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NOTE 

An infectious hematopoietic necrosis epizootic in sockeye 
salmon Oncorhynchus nerka in Weaver Creek spawning 

channel, Fraser River system, B.C., Canada 
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ABSTRACT. An epizootic in sockeye salmon Oncorhynchus 
nerka fry caused by infectious hematopoietic necrosis (IHN) 
virus occurred in 1987 in the Weaver Creek spawning chan- 
nel, British Colun~bia, Canada The prevalence of IHN virus in 
a sockeye fry was highest during the early part of fry migra- 
tion from the spawning channel. Losses of migrating fry were 
estimated by holdng fry for 4 d periods sequentially through- 
out the migration and observing mortalities. Of the 16.8 mil- 
lion fry migrating from the channel, an estimated 8.3 million 
likely died of IHN within days of leaving the spawning 
channel. 

Spawning channels have been used in place of tradi- 
tional hatcheries in B.C., Canada, for increasing the 
production of sockeye salmon Oncorhynchus nerka fry 
(Andrew & Geen 1960, West 1978). Production of fry in 
spawning channels eliminates many of the rearing 
problems associated wlth hatcheries, and the ability to 
control water flows, gravel size, and adult spawning 
density in channels has resulted in higher egg-to-fry 
sunrival rates than observed in naturally produced fry. 
When fry have developed to the swim-up stage, they 
emerge from the gravel and migrate from the spawning 
channel to a lake where they rear for 1 or 2 yr pnor to 
migrating to sea. 

Weaver Creek is located in the lower Fraser f iver 
system, ca 100 km upstream from the sea (Fig. 1). A 
spawning channel for sockeye salmon was constructed 
on the creek and began operating in 1965. From 1965 
to 1976 egg-to-fry survival in the spawning channel 
averaged 76 %. However, after 1976, survival rates 
declined (Fig. 2) and averaged 45 % between 1977 and 
1986 (Rosberg et  al. 1986). 

Returning adult sockeye salmon are diverted from 
Weaver Creek to the spawning channel. When ade- 
quate numbers are in the channel, excess sockeye 
salmon are allowed to spawn in Weaver Creek above 
the spawning channel. 

In 1974 and 1976, infectious hematopoietic necrosis 
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(IHN) virus was detected in adult sockeye salmon 
from the spawning channel. Channel-produced fry 
from the 1979 brood year suffered losses in April 1980 
which were attributed to IHN (G. E. Hoskins pers. 
comm.). 

During the spawning period in 1986, adult sockeye 
salmon deposited a n  estimated 84.7 million eggs in the 
channel (V. Ewert pers, comm.). This was expected to 
result in the production of 50 to 60 million migrating 
fry. In March 1987, fry were noticed leaving the gravel 
at  least 3 wk earlier than in previous years. Large 
numbers of dead and dying fry were observed 
accumulating along the channel's banks and in back 
eddies. Most of the fry had a considerable amount of 
yolk yet to be absorbed because they were still about 
100 accumulated Celcius thermal units (ACTU's) from 
swim-up. Fry moving durlng the day had an unusual 
iridescent coloration, considered a sign of IHN by Mul- 
cahy et  al. (1983a). Small drops of oil were observed 
bursting on the surface of the water, likely from rup- 
tured yolk sacs of fry in the gravel. Based on the 
species, coloration, age  of the fish affected, their early 
emergence from the gravel, and the rapid high losses, 
IHN was suspected. This study confirms that the exces- 
sive losses were due to IHN vlrus and documents the 
importance that IHN can have on sockeye fry produc- 
tion from spawning channels. 

Materials and methods. Virus assays were per- 
formed on individual fry, and viral titers were calcu- 
lated a s  plaque forming units (PFU) per gram of whole 
fish. The plaque assay method of Burke and Mulcahy 
(1980) was followed using the epithelioma papillosum 
cyprini (EPC) cell line. A plaque reduction assay using 
monoclonal anti-IHN virus antibody (in 10 % fetal calf 
serum) provided by K. Lannan, Oregon State Univer- 
sity, was used to confirm the virus as IHN. A 1:40 
dilution of monoclonal antibody in Dulbecco's phos- 
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Fig. 1.  Location of Weaver Creek spawning channel 

phate buffered saline resulted in a 2 loglo reduction of 
plaques when mixed with the virus isolate for 30 min. 

Fry collected for histological examination were 
placed in Bouins' fixative. After being embedded in 
paraffin, 5 pm sections were prepared, stained with 
hematoxylin and eosin (H & E) and examined micro- 
scopically. Kidney imprints of moribund fry were 
stained with Diff-Quik (Dade Diagnostics, Inc. Aguada, 
Puerto Rico 00602). 

Sockeye fry, for virus assays and histology, were 
randomly collected from the spawning channel 
throughout the entire fry migration period. Samples of 
fry were removed each night during the regular fry 
enumeration program and stored at  -85°C until 
assayed. Forty-eight sockeye fry were also collected 
from Weaver Creek and assayed individually for the 
presence of IHN virus. 

Estimates of mortality occurring in the fry following 
their departure from the spawning channel were based 
upon the mortalities observed in migrating fry held for 
4 d in a net enclosure placed in the spawning channel. 
Sequentially, throughout the migration, 200 fry were 
held in these enclosures and the mortalities recorded. 
Representative samples of dead fry, collected from the 
enclosures, were pooled and assayed for the presence 
of IHN virus. 

Results. The likely cause of fry losses was IHN. The 
identity of the causative virus, which was found 
repeatedly in dead and moribund specimens, was con- 
firmed serologically. In addition, the histopathology 
was consistent with this diagnosis. Giemsa-stained kid- 
ney imprints from moribund fry revealed numerous 
fragments of nuclear and cytoplasmic debris (Fig. 3). 
These cellular fragments in the hdneys  of moribund 
fish have been used as presumptive evidence for IHN 
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Fig. 2. Oncorhynchus nerka. Egg-to-migrating sockeye fry 
survival at Weaver Creek spawning channel from 1965 to 

1986 (from Rosberg et a1 1986) 

(Smith et  al. 1972). Microscopic examination of stained 
sections of 11 moribund fry, collected from the channel 
during migration, revealed extensive kidney necrosis 
typical of IHN. Damage to the hematopoietic tissue was 
so extensive that kidney tubules were often surrounded 
only by erythrocytes (Fig. 4). All 8 fry collected ran- 
domly on the same day as the moribund fry exhibited 
some degree of ludney necrosis. In 3 of the 8, necrosis 
was focal and less severe than the lesions in the other 5 
fry (Fig. 5). Both moribund and randomly collected fry 
had substantial gill damage. Epithelia1 cells in the gills 
exhibited necrosis and cellular debris similar to that 
occurring in the kidney (Fig. 6). 

The prevalence of IHN virus in migrahng Weaver 
Creek sockeye fry was highest during the first portion 
of the run from March l l to 25, with nearly 100 % of the 
fry assayed being ~nfected (Table 1). As the run pro- 
gressed, the prevalence of IHN in the population 
decreased. Viral titers of individual fish also decreased 
over the migration period, as indicated by the drop in 
mean viral titers with time. No virus was isolated from a 
parallel sample of 48 fry assayed without holding from 
the Weaver Creek population. 

Sockeye fry from the early portion of the migration 
underwent high losses when trapped and held for a 4 d 
period (Fig. 7). Fry captured and held during the mid- 
dle and latter part of the migration suffered progres- 
sively lower losses. 

Discussion. Several cases of IHN have been reported 
in natural populations of sockeye salmon and kokanee 
(non-an.adromous form of sockeye salmon; Williams & 
Amend 1976, Burke & Grischkowsky 1984, Traxler 
1986) but these reports give little, if any, information on 
the prevalence of the vlrus and the distribution of 
mortalities during IHN outbreaks. 
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Fig. 3. Oncorhynchus nerka. Kidney imprint from 
moribund sockeye fry showing cellular fragments 

( X  825) 

Fig. 4 .  Oncorhynchus nerka. Kidney section from - 
4 P mor~bund fry h4ost hematopoietic tissue has been 

h' 
destroyed and replaced with erythrocytes (arrows) 

* ( X  410) 

The operation of sockeye spawning channels where 
fry emerge from the gravel and leave the channel for 
rearing in lakes leaves little opportunity to observe 
their survival. Fry debilitated by disease are likely to be  
removed from the population by predators. It is not 
possible to duplicate, experimentally, the actual 
environmental conditions experienced by migrating 
fry. However, holding small groups of fry with minimal 
handling stress for short periods of time should provide 
some indication of the fly survival that might be 
expected following their departure from the spawning 
channel. It has been demonstrated that the first mor- 
talities of fry challenged by waterborne exposure to 
IHN virus occur after 4 d (Wingfield 1968, Hedrick et  al. 
1987). Therefore, losses that occurred within the 4 d 
holding period were likely fry that had acquired their 

IHN infection prior to capture. We confirmed that fry 
dylng during the holding period did so of IHN. 

Fish undergoing losses due to IHN usually have viral 
titers in excess of 104 PFU g '  of tissue (Mulcahy et al. 
1983a, Burke & GI-ischkowsky 1984, Traxler 1986). The 
amount of IHN virus required to kill a fish is likely 
dependent upon the species, age ,  physiological state, 
and environmental conditions. However, results 
obtained in this laboratory (Traxler unpubl.) have indi- 
cated that mortalities of sockeye fry can occur when 
viral titers as low as 104 PFU of whole fish are 
reached. This was confirmed in the present study in the 
mortality patterns of fry held at different times during 
the migration. Mortalities decreased dramatically, but 
did not end, when the mean viral titer dropped to 104 
PFU g - l .  
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During the period of fry migration an estimated 16.8 
million fry moved out of the spawning channel into the 
lake, resulting in an egg-to-migrating fry survival of 
19.6 %. (V. Ewert pers. commun.). This was the lowest 
egg-to-fry survival ever recorded at the Weaver Creek 
spawning channel. Based upon mortalities observed in 
captive fry, an  estimated 8.3 million of migrating fry 
probably died of IHN within a few days of leaving the 
spawning channel. 

The absence of IHN virus-infected fry in samples 
from Weaver Creek is unusual and may have been 
partly due to the smaller sample obtained. Infected fry 
in the creek, where egg-to-fry survival has averaged 
6.9 % (V. Ewert pers. comm.), would likely largely be 
removed by predators by the time they reached the 

Fig. 5. Oncorhynchus nerka. Section of kidney 
from a randomly sampled sockeye fry showing 

areas of focal necrosis ( X  825) 

Fig. 6 .  Oncorhynchus nerka. Gdl section of IHN- 
infected fry with necrotic epithelia1 cells ( X  400) 

sampling site, because the main spawning area was 
several km upstream of the sampling site. Also, water- 
borne transmission of IHN in Weaver Creek would 
likely have been less efficient than in the spawning 
channel where fry densities were higher. 

Gills of sockeye salmon have been shown to be an 
initial site of infection with waterborne IHN virus (Mul- 
cahy et al. 1983 b). The scattered necrotic epithelial 
cells observed in the gills of IHN-infected fry may have 
been a result of horizontal transmission of the virus 
followed by viral replication in this tissue. 

Factors that contributed to the epizootic are 
unknown, but IHN has been documented in both fry 
and adult sockeye in Weaver Creek spawning channel 
in previous years (Rosberg et al. 1986). Environmental 
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Table 1. Oncorhynchus nerka. IHN virus titers and prevalence in sockeye fry migrating from Weaver Creek and Weaver Creek 
spawning channel in 1987 

Date of 
migration 

No. infected/ 70 IHN virus titer (PFU g- '  whole fish) Mean virus 
no. examined infected No. fish with virus titers between titer 

neg 10' 103 104 10' 10"07 10' 10' 

Channel 
Mar 11 80/80 100 1 22 53 4 3.7 X 108 
Mar 14 10/10 100 1 4  5 1.1 X 10' 
Mar 15 10/10 100 9 1 4.8 X 107 
Mar 17 10/10 100 1 7 2 5.5 X i o 7  
Mar 18 10/10 100 10 6.2 X i o 7  
Mar 19 10/10 100 1 1 7 1 5.9 X 10' 
Mar 23 8/10 80 2 1 3  1 2 1 1.9 X 107 
Mar 24 10/10 100 2 1 3 1  3 3.2 X 106 
Mar 25 10/10 100 3 2 1 4 2.2 X 107 
Mar 26 1/10 10 9 1 2.6 X l o 4  
Mar 27 3/10 30 7 2 1 1.0 X lo4  
Mar 29 3/10 30 7 1 1 1  1.2 X 104 
Mar 30 3/10 30 7 3 5.4 X 104 
Apr 3 2/10 20 8 2 7.9 X 103 
Apr 10 0/10 0 10 0 
Apr l 4  1/10 10 9 1 x l o 5  
Apr 16 1/10 10 9 4.1 X l o 4  
Creek 
Mar 18 0/10 0 10 0 
Mar 18 0/10 0 10 0 
Mar 19 0/18 0 18 0 
Apr 8 0/10 0 10 0 

conditions, such as water flow, oxygen level, tempera- 
ture, lack of ice formation, and lack of algal growth, 
appeared favorable for both egg and fry sunrival dur- 
ing the 1986 broodyear (V. Ewert pers. comm.). Stress, 
density, water quality, and diets have been shown to be 
important factors in the susceptibility of fish to disease, 
expecially in hatcheries (Wedemeyer 1970, Wede- 
meyer & Ross 1973, Wood 1974, Sanders et al. 1978). 

Factors important in disease outbreaks in natural or 
spawning channel-enhanced fish stocks are less well 
understood. This study has demonstrated that IHN can 
account for substantial losses in sockeye salmon fry in a 
spawning channel. These losses can occur both within 
the channel prior to outmigration of the fry, and as 
deduced from this study, after the fry have left the 
channel. The construction of spawning channels to 

MARCH 1987 A P R I L  1987 

Fig. 7. Oncorhynchus nerka. Cumulative mor- 
tality rates of sockeye fry held for 4 d periods 
during fry migration (O),  and daily migration 

of sockeye fry from spawning channel (0) 
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Inc rease  s o c k e y e  fry p roduc t ion  c a n  resul t  In d l s e a s e  

p r o b l e m s  w h i c h  a r e  difficult to  contro l  H o w e v e r ,  

i n c r e a s e d  k n o w l e d g e  of t h e  epi7oot1ology of IHN virus  

i n  s o c k e y e  popu la t ions  s h o u l d  l e a d  to m e a s u r e s  t h a t  

\v111 r e d u c e  t h e s e  losses  
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