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Abstract:

Rainbow trout (Salmo gairdneri) were taken from Cliff Lake and brown trout (Salmo trutta) and
rainbow trout were collected from Meadow Lake, southwestern Mohtana during the summer of 1959.
Parasites were predominant in the digestive tracts of rainbow trout from Cliff Lake. Meta-cercarial
cysts, located in the musculature, were most common in rainbow and brown trout from Meadow Lake.
Trout, from both lakes, were observed to have greater numbers of parasites accompanying increased
length. The metacercaria of Bolbophorus confusus is reported for the first time from North America. It
was found to be common in the rainbow and brpwn trout from Meadow Lake. Cysts were generally
distributed over the body of the fish9 but they occurred in greater numbers anteriorally and dorsally.
The fewest cysts were found in the posterior portions near the caudal fin,. No important effects of
parasite incidence on condition of trout was determined.
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Abstract

Rainbow trout (Salmo 'gairdneri) were taken from Cliff Lake and brown
trout (Salmo trutta) and rainbow trout were collected from Meadow Lake,
southwestern Montana during the summer of 1959, Parasites were predomin-
ant in the d1gestive tracts of rainbow trout from Cliff Lake. Meta-
cercarial cysts, located in the musculature, were most common in rainbow
and brown trout from Meadow Lake. Trout, from both lakes, were observed
to have greater numbers ¢of parasites accompanylng increased length. The
metacercaria of Bolboghorus confusus is reported for the first time from
North America. It was found to be common in the rainbow and brown trout
from Meadow Lake. Gysts were generally distributed over the body of the
fish, but they occurred in greater numbers anteriorally and dorsallys; The
fewest cysts were found in the posterior portions near the caudal fin. No
important effects of parasite 1ncldence on condltlon of trout was de-
termmined.




A
. Introduction
'Althdugh numerous investigations have been made on pargsite'infest-
atioq§ in fish, very few concérn the effécts of parasites on the growth
rdte.add condition of cold water fish. A comprehensive study'by WdodbUry
(I940) revealed no apparént deleterious effects of parasites on the con-

ditioh of yellow perch (Percs flavescens) in Walsh Lake, Michigan. Coh-

versely, Hubbs (1927), Cross (1934, 1935), Richardsen (1936), Langlois
(1937), Hunter and'HUnter'(l938)g and Hbffman (1956) found harmful effects
of parasites on the condition of fish hosts, |
The presént ihvestigation concerns the effects df'parasites on the
growth rate and condition of rainbow trout (§g§gg-gairdneri)\and brown
trout (ggigg'$£g;;§)o The objectives of the study were twofolds ta obtain
information on distribution of parasites within the body of the fish, and ‘
to determine barasite incidence in relation to growth rate and conditidng'
Fish were collected from Cliff Lake and Meadow Lake in southwestern
Montana. These areas were sélected because 6f knowh parasite infgstatiOn
of trouts Cliff Lake is ldcated about 40 miles southeast of Enriis, Montana.
| It'lies at an elévﬁtidn of 6313 feet (mean sea lével).and is surrounded by
high cliffs, It has an area of 620 acres and a shoreliné of about 13
miﬁeso‘ The maximum depth is 125 feét and most of the lake has a deptﬁ in
excess of 40 feet: Meadow Lake, an impoundment on the Madison River, is.
located qbout five miles porth o6f Ennis, Montana. The lake has a maximum
.suffacé'érea of 1945 acres and lies at an elevatign bf 4840 feet. The

maximim depth is 38 feet, but most of the lake is léss than 15 feet ip




depth.

Rainbow trout were collected in Cliff Lake from early June through
September 1959. Both rainbow and brown trout were secured in Meadow Lake
from early August through September. Fish collections were made by 125-
foot experimental gill nets (mesh 0.75 - 1.5 inches). Total lengths to
the nearest 0.1 inch and weights to the nearest 0.0l pound were obtained
for all fish taken. Specimens were iced and transported to the laboratory

where they were frozen for future examination.

Host Examination
The fish were thawed only to the point where the viscera could easily
be removed. All fins were then removed flush with the body and the head

was cut off as shown in figure 1. This method of decapitation severed the

Fig. 1. Diagram of fish showing "portions" (heavy vertical lines) and
"sections" (numbered areas) used in mapping distribution of
parasites.
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esophagus at a point immediately anterior to the base of the pectoral fins.

A mid-ventral incision permitted removal of the viscera. The body
cavity and visceral organs were examined for parasites. The digestive
tract was opened and its content thoroughly flushed into a container. The
content of the tract was carefully decanted until most extraneous material
had been removed. That remaining was microscopically examined and all
parasites were removed and preserved. An examination of the digestive
tract was then made to locate any encysted parasites.

The partially thawed body of the fish was cut into two parts along
the median saggital line. Each part was then cut into three portions
(Fig. 1). These portions were weighed to the nearest 0.0l gm. and then
subdivided into sections (Fig. 1). The flesh in each section was teased
apart, under a microscope, to locate encysted parasites. When a parasite

was found its approximate position, in the section, was recorded (Fig. 2).

Fig. 2. Distribution of metacercariae on left side of brown trout from
Meadow Lake. Each dot represents one metacercarial cyst.
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-Parasite'Incidemce and Conditiﬁp of Trout

Cliff Lake Rainbow Trout. The rainbow trout population of Cliff Lake

is'believed'tﬁ cqﬁsist largely of,hatchery‘figha Stocking rgcdrds show
that 354000 rainbow trout (4 ~ 10 in. tdtal lengﬁh) weré planted during
thé eight month period immediately preceding this study. Fin deformities
characteristic of recently introduced hatchery fish were noted for 1$ éf
69 fish collecteds Abundance of hatchery fish was further indicated by
the scale samples taken. Difficulty was encduntered in locating true
annulus marks on most écalé samples and it wés not pessible to age theéé
fish. All parasitized trout taken from Cliff Lake were arranged by leﬁgﬁh
groups and the average number of parasites was obtained for_e&ch grﬁup‘
(Iﬁble 1), Conhdition of trout was detérmined by ‘the folipwipga

_ Wel00,000

£ = i

where w = weight and 1 = length.

_Parqsites were found in 54 of 69 trout examined. These were confine
to the digestive tracts except in two fish which had nematodes (Eustyog-
gy}idés'spd) encysted in the musgulature, The parasites found in the di-
gestive tracts includéd: nematodes (unidentified), cestodes (Qiggiggig}
Gegha¥gs,spa)g acanthocephalans (Neoechinérhyn¢hus SPe)s dﬁd\trem&to@es
¢repido$tqmgg’farionus)a ﬂématogés bppurreé in 47 trout grid werg usually
iocated.in the pylofic caecag and intestinesg The average numbér per fish :
for each collection peried was as followss 7.0 in Juney 27.5 in Augﬂstg
19.3 in September. The greatest humber found in any pne fish was 238,

Qestodes occurred in 44 trout and were found ix the same areas as nema-




Tablée 1. Length and conditien of rainbow;ﬁrqut'from Cliff Lake, showing the kinds and numbérs of

parasites.

Total 'length Nuiber

in inches® ~ -of

- fish

Nema="

" todes:

."AVeTaqe-QUmber af;"arasitééu
= o

‘Cestodes- cephal

o= Trema-
ans todes

Average number of
parasites per’
‘length group ..

Averaée'C;

factor per

. length.group

7.0 -7.9 1

.0

90

1020

. 11 5;:0.‘

12.0
13.0
14,0
15,0
16;0

8:9 2
99 4
10.9 13
1i:9 12
12.9 8
18.9 7
14.9 6
15,9 .-

1@0'9 l

3.0

6.0
1.7
3.3
5.7
9.0
34.4

4857

238,0

45
2,0
5.1
6.4
12.4
5;3

562

10

1 0’7

5.2

6.1
2,1
o1.1

3.8

4,0

1.0

1.5

07

4.1
2.9
1.7

31

2.0

4.0
12.0
6.2
17.7
21.2
25,2
6441
57.6

245,0

43.8
39.2
3841
32.9
31.5
31.0 '
34.6

35.3

38.6
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todes, _Tﬁe average number per fish for each collection period was as
f&llgws: 8.0 in June; 4.5 in August; 5.9 in September, The greatest
number found ix any one fish was 20. Acanthocephalans occurred in 34 |
trout and were usually located im the stomach and intestines. The average
number per fish for each collection period was as fgllowsy 17.1 in Junes
3.2 in Augusts 2.1 in September. Thé greatest number found in any cne fish
was 116, Trematodes occurred in 31 trout and were found in the same areas
as.acanthocsphalans, The average number per fish for each collection
period was as follows: 3.4 in Juﬁe; 2.0 in August; 2.2 in September; . The
greatest number found in any erie fish was 19.
| The averaée C-factor of the 15 noh—parasitized trout-iwas higher

(37.7) than that of the 54 parasitized trout (33.7). The difference in
C-factor is appreciable and may be due to éither parasite infestation or
‘the presence of newly planted fish. Twelve of the non-parasitized trout °
had fin deformities and corresponded i size to fish of recent hatchery
plants. Hatchery trout.were known to have a higher C-factor then wild
fishs

In general the lohger the trout the_éreater the number of individual
parasites and kinds of parasites it céntained (Table 1). This could have
resulted from a longer exposure time since boédy length is generally de-
termiﬁed by ages No individual parasite group  (nématedes, cestodes,
acanthocephalanég trematodes) or .combination of gerpslappeared to in-
fluence length or cohdition more thén any other group or combination. It

was nhotedy however, that fish with no more than two kinds of parasites had

1490C8
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an average C-factor of 35,0 and an average total length of 1068 inches
while those with three or four kinds had an average C-factor of 32,2 and

an average total length of 12.0 inches.

‘Meadow Lake Brown Irouts Thirty browi troyt from Meadow Lakeé were
examined and all were found to be parasitized. Metacercariae, tentatively
idghtified as Bglbqghorus confusus or some closely related species, wére
the most numerdus parasite and ocCurred.in all fish.. A nematode (E@stpdﬁ¥
gylides sp.) was found in five trout: Another speciées of nematode was
found in the digestive tract of one fishs .This closely resembled the
nématodes found in rainhow trout from Cliff Lake. |

Metacercarial cysts_we:e most bpmmon in the musculature immediately
underlying the integument, but a few were deeply embeddeds Cysts were also
found in tﬁe integument and fins. The lemon-shaped host cysts'wéfe 850 ~
1500 p long and-5560 - 1000 H wides They were either black or white in
color. These cysts were first thought to be separate species, but later
the white cysts were deemed to be more recently ericysted metacercariae
than the blacks Metacercariae in the black cysts were similar to those in
the white cysts, but were largeér and had better developed gonads, The
average legngths of metacercariae were 2341 p1from 100 black host cysts and
2021 p from 100 white host cysts,

The fluke, Bolbophorus confusus, is reported as being common in Europe.
However the adult of this species has been reported only once on this
continent and here the host was a pelican (Pelicanus sp.). The meta-
cercaria has not beeén previously reported in North America; The inter-

mediate fish hosts. of this specis&s in Europe are members of the Cyprinidae,
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.ééobidaeéhMugilidaég and ?ercidaéq Theé cercaria and snail host are um-
known, but the final host is a pelican.

The nematode, Eustrongylides sp., was found encysted in the muscu—

lature (adjacent to the body cavity), the stomach wall, liver, ovaries,
‘and small intestines In a few instances the cysts wére sac-like and sus-
pended from these organs. Nematodes were tightly»coiled in the disc-
shaped cysts which averaged about 13 mm. in diame£er and about 5 mm,
thick, The werms were bright red in color and averaged about 57 mm. in
length when extended.

The average number of metacércarial cysts per fish was 194 with a
range of 4 to 1141. The distribution ard number of metacercarial cysts
.was determined for each body portion and section (Figs 2) of each fish.
Theré was no significant difference (at the 99 perceént level) between the
number 0f cysts found in either side of the fish. More cysts (48 percent)
were found in the anterior than in the central (42 percent) or posterior
(10 percent) portions. The nunibéer of cysts was gréater in the dorsal
sections of the anterior and central pértionsy than it was in the central
or ventral sections of these portions. The section (10) under the dorsal'
fin, had mo;t cysts (8.4 percent of total); while the £W0 most posterior
sections (21 and 24) contained the fewest cysts (0.61 and 0.55 percent
respectively).

Brown trout taken from Meadew Lake w,ere‘aged9 by the scale methody
and determined to be from the year classes II, III, IV, -and Vs The aver=

age number bf metacercariae in 20 trouty of year classes IV and Vy was 293
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and that for 10 trout, of year classes II and III, was 67,‘ The greater
numbér of metaeercariae in the older fish probﬁbly resulted from a‘lohgér
exposure period, |

The average length of trout in year classes IV and V was 16.4 iriches
(total length) and that of fish in year classes IT and ILI was 14.3 inches
(total length). Thﬁs the longer fish were more heavily parasitized than
the shorter fish.

The average G-factor of 30 brown trout was 34,4 and the range was
28.0 to 41.3. Despite the wide ranée9 no relationship could be found be~-.
tween CG-factor and numbers of metacercariae. The averagé C-factor of 13
fish that had over 100 metacercariae was 34.4 and that for 17 fish with
less than 100 metacercariae was 34Q5q - No éppreciable differenges could
be determined between trout infested with metacercariae and other parasites
(nematodes and trematodes) or those infested.With only metacercariae.

‘Meadow Lake Rainbow Trout; The rainbow trout population of this lake
is believed to consist largely éf hatchery fish. Stocking recerds show
that about 70,000 rainbow trout (9 - 10 in. tetal lengthj were planted
during the twoe year period immediately preceding this study. Fin de-
formities characteristic of IEQentiy intreduced hatchery fish were noted
in nine of 36 fish collecteds Abundance of hatchery fish was further in-
dicated by the scale samples takem, Difficulty was encountered in lo-
cating true annulus marks on most scale samples and it was not possible to
age them. |

Parasites were found in 25 of 30 trout examined., The metacercaria of
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Bolbophorus gconfusus, located in the musculature; was the most numerqus
parasite and occurred in all 25 trout. Unidentified nematodes were found
in the digestive tracts of five trout. These closely resembled those

s

found in rainbow trout from Cliff Lake. The flukes Crepidostomum - farionusy’

oécurred in the digestive tracts of four fishs Parasite infestation, of
the digestive tracts of these trout, was considered light, since the
greatest number of parasites found im any one fish was seven.

The average mumber of metacercarial cysts per fish was 34 with a
range of 1 to 167. There was no significant difference (at.the 99 percent
level) between the number of cysts- fourid in either side of the fish, More
cysts were located in the central (46 percent) than in the amterior (41
Percent) or posterior (13 percent) portions. The number of cysts was
greater in the dorsal sectiors of the anterior and central portions than
it was in the central or ventral sections of these portions. The greatest
number of cysts (9.9 percent of total) was found in the section (10) under
the dorsal fin and the fewest cysts (1.0 percent of total) were found in
the posterior section (24).

The number of metacercarial cysts was generally greater in the lenger
fish. Fourteen trout (14,0 - 161 in. total length) gad an average of 58
metacercariae while 11 troﬁt (941 = 13.9 ins total length).avbraged 15
metacereariaes Since léngth is generally determined by age the longer fish
would be vlder and exposed to infegstation for & lqagerntiméq

The average C—fagtor of parasitized trout was 35.5 apd that of non-

parasitized trout 33.6, Nine fish which averaged more tham 34 meta-
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'Cerpériae had an average Qlfactor 0f 34.5 while 16 fish with less than 34
' metacercariae averaged 36,0 and five tfdut without parasites had an aver-
age C-factor of 33.6. ﬂbué to the small saméle size and presence of hatch-
ery fish no sighifi¢aﬁ¢e can be attached to these minor differerices in
condition. |

" The longer trout from both Cliff_dnd Meadow Lakes generally had
greater numbers of parasites than the shorter7fisho This agrees with
Woodbury (1940) in his studies of Glinostomum marginatus in perch. He
summarized 12 previous investigations and reported that the lopger fish
had greater numbers of parasites in nine of these studies. Conversely,
Langlois (1936) found that thé shorter bass fingerlings had the largest

number of Proteocephalus ambloplitis larvaés Hubbs (1927) showed that the

effect of Proteocephalus qmblggliﬁig larvae on thqﬁs;§~g;aciLis;was N
similar to that found by Langlois (1936).

My study on trout from Cliff apd Meadow Lakes ;howed little relation-
ship between the parasite incidence and condition of trout. It is possible
that blood tests, stamina tests; aﬁd analysis of feqUndity‘ﬁill show that

parasite incidence does effect the condition 6f trout.
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Summazry

1. Rainbow trout were taken from Cliff Lakesand‘brown trout and réin-
bow trout were collected from Meadow Lake9 southwestern Monfanau

2, A total of 69 rainbow trout from Cliff Lake; 30 rainbew trout and
| 30 brown trout from Meadow Lake collected frem early June through Sep-
;tember~1959 was examined for parasites.

3. Rainbow trout from Cliff Lake were.infested with parasites in the
digestive tract includings nematodes (unidentified), cestodes (Dibothrio-

cephalus sp.)s acanthocephalans (Neoechinorhynchus sp.), and trematodes

(Cregidostbmqm farionus)q

4, The rainbow and brown trout from Meadow Lake were severely infest~
ed with a metacercaria, tentatively identified as Bolbophorus gconfusus.
These parasites were largely located in the musculature immediately upder-

lying the integument.

-B5s The metacercaria of Bolboghopus confusus has not been previously
reported for North America. .

6. Metacercarial cysts were most numerpus along the dorsal surface
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of the fish and in the anterior body région. The greatest cﬁncqntrqtiop pf'
qysﬁs’waé in the musculature ventral to the dorsal fin.

7: The longer trout from bhoth lakes were found to contain more para-
sites th&n the shorter ones. |
8. No appreciable deleterious effects of parésites on condition of

the fish hosts were found.
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