
Fin erosion can be a common problem 
in modern, large-scale aquaculture. 
Trout stocked from a hatchery with 
eroded fins may not be as desirable to 
anglers as wild trout and may also have 
impaired survival. The exact cause of fin 
erosion is not known but it may derive 
from aggression between fish, nutritional 
imbalances in feeds, or environmental 
factors inherent to the hatchery setting 
including rearing densities and 
abrasions from rough concrete raceway 
walls. This study was designed to 
address the impact concrete walled 
raceways have on the fin condition of 
rainbow trout (Onchorhynchus mykiss). 

 
Rainbow trout of the Sand Creek strain 
were stocked into six different raceways 
at approximately three weeks post first 
feeding (1 g/fish). The fish were stocked 
at densities of 1,200 fish per raceway. 
The concrete raceways were identical 
and had the dimensions of:  width = 0.9 
m, depth = 0.6 m, and length = 7.7 m. 
The walls and floors of three of the six 
raceways were coated with a resin that 
smoothed the surface of the concrete 
walls. The resin (Silmar� isophtalic resin) 
was produced by Border Industrial Inc., 

Troy, Idaho, and was a proprietary 
formulation composed in part of 
polyester, silicon dioxide, and styrene. 
   
The flow indices [weight of fish/(raceway 
volume x fish length)] used for the study 
ranged from 0.3 at the beginning to 0.7 
by the end of the 176 day study. Density 
indices [weight of fish/(water inflow x fish 
length)] ranged from 0.2 to 0.4. The 
density was adjusted by moving the tail 
screen further down the raceway length 
whenever the density index was at or 
near 0.4.   Water was supplied to the 
raceways by a well which had the 
following properties: temperature = 13( 
C, oxygen = 6.4 mg/l, alkalinity = 248 
mg/l, hardness = 219 mg/l, pH = 7.2. 
Supplemental oxygen was supplied to 
the well water via liquid oxygen through 
low head oxygenators. This raised the 
oxygen content at the raceway head to 
8.0 � 0.7 mg/l. 
 
The fish were hand fed a commercial 
trout formulation (Silver Cup, Nelson s 
and Sons, Murray, Utah). At the start of 
the study the daily feed ration was 4.2% 
of the fish body weight, and by the end 
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of the study this ration had dropped to 
2.0%. Fish were inventoried monthly for 
weight gain, and fin measurements were 
made at the start of the study and after 
three months into the study they were 
made monthly. Fin measurements were 
used to calculate relative fin index values. 
At the end of the study necropsies were 
performed on ten fish from each raceway 
(30 total per treatment) according to the 
Health Condition Profile (HCP) 
methodology. 
 
After the first month of the study, the 
control fish were significantly larger (3.1 g/
fish) than the test fish (2.9 g/fish; P = 
0.03). However, by the end of the study 
no differences in fish weights were found. 
Control fish grew from 1.0 to 56.2 g/fish 
and test fish grew from 1.0 to 53.6 g/fish. 
No significant differences were found with 
respect to specific growth rate, which 
averaged 1.7% for both groups, or feed 
conversion ratio, which averaged 1.1. 
Percent mortality was slightly higher for 
the test group, 2.1%, compared to 1.9% 
for the control fish, although this 
difference was not significant.          
 
Relative fin index calculations made from 
the fin measurements revealed no 
consistent trend in comparisons between 
groups, although some significant 
differences were found. By day 73 of the 
study, anal, left pectoral, and right 
pectoral fin indices were significantly 
better for the control fish compared to the 
test fish (Table 1). Fin lengths of both 
ventral fins were better for the control fish 
on day 108, and by day 134 caudal and 
right ventral fins measured significantly 
better for the control fish than the test. 
Caudal and right pectoral fins were 
significantly longer for the control fish on 
day 162, which was the final 
measurement. Fin index scores from the 
initial measurements taken, day 1, were 

taken from a common lot of fish before 
they were stocked out into their respective 
raceways (Table 1). 
 
The final fin index scores calculated 
according to the HCP methodology were 
lower for the control fish, 0.6, compared to 
0.8 for the test fish, but this difference was 
not significant. The HCP system ranks 
fins from 0-2, with 0 = no erosion and 2 = 
active erosion with hemorrhaging. All 
other indices measured according to the 
HCP were within normal ranges for 
rainbow trout and none of them were 
significantly different between treatments 
with the exception of the bile score. The 
control fish had a bile score of 0.5 and the 
test group had a score of 1.1. A zero bile 
score indicates an empty gall bladder or 
recent feeding, and a higher score, 1-2, 
indicates no or little recent feeding. 
 
Fish growth and health were not 
negatively impacted by coating raceways 
with the resin. The test fish did lag behind 
in monthly growth and were significantly 
smaller for the first month, but final 
weights were the same. It is possible the 
resin leached out sub-lethal amounts of 
chemical initially that had an impact on 
growth. The raceways were coated in 
early fall and were thought to have had 
ample time to dry and cure before the 
study started (mid winter). Ultimately the 
resin had no negative impact on growth. 
Health condition profile measurements 
indicated fish from both groups were 
healthy and that the resin had no adverse 
impact on fish health.  
 
The one significant finding from the HCP 
was the bile index. The control fish had a 
low bile score indicating recent feeding 
while the test fish had a higher score 
indicating little or no recent feeding. No 
good answer can be given to explain this 
result because all six raceways went 
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without feed the day the HCP s were 
conducted, so bile scores all should have 
been elevated. One possible explanation 
could be the presence of more algae and 
moss and resulting invertebrates on the 
walls of the control raceways compared to 
the test raceways. Although raceways 
were cleaned once to twice a week, 
hatchery personnel noticed the resin 
coated raceways maintained a lower level 
of plant growth compared to the controls. 
It is possible the control fish were getting 
a few snacks off of the raceway walls. 
 
Fin conditions measured by both the HCP 
and the relative fin index methodologies 
indicated consistently better fins among 
the control fish compared to the test fish. 

The HCP fin scores were not significantly 
different however and may have been 
due to random chance. Values obtained 
from the relative fin index gave a better 
idea of what was happening to the fins 
over time, but there was not a constant 
trend with respect to type of fin that was in 
better shape. Despite these 
inconsistencies, the fact remains that on 
any of the four sampling dates (not 
including day 1), any fin found to be 
significantly longer, was found in the 
control group. This implies that uncoated 
concrete raceways may be more 
beneficial to fin condition than resin 
coated ones, or that the resin coating may 
have in some way negatively impacted fin 
quality. In this study, with the raceways  
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Table 1.  Comparisons of relative fin length1 (% of total length) of rainbow trout raised in untreated 
raceways (control), or resin coated raceways (coated). Fin abbreviations are: DOR = dorsal, CAD = caudal, 
ANL = anal, LVT = left ventral, RVT = right ventral, LPC = left pectoral, and RPC = right pectoral.   
Mean values within a given sampling date that are significantly different (P � 0.05) are marked by an 
asterisk.   
 1 Relative fin index = (fin length/total length x 100) 
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Sodium hypochlorite, better known as 
Chlorox� (5.25% solution) bleach, is widely 
used as a disinfectant. Previous research 
has investigated the effect of this chemical 
on the viability of the myxospore stage of 
Myxobolus cerebralis, but with mixed 
results. Hoffman and Putz (1969) reported 
that 24-hour exposure to 1600 ppm 
chlorine (as sodium hypochlorite) was 
effective in $causing distortion and 
probable death of spores#;  200 ppm 
chlorine gave variable results. Hoffman and 
Hoffman (1972) reported that 400 ppm 
chlorine killed 36-90% of the myxospores 
treated in-vitro for 2-4 days.   Hoffman and 
O Grodnick (1977) treated a 2 cm layer of 
infected mud in aquaria with 1200 ppm 
chlorine (calcium hypochlorite) for 18 h; 
when fish from these aquaria were 
sampled 5 months later, the fish were 
infected.   These researchers also treated 
water that had been mixed with 
contaminated muds at 10, 20, 50, and 250 
ppm chlorine for 30 min; control fish were 
infected, but no infection was found in fish 
from any of the treatment groups. 
  
Most of the research on chlorine treatment 
occurred before the complete life cycle was 
known (Markiw and Wolf 1983). Prior to 
this, the actinosporean stage which infects 
the fish was thought to be strictly a parasite 
of worms. Triactinomyxon (TAM) is the 
name for the infective actinospore stage for 
M. cerebralis. The effect of chlorine on 
TAMs has only been examined indirectly. 
For example, a hatchery water supply 
treated with 0.5 ppm for 2 h once a week 
reduced infection by 73% in one group and 
63% in another group of trout (Markiw 
1992). 
 
It is not known if TAMs or worms were 
affected by the treatment. Similarly, 
prophylactic treatment with chlorine gas 
(300 ppm) prevented the recurrence of the 

disease in a Pennsylvania hatchery 
(Hoffman and Dunbar 1961). 
This article describes results of tests with 
chlorine (as sodium hypochlorite) and its 
effect on TAM viability as assessed by vital 
staining. The aim of the research was to 
determine what concentrations of sodium 
hypochlorite were necessary to kill 100% of 
TAMs in a short time. The results could 
then be applied to disinfection protocols to 
prevent the spread of the disease or 
eliminate it entirely from a location.  
  
For each test, equal volumes of a TAM 
stock solution and sodium hypochlorite 
were mixed and left at room temperature 
for either 1 or 10 min. After mixing with 
TAMs, the resulting chemical 
concentrations ranged from 0.025% to 
0.5% bleach solution or 2.6 to 262 ppm 
actual chlorine as sodium hypochlorite. The 
TAMs were generously provided by Don 
Roberts and Jarod Austin of the Utah State 
University Biology Dept.   After the test time 
had elapsed, the solution was filtered 
through a 10 um mesh screen and rinsed 
with 20 mL of hatchery well water. As the 
last of the rinse water filtered through, this 
water was harvested with a pipette and 100 
ul put on each of 1 to 3 slides. Then 50 ul 
of propidium iodide (52 mg/l stock solution 
thawed shorted before staining) and 50 ul 
of fluorescein diacetate (100 ul of 5 mg/ml 
stock solution added to 8.3 ml hatchery well 
water) were added to the slide. The slides 
were coverslipped and kept in a dark 
chamber in the refrigerator for at least 45 
min prior to examination. Using blue light of 
an epifluorescent microscope, the spore 
body of the TAM fluoresced either red or 
green. Some TAMs had both colors 
present. The dead organisms stain red with 
propidium iodide and live organisms stain 
green, as enzymes in living organisms 
release fluorescein. This process was 

(Continued on page 5) 

TAM Vital Staining: Effect of Sodium 
Hypochlorite on Viability  



Page 5 

repeated 2 to 3 times for each treatment. 
 
The viability of control TAMs was compared 
by date (one-way ANOVA of arcsin 
transformed data) and no significant 
differences were observed. These were 
pooled for each duration for comparison 
with the other concentrations tested (one-
way ANOVA or arcsin transformed data). 
Data for each duration was tested 
separately. 
 
Test results (Table 1) indicated that 
concentrations of chlorine greater 13 ppm 
were effective in killing TAMs in a 10 min 
treatment. However, a small percentage of 
possibly viable TAMs were found at 26 
ppm. The difference between this and the 
13 ppm results may be due to different 
bottles of bleach that were used for the two 
tests. For disinfection purposes, the TAMs 
staining both red and green should be 
considered as potentially viable until further 

testing indicates otherwise. Conversely, for 
infection purposes these should be 
considered non-viable. 
 
For 1 min treatments, higher concentrations 
were necessary to kill 100%. Therefore for 
quick disinfection, concentrations of about 
130 ppm or greater are recommended 
when targeting the infective stage. This is 
about a 0.25% solution of bleach or about 
2.5 ml of bleach per liter (9.5 ml/gal). A 
higher concentration would likely be 
needed against the myxosporean stage of 
the parasite .       
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Table 1. Mean percentage of viable, non-viable, and possibly viable of triactinomyxon stage of Myxobolus 
cerebralis treated with various concentrations of sodium hypochlorite for either 1 or 10 min. Means within a 
duration and column that are not significantly different share a common letter (P � 0.05). 
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A s pa rt o f an  ongo ing  su rv ey fo r the  p resence  
o f M yxobo lus  ce reb ra lis  (M C ), the  wh irling  
d isease  pa ras ite  in  the  s ta te  o f U tah , sam p les  
were  co llec ted  in  B eav er c reek , a  tribu ta ry to  
the  W eber riv e r nea r the  town  o f K am as . 
P rev ious ly, M C  had  been  d iscov e red  in  f ish  
from  a  p riv a te  pond  in  S m ith -M orehouse  
canyon  as  ea rly as  1993 , in  the  W eber riv e r 
nea r the  town  o f M organ  and  a t R ockport 
rese rv o ir. U ncon firm ed  f ind ings  o f M C  hav e  
a lso  been  m ade  in  f ish  in  the  P rov o  riv e r a t its  
junc tion  with  a  cana l connec ting  it to  the  
W eber riv e r, and  a t o the r s ites  ups tream . 
S ince  th is  cana l is  d irec tly connec ted  to  
B eav er c reek , b io log is ts  were  concerned  
abou t a  poss ib le  trans fe r o f the  pa ras ite  v ia  a  
wa te r rou te . 
 
R a inbow, cu tth roa t and  b rown  trou t were  
sam p led  a t a  s ite  app rox im a te ly two  m iles  
downs tream  o f the  K am as  s ta te  ha tche ry, 
wh ich  is  cu rren tly c losed  fo r renov a tions . The  
ha tche ry u tilizes  on ly sp ring  wa te r and  has  
been  free  o f the  pa ras ite  s ince  tes ting  f irs t 
began  in  1987 . O f the  f ish  sam p led  in  the  
s tream , on ly cu tth roa t trou t 
tes ted  pos itiv e . A lthough  
ra inbow trou t a re  
cons ide red  m ore  
suscep tib le  to  the  pa ras ite , 
they had  o rig ina ted  from  
the  ha tche ry and  like ly had  
no t been  in  the  s tream  long  
enough  fo r de tec tab le  
lev e ls  o f spo res  to  be  
fo rm ed . The  p resence  o f 
M C  was  con firm ed  by the  
use  o f h is topa tho logy . 
 
S ubsequen t tes ting  in  
N ov em ber fa iled  to  show 
the  pa ras ite  in  B eav er 
c reek  c lose r to  the  
ha tche ry, o r a t a  s ite  
ups tream  o f the  ha tche ry 
with in  the  N a tiona l Fo res t. 

In  add ition , no  spo res  were  d iscov e red  in  fe ra l 
f ish  from  W illow S prings  c reek , a  nea rby 
tribu ta ry. C o llabo ra tiv e  tes ting  by the  s ta te  
D epartm en t o f A g ricu ltu re  has  fa iled  to  show 
any spo res  a t a  nea rby com m erc ia l fee -f ish ing  
opera tion . 
 
B y con tras t, sam p ling  in  the  W eber riv e r has  
shown the  p resence  o f spo res  in  num erous  
poo ls  o f cu tth roa t and  b rook  trou t sam p led  
abov e  and  be low the  con fluence  with  S m ith  
M orehouse  c reek . H is topa tho log ic  tes ting  to  
con firm  the  pa ras ite  as  M C  is  underway. If  
con f irm ed , th is  will be  the  h ighes t s ite  o f 
in fec tion  in  the  W eber riv e r d ra inage . 
 
S am p ling  has  been  cu rta iled  th is  yea r due  to  
fo rm a tion  o f ice  in  these  s tream s . E xpanded   
sam p ling  h ighe r in  the  d ra inage  is  be ing  
p lanned  fo r 1999 . 
 
P lans  a re  underway to  add  add itiona l secu rity 
m easures  such  as  b ird  cov e rs  to  p ro tec t the  
K am as  H a tche ry aga ins t con tam ina tion  o f the  
pa ras ite . 
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U tah  D iv is ion  o f W ild life  
R esources  (U D W R ) f ish  
pa tho log is ts  hav e  
con firm ed  the  p resence  o f 
the  wh irling  d isease  
pa ras ite  in  cu tth roa t trou t 
from  G eyser D itch , a  sm a ll 
s tream  in  the  LaS a l 
M oun ta ins  in  S an  Juan  
coun ty wh ich  f lows  
eas tward  from  U tah  in to  
C o lo rado . Th is  m arks  the  
f irs t d iscov e ry o f the  
pa ras ite  in  the  
S ou theas te rn  m anagem ent 
reg ion  o f the  s ta te . 
 
G eyser D itch  is  a  m anm ade  
cana l  where  m os t o f the  wa te r from  G eyser 
C reek  is  d iv e rted . G eyser C reek  was  sam p led  
and  found  nega tiv e  fo r the  pa ras ite . S am p les  
were  f irs t co llec ted  from  G eyser D itch  on  
O c tober 2 , 1998  to  de te rm ine  the  gene tic  pu rity 
o f wild  cu tth roa t wh ich  inhab it the  wa te rshed . 
R eg iona l f ishe ries  m anager Lou is  B erg  no ted  
the  s ize  d is tribu tion  o f the  cu tth roa t trou t 
popu la tion  changed  d ram atica lly. In  1996 , 49%  
o f the  f ish  were  <150  m m , in  1998  on ly 5%  o f 
the  f ish  were  <150  m m . N o  de fo rm ities  were  
no ted  in  f ish  du ring  1996 , howev er in  1998  
abou t 75%  o f the  f ish  had  sho rt ope rc les ..  
 
Labora to ry ana lys is  o f these  sam p les  a t the  
F ishe ries  E xperim en t S ta tion  in  Logan  showed  
the  p resence  o f low num bers  o f spo res  
sugges tiv e  o f the  pa ras ite , bu t the  no rm a l 
con firm a to ry p rocess  o f m ic roscop ic  
exam ina tion  o f s ta ined  tissue  p repara tions  
(h is topa tho logy) fa iled  to  iden tify the  spo res  as  
M yxobo lus  ce reb ra lis  (M C ), the  wh irling  
d isease  pa ras ite . W arm  wea the r m ade  it 
poss ib le  fo r b io log is ts  to  resam p le  the  wa te rs  in  
ea rly D ecem ber 1998  a t a  po in t downs tream  
from  the  o rig ina l s ite , c lose r to  the  C o lo rado /
U tah  boundary. A t tha t tim e , 3 /31  adu lt f ish  
showed  observ ab le  c ran ia l o r ope rcu la r 
de fo rm ities . Labora to ry s tud ies  showed  a  

s ign if ican tly h ighe r num ber o f spo res  a t th is  
second  s ite  and  h is topa tho log ic  exam ina tions  
hav e  con firm ed  the  spo res  as  M C . 
 
G eyser C reek /D itch  is  m anaged  as  a  wild  
cu tth roa t s tream  in  U tah , with  no  add itiona l 
s tock ing . H owev er a  sho rt d is tance  away in  
C o lo rado , the  wa te r from  the  d itch  is  
im pounded  in  B uckeye  R eserv o ir, wh ich  is  
s tocked  with  ra inbow trou t. C om m un ica tions  
with  C o lo rado  D iv is ion  o f W ild life  b io log is ts  
con firm  tha t f ish  pos itiv e  fo r M C  were  s tocked  
by tha t s ta te  in to  B uckeye  R eserv o ir as  
recen tly as  1995 , ra is ing  the  poss ib ility  tha t the  
in fec tion  has  sp read  ups tream  and  ov e r the  
bo rde r in to  wild  f ish  in  U tah . The  f ind ing  o f 
m ore  heav ily in fec ted  f ish  and  de fo rm ities  
c lose r to  the  bo rde r is  cons is ten t with  th is  
theo ry. 
 
U tah  s  newly c rea ted  F ish  H ea lth  B oard  has  
been  no tif ied  o f th is  f ind ing  as  pa rt o f the  
pa thogen  no tif ica tion  po licy. U D W R  s  
em ergency response  team  has  no  im m ed ia te  
p lans  fo r m anagem ent changes  to  th is  wild  
trou t s tream , o the r than  to  su rv ey o the r s tream s  
in  the  a rea  and  m on ito r the  cu tth roa t popu la tion  
o f the  G eyser C reek  d ra inage  fo r fu tu re  
im pac ts  o f the  in fec tion . 
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