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Abstract

White blindness, a dietary disease peculisr to brook trout, was
previously reported by the author as having appesred in the early spring
of each year from 1946 through 1549 at éertain £ish hatcheries throughout
Michigan. Brown and rainbow trout were noﬁ affected by the disease.
White blipdness is characterized by é, very pale body ceolor, and a milky
opaqueness of the crystalline lens of the eyes which renders the fish
blind. Analysis of the diets at hetcheries where the malsdy appeared,
and vhere it was abaent, strongly sugges!ted that horse products were the
cause of it, but due to the diversity of products included in the diets,
it was not possible to determine whether one or all horse products were
involved. The present experiments were conducted in an effort to deter-
mine which horse product was responsible for producing white blindness.

Cooked horse skeletal muscle, horse hearts and horse livers each
mixed with pork melts on a 50-50 basis were tested. BRrewers yeast at s
5 percent level was added to the diet of one group of fish receiving

each diet,
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On December 19, 1940, the first specimen with vhite blindness was
observed ‘in the group of brook trout on the horse liver-pork meld diet.
ﬂhiw_”blindness gradually incressed from 0.7 'pe'rcent on January 1l to
9.9 percent on May 3 among the group receiving horse liver sand pork
‘melts, and from 0.0 percent on Janusry 1l to 9.7 percent on May 3 smong
the grouwp reaeiﬁng the same diet ﬂtﬁ 5 percent brewer’'s yeast added.

No ind-ié:atich of the »&Maase wag found aawng trout kept on a.ny othei'
diet in the experiment.

It was not dntmﬁ.ned whether letxgth of tim m the deciding factor,
cm vhether low water te&peratm wag the cam, but the evidence at hand
strongly suggests that the latter may be the case, Further study is
planned in an attempt to isolate the responsible factor in horse liver.

nesults of this experment indicate t.hut }wrse 1ivera may safely
comprise up te 50 prercent of the diet of bmak trout during summer meni;ha
but w'i‘ll cause white blindness when used at that level during prolonged

periods of low water temperatures.

o Introducticn o

White blindness , & dietary dise&ee peculisr to brook trout and
characterized by opaque crystalline lens and pale body color (Figure 1),
eppeared vat various 'b:oﬁt gtations kin ﬁichigaﬁ 1n the early spring of
each year from 1946 to 1949, Since trout commonly change to a dark
body color wmﬁ t.hey become blind, the unususl pale body color of the
blind fish in this case leads ﬁo the name of "white blindness"” for tize

dzsease

The initlal study {Allison, 191&9)\0/presented an analysis of the diets

"/Pxfnlisheé. only as abstract.







used at statione vhere the disease was present and where it was ab-
sent (Teble 1). This stuly demonstrated that the malady wes caused

by a diet which included 27.2 percent, or more, of horse products fed
during winter months when water temperatures dropped below 40° F,, and
was absent where 18.2 percent, or less, horse products were fed. Brown
and rainbow trout were not affected.

Hess (1937) produced dietary blindness in rainba;i' trout by feed-
ing an exclusive diet of pork spleen., However, the fish in hies experi-
ment changed o a darker body color as they became blind.

The present study was designed te detemine vhether any single
| horse product might cause the disease because, dug to the great diversi-
ty of diets employed by the various trout stations, it was not possible
to ascertain from the diet analyses which of several products might have
been reséansible. Since it was necessary to pursue the experimenis at
hatcheries wnder full production schédules s 1t wes not Ifesmsible toc make
8ll the tests that might have been desiraeble. Therefere, experiments
were designed to do no more than revesl the horse product responsible

for the disease,

Methods
Horse producte investigated were hearts, livers and cooked skele-
tal muscle. These products were fed at 40 percent and 50 percent levels,
which were well above the critical level ss determined by the initial
study (1949). The experiment extended from June, 1949, to May, 1950,
8 period of time thet encompassed both sumer and winter conditions.

Cooked skeletal muscle was tested st the Baldwin station (Lake County)




Tsble 1.--Percentage composition of totel dlet at Michigan Trout Hatcheries, September, 1947 to June, 1948
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horse and pork 86.3

Diet watersueet\Y ThompsonV/ Harrietta/ Wolf Lake\l Grayling®/  Cooks Run  Oden
Horse liver 27.2 45,2 k1.5 90.5 3k.7 18.2 8.7
Horse heart | e 22.8 17.5 30.8 sen
Canned, cooked horse
skeletal muscle ves .en 6.7 2.5 e - b
Horse skeletel muscle N 2.7 ies ces .o
Pork liver 2%.5 vee ces con 30.0 Na
Pork melts 3%.6 25.9 - ces 30.0 P.7 36.6
Beel melts 13.3 “ee v ses .se b.h as
Beef liver voa ,." aen I, 2.0 wo s ces
Telang liver 6.4 .-
Cereal 2.3 6.0 2.7 - . 7.1 33.6
Ocean herring .us oo 0.4 vos 2.5 vus
Inedible beef liver “oa “as cosn .ws - ons 16.5
Total percent horse products 27.2 68,0 68.4 100.0 65.5 18.2 13.1
Total percent pork 59,1 25.9 . e 30.0 69.7 36.6
Total percent |
93.9 von aes 95.5 87.9 ho,7

\V Blindness present
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on 9,000 fingerling brook trout held in the same pond where white blind-
“ness hed developed during each of the previous three winters,

At the Merquette station (Marquette County) 114,500 fingerling
brook trout were divided into four groups. Group A wes composed of
62,000 fish divided among eight ponds and was fed a dlet consisting of
equal portions of horse hearts and pork melts; Group B, with 17,000
fish in two ponds, received the ssme dlet as Group A, plus 5 percent
brewer's yeast {Strain K-2 Dried Brewer's yeast, Anheuser-Busch, Inc.);
Group ¢, with 16,000 fish in two ponds, received a diet consisting of
equal portions of horse livers and pork melts, plus 5 percent brewer's
yeast; Growp D, with 19,000 fish in two ponds, received the same dlet
as Group C, minus the yeast. The ponds (Pigure 2) were approximately of
equsl dimmensions and vere supplied individuslly with water from the
seame source.

Approximately two veeks after the first case of white blindness
was observed by the haitchery superintendent at Mergquette, a schedule
wag set wp for exsmining the eyee of the fish every two weeks umtil tey-
mination of the experiment. The first check was wade on 400 specimens
from each group, the second check on 500 specimens, and all following
checks, except the final one, were made on 600 specimens from each
group, The final exemination wvas made on 61.6 percent of groups C and D,
in vhich white blindness l;ad appeared. Since no affected fish were found
in any of the routine examinations of Groups A &nd B, and none could be
observed in these ponds at the time of the final check, individual
examinations vere not made on these fish, The pale skin of brook trout

affected with white blindness renders them especially conspicuous in ponds
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having dark colored bottoms, as is the case at the Marguette station.

Specimens fdr the routine examinations were collected by random
sempling. At the time of collecting, all fish in & pond were confined
%0 2 gmall aree at the lower end of the pond. They were thoroughly
mixed and trensferred a few et a time by scaps to 30-gallon tubs,
carried into the hatchery building and distributed into traughs for
examination. Each fish was held in the hands while both e;}*es vere
closely exanined for any cloudiness of the crystelline lens. The
degree of cloudiness, or opagueness, varied from s thin milky color
in one lens of some specimens {0 a dense, opague whiteness in both lenses
in other specimens. After the examinations were completed the Ffish were
returned to their respective ponds.

&% the Baldwin station, 9,000 yeerling brook trout in one pond
were fed from June, 1949, to April, 1950, on a diet consisting of 40
percent cooked horse aknletal.muséle, 38 percent pork melts, 10 percent
meat scraps, 10 percent skim milk powder and 2 percent salt (NaCl). The
pond chosen for this experiment was the same pond in vhich vhite blind-
ness had appeared in the spring of the year in 1946, 1947, and 1948, No
blindness was observed among the Tish in this pond from the beginning
of the experiment until ice cover formed in late December. Because of
the ice conditions, routine examinations could not be carried out there.
after. Five hundred fish collected by random sampling were examined on
April 18, 1950, at which time the #tudy was terminated at this station.
The bottom of the pond was very dark in color, &8 at Marquette, and

pale-colored trout are quite conspicuous.
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Results of the diets

 The first case of white blindness was observed by the hatchery
superintendent at Marquette station on December 19, 1949, seven months
after initiation of the study, among £ish of Group D, which received a
diet consisting of 50 percent horse livers and 50 percent park wmelts.
Beginning on Jenuary 11, 1950, and every twoe weeks thereafter wntil
May 3, 1950, rcutiné exsminations of all groups were made. The inci-
-dence of white blindness among fish in Group D graduslly increased
(Figure 3) during this period from 0.7 percent to 9.9 percent. In
Group €, which received the same diet as CGroup D, plus brewer's yeasst,
the appearance of:the diseése was. a@paren“hlyudslayed, but by May 3,
9.7 percent of the fish«we;?e ai’fevctea.. Thus, brewer’s yeast did not
prevent the sppearance of the disease nor ‘affect its intensity 0 any
appreciable degree, ffhera was no increase in loss among the groups of
fish in which biindmsé developed. White blindness did not develop
among the fish in either Group A or B.

At the Baldwin station, vhen ice cover melted and it was possible
to observe the fish, no blindness was observed emong the fish receiving
o diet containing 40 percent cooked horse skeletal muscle. On April 18,
1950; after ten months of the same diet; 500 fish *éeré collected at ran-
dom and exsmined for white blindness. No symptoms of the disease were

found end the experiment was terminsted at this station.

Of the three horse products tested (bearts, livers, and cooked
skeletal muscle) only the livers were involved in the groups of fish

contracting white blindness. The affected fish were fed this diet for
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Figure 3.-- Comparison of incidence of white blindness with water temperatures at
ﬁ Marquette Hatchery.
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seven moaths before the disease appeared. It is beyond the scope of
this study to point out the specific agent responsible, whether length
of time on’'the diet is important or whethéflow water températwes are
significant, However, the fact that white blindness develops in brook
trout during periods of lov water temperatures suggests some correlation.
Average water temperatures for the Merquette station (Figure 3) were
plotted from the routine hatchery records taken daily at 6100 a.m., noon,
and 6100 p.m, The sverage was deri#ea from the daily maximum and wminimum
resdings. Comparing the graphs of temperature and incidence of the dis-
ease 1t can be seen that the disease did not appear before the water
temperature dropped belovw asbout 40° F. It is not possible to determine
the exact critical degree of temperature from tlm data at hand. During
the period whesn water temperatures remsined below 40° F., incidence of
the disesse gradually increased, and climbed rapidly when water ’&eﬁzyera«
tures increased and passed 40° F. It is possible that horse livef is de-~
Picient in some essential vitamin and that during periods of low temper-
atures, when metabollism of fish is slowed down, this vitamin is not |
stored in sufficient gquantities by the fish. Consequently, when water
temperatures and metebolism increase; the deficiency becomes more pro-
nounced, It is also possible that length of time on the diet is re-
sponsible, regerdless of variation in temperature.

Although brown and rainbow trout are not affected with white blind-
ness, there is some evidence that other species of fish are affected.
Leke trout fingerlings held over winter at stations feeding horse liver
became blind and pale in color. The following year at the same stations,

figh of the same species and age vere normal when horse liver was omitted
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from the diet., In a persomal communication Mr. Harold Wasko, Aquarist

‘at the Toledo Zoologicael Perk, Toledo, Ohio, informed the writer that he
had observed white blindness among orangespotted sunfisﬁ, longear sunfish,
green sunfish, sm.é.llmouth and largemouth bass, spotited bass, and yellow
perch, The fish were fed twice each week;, horse iiver on Monday end fish
on Fridsy. He noted tbat some groups gorged themselves on horse liver

_and ate sparingly of the fish, and pointed out that such fish were subject
to white blindness, Since weter temperatures varied between T0° F. and
80° ¥. throughout the ysar it would appear that length of time on the

diet is important in this case and not low temperatures.

Conclusions
White blindness can be a serious hatchery diseasse because affected
fish are blinded permanently and thus are of little value for stocking
purposes.
Fingerling brook trout may be safely fed a diet containing wp to
50 percent horse liver for six months when water temperatw«;s exceed
40° F. There are some indicstions that weter temperatures below 40° P,

are correlated with the onset of the disease in brook trout.

Leke trout also appear to be affected similar to brook trout. ™

Brown and rainbow trout are not sffected by white blindness.
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