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ABSTRACT 

Воусе, N. Р. 1982. А report оп а preliminary experiment in the control of 
Eubothrium salvelini (Cestoda: Pseudophyl1idea) in juvenile sockeye 
saLmon (Oncorhynchus nerka) of Babine Lake, В.С., with а note оп the 
occurrence of infectious haematopoietic necrosis (IHN) in the Fulton 
River stock. Сап. MS Rep. Fish. Aquat. Sci. 1645: iv + 19 р. 

А study was conducted in 1977 and 1978 to: 1) test in the field 
(Babine Lake) the laboratory finding that larger sockeye fry were lевэ 
susceptible to Eubothrium salvel~ni infection and 2) examine the feasibility 
of using artificial growth acceleration in fry before lake entry ав а means of 
control1ing infection. 

Fry were maintained tmder condi t ions (temperature, feeding) 
favouring growth acceleration, then released to the lake. These fish, ав wel1 
аэ appropriate controls, were marked differential1y for recognition а year 
later at the time of their migration as smolts, when their respective parasite 
burdens would becompared. 

The recovery of marked smolts was too low for fulfilLing the first 
objective of this study. Тhis low return of marked smoLts appears 
attributable to а high rate of fry mortality, due partly to viral infectious 
haematopoietic necrosis (IHN). 

А supplementary study confirmed the possible role of IНN in fry 
mortality, and indicated that the causative virus is enzootic in Babine 
stocks. 

Кеу words: cestode, Eubothrium salve lini, infect ion control, Babine Lake, 
sockeye salmon, fluorescent marking, growth acceleration, 
infectious haematopoietic necrosis (IHN). 
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RE:SUME: 

Воусе, N. Р. 1982. А report оп а pre1iminary experiment in the contro1 of 
Eubothrium sa1ve1ini (Cestoda: Pseudophy11idea) in juveni1e sockeye 
ваlmоп (Oncorhynchus nerka) of ВаЫ пе Lake, В. С., w i th а note оп the 
оссиггепсе of iлfесtiоus haematopoietic necrosis (IНN)iл the Fulton 
River stock. Сап. мs Rep. Fish. Aquat. Sci. 1654: iv + 19 р. 

Еп 1977 et 1978, unе ~tude а ~t~ entreprise dans lе but de: (1) 
v~rifier виг 1е terrain (lас Babine) 1а d~couverte faite en 1aboratoire que 
les plus gros alevins de sauroonrouge r~sistent mi еих II l' infect ion раг 
Eubothrium salvelini et (2) ~tudier lа faisabilit~ d'асс~l~гаtiоп artificiel1e 
d~ lа croissance des alevins avant 1 'ensemensement сomme rroуеп de lutt~ cцatre 
l'inasection. 

Les alevins ont ~t~ maintenus dans deв conditions (temp~rature, 
alimentation) favorables. А l'aco~l~ration de lа croissance, et re1Ach~s 
ensuite dans 1е 1ас. Сев poissons, ainsi que deв poissons t~moinS sppropri~s, 
опе ~t~ ~tiquet~s de diff~rente (~on afin de permettre lеиг identificstion un 
ап рlив tard аи moment de lеиг migгаtiоп au stade de saumoneau, et lа 
comparison de leurs parasites respectifs. 

Д саиве du pet it пomЬге СЕ sаuпюпеau х ~t iquet ~в r~cup~r~s, оп п' а 
рав pu r~aliser lе premier but de cette ~tude. Се faible taux de reprise des 
saumoneaux ~tiquet~s веmЬ1е вtге attribuab1e II un taux ~lev~ de rmrtali t~ des 
a1evins, du еп partie Ь 1а n~CГOBe h~matop01~tiQue infectieuse (NHI). 

Une ~tude compl~entai ге а confi гm~ lе г61е possible de lа NНI dans 
lа пюгtаlit~ des alevins, et а d4montr~ que lе virus гевропваЬ1е est 
enzootique dans lев stocks du lас Babine. 

Mots cl~s: cestode, Eubothrium salvelini, lutte contre l' infection, lac 
Babine, sаuпюп rouge, marquage fluorescent, acc~l~ration de lа 
croissance, л~сгоsе h~matopo!~tique infectieuse (NHI). 



INTRODUCТION 

Тhe cestode Eubothrium salvelini occurs in approximately ЗО~ of the 
sockeye smolts annually leaving Babine Lake, British Columbia (Fig. 1). 
Infections are acquired Ьу fry through feeding оп intermediate host copepods 
encountered short1y after they enter the 1akefrom their nata1 streams and, 
under 1aboratory conditions, susceptibi1ity to infection is inverse1y re1ated 
to fry size at time of exposure (Воусе 1974). 

А program was initiated in 1977: (1) to test in the natural 
environment the laboratory finding of size-dependent susceptibility of fry to 
Eubothrium infection and (2) to examine the feasibility of artificia1 
acceleration of fry growth prior to lake entry, аэ а means of reducing 
infection among juveni1e sockeye of Babine Lake. 

Three categories of fry were selected for this study: (1) fry 
captured before lake entry and maintained artificially under conditions 
favouring growth acceleration, then re1eased to the 1ake, (2) а виЬзатр1е from 
the above catch released to the lake within 24 hours of capture, and (3) fry 
natura11y migrating to the 1ake at the time of release of the "acce1erated" 
group. Тhe 1atter category was inc1uded to account for the possible effect of 
timing of lake entry аэ а factor in the acquisition of infection. It was 
anticipated that а sufficient number of representatives of each category wou1d 
Ье encountered ав sm01ts а year 1ater to enable comparisons regarding 
preva1ence and intensity of Е. sa1ve1ini infection; it was а1в0 anticipated 
that further information оп the timing of 1ake exit, size, and surviva1 of 
these three categories of fish wou1d Ье derived from this study. 

Аэ wi11 Ье reported below, severe 10ввеэ, part1y attributed to vira1 
infectious haematopoietic necrosis (IHN), were incurred among the fry he1d for 
growth acce1eration. Тhis 1ed to а supplementary study in the following year 
(1978) to determine the extent of IHN infection in sockeye fry of the Fu1ton 
River and spawning channe1 system, and the potentia1 effect of IHN оп fry 
surviva1. 

МATERIALS AND МETHODS 

FRY COLLECTION AND TREATМENT 

Approximately 40U,000 sockeye fry were c011ected Мау 4, 1977 from 
live-boxes at the outlet of spawning channel #1 of the Fulton River Spawning 
Channel System1 and transported Ьу vehic1e to h01ding tanks at а site оп the 
south bank of Fu1ton River, near its outlet to Babine Lake. From this 
c011ection, 200,000 fry designated for growth acce1eration (Group А) were 

l For а detai1ed description of the spawning channe1 system вее 
Ginetz 1977. 
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spray-marked with red f1uorescent grit and p1aced in indoor tanks; the 
remaining 200,000 fry designated contro1 Group В were marked with f1uorescent 
green and re1eased within 24 hours. At the time of re1ease of Group А 26 days 
1ater, an additiona1 200,000 fry were obtained from channe1 1, marked 
f1uorescent orange and re1eased within 24 hours. Тheвe fry were designated 
Group С. 

FRY МARКING 

Fry were marked with f1uorescent grit using s1ight modifications of 
the procedures descrlbed Ьу Мattson and Bai1ey (1969) and Неа1еу et а1. 
(1976). Тhe techniques used were tested repeated1y оп sockeye fry for 2 years 
prior to this study. Тhe resu1ts of these tests, to Ье reported separate1y, 
indicated that: (1) f1uorescent grit of partic1e size 250-32~ had the best 
like1ihood of penetrating and becoming established in the epidermis о! .oekeye 
fry; (2) these particles, ",Ы1е virtua11y undetectable in incandescent 1ight, 
wou1d emit а readi1y visible f1uorescence under u1travio1et 1ight; and(3) 
these marks wou1d Ье retained Ьу 60-80% of the marked fish for more than 2 
years. 

Figures 2-4 вЬо", воте of the steps in the fry marking operation. 
Fry were "sandwiched" between two 1ayers of Vex1ar2 тевЬ that werestap1ed 
taut onto 28 х 48 ст wooden frames (вее Мattson and Bai1ey 1969). F1uorescent 
grit screened to 250-350~partic1e size ",ав sprayed onto both sides of the 
"sandwich" Ьу а modified sandblasting gun3 at 80 рв! (5.6 kg per sq. ст) and 
nozz1e-target distance of 50 ст. After а brief dipping in а rinsing tank to 
remove extraneous f1uorescent materia1, the "sandwich" ",ав opened over the 
ho1ding tank to deposlt the marked fry. With three operators - one dispensing 
the fry, one Bpraying and the third arranging fry between the Vex1ar 1ayers, 
presenting them for spraying, rinsing, and depositing them in ho1ding tanks -
up to 50,000 fry were marked per hour. 

МAINТENANCE OF FRY FOR GROWТH ACCELERATION 

Four circu1ar fibreg1ass tanks, two of 8,900 L and two of 4,300 L 
capacity, were housed in а 30 ft х 24 ft insu1ated bui1ding served with heated 
and ambient temperature river water, e1ectric врасе heating and f1uorescent 
1ighting. 

Water ",ав supp1ied Ьу e1ectric pump from the Fu1ton Rivei 20 meters 
away; а portion ",ав heated Ьу oi1-fue1ed boi1E!rs. Heated and norma1 water 
entered an 800 L mixing tank and ",ав then distributed Ьу e1ectric ритр to the 
fish ho1ding tanks. ln order to reduce the anticipated problems of 
supersaturation, heated water ",ав de1ivered through 12 househo1d aerator 
nozz1es and directed over а gas-stripplng device conslsting of an inc1ined 
Vex1ar-screen-covered corrugated tray, before entering the mixlng tank 
(Fig. 5). Oxygen 1eve1s were monitored perlodlca11y Ьу the Wink1er method. 
Water ",ав exchanged at 55 L per minute ln еасЬ 8,900 L tank and at 22 L p~r 
minute ln еасЬ 4,300 L tank. А11 tanks were supptled ",НЬ air Ьу гп electrlc 
compressor 10cated outside the bui1ding. 

2Vex1ar she1f 1ining materia1: Raiman lndustries, Vancouver, В.С. 
3Scientiflc Marking Мateria1s Ltd., Seatt1e, Washington. 
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Tlle fry designar.ed for growtll acceleration were distributed among 
hoiding tanks at similar densities, with approximately ЬИ,UUU in each И,~UU L 
tank and ЗЗ,UUО per 4,300 L tank. After 4И hours acclimation at ambient 
(i.e. river) temperature (БОС), water temperature was elevated at the rate of 
2°С рег 24 hours, until the desired holding temperature of lboC was achieved. 
Fish were initia11y presented frozen plankton to stimulate feeding, then 
Oregon Moist Pe11ets (амр) Ьу hand at 2-Ьоиг interva1s during the 10-hour 
day1ight hours. This was supp1emented with ОМР dispensed Ьу timed automatic 
feeders 2 hours before and after the above period. ТЬе outflow system in еасЬ 
tank was designed for continuous remova1 of wastes; in addition the tanks were 
c1eaned шапиаl1у Ьу siphon twice per day. 

RELEASE OF FRY 

Prior to re1ease of accelerated fry, temperature in the tanks was 
gradua11y restored to prevai1ing river temperature (10°С). In order to reduce 
possible encounter with resident predators reported to congregate at the 
river outlet, marked fry were transported in tanks Ьу vehic1e and re1eased at 
two lakeside 10cations 3 km and 5 km south of the Fulton River out1et. Fry of 
еасЬ category were evenly distributed between the two release sites. 

ТЬе experimental design included transferring live to the Pacific 
Biological Station (PBS), Nanaimo, а subsample from еасЬ category of marked 
fry for observation of mark retention over 1 уеаг. For reasons given below, 
this plan had to Ье abandoned. 

EXAМINATION OF SMOLTS FOR FLUORESCENT МARКS - 197И 

Smolts caught daily Ьу а fixed fan-trap at the out1et of Babine Lake 
were examined on-site б-14 hours after capture. I:!;quipment and procedures {ог 

this purpose were designed to ensure effective and rapid examination for 
f1uorescent marks with minimal stress to the smolts. 

Equipment (Fig. б-8) consisted of (1) ап 800 L h01ding tank with 
running water exchanged at 18 L per Ьоиг; (2) а receiving tray 123 х 100 ст 
with 4 ст sides and а wedge shaped spil1 bar 2.0 сm high at the bottom edge; 
(3) ап examination table consisting of а chute 280 х 105 сm with 7.5 ст sides, 
surfaced with corrugated fiberglass roofing рапе1 (with corrugations running 
1engthwise); (4) а c011ecting tub fitted with 10 cm inside-diameter f1exible 
drain hose 1eading to the 1ake; and (5) а 10ng-wave ultraviolet 1аmр 
consisting of eight 40-watt "black-light" tubes fitted in а 4 х 2 
configuration in а 35 х 280 ст f1uorescent 1атр housing suspended over the 
examination table. 

ТЬе 10wer end of the receiving tray nested in the upper end of the 
examination table, the 10wer end of which, in turn, was situated over the 
c011ecting tub. ТЬе lатр housing, receiving tray and examining table were 
suspended independent1y so that they cou1d Ье inc1ined as required. ТЬе 
components were so arranged that running water directed to the иррег end of 
the receiving tray wou1d spil1 even1y оп to the fu11 width of the examination 
table and f10w a10ng the troughs formed Ьу the corrugated base. Simi1arly, 
sm01ts deposited оп the receiving tray would Ьесоте spread fairly evenly along 
the spill bar and Ье distributed among the troughs of the examination table. 



- 4 -

With critical adjustment of water flow, rate of smolt deposition оп the 
receiving tray, and inclination of receiving tray and examination table, it 
was possible to regulate the distribution and rate of procession of smolts 
past the examiners. 

During their travel down the examination table the smolts, in an 
· effort to right themselves, would characteristically flip over, displaying 
both sides; otherwise examiners could manual1y turn over individual smolts. 
Smolts displaying marks were collected. Ultimately, water and unmarked smolts 
would accumulate in the catch tub and Ье released at regular intervals, via 
drain tubing, downstream of the smolt trap. 

Electricity for water рuшрв, aerators and U.V. lатрэ was provided Ьу 
а portable gasoline-fuelled generator. Light-proof drapes were closed during 
the scanning of smolts under U.V. light. U.V. filtering goggles were worn for 
protection of еуев during examination. 

With one operator dispensing smolts from the holding tank, and four 
observers, ир to 100,000 individuals were scanned per 8-hour working day. Al1 
smolts caught in the trap during the 197~ smolt migration (Мау 4-June ь) were 
examined except 3,000 per day required for smolt enumeration operations. Тhe 
smolt scanning procedures used had proven effective in preliminary trials with 
combinations of unmarked and marked smolts from previous fry-marking 
experiments. 

INVESTIGATION OF lHN IN FULTON SOCK~Y~ FKY - SUPPL~M~NTAKY ~TUUY (197М) 

Collections of live sockeye fry: 1,053 from spawning channel 1; 345 
from channel 2 and 154 from Fulton River, were transported Ьу car and aircraft 
to РВБ, Nanaimo. Due to the suspected presence of IHN virus among these 
stocks special authority was required for this transfer4 and approved 
quarantine measures were applied throughout this study. Shortly after 
arrival, the fry were assigned to tanks of appropriate size and were 
acclimated and thereafter maintained at 10°С; food (Oregon Moist Pellets> was 
presented regularly; dead and moribund individuals were removed at regular 
intervals; moribund specimens were submitted to the РВБ Diagnostics 
Laboratory for necropsy. 

RESULTS 

SURVIVAL OF МARKED FRY 1977 

Post-marking mortality was observed for the fry maintained in tanks 
for growth acceleration. The results, summarized in Fig. 9, indicate an 
initial mortality of approximately 5% over days 1 and 2 post-marking, fol1owed 

4Interagency Committee оп Transplants and Introduction of fish and 
aquatic invertebrates in В.С. 
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Ьу relatively low daily mortalities (О.О5% to 0.17%) over days 4-9. Daily 
murtality increased markedly thereafter, to 6й% Ьу day 16. Samples submitted 
to the Diagnostics Laboratory showed signs of severe IHN. А fairly high level 
of Inortality persisted to the date of release, when опlу 4О,ООО survivors 
remained, most of them noticeably listless. 

Оие to the proscription against the movement of IHN-infected stocks 
(Апоп. 1977), the рlап to transfer subsamples of marked fry to РВБ for l-year 
monitoring was cancel1ed. 

GROWTH OF CAPTIVE МARКEO FRY - 1977 

ТаЫе 1 shows the growth of Group А fry during their captive 
period. Oespite obvious signs of disease these fry at the time of release 
were significantly larger than the normal migrants of that time (Group е) 
(P<.OOl). 

ТаЫе 1. Sizes of Group А fry оп capture and release; size of normal migrants 
(Group е) at time of Group А release. 

Group А оп capture 
Group А оп release 
Group е 

REeOVERY OF МARKEO SMOLTS - 197~ 

Х Length mm (SO) 

27.ОО (1.77) 
31.97 (2.4О) 
28.96 (1.67) 

Х Weight gm (SU) 

.140 (.uзо) 

.221 (.О83) 

.137 (.О22) 

А total of 1,10О,ООО smolts wasexamined, representing 1.3% of the 
migrant smolt population. Тwenty seven marked smolts were recovered: 3 from 
the growth accelerated group (А), 5 from the earlier control group (в) and 19 
from the later control group (е). Virtually по mortalities appeared to result 
from the smolt scanning process. . 

The аппиаl outmigration of Babine smolts is usually bimodal with 
smolts from the North Arm of Babine Lake and Nilkitkwa Lake nursery areas 
reaching the outlet first, followed Ьу smolts from Morrison Arm and the main 
lake (Groot 1972). The marked fish were аll recovered from the later run of 
migrants. 

SURVIVAL OF CAPTlVE FRY - SUPPLEМENTARY STUDY (1978) 

Тhe mortality rates for channel 1, channel 2 and river fry are 
presented in Fig. 10. Times to 50% mortality (LT 50) for channel 1, channel 2 
and river fry were 10 days, 30 days, and 24 days, respectively. Ву the end of 
observations (day 44) total mortalities were 95% for channel 1, 59% for 
channel 2 and 79% for river fry. IHN was diagnosed in virtually аl1 cases. 
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DISCUSSION 

.FRY MORTALIТY 

The losses occurring among the fry held in 1977 for growth 
acce1eration over days 1 and 2 fo11owing marking (Fig. 9) are 1ike1y 
attributable direct1y to stresses associated with marking, since the rate of 
morta1ity is in keeping with that observed in previous f1uorescent marking 
tria1s with cu1tured sockeye fry. Тhe subsequent decline in ~rta1ity 
(days 4-9) wou1d suggest recovery from the stresses of mark!ng. The 
substantia1 increase in morta1ity rate thereafter is of considerable concern. 
~ecropsy results tend to imp1icate IHN in this heavy morta1ity; simi1~1~Y ~~N 
appears to Ье associated with the extensive 1оввев observed among the captive 
fry of the 1978 study. 

Since the Fu1ton River and spawning channe1 system contribute оп the 
average 75% of the Babine sockeye production (J. McDona1d, pers. сотт., 
West 1978), severe surviva1 problems among Fu1ton fry shou1d Ье ref1ected in 
considerable depression of the Babine smo1t production. Тhe 1eve1s of smo1t 
output shown in ТаЫе 2 would suggest however that, despite the high 
preva1ence of IHN virus among Fu1ton fry, the virus norma11y does not 
seriously affect fry survival, certainly not to the extent observed among the 
fry he1d captive in 1977 and 1978. It is high1y conceivable, however, that 
the stresses associated with our treatment of these fry, e.g. capture, 
transporting, f1uorescent marking, temperature e1evation, artificia1 rearing, 
were sufficient to induce precipitation of the IHN condition in fry that are 
norma11y carriers of the causative virus, 1eading to severe impairment and 
u1timate1y mortality. It shou1d Ье pointed out that simi1ar manipu1ations 
have been carried out repeated1y with other stocks of sockeye fry, with 
minima1 resu1ting morta1ity. 

ТаЫе 2. Fry and smo1t production in Babine Lake for brood years 1972 to 1979 
(in mi11ions) - from С. J. West 1978, and unpublished records, DFO. 

Brood year 1972 1973 1974 1975 1976 1977 1978 1979 

Fry: Fu1ton River 126.5 117.5 91.2 126.8 2О9.7 130.4 100.9 128.4 
and spawning channe1s 

Smo1ts: Babine 61.2 27.4 ЗЬ.1 51.0 71.0 99.2 47.6 1~1.2 

main lake 

Examples of the exacerbation of 1atent infections Ьу externa1 
stressors have been documented Ьу other workers. Frantsi et а1. (1975) 
reported the deve10pment of severe kidney 1esions in Sa1mo salar infected with 
bacterial kidney disease, in response to the stress of hatchery ав opposed to 
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wi1d conditions. Wedemeyer et а1. (1976) а1во identified hand1ing stress 
among the agents that common1y 1ead to severe aggravation of otherwise 
non-viru1ent infections in fish. 

In view of the considerations above it must Ье conc1uded that, given 
the degree of hand1ing required, fry from the Fu1ton system, infected аэ they 
were with IHN virus, were inappropriate subjects for the pi10t experiment in 
Eubothrium contr01. 

GROWTH ACCELERATION IN FRY: 1977 

Notwithstanding the high morta1ity and the obvious1y impaired hea1th 
of the survivors, the fry he1d captive for growth acce1eration were noticeably 
1arger at the time of re1ease tqan their natura11y migrating counterparts. It 
тау Ье presumed that growth in the tanks wou1d have been more pronounced had 
the fish been hea1thier. 

МARКED SMOLT RECOVERY: 1978 

The occurrence of marked sm01ts exc1usive1y among the second run of 
migrants confirms further the distinction between the migration t1mes of North 
Arm stocks and Мain Lake (inc1uding Fu1ton) stocks. 

Тhe number of marked sm01ts recovered was much too 10w to permit 
fu1fi11ing the primary objective of this study, viz. to аввевв the effect of 
fry size at time of ~ake entry оп susceptibi1ity to Eubothrium infection. 
Боте ровв1Ые exp1anations of the 10w return of marked sm01ts have been 
considered: 

1. Fa11ure оп the part of examiners to recognize marked smo1ts: 
this appears unl1ke1y in view of the degree of scrutiny provided for in the 
examination procedures. 

2. Poor mark retention: this а1во appears not very like1y, 
considering the high degree of mark retention disp1ayed in previous tria1s 
with captive fry. Оп the other hand, Неа1еу et а1. (1976) specu1ated that 
f1uorescent mark retention might Ье substantia11y 10wer in wi1d than in 
captive fish. 

з. Mortality among marked fish: considerable evidence has been 
presented above of 10w surviva1 potentia1 among manipu1ated ' channel 1 stocks 
in 1977 and 1978. Since channel 1 was the exc1usive source of fry for the 
study, it веетв reasonable to conc1ude that major 1оввев of marked fry тау 
have occurred short1y after their re1ease 1nto the lake and that this was 
reflected in the very low return of marked smolts in 1978. Тhere 1в the 
further possibility of intense predation оп marked fry at their release sites, 
despite the measures taken to circumvent this. 
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CONCLUSIONS 

1. Due to the high morta1ity (attributed to IHN coup1ed with 
hand1ing stress) among the Fu1ton stocks, particu1ar1y channe1 1 fry, а 

'program of artificia1 growth acce1eration (through temperature and diet 
manipu1ation) of these stocks of fry ав а means of reducing Eubothrium 
infection in Babine sockeye, must Ье judged unfeasible for the present. 

2. Тhe fry marking techniques, a10ng with the procedures for 
scanning smo1ts for f1uorescent marks, appear to Ье effective too1s 
potentia11y usefu1 in other circumstances requiring the marking of 1arge 
numbers of вта11 fish for identification а year or more 1ater, provided that 
the hea1th of the target stocks is conducive to the degree of hand1ing 
required. 

3. ТЬе IHN problem identified among Fu1ton stocks merits further 
investigation since it represents а potentia1 threat to sockeye production in 
this important system. 
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Fig. 1. Babine Lake, British Columbia. 
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Fig. 2, 3, 4. Procedures for marking fry with fluorescent grit. 

Fig. 5. Gas-stripping device for incoming heated water. 
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Fig. 6, 7, 8. Еquiрщ~nt for examinatian of smolts. 
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