1, SO no one sys-
tem had enough fish of all ages to provide definitive
answers.

Length of freshwater residence is determined by
the amount of rearing habitat available (Wood et al.
1987a). In the absence of suitable lake habitat, some
juvenile sockeye salmon rear in riverine or estuarine
habitat. Wood et al. suggest 3 life history strategies
for sockeye salmon. “Lake-type” fish are associated
with the nursery lake—short river combination and rear
for 1-3 yearsin fresh water. “River-type’ fishrear in
the ponds and sloughs of largeriversfor ayear. “ Sea-
type” fish migrateto seaasunderyearlingsand rear in
the estuaries adjacent to the stream. Some larger riv-
ers such as the Stikine and Taku Rivers contain many
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fish using each strategy (Wood et al. 19874). Therate
of infection was greatest among lake systems with 2
years of freshwater residence and least among age-0
populations. The parasite was occasionally present in
adults that spent only a few months in fresh water,
indicating infection can take place soon after hatching
because these fish leave rearing areas by early to mid
summer.

The presence of Myxobolusin age-0 fish supports
the theory that an intermediate host facilitates infec-
tion of sockeye salmon. An intermediate host such as
an oligochaete has been implicated in the transmis-
sion of Myxabolus (Kent et al. 1993) and would pro-
vide the necessary mechanism for infecting newly
emergent sockeye salmon long after the carcasses of
returning adults had deteriorated. Our data also sup-
port Dana's (1982) findings that infection can take
place soon after hatching, because sea-type fish leave
rearing areas by early to mid summer before adults
return (Heifetz et al. 1989).

Because lake-reared sockeye salmon share the
same environment, they share the same risk of infec-
tion. Parasitism in such a system, whether 100% or
0%, isalsolessvariable from year to year. In contrast,
fish rearing in more complex systems occupy widely
differing habitats and have differing risks of infection.
The M. arcticus infection in coastal |ake habitats of
Alaska may be stable enough to justify its use as a
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biological marker without annual resampling of the
individual stocks. Within complex habitat, all major
contributing systems should beincluded in the baseline
with periodic resampling of habitat types within the
river.

Within the studied systems, prevalence of M.
arcticus among sockeye salmon is probably related to
the habitat of the host fish. The most important factors
governing the prevalence of the parasite are probably
accessto the benthos and the presence or absence of a
nursery lake; these factors are interrelated and diffi-
cult toexamineindividually. Parasite prevalenceisgen-
erally highest in lake-type fish and lowest in sea-type
fish. The parasite has a strongly disjunct distribution
and prevalences appear stable, at least for lake sys-
tems. The absence of Myxobolus from many western
Alaskafishand itshigh prevalence among eastern Gulf
of Alaska stocks should prove useful, particularly in
combination with scale pattern analysis and genetic
markers, in separating stocks of Alaska sockeye
salmon. Future research should concentrate on expand-
ing the baseline resolution, particularly in the Kodiak
region. The presence of infected and uninfected stocks
in adjacent areas may provide opportunitiesfor smaller
scale stock separation. If data from the present study
were correlated with existing limnological data, per-
haps some of the underlying causesfor disjunct distri-
bution and variability of the parasite could be
determined.
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