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Abstract

Salmincola spp. infestations can adversely affect freshwater-reared salmonids.
Control methods tested to date have had limited success; consequently, we conducted a
pilot field trial to evaluate SLICE (0.2% emamectin benzoate, EB)-medicated feed to
reduce a natural infestation of S. californiensis in freshwater-reared rainbow trout
Oncorhynchus mykiss. Before the trial started, 96 of 1,500 rainbow trout broodstock held
in a flow-through raceway were impartially captured, sedated, uniquely tagged, and
returned to the raceway. Pretreatment S. californiensis infestation prevalence and
intensity (mean + SD) were 97% and 10.4 + 7.6 adult female parasites per fish,
respectively. Treatment was administered at 50 ug EB-kg fish™-d”' for 7 d. By the end of
the trial (43 d posttreatment), infestation prevalence and intensity had decreased to 32%
and 1.6 + 1.1 adult female parasites per fish, respectively. These results suggest SLICE-
medicated feed can be used to reduce natural infestations of S. californiensis in

freshwater-reared rainbow trout.

INTRODUCTION

Infestations of the ectoparasitic crustacean copepod Salmincola spp. can adversely
affect growth, reproduction, and survival of freshwater-reared salmonids (Gall et al.
1972; Bell and Margolis 1976; Piasecki et al. 2004). Salmincola spp. primarily attach to
the gills, opercula, and mouth cavity of fish (Kabata and Cousens 1973), often resulting
in severe gill damage and respiratory stress (Sutherland and Wittrock 1985; Mitchum
1995; Duston and Cusack 2002; Roberts et al. 2004). Control methods tested to date

have had limited success (Johnson and Heindel 2001; Duston and Cusack 2002; Modin
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and Veek 2002; Roberts et al. 2004; Lester and Hayward 2006), and no chemotherapeutic
treatments have been approved for use in the U.S.

SLICE (0.2% emamectin benzoate; EB) is an in-feed treatment developed by
Intervet/Schering-Plough (now Merck) Animal Health (Roseland, New Jersey) to control
infestations of ectoparasitic crustacean sea lice (e.g., Lepeophtheirus salmonis and
Caligus elongatus) in seawater-reared Atlantic salmon Salmo salar and trout (Stone et al.
1999, 2000b, 2000c; ISPAH 2003). Sea lice feeding on treated fish ingest EB and
eventually become paralyzed and die (BCCAHS 2007). Protection against reinfestation
can last up to 9 weeks because EB is slowly metabolized by fish (Stone et al. 2000a).
SLICE is safe to both fish and the environment when administered at the standard dosage
of 50 ug EB-kg fish™-d™ for 7 d (Roy et al. 2000; ISPAH 2003; BCCAHS 2007) and is
approved for sea lice control in Canada, Great Britain, Norway, Chile, and other
countries. In the U.S., SLICE is a candidate for U.S. Food and Drug Administration
approval for the control of infestations of Salmincola spp. in all freshwater-reared
salmonids (USFWS 2011). Our objective was to evaluate the efficacy of SLICE, when
administered in feed at the standard dosage, to reduce or eliminate a natural infestation of
Salmincola californiensis in a test population of freshwater-reared rainbow trout

Oncorhynchus mykiss.

METHODS
The trial was conducted in 2007 at the Colorado Division of Wildlife, Poudre
River State Fish Hatchery, Bellvue, Colorado. The trial comprised 8-d pretreatment, 7-d

treatment, and 43-d posttreatment periods. The reference fish population (N = 1,500) was
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a mixed-sex cohort of recently spawned, German-strain rainbow trout broodstock (age 2)
naturally infested with S. californiensis. These fish were held in a concrete raceway
42.5 m3) supplied with Cache la Poudre River water (inflow = 5,400 — 6,400 L/min;
temperature = 13°C). Test fish (n = 96; mean weight = 0.83 kg) were impartially
captured from the reference population, sedated in a 75-mg/L solution of tricaine
methanesulfonate (FINQUEL, Argent Chemical Laboratories, Inc., Redmond,
Washington), uniquely tagged with Monel jaw tags (National Band and Tag Co.,
Newport, Kentucky), and returned to the reference population. Conserving this valuable
broodstock population necessitated treating all fish and precluded including a nontreated
control group in the trial.

SLICE was top-coated with vegetable oil onto Rangen 4-mm, soft-moist trout
feed (Rangen, Inc., Buhl, Idaho) at 0.5% SLICE/kg feed (10 mg EB/kg feed) and
administered at 0.5% mean fish body weight/d. Medicated feed was administered three
times daily in approximately equal portions to maximize feed consumption by test fish.
Nonmedicated feed was administered to test fish during the pre-and posttreatment
periods.

Salmincola californiensis prevalence (proportion of fish infested with one or more
of the parasites), mean intensity (mean number of parasites per infested fish), and
proportional distribution on fish were assessed following capture and sedation before
treatment started and periodically during the posttreatment period. Both the late-stage
fourth chalimus female and adult female S. californiensis (hereafter collectively referred
to as adult females) were counted. Also, fish behavior and changes in the appearances of

fish and adult female S. californiensis were documented.
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RESULTS

Salmincola californiensis infestation prevalence decreased 65%, and mean
intensity decreased 85% (from 10.4 + 7.6 to 1.6 = 1.1 adult females per infested fish)
between the beginning and end of the trial (Table 1). Fish fed aggressively during the
treatment period, and no adverse reactions to treatment were observed. Before treatment
started, 75.0% of the adult females counted were attached to the gills, 24.5% were
attached in the mouth cavity, and 0.5% were attached to other sites (external interdentary
angle, underside of the operculum, behind the pectoral fin, or the external subopercle
edge). By the end of the trial, 44.0% of the adult females counted were attached to the
gills, and 56.0% were attached in the mouth cavity. As the infestation decreased, gross
gill morphology of some fish improved as gill arches and primary gill filaments separated
and inflammatory exudates diminished. However, fish with initially severe infestations
(>10 adult females per gill) had curling and atrophy of the distal edge of the gill opercula
that did not resolve by the end of the trial.

Adult female S. californiensis changed in appearance between the beginning and
end of the trial. Initially, adult females had semi-translucent, white-colored bodies with
egg sacs of an opaque buff or buff-yellow color. However, by 8 d posttreatment, most
adult females seemed to be decomposing and had bodies of an opaque to translucent buft-
yellow color. Moreover, some adult females were attached to the gills or mouth of fish
only by a strand of fibrous tissue. By 21 d posttreatment, many of the adult females still
attached to fish were obviously dead because only empty or broken exoskeletons were

observed.
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DISCUSSION

In our trial, SLICE administered in feed at 50 ug EB-kg fish™-d' for 7 d
reduced—but did not eliminate—a natural infestation of S. californiensis in a test
population of freshwater-reared rainbow trout. Elimination was unlikely, in part because
the initial infestation was relatively severe and fish were continually exposed to
reinfestation via the river water supplied to the raceway. It is also possible the
posttreatment period was not long enough for maximum treatment efficacy to be
observed. For example, Stone et al. (2000c) observed maximum treatment efficacy at 35
— 56 d posttreatment when SLICE-medicated feed was used to control sea lice in Atlantic
salmon. Nevertheless, our results are comparable to other studies in which SLICE has
been used to control Salmincola spp. infestations in freshwater-reared salmonids. Dustan
and Cusack (2002) reduced mean abundance of adult female S. edwardsii by 58% (from
118 to 49 per fish; 7-d posttreatment period) and 38% (from 56 to 35 per fish; 32-d
posttreatment period) in trials conducted with brook trout Salvelinus fontinalis. In other
trials conducted with rainbow trout, S. californiensis infestations were reduced from
initial levels of 93 — 100% prevalence and mean abundances of 5.5 — 7.9 live adult
females per fish to 15 — 48% prevalence and mean abundances of 1.3 — 3.3 live adult
females per fish (Carty et al. 2011; Wandelear et al. 2011a, 2011b). In these latter three
trials, posttreatment periods were 30, 42, and 30 d, respectively.

We did not include a nontreated control group of fish in our trial and thus
acknowledge the possibility that the S. californiensis infestation resolved partly or

completely independently of treatment. For example, Carty et al. (2011) observed a
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decrease of 16% (from 7.9 to 6.6 per fish) in mean abundance of live adult female S.
californiensis in a nontreated group of rainbow trout. In contrast, Wandelear et al.
(2011a, 2011b) observed increases of 67% (from 7.3 to 12.2 per fish) and 73% (from 5.5
to 9.5 per fish) in mean abundances of live adult female S. californiensis in nontreated
groups of rainbow trout, and Duston and Cusack (2002) observed increases of 15% (from
109 to 125 per fish) and 23% (from 64 to 79 per fish) in mean abundances of adult female
S. edwardsii in nontreated groups of brook trout. Also, trials without nontreated groups
of fish have been used to demonstrate the efficacy SLICE-medicated feed to control sea
lice infestations in Atlantic salmon (Ramstad et al. 2002; Treasurer et al. 2002; Gustafson
et al. 20006).

In conclusion, our results suggest SLICE-medicated feed can be used to reduce
natural infestations of S. californiensis in freshwater-reared rainbow trout without
causing adverse effects to the fish. However, we re-emphasize the pilot nature of our
work and suggest that comprehensive trials conducted with appropriate nontreated
control groups and posttreatment periods longer than 43 d could delineate ranges of
infestation reductions attainable and posttreatment times at which maximum treatment

efficacy occurs.
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