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SOME EXPERIMENTAL FISH HOSTS OF THE STRIGEID TREMATODE
BOLBOPHORYS CONFUSUS AND EFFECTS OF TEMPERATURE ON THE
CERCARIA AND METACERCAR|A *

Robert E, Ofson
Department of ZOO'Ogy and Enfomology, Montana State Universify, Bozeman

ABSTRACT: Experimentq} studies were conducted og the digenetic trematode, Bolbophorys Cotfrsis
{ Krauge, 19143 Dubaois, 1935, to test host specificity in fish and the effect of temperature on the cer-
caria and metacercariy, Typical infectiong followed laboratory exposures of the following fishes. Salme
gairdneri, Sabne trutta, Solvelings fontinalis, Prosopium williamsong, Pimephales promelas, Hybopsis

gracilis, Hhim'chthys cataractne, Catostomys commersoni, Pantosteys platyf'kyrzchas, Lepomis maero.
chirus, and Gambusiy affinis. Cercarin] penetration accurred in Ietalurus punciary, and Cottys baird;,
but melacercaria] development Was atypical. Maximyum cercarial penetration of fish ocourred betweern
66 and 85 . Invasive ability wag markedly reduged between 55 and 65 F and very few penetration.
occurred bolow 54 F Metacercariae developed rapidly at 70 7. No metacercarig] development wag
found in fish exposed to cercarine at 70 ¥ and then held ar 40 ¢ 42 F. Some metacercariae were of.
served to develop normally when figh fieated in the aboye Mmanner were returned g 70 F, after being

held at 40 o 42 F for 1 month. Water temperature apparently plays major role in the distribution of
the metacercaria of B confusuy | Lommon only in ong lake Y in southwestern Montana,

The digenetic thike Bolbophorys COnfusus  found in brown and rainbow trout from Mead-
{Krause, 1614) Dubois, 1935, is established in gy Lake. AR brown tront examined were iy
Meadow Lake in southwestery Montana ( Fox,  fected with an average of 194 Cysts per fish,
1962) . Although this fluke is reported to be  Cysts were found in 25 of 30 rainhow trout
common in Europe, the metacercaria had pot examined and averaged only 34 per fish. The
been previously reported in North America, It difference in the degree of infection hetwoeer
has not been found in othey lakes in the Mead. the trout and the fact that . confusus metq.
ow Lake vicinity, T Ewrope, Dubois {1938) Cereariae are not reported in fish from nearhy
reported the metacercaria of thig paarsite in fakes, formed the basis for this Investigation.
the following fishes: rudd {Seardinins ery- - The objectives Were to study the Logst spe-
r‘/_li"()ﬁﬂl(l-lﬁl'[lé‘), id (Idus idus) | hream {Abramis cificity of g confusys metacercariae in figh
brama) | flat bream {Abramis blicca) | northem and to find an explanation for the prevalence
pike (Esor lucius), perch { Percy fluviatilisy,  of the parasite in Mendow Lake fish.
and muflet (Mugil saliens). He reported the Although the snafl host and cercaria of B
tinal hosts to he the pelicans Pelecanus ong. Confusus were not known at the time the para-
erofalys and Pelecanys Crispis in Europe, and  site was found in Meadow Lake, the complete
the white pelican (Pelecqnys er‘yfhrorhynchm) life cyele has since been determined by Fox
in North Amerieq, (1965). It i briefly a4 follows:  the adult

In Meadow Lake, the metacercariae gre fluke iy found in the anterior intestine of the
found in rainbow trout (Salmo Zairdneri),  white pelican, The CBES pass out with the
brown trout (Salmo trutta), arctic grayling  feces into the water and hatch after about 15
{Thymailys arcticus), longnoge sucker {Catp. days. The resulting efliated miracidia penetrate
stomas tatostomus), and white sucker (Gato- the planorhid snail, Helisomg trivolvis. Sporg.
somus commersong ). cyvsts develop in the snail producing large num.-

Fox ¢ 1962) observeq a marked difference bers of cereariae.  After leaving the snail the
i the number of B. confusys metacercariae  cercarige benetrate fish ang encyst in the mug-
S culatore yg Metacercariae. Whey eaten by g

Received for publication 17 Fcbmary 1963, pelican, the metacercariae deveIop to patent
* This study was supported by Grant AL05055-03  adults within a few days.

from the U, g Public Health Service, NIIT, .
Bethesda, Maryvland, Contrihution from  the MATERiIALS AND METHODS

Montana State Univcrsity Agricultural Experi- Numeroug attemnpts were wmgde to collect snails
ment Station Project No, MS-844 Paper N, ( Helisomg trivolvis) from Meadow Lake i the
684 Tournal Serieg, Spring and early summer of 1963, but nene were
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Abstract

Fish distribution in relation to temperature was studied in Warm
Springs Creek from June, 1962 through December, 1962. Fish were collected
by electric shocking. Three 300-foot sections were sampled six times.

The upper section was above the influence of warm springs, the middle was
within the upper limits of influence of these springs, and the lower was
below the warm springs. Longnese dace were scarce above the influence of
warm springs, and abundant below. Mottled sculpins were abundant above,
sccurred in small numbers at the upper limits of influence of these
springs, and were completely absent below. Stonecats were extremely rare
apove the influence of warm springs, and common below. Longnose and white
suckers were common both above and below the influence of warm springs.
Mountsin suckers were scarce above and common below, while rainbow and
cutthroat trout were common above and scarce below.
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INTRODUCTICN

An investigation of fish distribution in relation to temperature in
Warm Springs Creek, Madison County, Montana, was conducted from June, 1962
through December, 1962. Warm Springs Creek heads on the divide of the
Gravelly Mountains at an elevation of approximately 9,000 feet mean sea
level. It flows in a westerly direction for approximately 8 miles to enter
the Ruby River about 30 miles southeast of Alder at an elevation of 6,000
feet. This creek drains an area of approximately 40 square miles of steep
mountain slopes and valleys. Most of this area lies within Beaverhead
National Forest and is used for grazing.

Numerous warm springs, with a constant temperature of 759 F., arise
along the lower 2 miles of this stream. These are largely concentrated 1.5
miles above the mouth. The stream volume above the warm springs was about
6 c.f.s. on July 19. The warm springs added approximately 54.5 c.f.s. on
this date. Temperatures below the warm springs usually averaged at least
109 F. higher than those above. The lower 2 miles of stream wexe chosen
for study. Three sampling sections, each 300 feet in length, were es-
tablished {Figure 1). The lower boundary of Section 1 was 2.1 miles from
the mouth of the creek and about 600 feet above the entrance of the first
warm spring. Section 2 was 1.5 miles from the mouth&and situated within
the upper limits of the warm springs. Section 3 wes 0.7 miles from the
mouth and mostly below the warm springs. Average width, depth, and volume
were lowest in Section 1 and increased progressively in Sections 2 and 3
(Tabie 1) while average velocity was lowest in Section 1 followed in oxder

by Sections 3 and 2. Maximum-minimum temperatures were taken at Z-day
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Figure 1. Warm Springs Creek showing study sections.

Table 1. Some physical characteristics of Warm Springs Creek.

Section 1 2 3
Width Range 4.5 -~ 14,2 5.4 ~ 18.8 11.2 - 2B.2
(feet) Average 9.1 14,1 20.6
Depth Range 0.1 - 3.5 0.2 = 4.3 0.2 - 4.6
{feet) Average 0.6 0.8 1.5
Velocity Range 0.2 - 2.4 C.5 -~ 4.2 0.6 - 4.0
(ft./sec.) Average 1.5 3.2 2.2
Volume
(c.£.5.) 6.1 27.0 60.6

intervals from June 26 until September 30 and then at weekly intervals
through December 30 (Figure 2). The inflow of warm water had a definite

regulating effect on the temperature of Warm Springs Creek. Temperatures
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Figure 2. Temperatures of Warm Springs Creek.
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became warmer and more stable as the stream progressed through the warm

spring area.
Chemical water analyses were made at each section and in the warm

springs on January 20, 1963 (Table 2. The warm springs were lower in

Table 2. Chemical analyses of Warm Springs Creek.

Section 1 2 3 Warm Springs
Dissolved oxygen

(p.p.m.) 10.7 5.0 6.5 2.8
Free cvarbon dioxides

(p.p.m.) 5.0 7.0 3.0 9.0
Methyl orange alkalinity

(pepom.) 238.0 185.0 182.0 170.0
Total dissolved solids

(p.p-m.} 226.0 304.0 328.0 328.0
pH 7.2 7.4 7.6 7.7

dissolved oxygen and methyl orange alkalinity, and higher in free carbon
dioxide, total dissolved solids and pH than the stream above. There was
no phenolpthalein alkalinity in either the springs or the stream.

In Section 1, vegetation consisted of small amounts of algae on the
rocks during the early part of the study. By late September algae {Vaugh~
eria sp.) was abundant and remained so to the end of the study period.

Vaucheria was not observed in Sections 2 and 3. Section 2 had clumps of

moss (Fontinalis sp.) dispersed throughout and dense patches of walercress

(Rorippa nasturtium-aguaticum) adjacent to the stream banks. Pondweed

(Potamogeton filiformis) was scattered throughout but thick beds were con-

fined to the lower half. In Section 3, large clumps of moss covered many

of the rocks and pondweed carpeted most of the bottom. Thick patches of
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watercress lined the sides, reaching halfway across the stream wherever
spring water entered. The kinds and abundance of vegetation remained about
the same in both Sections 2 and 3 throughout the study period.
The fish collected from the study area, in the order of abundance,

were: longnose dace {Rhinichthys cataractae), mottled sculpin (Cottus

bairdi), stonecat (Noturus fiavue), longnose sucker (Catostomus catostomus),

white sucker {Catostomus commersoni), mountain sucker {(Pantosteus platy-

rhynchus), rainbow trout (Salmo gairdneri), cutthroat trout {Salmo clarkil,

brown trout (Salmo trutta), and brook trout (Salvelinus fontinalis).

Fish were collected by d.c. electric shocking using a generator with
an output of 500 watts and 150 volts. A sample consisted of making one
downstream pass through each section, taking as many fish as possible. Six
samples were taken at intervals of about one month, except between the
second and third which was only one week (Table 3). Each section was
blocked at the lower end with a #-inch sguare-mesh net. During the first
sampling period the nets in Sections 2 and 3 washed out temporarily due to
floating vegetation. In subsequent samples a piece of chicken-wire was
stretched across the stream immediately above the block net to catch dis-
lodged vegetation and this prevented further difficulty. Shocked fish were
collected with dip nets (4-inch-mesh) and placed in a holding pen located
in quiet water away from the immediate shocking area.

A1l captured fish were measured to the nearest 0.1 inch total lengths.
They were released near the middle of the section where taken as soon as

possible after capifure.
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DISTRIBUTION

The warm springs which are concentrated along a relatively small por-
tion of this creek, undoubtedly influence fish distribution in the study
area since they increase water temperatures and volume, which in turn
affects the abundance of cover in the form of aquatic vegetation. Temper-
ature, volume, and aguatic vegetation increased progressively from Section
1 through Section 3. The distribution of each species of fish involved is
considered in the order of abundance.

Longnose Dace. This species is common throughout Montana on both

sides of the Continental Divide. In Warm Springs Creek, only 15 longnose
dace were collected in Section 1 {Table 3) during the study period. A
total of 1,031 was taken in Section 2, and 940 in Section 3. Nine was the
maximum number collected in Section 1 during any of the 6 sampiing periods,
from June, 1962 through November, 1962, and none were taken during the last
two periods. This absence occurred when the average water temperature had
declined below 500 F. (Figure 2). The numbers collected in Section 2
ranged from 108 to 252 for the various sampling periods, and those in Sec-
tion 3, from 28 to 243, Average temperatures were warmer and much more
stable in Sections 2 and 3 than in Section 1.

No size distribution analysis of longnose dace was made since small
specimens were not collected in proportion to their actual abundance in
the population. Many of those smaller than 2 inches in total length
readily passed through the dip nets used. Numerous dace less than 2 inches

in total length (probably young-of-the-year) were observed in Sections 2
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and 3 during the last 2 sampling periods but none were observed in Sectlon
i.

Temperature apparently influenced distripution of the longnose dace in
Warm Springs Creek, since they were abundant in the stream below the en-
trance of warm springs and scarce above, Many were observed in the springs
proper. They were always abundant wherever watercress occurred, in or out
of the springs. The absence of this species above the warm springs, after
water temperatures had declined supports the conclusion that their distri-
bution was influenced by temperature.

Mottled Sculpin. This species is common to all the major drainages

east of the Continental Divide in Montana, Bailey (1951) found it teo be
abundant in dense mats of white water-crowfoot, as well as in rocky streams
where little vegetation existed. In Warm Springs Creek, the mottled scul-
pin was most abundant in Section 1 (Table 3), where 1,095 were collected
during the study period. Only 145 were taken from Section 2, and none from
Section 3. The numbers of sculpins collected in Section 1 ranged from 153
to 207 for the various sampling periods. The number collected from Section
1 decreased slightly in each of the last two samples. This was probably due
to an increase in algae, beginning in late September, which made recovery of
small fish more difficult. The numbers collected in Section 2 ranged from
1 to 54. Aquatic vegetation showed little apparent change in this section
during the study period.

Mottled sculpins 2 inches or greater in total length are belleved to

include those one year or older, and those less than 2 inches are presumed
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to be young-of=-the-year. Size distribution was undoubtedly biased in favor
of the larger specimens because of collection methods. Sculpins greater
than 2 inches in total length made up 100 percent of this species for the
first 3 samples in Section 1 and 78 percent, B4 percent, and 75 percent of
samples 4, B, and 6 respectively. In Section 2, they made up 100 percent
of the first 2 samples and 50 percent, 1l percent, 9 percent, and 8 percent
of samples 3, 4, 5, and 6 respectively. No sculpins of any size were taken
in Section 3. Sculpins less than 2 inches in total length constituted only
one percent of the total number taken from Sectien 1, and 87 percent of
those taken in Section 2. The length-frequency was determined on 249
specimens collected July 30, 1962, and on 242 specimens collected Qctober
21. An interval of 0.3 inches was used in preparing the freguency polygon
(Figure 3)}. The modes at 3.0 and 3.6 inches, in the July collection,
probably represent the I and II year classes. The modes at 1.5, 3.0 and
3.6 inches, in the October collection, probably represent the O, I, and

IT year classes. Sculpins of the O year class were first collected in
Section 2 on August 6 (third sample). They were not collected in Section

1 until September 15 {fourth sample).

Apparently temperature strongly influenced distribution of the mottled
sculpin in Warm Springs Creek. It was abundant above the warm springs, oc-
curred in smail numbers at the upper limits of influence of these springs,
and was completely absent below, although cover, volume and other condi-
tions appeared suitable.

Stonecat. In Montana, this species is found in many of the drainages

east of the Continental Divide at lower elevations, and Warm Springs Creek
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Length~frequency of two collections of mottled sculpins from
Warm Springs Creek.

is the only high mountain stream where it has been found. Only one stone-

¢at was taken from Section 1 (second sampling period) during the study

period (Table 3.

Section 3.

Sixteen were collected from Section 2 and 239 from

The numbers colliected from Section 2 ranged from 2 to 4 for the

various sampling periods, while those taken in Section 3 ranged from 17 to

€l.

Stonecats 2 inches or over in total length are believed to be one year

or older, and these less than 2 inches are considered young-of-the-year.

The only specimen taken from Section 1 was 3.9 inches in length. Stonecats

greater than 2 inches in total length made up 100 percent of samples 1, 2,

3, B, and 6 in Section 2, and 50 percent of sample 4 when only two speci=-
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mens were taken. In Section 3, they made up 160 percent of the first 2
samples, and 68 percent, 63 percent, 59 percent, and 63 percent of samples
3, 4, 5, and 6 respectively. Stonecats less than 2 inches in total length
constituted & percent of the total number taken from Section 2, and 32
percent from Section 3. These percentages should have been higher since
the smaller specimens were not collected in proportion to their actual
abundance because of collection methods. A length-frequency study was
made on B8 specimens collected September 14 and 15, 1962, using an inter-

val of 0.3 inches in the frequency polygon (Figure 4). Modes at 1.5, 3.0,
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Figure 4. Length-frequency of 88 stonecats collected September 14 and 15,
1962 from Warm Springs Creek.

and 4.2 inches probably represent the 0, I, and Il year classes. Gilbert

(1953) reported that Noturus flavus usually showed differences in size in-
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crement only in the first 3 years. He also found that they generally
reach about 2 inches the first year. Stonecats of the O year class of
Warm Springs Creek were first collected in Section 3 on August 5 {third
sampie). The only one collected in Section 2 was taken September 14
(fourth sample).

Temperature undoubtedly influences the distribution of the stonecat
in Warm Springs Creek since this species was most abundant below the warm
springs where water temperatures were highest and extremely rare above the
springs where temperatures were lowest, even though cover, volume and other
conditions appeared adequate. Gilbert (195%3) found the stonecat in rocky
riffles of streams. Trautman (1957) classified it as a riffle species,
and reported numerous young in aquatic vegetation of sand and gravel

riffles.

Longnose Sucker. This species is found in most drainages of Montana.

In Warm Springs Creek, 30 longnose suckers were gollected in Section 1
(Table 3), 22 in Section 2, and 67 in Section 3. The numbers collected in
Section 1 during the sampling periods ranged from 3 to 15. All were taken
during the first 4 periods. The numbers collected in Section 2 ranged
from 1 to 9, and those in Section 3 from 4 to 22 for the various sampling
periods. No size distribution analysis was made because of insufficient
numbers.

There was no marked relationship between distribution of longnose
suckers and water temperature since they were commonly taken both above and
below the warm springs. However, this species was absent in Section 1 dur=-

ing the last two sampling periods when the average water temperature was
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pelow 50° F. (Figure 2).

White Sucker. This species is abundant in all major drainages in

Montana. In Warm Springs Creek, 41 white suckers were collected in Sec-
tion 1 {(Table 3), 28 in Section 2, and 39 in Section 3. The numbers taken
from Section 1 ranged from 1 to 14 for the various sampling periods. Those
collected in Section 2 ranged from 1 to 10, and in Section 3 from 3 to 9.
No size distribution analysis was made because of insufficient numbers.

There was no marked relationship between distribution of the white
sucker and water temperature, since they were commonly taken above and be-
low the warm springs. However, only one specimen was collected in Section
1 in each of the last two sampling periods when the average water tempera-
ture had decreased below 50° F. (Figure 2).

Mountain Sucker. This species is common in cold streams east of the

Continental Divide in Montana. In Warm Springs Creek, 4 were collected in
Section 1 (Table 3), 26 in Section 2, and 62 in Section 3 during the study
period. In Section 1, no more than two specimens were collected in any of
the first three sampling perieds, and none were taken in periods 4, 5, and
6. Those collected in Section 2 ranged from 1 to 13, and in Section 3 from
5 to 23 during the sampling periods. No size distribution analysis of
mountain suckers was made since an insufficient number was collected.
Distribution of this species was apparently influenced by temperature
since they were collected in greatest numbers below the warm springs and
only rarely above, although cover, volume, and other conditions appeared

adequate. They were absent in Section 1 during the last three sampling
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periods when the average water temperature was below 580 F, (Figure 2).

Trout. Rainbow and cutthroat trout are considered together since
both are found in Warm Springs Creek and they are known to hybridize read-
ily. The rainbow trout was introduced throughout Montana, and is found in
most cold water streams. The cutthroat trout is native and still occurs
in some headwater streams. In Warm Springs Creek, 89 rainbow and cut-
throat trout were taken in Section 1 (Table 3}, 45 in Section 2, and only
19 in Section 3. The numbers collected in Section 1 ranged from 5 to 27,
in Section 2 from 1 to 15, and in Section 3 from 1 to 5, during the various
sampling periods. No size distribution analysis of rainbow and cutthroat
trout was made because of insufficlent numbers.

It appears that temperature influenced distribution of rainbow and
cutthroat trout in Warm Springs Creek, since they were most common above
the warm springs and became progressively fewer below. Other conditions
below the springs appeared adequate for both species.

Only 5 brown trout, 3 from Section 2, and 2 from Section 3, and 1

brook trout, from Section 2, were taken.
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SUMMARY

1. Observations were made on the distribution of fish in relation to
temperature in Warm Springs Creek, Montana. Three study sections were
sampled six times from June, 1962, through December, 1962,

2. Longnose dace were scarce above the influence of warm springs, and
abundant below. They were absent above the warm springs when the average
water temperature was below 50° F,

3. Mottled sculpins were abundant above the influence of warm
springs, occurred in small numbers at the upper limits of influence, and
were completely absent below,

4, Stonecats were extremely rare above the influence of warm springs,
and common below.

5. Longnose suckers and white suckers were common above and below
the influence of warm springs. They were very scarce or absent above the
warm springs when the average water temperature was below 500 F.

6. Mountain suckers were scarce above the influence of warm springs,
and common below. They were absent above the warm springs when the average
water temperature was below 58° F.,

7. Rainbow and cutthroat trout were common above the influence of

warm springs and scarce below.
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