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Significance
In the late summer of 1920 a severe epizootic appesared amng sockays fry

in the retaining ponds of the Smith Falls hatchery, Cultus Lake, The manner in
which the daily deaths inereased to a maximum and then fell off suggested that
the dlllﬁ. might be of an infectious nature, iost of the affected fry exhibited
a dull grayish film, appearing in patehes on sides and back, Mieroscopic ox-
asmination of serapings from sides and gflls of such fish showed the presence in
nearly all eases of a small setively motile protozosm, corresponding closely to
the deseription of Costis mscatrix, @& welleknown parasite of trout and salmon,
the organism was found on mearly all sick-appearing fish, frequently on newly
dond, in a fow cases on apparently healthy fry, and never on fry which had been
desd mors then a fow hours. vhils conditions s trongly mm the association
of the parasite with the disease, direct proof was lacking, It was possible that
& the apizootic was dus to some othor and primary cause, and that the Costiasis
was a secondary condition, Conversely Costiasis may have remained the prinary
emuse, whils other factors, such as physical conditions, improper téod'er.- eon=-
current infection, may have aggravated the course of the disease,

It was suggestad by Dr, R.3%, Foerster that the halibut meal used as part of
the feed in the ponds might have been a factor., Several possibilities arve
inherent in this hypothesis:

(1)  The meal as fod may be directly hammful or poisoncus, or may be

lacking in essential nutritive qualities, |

(11) Decomposition of the meal in the ponds may give rise to poisonous

diffusibls substances,

(411) One or more of the microorganisus present in the meal may be direetly
pathogenie to fry.



A consideration of item (1) is outside the scope of this investigation,
and is being dealt with by Doctor Foerster in direct feeding experiments, The
work condueted at Cultus lake from June t0 August 1931 is therefore limited to

items ‘11) and ‘m’o

In order to stuly the effect on sockeye fry of diffusible substences
prasant in halibut meal and other foods, it was necessary that the fry be main-
tained in imown volumss of water, Battery jars of S litros capacity, actually
containing 2,6 litres during tosts, wre found satisfactory. These were main-
tained in the stresm of a regulation hatchery trough, The contants were easier
of access than in the case of ordinary fish cultwe jars, and the contained vole
ume of waber just came up 10 the water level of the hatchery trough in which they
 were held, The jar contents were thus constantly maintained at the temperature
of the hatehery water supply, whieh kept fairly constantly within the limits of
11,5° » 120, throughout all experiments,

Each jor would maintain from five to ten sockeys fry ian spparently normal
condition for a period of weeks, The water in the jars was changed once daily,
from one half to one hour after a single dally feeding of freosh liver, The
roquired dose of test fluid was added Lmmediately after chenging the water, At
the beginning of the series, samples of 10 fry were used, The symptoms and
time of death due to poisoning from meal decomposition products proved so unie
form, howover, that tis samples were later reduced to 6 fry each, without affect-
ing the significence of results,

Zopt material: The tern "filtrate” here designates the fluid from a
single filtration, through a single thickness of ‘hatnean No. 1 filter paper, of
halibut meal or other food which had been mixed with water and allowsd to stand



Sampling of tost materials: In the case of halibut meal, sauples were
obtained from the ceontre of the barrel or sack at the hatechery, Canned salmon

and liver were sampled from the ground mixtures as fod in the hatchery, freshly
ground material was used as much as possible, In no case was material definitely
"off" (by eriteria of appesrance and smell) utilized, Halibut meal, (hatchery
sample), ether-extracted halibut meal, fresh grownd beef liver, and canned saluson,
both old pack end new pack, were allowed o decomposs in water at room temperature
for varying lengths of time, 20 gm, of material was mixed with 100 o.c, water in
a 200 e.¢c, cylinder, It must be noted that shile the halibut meal is fairly dry,
ground liver and cmmned salmon contain large quantities of water, Thus my
comparative results found with the different materials must be interpreted in
terms of weight of food, @s such, as fod in the hatehery, and not on a basis of the
protein or oil eontent of each food, Graduated amounts of filtrate, 50 cecs,
20 0e0e, 10 0ets, D cecy, 8nd 1 cece woro ndded to a series of experimental jars
containing the fry, 4

Table I gives the results of one experiment only for filtrate from various
decomposition pariods for (Smith Falls) halidbut moal, Other tests on that and
on all other materials conducted in the seme way, Ffrom Table I can de found
the minimm lethal concentration tor aagh period of decomposition, together with
- the time required for this dose to act,

mmmmm.mwnummm&um coneantrated
form in Table II,

A point of intersst is seen in m.omumnu 1, 2 and 3, performed
in the latter part of June, with 7 and 8, earried out one month later, 7The
MeLoDs for fry in 1, 2 md 3 1s consistently 08 grm, per litre, In 7 and 8
growing sockeye fry becoms somewhat more msistent to the toxie prineiple,



e de

Time of Death in days + @ hours
Timo of Death in hours # 1 1/2 hours

Concentration of filtrate :
{in grams of meal per litre) 4 gne 1.6 gme 0.8 gme 004 g 0,08 gme 0,016 gme
—t0n0 of Filtrate = = 50 0e6s 20 00s 10 0eCs 5 000 1 08 0o Goe

 Time of Decomposition Hours

(of moal)

0 7days not in not in - - -
. b ey, Wa. 3 i
“ 48 hr, 8 hre 48hrs 72 hr, - -
48 12he 12hre 12 hr, 12 by, -
4 12 hr, 12 hy, -
96 : 12 he, 12 hv, -

Control - o -

The valuos for goncentration of filtrate given are expressed as the amount of
filtrate per litre in the actual experimental jars, representsd ns grams weight of

the material used to produce the filtrate,



Bach division gives the Minimal lethal Dose per litre of
Filtrate together with the $ime required for the dose to act

Reoad Time of Doath in days + 6 hours
Read Time of Death in hours + 1 l-2 hours

Zxesh J2hy, 24 hr, 4Shr, J2hre 90 hr,

Halibut Meal, vhole, in 40 @e  4e0 g 40 ge 08 gme J0B gme 408 gm,
Tap vater, Omm& June 16 7 dy. 4 dy. 48 hr, 12 hr, 10 hr, 12 hr,
Same as 1, Commenced June 24 440 1.6 40 «08 +08 B
8 Ay. 8 "Q 45 hy, 18 hr, 18 hr, «
Seme as 1, but used water from = 440 4e0 040 208 «08 -
hatehery supply. Comm, June 29 7 dy. 6 dy. 52 hrs 12 hr, 12 hr, -
Smith Falls Halibut lbal., athol 40 <08 +08 08
extracted (shaking). Comm, June 24 19 hr, 18 hr, 15 hry 16 hr,
2s 4, lbal oxtracted by . «40 +08 «08 «08
Soxhlet, Commenced June 24 5 he, 15he, 15 hr, 16 hr,
Same as 5o Commenced June 24 «40 «08 «08 «08
52 m‘. 18 hr. 12 h’. 13 b’
Smith Fells Halibut Meal, Whole, «80 o480 o40 «40
Tap Wator, July 17 2dhre 19hr, 2enr. 18 hr,
As 7 «80 o440 o0 40
30 hr, 18 hy, 18 hry 24 hr,
Taft Halibut lbal, Coarse ! «80 «80 «80
Sample, Tap Water, July 22 . 92hr, E3hr, 24 hr,
Taft Halibut ieal, Fine ' «80 60 »80
Sample, Tap Water, July 22 7Zhre 26hr, 24 hr,
Toft Halibut iMbal, ether-extracted 40 40 40
(shaking), Coarse Sample 36 hr, 30 hr, S8 hr,
Taft Halibut Neal, ao 1, «80 «80 « 80

Fine Semple ' 56 hr, 2 hr, 22 hv,




Proof or disproof of this suggestion would require further experimentation,

In order to find whether the poison was formed by protein decomposition
or by changes in the oil, samples of the Smith Falls halibut meal were extracted
with ether, and the oll-free meal allowed to decompose under lbntiu_ll condi tions
with the whole meal, In Experiment 4 the meal was extracted by shaking in a drum,
with three changes of ether, The meal used in Experiments 5 and 6 was Soxhlet
extracted through the eourtesy of Dr. A.5, Golding, of the Department of Deiry-
ing, University of British Columbia, In each of thess experiments, the M.L.D,
for the oll-freo meal proved to be » .08 grams pef litre, or the sams as for
whole halibut meal,

Exporizents 7 to 12 serve $o compare the potency of the decomposition
product in the Smith Falls halibut meal with that in two ssuples of halibut meal
obtained from the plant at Taf't, B.C, It is seen that there is litils difference
betweon these samples, If anything, the Smith Falls sample is more potent than
the Taft semples. As with Suith Falls meal, the Taft meals did not lose their
poison-producing power aftor ether extraction., This is interasting, since the
coarse meal Talt sample was dark in colour and had a definitely rmmeid odour, ine
dicating some change in the oil,

The lack of relation batween the diffusible toxie product, cbtained under
laboratory conditions, to any situation oceuwrring in retqining-pond practies,
is ovidenced as follows, The mpproximate ecapacity of a retaining pond is 18,000
gallons, and the approximate smount of halibut meal fod daily is 7 lbs, This
is in the smme ratio as 1 gram meal to 21.4 litres of water, or 6.05 grems meal
por litre, Even this small concentration would only be possible providing the
moal wore all fed at once, instoad of twice dally, and providing thero was no
change of water in the pond.
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The lowest concentration of very highly (48 hr, at 20°C,) decomposed
halibut meal jhlchmunnrﬂm 0,08 grams per litre, acting in non-
flowing water in the experimental jars. In the case of filtrates made directly
from fresh meal, it required a eoncentration equivalent %o 4 grams meal per
litre to produce death; and the fry did not die until after 7 deys continuous
oxposure to such a doses In the case of frosh meal, as fod in the ponds, we
are thus contrasting the maximum possible pond concentration of diffusible sube
stances, equivalent t0 0,05 grme por litre, with the 4,0 @m. psr litre minimum
of fresh filirate required to nn in still water,

The possibility of a cumulative injurious effect upon fry, from the
eontinuous presence of small amounts of diffusible material from the meal, was
next considered,

Rle7=31 t0 1ll=8-31: At the time of this experiment, the ILL.D, for the
fry was somewhere between 0.4 grm, and 0,08 gm, of 48 hour filtrate, Sxposure
%0 0,08 grm, por litre of filtrate was sufficient to cause slight symptoms, the
fry remaining at the surface of the water and apparently having slight diffieulty
in mespiration, Aceomlingly, 3 jars of 6 fry sach were exposed continucusly for
three weoks $o this doss. Aftor the one deily feeding, the water in the jars was
siphoned off, fresh water added, and a new dose of 48 hr, filtrate added, Next
day, however, the fish, although still at the top of the water, appearsd batter,
The following day they were quite well mnd ocoupying the bottom of the jars es
usual, Two fry died on the 1lth day; the remajnder stayed in nommal cendition
and fod well to the end (3 weeks) of the experiment,

It must @nhmﬁn the conditions of the experiment were much



more drastic then snything that might ocowr in hatehery practics. To bogin with,
the meal had decompoged ugﬂor laboratory conditions at room temperature and had
produced a definite polson, The fry were exposed h n coneentration just short
of that required to cause death, and no washing away of the substance by running
wator ocourred. In spite of these conditions, the fry rosisted the poison,
Rathor than a cumulative toxic effect being noted in time, instead the fry ap-

parently became accustomed to a concentration of poisonous material which was at
first injurious,

26-6-31 0 11-7-3}: Smith Palls halibut meal was rubbed over the surface
of thres experimental jars, and about 5 gm, of meal left in each jar, The jars
wore fillod with water and kept overnight at hatchery temperature, lloxt day 5
fry wore placed in each jar, In two days' time a light film, consisting of
algal filaments, protozoa, and bactsria, togethor with entangled particles of
meal, formad on the sides and bottom, The general nature of this film correspond-
ed elosely to the browmmish film which covers the sides and bottom of hatehery
troughs and retaining ponds, The fry were fed with liwr and halibut meal once
daily; the jars were siphoned off half an hour after feeding, and frosh water
added, without disturbing the film, One fish died on the second day, None of the
remaining fry showed sy symptoms of distress, and were feeding well at the elose
of the experiment, There was here the condition of an initial film conteining
halibut meal, with the addition of frosh meal and liwer dally, but with no attempt
at removal of film, Since the water was changed only oncs daily, the chances of a
concentration of poisonous diffusible substances from the material in the film,
gathering in the water, were infinitely greater than would be the case in hatehery
troughs or in retaining ponds, with running water, Fry kept in this enviromment



for 15 days were apparently unharmed.

A-7=31: Gerapings were obtained of the brown erust and scum which formed
on the sides of a trough in whiech halibut meal was used and partially dried
botweon filter papers, 20 grams was placed in each of three 100 cece quentitioss
of wator and left at room temperature, After 48 hours, (the time at which
maximun toxieity of halibutemsal preparstions is reached), 50 see, of the file
trate was plaeod in & experimental jars as usual, This amount was completely
tolarated by the fry, which showed no symptoms, The fry were left in the jars,
without food mad without change of water, for four days, and were in good con-
dition end ready for food at the end of this time,

Using sections of hatohery irough, two small ponds were coustrueted,
similating in proportion the large énutb retaining ponds, The rate of flow
in the small ponds was cut down as far as possibla,

Dimensions of agtual retaining ponds 60°' x 16' x 3¢
Capacity 18,000 gallons
. Approximate rate of flow 100 gal, per min,

The model ponds had a cepacity of 30 gallons, It was found impracticeble
to use a rate of flow of less them 1 gallon per minute, or six timvs greater
rate of change of water than would be strietly proportionate, While this cone
dition is possibly a weak point in the experiment, it is considered that
another econdition acting in the opposite direction, mm offset the advantage
given to the fry to a great extont, This other condition was the comparatively
crowded atate of the experimental ponds - 500 fry in 30 gallons - which afforded
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much more intimate contact batween the fry and the sides mnd bottom of the ponds
then would ever oeeur in the large rotaining ponds, Further, as will be neted
below, the smount of film allowed to collect on the sides and bottom of Pond B

was far in exesss of enything that could colleet in the large ponds in actual

practice, .

Five hundred fry were placed in each of tho two experimental "ponds",
Fond A was siphoned off, and was ¢losnsd serupulously twice daily with brush and
eloth, so that no film was permittod to férm, The imporceptible £ilm which
formed between cleanings was thus never more than 18 hours old, FPond B was
cloansd only onece in two days; the bulk of exereta and loose particles were
siphoned off, but the film on the sides and bottom left intact, After five days
this film beceme vory thick and brown in colour, and portions of it kept breaking
loose, and wore siphoned off, During the entire 50 days of the expsriment the
filn was left undisturbed, Both ponds were fed with equal portions of liver ahd
halibut meal, Small portions of the film were examined woekly for the presence
of any mt?un ressmbling Costia nogatrix, with entirely nogative results,

During the 50 days duration of the "pond” experiment, there was no more
tality, except for the loss of four or five fish from each pond dus to mechanieal
injury caused during eleaning oparations, There was no morbidity; the re-
actions of the fry to fesding, frightening, ote,, were about the same in easch
pond.

Sempling: A sample of 30 fry was taken from the supply trough at the
boginning of tho expariment. At the end of 50 days, samples of 850 fry were
obtained from the supply trough and from the two experimental ponda, Samples
were formalized, measured, and weighed.
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Supply trough  Supply trough Pond A
~July st = _hug, 19%h

Auge 19th sn_x.m
Moan length S5 ome Be2 om,e BeB ome 545 om,

Moan woight 1,47 grme 2416 g 2,23 grme 2,21 gmm,

Tho mean length is the same for ponds A and B, the mean welights axe
significantly the same, and those valuss are slightly higher thamn the values for
meen length and weight in the supply troughs

Standard Deviation
The standard deviation valucs for the three final sauples was determined

mﬂu the ecaleulation of the coefficient of correlation (see below), These ares

Aug, 19%h Supply trough Pond A ond B
longth 2 «376 em, 2 o352 ome 2 #3562 ome
woight 2 416 gm, 2 0,57 gm, 20,41 g,

The valuss of &re so close that it is uanecessary to caleulats P.E,
values for them, They indicate no siguificant differences b“etwoen the mean values
for length and for weight in the supply trough and in FPonds A and B,

Thus, considering the mmmnm.upumu, wo have no evidence
of a significen® differencs coused by different treatment in the ponds, It would,
hovever, be advisabls to investigate the relation existing between length and
vwolght of the fry in the experimental ponds. Poorly nourished and ill-developed
fry of the "pinhead" type have obviously a greater numrical value for the ratio
length/weight then have normally developing fish. hile no pinhsads were present
in the ponds, it is possible that smaller differences might be detected by cone
sidering this ratio, If, in a pond in which some inhibitive influence were



active, all fish were equally affected, one would hypothecats a messursble
dirference in the length/weight ratio of ths fry in this pond as compared with
fry in mother "normal® pond. Duo to the complete agresment of the mssn velues
from Ponds A and B, and of the spproximate samsness of the standerd deviation
values for these figures, ono would probably be justified n doclding at once
that no change had been effectod by the different treatments, The following
caleulations, 1.0, of longth/weight ratio comparison and ecefficient of correlae
tion comparison, may be regarded in this 1u§ano rather as an interesting
exercise than as being of much value in determining differsnces, They are
included because had there been sufficient difference in the mean values t0
Justify further malysis, these methods would have been called into play, and
might have given information as t0 the asture of the difference,

length/Weight Ratios
Supply trough  Pond A Pond B
,2/‘\//%’» , 2448 244 2442
% o291 512 +205

vhile comparisons of langth/weight ratios would indicate the type of
difforence whore all fry in one pond wore effected to tle same extent by a
harmful influence, while the fry in amother pond romained normsl, there is
another conceivable type of difference which ought to be ‘considered, Under
ideal conditions all fry would be imagined to be developing unifomly as roe
gards the relation of their length sand weights That is, there would bs a very
high correlation between langth and weights. Under loss favorable eircunstances
a cortain number of fry, less suited in constitution to withstend harmful changes



would be considerably stunted in growth, and their inhibition might manifest
iteelf differently, as regards the length/weight retio in individual fry, Fur-
ther, lmrﬁrfutha thus bean weskened by the suppossd poisoning, the
remaining fry, some of which would have a groater resistance to the harmful
asction, would be to a slight extent freed from gcompetition agsinst the remainder,
and would flourish accordingly, Such a condition would result in a lower core
relation between lensth and weight in the population, than would occur under
idenl or "normal” conditions, Sueh a condition might be rovealed by caloulating
the standard deviations of the ratio valuss for oach pond, A moro accwrate
measure would, howsver, be afforded by the caleulstion of the coeffiefent of
correlation., This has been dons by the use of Pnuén'n product-deviation
mathod (Chaddock (1)), where

In this way we obtain
(Supply trough) . = o859 ¢+ .082
(Pond A) A7 m SBT3 & 4008
(Pond B) 1 m J988 + J011

B Conffpeniond oo
carce Kwelnm

The valuss given are & 1 P,B. The follow ng chart represents a eomparison
of the range of # 4 P,%, for oach of th® ponds, It will be seen that the range
of  (Pond A) is conteiued within thet of (Pond B), emd that there is
therefore no significent difference in the value of for the two ponds, It will
be noted that the range of  (A) is very slightly greater than $hat of (B), and
that the range of (Supply ) 1s very definitely greator, That is, there is
practienl uniformity of development in Ponds A angB, and a definitely poorer
agreemsnt between length and weight in the supply trough, Judging from this

rosult -



one would be tempted to say that the Pond B fish had undergone more uniform
dovelopment than those in the supply trough, under stendard hatchery conditions,
That halibut moal is not unique among hatehery foods in its capacity to
producs, under laboratory conditions, substamces poisonous to nobn fry, is
' shown by the sumaary Table III,

ZABLE 111

m-nn«w.
Mntlo, Sionef Food ___ JIregh B> 200 $Ihp 2

1 um. July 23 - 4,0 «80 «80 «40
24 hre 48 hr, 30 hr, 36 hr,

2 Canned Salmon - - «80 40 40
“Now Pack®, July 26 18 he, 18 hwe 30 hrs

3 Canned Salmon - - 1.60 «80 040
"014 Pack”, July 26 20 hr. 18 hr, 20 hr,

4  liver, July 28 > 40 18 .40 40
48 hre 48 hr, 36 hr, 56 hr,

A comparison ean be made of the strength of poison produced by these foods,
with that produced by halibut meal in the experiments noarest the date of those
given in Table III (Table II, 7 and 8), The decomposition produet from eanued



salmon and from liver are only slightly less toxie then those from halibut
meal,
No attempt has been made to determine the nature of the decomposition

product in the filtrates responsible for the death of the fry.

Bacteriological Experiments

A bacteriological examination was made of the microflora present in
properly sampled halibut meal, Isolations were effected by plating out suit-
able dilutions of the sample upon Difco nutrient agar plates, for aerobes, and

by making shake tubes of dilutions in the search for anaerobes., Incubation
was carried out at room temperature, By these methods, pure cultures of nine

specimes of bacteria, one yeast, and two molds were obtained,

Mieroorganisms in Halibut Meal

Culture No., Organism Stain Culture Nos Orgenism Stain
1 Coccus Gram + 7 Sareina Gram +
2 Coccus Gram + 8 Bacillus Grem +

(fac, anaer,) 26 (fac, anser,)

3 Diplocoeccus Gram + 9 Streptococcus Gram +
4 Yeast Gram + 10 Mold (1)
5 Bacterium Gram - 11 Mold (2)
6 Sarcina Gram + 12 Bacterium Gram -

(fac, anaser.)

croorganisms Present in Hatchery Water Supply

W 1. Bacterium, Gram #. W.2. Bacterium, We 3. Coccus, Gram +
Grem +,
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No attempt was made to identify these cultures further, It will be showm
below that no single organiom oan be directly blamed for the production of the
toxiec substance,

In an attempt to discover whether w. single microorgenism was responsible
for the toxie product, all cultures were inoculated into beaksrs of sterilized
halibut meal infusion, The same proportion of meal to water was mainteined as
in the fry experimonts, It was found that the filtrate from sterilized halibut
meal (15 lbs, for 20 minutes) was capsble of poisening fry to some extent, This
poisoning effect was fairly strongj filtrate corresponding to 0,8 grams of meal
per litre in the experimental jars produced death in from 24 to 31 hours,
Aetively growing pure cultures of the various bacteria were added to starilized
halibut meal, and filtrates were made after 48 hours,

Death of Fry Due to Pure Cultures of Bacteria Growing Aerobically in Halibut ilbal
111 U 4011 UOSS = Usl [iTie DET 4i¥

.

il b AL - WA S A

Sterilized Filtrate alone  Death in 30 hr, Culture Noe 5 Death in 24 hv,
" L . »

" '“h’. " " g L t_! “h.
" " " " " " " " @
51 by DY T b
Culture No, 1 Death in 31 hr, bR | " " 24hr,
LJ " 2 " " am L nm " L4 Bl.hr.
] " 3 " " ub. " nn
i " " 28 hr, LT E " " 34 hv,

A comparison of the tims of death in the (sterilized mesl plus culture) experie
ments, with the time of death in the controls of sterilized meal filtrate alone,
showa no apprecisble difference, iWhile this would indicate that nons of these
cultures are responsible, it might be argusd that the meal had been so changed
by sterilization that microorganisms wore unable to effect further changes, 70
test this sterilized halibut meel was inoculated with a fow drops of ligquid frem
~ decomposing, unsterilized meal, After 48 hours the filtrate from this wes com-
pared with a 48 hour filtrate from unsterilized meal, In each case the lothal
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doss was Os¢ gxms por litre,~ indicating that the mixed, natupal flora were
6111 capable of producing toxie products from moal even after its starilization,
A'nn three facultatively aneerobic eultures (2, 8, 12) were inoculated
into halibut meal infusion under paraffin oil seal, The infusion was brought to
boiling just before inomulation in order to drive off dissolwed oxygen, File
tratoec after 48 hours from these cultumes killed fry in 24, 56 and 29 hours re-
spactively, that is, in about the same time required by uninoculated sterile
moal filtrate, Anssrobic growth of these three single spocies is apparently
not responsidle for formation of poisonous substances comparable to those proe-
duced by a mixed culture,. |
It is apparent that we have here a case of synorgism, where the combined

action of a mmbor of microorganisms results in an end-product which cannot

be formed by any of the spacies when acting alone, JIFrom the point of view of
the retainingepond problem, it is important to know whether the poisonous end
produet s the result of the action of merobic bacteria alone, or the result

of gombined merobic and mnserobic action. To investigate this, halibut meal
mixod with the usual proportion of water was allowsd to decompose in a deep
vessel (Pyrex 200 ee¢s aylinder, diumster S om,, height of fluid 10 em,), and
in a shallow laysr, sbout 1 ems in depth, in a battery jar, Thess were loft
. 0t room temperature for 48 hours, and the filtrates fosted against fry, The

1,6 gme  #80 gme +40 gme 08

e

Filtrate from deep eylinder '1‘:? 22 hre 24 hr, 48 hr, 48hn
no no

death 3 dy. 4 dys donths dathy

fluid in the eylindor was heated to drive off disselwd oxygen, md was inoculated
with 1 e,0s of fluid from previously decmposod fish meal, in ease eny of the



orgenisms had boen killed by hoating. m-;unu layer was of course not

heated, but was inoeulated, ms a coatrol measure, in a siniler maaner to the
eylinder, This single experiment gives a definite suggestion that anserobic decomp-
osition ("putrefaction”) may bear a part in the production of the toxic substance.
This conclusion romoves still further the possibility that these decomposition
products are of practical significance in hatchery practice, since conditions in
troughs and rotaining ponds are quite definitely serobiec,

Pathogonieity of Buctorial Speciss :
Fry in battery jars wers exposed to & henvy dose (1 6.0 #4 MoFarland

suspension) of ench of the bacterial specios isolated, Two methods of dosage
wore used, The culture suspension was added directly to the water of the experie
-Mdjm;mtmvumnmumthﬂﬁmnwrhahﬂnﬁd.u
that a proportion of the dose would be sure to roach the intestinal tract, HZx-
posure to this dose was continued intermittently for two woels, None of the
spocies appoared to couse the lenst discomfort to the fry. Direet inoculation
of fry with cultures was not attempted,
Discussion

Fhile a substance, due %o the decomposition of halibut meal under labe
oratory conditions, has been shown %o be highly toxie for sockey fry, a con-
sideration of conditions as found in the Smith Falls retédning ponds shows that

(a) this toxic substence is not likely to be produced from halibut meal
under hatchery conditionsj

(b) oven if 1t could be produced, 1t would never be present in sufficient
concantration to have sy effect, either lmmadiateo or cumilative,
upon sockeye Lry.

It would thus ssem that the presence of diffusible substances from halibut
moal, in the water of ponds or troughs, is not a likely factor in eentributing
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to diseased conditions among the fry, Noreover, lhihAtho exporiments on in-
fection of fry by means of ths different nnm- isolated from meal are not
quite complate, umtmrrynnnothumaml-gpﬂﬂm X
infoction, these experiments at least point out that no very highly pathogenie
bacterium is mtﬂm@ in the fish meal. The fact that the toxie substmuce
produced in the laboratary is the rosult of the combined setion of many microe
orgenisms, rather than the work of one, Mhtmdomnuinﬂhnd
end in other-axtracted meel, ramoves it from the elass of basteral toxins, and
suggests that 1t is possibly some intermedinte product of protein decomposition.
It mist be understood that the sbove oxporiments in mo way muls out the possie
bility that halibut moal, when sctually ingested by fry, exerts & harmful influsnce,
¥hather this influencé is dus to lack of vitmmine or aceossory food substances
in the meal, or is dus %0 some directly toxic prinviple, is matter for another
investigation,
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The experiments recorded above indicats definitely that diffusible pol-
sonous substences from halibut menl and other hatechery foods are not responsible
for disensed conditions in soclkoye fry, This leaves two other possibilities
opon to investigation, having in mind the fact that heavy losses have actually
been occasionad in retaining-ponds: (a) poisoning of the fry by direct sction
of ingested halibut meal, and (b) the emusation of disease directly by parasites
of pathogenic microorganisms.

As statod before, complate evidence was not obtained that the August,
1951, outbrosk of discase in the Smith Falls ponds wes due %o Costissis, ale
though findings very strongly suzgested this conclusion, During the summey of
1931, fry which had died from poiscning, as well as samples of nommal fry from
different ponds, were oxaminod at least every two weeks for the presence of the
Sostin-like epithelial parasite found during the 1930 epizootic. Serapings
fronm gill swinsces and sides mnmm this purpose, In no instance throughe
out the sumaer was any preotozoon found resembling C. necatrix, even at the time
of year when the 1951 outbresk had ocourred, This still furthar indicates that
the orgmnism found dwring the epizootic must have been parasitic in neture, and
not a gaprophyte natural to the water,

During the summer of 1931, a numbor of ysarling erosses, kept in a ree-
taining-pond, becsmo emaciated and inactive, The gills were gensrally coversd
with a growth of Saprologniscoss and of baeteria, Numbers of the fish so af-
focted died, Few or no deaths occurred mmong the huiﬂv, clesn-gilled fish 4in
the sams pond, A number of the emacieated fish were found to be without oper-
eulum on ons or both sides, allowing a maximum condition for gill damage, But
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a mumber of fish also died in m emaciated, gillemolded 'mmen, where the
oporcula were complote, ZExamination of all amaciated {ish showed the one feature they
hed in eommon to be the presence, chiefly in the anterior intestine, and to a less
extent in stomnch and casea, of an metively motile, pear-shaped protozoon. The
orgenism was also found in one out of five apparestly healthy fish taken from the
same pond, Stained preparations showed that the parasites wre of the genus
Ogtomitus, Small forms of appavently the sams protosoon wers found in the gall
bladder in several casas,

The prosence of the organism, chiefly in the enterior intestine, and its
definite place in the genus Octomitus, would at least suggest it to be Octomitus
salmonis, the well-known parcaite of trout, The fact that such species of
protozon are found in fish, wnder retainingepond conditions, would suggost that
a study be made of the nommal protezomm fauna of the salmonids, In the ease of
future epizootics, ons would then have a firmer basis for deciding upon the
pathogeniec or non-pathogenic characteristics of parasite found in the fish during
the course of the disease,
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